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DISCLAIMER

The opinions, findings, conclusions, and recommen-
dations expressed in this report are those of the

authors and do not necessarily reflect the views of the
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ABSTRACT

This study was designed to obtain microhabitat data for
trout species observed in the tailwaters below four dams operated
by the U.S. Bureau of Reclamation. The rivers studied were the:
Colorado River, Arizona; San Juan River, New Mexico; Gunnison
River, Colorado, and the Green River, Wyoming., Data collected
during this study were also compared to data collected previously
in the Green River, Utah,

Data were collected for two seasons: winter (December to
March) and summer (May to September). Data were collected during
winter and summer 1984 and winter 1985.

Observations of fish were made by a diver using a modified
scuba technique. Microhabitat variables were measured as nearly
as possible to each fish's precise location., The four variables
which were most pertinent in describing trout microhabitat were:
fish velocity, mean velocity, fish depth, and water depth. Sub-
strate was important during spawning.

Observations of fish were classified and analyzed according
to the physical activity of the fish, The three primary activi-
ties observed were stationary swimming, random swimming, and
spawning. Fish were separated into three groups using length
frequency data which approximated age 0, juvenile, and adult
trout.

The upper Colorado River drainage area experienced record

winter snowfalls beginning in the winter of 1983 and continuing



throughout the course of the study. Heavy runoffs caused by
these record snowfalls prevented sampling at the Green River,
Wyoming and Gunnison River, Colorado sites during summer 1984.
When diving could be conducted at these two sites, few or no
trout were observed. Winter emigration appeared to be occurring
from the Gunnison site. Winter emigration or very low trout
densities appeared to cause the lack of observations in the Green
River site.

In the Colorado River, trout used only limited portions of
the total habitat and were not equally distributed along the
course of the river, Seasonal differences in microhabitat
choices were not observed in this river. Annual microhabitat
choices in the Colorado River were essentially the same when
comparisons were made between the winters of 1984 and 1985. The
high flows that occurred throughout the study did not appear to
be excessive for the trout.

The density of trout observed in the San Juan River was
extremely high. It appears that the restrictive fishing‘regula-
tions applied in this section of the river were a major reason
for the high densities., Trout were utilizing lower water depths
and velocities in the San Juan than were observed in other
rivers.

When microhabitat data were compared among rivers, important
differences were observed. Microhabitat differences observed
during summer were reflective of physical differences among the

rivers., Differences observed among rivers during winter were

more diverse and appeared to be strongly influenced by tempera-
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ture. The differences observed among rivers indicated that
indiscriminate application of microhabitat data collected on one
river to other rivers has a high probability of producing erro-
neous results. But it also seems probable that, with an adequate
data base, ﬁicrohabitat variations among rivers can eventually be
predicted and data could be accurately applied to other rivers,
The relative size of an age group was found to be important
when making comparisons of microhabitat choices within the same
life stage. Microhabitat requirements for age 0 trout change
sufficiently that they need to be separated into at least two

sub=-groups based on size,






INTRODUCTION

Study Objectives

A basic objective of this study was to obtain microhabitat
data for all trout species observed in four different tailwaters
below dams which are operated by the U.S, Bureau of Reclamation
(USBR). Fish microhabitat data obtained in this study were
intended to be utilized in the IFG-U4 hydraulic simulation and
fish habitat model (Bovee and Cochnauer 1977, Bovee and Milhous
1978). The rivers to be studied were the: Colorado River, Arizo-~
na; San Juan River, New Mexico; Gunnison River, Colorado; and the
Green River, Wyoming (Figure 1). The trout species found in
these rivers were: rainbow trout (Salmo gairdneri), brook trout
(Salvelinus fontinalis), brown trout (Salmo trutta), and cut-
throat trout (Salmo clarki).

Comparisons were to be made for the same species among
rivers and between seasons for appropriate activities. The ob-
jective of comparing data among rivers was to determine whether
microhabitat data collected on one group of rivers could be accu-
rately applied to other rivers, or if variations in microhabitat
choices occurred among rivers for a given species., The USBR
currently has microhabitat data on brown trout from the Provo
River (Gosse and Helm 1979), and rainbow and cutthroat trout from
the Green River (Gosse 1982), that were collected using the same
technique that was used in this study. If microhabitat data can

be accurately applied among rivers, a great deal of effort and
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expense could be spared. If microhabitat data cannot be indis~
criminately applied across river systems, it might be possible to
determine which microhabitat variables are most likely to change
and how, |

Another ébjective of the study was to determine if major
changes in habitat preference or activity occur between winter
and summer seasons in any of the rivers. Rainbow and cutthroat
trout were observed to make major shifts in activity and habitat
choices between winter and summer in the Green River, Utah (Gosse
1982). These shifts required that different data sets be used to
accurately predict habitat preference between winter and summer,
At the beginning of this study, it was unknown whether such
seasonal shifts occurred in the rivers to be studied.

Data were collected by species, approximate life stage (age
0, juvenile, and adult), and physical activity of the fish for
two seasons: winter (December to March) and summer (May to
September). Data were collected during two successive winters:
December, 1983 to March, 1984 and December, 1984 to March, 1985
which are referred to as winters 1984 and 1985, respectively.
Summer data was collected only during summer 1984, Data were
further stratified by flow releases, when necessary, for a par=-

ticular river,
Site Descriptions

The upper Colorado River drainage area experienced extreme
weather conditions beginning in the winter of 1983 and contin-

uing throughout the course of the study. Record snowfalls oc-
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curred during winters 1983, 1984, and 1985 throughout the region.
These snowfalls caused heavy flooding during each subsequent
spring which, in many cases, extended well into the summer,
Problems from the record snowfalls were further compounded
by limited storage capacity in many of the reservoirs. In April,
1983 the water level at Fontenelle Reservoir, Wyoming was
restricted to 43% of normal storage capacity because of structur-
al problems with the dam (L. Morrison, USBR, personal communica-
tion). 1In addition, many of the reservoirs in the Colorado
drainage filled to capacity in spring 1983, This forced opera=-
tions at the various dams to bypass all additional flood water
downstream which further compounded flooding problems at down=-
stream reservoirs. Therefore, high flows and flooding were com-
mon during this study and, as a result, the study rivers were

often too turbid for successful observations.

Green River, WY

The study site on the Green River, Wyoming extended from
Fontenelle Dam downstream to the confluence with the Big Sandy
River, a river distance of approximately 46 km (Figure 2).
Fontenelle Dam is located approximately 56 km northeast of Kem-
merer, Wyoming.

This is a relatively low gradient section of the river
consisting primarily of glides with some riffles and pools but no
rapids. Water temperatures vary widely between winter and sum-
mer, ranging between 0-25 C, respectively (Banks et al. 1974),

Since the dam was constructed, mean releases have been 1600 cfs

with a mean annual range from 500-5,000 cfs (Banks et. al. 1974),




Rainbow and brown trout have been found in the river along with
spawning populations of kokanee (Oncorhynchus nerka). There were
extremely high standing crops of mountain whitefish (Prosopium
williamsoni) and suckers (Catostomus sp.) in this area., Common

carp (Cyprinus carpio) and sculpin (Cottus sp.) were observed

infrequently.

Gunnison River, CO

The study site on the Gunnison River, Colorado extended from
Crystal Dam downstream approximately 43 km to the confluence with
the North Fork of the Gunnison, Most of this area is located in
the Black Canyon of the Gunnison and was inaccessible by boat,
Only two areas were accessible for study: from the confluence
with the North Fork upstream approximately 6.5 km; and from
Crystal Dam downstream approximately 3 km to the Gunnison Tunnel
diversion (Figure 3). Crystal Dam is the lowest dam in the Wayne
Aspinal Unit, which also includes Morrow Point and Blue Mesa
Dams,

In the upper study section, the river is quite restricted by
the surrounding canyon and consists primarily of deep glides with
some small riffles., In the lower study section, approximately
the first 4.5 km of river upstream from the North Fork confluence
is unrestricted by the broad canyon through which it flows. ‘The
river is relatively broad and shallow here and consists primarily
of a series of shallow fast glides and riffles, Midstream depths
often range between 1 to 2 m, depending on flows. Some side
stream pools and back eddies are found, but depths are still

usually less than 3 m, The upper 2 km of the lower study section
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flows through a very narrow gorge, with sheer rock cliffs along
much of the shore. This part of the river consists primarily of
deep glides with occasional rapids and back eddies.

Flows in the upper study section are determined by releases
from Crystal Dam. Flows in the lower study section are also
effected by irrigational diversions from the river through the
Gunnison Tunnel, Maximum capacity of the dam's turbine is 1,770
efs, with normally about 1,000 cfs diverted through the Gunnison
Tunnel during the summer. The USBR currently maintains a minimum
flow of 200 cfs in the river below the tunnel.

The extreme snowpack and resulting runoff in 1983 required
bypassing additional water around the turbine from May to Septem-
ber resulting in an average total release during this time of
4,000 ¢fs and a maximum release of 10,000 cfs. These were the
highest flows released down the river since the first dam, Blue
Mesa, was closed in 1965.

Again in 1984, water was bypassed from January to September
with a mean releése during this time of 3,600 cfs and a2 maximum
release of 10,000 cfs. Water temperatures normally range between
2-11 C at the tunnel diversion (Wiltzius 1978).

Brown and rainbow trout have been found in the study area
with both species having some natural reproduction in the river
(Nehring and Anderson 1983)., Common carp were also observed
during this study. Wiltzius (1978) provides a thorough descrip-

tion of the other species found in the Gunnison drainage, as well

as a history of the diversion and dam development on the river.




Colorado River, AZ

The study site on the Colorado River extended from Glen
Canyon Dam near Page, Arizona downstream to the confluence with
the Paria River (Figure 4)., The total river distance is approx-
imately 25 km. The USBR established an IFG~4 site between river
kilometers 14-18, This area was heavily sampled during this
study, especially for adult and spawning microhabitat,

During the time of this study, the upper normal release from
the dam was 27,000 cfs. This upper level reflected the fact that
one turbine at a time was constantly inoperative for rewinding
purposes. The current upper capacity through the turbines is
approximately 32,000 cfs (L. Morrison, USBR, personal communica-
tion). Minimum releases from the dam are normally 3,000 c¢fs from
April to September and 1,000 cfs during the remainder of the
year. In 1983 and 1984, the excess runoff caused by the heavy
winter snowfalls at upstream sites cumulated in Lake Powell.
The reservoir filled during spring 1983 and continued filling to
several meters above design capacity. Excess releases were
bypassed around the turbines from June to August 1983 with a
maximum total daily release of 90,000 cfs. Releases were
bypassed again in 1984 from May to August with an approximate
average release during this time of 40,000 cfs (J. Gough, USBR,
personal communication).

Throughout 1984 and 1985, whenever water wasn't being
bypassed, releases from Glen Canyon Dam were usually at the cur=-
rent maximum capacity of the turbines as a result of the high

water situation. The flows encountered throughout this study
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were therefore abnormal in that they were consistently at, or
above, the normal release range. Releases were also steady for
months at a time, as opposed to the normal operations at Glen
Canyon which often produce large daily or weekly fluctuations,
depending on electrical demand.

Water temperatures in the Colorado remain relatively con-
stant throughout the year, ranging between 8-11 C. Most of the
river in this section is comprised of glides. There are some
deep areas and back eddies, but few distinet pools. There are no
rapids in this section and there are only a few areas which
become riffles during low flows.

The only species of trout observed while diving were rain-
bow and brook. Cutthroat trout were occasionally observed in
creels, but were never detected while diving. Suckers (Catosto-
mus sp.) were regularly observed while diving, and common carp

were occasionally observed.

San Juan River, NM

The study site on the San Juan River extended from Navajo
Dam, New Mexico downstream to Gobernador Wash, a river distance
of approximately 11 km (Figure 5). Navajo Dam is located approx~
imately 32 km northeast of Bloomfield, New Mexico. Releases from
the dam normally range between 500-1500 cfs. The dam currently
has no hydroelectric turbine and releases are controlled by irri-
gation demand and reservoir levels. For this reason, releases
are usually fairly steady within a season.

The San Juan has a low gradient with low average velocities

at the flow release observed during this study. It varies be-




tween wide, shallow, and often braided riffles with intermittent
pools; and relatively deep, slow glides., Much of the riparian
land in the upper section is a marsh which serves as a flood
plain for the river.

Water clarity was poor at this site much of the time, proba-~
bly resulting from a combination of high flow releases and the
fact that Navajo Reservoir filled and inundated shore area which
was usually dry. When data were collected, it was only in the
upper 3 km of the study site because turbidity increased as one
progressed downstream. With the exception of one brown trout,
rainbow trout were the only trout observed while diving in this
section of the river. Rainbow and cutthroat trout are both
stocked in the river. Brown and cutthroat trout were reportedly
mofe common in lower parts of the river,

Special angling regulations were in effect on the upper
portion of this site from Navajo Dam downstream 5 km to Simon
Canyon. The upper 1 km of this area was a catch and release only
section, while the remaining 4 km had restricted catch and size
limits. Both sections were restricted to artificial lure use

only.
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METHODS
Microhabitat Variables

Fish microhabitat has been defined preyiously(Gosse 1982)
as being ". . . those physical (and occasionally chemical or
biological) variables which define the precise location occupied
by a fish, and which would or could change with small changes in
a fish's location.,” "Microhabitat™ or "microhabitat variables"
will be used in this paper to refer to those physical variables
which appear to be used by the fish to select their location.

Seven physical variables were measured for each microhabitat
observation and are presented in the summary tables in Volume II.
These seven variables are: fish velocity, mean velocity, fish
depth, water depth, distance to the nearest thigmotactic surface,
overhead 1light, and substrate type. Fish velocity, mean veloci-
ty, fish depth, water depth, and substrate were the most perti-
nent variables for describing microhabitat of trout observed
during this study and are the only variables discussed in this
report.

Fish velocity is defined as the water velocity measured at
thé exact location where the fish was observed., Mean column
velocity was measured at four-tenths of the water column height,
measured from the river bottom, occupied by the fish. Both
velocity measurements were made to the nearest 3 cm/sec using an

electronic current meter.



Water depth was normally measured using a diving depth gauge
which could be corrected for altitude. Normally the diver car-
ried two depth gauges which were checked against each other to
insure accurate readings. In some cases where observations
occurred in less than 1 m, a calibrated rod was used to provide
greater accuracy. Water depth was measured in the exact vertical
column occupied by the fish,

Fish depth, defined as the distance of the fish from the
river bottom, was estimated by the diver to the nearest 5 cm.
When fish depth was greater than 1 m, the diver used a depth
gauge to assist in estimating fish depth.

Thigmotaxis is defined as a taxis in which contact witha
so0lid body is the orienting factor. Fish are often not in con-
tact with any solid body but they may remain in close proximity
to one. The nearest thigmotactic surface was defined as the
closest solid object or objects to the fish, which included the
stream bottom, attached vegetation, submerged roots, and boul-
ders,

Substrate type was recorded as rock (>30 c¢m), rubble (8-30
ecm), gravel (0.3-8 cm), sand or silt (<0.3 cm), or other. The
presence of plants growing on the original substrate was also
recorded.

The level of overhead light reaching the fish was measured
in foot-candles, but is presented in the summary tables as a
percentage of full sunlight (1.076 x 105 1x), Measurements were

made by the diver using an illuminance meter encased in a water-

proof housing. Because obtaining light interfered with other
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study objectives and since it was unimportant in defining micro-
habitat for the trout species observed in this study, it was not

recorded during either winter,
Fish Subgroups

Observations of fish were classified according to the physi-
cal activity of the fish., Fish which maintained a stationary
position by actively swimming against a current were classified
as stationary swimming. Swimming without orientation toward a
current (observed only in low velocity water) that did not pro-
duce a net change in location was defined as random swimnming.
Fish that remained stationary with no swimming motion (often by
lying on the river bottom) were regarded as resting, Resting
activity was observed only rarely in this study, usually for
emergent fry, and is not presented in the summary tables in this
report. Spawning activity was defined as fish actively engaged
in spawning, redd excavation, fanning, and redd defense,

Fish were separated into three groups using a combination of
size frequency data and habitat choices for all observations made
on a particular river for each season. These groups were in-
tended to approximate age 0, juvenile, and adult trout and are
referred to as such in the text of this report. They are not
exact in that no independent determinations such as scale read-
ings were made to determine age. Additionally, considering that
the populatiqns studied were usually a combination of naturally
reproduced and hatchery stocked fish, no division would be com=-

pletely accurate, Although these divisions may not be perfectly
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accurate chronologically, each group displays a cohesiveness in
terms of habitat choices and activity. Trout do choose dis-
tinetly different microhabitat with increasing body size, and the
three age groups reflect these different choices quite well, The
summary tables in Volume II use the size categories for each

group rather than the terms age 0, Jjuvenile, or adult.

Observations of Fish

A modified scuba method was used to observe fish (Gosse
1981a, Gosse and Helm 1982). The diver wore an exorbitant amount
of weight to facilitate remaining stationary on the stream bottom
in the strong currents. The diver moved in an upstream direction
to approach the fish from below and behind. An exhaust system
vented air bubbles away and downstream from the diver to avoid
frightening the fish, A surface to diver sonic transceiver
allowed the diver to communicate with the surface personnel. The
diver measured each microhabitat variable and relayed the data to
the surface personnel for recording. During the first year of
the study, velocity readings were made by the surface personnel
after the diver had placed the underwater probe in the proper
location. A fully submersible velocity meter which the diver
could operate unassisted was used during the second year of the
study.

A modified dry suit and full face mask protected the diver
from cold water., The risks posed from the modified diving proce-~

dures were reduced with special safety training and equipment

including: special weight release systems, multiple buoyancy
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systems, a separate emergency air supply, and surface tenders in
radio communication with the diver.

Travel within the study sites was done by boat. During most
of the study, a 7T m aluminum hulled boat with an inboard motor
and a jet drive was used., A 4 m inflatable raft with an outboard
motor and jet boot was also used during the second winter to
provide more and safer access in the smaller rivers. The surface
personnel would perform their duties during the dive from the
boats in order to be immediately ready for emergency rescue.
Whenever possible, the boats would be beached with the engines
turned off to reduce static to the sonic transceivers.

Under normal circumstances, fish were not frightened by the
diver. However, when water clarity became marginal fish would
become frightened before the diver could approach closely enough
for species identification. Occasionally, fish were attracted to
the diver when he had dislodged invertebrates from the substrate,
Data were not taken for fish that were disturbed (either attrac-
ted or frightened). Fish that were traveling through the area
observed by the diver were also not used for data, since they
were not truly choosing microhabitat locations while being ob-
served. Fish can, and will, travel through nearly all portions
of the rivers studied, but they will occupy only certain areas;
i.e., their microhabitat.

Variables were measured as nearly as possible to each fish's
precise location., In situations where conditions changed over
small distances, the fish's head or snout was used to define its

location., For example, cover seeking fish may have their head in



shadow while the rest of their body is in bright light. Or, a
large fish may place its head in low velocity water immediately
behind a small rock with higher velocities occurring all around
including the area where its tail is located. When several fish
were observed in the same microhabitat (i.e., an area with steady
conditions), measurements were made in a location representative
of the entire area, usually near the middle of the group.

Snorkeling was used occasionally as a technique to cover
large sections of river in an effort to find areas where trout
were located. This was done when diving proved consistently
unproductive, If trout were found, dives were then conducted to
collect microhabitat data. Snorkeling was used for scouting
purposes only and microhabitat data was not collected using this
technique.

Sampling effort was distributed throughout whatever portion
of each study site was accessible and had adequate visibility.
All major types of habitat were sampled within the accessible
portion of each site., This would include categories such as
pools, glides, riffles, near-shore and midstream habitat. Some-
times a pattern would develop in which trout were likely to be
found in certain habitat types and to be absent from others.
Since microhabitat data could be collected only where trout were
present, there was a propensity to make more dives in areas where
trout were expected to be found rather than in areas where trout
were consistently absent. Thus, in terms of macrohabitat, sam=-

pling effort was more representative of population distribution

than of total habitat availability. However, because a certain
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proportion of divers were always made in each habitat type, those
containing few trout were probably sampled in greater proportion
than their actual use by the population. When trout could not be
found in a study site, sampling efforts were broadened to search
all possible locations and often large sections of the study
sites were snorkeled,

Depending upon the number of trout encountered, each dive
often covered several macrohabitat types and would always encom-
pass a wide range of microhabitat variables, For example, a
diver might start in a glide, move from shore towards midstream,
continue upstream through a back eddy with lateral movements to
check both quiet and high velocity areas, and finally travel back
to shore at the top of the back eddy. Within these several
macrohabitat areas, a wide range of velocities, water depths, and
substrates would be encountered. Thus, whatever biases occurred
in choosing macrohabitat areas for diving were greatly dampened
in terms of the actual microhabitat sampled. Often the total
range of values encountered on even a single dive was broader
than the range utilized by the trout for the different microhabi-
tat variables, The profuse number of changes for each microhabi-
tat variable which normally occurred during each dive precluded

inadvertently selecting for specific microhabitat values.

Data Analysis

All data were collected as numerical codes on columnar data
sheets from which they could be directly entered into computer

files., Data input was verified a minimum of three times. Data
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files were separated into subfiles by activity and flow for each
season and river. A series of programs (one for each micro-
habitat variable) was then used to produce the summary tables in
Volume II directly from the data in the subfiles.

Student's t test was used to test for differences between
two means. Analysis of variance was used to test for differences
among three or more means. In cases where the null hypothesis
was rejected (F was significant), Fisher's least significant dif-
ference (Ott, 1977) was used to compare all possible pairs of
sample means, The values necessary to perform these tests (vari-
ance, parameter sum of squares, etc.) were computed by the pro-
grams which produced the summary tables. The chi-square test of

independence was used to determine whether the frequency of

activities changed seasonally.
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RESULTS
Summary Tables

Volume II contains all of the summary tables for the
~different microhabitat variables from which the text tables in
this report were compiled. These summary tables are intended to
be used in the construction of Habitat Suitability Indices neces-
sary for the PHABSIM (Bovee 1982) model. The summary tables are
organized by season, river, activity, and flow, as indicated in
the Volume II Table of Contents. Within each of the appropriate
subdivisions, summary tables of the different variables are pre-

sented along with pertinent statistics.
Green River, WY

Work was conducted on the Green River, Wyoming on three
different occasions: October 1983, October 1984, and December
1984. Our primary objectives in October 1983 were initial train-
ing of the crew and to familiarize ourselves with the study area.
Rainbow trout were observed on at least one occasion, but no data
were taken. During this period, poor water clarity made data
collection only marginally successful. By December 1983, tempera-
tures were too low for diving. Extreme cold and heavy snowfall
kept this study site unworkable throughout winter 1984,

Heavy snowfall produced continual flooding in the study site
from late spring through summer 1984, This flooding caused

severe turbidity which again made the river unworkable.
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Structural problems with Fontenelle Dam necessitated reducing the
reservoir level at this time, further augmenting the flood condi-
tions in the river,

By October 1984, flow releases had returned to normal,
Although October was outside of our definitions of winter and
summer seasons, data collection was attempted at this time in the
hope of obtaining some data from this site. However, a heavy
algal bloom in the reservoir during October kept the water
unworkably turbid.

When we returned to this site in early December, the water
had cleared up and winter conditions were rapidly setting in.
Most of the river was already ice-covered or totally blocked with
ice flows., Approximately 14 km of river remained open to naviga-
tion and sampling. Water temperatures were at or near 0 C, while
midday air temperatures were -11 C or lower.

Initial diving in December 1984 produced very few observa-
tions of trout and only one from which data could be collected,
although many whitefish and suckers were observed., As a
consequence, snorkeling was used to try to locate concentrations
of trout. The entire section of river open to sampling was
snorkeled, with less than ten trout observed along the entire
distance although hundreds, if not thousands, of whitefish and
suckers were observed. Two more dives were conducted in the
stilling basin just below the dam., Two brown trout were observed

during these dives. Both were well concealed deep within the

crevices of the rock substrate. Considering that the water depth




was between 3~-5 m here, this strong use of cover might be thought
unusual,

The combination of logistical difficulties encountered at
this site and the low trout densities observed precluded obtain=-
ing an adequate data base with a reasonable amount of effort.
For this reason, no further diving was conducted at this site.
Data analysis of three observations would be biologically and

statistically meaningless, so this was not done.
Gunnison River, CO

Sampling was attempted on the Gunnison River four times
during the study: November 1983, February 1984, March 1984, and
February to March 1985, Many of the weather conditions that
caused problems at the Green River site also caused problems at
this site., Persistent rain produced turbid conditions in Novem-
ber 1983. Record snowfall during winter 1984 necessitated
release of above normal flows from Crystal Dam in anticipation of
heavy spring runoff. This caused turbid conditions to persist
throughout the winter,

During each of the sampling periods in 1983 and 1984, dives
were made extensively in the lower section of the study area,
from the confluence with the North Fork upstream to about 2 km
above Smith Fork. Visibility was usually adequate to see fish
from 0.5-1.5 m away, although species identification was not
always possible at these distances.

Over the course of these three sampling periods, dives were

made in all of the pools and back eddies in this section at least



once, and usually several times, Dives were also extensively
conducted in near-shore habitat., Midstream habitat was sampled
to a lesser degree, since the above normal flows produced high
velocities which made it unlikely that many trout would be found
in this area. During the February 1984 sampling period, dives
were made in two pools between the North Fork confluence and
State Highway 92 (below the study area).

During the first three sampling periods, no trout were
observed from which data could be obtained. Generally, few if
any fish were observed per dive and most of the fish that were
identified were common carp, which usually could be approached
closely enough for observation. Although a trout was occasional-
ly identified, it was always frightened away before it could be
approached closely enough for species identification. Age 0
rainbow trout were observed at the head of an irrigation diver-
sion approximately 1.5 km above the North Fork confluence; how-
ever, microhabitat data were not recorded for them, since they
were not in the natural channel of the river.

The upper study section was not normally sampled in 1983 and
1984 because there were no boat launch sites thefe and the river
was too deep for the surface crew to wade. This section provided
better visibility than the lower study section because it was
immediately below the dam. Because we were having difficulty
locating trout in the lower section, this section was snorkeled
in February 1984 by two divers from 100 m below the dam down-

stream to the Gunnison diversion, a distance of about 3 km. A

total of three trout were observed in this entire section.
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Heavy runoff from the 1984 winter snowpack caused flow
releases to remain much above normal throughout the spring and
summer; this made the water too turbid to sample., As a result,
sampling wasn't attempted in summer 1984 on the Gunnison.

Poor water visibility persisted into winter 1985, but in
late February and early March, sampling was again attempted on
the Gunnison., By this time an inflatable raft had been made
available that could be carried to the river and launched in the
upper section of the study site. Water visibility was adequate
at the beginning of this sampling period (2-3 m). Two dives were
made in the upper section, but no trout were observed. Three
dives were also made in the lower study section. No data were
collected during these dives, but trout were briefly observed
during one dive.Before more dives could be made, runoff from

snownmelt reduced visibility to near zero.
Colorado River, AZ

Sampling schedule and flow releases
Winter 1984

Observations were made intermittently on the Colorado River
from December 1983 to early March 1984, Releases from the dam
were consistently high during this period in anticipation of a
heavy spring runoff., Data presented for this season were collect-
ed during releases ranging from 25,000-25,800 cfs.

Much of the sampling effort for this season, especially
during December and January, was directed toward observing spawn-

ing activity. A large percentage of the dives were conducted in
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the upper half of the study section, which included the IFG-4

site, where most spawning was then occurring.

Summer 1984

Data were collected for summer from 20 May through 8 August
on the Colorado River. During most of this period, abnormally
high flows were being released as a result of heavy spring flood-
ing. In addition to releasing the maximum amount of water possi-
ble through the generating turbines, additional water was also
being released through the hollow jet tubes. The extra high
flows occurred during most of the summer season, from May through
20 July. Flows ranged from 33,700-43,200 cfs with a median
release during days of observation of 41,900 ¢fs. Observations
made after 20 July were during flows ranging between 24,000~
26,700 cfs.

Although sampling was conducted in all parts of the study
site, it was more heavily concentrated in the lower half. Trout
densities were much greater in the lower part of the study site

and much more data per dive could be obtained by sampling there.

Yinter 1985

Data were collected during the second winter season from
January through March on the Colorado River. Releases from the
dam were again consistently high because of expected high spring
runoff, except during the last week in March when flows varied.

All data presented for this season were collected during releases

ranging from 24,000-27,000 cfs.




No data for spawning activity were taken during this season,
The level of active spawning was quite low by the time sampling
began in January; so effort was concentrated on collecting data
for the other activities which had been given a lower priority
the previous winter., Sampling efforts were again more concen-
trated in the lower half of the study site where trout densities

were greatest,

Spegies composition and activity

Over the course of the study, rainbow trout were normally
observed much more frequently than were brook trout (Table 1).
However, age 0 brook trout were observed more frequently than age
0 rainbow during winter 1984, The age 0 brook trout had been
stocked during the previous fall. Age 0 rainbow which had been
stocked at the same time had grown enough that they were classi-
fied as juveniles by the winter season. The age 0 rainbow that
were observed during winter 1984 resulted from natural reproduc-
tion. No age 0 trout of either species werg observed during
winter 1985. Juvenile rainbow trout were observed much more often
than were brook. Adult brook trout were observed commonly during
spawning, but in about a 1:7 ratio with rainbow trout.

Adults and Jjuveniles of both species were observed
stationary swimming more often than random swimming during both
seasons on the Colorado River (Table 1). Usually 70-90% of the
trout observed were engaged in stationary swimming. Age 0 brook
trout during winter was the only group observed during random

swimming more frequently than stationary swimming.
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Table 1. The number of fish observed for different activities in
the Colorado and San Juan Rivers by season,

Rainbow Brook

Activity Age 0 Juvenile  Adult Age 0 Juvenile  Adult

Colorado River

Winter 1984 and 1985

Spawning 0 1 59 0 0 8
Stationary

swimming 13 379 9y 32 0 10
Random

swimming y 122 10 T1 0 0

Summer (all flows)

Stationary

swimming 348 281 208 0 7 6
Random

swimming 88 116 7 0 1 3

San Juan River

Stationary

swimming 0 132 433 - - -
Random

swimming 58 59 153 - - —
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Stocking efforts

Age 0 rainbow and brook trout were stocked in the Colorado
River during fall 1983 in equal numbers but at different sizes
(Table 2). This difference in size, possibly coupled with dif-
ferential growth rates, resulted in the recently stocked rainbow
trout being placed in the Jjuvenile category and the brook trout
in the age 0 category during winter 1984,

The next stocking occurred in June 1984 and consisted of
rainbow trout only, as did all subsequent stockings (Table 2).
Most of the age 0 rainbow trout observed in summer 1984 were from
the June stocking, with a few observations of naturally repro-
duced rainbow trout. The naturally reproduced age 0 trout
observed in summer chose habitat similar to the stocked trout.

Summer sampling on the Colorado had ceased before the August
and September 1984 stockings occurred. The fish stocked at these
times achieved adequate size to be considered juveniles by winter
1985. The trout stocked during February and March 1985 were
also in the juvenile size range.

All of the stocked trout appeared to be in good condition
and well adjusted to the river habitat whenever they were ob-
served. This was true even for the trout stocked in June 1984
during the extra high flow period, Recently stocked trout were
usually observed in groups and were normally located close to

shore.

General distribution of trout
All of the trout stocked in 1983 and 1984 were released from

/ the boat launch at Lees Ferry. They usually were found within
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Table 2. Record of trout stocked at Lees Ferry, Colorado River,
by Arizona Game and Fish®* during the course of this

study.
Season First Number Species Average
Observed Date Stocked Stocked Stocked Length (cm)
Winter 1984 12 Oct 1983 10,000 rainbow 11
12 Oct 1983 40,300 rainbow 11
27 Oct 1983 30,000 brook 8
27 Oct 1983 20,000 brook 8
Sunmer 1984 13 Jun 1984 25,000 rainbow 9
Winter 1985 24 Aug 1984 25,000 rainbow 8
28 Aug 1984 28,000 rainbow 8
4 Sep 1984 20,000 rainbow 8
4 Sep 1984 30,000 rainbow 8
14 Feb 1985 5,000 rainbow 18
14 Mar 1985 10,400 rainbow 18

#Information provided by Dr. S. Reger, Arizona Game and Fish,
Flagstaff, AZ, -
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approximately 0.8 km of the boat launch for at least the first
seven months after they were stocked. During the June 198l
stocking, densities appeared somewhat higher below the boat
launch than they were above., This may indicate a slight amount
of downstream drift after planting. No observations were made
below the Paria riffle to determine if stocked trout had drifted
below that point.

Densities of juvenile trout were noticeably highest from the
lower end of the study site to about 6.5 km above the boat
launch, while the area within 2 km of the boat launch had the
greatest concentration of juveniles.

The smaller adult trout also were more concentrated in the
lower part of the study site during the non—épawning period, but
to a much lesser degree than were Juveniles or age 0 trout.
Larger adults (40+ cm) appeared to be equally dispersed through-
out the study site, with a possible numerical decrease in the
immediate vicinity of the boat launch., Spawning trout were
observed in the upper half of the study site more frequently than
in the lower half,

Throughout the study site, and regardless of overall densi-
ty, trout were usually found in relatively shallow water for all
activities, with average water depth ranging between 1.,5-4.0 m
(Table 3). Considering that the central river channel is often
9-14 m deep and sometimes more, trout were selecting the
shallower sections of the river., Trout were primarily located

close to shore as opposed to utilizing midstream areas. To a

lesser extent, trout were found in midstream sections of the
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river when water depths remained uniformly shallow across the
channel.

