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1.0 ABSTRACT

The escapement levels of summer-fall chinook, pink, and coho salmon for
1978-80 were comparable to those of previous years. A large escapement of chum
salmon occurred in 1978 with a less than average return in 1980. The most
heavily used section of the mainstem Skagit River for summer-fall chinook
was between Diobsud Creek and the Cascade River. The number and diétribution
of returning steelhead trout was determined from aerial surveys. The most
heavily spawned area extended from the Cascade River to the Sauk River.

The behavioral study of spawning chinook salmon showed a general pattern
of activity indicating that females would complete redds if fluctuating dis-
charge provided adequate flows over a redd site for at least several hours
each day. High and stable flows during the chum spawning period prevented
meaningful observations of this species,

The incubation of steelhead trout eggs at several Skagit River sites
indicated that 1050 temperature units are required to rveach the button-up
stage of development.

The effects of dewatered or static water conditions on the survival of
incubating chinoock, coho, and chum salmon and steelhead trout eggs and alevins
in selected gravel environments were examined. A 4 x 4 factorial design was
employed with 4 dewatered or static conditioms (4, 8, 16, and 24 hrs) and &4
gravel sizes (0.33-1.35 cm, 0.67-2.67 cm, 1.35-5.08 cm, and 0.08-5.08 cm) as
the environmental variables. Eggs were tested from the time of fertilization
through hatching. Prehatching survival generally was high for all species,
gravel sizes, and dewatering or static regimes tested. Posthatching survival

for all species and gravel sizes generally decreased in direct relation to the



amount of time dewatered or in static condition. For all species, gravel
sizes, and dewatering regimes, at least 50 percent of the alevins had died
within a week after hatching.

The relationship between ramping rates ranging from 357 to 1588 cfs/hr
and fry stranding mortality was investigated at three Skagit River sites.
A significant relationship does not yet exist with these data.

Specific recommendations leading to the conceptualization of a quantitative

habitat model are outlined.
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3.0 INTRODUCTIOHN

3.1 History of the Skagit Project

The City of Seattle began development of the hydroelectric potential
of the Skagit River in the early 1900's. The Lighting Department of the
City undertook a staged development of three dams: Gorge, Diablo and Ross,
which were begun in 1919, 1927 and 1937, respectively. Plans for development
included the multistage construction of Ross Dam which was completed to an
elevation of 1,365 ft in 1940, to 1,550 ft in 1946, and to the present
elevation of 1,615 ft in 1949. The presence andloperation of these dams
has altered the general flow and thermal regimes of the Skagit River downstream
of the Skagit Project.

Operational constraints in addition to those specified by Federal license
were implemented in 1972 by informal agreement between the Washington Department
of Fisheries (WDF) and Seattle City Light (SCL). Minimum flows were established
during the period of peak juvenile salmon abundance in an effort to reduce
the impact of dam operation on downstream fish survival.

In 1979, relicensing of these existing projects stimulated negotiations
to obtain greater resolution of the relationships between regulated dischargek
and salmon and steelhead production. The City of Seattle, Washington
Departments of Fisheries and Game, Skagit System Indian Tribes, U.S. Fish
and Wildlife Service, and U.S. National Marine Fisheries Service entered into
a two-year interim agreement (FERC Docket No. EL-78-36) regulating the rate
and magnitude of flow fluctuation in the Skagit River. The present fisheries

studies were required by this agreement to obtain additional data on salmon

oy



and steelhead reproduction.

3.2 Objectives

Field study objectives were designed to determine the effects of Skagit
River flow fluctuations on the spawning behavior, egg deposition efficiency,
incubation, fry survival to emergence and fry stranding of steelhead trout and
chinook and chum saimon. Laboratory study objectives were to 1) determine
the tolerance to continuous dewatering on pre- and posthatching egg-alevin
developmental stages for chinook, coho, chum and pink salmon and steelhead
trout; 2) determine the tolerance to multiple dewatering regimes (4, 8, 16 and
24 hrs daily) on pre-~ and posthatching stages of each species; 3) determine
the tolerance to cumulative multiple dewatering regimes (4, 8 and 16 hours
daily) throughout all developmental stages; 4) determine survival rates for
each of the above dewatering regimes in specific gravel substrates; 5) determine
the quality of fry surviving each dewatering regime and 6) determine the
intragravel behavior of pre-emergent fry to dewatering in selected gravel

substrates.

oy



4.0 STUDY AREA

The Skagit River, with headwaters in Canada, flows south across the
international boundary through a reservoir complex made up of Ross, Diablo
and Gorge reservoirs, then continues generally west where it enters salt water
near Mount Vernon, Washington. The Skagit is one of the largest rivers
flowing into Puget Sound. There are three major tributaries to the Skagit
River: the Cascade River, which flows in at the town of Marblemount at
river mile (RM) 78.1; the Sauk River, which enters near Rockport at RM 67.0;
and the Baker River, which flows in at Concrete at RM 56.5. Numerous
additional small tributaries enter the Skagit River.

These studies were conducted primarily in the Skagit River between
Newhalem and the confluence of the Sauk River. This area of the Skagit River
immediately downstream of Newhalem is most affected by operation of SCL dams.
A map showing the Skagit River study area is presented in Fig. 1. The
locations of U.S. Geological Survey gaging stations, salmon hatchery and
laboratory and rearing facilities operated by WDF and WDG are also indicated.

The 1980 daily maximum, minimum and mean gage heights at Newhalem and
Marblemount are presented in Figs. 2 and 3, respectively. The gage heights

have been converted into discharge in cubic feet per second.
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5.0 METHODS AND MATERIALS

5.1 Escapements, Spawner Distribution and Area Spawned

Boat and aerial surveys (helicopter or fixed wing) were conducted by WDF
to estimate the Skagit system natural spawning escapements and distributions
for chinook (summer-fall and spring), pink, chum and coho salmon and by WDG
to estimate the steelhead trout escapement. The distribution of steelhead
spawners per various river section was determined by plotting the general
locations of the redds on recent aerial photos of the river.

