











relatively low availability of chinook salmon to the sport, commercial, and
subsistence fisheries in the Pacific Northwest and Alaska.

Recently, quotas have been further restricted due to the listing as
threatened or endangered of some chinook stocks in the Pacific Northwest. In
Alaska, the commercial chartering business and sport fishing in general have
expanded rapidly, increasing the fishing pressure and the demand for chinook
salmon. At the same time, the traditional commercial troll fishing fleet has
struggled to keep it's limited catch quota, which in recent years has resulted in
only a 5-10 day fishing season for chinook salmon. The declining quotas cmd
escalating fishing pressure are increasing the demand for chinook salmon
enhancement efforts.

To increase chinook salmon stocks, current enhomcem.ent efforts in
southeast Alaska emphasize the hatchery production of smolts. However, chinook
fry must rear for up to a year before they smolt and are physiologically ready for
release to the sea. By that time, a hatchery has invested substantial resources into
producing each chinook smolt. The cost to produce an adult chinook salmon also
depends on ocean survival, and survival of hatchery smolts (often less than 1%)
often has been below that estimated for wild smolts (Wedemeyer et. al. 1980).
However, recent aquaculture methods are increasing smolt to adult survival rates

of hatchery reared chinook salmon.
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Production of wild chinook salmon is limited to four river systems in
southeast Alaska (Holland et. al. 1983). Wild chinook typically rear in large
mainland rivers (Heard 1982), and there are few large rivers on the islands that
constitute most of Southeast Alaska. The chinook salmon indigenous to southeast
Alaska are dll spring run fish which spawn in mid-summer.

Biologists hypothesize that, although other salmon species are common,
chinook do not occur in most island streams because summer stream
temperatures frequently rise above 10°0C, a potentially lethal threshold level for
chinook eggs (Donaldson 1955; Cooms and Burrows 1957; Heming 1982). Other
salmon species either spawn after mid-summer or their eggs are more tolerant of
higher stream temperatures.

Another theory is that the relatively small island streams in southeast
Alaska do not provide the appropriate habitat necessary for juvenile chinook
salmon to coexist with the more aggressive juvenile coho salmon (anorhynchus
kisutch), which are abundant in thousands of southeast Alaska streams. Taylor
(1991) found that juvenile coho were more aggressive than chinook in selecting
habitat. He also found that although juvenile chinook used faster water and
shallow riffle areas more, they made greater use of pool habitats when coho were
not present.

Although streamm temperatures may be lethal to chinook eggs and juvenile
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coho may out-compete chinook, the rearing habitat in islond streams may none-
the-less be suitable for juvenile chinook salmon. Many streams in southeast
Alaska contain substantial amounts of salmonid rearing habitat, but no salmon,
because barrier falls limit or preclude upstream migration. Fish ladders have
been constructed on some streams to provide upstream access [for indigenous
salmon runs], but many streams have large or multiple falls or other
characteristics that make fishpass construction impractical. Still other streams
contain high quality habitat but not in sufficient amounts to justify the substantial
investment required for a fish ladder. Currently, these streams do not produce
salmon.

Although it is not economically feasible to establish self-sustaining runs of
salmon by installing fish passage on some streams, these streams might be used
to produce salmon at relatively low cost. Chinook fry can be stocked into suitable
habitat above barriers to rear naturally. Except for periodic monitoring, no
investment is required after the initial stocking. Fry obtain the cover and food they
need from the natural stream. Stocking hatchery-incubated chinook fry into these
river systems may be a cost-effective enhancement method to increase the
number of chinook salmon available to the sport, subsistence, and commercial
fisheries in southeast Alaska.

The goal of this study was to describe the habitat utilization, instream
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movements, survival, and growth of chinook salmon fry stocked into a southeast
Alaskan stream where anadromous fish were not present because 'of a barrier to
upstream movement.

Before implementing any stream stocking program, the quality, cmount and
distribution of stream habitat must be determined to prevent over or under
stocking. If a stream is understocked, the enhancement potential is not being
moximized; if overstocked, excess fry emigrate immediately to saltwater where
most do not survive (Pritchard 1940; Crone and Bond 1976; Flain 1982; Neilson and
Geen 1986; Unwin 1986). Unwin (1986) reported that up to 98% of migrating
juvenile chinook in a New Zealand stream were emergent fry that migrated
because of a lack of available rearing area and intense population pressure.

Information on movement and survival of stocked chinook fry also is needed
to assess feasibility of this enhancement and to improve stocking techniques.
Little is known about the survival of chinook fry stocked into Alaskan streams.
Survival should be determined for both the fry to smolt and smolt to adult life
stages to determine how each contributes to adult returns. Growth rates also are
useful as first year growth has been shown to affect subsequent survival, growth
and maturation of chinook salmon (Neilson and Geen 1986).

Chinook salmon fry have been stocked above barriers in several

Northwestern states primarily to accelerate use of stream habitat above a new
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fishpass. Monitoring, when done, was usudlly incomplete. Juvenile chinook
salmon were released into the Wind River drainage in Washington after
constructing a fishpass at a barrier falls (Wahle and Chaney 1981). The project
produced a significant chinook run.

Recent studies in southeast Alaska have focused on lake rearing, due to the
success of stocking other salmonid fry into lakes (Blackett 1979; Crone 1981).
However, chinook fry stocked into lakes have not performed well, possibly due to
infection by Diphyllobothrium (Hard 1986; Heintz pers. comm. 1988). Poor
performance could partly be attributed to chinook salmon not being adapted for
lake rearing.

Southern Southeast Regional Aquaculture Association (SSRAA) stocked
juvenile chinook salmon into Carroll River near Ketchikan (Holland et. al. 1983).
Relatively large juvenile chinook (72.8 mm and 4.4 g) were stocked above a barrier
falls; a chinook run existed downstream of the falls (Coombs 1982). Limited
monitoring indicated that chinook stocked farthest upstream were more likely to
remain in the stream.

The Alﬁska Department of Fish ond Game stocked chinook fry into the
Farragut River system above a barrier falls. Eggs taken from the indigenous
chinook salmon below the falls were incubated in a nearby hatchery. Fry were

then stocked back into the system. Only adult survival was monitored. Returns of
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coded wire tagged chinook in the commercial fisheries indicated that fry to adult
survival was greater than 1 percent, which was higher than the average survival
[< 1%] for hatchery reared smolts (Collinsworth 1990).

None of the projects outlined above provided the information to determine
if stocking fry in southeast Alaska streams above barriers could effectively
increase chinook salmon production. No information was available on stocking
typically smaller island streams which have no natural chinook salmon runs. The
Chinook Salmon Plan for Southeast Alaska (Holland et al. 1983) stated these two
research objectives in the evaluation of stocking streams as an enhancement
strategy: 1) to define rearing habitat for chinook salmon and develop criteria to
determine stocking densities; and 2) to investigate above-barrier stocking and
subsequent downstream movement.

To address these research objectives, The Alaska Department of Fish and
Game and the U. S. Forest Service funded this study at Indian River in northern
southeast Alaska (Figure 1). This clear water stream was recommended in the
Chinook Salmon Plan (Holland et al. 1983) as an "excellent study site" because it
has barrier falls at the downstream end, no indigenous chinook fun, and road
access along its entire mainstem. This thesis reports the research completed for
the chinook fry stocked into Indicm River in May 1988. Objectives of the research

presented in this thesis were to
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1)

2)

3)

4)

Describe within stream movement of juvenile chinook salmon.

Determine the effects of temperature, stream flow, cnd

location on chinook salmon smolt emigration timing.

Assess the influence of stream temperature and location

on the seasonal growth rates of juvenile chinook salmon.

Determine the site-specific survival rate of stocked

juvenile chinook salmon.
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STUDY AREA

Indian River drains into the north side of Tenakee Inlet on Chichagof Island,
Alaska (Figure 1). A large island, Chichagof Islomd is approximately 5,000 square
kilometers. The Indian River watershed and nearby town of Tenakee Springs are
located in aremote part of the Tongass National Forest and are ac;cessible from
other cities and towns only by float plane or boat. The area is undeveloped,
except for logging activities. Tenakee Springs, population about 200, is located
on Tenakee Inlet about 1.5 km south of Indian River. Very few people visit the
Indian River watershed above the lower barrier falls. Brown bear Ursus arctos,
and beaver Castor canadensis are abundant in the watershed. The more common
bird species which are potential predators on either young or adult fish include

the bald eagle Haliaeetus leucocephalus, American dipper Cinclus mexicanus,
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Figure 1. Location and map of the Indian River in southeast Alaska.
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common merganser Mergus merganser, belted kingfisher Ceryle alcyon, and
great blue heron Ardea herodias.

A medium to large island system, Indian River has a watershed of 6800
hectares and a main stream length of 18 to 20 km. Stream flow data was
available for Indiom River from data collected in 1980 by Army Corps of Engineers
who studied the river for potential dam sites. The mean cnnual flow near the
outlet is 3.85 m®%s, ranging from a mean January flow of 0.85 m®/s to a mean
September flow of 5.58 m%s.

A series of five vertical and cascading falls, impassable by anadromous
fish, are located in the downstream 2 km of the main river (Figure l).. Dolly Varden
char (Salvelinus malma) are the only fish species resident upstream of the falls.
The 1.5 km section downstream of the falls contains indigenous runs of pink
salmon Oncorhynchus gorbuscha, chum salmon Oncorhynchus keta, and coho
salmon. Coastal sculpin Cottus aleuticus, and a few steelhead trout
Oncorhynchus mykiss also occur in this downstream section. Indicm River has no
natural chinook salmon run, and it is located in the non-sensitive zone for chinook
(i.e. no streams in the area contain chinook), minimizing the risk of introducing
disease to or genetically diluting a native stock.

Above the barrier fdlls, gradient of the main stream is low (0 to 2%) for most

of its length. Before 1985, U. S. Forest Service fish biologists reported that
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approximately 15 km of stream above the falls had good to excellent rearing
habitat for salmonids.

Access is provided by alogging road, beginning east of the mouth of Indian
River and continuing along the river's east side and beyond the upstream end of
the watershed. About 15 percent of the old-growth Sitka spruce Picea sitchensis
and western hemlock Tsuga heterophylla forests within the watershed were
logged between 1981 and 1986, but impacts on stream habitat were minimized by
adherence to streamside protection guidelines. Red alder Alnus rubra, Sitka
alder Alnus sinuata, Pacific red elder Sambucus callicarpa, blueberry Vaccinium
spp. and salmonberry Rubus spectabilis are common. Beaver ponds and sedge
Carex sp. meadows are prevalent in the valley bottom.

The study area above the barrier falls was divided into two sections based
on the channel type classification system (CTCS; Paustian 1992). The CTCS is
used on the Tongass National Forest to hierarchically classify stream channels by
size, location in the watershed, adjacent landforms, gradient, hydraulic control,
and riparian vegetation. The 4.4 km stream section located just upstream of the
falls is LC1 channel type (Figure 1), which is characterized by third to fifth order,
valley bottom, low to moderate (1-3%) gradient, moderate (mean = 4m) incision,
bedrock control, moderate (mean = 16m) bankfull width and a single channel.

The upstream 14 km section is flood plain FP4 channel type (Figure 1),
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characterized by third to fifth order, valley bottom, low (< 2%) gradient, shallow
(< 2m) incision, alluvium control, moderate (mean = 15m) bankfull width and
multiple channels. Beaver ponds and secondary channels are located adjacent
to the stream throughout the FP4 section, which contains most of the available
salmonid rearing habitat. All the chinook salmon fry stocked in 1986 and 1988 at
the Indian River were stocked within the FP4 stream section. In-1986, the FP4
stream section was divided into five approximately 3 km reaches which were each
stocked with about 10,000 fry. In 1988, the FP4 stream section was divided into

three approximately S km reaches which were each stocked with about 87,000 fry.
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METHODS

BACKGROUND: 1986 STOCKING

The resident fish and habitat in Indian River were sampled in 1985. Indian
River was sampled between 23 and 28 July 1985 to determine the abundance, size
and disease status of resident Dolly Varden. Water chemistry and fish disease
samples were taken in July 1985 and sent to Alaska Department of Fish and
Game's (ADF&G) limnology and pathology labs, respectively. The pathology lab
tested for bacterial kidney disease (BKD), infectious hepatic necrosis (IHN) and
Diphyllobothrium.

Habitat at Indian River was sampled in July 1985 to determine if the
available rearing habitat justified a stocking project. Ten representative sample
sites were randomly selected from aerial photos. Three sample sites were

located in the LC1 section, and seven sites were in the FP4 section. One of the FP4
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sites occurred where the river braided into two channels. This site was
subdivided to reaches aand b. At each site, 30 m reaches were established, and
habitat maps were drawn on graph paper by a two person crew using a metric
stadia rod and 50 m tape. (Note: the 30 m reaches were expanded in 1988 to
utilize natural habitat breaks for boundaries.) Surface area (m? of the following
habitat characteristics was determined by planimeter: water depth (shallow = <
0.5 m or deep = > 0.5 m); water velocity (slow = <0.30 m/sec or fast = >0.30
m/sec); and cover (undercut bank, woody debris, riparicn vegetation, boulder, no
cover). Cover parameters were differentiated by water depth and velocity
(Appendix A and B).

Before the 1986 stocking, measurements from the three sample sites within
the LC1 channel were extrapolated over the estimated 4,400 m of that stream
section, and the data from the FP4 channel was extrapolated over the estimated
14,000 m of that stream section. Pool habitat and cover were the criteria used to
determine stocking density. These are important habitat components for
determining the suitability of a stream for cnadromous salmonids during the
freshwater rearing phase of their life cycles (Everest and Chapman 1972; Brusven
et al. 1986; Meehan et al. 1987).

Upstream of the fdlls, total available pool area was estimated to be 130,060

m?, and total pool area with cover was estimated to be 37,970 m?% Habitat was
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estimated for the mainstem of Indicm River and did not include off-channel rearing
areas.

The carrying capacity for Indicm River was estimated at two fry per m? of
pool water surface. This was based on natural chinook salmon fry densities
recorded in the literature, which range from 0.3 to 2.9 fry per m_2 stream area
(Everest and Chapman 1972; Johnson 1980; Carl 1984).

Indian River was initially stocked with 51,000 chinook salmon fry (Andrews
Creek stock) from Hidden Falls Hatchery in June 1986. Fry averaged 0.7 g and
43.6 mm (fork length). All fry were stocked in the FP4 stream section. The fry were
marked with coded-wire tags in five groups of 10,000 fish, and each group was
stocked in a different approximately 3 km reach. The coded-wire tags (CWT) are
injected into the nose of the fry, and the adipose fin also is clipped to mark the fish.
The CWT has bar coding which, when read under a microscope, can identify a
fish by its stocking group.

During 26-30 July and 3-9 September 1986 cnd 19-24 Aprii 1987, stream
reaches were sampled with minnow traps to collect data on habitat selection by
juvenile chinook and resident Dolly Varden, and movement and growth rate of
juvenile chinook. The September sample included 106 chinook collected for
coded-wire tag analysis to determine movement from original stocking section.

During the April 1987 sample, captured juvenile chinook were marked with caudal
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fin punches before being released.

A smolt weir was constructed across Indian River and operated from 28
April until out-migration had nearly ceased on 10 June 1987. The weir was placed
3 km upstream of tidewater, alocation just downstream of the FP4 stream section
and the five stream reaches stocked in 1986 (Figure 1). The weir trap was
checked about five times daily, depending on flows and number of fish migrating.
Captured fish were placed into a holding pen and processed during the night or
the following morning. Fish captured at the weir were measured (fork and total
length + 0.5 mm), weighed (+ 0.05 g), enumerated and examined for marks.
Smolts were only weighed for the first week, when an electronic Ohaus Port-a-
gram balance was available.

Smolts recaptured at the weir bearing marks applied upstream in April
1987 were used to calculate a mark-recapture estimate of the total yield of chinook
smolts. Population estimates were derived using Chapman's modification of the
Peterson mark-recapture formula (Ricker 1975):

N=M+I)C+1
R+1

where:
N = population estimate

M = number of fish marked
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C = number of fish in recapture sample

R = number of marked fish in recapture sample

For the weir datq, the conditions of MC > 4N and R > 4 were met, thereby
minimizing statistical bias (Ricker 1975). The 95% confidence limits were
determined by treating the number of recaptures as a Poisson variable. The
observed number of recaptures (R) determined the value of x (Appendix II in
Ricker 1975), and upper and lower limits for recaptures were read from the Table
at a confidence coefficient of 0.95. The new values for recaptures were substituted
into the equation for N to obtain the 95% confidence limits.

Between 29 April and 4 June 1987, 99 chinook smolts collected at the weir
were sacrificed for CWT analysis. These fish provided information on fry to smolt
survival relative to original stocking location. A fyke net and trap were installed
just below the downstream barrier falls from 19 May until 11 June 1987 to check the
condition of chinook smolts passing over the {dlls.

Indian River was sampled with minnow traps between 3 and 5 August 1987
to look for juvenile chinook salmon left in the river after the initial spring, 1987
smolt run. A total of 144 traps were set in 6 sample sites where chinook fry had
been captured during the July and September 1986 sampling.