There was no indication of trout concentrating within pools
or slow water habitat during either winter or summer. The only
major change in trout distribution between winter and summer
observations was the absence of spawning activity and the lack of
large adults in the shallow spawning areas during the latter

season.

Natural reproduction and spawning
Natural reproduction

Some age 0 trout resulting from natural reproduction were
observed during winter 1984, A few of the naturally reproduced
trout were collected for independent species identification by
Bruce Bonebrake, Utah Division of Wildlife Resources, All of the
trout collected were identified as rainbow trout. They represent
the only age 0 rainbow trout observed during winter 1984,

These naturally reproduced trout could be differentiated
from stocked trout because they were much smaller in size (3 cm)
than the stocked trout (=15 em). The naturally reproduced age 0
trout were observed between 11-21 km upstream from the boat
launch, while none of the recently stocked trout were observed
more than 2 km above the boat launch. The naturally reproduced
age 0 trout were generally found within several meters of the
shore edge, usually in shallow (<0.3 m) and low velocity water,
The type of habitat these newly emergent trout were selecting
comprises a very small and limited part of the total river

habitat,
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What were believed to be naturally reproduced age O rainbow
trout were also observed during the summer., They were smaller
than the recently stocked age 0 rainbow and were found many

kilometers upstream from any of the stocked age 0 trout.

Spawning

Spawning activity was observed throughout the season during
winter 1984, from December to early March. Based on reports from
professional river guides, spawning activity had probably begun
as early as October that year., No actively spawning trout were
observed during winter 1985, although redds which were old and
beginning to silt over were found in January.

Most of the spawning was observed either near shore or in
some of the small braided parts of the river that cross the two
islands located at approximately river miles 8.5 and 12. Many of
these areas are not inundated during lower flow releases. Re-
ports from professional river guides indicated that much of the
spawning which had occurred earlier in the year took place on
mid-stream gravel bars. Flows and water depths were probably
lower during this earlier period than when our observations were
made.,

Rainbow and brook trout were often observed using redds
ad jacent to each other and appeared to choose very similar spawn-
ing habitat. There was no significant difference (P<0.05) in fish
depth between the two species (Table 4). For unoccupled redds,
fish velocity was measured at a depth of 10 cm. There were no

significant differences (P<0.05) among the three groups for fish

velocity (Table 4)., Water depth was significantly greatest
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Table 4, Average values and sample number ( ) for four
microhabitat variables in the Colorado River for the
activity of spawning during winter 1984,

Fish Fish Mean Water

Depth Velocity Velocity Depth

Species (cm) (cm/s) (cm/s) (cm)

Rainbow 12 A 29 A 4o A 78 A
(59) (59) (59) (59)

Brook 11 A 24 A 33 B 116 B
(8) (8) (8) (8)

Unoccupied Redds - 27 A 40 B 61 C
(78) (78) (78)

#Average values for a specific variable which do not share a
common letter were significantly (P<0.05) different.
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(P>0.05) for brook trout and significantly lowest (P>0.05) for
unoccupied redds. But the differences among means were not great
and rainbow trout were observed spawning in a greater range of
water depths (50-400 cm) than were brook trout (50-200 cm).
Spawning substrate was exclusively gravel for both species and

for unoccupied redds.

Size differences within age groups

Comparisons will be madé in the following sections to deter-~
mine whether annual, seasonal, or flow level changes produced
differences in microhabitat choices, Microhabitat choices for
rainbow trout will also be compared among different rivers in
subsequent sections. One of the difficulties in making such
comparisons is that variables other than the one of concern will
also be changing. Differences in species strain and origin,
river size and flow release, temperature, diet, and relative size
of a particular life stage could all potentially produce changes
which might be attributed to the variable being compared.

Some of these potential differences can be held stable by
making comparisons on the same population of fish within the same
river, The first comparisons which will be made fall into this
category., When comparisons are made among rivers, fewer varia-
bles can be controlled or even accounted for, and any difference
among rivers can potentially result from numerous sources, in-
cluding those mentioned above,

One variable which can at least be examined for differences,

if not held constant, is average fish size within a 1ife stage.

It is important to consider whether such differences in fish size
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occur, since a particular life stage, especially age 0 and juve=-
niles, can choose different microhabitat as they increase in
size.

Table 5 provides comparisons of mean fish length within life
stages for different categories and will be referred to through-
out this section on comparisons., Statistically significant
(P<0.05) differences between means are indicated. The fact that
a statistically significant size difference was found between
groups does not necessarily imply that the two groups were chocs-
ing different microhabitat, especially when the differences were
proportionally small. Rather, if statistically different choices
in microhabitat were observed, a difference in size may be part

of the reason.

Comparisons between years: winter 1984 and 1985

One of the purposes in having the study continue through two
winter seasons was to determine whether yearly fluctuations in
microhabitat choices would be observed. A second purpose in
comparing data from the two winters is to see if they can be
reasonably combined into one large data base, Winter flows
during 1984 and 1985 in the Colorado River were essentially
identical (25,000-26,000 c¢fs and 24,000-27,000 cfs, respective-
ly), making comparisons easier., The following categories had an
adequate number of observations for both years to enable valid

comparisons: Jjuvenile rainbow trout during random and stationary

swimming, and adult rainbow trout during stationary swimming.
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Juveniles

Juvenile rainbow trout had significantly (P<0.05) different
mean lengths between the two winter seasons (Table 5), This
difference in size was probably a result of later planting in the
summer of 1983 than in 1984,

The difference in size for juveniles probably accounts for
the differences observed in fish and water depth between the two
years (Table 6). Generally, as fish become larger they choose
both greater fish depth and water depth.

For the activity of random swimming, fish and mean velocities
in 1985 were only 40-50% of the values observed in 1984 (Table
6). Remembering that juveniles were larger in 1985 than in 1984,
this seems unusual, since larger fish generally are found in
higher velocities.

For the activity of stationary swimming, mean velocities
were not significantly (P>0.05) different. There was a sig-
nificant difference (P<0.05) in fish velocity during stationary
swimming. However, the small difference between the means
(4 cm/s) probably has little biological meaning. In addition,
this small difference is within the range of fluctuation normally

found for currents flowing at the speed of the observed means.

Adults

Adult rainbow trout had no significant (P>0.05) differences
for fish depth nor for fish and mean velocities between the two

years (Table 6). Only water depth was significantly (P<0.05)

different between the two years.
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Comparisons between flows: summer extra high ahd normal high

One of the major objectives in collecting microhabitat data
in the tailwaters below dams was to be able to predict the ef-
fects of changes in release patterns from the dam upon the trout
populations. Very few fluctuations in release patterns were
observed because of the high water situation which persisted
throughout this study. The one season when flow changes did
occur was summer 1984, in the Colorado River. Extra high re-
leases (33,000-43,000 cfs) occurred from spring until mid-August
1984 because water was bypassed around the turbines. Flows then
went to normal high releases (24,000-27,000 cfs) for the rest of
the summer. Only for the activity of stationary swimming were
adequate numbers of observations made to make comparisons between
flows.

Juvenile and adult rainbow trout both were significantly
(P<0.05) different in size between flows (Table 5). The’mean
size of juveniles decreased during the later normal high flows
because fish which had been classified as age 0 earlier had now
grown enough to be in the juvenile classifications, thus skewing
the mean size downward. The mean size of adults increased,
reflecting the growth that occurred during the season. These
changes in size within a life stage must be taken into considera-
tion when making comparisons between the two flows.

For age 0 rainbow trout, mean values for all four microhabi-
tat variables were significantly (P<0.05) different between flows

(Table 7).
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Fish depth was significantly (P<0.05) less during normal
flows than it was during extra high flows for all three life
stages (Table 7). For juveniles and adults, there were no signi-
ficant (P<0.05) differences for fish or mean velocity between the
two flows, Water depth decreased slightly with the normal high
flows for both juveniles and adults. This decrease was signifi-

cant (P<0.05) for Jjuveniles but not for adults,

Comparisons between seasons: summer and winter

An objective of this study was to determine if the
pronounced seasonal changes in microhabitat choices observed in
the Green River, Utah (Gosse 1982) would be observed in other
river systems. The Colorado River was the only site in this
study where both winter and summer data were collected.

For this comparison between seasons, data from both winter
1984 and 1985 were combined into one, as were the data from both
flow levels during summer 1984, Both age 0 and juvenile rainbow
trout had significantly (P<0.05) different mean lengths between
winter and summer (Table 5). The size difference between the age
0 groups was probably biologically significant since the summer
group was four times longer than the winter group. The size
difference between juveniles was unlikely to have biological
implications since there was only a 20% increase in size between

groups.

Statjonary swinming

Age 0 rainbow trout had significantly (P<0.05) lower mean

values for winter than during summer for all stationary swimming
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variables (Table 8). These differences are exactly what would be
expected from the difference in size between the two groups, with
little if any effect from seasonal differences. The age 0 trout
observed in winter were newly emergent (from natural repro-
duction) and occupied shallow, low velocity, near-shore areas,
which is typical habitat at this stage. The age 0 trout observed
during summer were capable of occupying deeper and faster water.
They were usually still close to shore, but not nearly as close
as those observed in the winter,

Stationary swimming juvenile and adult rainbow trout exhib-
ited some significant (P<0.05) differences in mean values for
variables between winter and summer, but no clear trends (Table
8). For variables that did have a significant difference in
means between seasons, examination of the total ranges and fre-
quency distributions did not indicate any distinctive shifts in
microhabitat choices between seasons, The low number of observa-
tions for adult brook trout during either.season make it diffi-
cult to say whether any changes occurred and would help account

for the lack of significant (P>0.05) differences found (Table 8).

Random swimming

For the activity of random swimming, adult rainbow trout
exhibited no significant (P>0.05) differences between seasons
(Table 8), but again low sample numbers make it difficult to say
whether changes were occurring. Juvenile rainbow trout did have
significant (P<0.05) and large differences for all variables

except fish velocity during random swimming. Examination of the

total ranges and frequency distributions for fish and water depth
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did indicate a major shift in microhabitat choice between sea-
sons. Juvenile rainbow trout wefe~choosing deeper quieter areas
for random swimming during the summer than they used during

winter.

Activity

Stationary swimming was .cgnsistently the dominant activity
for rainbow trout during both seasons (Table 9). For age 0 and
juveniles, there were no significant differences in the propor-
tion of occurrence for the activities between seasons. The
increased proportion of adults engaged in random swimming during
winter over summer was statistically significant (P<0.05). Low
sample size (Table 1) for random swimming adults may have ac-
counted for this difference. In any case, random swimming was a

minor activity for adult rainbow trout during either season.
San Juan River, NM

No data were collected from the San Juan during either
winter season due to the poor visibility in the river. Although
water clarity continued to be generally poor throughout the
summer, it did improve in August and September. Data were
collected from 21 August through 7 September during a constant
release from the dam of 800 cfs. As mentioned previously, poor
water clarity allowed for data collection only in the 3 km of
river immediately below the dam.

The most dramatic aspect of microhabitat observations in

this section of the river was the high numerical density of the

trout. It was virtually impossible to go underwater without
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Table 9. Percentages of rainbow trout engaged in stationary and
random swimming during winter 1984 and 1985 and summer
1984 in the Colorado River,

Life Stage
Season Activity Age O Juvenile Adult
Winter Stationary - 76 76 90
Random 24 24 10
»
Summer Stationary 80 71 97
Random 20 29 3

#Indicates a significant (P<0.05) difference in frequency of
activity between seasons.,
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being surrounded by trout. The majority of these fish appeared
to have very good condition (K) factors. Despite their phenome-
nal density, there was no sign of stunting.

Trout were observed throughout this section of river in both
the glide and pool areas. Considering that pools represented a
smaller percentage of the total habitat area than glides, there
may have been a slight preference by the trout for the pool
habitat, Adult and juvenile trout were most often observed
stationary swimming while age 0 trout were only observed random
swimming (Table 1).

Age 0 trout were found predominantly in near-shore areas or
in back eddies and side channel pools, The small average size (5
cm) of these age 0 trout (Table 5) indicates that they possibly
resulted from natural reproduction, but very precise stocking
records would be necessary to confirm this. The low mean water
depth and mean fish velocity indicate that the age 0 trout were
selecting very limited parts of the total river habitat
(Table 10).

Both average water depth and fish velocity were low for
juvenile and adult trout for both activities (Table 10) compared
to other rivers. This is probably reflective of the overall
habitat in the San Juan, which is a low gradient and relatively
shallow river compared to the other intermountain rivers from

which microhabitat data has been obtained. This idea will be

examined more thoroughly in the next section.
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Table 10. Average water depth (em), fish velocity (em/s), and
sample number ( ) for rainbow trout during the
activities of stationary and random swimming in the San
Juan River during summer 1984,

Life Stage
Variable Activity Age 0 Juvenile Adult
Water Depth Stationary - 195 (132) 207 (433)
Random 73 (58) 204 (59) 228 (153)
Fish Velocity Stationary - 18 (132) 19 (430)

Random 6 (58) T (59 10 (153)
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Comparisons Among Rivers

As mentioned in the Objectives section, an understanding of
microhabitat variability among rivers can help determine how
widely microhabitat data can be applied. With data collected in
this study and previously in the Green River, Utah (Gosse 1982),
comparisons can be made for rainbow trout between two rivers for

winter and among three rivers for summer.

Winter: Green River, UT and Colorado River, AZ

A combined data set from both winter 1984 and 1985 on the
Colorado River was used for this section. Data for the Green
River, Utah was from winter 1981, with all flow levels combined
(Gosse 1982).

The age 0 life stage was not available from the Green River,
so only juvenile and adult rainbow were compared. Both life
stages had significantly (P<0.05) different mean fish lengths
between the two rivers (Table 5) although the biological impli-
cations may not be great because there was only a 3 cm difference

between the means.

Statiopnary swimming

For the activity of stationary swimming, fish and mean
velocities were significantly (P<0.05) higher in the Colorado
River than in the Green for both life stages (Table 11). Water
depth was significantly (P<0.05) greater in the Green River for

juvenile rainbow trout but there was no significant (P>0.05)

difference for adults between the two rivers, Fish depth for
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both life stages was nearly identical between rivers, with no

significant (P>0.05) differences.,

Random swimming

For the activity of random swimming, both fish and water
depth were significantly (P<0.05) higher in the Green River than
in the Colorado for juvenile rainbow trout (Table 11). Fish
velocity was also significantly (P<0.05) higher in the Green
River for this group, but the difference was small.

There was no significant (P>0.05) difference in fish nor
water depth for adults during random swimming. Both fish and
mean velocities were significantly (P<0.05) lower in the Colorado
River than in the Green, but this difference ﬁas most probably a
result of small sample size in the Colorado River for this activ-
ity. The frequency distribution of adults in the Colorado River
was similar to that found in the Green for both fish and mean
velocities.

Summer: Green River, UT; Colorado River, AZ; and
San Juan River, NM

Data compared in this section was collected in summer 1984
for the‘Colorado and San Juan Rivers during this study and in
summer 1981 for the Green River, Utah (Gosse 1982). Both extra
high and normal high flows were combined for the Colorado River.
A combination of all flow releases was used for the Green River
data base. The San Juan had a constant release for all data
obtained from it.

There were significant (P<0.05) differences in mean fish

length among all rivers and life stages except between adult
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rainbow trout for the Colorado and Green Rivers (Table §). The
size differences among adults probably had little biclogical
implications., The size difference between age 0 trout in the
Colorado and San Juan Rivers was proportionally large enough to
be biologically significant. Juveniles in the Green River had a
smaller mean length primarily because somewhat different length
categories had been used during this study and the Jjuvenile
category included some fish that were classified as age 0 in the
other two rivers. This difference in size could have produced

some differences in microhabitat choices.

sStatiopnary swimming

For the activity of stationary swimming, there were general-
ly more differences than similarities among the mean microhabitat
variables for the three rivers (Table 12). These trends in
variable choices were consistent, however, and reflected the
differences in the three rivers,

For both juveniles and adults, fish velocity was signifi-
cantly (P<0.05) lower in the San Juan than in either the Colorado
or Green Rivers (Table 12)., Fish velocities in the Colorado and
Green Rivers were not significantly (P>0,05) different for either
life stage. |

Mean velocities were significantly (P<0.05) lowest in the
San Juan River and significantly (P<0.05) highest in the Green
for both life stages. Juveniles in the San Juan were the only
group that had no significant (P>0.05) difference between fish
and mean velocity during stationary swimming (Table 13). The

difference between fish and mean velocities for adults in the San
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Table 12. Average summer values and sample number ( ) for four
microhabitat variables for three rivers during the
activity of stationary swimming,

Fish Fish Mean Water
Depth Velocity Velocity Depth
River (em) (em/s) (cm/s) (cm)

Juvenile Rainbow

Colorado 1984 108 A# 29 A 40 A 432 A
(281) (281) (281) (281)

San Juan 1984 88 B 19 B 19 B 195 B
(132) (132) (132) (132)

Green 1981 28 C 27 A 46 C 326 C
(291) (290) (290) (291)

Adult Rainbow

Colorado 1984 56 A 31 A 47 A 360 A
(208) (208) (206) (208)

San Juan 1984 73 B 19 B 20 B 207 B
(433) (430) (430) (433)

Green 1981 38 C 30 A 55 C 369 A
(226) (224) (219) (226)

#Average values for a specific variable and life stage which do
not share a common letter were significantly (P<0.05) different,
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Table 13, Average summer fish velocity and mean velocity (cm/s)
for three rivers during stationary swimming.

River
Colorado San Juan Green
Variable Summer 1984 Summer 1984 Summer 1981

Juvenile Rainbow
Fish Velocity 29, 18 27
Mean Velocity 40 19 46
Adult Rainbow

Fish Velocity - 31, 18, 30,
Mean Velocity 47 20 55

#Indicates a significant difference between means (P<0,05).
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Juan was slight, but statistically significant (P<0.05).

Water depth was significantly (P<0.05) less in the San Juan
than in the other two rivers (Table 12)., Water depth for
juveniles was significantly (P<0.05) greater in the Colorado than
in the Green, but there was no significant (P>0.05) difference in
water depth for adults.

For both life stages, fish depth in the Green was signifi-
cantly (P<0.05) less than in the other two rivers (Table 12).
When fish depth was expressed proportional to water depth, it was
greatest in the San Juan and least in the Green River for both

life stages (Table 14).

Random swimming

Proportional to water depth, fish depth was also greatest in
the San Juan and least in the Green River for the activity of
random swimming for juvenile and adult trout (Table 14). On an
absolute basis, fish depth was significantly (P<0.05) greatest in
the Colorado and significantly (P<0.05) least in the Green River
for both life stages (Table 15).

Fish and mean velocity were significantly (P<0.05) less in
the San Juan than in the Green River for juvenile and adult trout
(Table 15). Values in the Colorado River for these two variables
were not significantly (P>0.,05) different from at least one of
the other rivers, The low sample size of random swimming adults
in the Colorado River may account for the lack of significant
(pP>0.05) differences. |

For juveniles, water depth was significantly (P<0.05) less

in the San Juan than in the other two rivers (Table 15) and
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Table 14, Average summer fish depth of rainbow trout expressed as
a percentage of average total water depth for two
activities in three rivers.

River
Colorado San Juan Green
Life Stage Summer 1984 Summer 1984 Summer 1981

Stationary Swimming

Juvenile 25 45 9
Adult 16 35 10

Random Swimming
Age 0 68 63 -

Juvenile 37 56 19
Adult 30 46 7
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Table 15. Average summer values and sample number ( ) for four
microhabitat variables for three rivers during the
activity of random swimming,

Fish Fish Mean Water
Depth Velocity Velocity Depth
River (cm) (cm/s) (em/s) (em)
Age 0 Rainbow
Colorado 1984 166 A% 7 A 17 A 246 A
(88) (88) (88) (88)
San Juan 1984 46 B 6 A 6 B 73 B
(58) (58) (58) (58)
Juvenile Rainbow
Colorado 1984 226 A 11 A 9 A 617 A
(116) (111) (102) (116)
San Juan 1984 114 B 7B 8 A 204 B
(59) (59) (59) (59)
Green 1981 78 C 11 A 20 B 416 C
(172) (172) (164) (172)
Adult Rainbow
Colorado 1984 145 A 9 A,B 8 A,B 486 A,B
(7 (7 (5) (7)
San Juan 1984 104 B 10 A 11 A 228 A
(153) (153) (153) (153)
Green 1981 71 ¢C 15 B 19 B 516 B
(178) (172) (171) (178)

®Average values for a specific variable and 1ife stage which do
not share a common letter were significantly (P<0.05) different.
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greater in the Colorado than the other two rivers. For adults,
water depth was significantly (P<0.,05) less in the San Juan than
in the Green. Water depth in the Colorado for adults was not
significantly (P<0.05) different from either river; this was
probably due to the small sample size.

Random swimming was the only activity for which age 0 trout
were available for comparison, and then only between the Colorado
and San Juan Rivers. Averages for all variables were signifi-
cantly (P<0.05) different except for fish velocity (Table 15).
These differences were what might be expected considering the
difference in average size of the age 0 trout between the two
rivers (Table 5). The larger age 0 trout in the Colorado occu-
pied deeper, faster water and had a greater absolute fish depth
than the smaller age 0 trout in the San Juan River. Proportional
to total water depth, fish depth for the two groups was quite
similar (Table 14). The lack of significant (P>0.05) difference
between fish velocity for age 0 (Table 15) is probably a result

of the narrow range of velocities utilized during random

swimming.
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DISCUSSION
Green River, WY

The lack of trout observed in the Green River, Wyoming in
December 1984 indicates that either there were very low densities
of trout or that they had emigrated from the approximately 14 km
stretch of river that was accessible to sampling. Banks et, al.
(1974) reported that over a twelve year period trout and white-
fish standing crops were about equal in the Green River, Thgy
also indicated that suckers were not a major part of the fish
biomass ih the river. Their observations were totally different
from ours., We found mountain whitefish and sucker biomass to be
at an extraordinarily high level, while the biomass of trout
observed during December represented less than one percent of the
whitefish or sucker biomass.

The Wyoming Game and Fish Department actively samples this
section of the river during non-winter months, but no recent
reports of their findings were available to the author. Informal
personal communications indicated that they also found low num-
pers of trout during their most recent sampling prior to December
1984,

Whether the lack of trout observations in December resulted
from a very low population level or from seasonal migration, the
information should be useful in management of the trout fish-

eries. If sampling during other seasons indicated adequate trout

densities, a major seasonal migration is probably occurring.
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Knowledge of where, and in what type of habitat, the trout are
overwintering would be vital in defining and protecting the trout
population during what is probably a very critical and vulnerable

period in their annual cycle.
Gunnison River, CO

With the exception of the Colorado River, more effort was
expended attempting to sample the Gunnison than any other river
in the study. Despite repeated attempts, we were unable to
collect microhabitat data or to even locate more than an occa=-
sional trout.

There appeared to be more to the lack of trout observations
than just poor visibility. Although visibility in the San Juan
was often as bad or worse as in the Gunnison, it could be deter-
mined that the San Juan contained a very high density of trout
long before it became clear enough for data collection., When
visibility was bad in the San Juan, the diver could still observe
disturbed trout or observe silhouettes of unidentified trout.
This was never the case in the Gunnison River. Any encounters
with fish were rare. Visibility was adequate to good in the upper
study section on several occasions, but trout were still observed
very infrequently if at all.

Scuba and snorkeling are admittedly not infallible methods
of locating fish, especiaily when visibility is marginal.
However, these methods have been successful on most other rivers,

especially when the intensity of sampling was as great as that on

the Gunnison. Therefore, it appears that there were very low




69

numbers of trout in the Gunnison study site at the times it was
sampled.

Population estimates and creel censuses conducted by the
Colorado Division of Wildlife in 1981, 1982, and 1983 indicated
that trout definitely occupied the lower study area and were
being caught (Nehring 1983). The most probable explanation of
the discrepancy between our observations and population estimates
reported by Nehring is that seasonal migration was occurring.
Trout may have been moving to areas outside of the lower study
section during the winter. Creel censuses were conducted from
May through September in 1982 and 1983. Population estimates
were reported as occurring in "fall" of each year, with the 1981
estimate being made in August. All of our sampling was conducted
from November through March, with visibility at its worst during
the November sampling. Brown trout distribution would be differ-
ent during the fall spawning season than during the rest of the
year. Other studies have found winter distribution of rainbow
trout different from the remainder of the year (Chapman and
Bjornn 1969 and Gosse 1982),

If population estimates would be made in winter, the results
should indicate whether major winter emigration is occurring from
the lower study section., It would be valuable to know if season-
al redistribution is occurring. If it does occur, different
microhabitat curves would need to be applied for each season.

No population estimates were conducted in the upper study

section (Nehring 1983). However, creel census data by Nehring

indicated that rainbow trout were present there in 1983 and were
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being caught in large numbers. Nehring concluded that the reason
for the large catch here in 1983 was that high flows were pre-
venting anglers from using downstream access trails, and there-
fore, they were concentrating in this section. This heavy
angling in 1983 could have caused a major reduction in the trout
population by the time our first observations were made in winter
1984, Flow releases in 1984 were similar or greater than in 1983
and could have again placed heavy fishing pressure on this sec-
tion. Winter emigration could also have reduced densities in

this section.

Colorado River, AZ

Species composition and activity

One of the primary reasons that rainbow trout were observed
in much greater numbers than brook trout was probably because
rainbow trout were often stocked to the exclusion of brook. Brook
and rainbow trout were stocked in equal numbers in fall 1983,
These brook trout were observed frequently during the winter 1984
season, but did not continue to be observed during either of the
seasons subsequent to winter 1984, This may be indicative that
brook trout did not survive as well as the rainbow trout did or
that brook trout had major emigration downstream from the study
site,

The stocked age 0 brook trout observed in winter 1984 did
appear to be in good condition and well acclimated to the river.

However, age 0 brook trout was the only group observed random

swimming more frequently than stationary swimming during winter
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1984, In the Green River, the activity of random swimming was
considered a behavioral form of energy conservation during
periods of low food availability (Gosse 1982)., This preference
for random swimming age 0 brook trout may indicate a lack of
adequate food availability or an inability to compete for the
available food. The age 0 brook trout were stocked in the same
area that larger rainbow trout had been stocked two weeks pre-
viously. This could potentially have given the brook trout a
disadvantage in obtaining adequate habitat and food, which may
have ultimately caused them to emigrate. It is difficult, how-
ever, to draw any solid'conclusions based on only one stocking.

Other studies have found that brook trout populations suf-
fered whenever they were sympatric with rainbow trout (King 1942,
Larson and Moore 1985, Moore et al. 1983). King (1942) stated
that, "Experience has repeatedly shown that very little benefit
has been obtained from stocking fingerling brook trout ... in
water where rainbow trout occur."

The adult brook trout that were observed during this study
generally appeared to be in excellent condition, normally with
apparent condition (K) factors of two or more. Thus the brook
trout that do survive to adulthood appear to do very well, but
their survival may not be as good as the rainbow's.

With the exception of age 0 brook trout discussed above,
there was a strong preference for the activity of stationary
swimming for all groups. The very strong tendency for adult

rainbow trout to engage in stationary swimming precludes develop-

ing adequate habitat indices for adults during the activity of




random swimming. Age 0 and juvenile rainbow trout engaged in
random swimming approximately 25% of the time during both sea-
sons. Although random swimming was never a major activity for age
0 nor juveniles, it occurred often enough that it should be
considered for modeling purposes. Sample sizes for Jjuvenile and
adult brook trout were too small to really determine the impor-
tance of random swimming for this species,

It is important to include random swimming curves, whenever
possible, in modeling efforts. Random swimming (in areas of low
velocity) is often a method of energy conservation used by trout
under adverse circumstances such as low food availability or low
temperatures. Insuring that random swimming habitat is available
would help protect the population during periods of adverse

conditions, should they arise.

General distribution and densities of trout
Geperal distribution
In a very general way, one could describe the distribution
of trout in the Colorado River as two areas following along the
course of the river and located on each side of the thalweg, or
midstream section, of the river. These areas would be bounded by
the lower and upper water depth limits for each life stage.
Normally, trout did not appear to utilize the central por-
tion of the Colorado River. When they were observed in the
central part of the river, it was usually in an area where the

river was relatively shallow. There definitely appeared to be an

upper limit to the water depth which trout in the Colorado would
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utilize. However, the reasons that this area was seldom occupied
were probably only indirectly related to water depth,

Naturally, light penetration decreased with increasing water
depth. The density of rooted macrophytes began decreasing be-
tween 4-7 m, and almost totally disappeared by a depth of 10 m.
Relative to its size, there is little allochthonous energy input
into the Colorado River, and it is essentially an autotrophic
system, Food availability would be closely related to areas
where macrophyte production occurs. Thus, beyond a certain water
depth, food availability would probably decrease dramatically
except for downstream drift,

A second probable reason that few trout were obsehved in the
midstream area was that water velocities tended to increase
towards the center of the river. Thus food availability was
decreasing as energy requirements increased, making this an unde-
sirable location.

A third factor that could have reduced observations in
deeper water was overall visibility. Fish could seldom be ob-
served more than 3-4 m above the diver, who was on the river
bottom. In the deeper areas, if trout were located high enough
in the water column, they would have gone undetected. Normally,
this would not have occurred because water velocities would have
been too great for the trout, but it could potentially happen in
the few deep, quiet sections of the river.

Densities

The greater numerical densities of age 0 and juvenile trout

within the vicinity of Lees Ferry were undoubtedly a result of
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limited dispersion of trout stocked at the Ferry. Our observa-
tions indicate that the majority of healthy, nonstressed trout
probably do not move more than several kilometers from where they
are stocked until they are mature enough to make their first
spawning run. Although stressed trout have been observed to move
downstream (Gresswell 1973), a great number of studies have found
very limited movement in healthy trout populations as long as
water temperatures do not become too low. Edmundson et., al.
(1968) observed 88% of small steelhead trout moving less than
2 m in a two week period, while Whitworth and Strange (1983)
found brook and rainbow trout moving an average of 13 and 25 m,
respectively, over a year, Bjornn and Mallet (1964), Cargill
(1980), Newell (1957), and Shetter (1937 and 1968) all found the
majority of brook and rainbow trout having very limited movement,
between none at all up to 3 km, The apparent lack of movement in
the trout stocked in the Colorado is indicative that they are
adapting well to the river habitat., Movement studies on the
Colorado River are currently being conducted by the Arizona Game
and Fish which may provide more information on this subject.
Densities declined progressively above the boat launch area.
The upper half of the study area had low densities for all life
stages, but especially for age 0. In the upper half of the study
area, densities for all age groups were low enough that there was
only about a 50% chance of observing trout on a given dive,

Except during spawning, an average of about five trout per dive

was normally observed in this area, Densities in the upper half
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of the study area were much lower than were observed in any other
river from which data could be collected.

The larger adult trout appeared to have redistributed them-
selves throughout the study area, either because they were more
mobile than juveniles or because of migration associated with
spawning activities, With the exception of spawning activities,
large adults showed little tendency to congregate in groups and
seemed to be well dispersed along the course of the river. There
were locations where large adults were more likely to be observed
than others, but these locations were scattered throughout the
study site and did not contain major concentrations of large

adults except during spawning.

Stocking effort

The result of releasing all fingerlings from the boat launch
area has been to concentrate the majority of age 0 and juvenile
trout in a small section of the river., The Lees Ferry area does
provide good habitat, and a certain proportion of fingerlings
should be released here. However, it would be beneficial if
fingerlings were released throughout the entire study area, as
had been done in the past and as is done on similar rivers such
as the Green River, Utah (Larson et. al. 1981). This would allow
the young fish to take maximum advantage of all the available
resources in the river and would reduce competition among them.

Anbther problem with stocking exclusively at the Ferry is
that this area is the only place available to the vast majority
of shore fishermen., If a management objective is to maximize

survival to adult size, exclusive stocking in this area would be
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very counterproductive because the stocked trout are spending
their first one or two years of life in the area with the highest
fishing pressure.

Survival to adulthood could probably be greatly enhanced by
stocking in similar habitat in other parts of the river. When-
ever possible, subsequent stockings, especially of smaller size
groups, should not be done in the same areas where other trout
have recently been stocked. Stocking of small trout in areas
already occupied by established and slightly larger trout can
place them at a competitive disadvantage. The Lees Ferry area is
probably near or even above its maximum carrying capacity, but
the overall river between the dam and the Ferry appears to ge far
below its total carrying capacity. By stocking throughout this

river section, more fish could be stocked and more should

survive.

Natural reproduction and spawning
Natural reproduction

It is not possible, based on this study, to make any esti-
mate of the percentage of trout resulting from natural repro-
duction. The observation of naturally reproduced trout in both
winter and summer 1984 indicated that at least some of the spawn-
ing activity was successful, Current studies being conducted by
Arizona Game and Fish will provide more information on the origin
of trout in creels.

Spawning success was probably enhanced in winter 1984 by the

steady flow releases, Many of the redds observed would have been

dewatered by even moderate reductions in flow. Since the newly
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emergent trout observed were closely associated with the shore
line, they would also be greatly affected by changing flows. At
the least, emergents would have to relocate with each flow change
and would be more exposed and susceptible to predation as they
changed locations. At the worst, they could become stranded and
suffer direct mortalities as flows decreased.