Aerial photographs of the Skagit River between Newhalem and the Sauk
River were taken on October 6, 1980, two weeks after the peak of the
chinook salmon run. This date corresponded to a time of relatively low flow
and provided an opportunity to document the potential exposure of chinook redds
to dewatering. Since most of the redds remained visible on this date the area

spawned and spawner distribution were determined more accurately.

5.2 Adult Spawning Behavior

Chinook salmon females selecting redd locations in less than two feet of
water were chosen for study. Two methods were employed: the first involved
marking individual female chinook which had initiated their spawning activity,
and the second involved marking redds in their initial stages of construction.
In the first few days of the study, chinook females were spotted digging redds
in shallow water and were marked by snagging them on the back with a trebble
hook, to which a flag of surveyor's tape had been attached. This method of

tagging was abandoned because it was very difficult to be certain that the

&
e
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desired female was tagged. Actively spawning females were always accompanied
by several males, and a positive determination of which fish in the group

was marked was difficult. Subsequent marking was accomplished by entangling
female chinook from selected redds with a drifted 6 1/2 inch mesh gill net.
This capture method allowed for positive identification of females as well

as determination of their condition, i.e. unspawned, partially spawned or
spawned out. Peterson disk tags with tabs and flagging were utilized to
mark the chinook females captured in the gill net. Color combinations were
utilized to uniquely identify each female. The area sampled was from RM 78
to RM 83, |

Observations by boat and on foot were made daily to record spawning
behavior patterns in the river in general and of marked females specifically.
Concurrent with the marking of female chinook, redds located in depths of
two feet or less were marked by placing painted rocks near the redd. Only
those redds which were newly initiated were marked. These redds were monitored
daily to determine when subsequent digging activity and eventual completion
of the redds occurred,

The fluctuating flows during the chinook study period were monitored
via the U.S.G;S. stream gage at Marblemount (No. 12181000). The general flow
cbnditions were monitored with spot checks of the gage, and details on daily
flow fluctuations were determined from the U.S.G.S. flow records after the
field observation period. The daily range of flow fluctuations during this
study period were influenced by maintenance activity at Gorge Power House,
which restricted generating capacity. This activity restricted the maximum

powerhouse discharge to about one-half its normal maximum but did not influence



minimum flows in 1980.

For chum salmon two sampling locations were selected for the marking of
females and observation of their spawning activity. These sites were the
Thornton Creek side channel at RM 90 and Marblemount Slough at RM 78. These
discrete spawning areas were selected because it was believed that they
offered the best opportunity to mark unspawned females entering a spawning
area where they could be subsequently observed.

To capture females for marking, a 6 1/2 inch mesh gill net was set to block
the study slough or side channel below an area of known spawning activity.
The net was set at nightfall and fish were picked from the net for tagging
immediately after becoming entangled.

Unspawned and partially spawned females were marked for individual
identification with color-coded Peterson disk tags with backup plastic tabs.
The disks were 1 inch in diameter and the tabs were 3/4 inch wide by 3 inches
long. Daily observations on foot were made in Marblemount Slough to record
the general spawning activity of chum salmon and the specific activity of

the marked females.

5.3 Steelhead Temperature Unit Requirements

One ripe female steelhead and two males were obtained from the WDG
Barnaby Slough rearing station on March 31, 1980. Eggs wefe stripped from
the female and milt from the two males added to the eggs, mixed, and allowed
to stand for 1 min., The eggs were rinsed several times, permitted to water-
harden for 30 min and transported to three sites on the Skagit River at Newhalenm

(RM 92), Sutter Creek (RM 70), and Rockport below the Sauk (RM 65). Fifty
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eggsAand 3/4 inch gravel were loaded in 17 oz perforated freezer containers.
A set of ten containers was placed in each of three expanded metal cages
which in turn.were positioned on the river bottom at each of the three
locations. Approximately six weeks after the fertilization and planting

date of March 31, one container was removed from each location and subsequent
containers removed at two-week intervals, A Ryan thermograph was used to

monitor water temperature in the river near the incubation containers.

5.4 Instream Incubation Tests

Field incubation studies were initiated with chum salmon in two side
channels of the Skagit River in which this species is historically known to
spawn. The upper site opposite the mouth of Thornton Creek at RM 90 is 4.2 mi
downstream from Gorge Powerhouse and experiences the full magnitude of flow
fluctuations. The lower site, designated Marblemount Slough, at RM 77.5 is
- 16.7 mi downstream of Gorge Powerhouse and experiences somewhat dampened flow
fluctuations due to unregulated tributary inflow.

Skagit chum salmon eggs, fertilized on approximately December 10, 1979,
were obtained from the Skagit Tribes Cooperative at the eyed stage on
January 19, 1980. Groups of fifty eggs were mixed with 3/4 inch gravel and
placed in either perforated plastic freezer containers or Witlock-Vibert
(W-V) boxes. Ten freezer containers were positioned double-file, in 8-inch
deep trenches and covered with substrate at each of four depths. The staff
gage heights of these depths at the time of planting were 0.5', 1.0', 1.5' and
2.5" and corresponded to Newhalem and Marblemount gage heights of 85.07 ft and

4.17 ft, respectively. The eggs buried to 2.5' staff gage height (Y 3.0' egg

oy
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depth) were considered unlikely to be dewatered and served as controls,

In addition, a Ryan thermograph was buried at each of the four artificial
redd depths to determine the rate of temperature unit (TU) accumulation and
to detect any significant temperature fluctuation that could be attributed
to a dwatering event.

Following planting, a freezer container and/or W-V box was removed every
two weeks from each redd depth and the developmental stage and live-to-dead
ratios of the eggs or alevins wereArecorded. ’The eggs were preserved in
Stockard's solution and the alevins in 10 percent formalin for subsequent

analysis.