Limited funding during 1986 and 1987 did not allow enough sampling of
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habitat use and fry survival to reach definitive conclusions. However, the sampling
during this initial stocking provided baseline data and knowledge used to
formulate hypotheses, to identify future sampling needs and to generally improve
sampling methods. Data from this 1986 stocking are used for comparisons with

data from the 1988 stocking.
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SUMMARY OF METHODS TO ACCOMPLISH THESIS OBJECTIVES

The methods used to accomplish the four study objectives of the 1988 chinook
salmon fry stocking are summarized in Tables 1, 2, 3 and 4. These methods are

described in detail in the following three major sections.
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Table 1. Methods used to accomplish Objective 1: Describe
within stream movement of juvenile chinook salmon.

Time Period

Method

Pre-Stocking

1988 Stocking

Post Stocking
Monitoring

1989 Smolt
Yield

60,000 of the 260,000 chinook fry at
Snettisham Hatchery were batch-marked in
3 different lots with coded-wire tags.

Three groups of 88,000 fry, each group
with 20,000 identically coded wire tagged
fry, were stocked in three separate
stream sections.

A fyke net was set near the river mouth
for the first week after stocking to
determine the number of chinook fry
immediately emigrating the stream. Fish
with coded-wire tags were collected and
then analyzed at the ADF&G Tag Processing
Lab.

Indian River was sampled in May, June,
July, August, & October 1988 and in April
1989 using traps and an electrofisher.
Chinook with clipped adipose fins were
collected to determine movement patterns.

Juvenile chinook were marked with site
specific caudal punches during the April
1989 sampling.

. A weir was constructed and maintained

above the barrier falls from April 21 to
June 19, 1989. Smolts captured at the
welr were examined for marks to provide
information on chinook movement.

Each day, coded wire tagged smolts
captured at the weir were collected to
determine their stocking location.

METHODS
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Table 2. Methods used to accomplish Objective 2:
Determine the effect of temperature, stream flow, and
location on chinook smolt emigration timing.

Time Period

Method

Pre-Stocking

1989 Smolt

Post Smolt
Monitoring

. A Datapod temperature recorder was

installed in the Indian River to provide
daily (every 2 hours) stream temperature

readings through July 1989.

. A weir was constructed and maintained

above the barrier falls. Captured
chinook smolts were checked for site
marks to determine emigration timing
from original marking location.

. A staff gauge was read several times

daily and stream flow levels were
recorded.

Sites were trapped and snorkled to
determine the presence or absence of
holdover juvenile chinook.

. A basin wide survey was completed to

provide an accurate measure and
description of the stream habitat.
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Table 3. Methods used to accomplish Objective 3: Assess
the influence of stream location and temperature on the
seasonal growth rates of juvenile chinook salmon.

Time Period

Method

Pre-Stocking

1988 Stocking

Post Stocking
Monitoring

1989 Smolt
Yield

Post Smolt
Monitoring

A Datapod temperature recorder was
installed in the Indian River to provide
daily (every 2 hours) stream temperature
readings through July 1989.

Representative samples of fry were
weighed at the hatchery before stocking.

Indian River was sampled periodically
from June to October 1988 and in April
1989 using traps and an electrofisher.
Captured juvenile chinook were measured
and weighed.

A welr was constructed and maintained
above the barrier falls. Captured
chinook smolts were measured and weighed.

A basin wide survey was completed to
provide an accurate measure and
description of the total habitat
available throughout the stream.
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Table 4. Methods used to accomplish Objective 4: To
determine the site-specific survival rate of stocked
juvenile chinook salmon.

Time Period

Method

Pre-Stocking

1988 Stocking

Post Stocking
Monitoring

1989 Smolt
Yield

Post Smolt
Monitoring

1.

60,000 of 260,000 chinook fry from
Snettisham hatchery were batch marked
with 3 different coded wire tag numbers.

Three groups of 88,000 fry, each group
with 20,000 identically coded wire tagged
fry, were stocked in three separate
stream sections.

. Mortality from stocking was monitored.

Dolly Varden were sampled to determine
predation on juvenile chinook.

. A fyke net was set near the river mouth

for the first week after stocking to
determine the number of chinook fry
immediately emigrating the stream.

Indian River was sampled from June to
October 1988 and in April 1989 using
traps and an electrofisher to determine
an index of abundance at several study
sites. Juvenile chinook were marked
with site specific caudal punches.

. A weir was constructed and maintained

above the barrier falls. Captured

smolts with April site marks were used to
calculate a mark-recapture population
estimate of total smolt yield in 1989.

Each day, coded wire tagged smolts
captured at the weir were collected to
determine their stocking location.

Sites were trapped and snorkled to
determine the presence or absence of
holdover juvenile chinook.
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MOVEMENT OF CHINOOK FRY

Pre 1988 Stocking

Based on the results of the 1986 stocking, biologists from the Forest Service
and the Alaska Department of Fish and Game decided to increase the stocking
level to about 260,000 chinook salmon fry (Andrews Creek stock) in May 1988. As
in 1986, fry were stocked into the Indian River FP4 stream section upstream of the
barrier falls (Figure 1). These fry were incubated at the ADF&G Snettisham
hatchery where they hatched and reared for several weeks before stocking.
During the first week of May, 60,000 fry were divided into three groups of 20,000
individuals, and all fish in each group received the same CWT nmber. About
260,000 (determined by weight) fry were then divided into three groups, each

containing one of the tag groups.

1988 Stocking

A helicopter, equipped with cn oxygenated 300 | container, transported the
260,000 fry to Indian River on 6 May 1988. A maximum density of 0.23 kg of fry/l of

water was used for transporting fry. About 87,000 fry were transported in each of
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3 trips.

The helicopter landed as close as possible to the stream, and fish were
quickly transferred by draining the 300 I container through a 12 m long, 7.6 cm
diameter hose to a holding pen in the stream. It required less than 1 min to
transfer all 87,000 fry. The three holding pens were placed in the upstream 5 km
reach, midstream 5 km reach, and downstream S km reach of the FP4 stream
section. Fry were left in the holding pens and observed for 24-48 h before actual
stocking began.

After the 24-48 h waiting period, fry were distributed throughout the
available habitat, with each of the three CWT groups stocked in a different 5 km
stream reach, with a 100 to 200 m length of stream left unstocked between each
of the three 5 km reaches (Figure 1). This was done to determine movement and
survival of fry relative to stocking location. . Fish were released monually in order
to spread the fry evenly throughout each stocking section. Distribution was
accomplished using a dipnet and a pack frame/Rec-pack containing 10 to 25 1 of
water. [t required two days for three workers to stock all 260,000 fry.

The first group of about 87,000 fry were stocked in the upper 5 km of the FP4
stream section at Indian River (Figure 1). About 1,000 of the 87,000 fry were
stocked in small beaver ponds/channels connected to the stream in this reach.

The number of fry stocked into beaver ponds was determined by counting the fry
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in one full dip net and then counting only the number of full nets released and
multiplying for a total estimate. The error for number of fry stocked into ponds was
approximately + 50%.

The second group of chinook fry were stocked in a 5 km stream reach just
downstream of the upper 5 km reach (Figure 1). About 1,000 of these fry were
stocked in a beaver pond channel (BP3), and another 2,000 fry were stocked in
another beaver pond (BP2) connected to the stream in this middle reach.

The remaining 87,000 fry were stocked in a 5 km stream reach just
downstream of the middle 5 km reach (Figure 1). About 1,000 of these fry were

stocked in one beaver pond (BP1) connected to this lower stream reach.

Post 1988 Stocking

For the first five days following stocking, a fyke net was placed in the river
(width = 26 m), 1.5 km upstream from tidewater, near the barrier falls. The 0.85
mm mesh nylon fyke net with a | m square opening cnd the anchoring system
were a slight modification of those described by Craddock (1961) and Davis et al.
(1980). The fyke net opening faced upstream in a fast flowing (> 0.3 m/sec) stream
section. To insure retention of all fry entering the fyke net, 0.4 mm mesh nylon

netting was sewed onto the fyke net mesh. The fyke net was checked once daily
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to enumerate captured fry. Fry with clipped adipose fins were collected for CWT
analysis to determine emigration relative to original stocking location. Tag
recoveries were read at the ADF&G tag processing lab in ]uneoru;

On 10 May, dafter dll fry were stocked, the tidal area of Indian River was
sampled with a beach seine for three hours. On 11 May, 28 minnow traps (3.17
mm mesh) were set for six hours in pools below the downstream falls to check for
presence of emigrating chinook fry. Two people also visually searched for
emigrating chinook fry in the stream section from the barrier falls to tidewater.

Rearing chinook juveniles were sampled periodically throughout the
summer and fall of 1988. The sampling periods included: June 8-17; July 6-11 & July
13-15; August 4-10; and October 12-14. In 1988, additional sample sites (BP1, BP2
and BP3) were established at three beaver ponds/channels adjacent to the FP4
stream section. The F1 and F7 sample sites were located in the upstream 5 km
reach; the F2, BP2, and BP3 sample sites were located in the middle 5 km reach;
and the F3, F4, F5, F6, and BP1 sample sites were located in the lower 5 km reach.
The L1, L2, and L3 sample sites were located in the unstocked LC1 stream section.
At least one sample site within each of the three stocked reaches, and all three
pond sites were sampled during each field trip, except for the BP2 site in June.

During the 1988 sampling periods, each sample site was saturated with 3.17

mm (1/8 in) mesh minnow traps. Minnow traps were baited with salmon eggs
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placed in perforated Whirl-Pac or Ziploc bags. Each minnow trap was numbered
and its location within the stream reach was marked on a reach map. Traps were
set a minimum of 2 m apart and for 2 to 3 h. Captured fish were anesthetized
using a dilute tricaine methanesulfonate (MS-222) solution, measured, and
marked prior to being released at their capture site. Marks were round caudal
punches made with a filed-down 18 gauge syringe needle. Fin punches were
small compared to total fin surface areqa, and I made the assumption that the fin
punches would not dalter behavior of the fish.

The same study sites were then sampled with an electrofisher or retrapped
within 4 d. Upon recapture, fish were anesthetized, enumerated, measured,
weighed and examined for marks. Depletion sampling (multiple removals with cn
electrofisher) was used several times to collect fish and provide a population
estimate.

To determine movement patterns, chinook juveniles with clipped adipose
fins were collected during the recapture sampling. Between 9 May and 13
October, a total of 423 chinook juveniles with clipped adipose fins were collected
for CWT analysis. [ made the assumption that the small percentage of chinook
removed for CWT analysis were replaced by emigration/immigration prior to
sampling the next month. At the three sampled ponds, adipose-clipped chinook

were collected to determine if chinook juveniles were moving into the ponds from
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the river. Between 8 June and 13 October 1988, a total of 10, 15 and 25 adipose
clipped chinook were collected at pond sites BP1, BP2 and BP3 respectively for

CWT analysis at the ADF&G tag laboratory.

1989 Pre-Smolt Marking

Juvenile chinook salmon in Indian River and the adjacent beaver ponds
were sampled with minnow traps between 10 April and 16 April 1989, and later in
two beaver ponds, BPZ on 1 May and BP3 on 4 May. All captured fish were
counted, measured and marked. Before being released at their capture location,
marked chinook were held for 30 to 60 min to check for marking/handling related
mortality. Juvenile chinook were identifiably marked according to their capture
location. This was done using different caudal fin punch combinations to
correlate to each sampled stream location. Chinook captured in ponds also were
given distinctive marks. Seven juvenile chinook in two beaver ponds were
collected for CWT andlysis to determine over-winter movement from the river into
the ponds. Other adipose-clipped chinook with April or May site marks provided
movement information if the fish were collected later at the river sfnolt weir.

During April no chinook were marked in the upper stream section due to

an unusually heavy snow pack which limited access to the lower and middle
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stream reaches. This required the assumption that chinook smolts in the lower
and middle reaches of Indian River emigrated during approximately the same

time periods as those in the upper stream reach.

1989 Smolt Yield

A weir was constructed and operated on the river 3 km upstream of
tidewater (Figure 1). This location was the downstream end of the FP4 channel
type and the three reaches stocked with fry. The weir was operated from 20 April
1989 until smolt out-migration had nearly ceased on 19 June 1989. The weir trap,
similar to those described by Milner and Smith (1983), spanned the width of the
river and was checked approximately five times daily, depending on flows and
number of fish migrating. All captured fish were placed into a holding pen and
processed during the night or the following morning. Large Dolly Varden were
kept separate to avoid predation on smaller fish. Fish captured at the weir were
measured (fork and total length + 0.5 mm), weighed (4 0.05 g), enumerated and
examined for marks. After processing, fish were placed into a second holding
pen downstream of the weir and released the following evening.

The estimated trap capture and retention efficiency was determined from

the recapture of fish marked at the weir. To check on daily efficiency, 10 (or less
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if 10 were not available) captured smolts were marked with a small fin punch and
released 500 m upstream of the river weir prior to each evening's smolt movement.

Smaller weirs were constructed on the outlets of two beaver ponds (BP2
and BP3). Vexar screening (8.5 mm), hardware cloth (6.4 mm) and sand bags
completely screened off the outlet channels to funnel fish into a trap at each pond.
The one direction traps, constructed of 2 x 4 framing, plywood, and hardware cloth
(6.4 mm), were about 1 m high x 0.5 m wide x 0.7 m long. Fish captured
emigrating from the ponds were counted, measured, examined for marks, and
marked (if no previous marks) before being released downstream. Most fish were
weighed. The weir marks were a mid-caudal + upper caudal punch at the BP2
pond and a lower caudal + upper caudal punch at the BP3 pond. These marks
were made with the sharpened 1.5 mm end of a mechanical pencil.

Coded-wire tagged smolts collected at the pond weirs, and those marked
at the pond weirs and later collected at the main river weir provided information

on juvenile chinook movement into and out of ponds.

SMOLT EMIGRATION TIMING

All chinook smolts captured at the river weir in 1983 were examined for marks.

Smolts with marks given upstream in April 1989 provided information on smolt
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emigration timing relative to distamce (marking location) upstream. Also, tagged
smolts collected at the weir provided information on emigration timing relative to
distance upstream.

A staff gauge was constructed near the weir site, and readings of stream
flow were taken several times a day. A Gurley current meter was used in 1987 to
correlate the staff gauge readings to measured stream discharge (cfs). Smolt
emigration timing was compared with stream discharge.

The DP112 temperature recorder was removed from the ﬁver in August
1989. The information stored in the recorder was transferred into a computer
database. Temperature readings were compared with growth rates and with

smolt emigration timing.
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GROWTH OF CHINOOK FRY

Pre 1988 Stocking

Between 18-21 April 1988, before chinook salmon were stocked, sampling
with minnow traps was completed at four sites in the lower and middle FP4 stream
reaches and at one beaver pond (BP3) site adjacent to the middle FP4 reach. The
purpose of this sampling was to determine the age-length relationship for resident
Dolly Varden char. Dolly Varden were measured, and otoliths were taken from
two to five fish in each 5 mm size class to determine age. In the beaver pond,
otoliths were collected from 18 fish, ranging in size from 74 to 135 mm (fork length).
In the river, otoliths were collected from 39 fish, ranging in size from 46 to 130 mm
(fork length). Otolith growth rings were read using a dissecting microscope.

An electronic temperature recorder (Omnidata DP112) installed in Indian
River in May 1988 recorded average stream temperature every two hours through
August 1989. Hand thermometers also were used to measure temperatures.

Three samples of chinook salmon fry were weighed at the hatchery on 3
May 1988, a few days before stocking. A group of 146 fry averaged 0.57 g; a group
of 112 fry averaged 0.56 g; and a group of 170 fry averaged 0.54 g. The mean size

of all 428 fry was 0.55 g.
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Post 1988 Stocking

Between June and October 1988, all chinook captured at each sample site
were measured, and approximately 10 fish in each 5 mm size category (40-45 mm,
45-50 mm, etc.) were weighed (4-0.05 g) using an electronic balance. This data
was used to determine growth rates of chinook juveniles. Resident Dolly Varden

also were measured and weighed.

1989 Pre-Smolt Marking

Juvenile chinook salmon were sampled with minnow traps in Indiom River
and the adjacent beaver ponds in April 1989. These fish were enumerated,
measured and marked. The length and weight measurements provide site

specific information on over-winter growth of chinook juveniles.

1989 Smolt Period

Chinook smolts captured at the river weir were measured and weighed.

This provided size information on chinook smolts leaving the watershed in 1989.
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Out-migrating smolts captured at the two beaver pond weirs also were measured

and weighed. This provided information on the size of pond reared smolts.
Instantcmeous growth rates (G) were calculated for each sampling time

interval, measured in days, between the initial stocking cnd the smolt out-

migration using the formula:

G = (log, W, - log, W )/(days)

where W, and W, = weight at time 1 and time 2 respectively.

Two sample unpaired t-tests were used to determine the significance of the
effects of rearing location and time on chinook growth and smolt weight.