Some changes could be made which would help to improve
natural reproduction in the Colorado. The most obvious would be
to provide steady or steadier flow releases during the peak of
the spawning season. This would help protect adults spawning in
shallow water from being stranded as flows decreased., But in
order to insure successful reproduction, steady flows would have
to be maintained until emergence. Although Reiser and White
(1983) and Becker et, al. (1982) found that under certain condi-
tions eggs in redds could withstand extensive dewatering, the
latter study showed that this was true only during the early
stages of egg development. Becker et. al. found that the last
developmental stage prior to emergence sustained almost 100%
mortality with less than 2 h/day of dewatering. Thus the steady
flows would have to be maintained from spawning through emergence
to be of much value. This would be considered extremely expen-
sive in terms of lost generating potential.

It should be remembered that salmonids have evolved by
reproducing in streams and tributaries that were much smaller
than the Colorado River. The Colorado is certainly not an ideal
spawning ground and trout are an exotic species in this system.

The largest stream that Witzel and MacCrimmon (1983) observed
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brook trout spawning in had a flow of 6.25 cfs while Lowry (1965)
reported the most important reproduction tributary of one of his
study streams had a flow of 0.6 cfs. In view of the available
river habitat and the lack of any acceptable tributaries in this
section, it seems unlikely that natural reproduction alone could
sustain an adequate population density wibhout ma jor habitat
modifications., Rather than attempting to enhance natural repro-
duction in a river as unsuitable as the Colorado, it would proba-~
bly be more cost effective to continue or enhance current
stocking efforts.

If stocking rather than natural reproduction is to be the
major form of recruitment in the Colorado, or any‘other river,
serious consideration should be given to the the idea of obtain-
ing eggs from adults which have survived to maturity in the
river, Brood stocks whigh have been domesticated for many
generations have lost many of the adaptive advantages necessary
for long-term survival in natural environments (Vincent 1960).
Several studies have found that wild strains of salmonids sur-
vived better than domesticated strains when stocked in stream
environments (Vincent 1960, Mason et al. 1967, Reisenbichler and
McIntyre 1977). By using adults which have survived in the river
as brood stock, many of the benefits of natural selection would
be carried through to the stocked trout. Costs for such efforts

might be offset by the savings achieved in not having to provide

steady flows for extended periods,
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Spawning

Based on the data from this study, there did not appear to
be any biological differences in spawning choices between rainbow
and brook trout. Witzel and MacCrimmon (1983) found that ground-
water Seepage, which was not measured during this study, was an
important requirement for brook trout redds and was an important
factor in separating them from brown trout redds.

A statistically significant difference was observed between
brook and rainbow trout in their choice of water depth, but the
sample size for the former was very small and the difference
should be given little credit at this stage. Average water depth
of unoccupied redds was lower because most of these were surface
observations made in water of 1 m whereas observations by the
diver were in depths up to 4 m,

The lack of observable differences in spawning choices has
several implications. At this stage, one set of spawning habitat
indices could possibly be developed for the Colorado using the
combined data from both species and the unoccupied redds, Al-
though this may produce some error by ignoring subtle differences
between species, it has the advantage of reducing error resulting
from limited sample size, which would be likely in the case of
the brook trout.

The second implication of the overlapping spawning prefer-
ences is that the two species were directly competing for spawn-
ing microhabitat. Spawning habitat in the study area is probably

limited and total spawning success is probably reduced by compe-

tition and successive spawning in the same areas. It is there-
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fore probable that spawning success for brook trout will be
hindered by the rainbow trout, which have a great numerical
advantage over the brook trout. It is also quite probable that
newly emergent age 0 of both species are competing for microhabi-
tat. Only a minute portion of the total river provides the
microhabitat they require. Everest and Chapman (1972) found that
only different times of emergence prevented direct competition
between newly emergent chinook salmon (Oncorhvnchus tshawytscha)
and steelhead trout.

Originally, there would have been a temporal as well as a
geographical isolation in spawning for the two species. The
broad spawning season observed for both species most probably
resulted from the ultimate hatchery origin of trout in the
Colorado, although the almost constant water temperatures may
have also extended the seasons.

Most other studies have found spawning rainbow and brook
trout using different fish velocities and depths than were
observed during this study. Smith (1973) and Bovee (1978) listed
spawning velocities for rainbow and steelhead trout higher than
were observed during this study. Smith measured velocities 12 cm
above "undisturbed gravel just above the upstream edge of the
redd® while in this study measurements were made at the location
of the trout, which was an average of 12 cm above the substrate,
but within the redd. Velocities within the redd are lower than

above undisturbed gravel,. which accounts for part of the discre-

pancy between our findings and Smith's, It is not possible to
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determine how measurements were made in the studies compiled by
Bovee,

Smith (1973) and Witzel and MacCrimmon (1983) found average
velocities for brook trout of 11 and 18 cm/s, respectively, com-
pared to an average fish velocity of 24 cm/s observed during this
study. Witzel and MacCrimmon were apparently measuring veloci-
ties using methods similar to those used in this study, but they
were working in streams with flows 0.026% that of the Colorado
River and the largest brook trout they observed were smaller than
any adults observed in this study.

Average water depths for all of the studies cited above were
less for both species than were observed during this study. 1In
most cases the size of study streams wasn't presented, but it is
highly probable that they were much smaller than the Colorado
River. Hartman (1969) listed 2 m as the maximum stream depth of
eight spawning tributaries used by rainbow trout,

The difference in size between the Colorado and traditional
spawning streams probably accounted for the increased water
depths observed during this study. It is possible that trout
were using deeper than optimum water depths in the Colorado.
Differences in methods probably accounted for some of the differ-
ences in velocities between this and other studies. Brook trout
observed during this study were probably much larger than those
observed during other studies, which probably also accounted for

much of the differences observed in velocities between this and

other studies.
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Variable flows

The unusual flow regime which occurred throughout this study
prevented observations of the fluctuating flow regime which nor-
mally occurs on the river. The high and extra high flows
observed during this study did not appear stressful to the trout.
It appears that aquatic plants could be adversely affected by a
varied flow release., This would be important to the trout fish-
eries because there appears to be a strong link between the
invertebrates upon which they feed and plant production. Limited
sampling found Gammarus lacustris were highly associated with
plant beds, with especially high densities in macrophytes located
in low velocity water (Gosse 1981b).

As discussed in a previous section, plant density decreased
with increasing water depth, and was essentially zero along much
of the central portion of the river. High flows limit the depth
to which plants can grow by limiting light., Extended periods of
low flows cause desiccation of aquatic plants and limit the upper
shore area that plants can grow in., Therefore, the greater the
disparity between upper and lower flow releases, the narrower the
phototrophic zone will become.

The concept of a broadening range of flow releases is a real
threat below most dams. There is an ongoing effort to increase
maximum generating capacities at many hydroelectric plants to
satisfy peaking power demands. Since the amount of water flowing
through a river system is relatively constant over time, in-

creased releases would have to be offset either with longer

periods of low flows, or with lower minimum releases. Thus there
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would be a potential for broadening the range between upper and
lower releases whenever generating capacities are increased.

It has been mentioned in previous sections that fluctuating
flows could have an adverse impact on both spawning and newly
emergent trout. Whether other groups of trout would be directly
affected by fluctuating flows would be difficult to determine

based on the flow regime we observed.

Comparisons between years: winter 1984 and 1985

Observations made during winter 1984 and 1985 on the Colora-
do River were compared to determine whether annual fluctuations
were affecting microhabitat choices. Trout were using essentially
wtpevsame microhabitat during both years. Most of the differences
that were observed resulted from differences in size or the
amount of spawning activity between the two winters,

The differences observed for juvenile rainbow trout for fish
and water depth between winters were probably a result of the
difference in size between the two years. The smaller Jjuveniles -
in 1984 occupied lower fish and water depths than did the larger
juveniles in 1985, Within a l1ife stage, larger trout usually
utilize deeper water than smaller ones.

The differences observed for fish velocity during stationary
swimming, although statistically significant, were small in terms
of absolute differences or biological meaning. For the activity
of random swimming, the differences observed for fish and mean
velocity between seasons were more dramatic and difficult to

explain. The smaller juveniles in 1984 were occupying higher

velocities than the larger juveniles in 1985 did. Within a life
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stage, larger trout normally utilize higher velocities than do
smaller ones. The somewhat small sample size in 1984 might ac-
. count for part of the shift,

Adult rainbow trout exhibited no significant differences
between the two years except in water depth utilized. One reason
for the shift in water depths was that far more effort in 1984
was directed towards observing spawning activity, which means
more dives were made in shallower water, Additionally, during
the sampling periods in 1984, spawning was a more predominant
activity than in 1985, which meant adults.were more likely to be
located in shallower water in 1984 even when not actively engaged

in spawning.

Comparisons between flows: summer extra high and normal high

The flow regimes observed during summer 1984 in the Colorado
River did not simulate normal operations, but they provided a
unique opportunity to observe higher flows than could normally
have been obtained. The extra high flows which were released
during most of the summer allowed actual observations and data
collection at or above release levels which would be produced if
the generating capacity of the dam were increased. Normally, the
effects of increased releases above normal operations can only be
projected with the use of models which have not been thoroughly
tested for accuracy.

In general, there were no indications that the extra high

flows produced any worse conditions for the trout than were

observed during normal high flows., It is probable, however, that
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the trout relocated somewhat between flow levels in order to
maintain desirable conditions.

Trout often move closer to the river bottom (decreased fish
depth) to avoid high velocities during excessive flow releases,
But for all three life stages, fish depth was significantly lower
during normal flows than during extra high flows, the opposite of
what would be expected if the extra high flows had been limiting.
Thus, the trout were not being restricted to a narrow zone near
the river bottom during the extra high flows. There was no ob-
vious reason why fish depth should have so consistently decreased
during normal high flows.

Although juveniles and adults did occupy higher fish veloci-
ties during extra high flows, the differences were neither sig-
nificant nor great. Mean velocities for the fish were also not
significantly different between the two flows.

There was no indication that the extra high flows produced
stressful conditions for age 0 trout. If this had not been true,
one might expect to have observed increased fish velocities
during the extra high flows. Fish velocities for age 0 actually
increased slightly as flows were reduced. This was probably a

result of growth rather than flow changes.

Comparisons between seasons: summer and winter

In comparing between seasons, data from both winter 1984 and
1985 were combined as were data from both extra high and normal
high flows during summer., Comparisons made in the previous two

sections between the two winters and between the two flows had

shown that in each case, they were essentially the same. Most of
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the differences that were observed resulted from differences in
size. The advantage in combining the data bases was to provide
larger sample sizes and a more complete range of habitat choices.

In general, there were no consistent nor major shifts indi-
cating major changes in microhabitat choices between seasons.
Differences were observed in age 0 rainbow trout between winter
and summer seasons in the Colorado River. These differences
appeared to be the normal differences that would result from the
changes in mean length that were found in this age group between
the two seasons. Average values for a few variables were signif-
icantly different between the two seasons, but most were not
significantly different. The one exception was for juvenile
rainbow trout during the activity of random swimming. There was
a shift toward deeper, quieter areas during the summer than were
occupied during the winter. There was no apparent reason for
this shift toward deeper water among Jjuveniles,

There was no indication of a shift in activity preference
between seasons. Stationary swimming was the predominant activi-
ty for all life stages during both seasons. Adult rainbow trout
was the only group to exhibit a statistically significant differ-
ence in the proportion of activities between seasons. However,
the percentage of adults engaged in random swimming was so low as
to be of little biological importance during either season.

The lack of differences in parameter values between seasons
in the Colorado River indicated that there were no major changes

in location nor activities between seasons, Contrarily, observa-

tions in the Green River, Utah revealed dramatic changes in
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microhabitat selection between winter and summer along with major
shifts in activity (Gosse 1982). The importance and causes of
seasonal changes in location and activity will be discussed more

thoroughly in a subsequent section,
San Juan River, NM

Trout densities

Densities of rainbow trout in the upper section of the San
Juan were the greatest that the author had ever observed for any
trout species. Growth rates and productivity are usually very
high in tailwaters below large impoundments but densities do not
normally reach the level observed in the San Juan. Although they
are probably not the only cause, the restrictive fishing regula-
tions in this section of the San Juan appeared to be a major
reason for the high densities observed.

Habitat in the San Juan is good, but it does not appear to
be unique enough to account for the difference in densities
between the San Juan and other rivers, especially since water
depths and possibly velocities were below optimum. The more
stable flows of the San Juan, compared to most other tailwaters,
probably provide better habitat for naturally produced emergent
trout and small stocked fry.

Precise comparisons of stocking densities among the San
Juan, Colorado, and Green River, Utah were not possible because
different size fish were stocked, available data were from dif=-

ferent years, and stocking densities for individual rivers usual=-

ly varied over time. However, based upon stocking records for
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the Colorado River (Table 3), the Green River, Utah (Larson et
al. 1981, Larson and Bonebrake 1982, and Bonebrake 1983) and the
San Juan River (M., Hatch, New Mexico Department of Game and Fish
[NMDGF], unpublished data provided to the USBR Upper Colorado
Region) it appears that stocking densities in the San Juan were
approximately twice as great as in the Green River and at least
three times as great as in the Colorado River.

The differences in habitat, flow release patterns, and
stocking densities observed between the San Juan and the Colorado
and Green River, Utah could account for some of the higher trout
densities observed in the San Juan. But if these were the major
reasons for the high densities in the San Juan, densities should
have been high throughout the study area since these factors were
fairly constant throughout this reach of the river. Trout densi-
ties were not, however, constant throughout the study area and
densities appeared to be very low below the special regulations
section,

The one factor that did change within the San Juan and was
also different between it and the other rivers was the restric-
tive fishing regulations. The fact that densities decreased
noticeably and progressively in each subsequent area where regu-
lations became more liberal supports the idea that the regu~
lations were affecting densities, Additionally, length frequency
histograms of trout in the restricted catch section show a large
peak in numbers just below the legal keeping limit (NMDGF, un-

published memoranda, personal communication). This peak has con-

tinued to move upward as the minimum size limit of trout has
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increased over the years (G. Thorne, NMDGF, personal
communication).

The large number of anglers, especially out-of-staters from
throughout the Southwest, observed on this relatively small, re=-
mote river indicated that the type of fishing provided here was
very popular. Similar regulations might provide improved recrea-

tion in sections of other river systems.,

Age 0 trout

The age 0 trout observed appeared to be the result of natu-
ral reproduction. Since poor visibility prevented data collection
during spawning seasons, no data was obtained on spawning habitat
or intensity in the San Juan.iThese age 0 trout were utilizing a
very limited amount of the total river habitat. This is indica-
tive that even a river the size of the San Juan, which is small
compared to the Colorado, still does not provide much habitat
for young age 0 trout.

One of the apparent requirements of age 0 microhabitat is
physical isolation from adult trout. In both the Logan River
system and the Provo River, age 0 brown trout were isolated from
adults (Gosse and Helm 1982). Saunders and Smith (1962) found
age 0 brook trout primarily in areas not occupied by older brook
trout, while other authors found an inverse correlation between
the number of adults and age 0 in different stream sections
(Boussu 1954, Larson and Moore 1985, Sheppard and Johnson 1985).

The San Juan provides more microhabitat, especially in the

upper part of the study area, for age 0 trout than do most

western rivers below large impoundments. The extensive braiding
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of the river, riparian vegetation, and shallow depths all provide
physical isolation from adults., The steadier flows of the San
Juan would also be beneficial to emergent trout. Natural repro=-
duction potentially could sustain a larger proportion of the

population in the San Juan than is possible in the Green River,
Utah or in the Colorado River. However, in all of these rivers
stocking will probably have to remain the primary source of

recruitment for the fisheries to be maintained at current levels.

Varied flow releases

It is difficult to make any definitive statements regarding
the effects of varied flow releases since data were collected at
only one flow level. At the observed release of 500 cfs, rainbow
trout were utilizing significantly lower water depths than they
did in other rivers. It seems probable that water depth was
already limiting at these releases, and any further reduction in
releases could severely limit microhabitat in terms of water
depth. An increase in flows above 500 cfs should not immediately
produce a negative effect in terms of fish velocities, since
average fish velocities for juveniles and adults were lower in
the San Juan than in other rivers., It is possible that some
increase in flow would provide more desirable water depths with
little detriment in terms of velocities., Since the San Juan has
a large flood plain, increased releases probably have less 1ln-
fluence on velocities than in a more restricted river.

To the extent that natural reproduction contributes to the

population, fluctuating flows would probably be detrimental to

emergent trout. Also, fluctuating flows would probably be detri-
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mental to trout stocked at a small size (approximately 6 cm or
less), The projected range between upper and lower releases
would be very important in determining the full effect of any

projected flow fluctuations.
Comparisons Among Rivers

Winter: Green River, UT and Colorado River, AZ

Major differences were observed in winter microhabitat
choices between the Colorado River and the 1982 study conducted
in the Green River, Utah. Most of these differences reflected
the seasonal changes in microhabitat which occurred in the Green

River but which did not occur in the Colorado River.

Stationary swimming

In the winter, fish and mean velocities were significantly
higher for both juveniles and adult rainbow trout in the Colorado
than in the Green River, Utah during stationary swimming. There
had been no significant differences in fish velocity during the
summer between these rivers during stationary swimming. Mean
velocity was higher in the Green than in the Colorado during the
summer, The lower velocities observed in the Green River during
the winter indicate that the fish were moving to lower velocity
water than they would normally occupy during stationary swimming.
In the Colorado River, even when velocities were significantly
different between seasons, the change was small. This is indica-

tive of the seasonal shift in microhabitat which occurs in the

Green River but not in the Colorado.
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The shift to deeper, slower water during winter in the Green
River was further illustrated by water depth data, Juvenile
rainbow trout in the Green River were in deeper water than was
used by juveniles in the Colorado, yet the latter river has a far
greater average and total depth. Juveniles in the Green River
were concentrated in the deep pools, which is reflected by the
greater water depth they occupied. Adult rainbow trout in the
Green didn't exhibit as étrong a tendency to utilize pools as did
juveniles, and there was no difference in water depth between
adults in the two rivers, The overall effect of these shifts in
microhabitat in the Green River was felt to be a conservation of

energy expenditure (Gosse 1982).

Random swimming

Water depth and fish depth were greater in the Green than in
the Colorado River for juvenile rainbow trout during the activi-
ty of random swimming. This is indicative of juveniles concen-
trating into pools during the winter. Adult rainbow trout in the
Green River did not have significantly different water or fish
depth from adults in the Colorado. This again indicates that
adults in the Green River were not concentrating into pools
during the winter to the extent that juveniles were.

During random swimming, fish velocity was significantly
higher in the Green than in the Colorado River for both juveniles
and adults. Examination of frequency distributions indicated the

major change appeared to be a slight increase in the Green River

of the upper range of velocities utilized during this activity.




Summer: Green River, UT; Colorado River, AZ; and
San Juan River, NM

Although many of the average values compared among the
Colorado, San Juan, and Green River, Utah were significantly
different, most of the differences were either explainable be-
cause of inherent differences among the rivers or were small
enough to have little biological importance, The differences
that were observed appear to be consistent with the differences
among the rivers,

Differences were observed in both fish and mean velocities
among the rivers. These differences were consistent in reflect-
ing the differences in gradient among the rivers., Mean water
depths were lower in the San Juan, the shallowest river, than in
the Green or Colorado River, Fish depths varied among the
rivers, but were reflective of the water depths and velocities
found in each river.

The microhabitat choices measured for each river were, in
Hutchinson's (1957) terms, the "realized" niche of the species
for that particular river. The differences in microhabitat
choices observed among these three rivers consistently reflect
the different types of habitat available for the trout to choose
from. The observed differences do not imply random choices among
different populations but rather they reflect a compromise be-
tween Hutchinson's "fundamental™ niche and what was availéble.
The differences do imply that data obtained from one river cannot
be indiscriminately applied to other rivers without regard to

such factors as size, gradient, and climate, The consistency of

the observed shifts with the physical differences among the
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rivers leads to the expectation that, with an adequate data base,
potential shifts in microhabitat choices should be predictable

and that data could then be applied from one river to another,

Statiopary swimming

Fish velocities in the Colorado and Green Rivers were not
significantly different for either juvenile or adult rainbow
trout during the activity of stationary swimming., Fish veloci-~
ties in the San Juan for both life stages were about 40% less
than in the other two rivers. Since a lower range of velocities
was available in the San Juan, rainbow trout were possibly se-
lecting velocities which were within their “acceptable®™ range but
which were probably below their "optimum® velocity.

The lower fish velocities observed in the San Juan River may
have also been partially due to the shallow water depths found in
this river, Water depths utilized by trout in the San Juan were
significantly less than in the other two rivers for both liife
stages. However, many of the trout observed in the San Juan were
found concentrated in the deeper and slower sections of the
river. Since much of the San Juan 1s shallower than adult rain-
bow trout normally prefer, the trout may have moved to deep, slow
areas to find increased water depth although velocities were
further reduced from optimum,

The lower mean column velocities observed in the San Juan
reflect the physical difference between it and the other two
rivers. The San Juan has a lower gradient than either the Green

or Colorado River, Differences in gradient among the rivers

account for the differences in mean velocities observed for fish
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among the three rivers, The Green River, which has the highest
gradient of the three rivers, had the highest observed mean
velocities for both life stages during stationary swimming. Con-
versely, the San Juan, which has the lowest gradient, also had
the lowest observed mean velocities for both life stages.

Differences in mean column velocities are more reflective of
differences among rivers than of any differences in microhabitat
choices by the trout, since mean velocities are not measured at
the same depth the trout occupy. Differences in microhabitat
choices by trout would be reflected by differences in fish veloc-
ity and these differences are normally much less than differences
among mean velocities,

The similarity in occupied water depths between the Colorado
and Green Rivers indicates that there is an upper as well as a
lower limit on water depth for rainbow trout in lotiec environ-
ments, If microhabitat choices were strictly a reflection of
available habitat, water depth chosen by the trout in the Colora-
do would be expected to be greater than in the Green River.
However, there was no significant difference between water depths
occupied by adults in the two rivers. Juvenile rainbow trout did
utilize significantly deeper water in the Colorado than in the
Green River, but the 1 m difference was hardly reflective of the
overall difference in depths between the two rivers.,

Water depth for juvenile rainbow trout was greater in the

Colorado than in the other two rivers and also greater than that

occupied by adults in the Colorado River.
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The differences in fish depth observed among the three
rivers also appears to reflect physical differences among the
rivers., The fact that the Green River had the lowest proportion-
al fish depth (compared to the total water depth occupied) while
the San Juan had the highest is indicative of the relative veloc~
ities., As velocities increase, trout tend to reduce their fish
depth (move closer to the river bottom) in order to maintain
preferred velocities. Thus, in the higher velocity Green River,
trout had to locate proportionally lower in the water column to
maintain preferred velocities than they did in the Colorado or in

the much slower San Juan River,

Bandom swimming

The differences observed for age 0 rainbow trout between the
Colorado and San Juan Rivers for mean velocity and for fish and
water depth appear to result from the significant differences in
fish size between the two rivers. This type of difference was
also observed when comparisons were made between different size
age 0 rainbow trout between winter and summer in the Colorado
River.

For juvenile and adult rainbow trout, when fish depth was
expressed proportional to total water depth, it produced the same
pattern as was found for the activity of stationary swimming.
Trout were proportionally highest in the water column in the
slowest river, the San Juan{ and deepest in the fastest river,
the Green,

Fish and mean velocities for Juveniles and adults were

significantly lower in the San Juan than in the Green River, as
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was found with stationary swimming. The range of velocities
utilized during random swimming is smaller than with stationary
swimming, Thus the absolute differences in velocities observed
among the rivers was lower for random swimming. Similarly,
velocities in the Colorado River, which has an intermediate
gradient, were no longer significantly different from at least
one of the other rivers during random swimming.

As with stationary swimming, Jjuvenile rainbow trout in the
Colorado River utilized greater water depths than were occupied
in the other rivers or by adults in the Colorado., There does
apﬁear to be a tendency for juveniles in the Colorado to concen-
trate in deeper than normal water during summer, resembling the
distribution found in the Green River for Jjuvenile rainbow trout
during winter (Gosse 1982).

The lower water depths occupied by trout in the San Juan
again reflects the lower average depth of that river compared to
the other two. At the same time, trout were occupying greater
water depths than the average depth in this section of the
river, probably indicating that they preferred greater water

depths than were available.
Size Differences Within Age Groups

The relative age and size of a life stage was often
important in defining microhabitat, Differences in size were

especially important for age 0 trout and progressively less

important for Juveniles and adults.
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Two comparisons were made where there were significant dif-
ferences in size for age 0: in the Colorado River between summer
and winters; and during sumnmer between the Colorado and San Juan
Rivers. 1In both cases, there were large and significant differ-
ences in microhabitat choices which were probably the result of
differences in size. In this study and in previous studies by
the author, age 0 trout were observed to move into faster, deeper
water as they grew (Gosse 1982, Gosse and Helm 1979). Everest
and Chapman (1972) found a linear relationship when length for
age 0 steelhead trout was plotted against fish veloecity or water
depth. Larson and Moore (1985) found both age 0 rainbow and
brook trout in faster and deeper water over time,

From this and other studies, it is becoming increasingly
apparent that microhabitat requirements for age 0 need to be
separated into two or more subgroups based on size, The many
studies cited above all found a shift in mierohabitat choices
during the first year of life. Chapman and Bjornn (1969) stated
in regard to salmonids: "Newly-emerged fish prefer or indeed can
tolerate only nearly-still water. As growth proceeds the young
fish shift toward faster and, to a degree, deeper water.," Gosse
and Helm (1982) stated that: "It is probable that microhabitat
should be determined for a fourth life stage: emergents,"”
Sheppard and Johnson (1985) felt that in view of changing micro-
habitat choices by age 0 steelhead, the probability-of-use curves
should be seasonally adjusted.

There is probably no single correct method for subdividing

the age 0 class, but there is adequate data to indicate that
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microhabitat requirements for this age class must be divided into
at least two groups. As clearly indicated by Everest and Chapman
(1972), these changes are continuous with increasing size, and
discreet subdivisions are a convenient, although somewhat
erroneous, simplification which can readily be incorporated into
current habitat models. In this study, an appropriate size range
for the smallest or emergent group would have been approximately
0-6 cm, inclusive.

Juveniles had significantly different average lengths for
every comparison that was made, although in many cases the actual
difference between average lengths was less than 6 cm, The
differences in average length were attributed to growth, diffe-
rent times of and size at stocking, and to different size
categories between studies. The differences in size appeared to
have little effect on juvenile microhabitat choices in all cases
but one.

Adults had significantly different average lengths for four
different comparisons, although the actual differences were T cm
or less. These differences never produced any observable changes
in microhabitat choices among adults observed in this study.
However, it is conceivable that differences in size can produce
different microhabitat choices between adults when the size dif-
ferences become great enough, as in the following case.
Differences were found in spawning choices between brook trout in
the Colorado and brook trout observed by Witzel and MacCrimmon
(1983). The latter study was conducted in streéms with flows

0.026% that of the Colorado River and with adults which were much
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smaller (8-29 cm FL) than those observed in the Colorado. The
differences found between the two studies probably resulted from
a combination of differences in both size of the rivers and the
size of mature adults.

Until more complete data is available, it will be important
to consider relative sizes when making comparisons between two
groups within the same life stage or when defining microhabitat
requirements for the younger life stages. This would be
especially important in fisheries where much or all of the popu-
lation is sustained by stocking of fingerlings. Since the size
and time of stocking can vary greatly, the supposed "same" life
stage could have substantially different microhabitat needs for
successive years or among rivers. Conversely, measuring microha-
bitat of age 0 or juvenile fish in such a system for only one
year could produce biased data curves if fish had widely varying

sizes in subsequent years.
Seasonal Effects of Temperature

It seems probable that in rivers which expebience major
temperature changes there will be seasonal shifts in microhabitat
choices. In the Colorado River, microhabitat choices between
winter and summer seasons were very similar except for those
differences which appeared to be caused from éhanges in size
rather than from seasonal choices, The section of the Colorado
River included in the study site has a very uniform temperature

throughout the year. 1In the Green River, Utah, major changes

were observed between winter and summer microhabitat choices for
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cutthroat trout and for juvenile rainbow trout (Gosse 1982). The
section of the Green River included in the study site had major
temperature fluctuations between seasons.

The findings of this study were similar to many other
studies which found changes in distribution or habitat choices in
rivers which have low winter temperatures. These seasonal dif-
ferences can take several forms., In Michigan, Shetter (1937)
felt that the majority of brook trout left a tributary and over-
wintered in the main branch of the Au Sable River. In Idaho,
Chapman and Bjornn (1969) reported similar movement of steelhead
trout into larger systems prior to winter. This is the type of
behavior that was suspected to be occurring during this study in
the Gunnison River and the Green River below Fontenelle Dam.

Another type of behavior observed in some rivers with low
winter temperatures was trout hiding within the interstitial
substrate. Edmundson et, al. (1968) found juvenile steelhead
trout primarily within the substrate during winter, Chapman and
Bjornn (1969) reported that in experimental tanks steelhead were
observed to enter the substrate as the water temperature went
below 4.5 C and they came back up as the water was warmed to 5.5
C. Trout were observed in the Green River below Fontenelle to
use interstitial substrate and some juvenile rainbow trout were
observed doing this in the Green River below Flaming Gorge (Gosse
1982).

A third type of behavior observed during the winter in many

rivers is the movement of salmonids from fast water into deeper,

slower areas., Bustard and Narver (1975) observed this type of




162

behavior for young coho salmon and steelhead trout. In the Green
River, Utah juvenile trout were observed to concentrate in pools
during winter (Gosse 1982)., Chapman (1962) and Pettit and Wal-
lace (1975) observed similar behavior for coho salmon and white-
fish, respectively. Trout in the Provo River, Utah (Gosse and
Helm 1979) and the Logan River system (Gosse 1981a) used pools
more in the winter than during summer.

The seasonal changes in microhabitat selection observed in
the rivers mentioned above were probably either directly or
indirectly a function of temperature changes. In the Colorado,
where temperatures do not fluctuate seasonally, there were essen-
tially no seasonal differences in microhabitat, Although low
temperatures may be the driving factor in winter changes, there
must be other factors which cause the wide diversity of behavior-
al reactions observed. During winter, age 0 steelhead were
observed in substrate interstices during low flows and to active-
ly feed during higher flows when drift would be greater (Bustard
and Narver 1975). Reimers (1963) found stocked hatch;ry trout
losing weight during winter while concomitant wild trout actively
fed and maintained condition. Thus, the effects of low tem-
peratures on food availability within a river, coupled with
physiological or behavioral differences among strains, and the
overall habitat availability probably account for the different
reactions observed during winter,

The microhabitat choices and activities observed during the

non-winter periods, and throughout the year in some rivers, could

be considered optimum growth activities, The microhabitat
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choices observed in many rivers during winters could be conéid-
ered energy conservation activities (Chapman and Bjornn 1969,
Gosse 1982). This correlates to observations where growth and
production in lotic salmonid populations become negative during
late fall or winter (Hunt 1966, Gosse 1978). Rimmer (1985) found
that production was near zero at the same time that pool occupan=-
cy of rainbow trout was greatest., Hunt (1969) found fat content
of brook trout during winter to be one-third that found during
mid-spring., Oliver et al. (1979) concluded that overwinter mor-
tality was, "a result of exhaustion of energy substrates."

In rivers where low or negative production is observed,
winters are periods of stress for the population. Reimers (1957)
and Bustard and Narver (1975) felt that winters were periods of
high mortality. In summary, winter microhabitat requirements are
critical to the survival of a population.

It therefore becomes imperative to determine exactly what
the winter microhabitat requirements are for a particular popula-
tion. At the present time, this has to be done by making winter
observations on a stream by stream basis. It was found above
that microhabitat utilized during other times of the year can be
very different from winter choices, To further complicate mat-
ters, trout apparently choose from among at least three major
forms of winter behavior each requiring different microhabitat.
Until more is known about these different winter choices, it

would be almost impossible to apply winter microhabitat data from

one stream to another,
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SUMMARY AND CONCLUSIONS
Green River, WY and Gunnison River, CO

Microhabitat data could not be collected at either the Green
River, Wyoming or the Gunnison River, Colorado. In both rivers
high flows and poor visibility prevented sampling during the
sumnmer season., The extremely low density of trout observed in
the Green River during winter indicated either a very small trout
population existed in this river or that extensive winter emigra-
tion was occurring from the area sampled. Although marginal
visibility in the Gunnison River often made sampling difficult,
there appeared to be very few trout in either the upper or lower
sections of the study area during the winter seasons, Since data
from other studies conducted in the lower section indicated an
adequate to good trout population during summer and fall, it

appears that winter emigration was occurring.
Colorado River, AZ

Stationary swimming was the primary activity in the Colora-
do River‘during both seasons and for all age groups, with one
exception.

In the Colorado River, trout used only limited portions of
the total river. The midstream section was often unused, as were
the deeper sections of the river,

Differences in trout densities throughout the study site in

the Colorado River reflect original stocking patterns. Survival




can probably be improved by dispersing the stocked trout through-
out the length of the study site.

Spawning was observed during the first winter of study and
evidence was found of successful reproduction, No major differ-
ences were found between redd sites chosen by rainbow and brook
trout. Steady flows from the beginning of spawning through
emergence would probably increase natural reproduction. However,
in view of the unsuitability of the Colorado as a spawning river,
it would probably be more cost effective to continue or enhance
current stocking efforts,

Trout were observed to use essentially the same habitat when
comparisons were made between winter 1984 and 1985. Most of the
differences observed resulted from differences in size or activi-
ty between the two years.

There were no indications that the extra high flows observed
during summer 1984 were more stressful to trout than were the
normal high flows observed during summer 1984, Although high or
extra high flow conditions were observed throughout the study on
the Colorado, there were no indications that the flows were
excessive.