5.5 Laboratory Incubation Tests

5.5.1 Experimental Facilities

An experimental hatchery facility was constructed at the Skagit Salmon
Hatchery to test the effects of controlled flow fluctuations on salmonid eggs
and alevins. The 116-m2 laboratory was supplied with fresh spring-fed Clark
Creek water at the raté of 19 L/sec. This water was pumped through a 7 1/2 hp
Peabody Barnes (Model 15 CCE) self-priming centrifugal pump (with second pump
plumbed in tandem for back-up) into two head tanks located adjacent to the
building. These tanks provided a 3-m head of water which was gravity-fed
into a series of 16 1.22 by 2.44 m water tables (modified from Hickey et al.
1979). Each table (Fig. 4) was divided into four separately controlled
compartments and contained a total of 128 10 cm diameter by 38 cm long PVC
incubation cylinders. The cylinders had flat stock PVC bottoms and 8 screened

4 cm diameter holes located in the lower 10 cm (Fig. 4). Water entered a
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false bottom on each compartment and upwelled through each of 32 cylinders
per section., Removal of a vertically adjustable plug near the bottom of each

section dewatered that section to desired levels.

5.5.2 Artificial Redds

Eggs and milt were obtained from chinook salmon spawned at the University
of Washington Fish Hatchery and transported separately in cooled containers
to the Skagit Salmon Hatchery. Groups of eggs were then fertilized with water
activated sperm as needed. Similar procedures were repeated with'coho salmon
obtained from the Skagit Salmon Hatchery and steelhead trout from Barnaby
Slough steelhead rearing pond. A limited number of chum salmon were acquired
at the eyed egg stage from the Skagit Hatchery.

Following fertilization 50 eggs were added to each cylinder which had
been half filled with gravel. The remainder of the cylinder was then filled
with gravel. The four gravel sizes used in the various tests were designated
as large (range from 1.35 to 5.08 cm), medium (0.67 to 2.67 cm), small (0.33
to 1.35 cm) and mixed gravel (0.08 to 5.08 cm). The mixed gravel approximated
the gravel composition found in chinook redds sampled in the Skagit River.
Water entered through the screened holes, upwelled through the gravel and
bflowed out two 3.2 mm diameter holes drilled 2.5 cﬁ from the top of each
cylinder. The water velocity through each cylinder was set at 300 cm/hr. A
water bath continuously flowed around the upper half of each cylinder to
maintain a controlled temperature for dewatered eggs. Each dewatered cylinder
retained about 5 cm of water in the bottom to simulate a source of humidity

in the natural environment.
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5.5.3 Physical Parameters

Physical parameters that were monitored during the study were temperature,
humidity and dissolved oxygen. The water temperature in the head tank was
recorded on a Ryan J-90 (three-month) thermograph. Temperatures in the nine
selected experimental redds were monitored by 9 probes connected to an Applied
Research Austin (ARA) electronic thermometer and Scanner (SO-20) and recorded
on an ARA recorder (Model 400). Relative humidity inside and outside the

laboratory was measured daily with a Taylor sling psychrometer.

5.5.4 Experimental Design

Experiments designed to test the effects of static or dewatered conditions
caused by flow reduction or cessation utilized a 4 x 4 factorial design. Static
or dewater stresses of 4, 8, 16 or 24 hrs (continuous) per day and the four
gravel sizes previously described were tested. Each table was designed to
test four different static or dewatered conditions and four gravel sizes as
the environmental variables. Individual sections were dewatered for 4, 8 or
16 hrs/day. The remaining section was used as a control which received a
continuous flow of water. Sectionms in another table were used for the

continuous (24 hr/day) dewatering test and control. These experimental

Stresses were tested over two life stages of the embryo: 1) fertilization
to eyed, and 2) eyed through hatching. Long-term effects were tested
through the entire fertilization to hatching period (Stages 1 and 2).
Not all experimental conditions were tested for each species due to shortages
of eggs or design modifications. Experiments not performed are specifically
mentioned in the results.

A large number of replicates were designed into each treatment to allow

P
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repetitive sampling without replacement. Sampling consisted of removing

a series of cylinders each week from the test compartments, The contents of
individual cylinders were emptied onto a sampling table and mortalities were
recorded. Sampling frequency was increased as hatching began. All live
embyros were placed in a compartmentalized Heath incubator and allowed to

develop at normal water flow.

5.5.5 Fry Quality

At button~up stage a sample of 30 alevins, or if less, as many as were
available, was removed from the Heath incubator from selected test conditions
and preserved in 10 percent formalin. To establish a correction factor for
the effect of preservation on length and weight changes over time, four
groups of 30 untested and Heath incubated alevins were weighed on a top-
1oading Mettler balance (PN 1210) to the nearest hundredth of a gram (0.01 g)
and measured from the tip of the snout to the fork of the tail to the nearest
half millimeter in the fresh state and on subsequent dates in the preserved

state. The formula used in computing condition factors was

(weight in g) x 105
(length in mm)3

5.5.6 Intragravel Behavior

Intragravel behavior studies were conducted in two different experimental
chambers. Early studies on chinook were conducted in clearvplexiglas cylinders
similar to the standard PVC incubation cylinders. Later studies on steelhead

were in specially constructed plexiglas aquaria. These aquaria were 12.7 cm

oy
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wide, 62 cm high and 77 cm long with two water inlets for separately
controlled laminar or upwelling flow (Fig. 5).

In posthatching sampling of all dewatered and static artificial chinook
redds the number of alevins recovered from the bottom of the cylinder was
recorded to determine if intragravel movement had occurred. If the alevin
had successfully moved to the bottom of the cylinder in dewatered tests it
could survive in the five cm of water retained.