We noted the general condition of fish captured at all weirs. This included
the overall appearance (scales missing, etc.) and susceptibility of fish to handling

injury. Condition also was calculated using the standard formula (Becker 1973):

Condition (K) = (W) x 100,000
(L)

where: K is the coefficient of condition,
W is the weight (g) of the fish,
L is the length (mm) of the fish,

and the factor 100,000 brings the value of K near unity.
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SURVIVAL OF CHINOOK FRY

1988 Stocking

Mortdlity due to stocking was calculated by counting dead fry in the holding pens

after the 24-48 h waiting period.

Post Stocking

For the first five days following stocking, the | m fyke net cabtured chinook
fry emigrating downstream out of the river. The number of emigrating fry was
estimated by multiplying the number of captured fry by 26, the stream width.

After stocking the fry, stream sections in the FP4 habitat area were sampled
ddily from 9 May to 12 May 1988. An electrofisher was used to capture chinook fry
and Dolly Varden. Dolly Varden were measured, and individuals greater than 80
mm fork length were sampled to determine the presence or absence of chinook
fry in the stomach. Stomachs were cut open and contents examined. This
sampling continued periodically from May until August 1988. A total of 86 Dolly
Varden stomachs were examined. This information  established

presence/absence of Dolly Varden predation on stocked chinook fry. The
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information also provided an estimate of the extent of predation (% Dolly Varden
with fry in stomach) relative to Dolly Varden and chinook fry size.

The periodic sampling between June and October 1988 provided data on
changing population densities at several sampling sites. The ratio of marked to
unmarked fish was used to calculate a population estimate for that site. Mark-
recapture methodology was used with the minnow traps, as one time sampling
with minnow traps does not provide accurate population estimates (Bloom 1976).
Population estimates were derived by using Chapman's modification of the
Peterson mark-recapture formula (Ricker 1975) as described earlier in the
"Background: 1986 Stocking" section. Mark-recapture population estimates of
juvenile coho salmon were found to be more accurate than removal and snorkel
population estimates in small Oregon coastal streams (Rodgers et al. 1992).

Multiple removals with an electrofisher were used several times to collect
fish and determine population estimates. Effort for each sampling pass was
recorded, and replicated electroshocking runs were spaced at least two hours
apart. For depletion sampling, population estimates were derived using a
declining catch removal method (Schnute 1983).

When two removal passes were made, population estimates were made
using the formula:

N - —U]__
1-U,/U,
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Where: N = estimate of population size
U, = number of fish captured on the first pass
U, = number of fish captured on the second pass
With two removal passes, the estimated probability of capture of a fish on one
removal pass is (Armour et al. 1983):
p=1-U/,
A 95% confidence interval for N is calculated using the following formulas:
sample variance of N = M (1-M/N)
A-B
Where: M = U, + U,
A = (M/N)*
B = (2p)XU,/U)) = (2p)(1-p)
The standard error of N or se(Nn) is the square root of the variance.
A 95% confidence interval for N is equal to N + 2 x se(N). If the effort (shock time)
varied between pass 1 and pass 2, the catch for pass 2 Waé adjusted by
multiplying it by:

Effort in pass 1
Effort in pass 2.

Population estimates were used to calculate juvenile chinook density

relative to the stream habitat within a sample site. This information was used to
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determine the change in juvenile chinook populations over time. Daily
instantaneous mortality rates also were calculated using the following equation

(Ricker 1975):

Z = -(1)AIn [(N)Y/N,]

where Z = instantameous mortdlity rate, N, = population estimate at second
sampling period, N, = population estimate at first sampling period, and t = time
between estimates in days.

Assumptions for population estimates included no mortality of marked fish
and no emigration or immigration between the mark and recapture sampling
periods. The large size and flow of this stream made it impractical to enclose the
sampling areas with nets. However, during electroshocking, nets were placed at
the downstream end of sampling sites where possible. Sampling reach
boundaries were chosen where natural habitat breaks were present to minimize
emigration and immigration of fish. These habitat breaks included shallow riffle
areas and gravel bars. Some of the original 30 m site boundaries established in
1985 were extended in 1988 to better incorporate natural habitat breaks.

Minnow trapping data also were used to measure relative preference for

micro-habitat sites. This was determined by comparing the abundance of chinook

METHODS 40



and Dolly Varden char in each trap with the habitat parameters associated with
the trap. The habitat parameters are those listed in the previous section
"Background: 1986 Stocking", although water depth also was measured for each
trap. Micro-habitat preference was only determined for pool (< 36 cm/sec) areas

due to the ineffectiveness of minnow traps in faster water.

Smolt Yield

All chinook smolts captured at the river weir were enumerated ond
examined for marks. Smolts with marks from the upstream reach in April 1989
were recaptures used to calculate a mark-recapture estimate of the total number
of smolts produced in Indian River. Population estimates were derived using
Chapman's modification of the Peterson mark-recapture formula as described in
the previous section "Post-Stocking." A similar weir and mark-recapture technique
was used in 1987 to estimate smolt production. During the 1989 weir operation,
a total of 545 chinook smolts were collected for CWT analysis. Each day, the first
10 sampled smolts with adipose clips and every tenth tagged smolt thereafter
were collected. These included any tagged mortalities. To eliminate any bias due
to weir capture time, all smolts captured each night were mixed in a bucket prior

to enumeration. After 1 June, as smolt numbers decreased, only every fourth

METHODS 41



tagged smolt was collected. Smolts marked with CWTs provided information on
survival relative to stocking location.

On 19-20 June, 21-22 July, and 9 August 1989, after downstream smolt
movement ceased, minnow traps were set at three sample sites, and snorkel
surveys were completed on an approximately 1 km stream section to look for
holdover juvenile chinook salmon.

Each summer between 1988 and 1994, two or three divers (snorkel gear)
searched the section of Indicn River below the barrier falls to estimate the
number of adult chinook salmon (1 to 5 years in saltwater) returning from the 1986
and/or 1988 stocking. These snorkel surveys occurred on the following dates: 14
July and 7 August 1988; 21 July and 10 August 1989; 4 July and 4 August 1990; 15

August 1991, 11 August 1992; and 2 August 1993.

Basin Wide Habitat Survey

The Indian River habitat was assessed on 17-20 July and 8-9 August 1989
using a basin wide survey method (Hankin and Reeves 1988) (Figure 2, Table 5,
Appendices C, D). The survey began at the river weir site (beginning of the FP4
channel type) and continued to within 400 m of the upstream boundary where

chinook fry were stocked in 1986 and 1988. The habitat in the upstream 400 m
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Table 5.-General habitat data from the 1989 basin-wide
stream survey at the Indian River.

Pools Glides Riffles Total area
_ _—_ e — all
Stream?® # Area # Area # Area habitats
section Units (m2) Units (m2) Units (m2) (m2)

Surveyed® 246 66,313 107 18,779 152 19,264 104,356
area

Estimated® 17 1,268 12 548 13 1,024 2,840
500 m

section

Estimated® 19 535 14 385 14 948 1,868
400 m

upstream

section

Total 282 68,116 133 19,712 179 21,236 109,064

2 The basin survey does not include beaver pond habitat.

P A total of 11,402 m of the Indian River was surveyed, from

the downstream weir site upstream to 400 m below the
upstream end of where chinook fry were stocked.

¢ An approximately 500 m section in the upper third of the
stream was not surveyed. Survey data from the adjacent
habitat downstream and upstream was used to estimate this
habitat.

4 The upstream 400 m of stream habitat was estimated from

the adjacent downstream survey data.

Total undercut bank in the surveyed area was 1306 m’.

*
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62.4%

Riffle
19.5%

Figure 2. Habitat data summary from the 1989 stream survey at the Indicm
River.
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section was estimated using the adjacent downstream survey data. Another
approximately 500 m section in the upper third of the stream was not surveyed.
Data from 250 m downstream and 250 m upstream was used to estimate the
habitat in this section. Because it measured actual length and relied on much less
data extrapolation, the basin survey provided a more accurate measure of total
stream habitat than did the extrapolated data from the 10 sample sites.

Total habitat area was determined by a combination of visual estimates
and accurate measurements. Two people collected the data. One person (the
observer) was responsible for actual data collection while the other recorded the
data. The observer began at the first habitat unit in a stream, identified its habitat
unit type and visudlly estimated its width. The observer used a hip chain to
measure the distance (+ 0.5 m) of each unit. Habitats were differentiated into the
following major types: pool, glide, and riffle.

For all habitat units, pieces of large woody debris were counted in seven
size classes (Appendix E), dominant substrate size was estimated as one of nine
classes, average depth (+ 5 cm) was measured, and undercut bank area (+ 0.1
m? was measured. Mean unit depth was determined by averaging at least three
measurements taken across the unit. After choosing a random starting unit, unit
width (+ 0.5 m) was accurately measured for that unit and every tenth unit (of that

magjor habitat type) thereafter. Mean unit width was determined by averaging at
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least three width measurements within the unit. These measurements were made
atter visually estimating average width for that unit.

The basin survey data showed the size, sequence of occurrence, and
location of all stream habitat units. The summarized data provided an accurate
measure of the quantity and type of rearing habitat available within Indian River.

Smolt yield was compared with basin wide habitat data.
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RESULTS

BACKGROUND: 1986 STOCKING

The three sample sites in the LC1 stream section sampled in 1985 were
similar ond characterized by low (5-7%) area of cover, moderate (2-4%) gradient,
boulder and bedrock substrate, and 8 to 33% pool area (Appendices A, B).
Variation in the FP4 stream section was much greater, where habitat in the seven
sample sites was characterized by low to moderate (10-39%) area of cover, low (0-
1.5%) gradient, scmd to cobble substrate, and 12 to 72% pool area. Substrate size
and gradient in the FP4 section increased as site location moved further upstream.

The three beaver ponds were characterized by organic substrates and
medium to high (45-96%) area of cover, but were dissimilar in several ways. BP1
was a heavily forested area prior to beaver activity. After ponding, the trees died

and fell, creating a 4,100 m? pond with dense woody debris cover. Aquatic
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vegetative cover in BP1 included dlgae growing like a carpet in deeper areas, and
sedges growing near the pond edges. This shallow (70% < 0.5 m deep) pond had
very little water inflow, and probably was spring-fed. There were few resident
Dolly Varden char present in this abandoned (no resident beavers) pond during
the 1988 sampling.

At BP2, a flooded meadow area with some large trees created a deep (>
1 m), 16,300 m?® pond with much sedge and Equisitum aquatic vegetative cover
and a moderate amount of woody debris cover. This large, round pond had good
flow, resident beaver, and a relatively dense population of resident Dolly Varden
char. BP3 was a flooded stream channel in a meadow area with almost no woody
debris. This long, narrow, and deep (> 0.5 m) 870 m?* pond contained much
aquatic vegetative cover, including Equisitum, sedge, lily pads and algae. This
intermittently active beaver channel had good flow and a relatively dense
population of resident Dolly Varden char.

In July 1985, Dolly Varden char were found throughout the stream system,
with individual trap catches averaging 0.2 fish in the LC1 section and 1.9 fish in the
FP4 section (Table 6). Mean fork length of Dolly Varden was 110 mm in the LC1
stream section and 82 mm in the FP4 stream section.

The sampling completed during July cnd September 1986 and April 1987

provided information on juvenile chinook habitat selection, growth rates, and

RESULTS 48



Table 6.-Dolly Varden (DV) catch during 23-28 July 1985
minnow trapping at the Indian River.

Set Mean High Mean® Habitat®
Time # #DV/ # in Length (Cover/
Site (min) Traps Trap Trap (mm) Depth (m))

LCl1l stream reach

L1 180 14 0 0 -
L2 165 14 0.1 1 97 -
L3 190 14 0.6 3 112 WD/ .5
All 42 0.2 3 110

FP4 stream reach
F1l 180 14 0.6 4 73 WD(2)/.3, .4
F2 180 14 0.5 5 78 WD/ .6
F3 165 14 0.9 10 69 WD/ .8
F4 195 14 1.5 4 76 WD(2)/1.1,.7
F5 210 14 3.1 14 90 RW,WD/.6,1.3
F6 150 14 5.0 15 80 WD,UB/.6,1.5
F7 180 13 1.9 7 385 UB,WD/.3,.5
All a7 1.9 15 82

®Mean fork length.
"Stream habitat with highest (>3) DV catches. WD=woody
debris, RW=root wad, UB=undercut bank.
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movement as well as information on resident Dolly Varden habitat selection.

The highest catches of both chinook and Dolly Varden were in traps placed
in pools with woody debris and/or undercut bank cover (Table 7). Average
catch/trap of juvenile chinook was three to four times higher, and average catch
of Dolly Varden was five times higher in the FP4 stream section than in the LC1
section. Asin 1985, Dolly Varden captured in the LC1 stream section were larger
than those in the FP4 section. Stocked juvenile chinook gained weight at a
consistent rate of approximately 0.03 g/day between 5 June and 6 September 1987
(Figure 3). Overwinter (between 6 September and 24 April) growth decreased to
only 0.001 g/day.

A total of 106 juvenile chinook were collected for CWT analysis during
September 1986. Of the 93 fish that retained their tag, 81 remained in the stream
section where they were originally stocked, 11 migrated downstream from their
stocking site, cand one moved less than 2 km upstream of where it was stocked.
Of the 11 that migrated downstream, seven moved more than one stream section
(approximately 2 km). This data indicated that most juvenile chinook remaining
in the river had not traveled far from their original stocking site, and those fry that
moved went downstream.

Approximately 30% of the 93 chinook pre-smolts captured and given site

marks between 19-24 April were acquiring the appearance of smolts (loss of parr
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Table 7.-Number and length of Dolly Varden and juvenile
chinook salmon caught at the Indian River in 1986 and 1987.

Species Mean  Mean® Mean Mean
of #/ Length #/ Length
Site Fish?® Trap (mm) Habitat® Trap (mm) Habitat
25-30 July 1986 3-10 September 1986
LC1 reach
L1 DV 0 - - 0.1 101 -
Cs 0 - - 0.1 65 -
L2 DV 0.1 129 - 1.1 104 BDR/1.0
Cs 0.3 59 - 0.3 68 -
L3 DV 0.2 120 - 0.1 112 -
Cs 0 - - 0.1 70 -
All DV 0.1 124 0.4 105
Cs 0.1 59 0.2 68
FP4 reach
F1 DV 0.6 83 UB/0.5 1.9 88 WD/1.0
Cs 0.3 56 - 0.3 65 -
F2 DV 0.1 62 - 0.7 81 WD/0.5
Cs 0.1 55 - 0.9 65 UB/0.5
F3 DV 0.4 74 WD/1.0 1.0 62 WD/0.5
CS 0.6 58 WD/1.0 1.4 65 WD/1.0
F4 DV 0.3 70 - 2.3 80 NC/1.5
Cs 0.1 58 - 1.1 70 NC/1.5
F5 DV 0.4 85 WD/1.5 3.9 93 WD/1.5
Cs 0.1 65 - 0.5 71 RW/1.0
Fé DV 1.1 85 RW/1.5 3.5 83 WD/1.5
Cs 0.5 57 RW/1.5 1.1 65 WD/1.0
F7 DV 0.4 101 - 0.8 102 WD/0.5
CS 0.2 57 WD/0.5 0.1 59 -
All DV 0.5 84 2.1 85
CS 0.3 57 0.8 67
19-24 April 1987
FP4 reach
F2 DV 2.3 - WD/1.0
Cs 0.5 74 WD/1.0
F3 DV 2.2 - WD/0.5
CS 0.3 73 -
Fé DV 3.5 - WD/1.0
CS 0.5 73 RW/1.0

2 DV = Dolly Varden char; CS = chinook salmon

> Mean fork length.

¢ Habitat with highest (>3) catches. WD=woody debris, NC=no
apparent cover, RW=root wad, UB=undercut bank, BDR=boulder.
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Figure 3. Growth rate of juvenile chinook salmon at the Indiom River between
1986 and 1987. (Numbers over bars indicate sample size.)
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marks and silver coloration developing). Water temperature ranged from 3°c to
4°c during the April sampling.

The 1987 smolt emigration period occurred between April and June, with
few smolts emigrating after June 10 (Figure 4). Many smolts were captured as
soon as the weir began operating on April 28, and a total of 2,883 chinook smolts
were captured. Average smolt size was 75 mm fork length and 4.3 g (Figure 5).

A total of 32 marked (April marks) chinook were recaptured at the weir.
Only 2858 smolts were examined for marks, so this number was used in the
population estimate. Using Chapman's modification of the Peterson mark-
recapture method, the 1987 yield at Indian River was estimated to be 8,144 smolts
(95% confidence interval = 5,830 to 11,787 smolts), an 11% to 23% survival rate
from stocked fry.

The 1987 weir did not fish well during very high flows as it was designed to
lay down during extreme flows to avoid being washed out. However, the largest
number of smolts were caught during evenings with high and increasing stream
flows when the weir was still able to fish (Figure 4). Nearly all downstream smolt
movement occurred at night, between dusk and dawn.

Examination of the coded-wire tags collected from chinook smolts captured
at the weir indicated that fish stocked in the middle stream redches had the

highest survival to smolt ( Figure 6).
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Figure 6. The stocking location of chinook smolts emigrating the Indian River
in 1987.
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Diphyllobothrium infection was not present in chinook smolts tested by
pathology personnel. All except two of the 19 chinook smolts captured in the fyke
net trap below the barrier falls appeared healthy, ond had less than 5% scale loss
(similar to that noted at the main smolt weir). The two dead smolts were likely
killed after entering the trap; one was crushed in the trap door, and the other was
pinned against debris in the trap. Physical damage caused by emigrating over
the falls was not evident.