When comparisons were made between winter and summer seasons
on the Colorado River, there were no consistent nor major shifts
indicating major changes in microhabitat choices between seasons,

Many of the differences that were observed appeared to result

from differences in size between seasons,
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San Juan River, NM

The density, size, and condition of rainbow trout in the
upper section of the San Juan study site was extraordinary.
Although habitat and stocking rates may account for part of the
high densities, the restrictive fishing regulations applied in
this section appear to be a major reason for this phenomena.

Evidence was found that some natural reproduction was proba=~
bly occurring in this river. A larger proportion of the popula-
tion can probably be sustained by natural reproduction in the San
Juan than could be in rivers such as the Colorado.

At the observed flows, trout were utilizing lower water
depths in the San Juan than they did in other rivers. Fish
velocities were also lower in the San Juan than in other rivers.
An increase in flow would possibly provide more desirable water

depths without producing adverse velocities.

Comparisons Among Rivers

When comparisons were made between winter microhabitat
choices in the Colorado River and the 1982 study on the Green
River, Utah, major differences were observed. The majority of
these differences were reflective of the fact that seasonal
changes in microhabitat occurred in the Green River but not in
the Colorado.

Comparisons were made for summer microhabitat among the
Colorado, San Juan, and Green River, Utah. Significant differ-

ences were observed for many of the values compared. Most of



these differences were reflective of the physical differences
that exist among the three rivers.

The differences observed among rivers during both seasons
were great enough to indicate that indiscriminate application of
data obtained on one river to other rivers has a high probability
of producing erroneous results, Most of the differences observed
among rivers appeared to be correlated to physical differences in
the rivers. It is probable that with more knowledge of microhab-
itat variations among river systems, potential changes in micro-
habitat choices among rivers could be predicted, and data could
be accurately applied to rivers other than the one it originated

from,
Size Differences

When comparisons were made within the same life stage be-
tween two groups that had significantly different mean lengths,
the two groups sometimes chose significantly different microhabi-
tat. This was especially true for age O trout and progressively
less important for juveniles and adults. Based on findings from
this and other studies, it has become apparent that microhabitat
requirements for age 0 need to be separated into at least two
subgroups based on size, Juveniles and adults may not need to be
further subdivided, but it will be important to consider relative

size when comparing between two groups within the same life

stage.
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Seasonal Differences

Populations inhabiting rivers which experience major temper=-
ature changes will probably exhibit seasonal shifts in microhabi-
tat choices, Although temperature appears to be an underlying
cause of these changes, other factors are involved. Three types
of responses to low winter temperatures have been observed among
different salmonid populations: migration, movement into pools,
movement into interstitial substrate. These cold periods appear
to be very stressful to the population, which implies the winter
microhabitat used during these periods are critical to the survi-
val of the population. Because winter microhabitat is so differ-
ent from other seasons, and because there can be so much varia-
tion in winter microhabitat choices among rivers, winter microha-

bitat will have to be determined for each river.
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INTRODUCTION

Aqua-~-Tech was assigned the task of making underwater obser-
vations of the trout population during and after the August
spillway tests conducted at Glen Canyon Dam. Our objective was
to observe whether there were any indications of stress, dis-
orientation, or outright mortalities in the population. This
paper will be concerned primarily with these observations and a
discussion of the possible implications of the test upon the
trout population.

The need to release excess flows at Glen Canyon Dam during
the flooding which occurred in June and July, 1983 required}the
use of both the north and south spillways. Both of these spill-
ways were damaged during this period. Repairs were made to the
spillways during the remainder of 1983 and into August 1984, The
U.S. Bureau of Reclamation (USBR) decided to test the south
spillway before terminating the repair contract, Originally,
this test was scheduled to have been conducted earlier in the
summer before Lake Powell had become thermally stratified.
Because of delays, the test was rescheduled for August 11 to 15,
1984 when the epilimnetic water released down the spillway would
be much warmer than the metalimnetic water which normally is
released downriver through the turbines.

The fact that the proposed test would cause temperature

increases in the river produced concern that it had the potential




of causing adverse effects to the trout population in the river.
These concerns were expressed to the USBR by biologists from both
their own and other agencies. As a result, the original test was
modified to produce smaller temperature changes in a series of
steps to facilitate acclimation by the trout population.

Wegner (1984) provides a thorough description of the chemi-
cal and thermal profiles existing in Lake Powell during the test
and which layers of water were released to minimize the thermal
effects of the test., Personnel from the USBR and Arizona Game
and Fish were responsible for monitoring thermal and water quali-
ty conditions on the river during the test period. Wegner (1984)
describes these efforts in detail and they will not be repeated
here.

Wegner (198%4) also provides a complete description of the
original proposed tests and the tests as they were finally con-
ducted, Briefly, the tests consisted of three releases of 20,000
cfs down the south spillway. Each of these releases lasted for
approximately 24 h with 5 to 15 h intervals between tests. The
first 20,000 release was done in a series of three steps to allow
for thermal acclimation by the trout. Just prior to the coneclu-
sion of the first 20,000 release, a 1 h test release of 50,000
cfs down the spillway was also made. |

There was also a base release of 26,000 cfs through the dam
before, during, and after all test releases down the spillway.

This base release was a combination of cool water passing through

the generating turbines and colder hypolimnetic water released
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through the jet valves. The thermal increases caused by the warm
epilimnetic water passing down the spillway were minimized by
varying the proportion of water released through the turbines and
jet valves.

The trout observations conducted during and after these
tests were made using essentially the same scuba technique as has
been described in the main report to collect microhabitat data,
In addition to the standard equipment, the diver also wore a
diving thermometer to make comparisons between surface and bottom
temperatures. No attempt was made to measure microhabitat during
the test period since our interest at this time was in observing
the overall activity and behavior of the trout.

Elliot (1981) provides a description of the behavioral
changes which he observed in thermally stressed brown trout. He
described the first of three phases as, "The first external
indications of abnormal behavior are a reluctance to feed [under-
lining mine], sudden bursts of activity . . . , rolling and
pitching, defecation and rapid ventilatory movements." During
the second phase fish swim only intermittently and have difficul-
ty maintaining proper orientation. During the third phase, swim-

ming has ceased and only movements of the opercula and pectoral

fins occur, with death normally resulting.
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OBSERVATIONS

Test Phase

August 11

The first 20,000 cfs test release began on August 11, 1984
with a series of three steps which released 5,000; 10,000; and
20,000 cfs along with the base release of 26,000 cfs. The first
observation dive during the tests was made off the north shore at
approximately river mile nine, The dive commenced when the water
first began to rise in the early evening during the 5,000 cfs
step. A number of trout were observed during the dive. The only
change that was observed in trout activity was an increase in
feeding rate which correlated with higher drift rates as flows
increased. The dive lasted for approximately one hour with no
other changes being observed.

During the dive, the water temperature decreased 0.5 C,
possibly from overcompensation with jet valve water. No temper-
ature increase was observed before nightfall, so a second dive

was not made.

August 12
The first dive on August 12 was made across from the Lees
Ferry boat launch. It was made in the morning when releases

through the spillway were 20,000 cfs with a total flow release of

46,000 cfs (Wegner 1984), Because of the high flow releases,
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visibility during the dive was restricted to about 1 m. Approxi-
mately 25 rainbow trout, ranging in §ize from 14 to 32 ¢m, were
observed during the duration of the dive.

All of the trout observed were feeding actively and exhib-
ited normal behavior. This site had relatively fast water, and
all of the trout observed were engaged in stationary swimming and
were maintaining fixed positions.

The second dive was made during the one hour 50,000 cfs test
release through the spillway with a total flow release of 76,000
efs, This dive was again made at river mile nine at the same
location as the previous day. Flows from the 50,000 cfs step had
just reached this site when the dive began. The flows peaked and
had begun to recede slightly during the dive. Visibility at the
beginning of the dive was approximately 0.7 m and decreased to
essentially O m by the end of the dive. Water temperatures at
this site varied between 16.5 to 17 C during the dive.

Several adult and age 0 rainbow trout were observed during
the course of the dive. All of the trout were feeding actively
and behaving normally. All of the trout were positioned in
moderate current as opposed to utilizing quiet water which was

located nearby.

August 13
The second sustained 20,000 cfs release continued through
most of August 13, having begun during the previous evening. The

first dive on this date was conducted approximately 0.5 km down-

stream from the Lees Ferry boat launch off the north shore.
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Approximately 35 or mofe rainbow trout were observed during
the course of the dive representing age 0, juvenile, and adults.
All of the trout observed were behaving normally and most were
actively feeding, especially the age 0 trout, Feeding rates
varied from moderate to quite active.

It appeared that the 50,000 cfs test release from the pre-
vious day had caused substantial relocation and disturbance to
the substrate., Much of the gravel substrate was barren of plants
and was loose and fluffy compared to its normal compacted con-
sistency. A deep hole that had previously existed at this site
was now completely filled.

The second dive was conducted several hundred meters up-
stream from the Lees Ferry boat launch., Between 75 to 100 trout
were observed on this dive, the majority being age 0. With one
exception, all appeared normal and a great many were actively
feeding. One very dark colored juvenile rainbow trout was
observed that appeared to be unable to detect the diver nor the
side of an underwater sand bank, which it repeatedly swam into.
It appeared that this fish was blind, which is not an uncommon
observation, especially in populations with heavy angling pres-
sure., It is also common for blind fish to have very dark

pigmentation.
Post-test Observations

The two dives conducted on August 14 were made at a base

flow of 26,000 cfs between the second and third 20,000 cfs test




releases. The third sustained 20,000 cfs test produced a high
degree of turbidity and no dives were conducted while it occurred
on August 15. The remaining dives were conducted on August 16
and 17. The objective of the dives on the 14th, 16th, and 17th
was to search slack water areas in the river where fish injured
or killed by the tests were likely to be found. Dives were con=-
ducted in the upper portion of the study area because it was felt

that any adverse conditions would have been most pronounced there.

August 14

The first dive was conducted in a large back eddy above the
island near river mile twelve, In the deepest (8 m) and quietest
part of the back eddy, a large amount of particulate matter and
debris was settling out. A large unquantified number of deceased
threadfin shad (Dorosoma petenense) approximately 6 cm in length
were observed., No trout, alive or dead, were observed during the
dive, Threadfin shad are not normally found in the river and
these undoubtedly came down the spillway during the tests.

The second dive was conducted in a back eddy above the "no
boating” buoys upstream from river mile fifteen. During the
dive, two lethargic walleye (Stizostedion vitreum vitreum) and
three catfish (Jetalurus sp.) were observed. All of these fish
were alive and had probably come through the spillway during the
tests. Approximately seven deceased threadfin shad about 4 cm

long were also observed. No trout in any condition were observed

during the dive.
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August 16

August 16 was the first day of observations after the com-
pletion of the spillway tests. The first dive was in a large
back eddy immediately downstream from the "no boating" buoys
above river mile fifteen. No fish, living or deceased, were
observed on the dive.

A shallow pool was snorkeled between dives on this day.
This pool is approximately 0.5 km below the dam and is the first
quiet water downstream from the dam. No deceased fish were
observed in this pool.

The second dive was conducted in a back eddy downstream from
Honey Draw. Two living and apparently healthy rainbow trout were
observed along with one deceased threadfin shad. Approximately

twenty more threadfin shad had washed up on shore at this site.

August 17

Before any dives were made on August 17, a pool below the
island at river mile twelve and the shallow (=1.5 m) bay behind
the island were checked from the surface. The pool was checked
by snorkeling and the bay was checked from the boat. A large
number of living trout were observed in the bay, but no dead or
injured fish were found in either area,

The first dive was conducted in a small back eddy shore at
river mile nine. The second dive was made in a very large and

deep (18 m) back eddy at approximately river mile eight. No dead

or deceased fish were observed during either dive.
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DISCUSSION

The original concern of involved biologists that the spill-
way tests could have adverse impacts upon the downstream trout
population were justified. Initial plans for the spiliway test
would have produced greater and more rapid changes in temperature
than actually occurred.

The current knowledge of optimum, preferred, and stressful
temperatures for trout is contradictory, to say the least.
Coutant (1977) lists a>series of studies which found preferred
temperatures for rainbow trout ranging between 13 to 22 C while
Spigarelli and Thommes (1979) cite studies finding preferred
temperatures ranging from 11.6 to 19 C. The majority of these
studies were conducted in laboratory situations, with the remain-
der conducted in lentic environments. There is very little
knowledge of temperature preferences or tolerances of trout popu-
lations in river environments. Thus, in order to insure the
safety of the trout population in the Colorado River, it was
necessary for concerned biologists to take a conservative
position.

Ultimately, the spillway test was conducted in such a manner
that river temperatures never increased more than 6 C from the
pretest conditions of 11.2 C, and never changed more than 2 C per

hour (Wegner 1984). The maximum temperature reached during the

spillway tests (17.2 C) was below the avoidance level for both




rainbow and brook trout in any studies listed by Coutant (1977).
Spigarelli and Thommes (1979) and Elliot (1981) felt that adverse
reactions would be observed between 19 and 20 C,

Trout are generally considered to be capable of safely
withstanding thermal changes up to 5.6 C without any acclimation.
However, repeated instantaneous changes of this magnitude could
reduce the fish's ability to handle such changes., Furthermore,
very little is known of the cumulative effects of/repeated ther-
mal changes in fish., Thus, the steps which were built into the
50,000 cfs test were a reasonable and necessary safeguard in
protecting the population from too radical a change.

Since the temperature changes and rates of change during the
test were within what is considered to be safe limits, a major
adverse impact upon the trout population should not have oc-
curred. All of our observations during the tests indicated that
the trout were exhibiting normal behavior and that they showed no
signs of thermal stress., Elliot (1981) defines the "optimum
temperature range" as the range of temperatures over which
feeding occurs. For this reason, we were particularly concerned
whether feeding was occurring while the tests were actually
taking place. We were also particularly concerned with the
behavior of age 0 trout, since Elliot (1981) and Spaas (1960)
both felt that smaller fish had less resistance to thermal
changes than did large ones.

No indications of behavioral changes, as described by Elliot

(1981) and listed in the Introduction, were observed during the




spillway tests. Rather than observing a cessation of feeding,
the different increasing steps of the test usually produced an
inecrease in feeding. Normal or above normal feeding rates were
observed throughout the tests, This is consistent with observa-
tions that flow increases occurring under constant temperature
conditions normally produce increases in feeding rates (Gosse
1982).,

Many age 0 trout were observed during the test phase. Like
the adult trout, the age 0 trout exhibited high rates of feeding
and showed no effect from temperature increases, Therefore, our
observations throughout the test phase supported the expectations
derived from the literature: that the temperature changes were
small and gradual enough so as not to produce any observable
behavioral changes in the population and that they probably had
no adverse effects upon the trout population.

Our post-test observations support the observations made
during the test phase. We found no indication that any trout had
died or been injured during the test, The deceased and dis-
oriented fish that were observed all were species that originated
in the reservoir and probably came down the spillway during the
test.

Post-test dives were conducted in quiet water areas in the
upper section of the study area on the theory that the rate of
thermal changes would be greatest closest to the dam (Wegner

1984) and therefore any adverse effects would have been greatest

there. Many of the areas that injured fish were likely to have
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drifted into were searched. The fact that deceased and injured
fish originating from the reservoir were found indicated that the
proper areas were being searched,

There were indications that plants and substrate were dislo-
cated as a result of the high flows released. This probably had
an adverse effect upon the invertebrate population, although the
magnitude of this effect cannot be determined. Potentially,
there could be some decrease in invertebrate drift until the
population fully recovers., This could cause a decrease in trout

growth, although whether the decrease could be quantified or

detected is questionable,




135

SUMMARY

The spillway tests did not appear to adversely affect the
trout population. All trout observed during the tests, including
a large number of age 0 trout, appeared normal. There was no
indication of any abnormal behavior nor of any decrease or cessa-
tion in feeding. These findings were consistent with the litera-
ture which indicated that the thermal changes occurring during
the spillway tests should not have produced aﬁy adverse effect in
a healthy trout population,

Post-test inspection of areas most likely to contain de-
ceased or injured fish failed to detect a single injured trout,
It is possible that some individual trout could have been injured
by the test, particularly if they were in poor health or under
stress from other causes, It seems highly unlikely that any
significant proportion of the population could have been affected
without our finding some sign of adverse effects.

The high flows which occurred during the test did cause some
dislocation of plants and substrate., This probably reduced the
standing crop of invertebrates in the study area. Whether this

reduction was great enough to have any effect upon trout growth

is unknown. The probable effect, if any, is slight.
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AUTHORS' DISCLAIMER

Since the concept of microhabitat first became popular about
a decade ago, there has been a tendency to apply microhabitat
data collected from one river to othar rivers rather than to
collect original data for each river. The savings in time and
expense by such actions are obvious. Comparisons made among
rivers in this study indicated, as had been suspected, that
microhabitat choices sometimes shift among rivers depending on
the available habitat choices.

The shifts that were observed appeared consistent with phys—
ical differences among the rivers, and it was concluded that with
adequate data bases, such differences among rivers could probably
be predicted and adjusted for. Until such predictive capabili-
ties are developed and successfully tested, indiscriminate use of

these data on rivers other than those from which they were col-

lected will most probably produce erroneous results.
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INTRODUCTION

The summary tables presented in this volume are designed to
be used in conjunction with Volume I which contains the narrative
report.

Tables presented in this volume are numbered independently
of Volume I. The tables are subgrouped by river, season, activi—
ty, flow level, and physical variable. Within each table, fish
are classified by species and Life stage.

For all continuous variables, the number, mean, and variance
for the variable are listed below each Life stage. The number is
simply the total number of fish observed for the particular
variable. The mean is the true arithmetic average as computed
from the original data. Therefore, a mean calculated from the
summarized clumped data as presented in the tables will not agree
with the true mean as listed., Similarly, the variance is
calculated from the original data, and cannot be obtained by
using the summarized data.

The four Llines Llisted below the variance are partial
calculetions used in determining analysis of variance among
groups. The line Labeled "Par. sum” represents the sum of all
observations: I X, The Line labeled "Cor term" is equal to:
(£X12/n

where: X is a single observation and

n is the total number of observations.




The line lLabeled "Par. SS" is equal to: = X2, The Line Labeled
"Error S8" is equal to:
(Par. SS) - (Cor term) or
£ X2 - [(£X)2/n].

Since substrate is not a continuous variable, the mean and
variance have not been calculsted for it. The total number of
fish observed for each Life stage appears at the bottom as for
other variables. Both the number of fish observed and the rela-
tive percentage of occurrence are presented for each substrate
type. Each substrate category (rock, rubble, etc.) was subdi-
vided as to whether it was nonvegetated or covered by attached
plants. Plant coverage refers to both macrophytes and attached
algae.

The variables of fish depth and distance to a thigmotactic
surface were subdivided to provide detailed information and are
not presented in a linear scale. Similarly, light was summarized
on a logarithmic scale, to provide more precise information.

The meaning of the variable Label for each row in a table
changes among variables. For fish and mean velocity, the varia-
ble Label represents the lgwer inclusive value for each incre-
ment. Thus the rows labeled 12 and 18 (cm/s) represent values of
12 to 17 and 18 to 23 (cm/s), respectively. For fish and water
depth, light, and thigmotactic distance, the label represents the
upper inclusive value for each increment. Thus rows labeled 150
and 200 (cm) represent values of 101 to 150 and 151 to 200 (cm],

respectively.

Each summary table along with the accompanying statistical




information was generated by a computer program from a verified
data file. A separate program was used for each variable and
each program was repeatedly verified for accuracy. The same
program produced the summary tables in the form presented here
and stored them in a new file. From there the tables were
printed on a typewriter quality printer by the computer. This

process greatly reduced the potential for error in calculating or

producing these tables.
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Table 2, The number of rainbow and brook trout cbserved in the Colorado
River during normal high flows {25,000 - 26,000 cfs) in winter,

1984 for mean velocity during/6tationary pwimming. ——
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114 0 0 0 1] 0 0
120 .0 0 0 0 0 0
126 0 0 0 o 0 0
132 0 0 0 0 (] 0
138 0 0 8] 0 0 0
144 0 0 0 0 0 0
150 0 0 0 0 0 0
156 g 0 0 0 0 0
162 0 0 0 0 0 0
>168 0 0 0 0 0 0
Number 13 83 8 32 0 8
Mean 4,68 48,16 52.20 17 .91 0.00 41.91
Variance 11.8 630.0 449.8 25.0 0.0 219.6
Par., sum 61.0 3831.3 417 .6 573.0 0.0 335.3

Cor term ,2869€+03 ,1769E+06 ,2180E+05 ,1026E+05 .0000E+00 .1405E+05
Error 8§ ,1415E403 ,5166E+05 .3148E+04 .7757E+03 .O00CE+00 .153BE+04
Par. SS .4274E+03 ,2285E+08 ,2494E+05 .1104E+05 .OO00DE+00 ,1558E+05




Table

200
250
300
400
500
600
700
800
900
>800

Number
Mean
Variance

Par, sum
Cor term
Error SS
Par, SS

3.

The number of rainbow and brook trout cbserved in the Colorado
River during normal high flows (25,000 — 26,000 cfs) in winter,

<12 cm

13-
i5 Lg.

oOoo0oo0o0o0o0oo0o0 o

13
a.7
1.9

35.0
«9423E+02
«2277E+02
+1170E+03

Rainbow
13-27 cm  Adult <12 ¢cm
d s
[ {~i;0 -0 . [‘1 -1 0
EALST
"L gy p [0]3 0
J A o
O]O 0} 5 0
] < 0
0 L0 0
0 0 0
0 1] 1]
0 0 0
0 0 0
0 0 0
0 1] 0
0 0 0
0 0 1]
83 10 32
42.5 49.8 26,9
138.0 1376.0 83.5
3530,0 498,0 860.0
+»1501E+06 ,24B0E+05 ,2311E+05
11326406 ,.1238E+05 ,25B88E+04
.1815E+06 ,3718E+05 .2570E+056

1984 for fish depth during stationary swimming.

Brook
13-27 cm  Adult

OO0 O0OO0ODO0OO0OO0COO0ODO0ODODOODOO
OO0 o0DoL0Do0OO0ODCOO0O-ANO=2MNPVMOMN

0.0 68.4
0.0 3338.8

0.0 565.0
.0000E+00 .3850E+05
.0000E+00 .2337E+05
.000CE+00 .618BE+05




Table 4, The number of rainbow and broock trout observed in the Colorado
River during normal high flows (25,000 - 26,000 cfs] in winter,
qsa4 for water depth during stationary swimming.

T

Water depth

Rainbow Brook
{cm) <12 cm 13-27 _cm  Adult <12 cm 13-27 cm  Adult
v
50 3 13 - 19 [0—-0 .IO—-O o 0 0
100 01 o 2 1n 1 8 0 2
150 o [0 a [20 4 [1 20 0 1
200 0] o 21 :\Q 3 2]4 0 0 0
250 0 a7 2 4 0 2
300 0 4o 3] 3 1 0 0 1
350 0 5 [D [1 0 0 1
400 0 0] o ! 0] 0 0 1
450 0 0 0 0 0 0
500 0 0] 0 0] A 0 0 0
550 0 0 . [0 0 0 0
600 0 0 g 5 0 0 0
650 0 0 0 0 0 0
700 0 0 O[o] 0 0 0 0
750 0 0 0 0 0 0
800 0 0 0 [\ 0 0
850 0 0 0 0 0 0
900 0 o 0 0 0 0
850 0 0 0 0 0 0
1000 1] o 0 0 0 0
1050 0 0 a 0 0 0
1100 0 0 0 0 0 0
1150 0 0 0 0 0 0
1200 0 ¢ 0 0 0 0
>1200 0 0 0 0 0 0
Numbe r 13 83 10 32 0 8
Mean 13.5 190.4 286.0 128.8 0.0 220.8
vVariance 25.9 2608.0 27648,.9 1585.5 0.0 13781.7
Par. sum 175.0 15800.0 2860.0 4120.0 0.0 1765.0

Cor term ,2356E+04 ,3008€+07 .B8180E+06 ,5305E+06 .DO0OOE+00 .3884E+06
Error S8  ,3112E+03 .2137E+06 ,2488E+06 ,4915E+05 .0000E+00 .9647E+05
Par, SS .26B67E+04 ,3221EH07 .1087E+07 .5796E+068 .DOCOE+00 .48G8E+06
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Table &5, The number of rainbow and broock trout observed in the Colorado
River during normal high flows (25,000 - 26,000 cfs} in winter,
1984 for substrate during stationary swimming,.

R
Substrate Rainbow Brook
type <12 cm 13-27 cm | Adult <12 cm 13-27 cm Adult
N % N % N % N % N % N %
Rock
>30 cm
barren 1 7 0 O 0 O 0 O 0 O 0 0
ptant covered 0 O 27 32 2 20 0 0O 0 O 3 37
Rubble
8~30 cm
barren 1 7 4 4 0 o 0 O 0 0 0 O
plant covered 3 23 8 9 3 30/>)0 O 0 O 1 12
Gravel \
.3-8 cm
barren 0 o 2 2 1 10 0 0 0 0 0 o
plant covered 0 o 5 6 3 30(>{0 0 0 o 1 12
Silt
<0.3 cm
barren 6 48 g O 0 8 25 c O 1 12
plant covered 2 15 37 44 1 10 4 75 0 0 2 25
Other
barren 0 © 0 o 0 0 0 0 0 O 0 0
plant covered 0 O 0 O 0 0O 0 O 0 © 0 O
Total 13 83 ‘\j 10 32 0 8




Table

Distance
(cm)

10
25
50
75
100
160
200
250
300
400
500
600
700
800
900
>800

Number
Mean
Variance

Par. sum
Cor term
Error S8
Par, S8

The number of rainbow and brook trout observed in the Colorado
River during normal high flows (25,000 - 26,000 cfs} in winter,
1984 for thigmotactic surface distance during stationary
swimming, «~—
Rainbow Brook

<12 cm 13-27 cm  Adult <12 cm 13-27 cm  Adult

13 0 1 0 0 2

0 9 2 28 0 0

0 74 4 4 0 2

0 0 0 1] 0 1

0 0 3 0 0 1

0 1] 0 0 0 2

0 0 0 (1] 0 0

0 o v} 0 0 0

0 0 0 0 0 0

1] 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 1] 0 0

13 83 10 32 0 8

2.7 42.5 48,8 26,9 0.0 61.8

1.9 138.0 1378.0 83.5 0.0 2235.3

35,0 3530.0 488,0 860.0 0.0 485,0
.9423E+02 ,1501E+08 ,2480E+05 ,2311E+06 ,0000E+00 .3063E+05
«2277E402 .1132E+05 ,1238E+05 ,2588E+04 ,O000CE+00 ,1565E+05
«1170E+03 ,1615E+06 ,3718E+05 ,2570E+05 .O00OE+00 .482BE+05




(2

12y, el
ot Gy
Table 7. The number of rainbow and brook trout observed in the Colorado

River during normal high flows - 26,000 cfs) in wintery
1984 for fish velocity during random swimming.

Fish Vel. Rainbow Brook
{cm/sac) <12 cm 13-27 cm  Adult <12 cm 13~-27 cm  Adult

& d 2 |
0 4t 8- -0 -0 63 o 0
6 flg, 8 Lo-vo >lg 0 0 0

{o )

12 57 0 0 0 0 0 0
18 Lo, la 0 8 0 0
24 0l - 0J 0 0 0 0
30 0 ' I’OJO 0 0 0 0
36 0 -0 0 0 0 0
a2 0 Lo, 0 0 0 0
a8 0 oJ 0 0 0 0
54 0 o 0 0 o 0
80 0 o 0 o 0 0
66 0 0 0 0 0 o
72 0 0 0 0 0 0
>78 0 0 0 0 0 0
Number 4 a8 o 71 0 0
Mesn 0.00 17.85 0.00 5.1 0.00 0.00
Variance 0.0 45,1 0.0 33.9 0.0 0.0
Par, sum 0.0 847.3 0.0 3682.7 0.0 0.0

Cor term ,0000E+00 ,1496E+05 .0000E+00 .1853E+04 .DOOCE+00 .DOOOE+00
Error S8 .0000E+00 ,2117E+04 .000OE+00 .2374E+04 .0OOOE+00C .DOOOE+00
Par. S8 .0000E+00 ,1708E+05 ,0000E+00 .4227E+04 .0DOOE+00 .00CCE+0O
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Table 8. The number of rainbow and brook trout observed in the Colorado
River during normal high flows (25,000 - 26,000 cfs) in winter,
1984 for mean velocity during random swimming.

P
Rainbow Brook

<12 cm 13-27 cm Adult <12 cm 13-27 cm  Adult

0 ‘:/L { g—9% of o -0 63 0 0

6 D)o ]‘5‘ 1} 1] o 0

12 Y. o g 0 0

18 0] 5 ] 10 0 0 0 0

24 1] 1] 0 o

30 D[ 0 J o 25 ( ] 5 0 8 0 0

38 0 0 0 0
42 4] J o 1] 0 0 0

48 0 [ 0 0 0 0
54 0 0 0 0 0 0

60 0 0 0 1] 0 0

66 1] 0 1] o 1] 0
72 0 0 0 (] o o
78 1} 0 0 0 0 0
84 0 0 0 0 0 0

90 0 0 0 0 0 ]

96 0 0 0 0 0 0
102 0 0 0 0 1] o
108 o 0 0 0 0 0
114 0 0 0 0 0 0
120 0 0 0 0 0 0
126 1] o 0 0 0 0
132 0 0 0 0 0 0
138 0 0 0 0 0 0
144 0 0 0 0 0 0
150 0 0 1] o 0 0
156 0 0 0 0 0 1]
162 o 0 0 0 o o
>168 o 0 0 0 0 0
Number 4 48 o 71 0 0
Mean 0.00 20.83 0.00 6.48 0.00 0.00
Variance 0.0 117.9 0.0 94,2 0.0 0.0
Par, sum 0.0 988.7 0.0 460.2 0.0 0.0

Cor term ,0000E+00 ,2082E+05 .0OOOE+00 .2983E+04 .0000E+00 .OOODE+00
Error S§ ,0000E+00 ,5543E+04 .000DOE+00 .6585E+04 ,0000E+00 .OOODOE+0DO
Par, SS .0000E+00 .2837E+05 .DOCOE+00 .957BE+04 .0000E+00 .OOOOE+OO
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Table 9, The number of rainbow and brook trout observed in the Colorado
River during normal high flous\]“?S.OOD - 28,000 cfs8) in winter,
- 1884 for fish depth daTTﬁazféﬁégy‘suimming.

fsh depth

Rainbow Brook
(cm) <12 cm 13-27 cm  Adult <12 cm 13-27 cm  Adult
g
10 “4-4 cro-° 0-¢ 0 0 0
25 gfl 0 1S, 15 ° o 38 0 0
ik Is

50 0[0 \o[ 0 0 0 0 o

75 0'}0 10]‘8 o o 0 o
100 0 8 0 35 0 0
150 0 ‘3fw]6~ o 0 0 0
200 0 ° [ 1] o ] 0 0
250 0 0] o o 0 0 1]
300 0 0 0 0 0 0
400 0 0 0 0 o 0
500 0 0 0 o o 0
600 0 0 0 o 0 0
700 0 o 0 0 0 0
800 0 D 0 0 0 0
900 0 0 0 0 0 0
>9800 0 0 0 0 0 0
Number 4 48 0 Al 0 0
Mean 3.3 74.4 0.0 57.2 0.0 0.0
Variance 1.6 1794.5 0.0 1803.9 0.0 0.0
Par. sum 13.0 3570.0 0.0 4084.0 0.0 0.0

Cor term ,4225E+02 ,2655E+06 .ODOOE+00 .2326E+068 .O000E+00 .00OCE+00
Error 8§ ,4750E+01 .B434E+05 ,0000E+00 .1263E+06 .OOOOE+Q0 .O0OCOE+00
Par. S8 .4700E+02 ,3489E+06 ,0000E+0C .3589E+06 .OODOE+00 .0OOCE+00




Tabte 10. The number of rainbow and broock trout observed in the Colorado
River during normal high flows (25,000 - 26,0900 cfs) in winter,
.gh TLowe |
1984 for water depth during random swimming.

e e et

Rainbow Brook

<12 cm 13-27 cm  Adult <12 cm 43-27 cm  Adult
v v’ h

50 4 [4 4 b[ -0 0[0—0 28 0 o
100 ° 015 0 0 0 0
150 0 15 0 8 0 0
200 ° [ 0 st u] 2 0 0 0 0
250 0 8 0 35 0 0
300 0 $ (o o 0 0 0 0
350 0 o] 0 0 0 0
400 0 ° ( 010 0 0 0 0
450 0 0 0 0 0 0
500 o 250 25] 5 0 0 o 0
550 0 0 0 0 0 0
600 o © { 01 o 0 0 0 0
650 0 0] 0 0 0 0
700 0 0 0 0 0 0
750 0 0 0 0 0 0
800 0 0 0 0 0 0
850 0 0 0 0 o 0
800 0 0 0 0 0 0
950 0 0 0 0 0 0
1000 0 0 0 0 0 0
1050 0 0 0 0 0 0
1100 0 0 0 0 0 0
1450 0 0 0 0 0 0
1200 0 0 0 0 0 0
>1200 o 0 0 o 0 0
Number 4 48 0 71 0 0
Mean 19,8 336.5 0.0 151.4 0.0 0.0
Variance 58.8  31865.8 0.0  10020.8 0.0 0.0
Par. sum 78.0  16150.0 0.0  10750.0 0.0 0.0

Cor term ,1560E+04 ,5434E+07 .0D0DCOE+O0 ,16268E+07 .000OE+00 .OOOCE+00
Error S8 .1788E+03 ,1498E+07 ,0000E+00 .7015E+068 .OOOOE+00 .OOOOE+OO
Par. 58 .1737€+04 ,6932E+07 ,0000E+00 .2328E+07 .00OCE+00 .000CE+0C




Table 11, The number of rainbow and brook trout observed in the Colorado
River during normal high flows (25,000 - 26,000 cfs} in winter,
1884 for substrate during rendom swimming,

Substrate Rainbow Qi/// Broak
type <12 cm 13-27 cm  Adult <12 cm 13-27 cm Adult

N % N % N % N X N % N %

Rock

>30 cm

barren g o 8 18 C @ 35 49 g 0 0 ©
plant covered o o 25¢(62 o 0\ 0 0o 0 0 0 0O
Rubble

8-30 cm

barren 0 O 0 0 0 0 0 0 0 0 g 0O
plant covered 0 O 0 O 0 0 0 O C O 0 ¢©
Gravel

«3-8 cm

barren g o g 0 0 0 o 0 0 0 g O
plant covered 0 o g o 0 ©O 0 O 0 o c 0O
Silt

<0.3 cm

barren 4 100 0 0 0 0 0 O 0 O 0 0
plant covered o o 15 @& o0 o0 | 3 50 o 0 0 0
Other

barren 0 o 0 O 0 O 0 0 0 O 0 0O
plant covered 0 O 0 0O 0 O 0 0 0 ¢ 0 0o

Total 4 48 o 7 0 0




Table 12,

Digtance
{cm])

10
25
50
75
100
150
200
250
300
400
500
600
700
800
800
>9800

Number
Mean
Variance

Par, sum
Cor term
Error 88
Par, S5

The number of rainbow and broock trout observed in the Colorado
River during normal high flows (25,000 - 26,000 cfs) in winter,
1884 for thigmotactic surface distance during random swimming.