Studies of later stage‘alevins were conducted in clear plexiglas cylinders
to facilitate observations of movement. Samples of 10 pre~emergent alevins
near button-up were placed in the flowing water above the gravel in plexiglas
cylinders. The water was turned off and drained at the rate of 30 cm per
minute. The four gravel sizes tested were large, medium, small and mixed.
After 30 minutes the cylinders were sampled and the relative location of the
alevins in each cylinder was recorded to determine if intragravel movement had
occurred. Alevins that moved to the bottom of a cylinder could survive in
the water retained.

Posthatching movement of coho alevins was also determined by recording
the number of alevins collected from the bottom of each cylinder at sampling
time. Intragravel movement of later stages of pre-—emergent coho alevins was
observed in the clear plexiglas cylinders utilizing the same methods used for
chinook alevins.

Immediate posthatching movement of steelhead alevins was recorded as the
number of alevins successfully moving to the bottom of the cylinder as in the
chinook and coho studies. More intensive observations were made on the later

stages of pre-emergent steelhead alevins by utilizing the plexiglas aquarium.
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Steelhead alevins at various stages of development were placed in the plexiglas
aquaria and movement was recorded as water was drained at rates ranging from
2.5 em/hr to 30 cm/hr. Three gravel sizes tested ranged in size from 1.25 to
1.9 ¢cm, 1.9 to 2.5 cm, and 2.5 to 3.9 cm in diameter. Laminar flow was used

in all tests.

5.6 Fry Stranding

5.6.1 Survey Sites and Techniques

The gravel bars studied in this program are representative of the
Skagit River between Newhalem and the mouth of the Sauk River. The spacing
of the study bars reflects a gradation in substrate composition, bar slope
and tributary inflow, The average size of gravel bar substrate and bar
slope decrease downstream. Conversely, the tributary inflow increases
downstream.

Three gravel bars on the Skagit River between the Gorge powerhouse and
the confluence of ﬁhe Sauk River were selected for examination. These were
the Thornton Creek site (RM 90.2), Marblemount Bar (RM 78.2) and Rockport
Bar (RM 67.7) (Fig. 1). Parallel transects twenty feet wide were spaced
along these bars at one hundred foot intervals, perpendicular to the flow
line. During a stranding survey the areas within the transects were examined
first and the areas between transects were then examined. This practice was
discontinued after the second survey because the number of fry within
transects was low, and it was more efficient to survey back and forth between
the high and low water lines from one end of a grével bar to the other and

back again.
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The observation crew initially consisted of two persons per gravel
bar but as we gained experience it required only one person per bar to collect
the data. All observations began at daybreak to prevent loss of fry on
the study sites due to scavenging by birds. The samplers were instructed
to collect only fry which wére visible without moving substrate material.
The goal was to obtain a relative index of stranding at various ramp rates,

not estimates of total number of fry killed.

5.6.2 Monitoring of Fry Abundance

An electroshocker, Smith Root Type VII, was used to monitor the
abundance of fry along the study gravel bars. Electrofishing was conducted
the afternoon prior to each downramp test. Two hundred feet of shoreline
out to a depth of about 1.5 feet were sampled. During the 1980 sample period
the area electrofished was two one-hundred foot sections separated by about
300 feet of shoreline. During the 1981 sample period the area electrofished

was a continuous two hundred foot section of each gravel bar.

5.6.3 Stream Flow

Seattle City Light regulated the discharge at Gorge powerhouse according
to a request to provide prespecified downramp rates between a high flow of
greater than 5,000 cfs and a minimum flow of 2,300 cfs. Comparisons were made
between the U.S.G.S. records for the Newhalem (No. 12-1780) and Marblemount
(No. 12-1810) gages to determine the level of tributary inflow during the
downramp tests, The flow comparison was made during the stable minimum flow

period following each downramp cycle.
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5.6.4 Index of Stranding

The counts of all fry found stranded within the survey area of each
study gravel bar were recorded by species; The raw count of stranded chinook
fry was converted to an index number by theAfollpwing steps:

1) Adding one to the count and multiplying by ten. This data transformation
created numbers which could be adjusted for the abundance and tributary
inflow factors and still result in an integer value, which facilitated
presentation and comparison of stranding indices.

2) Dividing by the chinook fry abundance factor. This was doneAto adjust
for fluctuating fry abundance. Assuming all other variables being equal,
a changé in fry abundance adjacent to the study sites would change the
stranding rate and the change would be directly proportional to the
change in abundance.

3) Multiplying By the tfibutary inflow factor. This was done to adjust for
fluctuations in tributary inflow. Assuming all other variaBles being
equal, a change in tributary inflow would cause a directly proportional
change in stranding rate.

The abundance and tributary inflow factors were computed by dividing all
the observations in each data set by the lowest value in each set. Thus the
day with the lowest chinook abundance for a given site in a give year has a
factor of 1.0. Similarly, the day with the lowest tributary inflow has a
- factor of 1.0. The tributafy inflow was factored over both years because the
basic river channel and study bars had only minor changes in configuration
between years. However, the abundance factor was computed independently for

each year because the locations for electrofishing within each study site were
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changed between years.

Although all fry found stranded were enumerated only the chinook fry
were utilized for the fry abundance and stranding index calculations because
their populations were considered to be of a more stable "resident" nature

than the pink and chum fry.

5.6.5 Downramp Rate vs. Stranding

The stranding indices for chinook fry at each study site were compared
to the rates of downramping with graphic display. The actual downramp rates
achieved on each observation date were computed utilizing change-in-flow records
from the U.S.G.S. Newhalem gage and the time frame for the flow change from
Seattle City Light power generation strip charts for the Gorge powerhouse
output. The SCL time data were utilized because they were on a finer scale
than U.S.G.S. data allowing greater accuracy in determining the start and end
of a power/flow reduction cycle. Power generation at Gorge powerhouse and
flow at the Newhalem gage changed simultaneously because the gage is located
immediately downstream from the Gorge powerhouse tailrace.