The sampling between 3 and 5 August 1987 caught zero chinook salmon
and 610 resident Dolly Varden. These results indicate that all the chinook fry

stocked in June 1986 had emigrated from the river by August 1987.
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MOVEMENT OF CHINOCK FRY

Post 1988 Stocking

An extremely high flow (> 12 m%/s) event, caused by warm rain and heavy
snow melt, occurred immediately after stocking. The 1 m fyke net placed 1.5 km
upstream from tidewater captured 374 (324 actually counted + an estimated 50
lost when emptying the net on 9 May) emigrating fry before the fyke net was
destroyed by high water after 11 May. The fyke net fished for the first five days (7-
11 May 1988) following stocking. CWT analysis of the 50 (six had lost their tag =
44 read) fry with clipped adipose fins provided information on the stocking origin
of the emigrating fry: 66% were stocked in the lower river section; 20% were
stocked in the middle river section; and 14% were stocked in the upstream river
section.

Only two chinook fry were seen in pools along the stream bank after
extensive searching of the stream and tidal area downstream of the falls. One of
the two chinook fry captured during one hour of seining in the tidal area the day
after stocking was dead. A total of three chinook fry, 22 sculpin, 16 Dolly Varden,
four coho fry and one steelhead was captured in minnow traps set in pools below

the barrier falls.
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A total of 373 juvenile chinook (76 had lost their CWT = 297 read) were
collected between 9 May and 13 October 1988 in the Indian River for tag analysis
to determine movement from the May stocking locations (Appendix F). There was
substantial downstream movement of juvenile chinook (Figure 7). Of the 297
rearing chinook analyzed, none was captured in a stream section upstream of
where it was stocked. Juvenile chinook rearing in the river remained in the stream
section where they were stocked, or migrated downstream (Figure 7). Many
emigrating fry established themselves in downstream habitat.

A total of 50 juvenile chinook (13 had lost their CWT = 37 read) were
collected between June and October 1988 in three beaver ponds at the Indian
River for tag analysis to help determine summer movement into the ponds from the
river after stocking (Appendix F). All 37 analyzed chinook were from the same
stocking sections correlating to that pond, indicating no movement into or out of

these three ponds between June and October.

1989 Pre-Smolt Marking

Between 10 April and 4 May, seven (one had lost its CWT = six read) more
juvenile chinook were collected from two beaver ponds for tag analysis to

determine over-winter movement from the Indian River into the ponds (Appendix
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Figure 7. The movement of juvenile chinook (% of CWT recoveries) collected
in 1988 at the Indian River.

RESULTS 60



F). All six fish had been stocked into the ponds, indicating no movement.
1989 Smolt Yield

Only five adipose-clipped chinook with April river site marks v;/ere collected
at the river smolt weir and analyzed to provide further information on juvenile
chinook movement (Appendix G). All five smolts were marked in April in the lower
river section. Four were originally stocked in the middle river section and one in
the lower river section.

A total of 20 (seven had lost their CWT = 13 read) adipose-clipped chinook
with April and early May pond marks were collected at the river smolt weir and
analyzed to provide further information on juvenile chinook movement into ponds
(Appendix G). Only one of these chinook (from pond #2) was positively not from
the pond where it was marked. This again indicates little movement into the
ponds.

During the 1989 smolt emigration, a total of 33 (seven had lost their CWT =
26 read) adipose-clipped chinook were collected at the pond smolt weirs (Table
8). Another 20 (seven had lost their CWT = 13 read) clipped chinook with pond
weir marks were collected at the main river weir (Table 9). These tagged chinook

smolts were analyzed to provide more information on juvenile chinook movement
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Table 8.-Original 1988 stocking location of chinook smolts
collected at pond weirs at the Indian River in 19889.

Number of smolts from each stocking location

Date
Collected Down- Tag®
at Weir Upstream Middle stream Missing
Beaver Pond #2 weir
5/6 0 3 0 2
5/13 0 2 0 0
5/14 0 2 0 0
5/17 0 7 0 3
5/21 0 8 0 1
5/23 0 1 0 0
5/24 1 0 0 1
Total 1 23 0 7
Beaver Pond #3 weir
5/17 0 1 0 0
5/31 0 1 0 0
Total 0 2 0 0

2 Coded-wire tag was missing when fin-clipped smolt was
analyzed.
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Table 9.-Original 1988 stocking location of chinook smolts
marked at pond weirs in 1989 and collected at the river
welir.

Number of smolts from each stocking location

Date

Collected Down- Tag®
at Weir Upstream Middle stream Missing

Smolts marked at beaver pond #2

5/10 0 1 0 0
5/18 0 2 0 1
5/19 0 1 0 0
5/20 1 0 0 0
5/21 0 2 0 0
5/22 0 0 0 1
5/23 0 1 0 0
5/26 0 1 0 0
5/29 0 1 0 0
5/30 0 0 0 1
6/6 0 1 0 0

Total 1 10 0 3

Smolts marked at beaver pond #3

6/1 0 0 0 1
6/2 0 1 0 2
6/3 0 1 0 1

Total 0 2 0 4

2 Coded-wire tag was missing when fin-clipped smolt was
analyzed.
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into ponds from the river. Two of the 39 chinook with tags were positively not from
the pond where they were marked. Both of these chinook, which were stocked in
the upstream section of the river, were in Pond #2 where fry with middle section
tags were stocked. This data indicates there was some movement of juvenile
chinook from the river into Beaver Pond #2. The June to October 1988 data
indicated no chinook movement from the river into the ponds. Therefore, the
spring 1989 data indicates that the small amount of chinook movement from the

river into the ponds occurred between October 1988 and May 1989.

SMOLT EMIGRATION TIMING

Coded-wire tagged smolts were compared by capture dates at the river
weir (Table 10). A comparison of changes in the ratio of upstream, middle and
downstream stocking origin over time indicated no difference in smolting time by
location in the river (Figure 8).

At the Indion River, chinook smolts emigrated downstream almost
exclusively during the evening hours between sunset and sunrise, with most
movement occurring within the first several hours after sunset.

The weir data listed in Appendix H includes: weather, stream flow and

stream temperature. During the smolt out-migration, the highest stream flows
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Table 10.-Original 1988 stocking location of chinook
smolts captured at the Indian River weir in 1989.

Number of smolts from each stocking location?®

Date .
Collected Down- TagP
at Weir Upstream Middle stream Missing
4/21-4/30 71 64 23 36
5/2-5/11 35 15 18 16
5/12-5/21 50 24 17 12
5/22-5/31 60 28 11 17
6/1-6/10 15 9 5 5
6/11-6/19 6 7 0 2
Total 237 147 74 88

2 Stocking data does not include smolts marked earlier at
the pond weirs and recaptured at the river weir.

> Coded-wire tag was missing when fin-clipped smolt was
analyzed. '
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Figure 8. The stocking location of coded-wire tagged smolts emigrating the
Indian River in 1989 (by date).
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occurred in late April and early May on exceptionally warm, sunny days or when

rain on snow events occurred. Clear weather usually corresponded to cold nights
and warm days with substantial snow melt, especially early in the spring when
snow was abundant at low elevations. Relatively large numbers of chinook smolts
emigrated the Indian River on both clear and overcast nights; there was no
apparent correlation between the number of emigrating smolts and the cloud
cover.

A stadf gauge placed at the Indian River weir site was correlated to stream
flow volume using a Gurley meter. Stream flow level was compared with the
number of emigrating chinook smolts each night (Figure 9). The smolt catch at the
river weir is incomplete through May 6 and on several nights after, due both to
high flows and to the weir walls being incomplete until May 6. However, the data
indicate a correlation between flow and smolt emigration timing, although due to
incomplete counts, this relationship is not obvious in Figure 9. Generdlly, the
number of smolts out-migrating increased distinctly when stream flow increased
substantially (> 1m?%s) from the previous day.

The data indicate no apparent correlation between stream flow levels and
the number of chinook smolts emigrating from the beaver ponds with weir traps
(Figures 10, 11). However, pond flows were not recorded ond often peaked

several days dfter stream flows. Generally, chinook smolts left the beaver ponds
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Figure 10. Comparison of chinook smolt emigration timing from beaver pond
#2 and stream flow at the Indian River in 1989. (Incomplete smolt numbers
are minimum daily counts.)
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are minimum daily counts.)
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in irregular surges of relatively large numbers on nights with increased flow levels
at the ponds.

There was no obvious correlation between stream temperatures and smolt
emigration timing at the Indian River (Figure 12). High daily temperatures
occurred between 2000 and 2400 hours almost every night during the spring smolt
out-migration period. Therefore, daily high temperature was used as the measure
to compare with the number of smolts emigrating nightly. Although the river weir
data indicate no direct correlation between daily temperatures and chinook smolt
emigration, the April chinook sampling data indicate temperature may help
control the onset of smolting.

None of the juvenile chinook captured in the river between 10 and 15 April
1989 were smolting. During this time the river temperature ranged from 0 to 2.0
°C. When beaver pond #2 was sampled on 16 April, none of the captured juvenile
chinook bore characteristics of smolts. The pond was covered with ice and water
temperature was 1 °C. However, in pond #1 dll four juvenile chino'ok were silver
(indicating smolt condition) when captured on 10 and 15 April. Unlike other
ponds, pond #1 was clear of ice, and water temperature was an extremely warm
6°C on 10 April. The unusually warm April water temperature and the relatively
low water temperatures in the summer (Figure 13) indicated that pond #1 was

spring-fed.
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Figure 13. Stream vs pond temperatures at the Indian River in 1988.
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GROWTH OF CHINOOK FRY

Pre 1988 Stocking - Resident Char Growth

Age and length data for 57 resident Dolly Varden char were collected for
otolith aging in April 1988. This sampling was done to provide insight into the
relationship between Dolly Varden growth in pond and stream habitats, and to
determine if a similar relationship existed for stocked chinook fry. The largest
char collected were 4 years old in both the pond and river sample sites. For a
given age, Dolly Varden mean fork length was larger in the pond than in the river
(Figure 14). The 18 fish collected in the pond were almost entirely 2 and 3 year old
fish, with zero 1 year fish and only one 4 year fish. The 39 fish collected in the river
included all four age classes. Although not a significant difference (t test, P=0.22),
at 2 years of age, mean fork length of Dolly Varden was 5 mm 1ongér in the pond
than in the river. By 3 years of age, the average difference in Dolly Varden mean
fork length between the pond and river increased to 16 mm, a significant size
difference (t test, P=0.0084; Figure 14). In fact, the mean size of 3 year old Dolly
Varden in the pond was larger than the meam size of 4 year old river fish. This age
and length data indicate faster growth rates of resident char in the pond habitat

relative to the river habitat.
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Figure 14. Age and length relationship for Dolly Varden char in stream and
pond habitats at the Indion River in April 1988.

RESULTS 75



Post 1988 Stocking

Juvenile chinook sampled between June and October 1988 and in spring
1989 were measured and weighed to determine seasonal growth rates at various
sample sites. Chinook length and weight data are listed for both the river and
pond sample sites in Appendices [ and ]. The site data shows a consistently faster
growth rate in the three sampled ponds than in the river sites (Figure 15). Growth
rates were similar among the three pond sites. Growth rates were nearly the
same among the three sampled river sites. At all sample sites, chinook size
increased steadily between May and October 1988, and then growth ceased over
the winter months between October 1988 and April 1989. Chinook began growing
again by April.

In the river habitat, juvenile chinook growth ranged from 0.009 to 0.029 g/d
(mean = 0.020 g/d) and from 0.13 to 0.23 mm/d between May and October 1988
(Figures 15, 16). In the river, over-winter growth was 0.001 g/d and 0.04 mm/d. In
the pond habitats, juvenile chinook growth ranged from 0.019 to 0.056 g/d (mean
= 0.033 g/d) and from 0.13 to 0.4]1 mm/d between May and October 1988 (Figure
17). In the ponds, over-winter growth was -0.002 g/d and 0.00 mm/d. Growth data
also is summarized for two individual sample sites, river site FS and beaver pond

#2 (Appendices K, L).
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Figure 15 a and b. Growth of juvenile chinook in stream cnd pond sites at the
Indian River.
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During the primary growth period between May and August, the stocked
chinook salmon grew faster in pond habitat than in the river habitat (Figure 18).
Pond-reared chinook were significantly larger tham stream-reared chinook by mid-
June, one month dfter stocking (t test; P<0.0001). The pond-reared chinook
remained larger through the October sampling period (t test; P<0.0001).

Juvenile chinook growth (weight) occurred when weekly mean stream
temperature (Appendix M) was greater than 4°C (Figure 19). Stream temperatures
are compared with juvenile chinook growth at the FS river sample site, the site
nearest (0.5 km) to where the temperature recording instrument was. However,
as stated earlier, juvenile chinook growth was very similar throughout the river
sample sites.

To better understand the relationship between stream temperature and
juvenile chinook growth, summarized growth data for the FS site Qas compared
with total degree days (°C * d) between sampling periods from May 1988 to April
1989 (Table 11). Between May emd October 1988, growth ranged from 0.22 to 0.37
g/100 degree days (°C * d). During this period, juvenile chinook growth and
cumulative degree days (°C * d) were highly correlated (adjusted R* = 99.4)
(Figure 20). This was a significant correlation (analysis of variance F test; P=
0.002). Between May and October, the linear relationship between growth (g) and

degree days (°C*d) was described by the regression equation: y = -0.392 +

RESULTS : 80



Table 11.-Growth of juvenile chinook relative to stream

temperature at site F5 at the Indian River,

1988 & 1989.

Weight
Sample Sample Sample Period change/
date mean mean length 100
(mid- fork indiv. Per- (d) Degree Wt. degree
date) 1length weight iod (t,- days® gain days Sample
= (mm) (9) # t.) (°C*d) (g) (g/°C*d) size
May 3® - 0.56 428
1988 ‘
1 6 - - -
May 10 39.2 - 44
1988
2 32 178¢ 0.4 0.22
Jun 10 43.8 1.0 L=171
1988 W= 11
3 27 178 0.4 0.22
Jul 7 48.2 1.4 L=253
1988 W=152
4 33 268 0.9 0.34
Aug 9 56.4 2.3 L=175
1988 = 11
5 66 483 1.8 0.37
Oct 14 68.9 4.1 = 15
1988 = 15
6 182 225 -0.2 -0.09
Apr 14 72.3 3.9 L= 35
1989 W= 35

2 Degree days = # days * mean daily stream temperature

(1 degree day = 1 day * mean temperature of 1°C).
® Weight data from May 3 is for chinook fry weighed at the

hatchery 3 days prior to stocking.

(°C);

¢ For May 3 - 5, mean daily temperature was 5°C at hatchery.
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Figure 18. Growth rate of juvenile chinook in pond vs stream habitat at the

Indian River.
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Figure 19. Juvenile chinook growth vs stream temperature at the Indian River (site
F5).
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0.00458"x, where y = weight gain or growth and x = degree days. Over the winter
(October 1988 to April 1989), the relationship changed, and juvenile chinook
growth was -0.09 g/100 degree days.

Pond temperatures were only taken when sampling fish. Therefore, juvenile
chinook growth in ponds cannot be compared with temperature. However, a
graph of recorded pond temperatures in relation to river temperatures on the
same dates shows substantially higher temperatures in the ponds during the

summer growing period (Figure 13).
1989 Smolt Period

The size data, and other weir related data, for chinook salmon smolts emigrating
the Indian River in spring 1989 are summarized by date in Appendices H and N.
The size data, and other weir datq, for smolts emigrating Beaver Ponds 2 and 3
are summarized by date in Appendices N, O, and P respectively. At the main river
weir, mean fork length of chinook smolts was 76.7 mm (mode = 75 mm) with a
range of 51 to 110 mm (Figure 21), and mean weight was 4.7 g (mode = 4.0 g) with
arange of 1.8 to 13.3 g (Figure 22). |

At the two beaver pond weirs, mean fork length of chinook smolts was 87.4

mm with a range of 70 to 106 mm (Figure 21), and mean weight was 7.2 g with a
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Figure 21. Length frequency of 5571 chinook smolts captured at the Indiom
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Figure 22. Weight frequency of 5571 chinook smolts at the Indian River in
1989.
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range of 4.6 to 11.3 g (Figure 22). Chinook smolts emigrating from the two ponds
were significantly larger than the smolts captured emigrating from the main river
(t test; P<0.0001).

At the Indian River weir, mean daily chinook smolt size fluctuated (r* =
0.025), but generally increased (cmalysis of variance F test; P<0.0001) through the
1989 smolt out-migration (Figure 23). The relationship between chinook smolt fork
length and date of capture was described by the equation: y = 0.0957*x + 74.4,
where y = fork length (mm) amd x = day #, beginning with | = April 21. The mean
daily smolt size of less than 75 mm in late April increased to around 80 mm by mid
June.