<12 cm

0O 0000000 O0OO0OOO0COOO M

13.0
«4225E+02
«4750E+01
«4700E+02

Rainbow Brook
13-27 cm  Adult <12 cm 13-27 cm  Adult
1] ] 0 0 0
15 0 36 0 0
0 0 0 1] o
10 0 0 0 0
2] 0 35 1] 0
15 0 0 0 0
0 o 0 0 0
0 0 0 1] 0
1] 0 0 0 0
0 0 0 0 1]
0 ¢ 0 0 o
0 0 0 0 0
(1] 0 0 0 0
0 0 0 0 0
0 0 0 0 1]
] 0 0 0 0
48 1] 71 0 0
74.4 0.0 57.2 0.0 0.0
1794,5 0.0 1803.9 0.0 0.0
3570.0 0.0 4064.0 0.0 0.0
.2656E+06 ,000DE+00 ,2326E+06 ,0000E+00C .0OCOOE+OO
«8434E+05 .DOOCE+0D ,.1263E+068 ,.000CE+00 ,000CE+0D0
+3499E+06 .0000E+00 ,3589E+06 .0O00E+00 .COOOE+00




Table 13. The number of rsinbow and brook trout observed in the Colorado
River during nor high flows (25,000 - 26,000 cfs} in winter,
1984 for fish velocity during spawning, including observations
of unoccupied redds, —

ish Vel.

\" (cm/sec] Huinbo:/// Brook Unoccupied

o 9 L 5- 7 0 0

6 3] L 3 8

12 - 8 0 12

18 teby o - 0 12
24 o [B - 1 14

30 8 2 16

38 ~7 2 4
42 Lo] b 0 8

48 6 o 2

54 b [u | 0 2
60 { 6 D 2

66 blog o 0 0
72 ~ 0 J 0 0
>78 olo 0 0
Number 59 8 78
Mean 28.62 24,38 26,96
Variance 287.7 187.2 176.8
Par, sum 1688.6 185.1 2103.1
Cor term »4833E+05 «4757EH04 «5871E+05
Error SS «1668E+05 «1171E404 »1362E+05
Par, S§ +6501E40b .5827E+04 «7033E+05




Table 14.

Mean Vel.
(cm/sec)

0
6
12
18
24
30

36
42
48
54
60
66
72
78
84
80
96
102
108
114
120
126
132
138
144
150
166
162
>1868

Number
Mean
Variance

Par. sum
Cor term
Error S8
Par, 58
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The number of rainbow and brook trout observed in the Colorado
River during normal high flows (25 |LLT- 26,000 cfs] in winter,
1984 for mean velocity durin including observations

h—-—"——'——‘
of unoccupied redds.

Raipbow Brook Unoccupied
-0
o (1] 0 0
0 o 1] 2
4 01 0 4
[4] 3 o 4
Ys 4 14
31g 17 2 14
>l 0 10
‘i i .
a L'S] 3 0 4
4 1] 8
4 1] 0
4 [ 0] Py 0 4
0 0 0
'?-[2 . 0 0
ro]‘ 0 0
1!

| 0 0
rD]' 0 1]
01 0 ]
0 0 0
0 0 1]
0 0 0
0 0 0
0 0 (1]
1] 0 0
0 0 0
0 0 0
58 8 78
48,87 32.77 40,41
378.7 145.3 343.0
2683.4 262.1 3151.6
«1408€+06 « 85B8E+04 = 1273E+06
+2185E+05 .1017E+04 «2641E+05

«1628E+06 «8606E+04 » 153BE+H16
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Table 15. The number of rainbow and brook trout cbserved in the Colorado

River during normal high 5,000 - 26,000 cfs) in wintsr,
1884 for fish depth duripg spawning.

mapth >

nbow Brook
10 34- % 3
25 5(‘? ‘- 22 5 5
50 0
75 3 {OJ ~ 0
100 -0 0
150 o { 0 5 o
200 0 0
250 0 1]
300 0 0
400 1] 0
500 0 0
600 0 0
700 0 (1]
800 0 0
800 0 0
>9800 0 0
Number 68 8
Mean 12.4 11.4
Variance 68.8 64.6
Par. sum 728.0 91.0
Cor term .9007E+04 +1036E+04
Error S8 .3876E+04 «4519E+03

Par. S5 «1288E+05 «1487E+04
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Table 16, The number of rainbow and brook trout observed in the Colorado
River during normal high flows (25,000 - 26,000 cfs) in winter,
1984 for water depth during spawning, including observations of
unoccupied redds,

Rainbow Brook Unoccupied
s [ 15 3 48
37 Yl 4 26
[ 4 0 6
Elq ] 2 4 0
A [1 0 0
0 0 0
0 0 0
[ 1 ] o o
[0 l 1] 0
500 ®lo ,] o 0 0
550 0 0 o
600 o (g 0 0
650 0 0 1}
700 0 0 0
750 0 0 0
800 1} 0 g
850 0 1] 0
800 0 0 0
850 0 0 0
1000 0 1] 0
1050 0 0 0
1100 0 1} 0
1150 0 0 0
1200 0 0 0
>1200 0 0 0
Number 58 8 78
Mean 77 .6 115.6 61.1
Variance 2808.6 5438,8 900.6
Par. sum 4578.0 925.0 4762.0
Cor term .35526-+H08 «1070E-+06 «20807E+06
Error SS +1629E+086 «3807E+05 «6834E+05

Par. SS «5181E+06 « 1450E+06 «3B01E+06
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Table 17. The number of rainbow end brook trout observed in the Colorado
River during normal high flows (25,000 -~ 26,000 cfs] in winter,
1984 for substrate during spawning, including observations of
unoccupied redds,

Substrate

type Rainbow Brook Unoccupied

N % N % N %

Rock
30 cm
barren 0 0 0 0o 0 ¢
plant covered 0 O 0 0 0 O
Rubb le
8-30 cm k
berrsn g O 0 © 0 O
plent covered 0 O 0 0 0 O

Gravel
/QZ 3-8 cm

barren { 5; 106)

8 100 78 100

°  plant covered 0 © 0 © 0 0

Silt

<0.3 cm

barren g 0 0 0 0 O

plant covered 0 0 0 © 0 O

Other

barren ¢ 0o : 0 © 0 0o

plant covered 0 0 f c O 0 DO

Total 58 8 78
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Table 18, The number of rainbow and brook trout observed in the Cclorado
River during normal high flows (25,000 - 26,000 cfs] in winter,
1884 for thigmotactic surface distance during spawning.

Distance
(cm) Rainbow Brook
10 34 3
25 22 5
50 3 0
75 0 0
100 0 0
150 0 0
200 0 0
250 0 0
300 0 0
400 1] 0
500 0 0
600 0 1]
700 0 0
800 1] 0
800 0 o
>800 0 0
Numbe r 58 8
Mean 12.4 11.4
Varience 66.8 64.8
Par. sum 729.0 91.0
Cor term »9007E+04 +1035E+04
Error SS .3876E+04 +4518E+H03

Par. 88 «1288E+05 «1487E+04
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Table 18. The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 — 27,000 cfs) in winter,
1985 for fish velocity during stationary swimming.
%

Fish Vel. Rsinbow Brook
[cm/sec) <12 cm 13-27 c‘ll/A‘d}Lt <12 cm 13-27 cm  Adult
0 o -0 { 2 -~V D 0 0
6 o > 0 Lo 0 0 0

12 ] | Jb{ 17 t 0 0 1
18 07 31[ g g 8 ., 0O 0 0
24 8~ ss - '.-.'a.l 0 0 0
30 0] {04 ‘f L13 50 0 1
36 0 25 78 0 0 0
42 0 rist 180 ey, 0 0 0
a8 0 o177 0 0 0
54 0 4. v oy 0 0 0
80 0 {u/ o of 0 0 0
66 0 1 Lo 0 0 0
72 0 o 0/+ -0l 0 0 0
>78 0 1 0 Lo P 0 0 0

Number 0 276 g2 0 0 2

Mean 0.00 29.80 34.75 0.00 0.00 22,86

Variance 0.0 140.5 203.9 0.0 0.0 227.6

Par. sum 0.0 8223.5 2849.9 0.0 0.0 45,7

Cor term ,0000E+00 ,2450E+08 .9905E+05 .OOOOE+00 .DOCCE+00 ,1045E+04
Error S§ .0000E+00 ,3B63E+05 .1652E+05 .0OOOE+00 .0OOCE+00 .2276E+03
Par. SS .000CE+00 ,2837E+06 .1156E+06 ,0000E+00 .DDOOE+00 ,.1273E+04
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Tabte 20. The number of rainbow and brook trout observed in the Colorado
River during normal high flows {24,000 - 27,000 cfs] in winter,
1985 for mean velocity during stationary swimming.
meon voool

Mean Vel, Rainbow Brook

(cm/sec) <12 cm 13-22 cm  Adult y///<12 cm 13-27 cm  Adult
0 0- u -0 0 0 0

6 0 u 43 ] 3 0 0 0

12 0 a8 [® 0 0 1
18 ] 4]13 ] 10 1] 0 a
24 i 0 0 0
30 0 a1 [aa]“ 4] " 0 0 0
36 0 o 0 0
s sefmlne o0
54 0 S [ 1835 *( 13] o 0 0 0
60 0 1 0 0 0
66 o 20[14 4 ‘{[ 129, 0 0 0
72 0 { 5 o] 0 0 0
78 o 23 28]30 6 0 0 0
84 — 0 2 0 0 0 0
80 - 0 1 [ 0 [ 0 0 o 0
2 e

1o

108 0 0 of 0 0 0 0
114 0 0 034 0 0 0
120 0 0 4 o 0 0
126 0 0 af ) 0 0 0
132 0 0 0 0 0 0
138 0 0 ° [ 0 0 0 0
144 0 0 0 0 0 0
150 o 0 0 0 0 0
156 o 0 0 0 0 0
162 0 0 0 0 o o
>168 o 0 0 0 0 0
Number 0 254 78 0 0 2
Mean 0.00 43,52 51.66 0.00 0.00 27.43
Variance 0.0 469.3 887.0 0.0 0.0 464.5
Par. sum 0.0 41055.1 4028.5 0.0 0.0 54,9

Cor term ,0000E+00 ,.48126+068 ,2082E+068 .OOOCE+00 .OOOOE+Q00 .1505E+04
Error S ,0000E+00 .11687E+08 ,5290E+05 .0000E+00 .0000E+D0 .4B45E+03
Par. S8 .0000E+00 ,.5989E+08 .2611E+06 .0000E+00C .OOCOE+00 .1970E+04
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Table 21. The number of rainbow and brook trout observed in the Colorado
River during normel high flows {24,000 - 27,000 cfs) in winter,
1985 for fish depth during stationary swimming.

) ™

Fish depth Hainbow Brook
(cm) <12 cm 13-27 cl‘l/Adult <12 cm 13-27 cm  Adult
25 0 17 52 0 0 0
50 0 ]? (-‘44;l 0 0 0
75 0 ], oo ],g 0 0 1
100 o L 0 0 1
150 0 /64 74](13_ "J‘ o o 0
200 0 [ ( ] 0 0
250 0 2% u]o o] 0 0 0
300 0 ( 0 0 0
400 o © [o ? ] ~ (] 0 0
500 0 0 (o (] 0 (]
600 0 0 0 0 0 0
700 0 0 0 0 0 0
800 (i} (] 0 o ] 0
900 0 o 0 (] 0 0
>800 0 0 0 0 0 0
Number o 296 84 0 0 2
Mean 0.0 91.3 58.0 0.0 0.0 85.0
Variance 0.0 2200.5 1522.6 0.0 0.0 450,0
Par. sum 0.0 27014.0 4860.0 0.0 0.0 170.0

Cor term  ,O00CE+00 .2465E+07 ,2929E+068 .O000DE+00 .DOODE+00 .14456E+05
Error S§ ,0000E+0C .6482E+08 .1284E+D6 .0O00OE+00 .OOCOE+00 .4500E+03
Par, S§ .0000E+00 ,3115E+07 .4193E+06 ,0000E+00 .OOODE+00 .14B0E+05
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Table 22, The number of rainbow and brook trout observed in the Colorado

River during normal high flows {24,000 -~ 27,000 cfs] in winter,
1885 for water depth during stationary swimming,
T e e e
<ﬁ;:;; depth
(cm)

) Rainbow

<12 cm 13-27 cm

—.. Brook
<12 cm 13-27 cm  Adult

50 0 0o—° ~ 0 ] o o
100 0 0)0 0) 2 0 0 0
150 o 4 (@ 3( 2 ) 0 0
200 ) 4)a 1) 1 0 0 0
250 0 [1(10 . ( 0 0 0 0
300 0 7)55 12) 4 o 0 1
350 0 a8 7 0 0 0
400 o 51(19)}@ (e) b 0 0 0
450 0 (57 3%, 8 0 0 0
500 o 2! 84y, g (25) 2 0 0 0
550 ) a5 12 0 0 1
600 0 69 (24)39 0) 4 0 0 0
650 0 (15 4 0 0 0
700 0 ts U)o 1) | i 0 0
750 0 0 0 0 0 0
800 0 o (g o(o 0 0 0
850 0 o)° o) 0 o 0 0
800 0 o (o)o (n) 5 0 0 0
850 0 0 0 0 0 0

1000 0 (0) 3 o) y 0 0 0
1050 0 13 a4 0 0 0
1100 0 ) n) o 4(0) o 0 0 0
1150 0 0 0 0 0 o
1200 0 o \g 0 0 0 0
1200 0 0 0 0 0 0
Number 0 286 84 0 0 2
Mean 0.0 478.8 456.8 0.0 0.0 405.0
Variance 0.0 23226,.8 27906,4 0.0 0.0 38450.0
Par. sum 0.0 141730.0  38370.0 0.0 0.0 810.0

Cor term .0000E+00 .6786E+08 ,.1753E+08 ,000CE+00 .OOOCE+00 .32B1E+06
Error S§ ,0DOOE+I0 ,B8B852E+07 ,2316E+07 ,DDOOE+00 .0OO0CE+00 .3B45E+05
Par. S8 .0000E+00 ,7471E+08 ,1984E+08 .DOOOE+00 .OOOOE+00 .3645E+06
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Table 23. The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs) in winter,

\_________/—’1
1985 for sgggfzggg_d?ring stationary swimming,.
Substrate Rainbow Brook
type <12 cm 13-27 cm  Adult <12 cm 13-27 cm Adult

N % N % N X% N % N % N %

Rock
30 cm
barren 0 O 45 15 8 8 0 0 0 0 1 50
plant covered 0 0O 133 4 28 33\ 0 0 0 o0 c 0
d
30 cm
barren 0 O 35 1 14 18 0 0 0 o 0 0
plant covered 0 0 13 4 13 15 0 O 0 O 0 O
Gravel |
3-8 cm §
barren 0 o 0o 0 0 l o o o o o o
plant covered 0 O 0 0 1 1 0 0 o o o 0
/
& f
0 Ch
barren 0 0 70 23 20 23 0 0 0 0 g o
plant covered c 0 0 0 0 0 0 0 0 O 1 50
/
Other {
barren o o 0 O 0o 0| 0 O 0 0 0 o
plant covered 0 © 0 O 0 O ) 0 0 0 0 0 0

Total 1} 286 84 ¢ 0 2
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Tablte 24, The number of rainbow and brook trout observed in the Colorado
River during normal high flows {24,000 — 27,000 cfs} in winter,
1885 for thigmotactic surface distance during stationary

swimming.
Distance Rainbow Brook
(cm} <12 cm 13-27 cm  Adult <12 cm 13-27 cm  Adult
10 0 1] 3 0 0 1
25 0 17 8 0 (1] 0
50 0 91 44 0 0 0
75 0 186 3 0 0 0
100 0 90 15 0 0 1
150 1] 74 1" 0 0 0
200 0 B 1] 1] 1] 0
250 0 0 0 0 1] 0
300 o ] 0 0 0 0
400 0 0 0 0 0 0
500 1] 0 0 0 0 0
600 (1] 0 1] 0 0 0
700 1] 0 0 0 0 o
800 0 0 0 0 0 0
800 0 0 0 (1] 1] 0
>900 ] 0 0 0 1] 0
Number 0 286 84 0 0 2
Mean 0.0 83.7 58.0 0.0 0.0 55.0
Variance 0.0 1627.8 1522.6 0.0 0.0 4050,0
Par, sum 0.0 24764,0 4960.0 0.0 0.0 110.0

Cor term ,0000E+00 .2072E+07 ,2928E+06 .000CE+00 .000CE+00 .GOGOE+04
Error S8 .000CE+00 .4802E+08 ,1264E+06 .OOCOE+00 .O00OE+D0 .4050E+04
Par. S8 .0000E+00 ,.2552E+07 .4193E+06 .000CE+00 .OCOOE+0C .1010E-+0S




Table 25,

|

e ~
s

X 4
/" / Fish Vel.
' (cw/sec)

6
12
18
24
30

36
42
48
54
60
66

72
>78

Number
Mean
Variance

Par. sum
Cor term
Error SS
Par, SS
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The number of rainbow and brook trout observed in the Colorado
River during normal high fl 24,000 - 27,000 cfs) in winter,
e

1985 for fish velocity during rqggnmLszigfing.
Rainbow Brook
<12 cm 13-27 cm.  Adult <12 cm 13-27 em  Adult
7 v

0 5 9-© 0 0 0
o Aly K . o 0 0 0
0 (25 (1 0 0 0
o 15 oY ‘ 00 0 0 0
0 0 0 0 1] 0
0 O(u O(o 0 (] 0
0 0 0 0 0 (]
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 1] 0 1] 0 0
0 0 0 1] 0 0
0 74 10 0 0 0
0.00 9.02 7.92 0.00 0.00 0.00
0.0 16.7 8.7 0.0 0.0 0.0
0.0 667.5 78.2 0.0 0.0 0.0
.00DOE+00 ,B021E+04 .62B0E+03 ,0000E+00 .0OOOOE+00 .0OOCCE+00
.0000E+00 .1216E+04 .7804E+02 ,0000E+00 .0OOOE+00 .ODOOE+00
.0000E+00 ,7237E+04 .7061E+03 .000CE+00 ,O0OODE+00 ,ODOCE+00




Table 28.

7
< Al

o
) Mean Vel.
[cw/B8:

g6
102
108
114
120
128
132
138
144
150
156
162
>168

Number
Mean
Variance

Par. sum
Cor term
Error SS
Par, S5
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The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 ~ 27,000 cfs] in winter,

1985 for mean velocity during random swimming. —
_—

Rainbow Brook

<12 com 13-27 cm  Adult <12 cm 13-27 cm  Adult

o 5§-° . 0-0 0 0 0

o Hy (g(e” 0 0 0

0 \5(15 (1 0 0 0

0 0),¢r, 0), 0 0 o

0 17 1 0 0 (1]

o\ o 1 g N 0 0 0

0 1] (0> 0 0 0

o O( 0 0 0 0 0

0 0 0 0 1] 0

0 0 0 0 0 0

0 0 1] 0 0 0

o 0 0 0 0 D

0 1] 0 0 o 0

0 0 0 0 0 0

1] 0 0 0 0 0

0 0 0 0 0 0

0 0 0 1] 0 0

0 1] 0 0 0 0

0 o o 0 0 0

0 0 o 0 0 0

0 o 0 0 4] 0

0 0 0 0 0 0

0 0 0 0 ] 0

0 1] 0 0 0 0

0 o o 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

1] 0 0 0 0 1]

1] 0 0 1] 0 0

g 74 10 1] 0 0

0.00 12.32 9.75 0.00 0.00 0.00

0.0 57.8 34,7 0.0 0.0 0.0

0.0 §11.4 97.5 0.0 0.0 0.0

.0000E+00 .1122E+05 ,9513E+03 ,0000E+00 .OOOOE+00 .OOODE+Q0

.0000CE+00 .4207E+04 .31226+03 .0000E+00 .OOCOE+00 .OQCOE+OO

.0000E+00 .1543E+05 ,1283E+04 ,0000E+00 .0000E+00 .OOOOE+QO
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Table 27.

/,/’ .

Fish depth

10
25
50
75
100
150
200
250
300
400
500
600
700
800
900
>900

Numbe r
Msan
Veariance

Par, sum
Cor term
Error SS§
Par, SS
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The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 — 27,000 cfs) in winter,

1885 for fish depth during TRTON &wimmin

[j:i///////) <12 cm

(=20 — I = I = Y =~ O~ B — B — Y — T~ I ~ I — I — Y — Y — i = |

0.0
0.0

0.0
«0000E+00
«0000E+00
«0000E+00

Ra inbow
13-27 cm  Adylt <12 cm
/ )
o (O’/.O o (0 - 0
1} { 0 1}
ia ) 4
‘ 24 A}( 4 0
'L“YL 0 5 O)O 0
. 5) 0 1}
’,jl‘( 26\ ¢ 161 )L’ 0
(20) - 7( : o
POy o) 3 0
) 0) -0 0
Dio Ol g 0
0 0 0
0 0 0
0 0 0
g 0 0
0 0 0
1] 0 0
74 10 0
115.4 132.0 0.0
2701.8 5573.3 0.0
8540.0 1320.0 0.0
8856E+06 .1742E+068 .00DOE+00
.1872E+08 ,5018E+05 .0000E+00
«1183E+07 .2244E+8 ,0000E+00

S
Brook

13-27 cm  Adult

1] 0

0 0

0 0

0 0

0 0

0 0

(] 0

0 0

0 0

0 0

0 0

0 0

0 o

0 [v]

0 0

1] 0

0 0

0.0 0.0

0.0 0.0

0.0 0.0
.0000E+00 ,00OCE+0D
.0000E+00 ,000CE+00
.000CE+00 ,0000E+00




Table 28.
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The number of rainbow and brook trout observed in the Colorado
River during normal high flows {24,000 - 27,000 cfs} in winter,

1885 for water depth during random swimming, ———
T ————

Rainbow Broaok
<12 cm 13727 cm Adult <12 cm 13—27 cm Adult
0 0% o0 0 0 0
0 oo, . "o 4 0 0 o
0 12l 1T (3 )’ o 0 0
0 \M 0.0 7 0) 0 o 0 0
0 o( 20 ) o ( (] 0 0 0
0 ] ) 0 ] ) 5 0 ] 0
0 o ] " ( 0’ 0 0 ]
0 0... 'O ] (] ]
0 ae) * 2) 0 0 0
500 o 'bl ( 1] ) 9 O RS 0 0 0
550 0 ‘(e p (5/ ’ o o 0
600 0 3loy . “‘oy, 0 0 0
650 0 b ( ] ) ' o 0 ) ] 0 0
700 0 0 ] ] 0 ]
750 0 0 ] 0 0 ]
800 0 0 0 0 0 0
850 0 0 0 0 0 0
900 0 0 0 (] 0 0
850 ] 0 0 0 0 0
1000 ] ] ] 0 ] ]
1050 0 ] 0 ] 0 0
1100 ] 0 ] ] 0 0
1150 0 0 0 0 0 0
1200 0 0 1] 0 0 0
>1200 0 ] 0 0 0 ]
Number 0 74 10 (] 0 0
Meen 0.0 327.2 391.0 0.0 0.0 0.0
Variance 0.0 21008.6 33821.1 0.0 0.0 0.0
Par, sum 0.0  24210.0 3810.0 0.0 0.0 0.0
Cor term ,000CE+00 ,7921E+07 .15286+07 .ODOOE+00 .COOOE+00 .000DE+00
Error S8 .0DCOE+00 ,1534E+07 .3053E+08 ,DOOCE+00 .DOOOE+00 .OOO0OE-HID
Par, S8 .0O0CE+00 .9454E+07 ,1834E+07 .0000E+00 .DOOCE+00 ,OCOOE+00
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Table 28, The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs] in winter,
1885 for substrate during random swimming,

Substrate Rainbow Brook
type <12 cm 13-27 cm  Adult <12 cm 13-27 ce Adult

N % N % N % N % N % N %

f
Roc
\k\>3051m
barren 0 O 0 o 0 O 0 0 0 0 0 0
plant covered 0 O 0 O o0 O c 0O 0 0 g 0
\\ R
( nubbLQ
cm
barren c O 0 O -0 0 V0 O 0 0 0 O
plant covered o 0 17 22v/// 1 10 c O 0 O o 0
™
Gravel
3-8
barren 0 O 0 O 0 o o 0 0 0 c O
plant covered o 0 0 © 0 ©o 0 0 0 0O c o
[ silt ,, l\
<0,3cm V// gl
barren o0 © 1% 20/ 0 1 10 0 0 0 O 0 0
plant coversd o o 425 88/ 0 o o0 6 0 O
|
Other i
barren g0 0 0 O 0 0 0 O 0 0O 0 0
plant covered 0 0 0 O 0 O \ c O 0 O 0 o

Total 0 74 10 0 0 0




Table 30.

Distance
{cm)

10
25
50
75
100
150
200
260
300
400
500
600
700
800
900
>9800

Number
Mean
Variance

Par. sum
Cor term
Error SS
Par, S8
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The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs) in winter,
1085 for thigmotactic surface distance during random swimming.

Rainbow Brook

<12 cm 13-27 cm  Adult <12 cm 13-27 cm  Adult

0 0 0 o ] o

0 0 0 0 0 0

0 24 4 1] 0 0

0 0 g 0 0 0

0 5 0 0 1] 1]

0 25 1 0 0 0

0 20 5 0 0 0

0 1] 0 0 0 0

0 0 0 0 0 0

1] 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 1] 0

0 ] 0 0 0 0

0 0 0 1] 0 0

0 0 0 0 0 0

0 0 0 0 0 0

] 74 10 0 0 0

0.0 115.4 132.0 0.0 0.0 0.0

0.0 2701.8 5573.3 0.0 0.0 0.0

0.0 8540.0 1320.0 0.0 g.0 0.0
.0000E+00 .9856E+06 .1742E+068 .DOOOE+00 .0OOODE+00 .0OOCE+Q0
.0000E+00 .1872E+068 .5016E+05 .OOOOCE+00 .0OOCE+D0 ,O00OE+00
.0000E+00 ,1183E+07 .2244E+06 .000DE+00 .OOOOE+00 .OOOOE+OO
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Tabie 31, The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs) in winter,
— 1984 and 1985, for fish velocity during stationary swimming,

léish Vel. Rainbow Brook
{cm/sec) <12 cm 13-27 cm  Adult <12 cm 13-27 cm  Adult
‘ v v
0 1’(7/?’ {)(74/ (2/7- 0 0 1
6 l 5) v 5 Y yé 0 0 0
12 \ ( 1 3(32 ( 3 28 0 1
18 o)o 55)“3 Ve 9)31 0 0 3
24 0 61 0 0 o
30 o\ ka'e)ﬂ, ; )23 a 0 2
36 a 10 0 0 0
42 () ’51?(57 o1 (11),b3 0 0 1
48 0 sl 7 0 0 1
54 0 o ‘wv, \0(1)‘ 0 0 0
60 0 , 0 0 0 0 0
66 o 7 '3>; . o) 5 0 0 1
72 0 Y .0 0 0 0
578 0 N AN - 0 0 0
Numbe r 13 asg 82 32 0 10
Meen 4,69 30.70 34,82 17.15 0.00 29,57
Variance 1.8 149.5 203.1 26,2 0.0 382,0
Par. sum 61.0  11021.6 3185.2 548.6 0.0 285.7

Cor term  ,2858E+03 ,33B4E+068 .1103E+06 .9408E+04 .0000E+00 .8741E+04
Error S8  ,1415E+03 .5351E+05 .184BE+05 .B129E+03 .0000E+00 .3438E+04
Par, SS «4274E403 ,3818EH06 .12BBE+06 ,1022E+05 .O0D00E+00 .1218E+0S
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The number of rainbow and brook trout observed in the Coloredo
River during normal high flows (24,000 - 27,000 cfs) in winter,
"\\ . 1984 and 1985, for mean velocity during stationary swimming.

Table 32.

Mean Vel. /,Rainbow Brook
(cm/sec) <12 cm / 1727 cm  Adult / <12 om 13-27 cm  Adult
7’? o ° Lo " 0 0 0
! (5~ 3 (5 o7 0. 0 0 0
12 1)‘ : 53) 8/ 2 20 0 1
18) (g 0 51l 825 . i e 0 1
24 o) 19 8/ 0 0 0
3 o( g ‘?}(58)3’ : 5)9. 5% 0 2
36 0 22 oL 0 0 1
) o 41l 27y o v "ypp 1o 0 0 2
a8 0 a3 v ( 6 0 0 0
54 0 (,0(27)4@ (4 14')‘5-}. (.00 0 2
60 0 15 ! 0 0 1
66 o Sl 20y, ) f"'13)2A 0 0 0
72 o (11 ’ L0l 0 0 0
78 0 g % s) G 0 0 0
84 0 2 (0 0 0 0
80 0 10 8)?) 1) i 0 0 0
95) 0 (o o0 0 0 0
102 0 AN b 0 )n 0 0 0
108 0 0 2 0 0 0 0
14 0 0 ’wow o 0 0
120 o 0 sl 0 0 0
126 0 0 0 )D 0 0 0
132 0 0 o (0 0 o 0
138 0 0 ‘0 0 0 0
144 o 0 0 0 o 0
150 0 0 0 0 0 0
156 0 0 0 0 0 0
182 0 0 0 0 0 0
>168 0 0 0 0 o 0
Number 13 337 86 32 0 10
Meen 4,89 44,17 51.71 17.91 0.00 39,01
Variance 11.8 508.4 658.4 25.0 0.0 259.7
Par. sum 81.0  14886.4 4447 .0 573.0 0.0 390.1
Cor term ,2BSSE+03 .B576E+08 .2300E+06 .1026E+05 .00OOE+00 .1522E+05
Error S8 .1415E+03 ,1708E+06 ,5605E+05 .7757E+03 .000OE+00 ,2337E+04
Par. S§  ,4274E+03 .B2B4E+06 .2B60E+06 .1104E+05 .0OOCE+00 .1756E+05
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Teble 33. The number of rainbow and brook trout observed in the Colorado
) River during normal high flows (24,000 - 27,000 cfs) in winter,
7\ 1984 snd 1985, for fish depth during stationary swimming.