When all the actual downramp rate data are a&ailable the functional
relationships between downramp rate and fry stranding will be explored.
Preliminary analysis indicates that variance in downramp rates will account

for a significant portion of the observed variance in fry stranding.

%
e

oy



22

6.0 RESULTS AND DISCUSSION

6.1 Escapements, Spawner Distribution and Area Spawned

6.1.1 Salmon

The data presented in this section update those previously compiled by
Graybill et al. (1979).

The Skagit system natural spawning escapements estimated for 1978-1980
by WDF for summer-fall chinook, pink, chum and coho salmon are presented in
Table 1. The escapemeﬁt levels for summer—fall chinook, pink and coho were
comparable to previous years. A particularly strong high cycle (even-year)
escapement was estimated for chum salmon in 1978 (115,200) and a less than
average escapement in 1980 (21,350).

Escapement levels to the Skagit Hatchery racks for 1978 to 1980 are shown
in Table 2.

Tables 3 and 4 list chinook salmon redd counts made by WDF from helicopter
and fixed wing surveys from 1977-1980. As in past years, two river sections,
Bacon Creek to Diobsud Creek, and Diobsud Creek to Cascade comprising 17.7
percent of the river miles above the Sauk accounted for approximately 40 per-
cent of the total spawning.

Aerial photographs were taken of the Skagit River between Newhalem and
the Sauk River on October 6, 1980. The percentage distribution of redds
observed in most river sectioﬁs were similar to the percentages of redds

counted in those sections from the helicopter and fixed-wing surveys (Table

N

5). The total area spawned as determined from the photographs was 58,810m

or 2,162 mz/mi. The river section with the greatest area spawned per river

0y
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Table 1. Estimated Skagit River system spawning escapements (Washington
Department of Fishe;'ies).l

Summer-fall

Year chinook Pink Chum Coho
1978 13,209 - 115,2002 9,800
1979 13,605 336,000 16,575 28,000
1980 20,345 - 21,350 21,000
1

WDF — R. Orrell, personal communication.

2 Revised from 1976 and 1977 tagging studies.
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Table 2. Salmon escapement to the Skagit Hatchery racks 1978—1980.l

Year Coho Chinook Pink Chum
1978 11,078 88 284
1979 11,792 267 384 8
1980 21,893 1,010 17
1l

WDF, J. Clayton, personal communication.
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mile, 5,365 mz, was Diobsud Creek to Cascade River (Table 6). The date on
which the aerial photographs were taken coincided with a time of relatively
low flow, Marblemount mean gage height of 2.06 ft. Examination of the
aerial photographs did not reveal any redds dewatered at this flow level.
Other low-flow days and Marblemount gage heights during the chinook spawning
season were as follows: September 16 — 1.89; September 17 — 2,08; September
18 — 2.03; September 27 — 1.96; and September 28 — 1.89. The minimum flow
on any of these dates was 1.80 on September 18, The difference between this
gage height reading of 1.80 ft and 2.06 ft on October 6 is 0.26 ft and
consequently it is unlikely that any chinook redds were dewatered during

the spawning season.

Salmon production in the Skagit River is supplemented by the Skagit
Salmon Hatchery located near Marblemount which is maintained and operated
by the Washington Department of Fisheries. Fish production from the Skagit
Hatchery and fish plants in the Skagit system between Boyd Creek (river mile
[RM] 44.7) and Newhalem are summarized in Table 7 for the period 1978 to
1981. The principal species produced in recent years have been spring-

summer-fall chinook and coho salmon.

6.1.2 Steelhead Trout

The Skagit system naturally spawning steelhead escapements for 1977-1978
to 1980-1981 estimated by WDG are summarized in Table 8. These are the
first years for which escapement estimates were available, so comparisons
with previous years are not possible.

Aerial surveys were conducted during the 1979 to 1981 steelhead spawning

season for the Skagit and Sauk rivers by WDG. Steelhead redd counts from
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Table 7. Fish production of the Skagit Hatchery ana fish plants by WDF in
the Skagit system from Boyd Creek (river mile 44.7) to Newhalem,

1978-1981.
Number of Fish
Fish plants by WDF
in the Skagit system
Year Brood Skagit Hatchery from Boyd Creek
planted  year Species production to Newhalem
1981% 1979 Spring chinook (yr) 53,881 53,881
1980 Summer chinook (fg) 570,840 570,840
1979  Summer chinook (yr) 242,358 242,358
1980 Fall chinook (fg) 720,987 720,987
1979 Fall chinook (yr) 559,507 559,507
1980 Coho (fg) 485,000 480,000
1980 Coho - (fr) 1,464,940 0
1979  Coho (yr) 1,126,594 657,276
*Plant as of July 29, 1981
1978 Spring chinook (yr) 18,950 18,950
1980 1978  Summer chinook (yr) 463,539 463,539
1979 Fall chinook (fg) 1,111,250 1,111,250
1978 Fall chinook (yr) 581,047 581,047
1979 Coho (fg) 820,165 459,514
1978  Coho (y1) 2,154,250 991,150
1979 Chum (fr) 7,656 7,656
1979 1978 Spring chinook (£fg) 1,872 1,872
1977 Spring chinook (yr) 72,501 51,080
1977 Summer chinook (yr) 397,000 397,000
1978 Fall chinook (fg) 961,289 961,289
1977 Fall chinook (yr) 779,000 779,000
1978 Coho (fr) 1,079,448 955,032
1977 Coho (yx) 919,398 743,510
1978 1977 Spring chinook (yr) 10,080 10,080
1976  Spring chinook (yr) 22,051 22,051
1977 Summer chinook (yr) 147,900 147,900
1976  Summer chinook (yr) 147,066 147,066
1977 TFall chinook (fg) 119,848 119,848
1976 Fall chinook (fg) 149,862 149,862
1977  Coho (fg) 1,358,456 1,050,647
1976  Coho (yx) 1,169,830 753,598
1977 Chum (fg) 5,820,000 5,820,000
1977 Pink (fg) 4,300,000 4,300,000
* yr = yearling (270 + days reared)
fg = fingerling (14-269 days reared)
fr = fry (0-14 days reared)
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Table 8. Estimated Skagit River system steelhead spawning escapements (WDG).