For smolts captured at the river weir, the exponential relationship between

280! wherey =

length and weight was described by the equation: y = .0000188x
weight (g) and x = fork length (Figure 24). For smolts captured at the two pond
weirs, the exponential relationship between length and weight is described by the
equation: y = 0.0000925x**'°, where y = weight and x = fork length (Figure 25).
Generally, chinook smolts captured at the weirs were in good shape with
less than 2% scale loss. However, many smolts were killed or mutilated at the
river weir when captured during extremely high stream flow periods. According

to the standard condition formula (Becker 1973), the condition of chinook smolts

captured at the Indion River averaged 1.02 and ranged from 1.00 to 1.07,
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Figure 23. Dadily mean chinook salmon smolt size at the Indian River weir in
1989.
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Figure 25. Length/weight relationship of chinook salmon smolts in the Indicn
River ponds in 1989.
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depending on size. The condition of chinook smolts captured at the Beaver Pond

#2 weir averaged .10 and ranged from 1.02 to 1.20 depending on size.
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SURVIVAL OF CHINOOK FRY

1988 Stocking

Mortdlity due to stocking was calculated by counting dead chinook salmon fry in
the holding pens dfter the 24 to 48 hour waiting period. In each of the three

holding pens, fry mortality was less than 0.1 percent.

Post Stocking

A spring flood event (> 12 m%s), caused by warm rain and heavy snow melt,
occurred immediately after stocking. This likely increased the number of chinook
fry immediately emigrating from the Indian River. The Im fyke net placed 1.5 km
upstream from tidewater fished for five days (7-11 May 1988) after the fry were
stocked. Before being shredded by high water, the fyke net captured 374
emigrating fry. This corresponds to a simple expansion estimate of 9724 (1 m
wide net in 26 m wide stream) chinook salmon fry emigrating from the Indian River
during the five days following stocking. This is a conservative estimate as the fyke
net was not placed within the main flow (thalweg). Analysis of the 44 emigrating

fry with CWTs determined that 66% were stocked in the lower S km stream reach,
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20% in the middle 5 km stream reach, and 14% in the upper 5 km étreom reach.

On 9 and 10 May 1988, 21 Dolly Varden char between 61 and 169 mm fork
length were captured with an electrofisher, and their stomachs were examined for
chinook fry (Appendix Q). Only char larger than 90 mm fork length had chinook
fry (mean size = 39 mm fork length) in their stomach. Six of the 15 char larger
than 90 mm had chinook fry in their stomach. Four of the six char had eaten two
or more chinook fry.

Between 9 June and 10 August an additional 65 Dolly Varden char between
40 and 149 mm fork length were captured to examine their stomachs for the
presence of juvenile chinook (Appendix Q). Only two fish larger than 120 mm had
chinook (mean size = 43 mm) in their stomachs when sampled in June. Predation
on juvenile chinook by larger (> 90 mm fork length) Dolly Varden char occurred
immediately after stocking. The resident char predation on juvenile chinook could
have substantially reduced the chinook population in the Indian River during the
first month or two following stocking. However, no resident char predation of
juvenile chinook was observed after mid June 1988, 1 1/2 months after stocking.

For the period between June and August 1988, population densities were
calculated from mark-recapture or depletion sampling data at several stream
sample sites and three sampled beaver ponds (Appendices R, S and Tables 12,

13). For the stream habitat, all sample sites in the FP4 channel type had higher
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Table 12.-Population estimates of juvenile

at Indian River sample sites in 1988.

chinocok salmon

Parr/ Parr/ Parr/m?
95% © (m?) (m?) pool
Sample Pop.? Confidence stream pool with
Date Method est. interval area area cover

Fl Sample Site

Jun 14 & 15 M 202 122-358 0.31 0.73 3.11

Jul 13 D 119 102-136 0.18 0.43 1.83

Aug 6 D 49 [41]1-60 0.08 0.18 0.75
F2 Sample Site

Jun 10 & 12 M 329 198-582 0.55 1.57 4,01

Jul 10 D 125 [83]1-175 0.21 0.60 1.52

Aug 5 D 76 63-89 0.13 0.36 0.93
F5 Sample Site

Jun 9 & 11 M 525 281-1074 0.25 0.58 2.69

Jul 7 D 354 299-409 0.17 0.39 1.82

Aug 9 & 10 M 346 229-550 0.17 0.38 1.77
F6 Sample Site

Jun 8 & 9 M 260 116-650 0.37 0.51 1.11
F7 Sample Site

Jun 13 & 14 M (47) [32]-116 0.20 0.68 2.61
L1l Sample Site

Jun 14 & 16 M (43) [20]-107 0.08 0.31 1.13

Jul 9 D 15 [14]1-19 0.03 0.11 0.39

Aug 7 D 9 [9]-10 0.02 0.07 0.24

2 M = mark and recapture sampling; D = depletion sampling.
> Population estimates in parenthesis and 95% CIs may be

inaccurate due to low recaptures
the actual catch

¢ Where higher,
was used for the calculated minimum population estimate.

RESULTS
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Table 13.-Population estimates of juvenile chinook salmon
at Indian River pond sample sites in 1988 and 1989.

Parr/ Parr/ Parr/
95% ¢ (m?) (m?) m? area
Sample?® > Pop.° Confidence stream pool with
Date Method est. interval area area cover
BP1 Sample Site
Jun 16 & 17 M 1144 720-1906 0.28 0.28 0.29
Jul 9 & 14 M (2851) 1043-7128 - - -
Aug 4 & 8 M 420 218-884 0.10 0.10 0.11
BP2 Sample Site
April 16 & M 1083 539-2363 0.07 0.07 0.15
May 2 - Jun
19, 1989¢
BP3 Sample Site
Jun 10 & 12 M 362 240-575 0.42 0.42 0.56
Jul 10 & 15 M (749) 277-1867 - - -
Aug 5 & 8 M 339 245-486 0.39 0.39 0.53
May 4 & 10- M 176 93-366 0.20 0.20 0.27
Jun 109,
1889¢°

2 Dates are in 1988 unless otherwise specified.
> M = mark and recapture sampling; D = depletion sampling.
¢ Population estimates in parenthesis and 95% CIs may be

inaccurate due to low recaptures (R < 4)
9 Where higher, the actual catch (indicated
was used for the calculated minimum popul

of marked fish.
in brackets)
ation estimate.

® Fish marked at BP2 and BP3 in April and May 1989 were

recaptured at the pond weirs until June 1

n

likely leaving the pond prior to mark/rec

RESULTS

9, 1989.

Represents a minimum estimate as chinook smolts were

apture work.
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chinook densities (N/m? than the site in the LC1 channel type. For the FP4 sample
sites, juvenile chinook densities (N/m? total wet area) ranged from 0.20 to 0.55 in
June and then decreased to a range of 0.08 to 0.17 in August (Table 12). Juvenile
chinook populations declined at every sample site between June and August 1988
(Figure 26).

To help explain the effects of habitat type on juvenile chinook densities,
population densities based on N/m? pool area cmd N/m? pool area with cover also
were calculated (Appendices T, U). Juvenile chinook densities were compared
with pool area and cover because these habitat components are known to be
important for both rearing juvenile chinook and coho salmon (Edmundson et al.
1968, Chapman and Bjornn 1969, Lister and Genoe 1970, Everest and Chapman
1972, Glova 1978, Dolloff 1983, Bisson and Sedell 1984, Fausch and Northcote
1992).

For the FP4 stream sites, juvenile chinook population estimates based on
N/m? pool area were similar between sample sites each month, except for June,
when the chinook density at the F2 site was more than twice the chinook density
at the other sites (Figure 27). At the FP4 sample sites, juvenile chinook densities
(N/m? pool area) ranged from 0.51 to 1.57 in June, from 0.39 to 0.60 in July, and from
0.18 to 0.38 in August (Figure 27). Juvenile chinook densities based on N/m? pool

area with cover averaged 2.71 in June, 1.72 in July and 1.15 in August (Figure 28).
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Figure 26. Juvenile chinook population estimates at Indiom River sample sites
in 1988.
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Figure 27. Juvenile chinook density estimates (N/m2 pool) at Indian River

sample sites in 1988.
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Figure 28. Juvenile chinook density estimates (N/m2 pool with cover) at Indicm

River sample sites in 1988.
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For the June, July and August population estimates, regression analyses
was completed for population estimates vs habitat variables (total area, pool areq,
pool area with cover, pool area with woody debris cover, and pool area with
undercut bank cover). This was done to verify that the "best" habitat criteria were
used for measuring juvenile chinook densities. Pool area was a good predictor
of population estimates at the sample sites, providing adjusted R? values of 0.70,
0.92, and 0.97 in June, July, and August respectively.

The three sampled beaver ponds were initially stocked at different densities
(fry/m® wet area), and the population estimates indicate this (Table '1 3). The April
and May population estimates are from the spring 1989 smolt weirs. In June,
juvenile chinook densities (N/m? total area) were 0.28 and 0.42 for pond #1 and
pond #3 respectively (Table 13). In August, juvenile chinook densities were 0.10
and 0.39 for pond #1 and pond #3 respectively. The population density
decreased greatly in pond #1, but only slightly in pond #3 (Figure 29). For the
ponds, juvenile chinook population density also is calculated for m? area with
cover (Table 13 and Figure 30). Both measures of chinook density show the same
declining trends.

Catch per unit effort (shock time) also was used to compare changes in
relative chinook density over time. The catch/effort of juvenile chinook at sample

sites decreased steadily between June and October 1988 (Table 14). This data

RESULTS 98



Table 14.-Catch per unit effort of juvenile chinook salmon
and Dolly Varden char at the Indian River in 1988.

Chinook Dolly Varden
Shock

Sample time # catch/effort®* # catch/effort®
Site date (min) parr (# parr/min) parr (# parr/min)
F1 Jun 15 25 58 2.32 9 0.36

Jul 13 31 77 2.48 24 0.77

Aug 6 31 32 1.03 26 0.84
F2 Jun 12 42 134 3.19 27 0.64

Jul 10 27 58 2.15 13 0.48

Aug 5 43 50 1.16 18 0.42

Oct 12 15 10 0.67 11 0.73
F5 Jun 11 59 224 3.80 71 1.20

Jul 7 82 190 2.32 83 1.01

Aug 10 51 48 0.94 44 0.86
F6 Jun 9 37 64 1.73 24 0.65
F7 Jun 14 14 30 2.14 8 0.57
Ll Jul 9 9 6 0.67 11 1.22

Aug 7 15 8 0.53 10 0.67

Oct 12 15 0 0.00 15 1.00

a Effort is measured as minutes the shocker is on.
Only electrofishing data is included in this table.
If multiple passes were made, only the results of
the first pass are listed.
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Figure 29. Juvenile chinook density estimates (N/m2 total area) in three
Indian River ponds.
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Figure 30. Juvenile chinook density estimates (N/m2 area with cover) in three
Indian River ponds.
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supports the population estimate data which also demonstrated decreasing
chinook density. The catch/effort of resident char showed no consistent pattern
between sample sites and sample dates (Table 14).

The summarized results of the minnow trap catches between June and
October 1988 are listed in Table 15. The highest catches (N/trap) of juvenile
chinook were in the sampled beaver ponds in June.

Juvenile chinook catches were ranked by habitat type (cover and depth) in
Appendices T, U, V, and W. The trapping data provided a relative measure of
micro-habitat use by juvenile chinook in pool habitat. In June, the highest catches
(N/trap) of juvenile chinook were in shallow (< 0.5 m depth) pools with various
types of cover (Appendix T). By July, the highest catches of juvenile chinook were
in pools of various depth, but with cover in the form of root wads, undercut bank
and submerged woody debris (Appendix U). This included complex cover types
consisting of undercut bank and either submerged woody debris or rootwads. By
August, the highest catches of juvenile chinook were in deeper (> 1m) pools with:
1) complex cover in the form of undercut bank with rootwads or submerged woody

debris; 2) rootwad cover; and 3) undercut bank cover (Appendix V).
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Table 15.-Number and length of Dolly Varden and juvenile
chinook salmon caught at the Indian River in 1988.

Species Mean # High #
Date Site of Fish /Trap in Trap
LC1 reach
8-17 L1 DV 0.2 2
June Cs 0.7 3
L2 DV 0.2 3
Cs 0.0 0
6 July L2 DV 0.0 0
Cs 0.1 1
FP4 reach
8-17 Fl DV 0.8 6
June CS 2.5 8
F2 DV 0.5 3
CS 1.4 6
F5 DV 0.5 2
Cs 0.8 8
Fé6 DV 0.5 4
Cs 0.7 5
F7 DV 0.3 2
CS 0.5 3
All DV 0.5 6
CSs 1.2 8
11-13 F6 DV 0.6 3
July Cs 3.3 17
F7 DV 0.6 4
Cs 0.8 5
6-9 F5 DV 10.8 65
August CS 4.9 20
F7 DV 2.1 9
CS 1.3 3
12-14 F1 DV 1.8 9
October Cs 0.2 1
F5 DV 0.3 2
Cs 0.9 o
Fé DV 1.1 7
CS 0.5 2
Beaver ponds
8-17 BP1 DV 0.1 1
June CS 7.2 59
BP3 DV 0.7 5
CS 4.5 20

* Data is for traps in pool (flow < 0.3 m/sec) habitat only.
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1989 Pre-Smolt Marking

The spring 1989 minnow trap catch of both juvenile chinook and Dolly
Varden char are listed in Appendices X and Y. A total of 101 juvenile chinook
were captured and released between 10 and 15 April in the Indian River (Table
16). The chinook were given caudal punch marks identifying their capture
location. None of the juvenile chinook captured in the river bore characteristics
of smolts (silver coloration). Water temperature in the river varied from 1.0 to
2.0°C, and the stream banks were covered with ice.

A total of 24 juvenile chinook were marked and released in pond #2 on 16
April (Table 16). At this time, pond #2 was covered with ice, water temperature
was 1°C, and none of the captured chinook were silver. Four juvenile chinook (all
silver) were marked and released in pond #1 on 10 and 15 April (Table 16). The
unusually warm water temperature (6°C on 10 April) in this pond mdy account for
the early smolting of the chinook here. Also, the low capture of chinook in pond
#1 indicated that most chinook had emigrated out of the pond prior to 10 April.
Although nearly absent during the 1988 sampling, Dolly Varden char were
abundant in pond #1 during the April 1989 sampling.

At pond #3, 19 juvenile chinook were marked and released on 4 May. By

this date the water temperature in pond #3 was 8°C, and 30% of the captured
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Table 16.-Location and number of juvenile chinook marked
with caudal fin punches in spring 1989.

Total
Marking Marking number
dates®?® site Mark® markedde
4/10, 4/15 Beaver Pond LCP-LCP 4
#1
4/10, 4/14 Lower River LCP 50
4/11, 4/12 Lower-Mid LCP-MCP 51
4/13, 4/15 River
4/16 Beaver Pond MCP 21
#2
5/4 Beaver Pond UCP 19
#3
5/11-5/17, Beaver Pond LCP-UCP 57
5/28-6/18 #3 weir
5/1, Beaver Pond MCP-UCP 197
5/6-6/17 #2 weir

2 Some marks were used over a period of several days in the
same capture location.

> Fish released from pond weirs were marked throughout the
spring.

¢ For marks, LCP = lower caudal punch; MCP = middle caudal
punch; and UCP = upper caudal punch.

4 24 chinook parr were marked at Beaver Pond #2, but 3 died
later at the pond weir.

¢ Thirty percent of the chinook marked at Beaver Pond #3 on
5/4/89 were smolty (silver).
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chinook were silver. Between 1 May and 18 June 1989, fish captured' and released
from the weirs at pond #2 and pond #3 were marked to identify their origin if
captured later at the river weir (Table 16). A total of 197 and 57 chinook smolts
were marked and released dlive from the weirs at pond #2 and pond #3

respectively.

Smolt Yield

A total of 5,743 chinook salmon smolts were captured at the river weir
(Appendix H). Due to mutilated fins on some smolts, only 5,650 smolts could be
examined for marks. Of these, 36 smolts had caudal marks given in April 1989 at
river sites (Appendix Z). These 36 marked smolts were recaptures used to
calculate a mark-recapture estimate of the total number of smolts produced in the
Indicm River. Only the 101 juvenile chinook marked in April 1989 in the river were
used for the population estimate. Using Chapman's modification of the Peterson
mark-recapture formula, the estimated 1989 yield of chinook smolts at the Indian
River was 15,578. The 95% confidence interval for this estimate is 11,302 to 22,169
chinook smolts. This equals a survival rate from stocked fry to smolt of 6.1% (4.4%
to 8.7%), not counting smolts produced in the three sampled ponds.

During the 1989 weir operation, a total of 565 chinook smolts were collected
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at the Indicn River weir for CWT analysis (Table 10 and Appendix AA). Nineteen
of these were from the pond weirs where they were marked upon release. Tag
analysis of the other 546 (458 read + 88 with lost tags) emigrating chinook smolts
determined that 237 (52%) were stocked in the upstream S km she@ reach, 147
(32%) were stocked in the middle 5 km stream reach, and 74 (16%) were stocked
in the lower 5 km stream reach (Table 10). The chinook fry stocked furthest
upstream in the Indian River in 1988 had the highest survival to smolt.