/r‘ ! . < __—‘_——\‘\x
f !
Figh depth?\// Rainbow Brook

(em) 2cm , 13-27 cm /, Adult <12 cm  13-27 cm  Adult
e’ .
10 (13 A 0’ ( sk 0 0 2

25 B ig 26 ﬁ(a 10-);% 28 0 0
50 ol 0 )" 150 ( 4 0 2
75 0 0 0 2
100 0 ) OC’ ) 2 0 0 1
150 0 l‘oﬂ( 74 ){1 j{ ) 0 o 2
200 0 ol 0 0 1
250 0 9 0 ) . 0 0 0
300 0 ) 0/ 0 0 0
400 0 0 ( 0 0 ] 0 ]
500 0 0 0 0 0 0
600 0 0 0 0 0 0
700 0 0 0 0 0 0
800 0 0 0 0 0 0
800 0 0 0 0 0 0
>800 0 0 0 0 0 0
Numbe 13 a7g 84 a2 0 10
Mean 2,7 80.6 56.1 26.9 0.0 72.5
Variance 1.9 2154.6 1500.2 83.5 0.0 2690.3
Par. sum 35.0 30544.0 5458.0 860.0 0.0 725.0

Cor term .9423E+02 ,2462€E+07 ,3168E+068 .2311E+05 .000DE+00 .525BE+05
Error S§ .2277E+02 .B144E+06 ,1385E+06 .256B88E+04 ,O000E+00 .2421E+05
Par, S8 .1170E+03 ,3276E+07 .4564E+068 .2570E+05 .0000E+00 ,.7B67BE+05




o)
100
180
200>
250
300)
350
400

450
500)
550)
600
650
700
750
800
850
900
950
1000
1050
1100
1450
1200
21200

Number
Mean
Variance

Par. sum
Cor term
Error SS
Par, SS
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The number of rainbow and brook trout observed in the Colorado

Table 34.
/me
«/‘/" ‘‘‘‘‘
Water dapth
' (em} -~ <12 cm
— ~
13 ~

1
of

0O0O0O0ODO0OO0O0O0ODO0ODODO0ODODOO0ODOODOO0ODOQO OO

13
13.5
26.98

175.0
«2356E+04
«3112E+03
«2667E+04

during.qo

0)0

rmal high flows (24,0
1884 and 1985, for water depth durin

- 27,000 cfs] in wi
stationary swimming,

Rainbow

13-27 cT,/,Adult <12 cm

13 0~ 2 o

L(a 4_ 8

(20 b( ) 20

a7 )W 2 ) 2

(ae \[‘(e 0

57 8 0

YA (54 Yoo | - 0

’/\/

45 12/ 7 0

«l 24 2~ 0

15 ) 4> 4 0

> Yoo Ty 0

o 0 0

e ( 0y, "(n ) S 0

0) 0 o

® 59 0 (i}

o n) ° 0 0

0y, 0 0

L1 } 4 0

\3 9y4 0 0

o O 0 0

0 0 0

0 0 0

379 94 32

415,86 438.8 128.8

32861.2  30384.1 1585.5

157530,0  41230.0 4120.0

.65486+08 .1808E+08 .5305E+06

1246E+08 ,2826E+07 .4815E+05

J794E+08 .2091E+08 .57896E+0B

Brook
13-27 cm

0
o
0
0
0
0
0
0
0
0
0
(1
0
0
0
0
0
0
0
0
0
0
0
0
0

0.0
«0000E+00
«0000E+00
«0000E+00

1-] o

Adult

000000000000 O0OO0-"00="2=2PVDLVLO~-2nNO

10
257.5
20812.5

2575.0
.6631E+08
«1873E+06
«BS04E+08
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Table 35. The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs) in winter,
1984 and 1985, for substrate during stationary swimming,

Substrate Rainbow : Brook
type <12 cm 13-27 cm  Adult <12 cm 13-27 cm Adult
" N % N % N % N % N % N %

arren 1 7 485 11 8 8 o O 0 O 1 10
ptant covered 0 0 160 42 a0 31 0 o ¢ O 30
/- , Ve ‘
Rubb Le >
B—at{{cv’
n 1 7 38 10 14 14 0 o 0 o0 0
plant covered 3 23 21 5 16 17 0 o 0 O 1 10

/Géaveh\\
6 0 2 0 | o 0 0 o 0

0
plant covered c 0 5 1 4 4 \ 0 o0 (1 I 1 10

7

-
-

n
-
(5]

37 9 1 1 4 75 ¢ 0 3 30

L 13 378 94
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Table 36, The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 — 27,000 cfs] in winter,
1984 and 1985, for thigmotactic surface distance during
stationary swimming.

Distance Rainbow Brook
{cm) <12 cm 13-27 cm  Adult <12 cm 13-27 cm  Adult
10 13 0 4 0 0 3
25 0 26 10 28 0 0
50 0 165 48 4 0 2
75 0 16 3 0 0 1
100 0 20 18 0 0 2
150 0 74 11 o 0 2
200 0 8 0 0 0. 0
250 0 0 0 i} 0 0
300 0 0 1] 0 0 0
400 0 0 0 (1] 0 1}
500 0 0 0 0 0 o
600 0 0 0 1} 0 0
700 0 0 0 0 0 0
800 0 0 0 0 0 0
800 0 0 o 0 0 0
>9800 0 0 0 0 0 } 0
Number 13 379 94 32 0 10
Mean 2.7 74,7 58.1 26.9 0.0 60.5
Variance 1.9 1580.5 1500.2 83.5 0.0 2196.9
Par, sum 35.0 28294.0 5458.0 860.0 0.0 605.0

Cor term  ,8423E+02 ,2112E+07 .3169E+08 ,2311E+05 .00O0E+00 .3B6BOE+05
Error 8§ .2277E+02 .6012E+06 .1395E+08 .2588£+04 .O000E+00 .1877E+05
Par. S8 +1170E+03 .2713E+07 .4564E+06 .2570E+05 .OOOOE+00 .5638E+05
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Teble 37.

Fish Vel.

/, <12 cm

[em/seC)

>78

Number
Mean
Variance

Par. sum
Cor term
Error SS
Par, S§
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The number of rainbow and brook trout observed in the Colorado

River di norma
71984 and 1985, for

I

3

0O 000000000000 M

0.00
0.0

0.0
«0000E+00
«0000E+00
«0000E+00

L hi

ish velocit

ws {24,000 - 27,000 cfs) in winter,
uring rendom swimming.

Rainbow
13-27 cm  Adult <12 cm
v ) 4
3 1813 ?(0/0 63
“ 144 .3 9 0
25 /© 1) e 0
©°( ((
40)40 0)0 8
0 0 ]
6(- 0 © Lo ]
)° )o
o(ﬂ 0 ]
0 0 (]
0 0 (]
0 0 0
0 0 0
0 ] 0
0 ] 0
0 0 (]
192 10 71
12,42 7.92 5.1
45.5 B.7 33.9
1514.9 79.2 362,7
.1881E405 ,6280E+03 .1853E+04
.5503E+04 ,7804E+02 ,2374E+04
.2431E+05 ,7061E+03 .4227E+D4

Brook
13-27 cm  Adult
0 0
0 0
0 0
1] 0
] 0
0 0
] ]
0 0
0 0
1] 0
0 0
0 0
0 0
1] 0
0 0
G.00 0.00
0.0 0.0
0.0 0.0
.0000E+00 ,0000E+00
.0000E4+0C ,0000E+30
.0000E+00 .0000E+0O0
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Table 38, The number of rainbow and brook trout observed in the Colorado
river during normal _h'igh flows (24,000 — 27,000 cfs) in winter,
1984 and 1985, (mean velocidy during W1ming. ’

Rainbow Brook
<12 cm 13-27 cm ~ Adult / <12 cm 13-27 cm  Adult

0 4 13 - Z{ 63 0 0
) 0 Bl? 0 0 0

12 0 ( 0 0 0
18 0 | 0 0 0
24 0 ( 0 0 0

30 o 42 o )a 8 0 0

36 0 ( o( 0 0 o
42 0 Ol g ) 0 0 0 0
a8 ) 0 0 0 0
54 0 0 0 0 0 0
60 0 0 0 0 0 0
66 0 0 0 0 0 0
72 0 0 0 0 0 0
78 0 0 0 0 0 0
84 0 0 0 0 0 0
90 0 0 0 0 0 0
96 0 0 0 0 0 0
102 0 0 0 0 0 0
108 0 0 0 0 0 0
114 0 0 0 0 0 0
120 0 0 0 0 0 0
126 0 o 0 0 0 0
132 0 0 0 0 0 0
138 0 0 0 0 0 0
144 0 0 o 0 0 0
150 0 0 0 0 0 0
156 0 0 0 0 0 0
162 0 0 0 0 0 0
>168 0 0 0 0 0 0
Number 4 @ 71 0 (¢
Mean 0.00 1566 9.75 6.48 0.00 0.00
Variance 0.0 988.0 34.7 84.2 0.0 0.0
Par. sum 0.0 1811.1 87.5 480.2 0.0 0.0

Cor term ,0000E+00 .2984E+05 ,9513E+03 ,2883E+04 .0D0DE+00 .OOOOE+OO
Error S8 ,0000E+00 .1186E+05 ,3122E+03 .6585E+04 .0C0CE+00 ,000OE+DO
Par. SS .0D00E+00 ,4180E+05 ,1263E+04 ,957BE+04 .00OOE+00 .0OCOE+O0




Table

39.

Fish depth
(cm)

25
50
75
100
150
200
250
300
400
500
600
700
800
900
>800

Numbe r
Mean
Variance

Par. sum
Cor term
Error SS
Par. S8
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The number of rainbow and brook trout observed in the Colorado
River during normal high flows [24,000 - 27,000 cfs) in winter,

! Ra inbow
<12 cm 13-27 cm  Adult <12 cm
4 - :‘{(u,o 9(0'1 0
0 o 15)5q 0 )¢ 36
1] 3& (24 4( 4 0
0 10 )-225 0 )9 0
0 13 0 35
0 53(40)60 \(‘1)(‘ 0
0 20 5 1]
0 7’* U)o g(f))o 0
1] O(D 0(0 0
0 0 0 0
0 o 0 0
0 1} 0 0
0 0 0 0
0 0 0 0
0 0 0 (]
0 0 0 0
4 122 10 71
3.3 99.3 132.0 57.2
1.6 2732.2 5§573.3 1803.9
13.0 12110.0 1320.0 4064.0
.4225E4+02 .1202EH)7 ,1742E+06 .2326E+06
«4750E+01 .330BE+06 ,5016E+05 .1263E+06
.4700E+02 .1533E+07 ,2244E+068 ,358SE+06

4 and 1985, for fish depth during random swimming.

Brook

13-27 cm  Adult

0 0

0 0

0 0

1] 0

1] 0

0 0

1] 0

0 0

0 0

0 1]

0 0

0 0

0 0

0 o

0 0

0 0

0 1]

0.0 0.0

0.0 0.0

0.0 0.0
.O0000E+00 ,0000E+00
.0000E+00 ,DO0CE+00
.0000E+00 .0000E+00
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Table 40, The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs) in winter,
——4884 and 1985, for water depth during random swimming.

// Water depth Rainbow Brook
' (cm) <12 cm 13-27 tim/ {\jult <12 cm 13-27 cm  Adult
50 e . ( 0 ~° ( 0—° 28 0 0
100 0 0 o (i}
150 £0> 2g )7"‘ 3) L 8 0 0
200 ° 2405 ) ) 0 0 0
250 0 28 0 35 0 o
300 0 W( 0 )o ©\o )0 0 0 0
350 0 0 0 o 0 0
400 0 o ( 0)32 o( g 0 0 0
450 0 (32 2 0 0 0
500 0o stlas )53 0 0 0 0
550 0 8 5 0 0 0
600 0 g( 0 )0 ( 0 70 0 0 0
650 0 0 o 0 0 0 0
700 0 o 0 0 0 0
750 (1} 0 0 0 0 o
800 0 0 0 0 0 0
850 0 0 0 0 0 0
900 0 0 0 0 0 0
850 0 0 0 0 0 0
1000 (i} 0 0 0 0 0
1050 0 0 0 0 0 0
1100 0 0 0 0 0 0
1150 0 0 0 o (1} 0
1200 0 0 0 0 0 0
>1200 0 0 0 0 . i 0
2

Number 4 122 10 71 0 0
Mean 18.8 330.8 391.0 151,.4 0.0 0.0
Variance 58.8  25073.7  33821.1  10020.8 0.0 0.0
Par. sum 79,0  40360.0 3910.0  10750.0 0.0 0.0

Cor term .,1560E+04 ,1335E+08 ,1528E+07 ,1628E+07 ,0000E+00 .0OOOE-+00
Error S .1768€+03 .3034E+07 ,3053E+06 .7015E+06 .DOOOE+D0 .0OOOE+OC
Par, SS «1737E+04 ,1638E+08 ,1834E+07 ,2328E+07 .O0OCE+00 .0OOCE+00
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Table 41. The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs] in winter,
1984 and 1985, for substrate during random swimming.

Substrate Rainbow Brook
type <12 cm 13-27 cm  Adult <12 cm 13-27 cm Adult

N % N % N % N % N % N %

' 30

barren g 0 8 6 0 o 35 49 g 0 0 O
plant covered 0 O 25 20 0 O 0 O 0 O c O
o

\barren o o 0 o o o 0o 0 0o o 0 o
plent covered 0 0o 17 13 1 10 0 0 D 0 0D O

o
o
[=]
o
Q
o

barren 4 100 15 12 1 10 0 o 0 0 0 O
plant covered 0 O 57 46 8 80 36 50 g 0o 0 O
Other

n 0 o c 0 0 0 0O 0 O 0 o
plant covered 0 0 0 O 0 0 O 0 0 c O

Total 4 122 10 71 0 0




Table 42.

Distance
{cm)

10
25
50
75
100
150
200
250
300
400
500
600
700
800
900
>900

Number
Mean
Variance

Par. sum
Cor tarm
Error SS
Par. S8
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The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 — 27,000 cfs] in winter,
1984 and 1885, for thigmotactic surface distance during random
swimming.

Rainbow Brook

<12 cm 13-27 cm  Adult <12 cm 13-27 cm  Adult

4 0 0 0 0 0

0 15 1] 36 0 0

0 24 4 0 0 0

0 10 0 0 0 1]

0 13 0 a5 0 0

o a0 1 0 0 0

0 20 -] 0 0 0

1] 0 0 0 0 1]

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

1] 0 0 0 1] 0

0 0 0 0 o 0

0 0 0 0 0 0

4 122 10 71 0 0

3.3 99,3 132.0 57.2 0.0 0.0

1.6 2732.2 5573.3 1803.8 0.0 0.0

13.0 12110.0 1320.0 4064.0 0.0 0.0
«4225E+02 .1202E+07 .1742E+08 .2326E+08 .0000E+00 .0COOE+00
«4750E+01 .3306E+06 ,5016E+05 .1263E+06 .0000E+00 ,O0OO0CE+00
«4700E+02 .1633E+07 .2244E+08 ,3588E+06 .O00CE+00 .00DO0E+00
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Table 43. The number of rainbow and brook trout observed in the Coloredo
river during normal high flows (24,000 - 27,000 cfs) in summer,
~. 1984 for fish velocity during stationary swimming.

(e .

Reinbow Brook
<14 cm 16-27 cm  Adult l/ <14 cm 15-27 cm  Adult
/ v
0 Ll 0”1 0 0 0
6 M<13’ "o, Lo 0 0 0
)l; ) PYRE

12 i 0 o (2 0 0 1
18 12)]2’ ‘11, ~lay 0 0 2
24 , | 28 .0 764 0 0 0
30 Yoy, 0y, AR R 0 0 0
36 1) 1) el 0 0 1
a2 0(0)5 '(oJ,, ’(1\: 0 0 o
48 a 0 o 0 . (0) 0 0 0
54 o)] 0 0, 0 0 0
60 ‘ (1 0 7/(2 0 0 0
66 6, 0 0ys 0 0 0
72 O(o 0 o 0 0 0 0
578 0 0 0 0 0 0
Number 63 23 16 0 0 4
Mean 22,16 28.36 28.38 0.00 0.00 22,10
variance 107.1 66.2 269,7 0.0 0.0 107.8
Par. sum 13886.0 652.3 454,2 0.0 0.0 88.4

Cor term ,3093E+05 ,1850E+05 .12BSE+05 .OODOE+00 .O0OOCE+00 .1853E+04
Error SS .8637E+04 ,1457E+04 .4045E+04 ,0000E+00 .0OQOE+00 .3228E-+H0)3
Par. SS .3757E+05 ,1986E+05 ,1684E+05 ,0000E+00 .OOOCE+00 .2276E+04
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Table 44, The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs] in aummer,
1984 for mean velocity during stationary swimming,

Mean Vel. i Rainbow Brook
(ca/seC) <:y:n 15-27 cm  Adult 14 cm 15-27 cm  Adult
f

0 o ( » o(® ~0° 0(0(6 0 0 1

6 3 | ) 0 0 0

12 M’ (13) 1) '( 0 0 0

18 o)o 0) 0 0 0

24 0 0 0

30 %( 22 ) 49 O(u . 5(4){; 0 0 0
38 1) " ’ 1 0 o 1
42 1»( 0 o o ) 3( a)L 0 0 1
a8 0 (4 0 0 0

54 o ( 0)1/) (0)2 9' 0 )' 1} 0 0

80 10 2 1 0 0 1

66 1200 P )o \ o)\ 0 0 0

72 0 1 0 0 0

78 6( o b( 0 0 0 o 0

84 0 0 0 0 0 0

a0 0 0 o(, 0 0 o

86 0 0 0 0 0 0
102 0 0 0 0 0 0
108 ) 0 0 0 0 0
114 1 0 )& 0 0 0
120 0 0 0 0 0 0
126 0 0 0 0 0 0
132 0 0 0 0 0 0
138 0 0 0 0 0 0
144 0 0 0 0 0 0
150 0 0 0 0 0 0
156 0 0 0 0 0 0
162 0 0 0 0 0 0
>168 0 0 0 0 0 0
Number 63 23 18 0 0 a
Mean 35.37 42,41 46.10 0.00 0.00 35.81
Variance 308.8 106.3 562,2 0.0 0.0 658.8
Par. sum 2228,1 875.4 737.8 0.0 0.0 143.3

Cor term  ,78BBOE+0S§ .4136E+05 ,3400E+05 .DODCOE+00 .DOCOE+00 .5131E+04
Error S§ ,1915E+05 .2340E+04 ,B433E+04 .0000E+00 .0DOOE+00 .1977E+04
Par, S8 .8785E+05 ,4370E+05 ,4244E+06 ,0000E+00 .OOODE+00 .7107E+04
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Table 45. The number of reinbow and brook trout observed in the Colorado
river during normal high flows (24,000 - 27,000 cfs) in summer,
1984 for fish depth during stationary swimming.

Rainbow Brook

<14 cm 16-27 cm  Adult <14 cm 15~27 cm  Adult

/| AN
Vaa 1t o 0 g‘(e/b 0 0 2
4Lk1s).{1 (u% 3y, O 0 2
- 23 10) 0 0 0
ulo, BNy, A 0 0 0 0
100 .0 0 1)\ 0 o 0
150 Olg c>(0 V{ ) 0 0 0
200 0 0 0 0 0 0
250 0 0 D(u 0 0 0
300 0 0 0 0 0 0
400 0 0 0 0 0 0
500 0 o 0 0 0 0
600 0 0 0 0 0 o
700 0 0 0 0 0 o
800 0 0 0 0 0 0
800 0 0 0 0 0 0
>800 0 0 0 0 o 0
Number 63 23 16 o 0 4
Mean 20.8 33,7 31.1 0.0 0.0 13.3
Variance 217.3 11.9 319.4 0.0 0.0 68.9
Par. sum 1288.0 775.0 487.0 0.0 0.0 53.0

Cor term .2874E+05 ,2811E+05 .1544E+05 .0000E+00 .OCOOE+00 .7023E+03
Error S8 .1348E+H05 ,2608E+03 ,4781E+04 .0000E+00 .OOODE+0C .2068E-+03
Par, SS .4022E+406 ,2838E+05 ,2023E+05 .OODOOE+00 .OOOOE+00 .SOSOE+03




Table 46,

{cm)

50
4100
150
200
250
300
350
400

500
550
600
650
700
750
800
850
800
950
1000
1050
1100
1150
1200
>1200

Number
Mean
Variance

Par. sum
Car term
Error S8
Par, SS

Water depth
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The number of rainbow end brook trout observed in the Colorado
river during normal high flows (24,000 — 27,000 cfs] in summer,

.. 1884 for water depth during stationary sw'hmn'lng.,‘>

Rainbow Brook
<14 cm '45-27 cm  Adult <14 cm 15-27 cm  Adult
—

(o -5 /(u/@ 0-° o 0 0

Lo, ° 0 2(2 o 0 0
Pt e S

(24 (0 0 (i} 2

L—“r( 3 17 0 (i 1

o) ) ( ) o 0 1

ol g (o o 0 0 0

o) n) 0 0 0

o( )% 2»(20 ) ( 0 0 0

26 n) g o 0 0 0

0(0 (o) ] 0 0

0 0 0 (i} (i} ()}

(i} 0 0 o (i} 0

0 0 0 0 o (i}

0 0 0 0 0 (1}

0 0 0 0 o o

o o 0 0 0 0

0 0 0 0 0 0

0 o 0 0 0 0

(i} 0 0 (] 0 0

0 0 0 (] 0 0

(] 0 0 0 0 0

(i} 0 0 0 (i} 0

o 0 0 o (i} 0

0 0 (] 0 0 0

63 23 16 0 0 4

304.8 3g2.2 295.0 0.0 0.0 165.0

21780.1 1763.2  17173.3 0.0 0.0 2966.7

19180.0 8020.0 4720.0 0.0 0.0 660.0

.5845E+07 ,3537E+07 .1382E+07 .O00OE+00 .00COE+00 .1089€+06

.1350E+07 .3879E+05 ,2576E+08 .OODOE+00 .OOOOE+0C .8SDCE+04

.7186E+07 ,3576E+07 ,1650E+07 .OOODE+00 .O0COE+00 ,117BE+06
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Table 47. The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs) in summer,
1884 for substrate during stationary swimming,

Substrate Rainbow Brook
type <14 cm 15-27 cm  Adul <14 cm 15-27 cm Adult

N X N % N % N % N % N %

Q
[ =]
o
o
[~
[~]
Q
(=]
o
o
o
o

o
[=]
o
o
(=]
o
o
=]
o
o
-h

25

12 19 0 ¢
a7 74 22 85 11 68 0 0 o0 0

n
-
)
o
o
o
o

2 0
o

25

Total 63 23 16
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Table 48, The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs] in summer,
1884 for thigmotactic surface distance during stationary
swimming.

Distance Rafnbow Brook
[cm) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
10 24 0 2 0 1] 2
25 18 0 4 1] 1] 2
50 20 23 9 0 1] 0
75 0 0 0 1] 1] 0
0 0 1 0 0 . 0
/ 150 0 1] 0 1] 1] 0
200 0 0 (] 0 0 0
' 250 0 0 0 0 1] 0
300 0 0 0 0 0 0
400 0 0 0 0 0 0
500 0 0 0 0 o 0
600 0 0 0 0 0 0
700 o 1] 0 0 0 0
800 (1] 0 0 0 0 0
9800 0 0 (1] 0 0 p 0
>9800 0 0 0 0 0 0
Number 63 23 16 0 0 4
Mean 20.4 33.7 30,3 0.0 6.0 13.3
Verience 214.3 11.8 331.1 0.0 0.0 68.9
Par. sum 1288.0 775.0 484.0 0.0 0.0 53.0

Cor term ,2833E+05 ,2611E+05 .1484E+05 ,0000E+00 .OO0DE+00 .7023E-+03
Error S§ ,1329E+05 ,2608E+03 ,4967E+04 ,0000E+00 ,OOCOE+00 .206BE+03
Par. S§ .3962EH05 ,263BE+06 .1961E+06 ,DO0CE+00 .OOOOE+00 .9080E-+03
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Table 49, The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs] in summer,
1984 for light reaching them during stationary swimming.

Psrcent of Rainbow Brook
full Light <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
<.01 0 0 0 1] 1] 0
.05 ] 0 0 0 0 0
1 0 0 0 0 0 0
/ «5 o (1] 0 0 0 (1]
1§ 1 0 0 0 1] 0 0
2 (1] 0 (1] 1] 0 1]
3 1] 0 0 1] 0 0
4 0 0 0 D 0 0
5 0 0 1] 0 0 0
6 0 1] 0 0 0 0
7 0 0 0 0 0 0
8 0 0 1] 0 0 0
9 0 0 1] 0 0 0
10 0 o 0 1] 0 0
20 26 22 6 1] 0 1
30 10 0 4 0 0 1
40 0 0 2 0 0 1
50 3 1 2 0 0 0
60 ] 0 0 0 0 0
70 0 1] 1 0 1] (1]
80 0 0 0 0 0 1]
20 ] 0 0 0 0 0
100 0 0 0 0 0 0
Number 39 23 15 0 0 3
Mean 22.5 17.8 28.5 0.0 0.0 24.0
Variance 54.4 31.4 233.6 0.0 0.0 129.9
Par. sum 879.3 409,3 427.5 0.0 0.0 72,0

Cor term ,1983E+05 ,7283E+04 .12168E+05 .000CE+00 .0DODDE+00 .1728E+04
Error S8 ,2087E+04 ,6888E+03 .3270E+04 .0000E+00 .ODOOE+00 .2588E+03
Par, S8 «2189E+05 ,7872E+04 ,1545E+05 .0000E+00 .OOCOE+00 ,1988E+04




Table 50, The number of rainbow and brook trout observed in the Colorado
River during extra high flows (33,000 - 43,000 cfs) in summer,
4 for fish Velocity during stationary swimming.

f\
ish Vel,

/Rainbon Brook
(em/sec) <14 cm 1‘?7 cm  Adult /(14 cm 15-27 cm  Adult
] ( ’ct ( ( 0 0 (]
6 @ 77) 5 syﬁ 4 a) 0 0 K
12 a4 (] 3 1
18 \\0 ss) ¢\ ( ) §q ] 3 0
24 (79 L 39 0 0 0
30 ¥ o 1 o0
36 )3 24)(’ ] 0 0
42 o )o L\}( 16 ) 22 0 0 0
48 ] ] 0
54 © ( 0 ( 'L’L ( 18 ) Wy ] 0 0
60 ] ] 0 0
66 (] ( 0 ) ( ] )a ] 0 (]
72 0 ( 0 0 0 0
>78 D Ao o o 0 0 0
Number 286 258 192 o 7 2
Maan 18.91 29,18 31.34 0,00 18,29 12.19
Variance 76.1 174.7 164,86 0.0 58,8 18.6
Par, sum 5388.9 7522,.5 6016.8 0.0 128.0 24.4

Cor term ,1018E+06 ,2183E+06 .1885E+06 .DOOCE+00 ,2341E+04 ,2873E+03
Error S§ ,2161E+056 ,4480E+05 .3145E+05 ,0000E+00 ,3530E+03 .1B58E+02
Par, SS .1235E+06 .2642E+06 ,2200E+06 ,OO0CE+D0 .26894E+04 ,3159E+03
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Tabte 51, The number of rs and brook trout observed in the Colorado
River during e gt flows (33,000 - 43,000 cfs) in summer,
384 for mean velocity during stationary swimming,

Mean Vel, Rainbow Brook

<14 cm /7 cm Adult / <14 cm 165-27 cm  Adult

0 o ~© 0-° o 0 0

6 40( 23 t (14 ( F 0 0 1

12 _ 53) as) ) 0 3 0

18 54( 4, 15 10 0 0 1

24 35) 25)“’4 )kX 0 3 0

30 94 ( 59)\ ( 4y \q(- 7 )Ly 0 0 0

36 22 0 0 0

ua( A s 1V

- e o) S S
54 3 25 20 11 3k o 1 0

60 ( )l% ) 31 0 0 0

66 30 X an 13 Lao 0 0 0

72 )3 )ﬂ' )7’( 0 0 0

78 ol g 0 ) \%( (.1 ) ¢ 0 0 0
84 1 0 0 0

20 0 \( ¢ (5 NES 0 6 0

96 0 0 0 0
102 0 4'( a( 0 )o 0 0 0

8 0 0 0 0 0

:34 0 © ( 0 o (g 0 o 0
120 0 0 0 0 0 0
128 0 0 0 0 0 0
132 0 0 0 0 0 0
138 0 0 0 0 0 0
1244 0 0 0 0 0 0
150 0 0 0 0 0 0
158 0 0 0 0 0 0
162 0 0 0 0 0 0
168 0 ) ) 0 0 0
Nusber 285 258 180 0 7 2
Mean 28,03 39,34 47,07 0.00 23,95 13,72
Variance 208,1 502,3 385.5 0.0 230.5 4.8
Par. sum 8272.3  10140.7 8942.8 0.0 167.6 27.4

Cor term  ,2401E+068 .38B6E+08 ,4209E+08 ,DO0CE+00 .4015E+04 .3763E+03
Error S8  ,5838E+05 ,1281E+06 .7286E+05 .0000E+00 ,.13B3E+04 .41B81E+02
Par. S8 .2885E+068 ,5277E+06 .493B8E+06 ,0000E+00 ,53BBE+04 ,41B1E+03




Table §52.

100
150
200
250
300
400
500
600
700
800
900
>9800

Number
Mean
Variance

Par. sum
Cor term
Error S§
Par, SS

€3

ZWA
The number of rainbow and brook trout observed in the Colorado
River during extra high flows (33,000 — 43,000 cfs) in summer,

N\\X 1984 for fish depth during stationary swimming,

Rainbow Brook
<14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
( 13-1% K at 28-2%8 0 0 0
P20y - 3(49 - yﬂ“)‘fz 0 1 0
1ol 101)" .0 48)6 1(48 ] 2 1
0y, 22y, b 15)3 3 0 0 0
4 14 | 1( 27 (13 0 0 1
5)5 -\ o8y . “H 29)35 0 1 0
41( o 1 ( aa¥ 10( 7 0 3 0
2y, 4 1216 3 0 0 0
o ( 0o/ ( 4 o(© 0 0 0
0y, n)b ' 0o 0 0 0
0 0 0 0 0 0

o(

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
285 258 192 0 7 2
62.0 14,5 58,1 0.0 110.0 75.0
6547.0 3420.6 2706.6 0.0 5225,0 1250.0
17671.0  28540.0  11164.0 0.0 770.0 150.0
.1096E+07 .3382E+07 ,B491E+06 ,000CE+00 .B470E+05 ,1125E+05
.1858E+07 ,B781E+08 ,5170E+06 ,0000E+00 ,3136E+05 .1250E+04
.2956E+07 .4261E+07 .116BE+07 .ODOCE+00 .1161E+06 .1250E+05




64

/WKW&

Table 53. The number of rainbow and brook trout observed in the Colorado
River during extra high flows (33,000 - 43,000 cfs) in summer,
984 for water depth during stationary swimming,

Rainbow Brook
<14cl/ 7“ Adult /(140- 15-27 cm  Adult

0-° 0 0 0

b( 1
150 18)105 0)0 fY’ g g g
200 \\4( 27 1 (a 9 0 0 0
250 ) )q /720 ) l)ﬁ 0 0 0
300 1( g 1111 “’1(45 § 0 2 1
350 22) ( ) (14) 9 0 1 0
400 ‘\ 0 0 ]
450 [ o) ( ‘f%\ )5% 0 1 1
500 b 0 3 0
550 v ( ) v 27)\0 \ )’3% 0 0 0
250 s Ny p ey 0 X
700 ol o 14(10 (‘( 0 0 0
750 0)° ) ¥ 1 \ v 0 0 0
800 o kn 0 \( R 0 o 0
850 0 ) o) 0 0 0
800 0 D(o OL 0 0 0
850 0 0 0 0 0 0
1000 0 0 0 0 0 0
1050 0 0 0 0 0 0
1100 0 0 0 0 o 0
1150 0 0 0 0 0 0
1200 0 0 0 0 0 0
>1200 0 0 0 0 0 0
Number 285 258 182 0 7 2
Mean 168.9 435.7 364.8 0.0 387.1 355.0
Variance 16374,1  16332.0  13602.0 0.0  10423.8 8450.0
Par. sum 48145.0 112410.0  70065.0 0.0 2710.0 710.0

Cor term .B133E+07 ,4898E+08 ,2557E+08 .0000E+00 .1048E+07 .2621E+08
Error SS  .4660E+07 .4187E+07 .2598E+07 .O000E+D0 .6254E+05 .B450E+04
Par, SS .1278€+08 ,5317E+08 ,.2817E+08 .OO00OE+00 .1112E+)7 ,.2605E+06
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Table 54. The number of rainbow and brook trout observed in the Colorado
River during extra high flows (33,000 - 43,000 cfs] in summer,
1984 for substrate during stationary swimming.

Substrate Reainbow Brook
type <14 cm 15-27 cm  Adult <14 cm 15-27 cm Adult

N % N % N % N % N % N %

5 1 106 M 48 25 0 0 0 0 o 0

n
o
@
-
Q
w
w
F -
[=]
o
o
o
o
o

1
<08 cm \
barren 0 0 70 27 44 22 |
plant covered 254 89 61 23 68 35 ;

o
-
-
r
(-]
o

0 6 85 2 100

plant covered 0 0 0 0 0 0 ‘0 O 0 O 0o 0

Total 285 258 182 0 7 2
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Table 55. The number of rainbow and broock trout observed in the Colorado
River during extra high flows (33,000 - 43,000 cfe} in summer,
1984 for thigmotactic surface distance during stationary
) swimming,
/ .
istance Brook
(cm] <14 cm 15-27 cm  Adult
|
0 0 0
25 0 1 0
50 1] 5 1
75 0 (] 0
100 0 0 1
150 0 1 0
200 0 0 (1]
250 0 0 0
300 0 0 0
400 0 (1] 0
500 0 0 0
600 o 0 0
700 1] 0 0
800 0 0 0
200 0 0 0
>800 1] 1] 0
Number 285 258 192 0 7 2
Mean 45,1 114.0 54.4 0.0 50.0 65.0
Variance 4871,8 3483.7 2438.0 0.0 1025.0 2450,.0
Par, sum 12846.0 28420,.0 10437.0 0.0 350.0 130.0
Cor term ,5790E+06 .3355E+07 .5673tE+08 .DO0DE+00 ,1750E+05 .B450E+04
Error S§ ,1384E+07 .BS53E+068 .4658E+08 .DOOCE+00 .6150E+04 .2450E+04
Par, S8 «1963E+07 ,4250E+07 ,1033E+07 .0000E+00 .2365E+05 .1080E+05
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Teble 56. The number of rainbow and brook trout observed in the Colorado
River during extras high flows (33,000 - 43,000 cfs]} in summer,
1884 for Light reaching them during stationary swimming.