Mainstem Skagit Tributaries
1977-1978 1425 5869
1978-1979 913 3030
1979-1980 1248 4761

1980-1981 1897 3538
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these surveys are presented in Tables 9-11. Spawning generally commenced in
mid-March and extended through June. Peak counts of 67 and 427 in the mainstem
Skagit and 73 and 23 in the Sauk occurred on June 9, 1980 and May 22, 1981
respectively. In 1979 surveys were not conducted beyond April, so a peak

count could not be obtained.

Based on the 1980 and 1981 peak counts approximately 80 percent of the
redds were located in the mainstem Skagit (from Sedro Woolley to Newhalem)
with 20 percent in the mainstem Sauk (primarily from the mouth to Darrington) .
The section of the Skagif mainstem most heavily spawned extended from the
Cascade River to the Sauk River.

Catch statistics for the Skagit River system, calculated and compiled.

by WDG, are presented for 1977 to 1981 in Tables 12-14.
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Table 12. Sport harvest of Skagit system winter-run (November-April)
steelhead trout, 1977-1978 through 1980-1981 from creel census

data (WDG).

Year Skagit Sauk Suiattle Cascade Total
1977-1978 2383 178 - 82 2643
1978-1979 4027 211 - 5 4243
1979-1980 3058 ’ 248 — 8 3314

1980-1981 2270 172 - 27 2469
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Table 13. Sport harvest of Skagit system summer run (May-October) steelhead
trout, 1977-1980 (WDG). TFigures are corrected for nonresponse

bias.
Year Skagit Suiattle Cascade Sauk Total
1977 281 21 42 60 383
1978 210 - 44 139 393
1979 197 - 20 71 288

1980 341 - 61 160 562
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Table 14. Skagit system Treaty Indian harvest of winter-run steelhead,
1977-1978 through 1980-1981 (WDG).

Steelhead taken

1977-1978 4250
1978-1979 4886
1979-1980 . 4199

1980-1981 2949
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6.2 Adult Spawning Behavior

6.2.1 Chinook

The flows during the chinook observation period were relatively stable.
The change in flow conditions is reflected in the daily changes in stream
height at the Marblemount gage (Figs. 6 and 7). The mean change in stream
height for the observation period was 0.80 feet with a maximum of 2.43 feet
on September 19 and a minimum of .11 feet on September 16. The overall
range in stream height for the entire observation period was 2.52 feet. This
represents a range of flows at Marblemount from 1,770 cfs to 9,030 cfs. The
mean discharge for the study period was 3,570 cfs measured at Marblemount.

The tagging locations and identifying coloré for the 29 female chinook
tagged from 9/3/80 to 9/16/80 are presented in Table 15. Only 9 (31 percent)
of the marked females were completely unspawned at the time of harking. . This
is an indication of the high degree of difficulty associated with capturing
these "target" fish. It should be noted that the use of flagging glued to
the plastic strip was discontinued after the 20th fish was tagged. The
flagging lacked durability and tore from the plastic strips in one to three
days after liberation of the marked fish,

The locations and activity of the observed marked females are presented
in Table 16. The general conditions for observation of the chinook spawning
activity and marked females were generally good (Table 17). A chronological
summary of tagging and observatibn dates is presented in Table 18. Five of
the chinook females tagged with the Peterson disk tags were not seen after
liberation. Four of these were partially spawned at the time of tagging and

the stress of the tagging operation may have caused a delayed mortality in
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Table 15.

Skagit summer-fall chinook tagging data, 1980.

Date Location Ref. Tagging Data
No. °
2
» Disk Tab Flagging
9/3/80 Right bank riffle at R.M. 81.2 1 R none none pink
L none none none
*"Snag tag" used
Uncertain of sex of fish
9/3/80 Right bank riffle at R.M. 78.1 2 R none none blue
L none none none
*"Snag tag" used
Uncertain of sex of fish
9/3/80 Left bank riffle at R.M. 78.7 3 R none none Orange
L none none none
*"Snag tag" used
Uncertain of sex of fish
9/8/80 Right bank riffle at R.M. 78.1 4 R pink pink pink
L pink pink pink
Fish was nearly spawned out
9/8/80 Right bank riffle at R.M. 78.1 5 R red red white
L red red white
Fish was unspawned
9/8/80 Left bank riffle at R.M. 78.3 6 R yellow yellow yellow
L yellow yellow yellow
Fish was one-half spawned out
9/8/80 Left bank riffle at R.M. 82.5 7 R pink pink pink
L pink pink pink
Fish was three-fourths
spawned out
9/8/80 Right bank riffle at R.M. 78.1 8 R yellow yellow yeliow
L yelliow yellow yellow

Fish was one-fourth spawned
out
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Table 15. Skagit summer-fall chinook tagging data, 1980 (continued).