Due to the deep snow and associated transportation problems in spring
1989, juvenile chinook were marked in the downstream half of the Indian River.
If downstream chinook smolted before upstream chinook or vice versa, this may
have caused a bias in the mark-recapture smolt yield estimate. To check for bias,
the stocking origin of coded-wire tagged smolts were compared by capture dates
at the river weir (Table 10). This data indicated no difference in smolting time by
location in the river (Figure 8).

The 1989 smolt yield estimate of 15,578 was compared with the Indian River
basin survey data (Table 5) to determine chinook smolt yield relative to habitat.
The Indicm River had a 1989 estimated smolt yield of 0.23 (95% confidence interval
= 0.17 to 0.33) smolt/m® pool areq; 0.18 (95% confidence interval = 0.13 to 0.25)
smolt/m? pool + glide areq; and 0.14 (95% confidence interval = 0.10 to 0.20)

smolt/m? all habitat area.
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At beaver pond #2, the 24 juvenile chinook initially marked and released
in April 1989 were used for the mark-recapture estimate of the total smolt yield.
A total of 301 chinook smolts were captured at the pond #2 outlet weir between
2 May and 19 June 1989. Six of these smolts had caudal fin marks applied in April
1989. The mark-recapture chinook smolt estimate at pond #2 was 1083 (includes
four chinook kept for CWT analysis in April 1989) with a 95% Confidence Interval
of 539 to 2363 (Appendix R and Table 13). This represents a smolt ﬁeld estimate
of 0.07 smolt/m? pool area (Table 13 and Figure 29).

At the pond #2 outlet weir, a total of 195 of the chinook smolts captured
between 6 May and 19 June 1989 were marked with an identifying caudal punch
prior to release. This was done to help monitor the capture efficiency of the main
river weir. During this time period, 96 of the pond marked smolts were recaptured
at the river weir. Assuming no mortdlity, this data indicate the river weir captured
approximately 49 percent of the downstream emigrating smolts during this time.

At beaver pond #3, a total of 68 chinook smolts were captured at the outlet
weir between 10 May and 19 June 1989. The mark-recapture smolt Yield estimate
at pond #3 was 176 with a 95% Confidence Interval of 93 to 366 (Appendix R and
Table 13). Pond #3 had a smolt yield estimate of 0.20 smolt/m? pool area (Table
13 and Figure 29). This likely was a conservative estimate of smolt yield for Pond

#3. About 30 percent of the chinook were dalready smolty (silver) when the
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marking was done on 4 May, and smolts may have been emigrating before this.

On 19 and 20 June 1989, 15 minnow traps set in the Indian River captured
zero juvenile chinook salmon and 55 resident Dolly Varden char. Also, 20 traps
set in beaver ponds #2 and #3 captured one chinook smolt ond 128 resident char.
No chinook salmon were observed during snorkel surveys in July and August.
During this time, 31 minnow traps captured zero chinook salmon and 46 resident
char. These results indicate that all the chinook fry stocked in May 1988 had

emigrated from the river by July 1989.
Survival to Adult

The results of monitoring the adult chinook salmon returns from the 1986
and 1988 stockings at the Indian River are listed in Table 17. Snorkel surveys of
the river below the barrier falls have been completed every summer since 1988.
In addition to this, the returns of tagged chinook salmon in Alaska's port sampling
program have been monitored each year. The fry stocked in 1986 returned as
adults (in the port sampling and to the Indian River) primarily in 1990 and 1991
after three and four years in saltwater. The fry stocked in 1988 returned as adults
(to the Indian River) primarily in 1992 and 1993, also dfter three and four years in

saltwater.
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Table 17.-Monitoring results of adult chinook salmon
returns from stocking fry in 1986 and 1988 at the Indian
River.

Coded-wire tag returns’

Snorkle Minimum
Date? survey Actual Expansion total
(year) count number estimate ~ return
1989 0 0 0 0
1990 0° 5 10 10
1991 189+3° 6 9 30
1992 23 0 0 23
1993 31f 1° 4¢ 35

2 Adult chinook from the 1986 stocking returned in 1990
through 1992, and adult chinook from the 1988 stocking
returned in 1992 through 1994.

The selected port sampling of tagged salmon in Alaska is
not effective in sampling the Indian River chincok and
determining their contribution to the fisheries.

¢ Adult chinook returned late to streams and hatcheries
throughout southeast Alaska.

Due to turbid water, fish were not visible in some deep
pools.

¢ Caught in sport fishery.

Incomplete count due to encounter with brown bear sow and
two cubs.

d

(=)
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The limited port sampling data found Indian River chinook captured in the
Petersburg, Yakutat, Sitka and Hoonah commercidl troll fishery, and in the Haines
gillnet fishery. The monitoring data indicate a minimum survival of 40 chinook
salmon adults from the 1986 fry stocking, and 58 (1994 count not completed)
chinook salmon adults from the 1988 fry stocking. This data provided an
estimated minimum survival rate from fry to adult of 0.08% for the 1986 stocking
and 0.02% for the 1988 stocking. The estimated minimum survival rate from smolt

to adult was 0.49% for the 1986 stocking, and 0.34% for the 1988 stocking.
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DISCUSSION

MOVEMENT

In the Indion River, movement of stocked juvenile chinook consisted almost
entirely of downstream migration. Juvenile chinook stocked furthest upstream

where most likely to remain in the river.

Post 1988 Stocking

In 1988, many chinook fry moved downstream immediately after being
stocked into Indian River. Substantial numbers of fry emigrated completely out
of the river within several days of being stocked. Most of these emigrating fry
were stocked in the downstream third of the river. A major spring flood event

immediately after stocking likely increased the number of emigrating fry, as did
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intraspecific competition for rearing space.

The downstream emigration of large numbers of young or newly emerged
chinook fry is common in many stream systems (Lister and Walker 1966; Bjornn
1971; Reimers 1971; Healey 1980; Kjelson et al. 1982; Neilson and Geen 1986;
Unwin 1986). Kjelson et al. (1981) reported that fry catches in the Sacramento-San
Joaquin delta peaked dfter flow increases associated with storm runoff. Mains
and Smith (1964) indicated that peaks in downstream movement of chinook at
Central Ferry on the Snake River were correlated with freshets. Headly (1980)
observed that the downstream movement of fry was correlated with river flow in
the Nomaimo River, and Irvine (1986) reported that fluctuating discharge appeared
to increase the number of fry moving downstream, provided that peak flows were
of sufficient magnitude. |

Unwin reported that intense population pressure and lack of rearing area
caused the downstream migration of young fry. Lister and Walker (1966)
concluded that the available freshwater rearing area in the Big Qualicum River
limited the number of fry that could reside in the river, and displaced fry were
forced downstream.

In the Indian River, chinook fry established themselves in the stream section
where they were stocked, or emigrated to downstream sections (Figure 7). Tag

analysis suggested that half of the juvenile chinook rearing in the middle stream
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reach at Indian River were stocked in the upstream 5 km reach. Approximately
half of the chinook rearing in the lower 5 km stream reach were stocked in the
middle and upper stream reaches. No tagged chinook was captured in a stream
section upstream of where it was stocked.

Most (87%) of the 93 juvenile chinook sampled in 1986 remained near where
they were stocked, and 12% established themselves in downstream habitat. The
1988 and 1986 data both show similar movement patterns. The higher percentage
of downstream movement in 1988 is likely due to a fivefold increase in the number
of fry stocked and the flooding immediately after stocking. In the Yankee Fork of
the Salmon River, Idaho, Richards and Cernera (1989) reported that most hatchery
released chinook fingerlings were located within 2.0 km downstream of release
sites, and little upstream movement occurred. However, Murray and Rosenau
(1989) found that juvenile chinook in the Fraser River system migrated 0.4 to 6.5 km
upstream into nonnatal tributaries to reach rearing areas. They attributed this
movement to: an absence of spawning habitat in the tributaries and consequent
absence of natal juvenile chinook occupying available habitat, the higher quality
rearing habitat in the tributaries (less turbid) vs the main river, and good access
to upstream areas because of low stream gradients.

Stream rearing juvenile chinook did not move into the three stocked ponds

at the Indion River between May and October, 1988. The relatively high walls of
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the beaver dams and seasonal low flow levels make movement from the river into
the ponds nearly impossible during the summer. However, tag cnalysis indicates
that some juvenile chinook migrated into the ponds between October cnd April,
when heavy fdll rain storms can raise stream and pond levels enough to provide
access into ponds. At Carnation Creek, British Columbia, Brown and Hartman
(1988) reported that the number of juvenile coho salmon residing in off-channel
sites during the winter was governed by the magnitude of water levels associated
with fall storms relative to the flooding levels required to provide access to these
sites. In Oregon coast streams, Nickelson et al. (1992) also reported juvenile coho

salmon increasing their use of adjacent pond habitats in the winter.

SMOLT EMIGRATION TIMING

At Indian River, the smolt out-migration period began in April and
continued through June in both 1987 and 1989. CWT analysis indicated no
difference in smolting time in relation to rearing location upstream. Out-migration
timing at Indian River was similar to other natural chinook salmon populations.
At the Taku River in southeast Alaska, the smolt out-migration period occurred
from mid-April to mid-June, peaking in the first three weeks of May (Meehan and

Siniff 1962). In the Snake River in Idaho, yearling smolts also migrated
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downstream from April to June with peak numbers leaving in May (Bell 1958). In
the Yakima River, Washington, the yearling smolt out-migration océmred mainly
in April and May, with the peak varying from the third week of April to the second
week of May (Mgjor and Mighell 1969). At the Kasilof River on the Kenai Peninsula
in Alaska, the yearling smolt out-migration peaked in late July (Waite 1979), but
smolt sampling did not begin until 9 June.

At Indian River, chinook smolts emigrated downstream almost exclusively
during the evening hours between sunset and sunrise, with most movement
occurring within the first several hours after sunset. At the Kasilof River, Waite
(1979) dlso found that the diel out-migration of smolts peaked in the evening,
between 2330 and 0130. Mgjor and Mighell (1969) observed most yearling smolts
in the Yakima River emigrated downstream during the night. Meehan and Siniff
(1962) found no significant difference between the number of chinook smolts
emigrating during the day and night in the Taku River, although more smolts
usually moved at night. However, Bell (1958) found that most chinook smolts in a
section of the Snake River in [daho moved downstream during the day.

Chinook smolt out-migration was positively correlated with stream flow at
Indian River. Usudlly, the number of smolts emigrating downstream increased
distinctly when stream flow increased substantially (> 1m®%/s) from the previous

day. Chinook smolts emigrated from the ponds in irregular surges of relatively
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large numbers on nights with increased flows. The pulses of emigration during
high flow periods was likely due to the increased flow providing a transportation
route over the beaver dams, located at each pond outlet.

Bell (1958) related the peak in yearling chinook smolt out-migration to
spring floods and increasing temperatures. At Indicn River, there was no direct
correlation between daily stream temperature and the number of emigrating
chinook salmon smolts. Ewing et al. (1984) also were unable to find a relationship
between daily migration and average daily temperature.

However, the April 1988 chinook sampling at Indian River indicated that
temperature may control the onset of smolting. Between 10 and 15 April, the
juvenile chinook captured in the river were not smolting, and stream temperature
ranged from 0 to 2.0°C. Chinook were still colored with distinct parr marks. This
also was true at pond #2 on 16 April when the water temperature was 1.0°C and
the pond was covered with ice. However, the chinook captured in pond #lon 10
and 15 April were smolting (silver and no parr marks). Probably spring fed, pond
#1 was clear of ice and a relatively warm 6.0°C on 10 April. This indicated that
warmer water initiated the early smolting of chinook in pond #1. Clarke et al.
(1981) reported that juvenile chinook salmon seemed insensitive to photoperiod
and were more reactive to temperature. Wedemeyer et al. (1980) reported that

water temperatures can influence the onset of smolting in cnadromous salmonids.
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Smolts were captured at the main river weir on 21 April 1989, when the high
daily stream temperature was 2.0°C. This data along with the April chinook
sampling data indicate an increasing water temperature between 1.0 and 2.0°C
could have triggered the onset of the smolting process in juvenile chinook salmon

at Indian River.
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GROWTH OF CHINOCK FRY

Pre 1988 Stocking - Resident Char Growth

At Indian River, otolith analysis of resident Dolly Varden char sampled in
April 1988 indicated that resident char grew faster in the ponds than in the river.

By age three, char in the ponds were larger than age four char in the river.

Post 1988 Stocking

Juvenile chinook growth occurred almost entirely during the summer
between May and October, 1988. Although weight change is a more accurate
measure of growth, length changes were included here to compare these results
with other studies that measured growth by changes in length only. Between May
and August, the stocked juvenile chinook grew at a faster rate in the three
sampled beaver ponds (0.038 g/d and 0.39 mm/d) than in the river (0.016 g/d and
0.17 mm/d). Between August and October, the growth rate (0.026 g/d and 0.13
mm/d) of chinook in the ponds decreased and was not different from the
increased growth rate (0.025 g/d and 0.17 mm/d) of chinook in the river.

In the Coldwater River in British Columbia, Swales and Levings (1989) found
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that juvenile coho salmon grew faster in off-channel ponds than in the main river.
Hodkinson (1975) and Naiman et al. (1986) reported that abandoned beaver ponds
are highly accretive energy storage areas. This energy supply and the associated
invertebrate availability, along with increased activity at higher temperatures,
could account for some of the accelerated summer growth of juvenile chinook
observed in the Indian River ponds.

Rich (1920) collected data in the Columbia River which indicated a growth
rate of about 0.20 mm/d for juvenile spring chinook during the period of March to
September (Healey 1991). This is similar to the growth rate of chinook during this
time period in Indian River. Power (1992) reported a growth rate of 0.32 mm/d in
the Waitaki River during the summer growth period (4 November - 4 March), and
in demonstration channels when stream temperature in this New Zealand stream
averaged 16°C. Kjelson et al. (1982) estimated the growth of juvenile chinook in the
Sacramento River, California, where marked fish in the upper river grew an
average of 0.33 mm/d over a 72 day period, while fish in the delta area grew an
average of 0.53-0.86 mm/d. At Indiam River, only the juvenile chinook in the beaver
ponds between May and August grew at a rate (0.39 mm/d) as high as that
observed in the upper Sacramento River.

During the winter period of mid-October 1988 to mid-April 1989 at Indion

River, juvenile chinook growth ceased in the river and in the ponds. Chinook in
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both the river and the ponds grew substantially between the 13-16 April 1989
sampling period and the mean smolt out-migration time of 15-18 May. In the river,
growth during this time was about 0.017 g/d and 0.13 mm/d. In the sampled
ponds, growth of chinook between mid-April and mid-May was about 0.055 g/d
and 0.23 mm/d.

The average growth rate for the entire time period of between 350 to 400
days that stocked chinook salmon reared in Indian River during 1988 and 1989
was 0.010 g/d and 0.10 mm/d in the river, and 0.017 g/d ond 0.13 mm/d in the
ponds. Neilson and Geen (1986) reported that faster first year growth rates in
juvenile chinook salmon can result in more rapid subsequent growth, lower
mortality and faster maturation during estuary or oceanic life. This indicates the
larger pond-reared chinook at Indian River could have a higher survival to
maturity after emigrating to saltwater.

Growth of juvenile chinook stocked in 1986 at Indian River was similar to the
growth of chinook in 1988. Again, growth (0.03 g/d and 0.25 mm/d) occurred

during the summer (June to September) and then ceased over the winter.

Temperature and Growth

In 1988 and 1989, growth and water temperature (degree days) in Indian River
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were strongly correlated. Clarke et al. (1981) also found that temperature strongly
influenced growth of juvenile chinook salmon. At Indian River, juvenile chinook
grew when stream temperature was greater than about 4°C, which corresponds
to the summer season (May to October). During this time, growth ranged from
0.22 to 0.37 g/100 degree days (°C*d), and was highly correlated with degree days
(Figure 20). However, over the winter (October to April), growth was -0.09 g/100
degree days. The extensive period of low stream temperatures between -1.0 and
2.0 °C during most of the winter and an associated high energy demand for body
maintenance may account for the relational difference in the winter data. Pereira
and Adelman (1985) reported that juvenile chinook grew significcﬁitly slower at
various rearing temperatures when exposed to winter photoperiods.

In the ponds, water temperature only was taken when sampling fish.
However, water temperature in the ponds was consistently higher than in the river
during the summer growth period, indicating higher cumulative degree days. This
would help explain the faster growth rates of both stocked chinook and resident
char in the pond habitats. Although it is probable that increased water
temperatures near an upper lethal level would decrease growth rates of juvenile
chinook in ponds, extremely high water temperatures lethal to chinook are not
common in southeast Alaska. However, during an extremely warm and dry

summer, a lethal or near lethal combination of high temperatures and low
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dissolved oxygen levels could occur in ponds with little or no flow. Bisson and
Davis (1976) found that elevated stream temperatures near 20°C reduced growth

rates of juvenile chinook salmon.

Smolt Size

Chinook salmon fry stocked into Indian River in June 1988 emigrated as
smolts in spring 1989. Although both river and pond reared smolts were captured
at the river weir, chinook salmon in the ponds grew significantly larger tham those
reared in the river. Smolts (mean = 7.2 g) captured at the pond weirs averaged
1.5 times larger than all smolts (mean = 4.7 g) captured at the river weir. The
presence of pond reared smolts skewed the distribution and slightly .increased the
mean size of all chinook smolts (data for river weir) over what it would have been
for fish reared in the river.