Percent of . Rainbow Brook
full Light <14 cm 16-27 ce  Adult <14 om 16-27 cm  Adult
<.01 0 0 1] 0 0
.05 1] 0 0 0 0
o1 0 0 0 0 (1]
«5 o 1] 0 0 1]
1 o 0 0 0 0
2 0 0 0 0 0
3 0 0 0 0 0
4 0 4 1] 0 1]
5 4 o 0 0 (]
6 0 0 0 0 g
7 0 1 0 0 0
8 0 0 0 1]
9 0 0 0 1]
10 0 1] 1] 0
20 0 0 0 0
30 0 53 0 3 1
40 32 16 0 2 0
50 26 40 0 2 1
60 126 1 8 1] 0 g
70 35 0 2 0 0 0
80 a0 0 0 1] 1] 0
90 0 (1] (1] ] 0 0
100 0 0 0] 0 0 0
1}
Number 263 188 172 0 7 2
Mean 55.5 25.8 31.0 0.0 33.7 38.3
vVariance 153.8 146.6 133.4 a.0 68.4 244.0
Par, sum 14586,6 4811.5 6334.0 0.0 235,7 76,6

Cor term ,B101E+06 ,1231E+06 .1654E+06 .OODDE+00 .7835E+04 .28935E+04
Error 8§  ,4029E+05 .2742E+05 ,22B80E+0S .DOOOE+00 .4102E+03 .2440E+03
Par. S8 .B504E+06 .1506E+06 ,1882E+06 .00ODDE+00 .8345E+04 .3179E+04
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Table 57. The number of rainbow and brook trout observed in the Colorado
River during towp (24,000 - 43,000 cfs} in summer, 1884 for
fish velocity during stationary swimming.

. Rainbow Brook
<14 cn' 15-27 cu/ Aduyt <14 cm 15-27 cm  Adult
Ve 5// SR P 0 0 0
oA i s AU 0 o 1
( ) (45) 24) 0 3 2
g% 5
o 73) > 58 )%V 23) L g z ﬁ
e, et Pl
y Y 3 10 .H y0 O 1 0
D\30)’( ; 34)- \26) 0 0 1
: 'u)0 iegy ¢ WO\7\ o 0 0 0
. 0 i s) 6 \ 0 0 0
0 : 4!
Lo, Mog 4 /Ugg 16 O 0 0
1)1 1)‘ ’U) 0 0 0
Lo \lo 5 LA 0 0 0 0
( o) ! 0 o)‘ o) 0 0 0
>78 0 o -0 0 0 0
Number 348 281 208 0 7 8
Mean 19.50 29,08 31.11 0.00 18.28 18.80
vVariance 83.0 1665.8 172.1 0.0 58.8 94,5
Par. sum 6784.8 8174.7 6470.8 0.0 128.0 112.8

Cor term ,1323E+06 ,2378€+06 .2013E+068 .0OO00E+00 .2341E+04 .2120E+04
Error S§ ,26879E+H05 .4637E+05 .3562E+05 .DOOCE+00 .3530E+03 .4723E+03
Par. SS .1611E+06 ,2842E+06 .2369€+06 ,00OOE+00 .2684E+04 .2582E+04
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Table 58. The number of-rainbow and brook trout observed in the Colorado
River duringgéji flows {24,000 - 43,000 cfs] in summer, 1884 for

mean velocity during stationary swimming,

V/)4 cm

Brook
15-27 cam

Rainbow

1.5/-27 cm  Adult l/'<14 cm

Adult

§o ( & /’( o’ 0 0 1

403!% 14 _,5){.,2 0 0 1

(86 ,/13 0 3 0

) )bq L )‘% 0 (] 1

" ( (25 o 3 0

g1)148 ) AL | I 0 0 0

( a3 22 0 0 1

92 \qgy, A% 457,3 ,(C\4a», 0 0 1

22 )4° 0 0 0

© (asV{ v 11)10 0( yap O 1 0

\3 ( 7/6\( 0 0 !

) 20y ) s 0 0 0

( \307 0 0 0

0ye e )\, 0 0 0

0 V(! b(s ) 0 0 0

0 Oy 19 0 0 o

0 417 (4 / 0 0 o

102 0 0)0 N ) a 0 0 0
108 0 0 (0 Q] 0 0 0 0
114 1 0 1 o 0 0
120 0 0 5 0) 0 0 o
126 0 0 0 )a 0 0 0
132 0 0 0 0 0 0
138 o 0 o 0 0 0
144 0 0 0 0 0 0
150 0 0 o 0 0 0
156 0 0 0 0 0 0
162 0 0 0 0 0 0
168 0 0 0 0 0 0
Number 348 281 208 0 7 8
Mean 30.17 38.56 45,99 0.00 23,85 28.45
Variance 232.3 470.2 396.6 0.0 230.5 5§33.8
Par, sum 10500.4  11116.1 9680.5 0.0 167.86 170.7
Cor term ,3168E+068 .4387E+06 ,4548E+06 .DOOCE+00 .4015E+04 .4856E+04
Error S§ .B0B2E+05 ,1316E+06 ,B131E+05 .0000E+00 .1383E+04 ,26G8E+04
Par, S§  .3974E+06 ,5714E+06 .5362E+08 .0ODCE+00 .5388E+04 ,7525E+04
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Table 59. The number of rainbow and brook trout observed in the Colorado
River during atl flows (24,000 - 43,000 cfs) in summer, 1984 for
fish depth during stationary swimming.

Fish depth Rainbow Brook
(cm) <14 cm /15- 7 e Adult /<14 em  15-27 cm  Adult
10 5 ‘3( 30/ 0 0 2
25 A (1 11% / o 1 2
50 122 o 2 1
75 g o) 22)4q 15)34 0 0 0
100 3 ( 27 49 (19 0 0 1
150 ) aa}, 29 )30 0 1 0
200 4?'( 0 LW{ 0 3 0
250 42\ 12)1(, 3)3 0 0 0
300 o A ( 0 (0 0 0 0
400 0)9 0)o 0 )o 0 0 0
500 0 o(o 0 0 0 0
600 0 0 0 0 0
700 0 0 0 0 0 0
800 0 0 0 0 0 0
© 900 0 0 0 0 0 0
>800 0 0 0 0 0 0
Number 348 281 208 0 7 6
Mean 54.5 107.9 56.1 0.0 110.0 33.8
Variance 5652.0  3632.8  2572.9 0.0 5225.0  1308.2
Par., sus  18968.0  30315.0  11661.0 0.0 770.0 203.0

Cor term ,1034E+07 ,3270E+07 .6537E+06 .0O0OOE+00 ,847CE+05 .BBGEE+D4
Error S§  ,1961E+07 .1017E+07 .5326E+06 ,0000E+00 .3135E+D5 .B541E+H04
Par. S8 .2885E+07 .4288E+07 .1186E+07 ,OO00OE+00 .1161E+068 .1341E+05
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Table 60. The number of rainbow and brook trout observed in the Colorado
River during all flows (24,000 ~ 43,000 cfs} in summer, 1984 for
water depth during stationary swimming,

Water depth Rainbow ' Brook
(cm) <14 cm \}7 cm Adul.t <14 cm 15-27 cm  Adult
50 i o 4 (o’ 0 0 0
100 1 )_L 0)0 ) 0 0 0
150 111 3 ( ,,( 1 0 0 2
200 )31_ 3),0 ) 30 0 0 1
250 (2 A 4‘( 0 0 1
300 Tl Jn 15 8 )ﬁ 0 2 1
350 22 q?(u 0 1 0
400 T2 0yq, 45)@5 0 0 0
450 36 (20 30 0 1 1
500 w 26 ), q (22 0 3 0
550 o ( o) 4% 27}’ ,qUa 0 0 0
600 4y 17) 2 ) by 0 0 0
650 o( o ( ( 0 0 0
700 n)u 10) + ) 0 0 0
750 0 ~( 7 ' (1 0 0 0
800 0 2)0 o)o 0 0 0
850 0 of o(n 0 0 0
800 0 0 0 0 0 0
850 0 0 0 o 0 0
1000 0 0 0 0 0 0
1050 0 0 0 0 0 0
1100 0 0 0 0 0 0
1150 0 0 0 0 0 0
1200 0 o 0 0 0 0
>1200 0 0 0 0 0 0
Number 348 281 208 0 7 8
Mean 183.5 432,1 359.5 0.0 387.1 228.3
variance 20028,8  15271.8  14143.9 0.0  10423.8  13086,7
Par. susm  67335.0 121430.0  74785.0 0.0  2710.0  1370.0

Cor term  ,1303E+08 ,5247E+08 .26B8E+08 ,0000E+00 .1048E+07 .312BE+06
Error S§ .6950E+07 ,4276E+07 ,282BE+07 ,OD00E+H00 ,6254E+05 .6548E+05
Par, SS .1988E+08 ,5675E+08 ,2982E+08 ,0000E+00 .1112E+07 .3783E+06
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Tebte 61. The number of rainbow and brook trout cbserved in the Colorado
River during all flows (24,000 - 43,000 cfs} in suwmer, 1984 for
substrate during stationary swimming.

Substrate Rainbow Brook
type <14 cm 15-27 cm  Adult <14 cm 15-27 cm Adult

N % N % N % N % N % N %

Rock

230 cm

barren 0 O 8 O c O 0 0 0 O 0 0
pltant covered 6 41 108 37 49 23 0 0 0 O 0 O
Rubble

8-30 cm

barren 0 0 0 0 1 0 0 O 0 O 0 0o
plant covered 4 1 10 3 12 5 0 0 0 0O 2 33
Gravel

«3-8 cm

barren 25 7 10 3 9 4 0 O g 0 1 16
plant covered 0 o 2 0 12 & 0 o 0 0 0 ©
Silt

<0.3 cm

barren 12 3 70 24 46 22 0 O 1 14 o 0o
plant covered 301 86 83 29 79 37 0 ¢ 6 85 3 50
Other

barren _ o0 0 0D 0 0 o o © o 0D O
plant covered 0 O 0 0 0 O g 0o 0 0 0 O

Total 348 281 208 0 7 8
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Table 62. The number of /frainbow and brook trout observed in the Colorado
River during atl flows {24,000 - 43,000 cfs} in summer, 1984 for
thigmotactic surface distance during stationary swimming.

Distance Rainbow Brook
(cm) <14 cm 1527 cm  Adult <14 cm 15-27 cm  Adult
10 112 7 35 0 0 2
25 128 1 51 0 1 2
50 56 66 52 0 5 1
75 1] 22 15 1] 0 1]
100 21 28 19 0 0 1
150 5 97 28 0 1 0
200 0 34 7 0 0 0
250 25 12 1 0 0 0
300 0 4 0 0 0 0
400 1] 1] 0 (1] 0 0
500 0 v} 0 (1] 0 0
600 0 0 0 0 0 0
700 0 0 0 0 0 0
800 1] 0 0 0 1] 0
800 0 0 1] 0 0 0
>900 0 0 0 0 0 0
Number 348 281 208 0 7 6
Mean 40,6 107.5 52.5 0.0 50.0 30.5
Variance 4115.8 3685.2 2316.0 0.0 1025.0 1245.5
Par, sum 14134.0 30195.0 10921.0 0.0 350.0 183.0

Cor term ,5741EH06 .3245E+07 ,5734E+08 ,0000E+00 .1750E+05 .56B2E+04
Error S§  ,1428€407 .1032E+07 .4794E+06 .0000E+00 .6150E+04 .6228E+04
Par. S§ .2002E+07 ,4276E+07 ,1053E+07 ,0000E+00 .23B5E+05 .1181E+05
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Table 63. The number of rainbow\end brook trout observed in the Colarado
River during sli flows (24,000 - 43,000 cfs) in summer, 1984 for
Light reachin them during stationary swimming.

Percent of ‘Rainbow Brook
full Llight <14 cm/ /7 cm Adult /(14 cm 15-27 cm  Adult

<.01 o(® ,,( o(® 0 0 0
.05 }o 0y o, 0 o 0
SRR (T AT A B -

* ° 0
1 Otn) 0 ) o) 0 0 0
2 o)0 (o , C o)o 0 0 0
3 0 0 0 0 0 o
4 0( 4 (4 44 G 0 0 0
5 4) v (0 i 0 0 o
6 ) (o ) ‘Lo)o 0 0 0
A i A A -

> Je
10 (G "(3 ¢ ol 0 0 0

)7/(’ q 1))

20 ( B ( 35 0 0 1
3o 10y iB( 53)00\ )163 0 3 2
a0 32 0 2 1
R LR I
70 W asyg ‘ (0)0 \\( 5\, 0 0 0
80 20 (@ a(® 0(0 0 0 o
90 Oy 0 o 0 0
100 b~ o) o n) 0 0 0
Number 302 211 187 o 7 5
Mean §1.2 24,7 30.8 0.0 33.7 20.7
Variance 263.3 138.8 140.6 0.0 68.4  187.4
Par, sum  15478.0  5220.8  5781.4 0.0 235.7 148.8

Cor term ,7931E+06 .1292E+06 .1775E+08 .0000E+00 .7835E+04 .4417E+04
Error SS ,7924E+05 ,2936E+05 .2616E+05 ,ODOOE+00 .4102E+03 .7484E+03
Par. SS .8723E+06 .1585E+06 ,2037E+068 .000OE+00 .B345E+04 .516BE+04
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Table 64. The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs) in summer,
1884 for fish velocity during random swimming.

Fish Vel, Rainbow HO Brook

(cm/sec) <14 cm 15-27 015 Adult <14 ca 15-27 em  Adult
o

0 el 0 ' 0 0 1
8 0 0 0\, 0 0 0
12 0 0 (1) 0 0 2
18 0 0 0)0 0 0 0
24 0 0 0 0 o 0
30 0 0 0)0 0 0 0
36 o 0 0 0 0 o
42 o 0 0 0 0 0
48 0 0 0 0 0 0
54 0 0 0 0 0 g
60 0 0 0 0 0 0
66 0 0 0 0 0 0
72 0 0 0 1] 0 0
>78 1} g 0 0 0 0
Number 8 o 1 0 0 3
Mean 3.05 0.00 0.00 0.00 0.00 10,18
Variance 0.0 0.0 0.0 0.0 0.0 40.3
Par. sum 18.3 0.0 0.0 0.0 0.0 30.5

Cor term  .5574E+02 .000CE+00 ,0000E+00 .O0COE+00 .OOOOE+00 .3087E+03
Error S§ .0000E+00 .0DOOE-)0 .OOCOE+00 .0ODOE+CC .OOCOE+00 .BO52E-+02
Par. SS .5674E+02 .ODOOE+D0 .ODOCE+00 .DOOQE+00 .OODOE+D0 .3802E+03
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Table 65, The numbe rainbow and brook trout observed in the Colorado
River duripg normal high flows (24,000 - 27,000 cfs) in summer,
1984 for mean velocity during random swimming,

Mean Vel. Rainbow Brook

(cm/B6C) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult

0 (8 7 0 (1 4 0 0 0

6 D) 0 D‘) 0 0 2

12 0 0 0 0 0 0

18 0 0 o 0 0 0

24 0 0 0 0 0 1

30 0 0 0 0 1] 0

36 0 o 0 1] 0 0

42 0 0 0 o 0 0

a8 0 0 0 0 0 0

54 0 0 0 0 0 0

60 0 0 0 0 0 0

86 0 0 0 0 1} 0

72 0 0 o 0 0 0

78 0 0 0 0 0 0

84 0 o 0 0 0 0

20 0 0 0 o 0 0

96 0 o 0 0 0 0

102 0 0 0 1] 0 0

108 0 0 0 0 0 0

114 0 0 0 0 0 0

120 0 0 0 0 0 0

126 0 0 0 0 0 0

132 0 0 o] 0 0 0

138 0 0 0 0 0 0

144 0 0 0 0 0 0

150 0 0 0 0 0 0

156 0 0 0 0 0 0

162 0 0 0 0 1] 0

>68 0 0 0 0 0 0

Number 8 0 1 1} 0 3

Meen 0.00 0,00 0.00 0.00 0.00 13.21

Variance 0.0 0.0 0.0 0.0 0.0 86.0

Par. sum 0.0 0.0 0.0 0.0 0.0 38.6

Cor term ,000DE+00 .DOOCE+00 ,OOCCE+0D .O000E+00 .OQOOE+D0 ,5234E+03
Error S§ .0000E+00 .DODOE+00 ,000CE+00 .OUOOE+00 .0O0COE+00 .1920E+03
Par, SS .0000E+00 .0000E+00 ,OO0OCE+00 .0OOOE+0C .DODOCE+00 .7154E+03
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Teble 66, The number of nbow and brook trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs) in summer,
1984 for fish depth during random swimming.

Fish depth Reainbow Brook
{em) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
10 8 0 0 0 1] 0
25 0 0 0 0 0 2
50 0 0 0 0 o 1
75 0 0 0 0 0 0
100 0 0 o 0 0 0
150 0 1} 1 0 1] 0
200 0 o 0 0 1] 0
250 o 0 0 1] 0 1]
300 1] 0 0 0 0 0
400 0 0 0 0 0 0
500 0 o 0 1] 0 (1]
600 0 o 0 0 0 0
700 1] 0 0 0 o 1]
800 0 0 0 0 0 0
S0 0 0 0 0 0 1]
>800 0 0 0 0 0 0
Number 6 0 1 0 o 3
Mean 5.0 0.0 120.0 0.0 0.0 25.0
Variance 0.0 0.0 0.0 0.0 0.0 75.0
Par. sum 30.0 0.0 120.0 0.0 0.0 75.0

Cor term  ,1500E+03 .0OODOCE+00 ,1440E+05 ,0000E+00 .OOOOE+D0 .1875E+04
Error S8  ,0000E+00 .00D0OE+O0 ,0000E+00 .OOODE+00 .OOOOE+00 .1500E+03
Par, SS .1500E+03 .0DDOOE+0D0 ,1440E+05 .000CE+00 ,OODDE+00 .2025E+04
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Table 87, The number of rainbow and brook trout obsarved in the Colorado
River during normal high flows (24,000 - 27,000 cfs) in summer,
1984 for water depth during random swimming,

Water depth Rainbow Brook
(cm) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
50 0 1] 0 0 0 0
100 0 0 0 0 0 o
150 8 0 0 0 0 1
200 0 1] 0 0 o] 2
250 0 0 0 o 0 0
300 0 0 0 0 0 0
350 0 0 1 0 0 0
400 0 1] 0 0 0 0
450 0 0 1] 0 0 0
500 0 0 0 0 0 0
550 0 1] 0 0 0 0
600 0 0 0 1] 0 0
650 0 0 0 o 0 1]
700 0 0 0 0 0 0
750 o 0 1] 0 0 0
800 0 o (] 0 0 1]
850 0 0 0 0 4] 0
900 0 0 0 0 0 0
950 0 0 o 0 0 0
1000 0 0 0 0 0 0
1050 0 0 0 0 0 0
1100 o 0 0 0 0 0
1150 0 0 0 0 0 0
1200 1] 0 0 1] 0 0
»1200 1} ] 0 0 1] 0
Number 6 0 1 0 0 3
Mean 110.0 0.0 310.0 0.0 0.0 170.0
Variance 0.0 0.0 0.0 0.0 0.0 400.0
Par. sum 660.0 0.0 310.0 0.0 0.0 510.0

Cor term .7260E+05 .000OE+00 ,961CE+05 .DOOOE+00 .OOOOE+00 .B8870E+05
Error SS ,0000E+00 .0ODOCE+00 .OOOOE+00 .OOOCE+00 .OOOOE+00 .BOODE+03
Par. S8 .7260E+05 .0DDOCE+00 ,.8610E+05 .DOOCE+00 .ODOQE+00 .B750E+05
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Table 68, The number of rainbow a brook trout observed in the Colorado
River during normal hi flows (24,000 — 27,000 cfs) in summer,
1984 for substrate during random swimming.

Substrate Rainbow Brook
type <14 cm 15-27 cm  Adult <14 cm 15-27 cm Adult

N % N % N % N % N % N %

Rock

>30 cm

barren 0 o 0 O 0 0O 0 O 0 © g o
plant covered 0 o c O 1 100 0 © 0 O 2 66
Rubble

8-30 cm

barren 0 O o 0 0 ©O 0 0 0 0 1 83
plant covered 0 O 0 0 0 0 0 0 0 O 0 0
Gravel

«3-8 cm

barren 0 0 0 o0 0 © 0 0 g o g 0
plant covered g o0 0 O 0 0 0 O g O c O
Silt

<0.3 cm

barren 0 o 0 0 0 O 0 0 0 0 0 O

plant covered 100 0 O 0 O 0 O 0 O 0 0

Other
barren 0 0 0 0 0 © 0 0 0 0 g0 0
plant covered 0 O g 0 0 0 0 O 0 O 0 0

Total 6 0 1 0 0 3




Yable 69,

Distance
(cm]

10
25
50
75
100
150
200
250
300
400
500
600
700
800
800
>800

Number
Mean
Variance

Par, sum
Cor term
Error S8
Par. S8

80

The number of rainbow end broock trout observed in the Colorado
River during normal high flows (24,000 - 27,000 cfs) in summer,
1984, for thigmotactic surface distance during random swimming.

<14 cm

[= I = W = I — I — I — I~ N~ I ~ I = I — Y = O~ A — Y = - ]

30.0
«1500E+03
«000CE+00
«1600E+03

Rainbow
15-27 cm  Adult

0 1]

1] 0

o 1]

0 0

0 0

0 1

0 ]

0 . 0

0 0

0 1]

0 0

0 0

0 0

0 0

0 0

0 0

0 1

0.0 120.0

0.0 0.0

0.0 120.0
+0000E+00 .1440E+05
«0000E+00 .0OOOE+00
.0000EH00 ,1440E+05

Brook
<14 cm 15-27 cm  Adult

1] 0 1

1] 0 2

0 0 0

0 0 1]

0 0 0

0 1] 0

1] 1] 0

0 0 0

0 1] 0

0 (1] 0

] 0 0

0 Y 0

0 c 1]

1] G 0

0 [ 0

0 1] 0

0 0 3

0.0 0.0 16.7

0.0 0.0 108.3

0.0 0.0 50.0
.0000E+00 .00ODE+00 .B333E+03
.0000E+00 .000DOE+D0 .2167E+03
-0000E+00 .000CE+O0 .1050E+04
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Table 70. The number of rainbow and brook trout observed in the Colorado
River during normal high flows (24,000 — 27,000 cfs} in summer,
1984 for Light reaching them during random swimming.

Percent of Rainbow Brook

full light <14 cm 15-27 cm  Adult <14 om 15-27 cm  Adult
<,01 0 0 0 0 1] 0

.05 0 0 0 0 0 0

o1 0 0 0 0 0 (1]

o5 0 1] 0 0 0 1]

1 0 0 0 0 0 0

2 o 0 0 ] 0

3 0 0 0 0 0 0

4 0 0 0 0 1]

5 0 0 0 1] 0 0

6 0 0 0 1] 0 0

7 0 0 0 1] 0 0

B 0 0 0 0 0 1]

9 0 o 0 0 0 0

10 0 0 0 0 0 0
20 0 0 0 0 0 0
30 0 0 1 1] 0 1
40 0 0 0 0 0 0
50 0 0 0 g 1] 2
60 1] 0 0 0 0 0
70 0 0 0 0 0 0
80 0 0 0 0 0 0
90 0 0 0 0 0 0
100 0 0 0 (1] 0 0
Number 1] 0 1 1] 4] 3
Mean 0.0 0.0 26.0 0.0 0.0 37.9
Variance 0.0 0.0 0.0 0.0 0.0 97.8
Par, sum 0.0 0.0 26.0 0.0 0.0 118.7

Cor term ,0000E+00 ,000OE+0O .6770E+03 .DO0CE+00 .0OOOE+0C .4310E+D4
Error 86 ,0000E+00 ,O00CE+00 ,OODOE+00C .OOCOE+00 .OOODE+00 ,1955E+03
Par. SS .0000E+00 ,0000E+D0 .B6770E+03 ,O000E+00 ,OOOOE+00 .4506E+04
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Table 71. The number of rainbow and brook trout observed in the Colorado
River during extra high flows {33,000 - 43,000 cfs] in summer,
1984 for fish velocity during random swimming.

Fish Vel. Rainbow Brook
(em/sec]) <14 cm 15-27 cr/dy/ <14 cm 15-27 cm  Adult
0 ‘;,((50’90 o ¥ y(o/" 0 0 0
] 7)31, 42) o 4) 4 0 o 0
12 < {25 28 1 0 0 0
18 ’P(o)o M(m)m vy , 0 1 0
24 D (0 o (0 0(0) 0 0 0
30 0 0 )0 0 )o 0 0 0
36 0 0 0 0 1] 0
42 1] 0 0 0 0 0
48 0 0 o 0 0 0
54 0 0 0 0 0 0
60 1] 0 0 0 0 0
66 0 0 0 0 0 0
72 0 0 0 0 0 1]
>78 1] 0 0 0 0 0
Number 82 111 6 0 1 0
Mean 7.29 11.07 10.18 0.00 18.28 0.00
Variance 30.9 37.7 43.4 0.0 0.0 0.0
Par. sum 597.4 1228.3 81.0 0.0 18.3 0.0

Cor term ,4352E+04 ,13589E+05 .6194E+03 .OOODOE+00 .3345E+03 .000CE-+00
Error SS .2504E+04 ,4142E+D4 .2168E+03 .00CODE+00 .OOOCE+00 .00O0E+00
Par. SS .B856E+04 ,1774E+05 ,B8361E+03 .0000E+00 .3845E+03 .000CE+0C
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Tabte 72, The number of rainbow and brook trout observed in the Colorado
River during extra high flows (33,000 — 43,000 cfs] in summer,
1984 for mean velocity during random swimming,

Mean Vel. NO ‘J& Ra’lnbow A= / Brook
(cm/sac) <14 cm 16-27 cm  Adult <14 cm 15-27 cm  Adult
©

0 0(0’ ’7’3 (0 0 ] o

8 ') 23 )} 0 0 0

12 8Z 32 \ 0 0 0

18 ) ) ) ( 0 1 0

24 0 0(0 0 0 0 0

30 <0 J 0 D\ N 0 0 0

38 0 0 0 0 0 0

42 0 0 0 0 0 0
48 0 0 0 0 0 0

54 1} 0 o 0 0 0

60 0 0 0 0 0 0

66 0 0 0 0 0 0

72 0 0 0 0 0 0
78 0 o 0 0 1} 0
84 o 0 g 0 0 0

80 0 0 0 o 0 0

96 0 0 0 0 0 0
102 0 0 0 0 0 0
108 0 0 0 0 0 0
114 0 0 0 0 0 0
120 0 0 0 0 0 1}
126 0 0 0 0 0 0
132 0 0 0 0 0 0
138 0 o 0 0 0 0
144 0 0 0 o 0 0
150 0 0 0 0 0 0
156 0 0 0 0 0 o
162 0 0 0 0 0 0
>168 0 0 0 .0 0 ]
Number 82 102 4 (1] 1 0
Mean 18.70 8.90 9.9 0.00 18.28 0.00
Variance 11.6 20.8 68.1 0.0 0.0 0.0
Par, sum 1533.1 908.3 39.6 0.0 18.3 0.0

Cor term ,2B87E+05 ,B0BBE+04 ,3825E+03 ,0000E+00 ,3345E+03 .0CCOE+0O
Error S§ ,84326+03 .2112E+04 ,1742E+03 ,0000E+0C .0OODE+00 .00OOE-+HOC
Par. S8 .2961E+)5 ,1020E+05 .5667E+03 .ODCDE+00 .3345E+03 .000CE+00
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Table 73. The number of rainbow and brook trout observed in the Colorado
River during extra high flows (33,000 - 43,000 cfs) in summer,
1984 for fish depth during random swimming.

Fish depth Rainbow Brook

(cm) <14 6m 15—27?/Mult/ <14cm 1527 cm  Adult
o Pl

10 0-° 0- 1 0 0 0
25 il (7 3 v (2)7/ ' Cﬂ) o 0 0 g

50 0 0 0 0 ]
75 © ( [ AV 0 ( 0 0 (n 0 0 0

» )?; )O

100 (25 3 ) (o o 0 0
150 vf o)o 24,9 Ny (] 0 ]
200 q g 15 ( 4) 0 1 0
250 S 50 )0 3801 4o o 0 0 0
300 o ( 0 aa) 0 (g) 0 (] 0
400 g)o 13) (0 (] o 0
500 0( ] 0 0 0
600 0 o )o 0 0 0 o
700 0 o 0 o 0 o
800 0 0 0 o 0 0
800 ] 0 (] 0 0 o
>800 0 0 0 0 0 (]
Number 82 116 8 o 1 o
Meen 178.1 226.4 148.2 0.0 180.0 0.0
Variance 6548,.7 4892.4 5244,2 0.0 0.0 0.0
Par. sum 14805.0  26260.0 895.0 0.0 180.0 0.0

Cor term  ,2601E+07 ,5846E+07 .1335E+06 ,0000E+D0 .3240E+05 .DOOOE+00
Error S8 ,5303E+06 .5626E+06 ,2622E+05 .0OOOE+00 .0000E+00 .0O0OE+00
Par, S8 .31326+07 .8507E+07 ,1587E+08 ,000CE+00 .3240E+05 .0OOCE+00
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Table 74, The number of rainbow and broock trout observed in the Colorado
River during extra high flows {33,000 - 43,000 cfs) in summer,
1984 for water depth during random swimming,

Water depth Rainbow y///// Brook

(cm) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
/0/ o N
50 o (0 > (0/ 0 ] 0 0
100 0}{ 0\o 0 0 0 0
150 25 0 0 0 0 0
200 ’ﬂl 7\ l2ye 0 0 0 0
250 0 (o) o(® 0 0 o 0
300 0\ 0) o 0 0 0 0
350 50 o( 0 0 0 0 0
400 o)o 0o 0 0 0 0
450 o (0 124 0 a 0 0 0
500 0 12 )zfr 0 0 0 o
550 0 4 3(25 1 0 0 0
600 0 28) 76 1 o 1 0
650 0 4 (18 o 0 0 0
700 0 s) 4 0 0 0 0
750 0 42(23 1 0 0 0
800 AN Jo 0 0 0 0
850 0 1112 0 0 0 0
800 0 ‘RN 0 0 0 0
850 0 5 u) 0 0 0 0
1000 0 (o 0 o 0 0
1050 0 0 0 0 0 0
1100 0 0 0 0 o 0
1150 0 0 0 0 0 0
1200 0 0 0 0 o 0
>1200 0 0 0 0 0 0
Number 82 118 8 ] 1 0
Mean 268,2 817.4 515.0 0.0 560.0 0.0
Variance 6485,4  14177.6  18550.0 0.0 0.0 0.0
Par. sum 21010,0  71620.0 3000.0 0.0 560.0 0.0

Cor term . 53B83E+07 .4422€+08 ,1581E+07 ,0000E+00 .3136E+08 .000CE+00
Error S8  ,5261E+08 .1630E+07 ,9275E+05 .00COE+00 ,ODOOE+00 .OODOE+OO
Par. SS .G808E+07 .45B85E+08 .1684E+07 .0DOCE+00 .3136E+06 .000CE+00
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Tabte 75. Ths number of rainbow and brook trout observed in the Colorado
river during extra high flows (33,000 - 43,000 cfs} in summer,
1984 for substrate during random swimming.

Substrate Rainbow Brook
type <14 cm 15-27 cm Adult <14 cm 15-27 cm Adult

N % N % N % N 2 N X N %

Rock

>80 cm

barren 0o 0 63 45 0 O 0 0 0 0 O
plant covered 0 O 0 O 0 O 0 O 1 100 o 0
Rubb le

8-30 cm

barren c O 0 O 0 © 0 0 0 0 0 0
plant covered 0 ©O 0 0 0 © 0 0 0 0 c 0
Gravel

«3-8 cm

barren o o 0 0 0 © 0 0 0 0 c 0
plant covered c 0 0 0 0 0 0 O c 0 0 O
Silt

<0.3 cm

barren 50 60 61 52 4 66 0 0 0 ¢ 0 O
plant coverad 32 38 2 1 2 33 c O 0 0 0o 0
Other

barren C O 0 0 0 © 0 0 0 0 g 0
plant covered 0 0 0 0O 0 0 0 0 0 O 0 O

Total 82 116 6 0 1 1]




Table 78.

Distance
(cm)

10
25
50
75
100
150
200
250
300
400
500
600
700
800
800
»800

Number
Mean
Variance

Par, sum
Cor term
Error SS
Par. SS
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The number of rainbow and brook trout observed in the Colorado
River during extra high flows (33,000 - 43,000 cfs] in summer,
1884 for thigmotactic surfece distance during random swimming,
Rainbow Brook

<14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult

0 0 1 0 1] (1]

7 2 0 0 0 0

50 1] 0 (] 0 0

0 0 0 1] (1] 0

25 3 0 0 0 1]

1] 24 1 0 1] 0

0 15 4 0 1 (|

1] a4 1] 1] 0 0

] 18 0 0 0 0

0 10 0 0 0 0

0 0 0 1] 0 0

1] 0 1] 0 (1] 0

1] 0 0 0 1] 0

1] 1] 0 0 1] 0

0 0 0 0 0 0

0 0 0 0 0 0

82 116 6 0 1 1]

62.3 224,2 149,2 0.0 180.0 0.0
725.4 4676,.3 5244,2 0.0 0.0 0.0
5105.0 26010.0 885,0 0.0 180.0 0.0
.3178E+06 .58326+07 ,1335E+06 .D000E+00 ,3240E+05 .0OOOE+00
.5876E+05 .5378E+06 .2622E+0S ,0000E+D0 ,0D00CE+00 .O0OCOE+0O
.3766E+06 .6370E+07 ,15987E+06 .00D0E+00 .3240E+05 .0O0OE+00




Table 77,

Percent of
full Llight

<.01
«05
1
5

O O oOoONOOMAELWN S

100

Number
Mean
Variance

Par, sum
Cor term
Error S8
Par, S8
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The number of rainbow and brook trout observed in the Colorede

River during extra high flows {33,000 - 43,000 cfs}] in summer,
1884 for Light reaching them during rendom swimming.