° Tagging Data
Ref. } ©
Date Location No. | » Disk Tab Flagging
9/8/80 Right bank riffle at R.M. 78.1 9 R pink pink pink
L yellow yellow yellow
Fish was one-fourth spawned out
9/9/80 Right bank riffle at R.M. 78.3 | 10 R orange red orange
‘ L orange red orange
Fish was three-fourths spawned out
9/9/80 Left bank riffle at R.M. 78.7 11 R pink pink pink
L pink pink pink
Fish was three-fourths spawned out
9/15/80; Left bank riffle at-R.M. 78.6 12 R pink yellow yellow
L pink yellow yellow
Fish was one-fourth spawned out
9/15/80f Left bank riffle at R.M. 78.6 13 R orange white white
L orange white white
Fish was one-fourth spawned out
9/15/80f Left bank riffle at R.M. 78.3 14 R orange red orange
» L orange red orange
Fish was unspawned
9/15/80f Right bank riffle at R.M. 78.1 | 15 R yellow yellow yellow
L yellow yellow yellow
Fish was three-fourths spawned
out.
9/16/80] Left bank riffle at R.M. 81.9 16 R pink pink pink
L pink pink pink
Fish was unspawned
9/16/80] Left bank riffle at R.M. 82.5 17 R orange red orange
L orange red orange
Fish was unspawned 4
9/16/80f Left bank riffle at R.M. 82.5 18 R orange red white
L orange red white
Fish was one-fourth spawned out
9/16/80] Right bank riffle at R.M. 81.2 | 19 R yellow yellow yellow
L yellow yellow yellow
Fish was one-half spawned out
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Table 15. Skagit summer-fall chinook tagging data, 1980 (continued).

Tagging Data
Ref. } &
Date Location No. s Disk Tab Flagging
9/16/80 | Left bank riffle at R.M. 79.0 20 R yellow red none
L vellow red none
Fish was unspawned
9/16/80 | Left bank riffle at R.M. 79.0 21 R pink pink . pink
L pink pink pink
Fish was nearly spawned out
9/16/80 | Right bank riffle at R.M. 78.3] 22 R white red none
L white red none
Fish was unspawned
y/16/80 | Right bank riffle at R.M. 78.1] 23 R | white red none
L white red none
Fish was unspawned
9/16/80 | Right bank riffle at R.M. 78.1] 24 R pink pink none
L pink pink none
Fish was unspawned
9/16/80 | Right bank riffle at R.M. 78.1} 25 R yellow red none
L yellow red none
Fish was one-fourth spawned
out
9/16/80 { Right bank riffle at R.M. 78.1] 26 R orange yellow none
L orange yellow none
Fish was one-half spawned out
9/16/80 | Right bank riffle at R.M. 78.1} 27 R white blue none
L white blue none
Fish was three-fourths
spawned out
9/16/80 | Right bank riffle at R.M. 78.1} 28 R orange green none
L orange green none
Fish was three-fourths
spawned out
9/16/80 | Right bank riffle at R.M. 78.1} 29 R orange white none
| L orange white none
[ Fish was unspawned
{
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Table 17. Observation dates and conditions for Skagit summer-fall chinook, 1980.

Date Type Survey Location(s) ' Observation Conditions
9/3/80 Boat Survey RM 78 to RM 85 Good, flow moderate, water clear,
weather clear
9/4/80 Boat Survey RM 78 to 83 Good, flow moderate, water clear,
weather clear
9/5/80 Boat Survey RM 78 to 83 Good, flow modérate, water clear,
‘ weather clear
9/6/80 Foot Survey RM 78.1 to RM 78.3 Good, flow low,
Spot Checks RM 78.5 to RM 78.6 water clear,
RM 78.65 to RM 78.75 weather clear
9/7/80 Foot Survey RM 78.1 to RM 78.3 Fair, flow low,
Spot Checks RM 78.5 to RM 78.6 water clear, weather
RM 78.65 to 78.75 overcast and raining
9/8/80 Boat Survey RM 78.0 to RM 83.0 Good, flow moderate, water clear,
weather clear
8/9/80 Boat Survey RM 78.0 to RM 83.0 Good, flow moderate, water clear,
' weather clear :
9/10/80 Foot Survey RM 78.1 to RM 78.2 Good, flow moderate, water clear,
weather clear
9/11/80 Foot Survey RM 78.1 to RM 78.2 Good, flow moderate, water clear,
Boat Survey RM 78.0 to RM 83.0 weather clear
9/12/80 Boat Survey RM 78.0 to RM 83.0 Fair, flow moderate, water clear,
weather overcast
9/13/80 Boat Survey RM 78.0 to 83.0 Good, flow low, water clear,
weather clear
9/14/80 Boat Survey RM 78.0 to 83.0 Good, flow low, water clear,
weather clear
9/15/80 Boat Survey RM 78.0 to 84.0 Good, flow moderate, water clear,
weather clear
9/16/80 Boat Survey RM 76.0 to 83.0 Good, flow moderate, water clear,
i weather clear
9/17/80 Boat Survey RM 78.0 to 83.0 Good, flow low, water clear,
weather clear
9/18/80 Boat Survey RM 78.0 to 83.0 Fair, flow moderate, water clear,

weather cloudy and raining

N
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Table 17. Observation dates and conditions for Skagit summer-fall chinook, 1980 (continued).

Date Type Survey Location(s) Observation Conditions

9/19/80 Boat Survey RM 78.0 to 83.0 Poor, flow moderate, water
slightly turbid, weather overcast
and raining hard

9/21/80 Boat Survey RM 78.0 to 83.0 Poor, flow moderate, water

moderately turbid, weather cloudy
and raining
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these fish. The majority (13 of 21) of the females observed after marking
were seen the next day in the vicinity of their redds. The determination
that marked females were spawned out was the result of recapturing marked
females while attempting to capture additional females for marking.

There was some variance in behavior but individual females generally
returned to the same redd once it had been started. Only one female (No. 5)
was observed spawning in two different locations. It was also noted that
females stayed at their redds through moderate changes in flow. It was not
uncommon to see females occupying redds with six inches to a foot of water
over their backs remain on these redds when reduced flows partially exposed
their backs. When further flow reductions nearly completely dewatered some
active redds the females left the redds but returned later at increased flows.

While observing redds marked with painted rocks we observed only two
redds out of twenty-five that were not judged to be completed. Both of these
were started duringra high flow period associated with a rain storm. After
the rain storm these redds were frequently dewatered.

The general pattern of activity indicated that the female chinook would
complete their redds if the flow levels provided adequate flows over the redd

site for at least several hours each day.