In 1987, the mean weight of out-migrant chinook smolts captured at the
river weir was 4.3 g. Chinook fry were not stocked into beaver ponds in 1986, cnd
the 1987 smolt out-migration included only chinook reared in the river. Smolts
captured in 1989 were slightly larger than those in 1987, but this can be attributed
to the 1989 river data including larger pond reared chinook.

The growth of juvenile chinook at Indicm River was similar to growth of

DISCUSSION ' 122



natural chinook salmon populations in Alaska. In the Taku River, a large
mainland river in southeast Alaska, 94 percent of the chinook smolts were 1-check
(overwinter one year in freshwater) smolts and the remainder were 2-check smolts
(Meehan and Siniff 1962). The mean fork length of these smolts was 73.3 mm
(range = 50 to 105 mm), and there was a general increase in smolt size as the
season progressed. In the Taku River the average growth rate was about 0.09
mm/d, which is very similar to the 0.10 mm/d for the entire rearing time in Indian
River. In the Salcha River in interior Alaska, emigrating chinook smolts averaged
a mid-eye to fork length of 73.0 mm (range = 55 to 86 mm) and a mean weight of
4.3 g (Loftus and Lenon 1977).

In Crooked Creek, on the Kenai Peninsula, Alaska, mean fork length of
yearling smolts was 93.5 mm (Waite 1979). These chinook did not emigrate from
the river until late July, and obtained additional in-stream growth compared to
other stocks, which emigrated between April and June. Assuming about 430 days
of river residence, the growth of Crooked Creek smolts averaged 0.12 mm/d
(Hedley 1991), similar to that in the Indian River ponds (0.13 mm/d).

Yearling smolts in other areas vary greatly in size. In the Yakima River in
Washington, average smolt size increased from 124.6 to 134.0 mm between 1959
and 1962 (Mgjor and Mighell 1969). This indicates an average year-round growth

rate of 0.25 mm/d, which is much higher tham that at Indian River. In the Columbia
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River, yearling smolts averaged about 84.2 mm fork length in 1955 (Mains and
Smith 1964), which correlates to an average growth rate of about 0.12 mm/d. In
the Snake River, I[daho, Mains and Smith (1964) found yearling smolts averaged
101 mm in 1954 and 1955, which correlates to an average growth rate of about
0.17 mm/d. However, Bell (1958) found yearling smolts in the Snake River
averaged 68 mm fork length in May 1957 and 1958, but observed a second, larger
size group in April 1958 which were about 100-104 mm fork length. The 68 mm
size suggests an average growth rate of only about 0.08 mm/d. Bell (1958)
observed only one size mode in May and June, and the mean size of this mode
increased from 70-74 mm in May to 85-83 mm in June.

Mgjor and Mighell (1969) observed that the daily mean size of out-migrating
chinook smolts in the Yakima River, Washington, decreased over time, indicating
that larger fish migrated first. Mains and Smith (1964) observed no systematic
change in smolt size over time in the Snake River. At Indicn River, mean chinook
smolt size fluctuated daily, but generdlly increased as the season progressed
through the 1989 smolt out-migration. Increasing smolt size was similar to, but not
as extreme as that found by Bell (1958) in the Snake River. At Indion River, the
increasing mean smolt size was likely due to additional growth of the smolts which
remained in the river longer.

Hedley (1991) remarked that the existence of two distinct size groups of
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chinook smolts in the same run suggests that important micro-habitat differences
might be affecting chinook growth in rivers. In May 1988, chinook fry were the
same size (newly emerged fry) when stocked in the habitat areas at Indian River.
The differential growth rates and distinct sizes of juvenile chinook'reoring in the
river and pond habitats at Indiom River provide evidence that micro-habitat
differences in the same stream system can effect growth.

The condition (Becker 1973) of chinook smolts captured at the Indicn River
averaged 1.02 (range 1.00-1.07). Pond reared smolts were slightly more robust,
with condition averaging 1.10 (range 1.02-1.20). Becker (1973) found that the
condition of juvenile chinook in the central Columbia River ranged from 1.3to 1.4
in July. Power (1992) reported that condition factors for juvenile chinook in a New

Zealand river ranged from 0.70 to 1.18.
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SURVIVAL OF CHINOCK FRY

Post Stocking

Substantial numbers of chinook fry emigrated during a spring flood
immediately after the 1988 stocking. The actual number of fry emigrating from
Indiom River was likely higher than the estimated 9,724 because the fyke net was
placed out of the main flow, and the flood stage was increasing when the fyke net
was destroyed. Most emigrating fry had been stocked in the lower river section.

Other studies indicate that most salmon fry emigrating immediately to
saltwater do not survive (Pritchard 1940; Crone and Bond 1976; Flain 1982; Neilson
and Geen 1986; Unwin 1986). The chinook fry immediately emigrating from Indian
River probably did not survive as the river has a relatively small estuary area, and
these chinook from the Andrews Creek stock usudlly require a year of freshwater
rearing prior to smolting.

Resident Dolly Varden char greater than 90 mm fork Ienéth preyed on
chinook salmon fry immediately after the fry were stocked. In May, the 15 char
greater than 90 mm had 12 chinook fry in their stomach. Predation was observed
both in the main river and in the beaver ponds. However, no char predation of

juvenile chinook was observed after mid-June, 1 1/2 months after stocking. This
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indicated that predation by resident char could have substantially reduced the
chinook population in Indian River, especially during the initial couple of weeks
after stocking. Other studies also have identified fish predation on juvenile
chinook (Clemens and Munro 1934; Thompson 1959; Patten 1971).

Common mergansers, belted kingfishers and American dippers also were
observed eating fish at Indion River. The relatively large appetite and abundance
of avian predators, especially common mergansers which were abundant in the
watershed, could have accounted for a substantial loss of juvenile chinook at
Indian River. Unlike the resident char which primarily inhabited the stream
bottom, young juvenile chinook inhabited the mid-water column in shallow pool
areas, an area especially vulnerable to piscivorous birds. No terrestrial
predators, such as river otter, were observed at Indian River.

At Indian River, juvenile chinook densities at all sample sites declined at a
decreasing rate between June and August 1988. At the FP4 sample sites, juvenile
chinook densities (number/m? pool area) were 0.81 in June, 0.47 in July and 0.31 in
August. The total chinook population for June, July and August was estimated by
multiplying the total pool area (68,116 m? by the monthly estimates of chinook
densities. The estimated juvenile chinook populations in Indian River were 55,174
in June; 32,015 in July; and 21,116 in August (Figure 31). This indicated that

mortdlity (including emigration) of juvenile chinook was very high during the first
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Figure 31. Change in the estimated juvenile chinook population in the Indian
River between 1988 and 1989.
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month after stocking. The population estimates provided an estimated survival
rate of 8.3% from the May stocking through mid August. In the Yankee Fork of the
Salmon River, Idaho, Richards and Cernera (1989) reported a 17% survival rate
of juvenile chinook from July to October.

Between May and June, the 255,000 (5,000 were stocked in the ponds)
stocked chinook fry declined to about 55,000, a 78% mortality rate. Much of this
early mortdlity is likely associated with the immediate emigration of stocked
chinook fry during the spring flood, and the probable substantial predation by
resident char during the first month after stocking. Although still substantial, the
calculated mortality rate declined to 42% between June and July, and to 34%
between July and August. From May through August, the calculated daily
instantaneous mortdlity rate was 0.025. Carl (1984) reported daily instantaneous
mortality rates of 0.024 and 0.025 for juvenile chinook in two Lake Michigan
tributaries. Unfortunately, over-winter changes in juvenile chinook densities in
Indian River could not be determined because it was not possible to capture
enough chinook in April 1989 to conduct population estimates at any of the river
sample sites. The catch per unit effort data indicated the same general declining
chinook densities described by the population estimate data.

In June, chinook densities (number/m? pool area) were 0.28 and 0.42 for

pond #1 and pond #3 respectively (Table 13). In August, juvenile chinook
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densities were 0.10 and 0.39 for pond #1 and pond #3 respectively. By August,
the chinook density in pond #3 was similar to the mean density in the sampled
FP4 river sites. The chinook density decreased greatly in pond #1, but only
slightly in pond #3, which maintained a much higher density through May 1989.
By August, most juvenile chinook in pond #1 had either emigrated out of the pond
or died. At this time, there were almost no resident char in pond #1, eliminating
predation as a possible reason for the dramatic decline in chinook density.

The minnow trap catch data at Indian River provided a relative measure of
micro-habitat use by juvenile chinook in pool habitat. In June, juﬁenﬂe chinook
were most common in shallow (< 0.5 m depth) pools with various types of cover.
As the summer progressed, the growing chinook moved to deeper pools with
cover, as the highest catches (N/trap) in August were obtained in relatively deep
(> lm) pools with either complex cover (undercut bank with rootwads or
submerged woody debris), rootwad cover, or undercut bank cover.

Chapman and Bjornn (1969) and Everest and Chapmaon (1972) reported that
fish size was positively correlated with water depth for juvenile chinook in the
Snake River, I[daho. Lister and Genoe (1970) found that smaller juvenile fall
(ocean-type) chinook in the Big Qualicum River, British Columbia, utilized
marginal stream areas including back eddy pools with submerged woody debris

and rootwad cover. Rubin et al. (1991) reported velocities between S and 25
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cm/sec and depths > 30 cm as most suitable for juvenile chinook in two tributaries
of the Middle Fork of the Salmon River, Idaho. In a tributary of the South Fork
Smith River, California, McCain (1992) reported a shift in habitat selection by
juvenile fall chinook from backwater-edgewater pools in spring to more main
channel pools in summer. Brusven et al. (1986) reported that undercut banks are
an important summer habitat component for juvenile chinook salmon. Meehan
et al. (1987) also found that juvenile chinook densities were greater in stream
channels with overhead types of shading cover.

The juvenile chinook sampling at Indian River supports the findings of the
habitat research listed above. Juvenile chinook grew more rapidly in the beaver
pond habitat, and substantial numbers of relatively large smolts were produced
in at least two of the three ponds sampled. Juvenile chinook can utiiize and grow
well in the still water in beaver ponds, suggesting that competition from juvenile
coho or other salmonids could be limiting chinook use of beaver ponds and
sloughs in other stream systems.

In the Coldwater River, Swales and Levings (1989) found that juvenile
chinook salmon, steelhead and Dolly Varden char were scarce in off-channel
ponds, but juvenile coho were more abundant in the ponds than in the main river.
Murphy et al. (1989) found that juvenile chinook in the Taku River were mainly in

the river and seldom in beaver ponds or off-channel sloughs. They reported that
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chinook were rare in still or fast flowing (> 30 cm/s) water. In the Yankee Fork of
the Salmon River, Idaho, Richards et al. (1992) found that juvenile chinook readily

utilized off-channel dredge ponds connected to the river.

Smolt Yield

The estimated 1989 yield of chinook smolts at the Indicm River was 15,578,
with a 95% confidence interval of 11,302 to 22,169 smolts, a survival rate from
stocked fry to smolt of 4.4 to 8.7 percent. The estimated 1987 yield of chinook
smolts was 5,830 to 11,787 smolts, a survival rate from stocked fry to smolt of 11 to
23 percent. The lower survival rate to smolt in 1989 likely was caused by several
factors. More than five times as many fry were stocked in 1988, which would
increase the level of intraspecific competition for the limited habitat. In 1988, there
also was a heavy loss of fry emigrating out of the river during a spring flood,
immediately after stocking. The fry stocked in 1986 were larger (0.7 g versus 0.56
g) and were stocked in June dafter the spring floods.

Survival of fry to smolt at Indion River is similar to that reported at the
Sacramento River, where survival ranged from 3% to 34% for the 1980-82 year
classes (Hedley 1991). Survival rates of 10% to 30% among rearing juveniles have

been recorded for other salmon species (Foerster and Ricker 1941; Hunter 1959).
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Atlantic salmon Salmo salar research has shown typical fry to 1 + juvenile survival
rates to be 3.3% to 13.3% (Greenwood 1981, MacCrimmon 1954, and Stewart
1963).

The estimate of smolt yield at Indian River involves several assumptions.
The smolt weir operated only in spring based on the assumption that few, if any,
juvenile chinook smolted at other times of year. In other stream systems, juvenile
spring chinook have been observed emigrating in the fall (Pritchard 1940; Reimers
and Loeftel 1967; Chapman and Bjornn 1969; Bjornn 1971; Carl and Healey 1984;
Neilson and Geen 1986). The August 1988 population estimate of 21,116 juvenile
chinook and the estimated 1989 chinook smolt yield indicate only a 26% mortality
(+ emigration) rate in the river from August 1988 to May 1989 (Figure 31). Over-
winter mortality of juvenile chinook in Indion River was low, and few if any chinook
emigrated out of the river in the fall.

Andlysis of coded-wire tagged chinook smolts captured at the Indicn River
weir in 1989 indicated that 52% were stocked in the upstream 5 km reach, 32%
were stocked in the middle stream reach, and 16% were stocked in the lower
stream reach. Chinook fry stocked furthest upstream in 1988 had the highest
survival to smolt. This is consistent with the downstream movement patterns of the
juvenile chinook sampled in summer and fall 1988. At the Carroll River in

southeast Alaska, Coombs (1982) reported that tramsplanted chinook fry released
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furthest upstream had the greatest proportion remaining in the river, and they
were distributed throughout all sections of the river. From releases ;)f tagged fish,
Kjelson et al. (1982) and Brown (1986) reported that chinook fry reared in the upper
Sacramento River, Cdlifornia, experienced a higher survival to smolt than fry that
reared in the delta.

In relation to stream habitat, the 1989 estimated chinook smolt yield ranged
from 0.17 to 0.33 smolt/m? pool area, and from 0.10 to 0.20 smolt/m? total stream
habitat area. For comparison, Levy and Northcote (1982) reported an average
density of 0.18 juvenile chinook/m? in the estuary of the Fraser River, British
Columbia. At Indion River, estimated smolt yield in the more densely stocked
pond (0.11 to 0.42 smolt/m? was similar to the smolt yield in the stream pool

habitat.
Survival to Adult

The Indian River chinook salmon returned as adults to Indian River, and to
the commercial and sport fisheries after predominantly three and four years at
sea. Unfortunately, port sampling of coded-wire tagged salmon proved ineffective
at determining survival to adult of Indian River chinook or their contribution to the

fisheries. This problem may be due to the location and timing of the port
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sampling, the relatively small number of tagged adult fish, or a combination of
these factors. The estimated minimum survival rates from stocked fry to adult
were 0.08% for the 1986 stocking and 0.02% for the 1988 stocking. The estimated
survival rate from smolt to adult was 0.49% for the 1986 stocking crnd 0.34% for the
1988 stocking. These are conservative estimates of adult escapement for the
following reasons: 1) sport fishing in Tenakee Inlet and by local residents was not
assessed; 2) all adult chinook salmon returning to the river could not be counted;
and 3) the effectiveness of the port sampling of tagged fish was inconclusive.
The estimated survival rates of smolt to adult for chinook salmon fry stocked
at Indian River are similar to the survival rates of chinook smolts released from
several southeast Alaska hatcheries. At the Hidden Falls hatchery, estimated
survival from released smolt to adult ranged from 0.12% to 0.62% (mean = 0.39%)
for releases between 1982 and 1985 (Collinsworth 1990). At the Snettisham
hatchery, estimated survival from released smolt to adult ranged ‘from 0.11% to
2.5% (mean = 0.37%) for releases between 1980 and 1986 (Collinsworth 1990).
Personnel from the Alaska Department of Fish and Game complete annual
index counts of salmon in several streams near the Indian River. They have not
observed amy returning adult chinook salmon in these streams which might have
strayed from the Indicm River stocking. The relatively long time period of in-stream

rearing of juvenile chinook at Indian River should provide good imprinting on the
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river. At the Little Port Walter (LPW) field station on Baranof Island, tremsplanted
chinook salmon eggs were incubated and reared prior to release as tagged
smolts (Hard and Heard 1990). Based on 22,555 recovered adult chinook, 98.9%
returned to LPW; 0.4% were recovered less than 7 km from LPW; and 0.7% were

recovered within 25 km of LPW.
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CONCLUSIONS AND MANAGEMENT

IMPLICATIONS

Ability of Chinook Fry to Rear in Island Stream Systems

This study has shown that stocked chinook fry can rear in southeast Alaska's
smaller island streams. The growth and survival to smolt of juvenile chinook at the
Indian River was similar to that reported for wild chinook populations.