Rainbow Brook

<14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult

0 0 0 0 0 0

0 0 1] 0 0 1]

0 0 0 1] 0 0

0 0 0 o 0 0

0 0 0 0 0 0

0 0 1] 0 0 1]

0 0 0 1] 0 0

1] 0 (] 0 0 0

(1] 0 0 g 1 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 (4]

0 0 0 0 0 1]

0 0 0 0 0 0

0 8 1 0 1] 0

0 4 0 1] 0 0

25 0 3 0 0 0

50 ] 0 (1] 0 0

7 2 1] 0 0 0

0 0 0 0 0 0

1] 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

82 14 4 (1] 1 a

45,2 25.8 26.6 0.0 4,0 0.0

23.3 174.3 82,4 0.0 0.0 0.0

3702.4 358.8 106.5 0.0 4,0 0.0

167264068 ,9202E+04 .2834E+04 .OC00E+00 .1608E+02 .00OCE+00

.1BBBE+04 ,2227E+04 ,2473E+03 .000CE+00 .0OOOE+00 .OOOOE+00

.1691E4+06 .1143E+05 .3082€+04 .0000E+00 .1608E+02 .0000E+Q00
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Tabie 78. The number of/fainbow §nd brook trout observed in the Colorado
River during §lL flows [24,000 ~ 43,000 cfs) in summer, 1984 for
fish velocity

Fish Vel, Rainbow Brook
(cm/sec) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
0 56 20 1 0 o 1
8 7 42 4 0 1] 0

12 25 28 1 0 o 2
18 0 21 1 0 1 0
24 0 0 1] 0 0 0
30 0 0 0 0 0 0
38 0 1] 0 0 0 0
42 1] 0 0 0 0 0
48 o 0 0 0 0 0
54 0 ] 0 0 ] 0
60 0 0 0 0 0 o
66 0 0 0 0 0 0
72 0 0 0 0 (1] o
>78 1] 0 1] 0 0 0

Number 88 "M 7 0 1 3

Mean 7.00 11.07 8.71 0.00 18.28 10.16

Variance 29.9 37.7 50.9 0.0 0.0 40,3

Par. sum 615.7 1228.3 61.0 0.0 18.3 30.5

Cor term ,43086+04 ,1358E+05 .5308E+03 ,DO00E+00 ,3345E+03 .3087E+03
Error SS  .2604EH04 .4142E+04 ,3053E+03 .O0COE+00 .00OOE+00 .BOG2E+HD2
Par. S8 .69126+04 ,1774E+05 ,B361E+03 ,O000E+00 ,3345E+03 .3802E+03
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Table 79. The number of rainbow and brook trout observed in the Colorado
River during all flows {24,000 - 43,000 cf8} in summer, 1984 for
mean velocity during rendom swimming,

Mean Vel. Rainbow Brook

{cm/sec) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
0 8 23 4 0 o 0

;] 0 50 3 0 o 2

12 32 23 0 0 1] o

18 50 6 1 a 1 0

24 ] 0 0 o 0 1

30 0 0 0 1) 0 0

36 o 0 0 1] 0 0
42 0 0 0 1] o 0
48 0 0 0 0 0 0

54 0 0 0 0 0 0

60 0 0 o 0 0 0

66 o 0 0 0 0 0

72 0 1] 0 0 0 0

78 1} 0 (1] 0 1] 0
84 0 0 0 0 0 0

a0 0 0 0 0 0 o

96 o 0 0 0 0 0
102 0 0 0 0 0 ]
108 0 (| 0 0 0 0
114 1] 0 0 0 o 0
120 0 0 0 0 0 ]
126 0 0 0 0 0 0
132 0 0 0 0 0 D
138 0 0 0 0 1] 0
144 1] 0 0 0 o 0
150 0 0 0 o 0 0
156 0 0 0 0 0 0
162 o 0 0 0 0 0
>168 0 0 0 0 0 0
Number 88 102 5 0 1 3
Mean 17.42 8.80 7.82 0.00 18.29 13.21
variance 33.3 20.9 83.2 0.0 0.0 86.0
Par., sum 1533.1 908.3 39.6 0.0 18.3 38.6

Cor term .26871E+05 ,BOBBE+04 .3140E+03 .0000E+00 .3345E+03 .5234E+03
Error SS  ,2888E+04 ,2112E+04 .2527E+03 ,0000E+00 .OOODE+00 ,1820E+03
Par, SS .2961E+05 ,1020€E+05 .5667E+03 .0O0D0CE+00 .3345E+03 .7154E+03
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Table 80, The number of rainbow and brook trout observed in the Colorado
River during all flows {24,000 - 43,000 cfs) in summer, 1984 for
fish depth during random swimming,

Fish depth Rainbow Brook
{em) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
10 6 0 1 0 1] 0
25 7 2 1] 0 0 2
50 0 0 0 0 ] 1
75 0 0 0 0 0 0
100 25 3 o 0 0 0
150 0 24 2 0 0 0
200 1] 15 4 0 1 0
250 50 39 0 0 1] 0
300 0 23 0 (1] 0 0
400 1] 10 0 0 o ]
500 0 0 0 0 0 1]
600 0 0 0 0 0 0
700 0 0 0 1] 1] 0
800 0 0 0 0 0 0
800 0 1] 0 1] 1] 0
>900 0 0 0 0 0 0
Number 88 116 7 0 1 3
Mean 166.3 226.4 145.0 0.0 180.0 25.0
Variance 8021.0 4892.4 44981.7 0.0 0.0 75.0
Par. sum 14635.0 26260,0 1015.0 0.0 180.0 75.0

Cor term  .2434E+07 .5945E+07 .1472E+06 ,0000E+00 .3240E+05 .1875E+04
Error S5 .6978E+06 ,5626E+068 ,2685E+05 .0OO0OE+00 .OOOOE+00 ,1500E+03
Par. S8 «31326+07 .6507E+07 1741E+06 .0000E+00 .3240E+05 ,2025E+04
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Table 81. The number of rainbow and brook trout observed in the Colorado
River during all flows (24,000 - 43,000 cfs} in summer, 1984 for
water depth during random swimming,

Water depth ' Rainbow Brook

(cm) <14 cm 15-27 cm  Adult <14 cm 15~-27 cm  Adult
50 Lg 9 (o‘/ 0 o 0
100 )/ . 0 )0 0 0 0
150 67") 31 q/co 0 0 1
200 \7»)4( 2)7/ 0 0 2
250 0.0 0 Co 0 0 0
300 - o-> B 0)0 (] 0 0
350 ) &50 0(0 (] 0 0
400 0 0 )0 0 0 0
450 ,/~u~) NG (o 0 0 0
500 o (e, 1 2) X 0 0 0
550 (o/ \ﬁ 25 0 0 0
800 (o) 23’> G 0 1 0
650 0 A3 0 (] 0
700 (n s> ?*0\ D 0 0
750 0. ,\/’bcaa 0 o o
800 (o) 0) YV (] 0 0 0
850 0 12 0 0 0 o
800 (o \4 Co 0 0 0 0
950 0 (] o 0 0 0
1000 o 0 0 (1} o 0
1050 0 0 o o 0 0
1100 0 0 0 0 (] 0
1150 0 0 0 o (] 0
1200 0 (] (] 0 o 0
>1200 0 0 0 0 0 0
Number 88 118 7 0 4 3
Mean 246.3 617.4 485.7 .0 560.0 470.0
Varience 7421.4 14177.8  21484.9 0.0 0.0 400.0
Par, sum 21670.0  71620.0 3400.0 0.0 560.0 510.0

Cor term  5336E+07 ,4422E+08 ,1651E+07 .DOOOCE+00 .3136E+06 .B670E+05
Error S§ ,B457E+06 .1630E+07 .12B86E+06 ,0000E+00 .OODDE+00 .BOOOE+03
Par, S8 .5982E+07 ,4685E+08 .1780E+07 .COODE+O0 .3136E+08 .B750E+05
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Table 82. The number of rainbow and brook trout observed in the Colorado
River during atl flows (24,000 - 43,000 cfs) in summer, 1984 for
substrate during rendom swimming,

1]
Substrate Rainbow Brook
type <14 cm 15-27 cm  Adult <14 cm 15-27 cm Adult

N % N % N 3% N % N % N %

Rock

>30 cm

barren 0 O 63 45 0 0O 0 0 0 O 0 ¢©
plant covered 0 ©O o 0 1 14 0 O 1 100 2 68
Rubble

8-30 cm

barren 0 O c 0 c O 0 0 0 o 1 33
plant covered 0 O 0 O 0 0O 0 0 0 © 0 ©
Gravel

«3-8 cm

barren 0 0 0 o 0 o 0 0 0 O c 0
plant covered 0 0 0 © 0 © ¢ o 0 0 0 O
Silt

<0.3 cm

barren 50 656 61 52 4 57 0 O 0 0 0 O
plant covered 38 43 2 1 2 28 0 O 0 O 0 O
Other

barren 0 o 0 O 0 O 0 O 0 0 0 O
ptant covered 0 O g O 0 0 0D O 0 0O 0 0

Total 88 116 7 0 1 3
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Table 83, The number of rainbow end brook trout observed in the Colorado
river during all flows {24,000 - 43,000 cfs) in summer, 1984 for
thigmotactic surface distance during random swimming.

Distance Rainbow Brook
(cm) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
10 6 o 1 0 0 1
25 7 2 0 o o 2
50 50 0 0 0 0 0
75 0 0 0 0 0 0
100 25 3 0 0 0 0
150 0 24 2 0 0 0
200 o 15 4 0 1 0
250 0 44 o o 1] 0
300 0 18 0 0 0 0
400 0 10 0 0 0 0
500 1] o 0 0 o 0]
600 0 0 0 0 0 0
700 0 0 0 0 0 0
800 o 0 0 0 0 o
900 0 0 o 0 0 0
>800 0 o o 0 0 o
Number 88 118 7 0 1 3
Mean 58.4 224,2 145.0 0.0 180.0 18.7
Variance 886.0 4678,3 4481,7 0.0 0.0 108.3
Par. sum 5135.0 26010.0 1015.0 0.0 180.0 50.0

Cor term  .2996E+06 ,5832E+07 ,1472E+06 ,0000E+00 .3240E+05 .B333E-+13
Error S8 ,7709E+06 ,5378E+06 .2695E+05 .0000E+D0 ,O0000E+00 ,2167E+03
Par, SS .3787E+08 ,6370E+07 .1741E+068 .0000E+00 .3240E+05 .1050E+04
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Table 84, The number of rainbow and brook trout observed in the Colorado
River during all flows (24,000 - 43,000 cfs) in summer, 1984 for
Light reaching them during random swimming.

Percent of Rainbow Brook

full Light <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
<.01 0 0 0 1] 0 0

.05 0 0 0 0 0 0

o1 0 0 0 0 0 0

] 0 o 1] 0 0 0

1 o 0 1] 0 0 1]

2 0 (1] 0 0 0 0

3 0 0 0 0 0 0

4 0 1] 0 0 0 0

5 0 0 0 0 1 0

6 ] 0 1] ] 0 1]

7 0 0 i} 0 0 0

8 ] 0 0 0 1] 0

9 0 0 0 0 1] 0

10 1] 0 0 0 0 0

20 1] 8 1 0 0 0

30 0 4 1 o 0 1

a0 25 0 3 0 0 1]

50 50 0 0 a 0 2

80 7 2 0 0 0 0
70 0 0 0 0 0 0

80 0 0 0 1] c 0

80 0 0 0 0 0 0
100 0 0 o ] 0 0
Number 82 14 5 0 1 3
Mean 45,2 25.6 26.5 0.0 4,0 37.8
Variance 23.3 171.8 681.8 0.0 0.0 97.8
Par. sum 3702.4 358.9 132.5 0.0 4.0 113.7

Cor term ,1672E+06 .9202E+04 .3511E+04 .0000E+00 .1608E+02 ,4310E+04
Error S8 ,1886E+04 ,2227E+04 ,2476E+03 ,000DE+00 ,000DE+00 ,1955E+03
Par. S8 «1691E4+06 .1143E+05 ,3758E+04 ,0000E+00 ,1B0BE+02 ,4506E+04
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SUMMER 1984,

SAN JUAN RIVER
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Tabte B85, The number of rainbow end brook trout observed in the San Juan
River during a constant flow of 800 cfs in summer, 1884 for fish
velocity during stationary swimming,

Fish Vel. Rainbow Brook
{cm/sec) <14 cm 15-27 cm  Adult <14 cm 15~-27 cm  Adult
0 0 8 20 0 0 0
8 0 186 60 1] i} 1}
12 0 az 129 0 1] 0
18 o 3g8 125 0 0 0
24 0 15 31 0 0 0
30 1} 3 32 0 0 0
36 o 0 7 0 0 1}
42 0 14 24 0 0 0
48 0 0 2 0 0 0
54 0 0 0 0 0 0
60 0 0 0 0 0 0
66 0 0 0 0 0 0
72 0 0 0 0 0 0
>78 0 o 0 0 0 0
Number 0 132 430 0 0 0
Mean 0.00 18.45 18.54 0.00 0.00 0.00
Variance 0.0 108.3 94,2 0.0 0.0 0.0
Par, sum 0.0 2435.4 7970.5 0.0 0.0 0.0

Cor term .0000E+00 .4493E+05 .1477E+06 .0000E+00 .0OOOE+00 .0OOCE+0D
Error 8 ,0000E+00 .1418E+05 ,4041E+05 .O0COE+00 .OODOE+00 .O0OCE+00
Par, SS .0000E+00 .58911E+D5 ,1882E+06 .0DOCE+00 .OOOOE+00 .OOOCE+00
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Teble 86, The number of rainbow and brook trout observed in the Sen Juan
River during @ constant flow of B0O cfs in summer, 1984 for mean
velocity during stationary swimming,

Mean Vel. Rainbow Brook
{cm/sec) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
0 0 8 20 0 0 0
6 0 28 78 0 0 0
12 0 41 106 0 0 0
18 0 23 107 0 0 0
24 0 0 15 0 0 0
30 0 186 50 0 o 0
36 0 2 21 0 0 0
42 o 14 3 0 0 0
48 o 0 4 0 0 0
54 0 D 0 0 0 0
60 0 0 0 0 0 0
66 0 o o 0 0 o
72 0 0 0 0 0 0
78 0 0 0 0 0 0
84 0 0 0 0 0 0
80 0 0 0 0 0 0
86 0 0 0 0 0 0
102 0 0 0 0 0 0
108 0 0 0 0 0 0
114 0 0 0 0 0 0
120 0 0 0 0 o 0
126 1] 1} 0 0 0 0
132 0 0 0 0 0 0
138 0 0 0 0 0 0
144 0 0 0 0 0 0
150 0 0 0 0 0 0
156 1] 0 o 0 o o
162 0 0 0 0 0 0
>168 0 0 0 0 0 0
Number 0 132 430 0 0 ]
Mean 0.00 18.96 20.12 0.00 0.00 0.00
Variance 0.0 139.6 130.6 0.0 0.0 0.0
Par. sum 0.0 2502.4 8653.3 0.0 0.0 0.0

Cor term ,0000E+00 .4744E+05 .1741E+068 .0000E+0C .OOOOE+OC ,O00OE+00
Error S§ ,0000E+00 .16828E+05 ,5603E+05 .OOCOE+00 .OOOOE+00 .OOOOE+0C
Par. SS .0000E+00 .6573E+05 ,2302€+08 .000OE+00 .OOCOE+0C .OOOOE+00




Table 87.

Fish depth
(cm)

10
25
50
75
100
180
200
250
300
400
500
600
700
800
900
>800

Number
Mean
Variance

Par. sum
Cor term
Error SS
Par, 5§
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The number of rainbow and brook trout observed in the San Juan
River during a constent flow of 800 cfs in summer, 1984 for fish
depth during stationary swimming.

<14 cm

000000000 0ODO0O0O0DO0ODODO0OO

0.0
.000CE+00
«0000E+00
«0000E+00

Rainbow
15-27 cm  Adult
1 7
2 3z
12 123
1] 5
82 181
35 80
0 1]
1] 0
0 0
0 0
0 1]
0 0
1] 1]
] 0
0 1]
0 0
132 433
88.1 72.6
531.1 1172.7
11630.0 31420.0
.1026E+07 .2280E+07
.69586+05 .5066E+06
«1084E+07 ,2787E+07

<14 cm

OO0 O0O0DO0OO0ODO0ODO0DO0OO0O0DO000O0O

0.0
0.0

0.0
«0000E+00
«0000E+Q0
+0000E+00

Brook

15-27 cm  Adutt

0 0

1] 0

1] 0

0 0

0 0

1] 0

0 0

0 0

1] 1]

0 ]

0 0

0 0

0 (1]

1] 0

0 0

0 0

0 0

0.0 0.0

0.0 0.0

0.0 0.0
.0000E+00 .000O0E+00
.0000E+00 .000CE+00
.0000E+00 ,0000E+00
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Table 88. The number of rainbow and broock trout observed in the San Juan
River during @ constant flow of 800 cfs in summer, 1984 for
water depth during stationary swimming,

Water depth Rainbow Brook
{cm) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
&0 0 0 0 0 0 0
100 0 4 55 0 0 (]
150 0 48 122 0 0 0
200 0 3as 66 1] 0 1]
250 1] 1 24 1] 0 0
300 1] 34 95 0 0 I}
350 1] 1 45 0 1] 0
400 1] 5 26 0 0 0
450 1] 0 0 1] 0] 0
500 0 0 0 1] 0 0
550 0 0 0 0 0 0
600 1] 0 0 0 0 0
650 0 0 0 0 0 0
700 0 0 0 0 0 0
750 0 0 0 0 0 0
800 0 0 0 0 0 o
850 0 1] 0 ] 0 0
900 0 0 0 0 0 0
950 0 0 1] 0 0 0
1000 1] 0 0 0 0 0
1050 (1] 0 0 0 0 0
1100 0 0 0 ] 0 0
1150 0 0 0 o 0 0
1200 0 0 1] 0 0 g
>1200 0 0 1] 0 0 0
Number . 0 132 433 0 0 1]
Mean 0.0 194.7 207.3 0.0 0.0 0.0
Variance 0.0 5312.0 8185.3 0.0 0.0 0.0
Par, sum 0.0 25705.0 89745.0 0.0 0.0 0.0

Cor term ,000CE+00 .5006E+07 .1860E+08 ,0000E+00 .000OE+00 .OOOCE+00
Error S8 ,0000E+00 .6958E+06 ,3536E+07 .OO0OE+00 .OOOOE+00 .OOQOE+0D
Par, S8 .000CE+00 .5702E+07 .2214E+08 .0000E+00 .OOOCE+00 .OOOOE+0O
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Table 88. The number of rainbow and brook trout observed in the San Juen
River during a constant flow of 800 cfs in summer, 1984 for
substrate during stationary swimming,

Substrate Rainbow Brook
type <14 cm 15-27 cm Adult <14 cm 15-27 cm Adult

N % N % N % N % N % N %

Rock

230 cm

barren g 0 18 13 20 8 0 © 0 0 0 0
ptant covered 0 0 0 O 0 O 0 0 0 O 0 O
Rubble

8-30 cm

barren o o 15 1 388 8 0 0 0 0 c o
plant covered 0 O 11 8 138 31 0 O 0 0 0 O
Gravel

«3~8 cm

barren 0 O 73 55 154 35 o 0 0 © o O
plant covered 0 O %5 1 44 9 0 O 0 ©O c O
Silt

<0.3 cm

barren 0 0o 0 O 4 0 0 O 0 0O 0 0o
plant covered 0 0 0 o 30 8 0 O 0 o 0 0
Other

barren 0 o 0 O 0o 0 0 0O 0 o0 0 O
pltant covered 0 0 0 O 0 0 0 O 0 0 0 0

Total s} 132 433 0 0 0
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The number of rainbow and brook trout observed in the Sen Juan
River during a constant flow of 800 cfs in summar, 1984 for
thigmotactic surface distance during stationary swimming,

<14 cm

OO0 000D O0DO0OO0O0ODO0ODODOODO OO

0.0
»0000E+00
«000CE+00
.0000E+00

Rainbow

15-27 cm  Adult

1 19

2 48

12 101

o 4

82 181

35 80

0 0

0 g

0 0

0 0

0 0

0 0

0 o

1] 0

0 0

0 0

132 433

88.0 71.3
547.3 1288.9
11610.0 30880.0
«1021E+07 .2204E+07
«7170E+05 ,5568E+06
.1093E+07 ,2761E+07

<14 cm

[= I =~ B = B = B = I = B o= B« O = Y = QY = QY = T o= QY = B = I = ]

0.0
«0000E+00
«0000E+00
«0000E+00

Brook
1527 cm  Adult
0 0
0 0
1] 0
0 0
0 (]
] 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
o 0
o 0
0 0
0 0
0.0 0.0
0.0 0.0
0.0 0.0
.0000E+00 ,0000E+00
.0000E+00 .0000E+00
.0000E+0C .0COCE+0D
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Table 91. The number of rainbow and brook trout observed in the San Juan
River during @ constant flow of B0O cfs in summer, 1984 for
light reaching them during stationary swimming.

Percent of Rainbow Brook
full tight <14 cm 15~27 cm Adult <14 cm 15-27 cm  Adult
<.01 0 o 0 0 0 0
«05 0 0 g 1] 0 0
o1 0 0 0 0 0 0
o5 0 0 0 0 0 0
1 0 0 0 0 0 1]
2 1] 0 0 0 0 1]
3 0 0 0 0 0 0
4 0 0 0 0 1] 0
5 0 0 0 0 0 1]
6 0 0 3 0 0 0
7 0 0 0 o 0 0
8 1] 0 0 0 0 1]
9 (1] 0 0 0 1] 0
10 0 0 0 0 0 1]
20 0 23 a (1] 0 0
30 0 20 74 0 1] 0
a0 0 o 24 0 0 0
50 0 0 0 0 0 1]
60 0 0 2 0 0 0
70 0 0 0 1] 0 0
80 0 0 0 1] (] 0
a0 0 0 0 1] 0 0
100 0 0 0 0 0 1]
Number 0 43 141 0 0 0
Mean 0.0 20.7 24.0 0.0 0.0 0.0
Variance 0.0 48,2 73.2 0.0 0.0 0.0
Par, sum 0.0 880.7 3390.4 0.0 0.0 0.0

Cor term .0ODOE+00 .1B45E+05 .B152E+05 ,0000E+00 .OOOOE+00 .0OOCE+OO
Error S8 .DOOCE+00 .1939E+04 ,1025E+05 ,0000E+00 .O0OCE+DO0 .0OOOE+OD
Par, S8 .000DE+00 .2039E+05 ,8177E+06 ,0000E+00 .000OE+00 .OOOOE+00
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Tabte 92, The number of rainbow and brook trout observed in the San Juan
River during & constant flow of 800 cfs in summer, 1984 for fish
velocity during random swimming.

Fish Vel, Rainbow Brook
(cm/s8C) <14 cm 15-27 cm  Adult <14 cm 15-27 e Adult
] 21 40 24 o o 0
6 37 5 a7 0 0 0
12 0 0 7 0 0’ 0
18 o 8 1 ] o o
24 0 6 14 0 0 0
30 o o o o 1] (1]
36 0 0 0 0 0 0
42 0 1] 0 0 0 0
48 0 0 0 0 0 0
54 0 0 0 0 o 0
60 0 0 0 0 0 ]
66 0 1] 0 0 0 0
72 D 0 0 0 0 0
>78 o 0 0 0 o 0
Numbe r 58 58 183 0 0 0
Mean 5.83 6.56 9.68 0.00 0.00 0.00
Variance 1.8 85.8 49,5 0.0 0.0 0.0
Par. sum 338.3 387.1 1481.3 0.0 0.0 0.0

Cor term  ,1974E+04 ,2540E+04 ,1434E+05 .0000E+00 .000OE+O0 .COCOE+OO
Error S§ ,6742E+03 ,4976E+04 ,7527E+04 .0000E+00 ,O000E+00 .OOCOE+00
Par, SS .2648E+04 ,7516E+04 ,2187E+05 .0000E+00 .DOOCE+0Q0 .OOOOE+00
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Table 93. The number of rainbow and brook trout observed in the San Juan
River during a constant flow of B0O cfs in summer, 19684 for mean
velocity during random swimming,

Msan Vel,. Rainbow Brook
(cm/sec) <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
0 21 40 24 0 0 0
8 a7 5 97 0 0 0
12 0 0 7 0 1] 0
18 0 8 11 0 0 0
24 0 0 0 0 0 0
a0 0 0 0 0 0 0
36 0 0 0 0 0 0
42 0 8 14 0 0 0
48 0 0 0 0 0 0
54 0 0 (1] 0 0 0
60 0 0 0 0 0 0
66 0 0 0 0 0 0
72 0 0 g 0 0 0
78 0 0 0 0 0 0
84 0 0 0 0 0 0
20 (1] 0 0 0 0 0
96 0 0 0 0 0 0
102 0 0 0 0 0 0
108 0 0 0 0 1} 0
114 0 0 0 0 0 0
120 0 0 0 0 0 0
126 0 0 0 0 0 0
132 0 0 0 0 0 0
138 0 0 0 0 0 0
144 0 0 0 0 0 0
150 0 0 0 0 0 0
158 0 o 0 0 0 0
162 0 0 0 o 0 0
>168 0 0 0 0 0 0
Number 58 59 1863 0 0 0
Mean 5.83 8.42 11.49 0.00 0.00 0.00
Varience 11.8 195.8 137.9 0.0 0.0 0.0
Par., sum 338.3 498.8 1758.7 0.0 0.0 0.0

Cor term ,1974E+04 ,4184E+04 ,2022E+05 .00D0CE+00 .DOOCE+00 .OODOE+00
Error SS  .6742E+03 .113BE+05 .2087E+05 ,0000E+00 .OOOOE+00 .OOOOE+Q0
Par, SS .2648E+04 ,1554E+05 .4118E+05 ,O0O0E+00 .000OE+00 .OOOOE+O0
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Table 94. The number of rainbow and brook trout observed in the San Juan
River during @ constant flow of 800 cfs in summer, 1984 for fish
depth during random swimming,

Fish depth Rainbow Brook

(cm) <14 cm 15-27 cm  Adult <14 cm 15-27 em  Adult

10 1] 0 1 0 0 0

25 21 12 1] 0 0 0

50 25 5 37 0 0 0

75 0 0 0 0 1] 0
100 12 23 88 0 0 0
150 o 0 0 0 0 0
200 0 0 1] 0 0 0
250 0 19 26 0 0 ]
300 0 0 1] g ] 0
400 0 0 1] 0 0 0
500 0 0 0 0 0 0
600 0 0 0 0 1] 0
700 0 0 0 0 (] 1]
800 0 0 0 0 0 1]
800 0 0 0 0 0 o
>800 0 1] 0 0 0 0

Number 58 59 153 (1] 0 0

Mean 48,1 114.2 103.8 8.0 0.0 0.0

Variance 589.2 6267 .1 3348.8 0.0 0.0 0.0

Par. sum 2675.0 6740.0 15875.0 0.0 0.0 0.0

Cor term ,1234E+08 ,7700E+06 ,1647E+07 .0000E+00 ,.000CE+00 .000OE+0Q

Error 88§ ,3415E+05 .3635E+108 ,5082E+06 .0000E+00 .00COE+00 .00COE+00

Par, SS «.1575E+06 ,1133E+07 .2156E+07 .000OE+00 .OOOOE+00 .OOOCE-+0O
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Table 85, The number of rainbow and brook trout observed in the San Juan
River during a constant flow of 800 cfs in summer, 1884 for
water depth during random swimming,

Water depth Rainbow Brook
{cm) <14 cm 156-27 cm  Adult <14 cm 15-27 cm  Adult
50 8 6 0 0 (U] 1]
100 49 8 3 0 0 0
150 0 5 34 0 0 0
200 0 15 45 0 0 (]
250 0 0 0 0 0 0
300 0 21 57 0 0 0
350 o 0 0 o 0 0
400 o 6 14 o 0 0
450 0 0 0 0 0 o
500 1} 0 4] 0 0 0
550 0 0 0 0 1] 0
600 o 0 o 0 0 0
650 0 0 0 0 0 0
700 0 0 0 0 0 0
750 0 0 0 0 0 0
800 0 0 0 o o 0
850 0 o 0 0 0 0
800 0 0 1} 0 0 o
850 0 0 0 1] 0 g
1000 0 0 1} o 0 0
1050 0 0 1] 0 0 0
1100 0 o o o o ]
1150 0 0 0 0 o 0
1200 0 0 0 0 0 0
>1200 0 0 0 0 0 0
Number 68 59 1538 1] 0 0
Mean 72.8 204.4 228.2 0.0 0.0 0.0
variance 205,.3 10162.7 8377.5 0.0 0.0 0.0
Par. sum 4222,0 12080.0 34810.0 0.0 0.0 0.0

Cor term ,3073E+08 .2465E+07 ,7965E+07 .OOO0E+00 .OOOOE+00 ,OCOOE+00
Error S8 ,1170E4+05 .58B9E+0B ,.9694E+06 .DODOE+00 .OOOOE+00 .DOOOE+OO
Par, S8 .3190E+06 ,3054E+07 .B935E+07 .0000E+00 .OOOOE+D0 .OODCE+0D
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Table 96. The number of rainbow and brook trout obesrved in the San Juan
River during a constant flow of 800 cfs in summer, 1984 for
substrate during random swimming,

Substrate Rainbow Brook
type <14 cm 15-27 em  Adult <14 cm 15-27 cm Adult

N % N % N % N % N % N %

Rock

>30 cm

barren 12 20 1 C 0 0 0 0 0 0 O
plant covered 0 O 32 54 71 46 0 0 0 O 0o 0
Rubble

8-30 cm

barren c 0 0 o 0 © 0 O 0 O 0 O
plent covered 0 0 14 28 52 33 0 0 0 O 0 O
Gravel

«3-8 cm

barren 0 0 0 © 0 0 0 0 0 O 0 O
plant covered 0 o0 0 O 7 4 0 0 o 0O 0 O
Silt

<0.3 cm

barren 46 79 6 10 1 0 0 O 0 o 0 o
plant covered 0 0 7 1" 22 14 0 O 0 0O 0 ©
Other

barren o o 0 O 0 0 0 O 0 O 0 ©
plant covered 0 ©O 0 o c ¢ 0 O g 0 0 O

Total 58 58 153 0 0 0




Table 97.

Distance
(cm)

10
25
50
75
100
150
200
250
300
400
500
600
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>9800

Number
Mean
Variance

Par. sum
Cor term
Error SS
Par. SS
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The number of rainbow and brook trout observed in the San Juan
River during a constant flow of 800 cfs in summer, 1984 for
thigmotactic surface distance during random swimming.

<14 cm

& o

-l

0O0O000O0OO0D0DO0CO0OO0OMNMOO

58
33.2
721.7

1925.0
+8389E+05
«4113E+05
« 1050E+06

Rainbow
15-27 cm  Adult
6 3
6 0
5 35
15 ]
8 80
0 0
0 0
19 26
0 0
0 0
0 0
0 0
0 0
0 0
0 0
4] 0
59 153
105.6 101.8
6850.,1 3473.8
6230,0 15545.0
.8578E+06 ,157SE+07
«3973€+06 ,52B0E+06
«1055E+07 ,2107E+07

<14 cm

[ = I — I e I - T = I — I T = B = QO = I = = D o Y = T = i = |

0.0
+0000E+00
«0000E+00
«0C00E+00

Brook
15-27 cm  Adult
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
1] 0
0 1]
0 0
0 0
0 o
0 0
0 0
0 0
0.0 0.0
0.0 0.0
0.0 0.0
.0000E+00 ,0000E+00
.0000E+00 .0DCOOE+00
.0000E+00 .000OCE+CO0




Table 88, The number of rainbow and brook trout observed in the San Juan
River during 8 constant flow of 800 cfs in summer, 1984 for
Light reaching them during random swimming.

Percent of Rainbow Brook
full light <14 cm 15-27 cm  Adult <14 cm 15-27 cm  Adult
<.01 0 0 0 0 0 1]
«05 0 0 0 0 0 o
o1 0 1] 0 0 0 0
5 1] o 0 0 0 0
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 1] 0 0 0 0 0
4 0 0 0 0 0 0
5 0 (U] o 0 0 0
6 o 1] 0 0 0 0
7 0 0 0 0 0 0
8 25 0 o 0 0 0
9 0 0 0 0 0 0
10 0 0 4] 0 0 0
20 0 0 0 0 0 0
30 0 8 11 1] 0 0
40 0 0 o 0 0 0
50 0 (1] 0 0 0 0
60 0 0 0 0 0 0
70 12 0 0 (1] 0 0
80 0 0 0 0 0 ]
80 0 0 0 0 0 0
100 0 0 0 0 0 0
Number 37 8 11 0 0 0
Mean 25.8 24,8 24,8 0.0 0.0 0.0
Variance 750.9 0.0 0.0 0.0 0.0 0.0
Par, sum 958.8 197.2 271.1 0.0 0.0 0.0

Cor term ,2485E+05 .4861E+04 .8684E+04 .0000E+00 ,DO0OOE+00 .OOOCE+00
Error 8§ ,2703E+05 .O0DOOE+00 .4883E-03 ,0000E+00 ,0000E+00 .0OODE+00
Par. S8 .5188E+05 ,4881E+04 ,66B4E+04 ,0000E+00 .0OOOE+00 .00OOE+0O