6.2.2 Chum

The flows during the chum observation period were moderately high and
very stable (Figé. 8 and 9). Spot checks of the Marblemount gage indicated
flows ranging between 5,950 cfs and 8,950 cfs over the entire observation
period, which represents a stream height fluctuation of 0.80 feet. The

U.S.G.S. records were not examined for this period because there were no
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observed flow fluctuations which restricted the spawning distribution or
activity of the chum salmon.

The tagging locations and identifying colors for the 7 female chum
tagged from December 1, 1980 to December 7, 1980 are presented in Table 5.

The small number of "target" females tagged is partially a reflection of
the small chum escapement in 1980 and the degree of difficulty involved in
capturing unspawned females on the spawning grounds.

The locations and activity of the observed marked females are presented
in Table 19 and a chronological summary of tagging and observation dates are
presented in Table 20. The general conditions for observation of chum
spawning activity and marked females (Table 21) were fair to excellent. A
chronological summary of tagging and observation dates is presented in
Table 22. The marked females were seldom observed on redds. Only 4 of the
16 observations of marked females weré of females on redds, There were no
occasions when chum females were forced from their redds by reduced flows.

It is possible that the tagging of the females or the presence of observers
discouraged them from remaining on or near their redds. Another possibility
is that the low density of spawners gave the females little incentive to guard
their redds, For whatever reason, the small amount of time that marked females

were spending on or near redds appeared unusual,
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Table 19. Skagit chum salmon tagging data, 1980.

Tagging Data
Date Ref. Color No.
Time Location No. Disk Tab
12/1/80 Mouth of Marblemount Slough 1 White Orange 3946
1900 hrs
12/1/80 Mouth of Marblemount Slough 2 White Pink 3943
1930 hrs
12/3/80 Marblemount Slough
1600 hrs 100 yds above mouth 3 Orange Yellow 1074
12/3/80 Marblemount Slough
1630 hrs 100 yds above mouth 4 Orange White 1073
12/3/80 Marblemount Slough
1730 hrs 100 yds above mouth 5 Orange Orange 1072
12/7/80 Marblemount Slough 6 Orange Pink s 1071
1130 hrs 120 yds above mouth
12/7/80 Marblemount Slough 7 Yellow White 4959
1830 hrs 120 yds above mouth
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Table 21. Observation dates and conditions for Skagit chum salmon, 1980.

Date Type Survey Location Observation Conditions

12/1/80 | Foot Survey Marblemount Slough Night tagging operation, not a real

Mouth of Slough only observation,

flow high, water clear

12/2/80 | Foot Survey Marblemount Slough Excellent, flow moderate, water clear,
weather cloudy

12/3/80 | Foot Survey Marblemount STough Excellent, flow moderate, water clear,
weather cloudy

12/4/80 | Foot Survey Marbiemount Slough Excellent, flow moderate, water clear,
weather cloudy

12/5/80 | Foot Survey Marblemount Slough Excellent, flow moderate, water clear,
weather cloudy

12/7/80 { Foot Survey Marblemount Slough Excellent, flow moderate, water clear,
weather cloudy

12/8/80 | Foot Survey Marblemount Slough Excellent, flow moderate, water clear,
weather cloudy

12/9/80 | Foot Survey Marblemount Slough Excellent, flow moderate, water clear,
weather cloudy and snowing

12/10/80| Foot Survey Marblemount Slough Good, flow moderate, water slightly
turbid, weather cloudy and raining

12/12/80| Foot Survey Marblemount Slough Fair, flow moderately high, water
slightly turbid, weather overcast
and raining

12/14/80| Foot Survey Marblemount Slough Excellent, flow moderate, water clear,
weather cloudy

12/15/80| Foot Survey Marblemount Slough Fair, flow moderate, water moderately
turbid, weather cloudy

12/16/80% Foot Survey Marblemount Slough Fair, flow moderately high, water clea
weather cloudy

12/17/80) Foot Survey Marblemount Slough Excellent, flow moderate, water clear,
weather clear

12/18/80 | Foot Survey Marblemount Slough Good, flow moderate, water clear,

I

weather overcast
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Table 21. Observation dates and conditions for Skagit chum salmon, 1980 (continued}.

Date Type of Survey Location Observation Conditions

12/19/80 | Foot Survey Marblemount Slough Fair, flow moderate, water clear,
weather overcast and raining

12/20/80 | Foot Survey Marblemount Slough Fair, flow moderate, water clear,
weather overcast and raining
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6.3 Steelhead Temperature Unit Requirement

Hatching of steelhead eggs occurred at all three sites between sampling
dates of May 15, 1980 and June 1, 1980. The length of time between sampling
dates did not permit an accurate estimate of the temperature units (TU) to
hatching. All groups appeared to reach emergence condition (button-up) by
June 30 and required approximately 1,050 TU's.

The unavailability of additional fish at later dates precluded incubation
studies at the warmer temperature regimes of the Skagit River experienced by
the peak of the natural séawning run in mid- to late-May. These gaps in
information will be filled by electrofishing and hydraulic sampling data to

be acquired in summer of 198l.

6.4 Instream Incubation Tests

Egg boxes used to test instream flow fluctuation effects on chum salmon
were planted on January 19, 1980 and removed at biweekly intervals from the gravel
at each of the four redd depths at each site from February 2 to March 28, 1980.
The live-to-dead ratios of eggs and alevins in freezer containers for the
Thornton Creek and Marblemount Slough sites are presented in Tables 23 and
24, respectively. Similar data for the Whitlock-Vibert boxes at the Thornton
Creek site are presented in Table 25. Some mortality was detected as early
as two weeks following planting. However, most of the embryos had died in
all groups at about the time of hatching, which occurred between February 15
and 29. During the course of the incubation study at the Thornton Creek site

the freezer container incubator boxes appeared to provide 