At Indion River, juvenile chinook reared in pool habitat with cover in the
form or undercut bank, rootwads and/or submerged woody debris. The very
young chinook used shallow pool habitat, but as they grew, juvenile chinook were

more common in deeper pools. The valley bottom stream habitat at Indian River
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had an estimated carrying capacity (chinook/m? pool area) of 0.81 juvenile
chinook in June, 0.47 in July, and 0.31 in August. The estimated smolt yield ranged
from 0.17 to 0.33 smolt/m? pool area. Juvenile chinook also can effectively rear in
off-chamnel pond habitats, providing that seasonal flow levels are adequate to
provide access to and/or from the ponds. The observed habitat use and estimates
of chinook carrying capacity, along with other data in this thesis, provide
information necessary to determine chinook stocking densities in other southeast
Alaska streams. Of course, other factors must be assessed for any stream
stocking project; these include: disease introduction, genetic alteration, and
displacement of resident or naturally produced fish

As they become available, the use of chinook salmon brood stock from
another southeast Alaskan island stream, such as the King Salmon River on
Admirdlty Island, should increase the effectiveness of fry stocking in small island
systems. Stocks, such as the King Salmon River, are naturally adapted to rear in
the habitat found in the smaller island streams. Genetic characteristics vary by

stock, with differentiation occurring even in the same river (Beacham et al. 1989).
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Effectiveness of Rearing Chinook Fry in Streams with Barriers

One benefit to rearing juvenile chinook salmon in natural streams is that
they can develop predator avoidance and feeding characteristics similar to wild
fish. Also, disease outbreaks, which can occur in crowded hatchery conditions,
are not as likely to occur in a stream. Streams like Indian River} can serve as
natural, low cost rearing facilities. No investment of time or money is required
after the initial effort of incubating the eggs and stocking the fry. The streams
provide the habitat and food necessary to rear the fry to smolts.

Although similar to wild stocks, the average size of chinook salmon smolts
produced at Indion River was smaller than those produced at hatcheries in one
year. However, survival from smolt to adult was similar (if slightly lower) to that for
chinook released at several area hatcheries during this time, indicating that
stocking young fry into streams with barriers may be a cost effective method to
produce viable chinook smolts.

Because the investment in the stream reared smolts is iess, stocking
chinook fry into streams may be a cost effective enhancement technique even if
their survival rate is lower than that of hatchery smolts. Chinook fry must rear for
up to a year before they smolt and are physiologically ready for release to the sea.

By that time, a hatchery has invested substantial resources into producing each
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chinook smolt. The cost of producing newly hatched chinook fry is much lower.
For the cost of producing one smolt, many fry can be stocked into a natural
stream. Even with much higher rearing mortality, juvenile chinook in streams can
equate into smolts which cost the same or even less than hatchery reared smolts.
Streams with barriers also can be used as satellite areas to rear excess hatchery
fry when more eggs survive than a hatchery's rearing facilities can accommodate.

A recent study funded by the state of Alaska (Niehaus et al. 1991)
determined that one sport caught chinook salmon in Alaska was worth $963 to the
state's economy. Chinook salmon enhancement is in demand because of the high
value and relatively low availability of chinook salmon to the sport, commercidl,
and subsistence fisheries in the Pacific Northwest and Alaska.

In Alaska, sport fishing pressure is increasing rapidly, greatly increasing
the demand for chinook salmon. At the same time, the commercial troll fishing
fleet is struggling to maintain and increase it's limited chinook salmon catch
quota. Decreasing quotas and escalating fishing pressure are increasing the
demand for chinook enhancement efforts. The growth, movement, habitat use and
survival of stocked chinook fry in Indian River indicate that stocking chinook fry
into habitat upstream of barrier falls can be a viable enhancement alternative.
However, fishery managers must assess a stream system for habitat, physical

properties, and biological characteristics before initiating a stocking project.
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Recommendations for Stocking Chinook in Streams with Barriers

Data from the initial stocking of 50,000 chinook salmon fry and evaluation
of the 1988 stocking of 260,000 fry into Indian River provide information necessary
for implementing chinook stocking projects at other southeast Alaskan streams
with barriers. The movement and survival data at Indicn River indicate that
stocked chinook fry emigrate downstream. In smaller island streams similar to
Indian River, initial chinook fry stocking should be concentrated in the upstream
reaches of the available habitat to maximize stocking effectiveness, cnd minimize
impacts on any downstream salmonid populations. If possible, stocking should
be timed to occur after spring freshets which can wash young fry from the stream.
This may require increased hatchery rearing time, but the associated higher
rearing costs may be worthwhile if resulting fry to smolt survival is increased
substantially.

Resident fish populations should be assessed for potential predation of
stocked fry. This could include determining the distribution, number and size of
the resident fish.

A general guideline would be to stock between 0.5 and 1.0 chinook fry/m?

pool habitat, as determined from basin survey measurements. Minimum densities

could be used if few fry are available and habitat is in excess. Higher densities
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could be used if excess fry are available. The basin-wide survey approach should
be used to measure the amount ond distribution of stream habitat available at a
potential stocking site, with pool habitat being a criteria used to determine juvenile
chinook salmon carrying capacity. The available habitat should include pool area
in both streams and ponds with outlet chamnels for smolt emigration. In this study,
extrapolation of representative stream reaches proved inaccurate in estimating
the amount of available rearing habitat in the stream. Pool habitat estimated from
extrapolation (130,060 m? was nearly double the pool habitat (68,120 m?
estimated by the more reliable basin survey.

Any stocking project should include monitoring to evaluate the project's
success. Specific monitoring results should direct additional stockings to
maximize effectiveness of this enhancement technique. Comparing a project's

goals with monitoring results will determine the project's effectiveness.
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Appendix A.-Specific water type and cover habitat data for
the 10 stream and 3 beaver pond sample sites at the Indian
River.

Water depth®/speed?® Cover®/water speed ¢
SS SF DS DF WDR WDP UBR UBP RVR RVP
Site (m®) (m?) (m*) (m?) (m*) (M) (m®) (m®) (m®) (m?)

LCl1l stream section

L1 130 310 3 130 2 18 O 8 0 12
L2 200 100 59 440 4 26 1 3 0 6
L3 53 430 9 290 14 16 3 2 1 2
FP4 stream section
FlA 170 180 0 47 4 25 2 8 2 0
F1B 110 140 9 5 12 24 3 3 0 5
F2 140 130 74 260 18 25 1 6 3 52
F3 57 210 3 300 14 21 O 19 10 12
F4 64 88 23 330 10 2 1 11 1 3
F5 580 770 310 390 72 160 12 30 0 5
Fo 190 63 320 140 43 220 0 8 0 4
F7 60 150 10 7 10 7 0 6 1 5
Beaver ponds

BP1 2,900 0 1,200 0 0 3,700 O 0 0 300
BP2 0 0 16,300 0 0 800 O 0 0 6,500
BP3 220 0 650 0 0 50 O 50 0 550
2 S = shallow (< 0.5m); D = deep (> 0.5m).

b

S = slow (< 0.3m/s); F = fast (> 0.3m/s).

Cover types include: WD = woody debris; UB = undercutbank;
RV = riparian vegetation.

¢ P = pool or slow (< 0.3m/s); R = riffle (> 0.3m/s).

Q

Appendices 154



Appendix B.-General habitat data for the 10 stream and 3
beaver pond sample sites at the Indian River.

Total
Grad- Total PoolP? cover Domi-°
Site Sub- ient Length area area area nant
strate® (%) (m) (m? (%) (%) Cover
LCl1 stream section
Ll Rub/Cob 2.0 36 570 24 7 BDR
L2 Bed/Bdr 4.0 48 800 33 5 BDR
L3 Bed/Bdr 2.5 30 780 8 5 WD
FP4 stream section
Fl1A Cgr/Cob 1.5 37 390 42 10 WD
F1B Cgr/Fgr 1.0 38 260 44 18 WD
F2 Cgr/Cob 1.0 44 600 35 17 WD/RV
F3 Fgr/Cgr 0.5 30 570 12 13 WD
F4 Fgr/Snd 0.5 30 510 17 6 WD/UB
F5 Fgr/Snd 0.5 68 2,060 44 14 WD
F6 Fgr/Snd 0.5 40 710 72 39 WD
F7 Cgr/Fgr 1.5 35 230 30 13 WD
Beaver ponds .
BP1 Organic 0.0 150 4,160 100 96 WD
BP2 Organic 0.0 180 16,250 100 45 RV/WD
BP3 Organic 0.0 130 870 100 74 RV

2 Dominant substrate is one (two) of these: Bed = Bedrock;
Bdr = Boulder (>25 cm); Rub = Rubble (>13-25 cm); Cob =
Cobble (>6-13 cm); Cgr = Coarse gravel (>2.5-6 cm); Fgr =
Fine gravel (>2 mm - 2.5 cm); Snd = Sand (<2 mm); Organic.

® Pool is defined as water moving < 0.3 m/s.

¢ Cover is one of the following: UB = Undercut Bank;

WD = Woody Debris; RP = Riparian/Aquatic Vegetation; and
BDR = Boulder.
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Appendix C.-Habitat data for stream sections from the 1989
basin-wide stream survey at the Indian River.

(downstream) Stream section (upstream)
Habitat Welr to F5 to F6 to F2 to
measure F5 Fo F2 Fl F7
Total pool 6,178 26,418 26,074 7,368 276
area (m2) 4
# Pools 6 62 114 54 10
Mean pool 1,030 426 229 136 28
area (m2)
Mean pool 88 38 24 17 7
length (m)
Total glide 3,568 6,742 5,726 2,545 199
area (m2)
# Glides 7 33 42 18 7
Mean glide 510 204 136 141 28
area (m2)
Mean glide 42 20 16 17 5
length (m)
Total riffle 770 6,731 7,376 3,899 488
area (m2)
# Riffles 3 35 71 36 7
Mean riffle 257 192 104 108 70
area (m2)
Mean riffle 28 22 17 19 15
length (m)
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Appendix D.-Instream debris data for pool habitat from the
1989 basin-wide stream survey at the Indian River.?

(downstream) Stream section (upstream)
Debris class
(length, Weir to F5 to Fé6 to F2 to
diameter) F5 Fo6 F2 Fl E7
1 37 24 20 13 3.8
(1<X<5 m,
5-10 cm)
2 9.7 12 7.4 3.3 0.7
(1<X<5 m,
10-50 cm)
3 2.3 2.3 2.6 1.1 0.9
(1<X<5 m,
>50 cm)
4 1.5 0.5 1.2 0.3 0.4
(>> 5 m,
5-10 cm)
5 4.5 3.7 2.1 0.9 0.7
(> 5 m,
10-50 cm)
6 1.2 2.0 2.1 1.4 0.5
(>> 5 m,
>50 cm)
7 2.8 2.7 2.0 3.0 1.1
Rootwads

2 All measurements are mean number of instream debris pieces
per pool.
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Appendix E. Classes of woody debris and substrate used in
the basin level survey. :

Woody Debris

Class Length Diameter
1 >1m, <5m 5 - 10cm
2 >Im, <5m 10 - 50cm
3 >1lm, <5m > 50cm
4 >5m 5 - 10cm
5 >5m 10 - 50cm
6 >5m > 50cm
7 Rootwad
Substrate
Class Name Size or Character
1 Organic Organic Material
2 Clay Clay
3 Silt Silt
4 Sand >Silt - 2mm
5 Small Gravel >2mm — 10mm
6 Large Gravel >10mm - 10cm
7 Cobble >10cm - 30cm
8 Boulder >30cm
9 Bedrock Bedrock
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Appendix F.-Original stocking location of juvenile chinook

salmon collected at Indian River during 1988 and 1989.

Number of fish from each stocking location

Date? Down- Tag®
Collected Upstream Middle stream Missing
F5 Sample Site
Jun 7 18 27 16
Jul 8 18 26 12
Aug 3 0 4 2
Oct 0 0 0 1
Total 18 36 57 31
Fl Sample Site
Jun 15 0 0 1
Jul 27 0 0 5
Aug 12 0 0 1
Oct 1 0 0 0
Total 55 0 0 7
F2 Sample Site
Jun 11 12 0 10
Jul 6 4 0 5
Aug 4 1 0 0
Oct 1 0 0 0
Total 22 17 0 15
F6 Sample Site
May 2 5 3 2
Jun 3 6 4 2
Jul 5 7 6 7
Oct 1 0 1 1
Total 11 18 14 12
F7 Sample Site
Jun 7 0 0 0
Jul 3 0 0 1
Total 10 0 0 1
F8 Sample Site
Jul 2 4 0 3
2 Dates are in 1988 unless otherwise specified.
® Coded-wire tag was missing when parr was analyzed.
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Appendix F cont.-Original stocking location of juvenile
chinook collected at Indian River during 1988 and 1989.

Number of fish from each stocking location

Date?® Down- Tag®
Collected Upstream Middle stream Missing

L1l Sample Site

Jun 0 0 1 0

Jul 1 0 2 1

Aug 0 0 1 2

Total 1 0 4 3
L2 Sample Site

Jul 0 0 1 0
Weir Sample Site

May 3 7 10 1

Jul 0 0 7 3

Total 3 7 17 4
BPl Sample Site

Jun 0 0 4 1

Jul 0 0 3 2

Total 0 0 7 3
BP2 Sample Site

Jul 0 8 0 2

Oct 0 2 0 3

Apr 1989 0 3 0 1

Total 0 13 0 6
BP3 Sample Site

Jun 0 10 0 0

Jul 0 3 0 2

Aug 0 4 0 1

Oct 0 3 0 2

May 1989 0 3 0 0

Total 0 23 0 5

@ Dates are in 1988 unless otherwise specified.
® Coded-wire tag was missing when fin-clipped parr was
analyzed.
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Appendix G.-Original 1988 stocking location of juvenile
chinook marked in spring 1989 and recaptured at the Indian
River smolt weir.

Number of smolts from each stocking location

Spring 1989 Down- Tag®
Mark Site Upstream Middle stream Missing
Lower River 0 4 0 0
(LCP)
Lower-Mid 0 0 1 0
River
(LCP-MCP)
BP2 1 10 0 3
(MCP &
MCP-UCP)
BP3 0 2 0 ' 4
(UCP &
LCP-UCP)
Total 1 16 1 7

2 Coded-wire tag was missing when fin-clipped smolt was
analyzed.
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Appendix H.-Indian River weir data collected in 1989.

Chinook

Maximum

Maxi- Weir Total Mean Total river

Wea- mum recap- num- fork Dolly temp-

Date ther flow Weir tures ber length Varden erature
(D)° b (m*/s) flooded °© smolt (mm) smolts (°C)®
4/21 Ov,R 6.1 Yes - 10 78 0 2.0
4/22 Cl1 6.1 Yes - 36 74 0 2.5
4/23 - 6.1 Yes - 153 74 0 3.0
4/24 - 5.2 Yes - 253 74 1 3.0
4/25 Cl1 6.1 Yes - 312 74 2 3.0
4/26 C1 13.4 Yes - 142 74 2 3.5
4/27 C1 8.2 Yes - 30 74 0 3.5
4/28 Cl1 8.4 Yes 0/5 141 78 0 3.5
4/29 Cl1 8.0 Yes 0/4 70 77 0 3.5
4/30 C1 8.7 Yes 1/6 34 77 0 4.0
5/1 Cl 10.7 Yes 0/5 3 73 0 4.0
5/2 Cl 11.0 Yes 0/0 3 82 2 4.0
5/3 Cl 8.2 Yes 0/0 26 73 0 3.5
5/4 ov 6.1 Yes 0/0 91 77 6 4.0
5/5 Oov,D 5.2 Yes 7/10 191 75 0 4.0
5/6 ov,D 5.2 Yes 3/10 207 75 7 3.5
5/7 Ov,D 6.6 No 6/10 112 76 5 3.5
5/8 Oov,R 8.4 Yes 2/10 22 78 0 3.5
5/9 Oov,D 10.4 Yes 1/7 19 78 2 4.0
5/10 Cl1 6.2 Yes 2/6 85 80 3 4.0
5/11 Ov 5.2 No 4/10 211 76 9 4.0
5/12 Ov,D 4.6 No 6/10 123 76 1 5.0
5/13 Ov,D 4.6 No 5/10 131 77 6 4.0
5/14 Ov,R 7.5 Yes 5/10 73 76 5 4.0
5/15 Ov,R 8.2 Yes 1/10 17 75 0 4.5
5/16 Ov,R 7.1 Yes 0/4 107 78 4 4.0
5/17 cC1 6.6 Yes 4/10 125 79 2 5.5
5/18 Cl1 4.4 No 5/10 121 78 7 5.0
5/19 Ov 3.9 No 5/10 100 77 ) 5.5
5/20 C1 4.3 No 10/10 129 76 4 5.5

@ All data is for noon on D-1 to noon on D.
® Ov = overcast, Cl = clear skies, R = rain, D = drizzle.
¢ N marked captured/N marked & released previous afternoon.
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Appendix H cont.-Indian River weir data collected in 18989.

Chinook

Maximum

Maxi- Weir Total Mean Total river

Wea- mum recap- num- fork Dolly temp-

Date ther flow Weir tures ber length Varden erature
(D)? b (m*/s) flooded °© smolt (mm) smolts (°C)®
5/21 Cl1 3.8 No 10/10 161 78 9 6.5
5/22 Cl1 6.1 Yes 8/9 327 77 23 5.5
5/23 Cl1 5.2 No 11/15 103 77 3 5.5
5/24 Cl1 4.7 No 7/10 140 77 3 5.5
5/25 Cl1 3.9 No 8/10 140 77 8 5.5
5/26 Cl 3.8 No 5/10 124 77 7 5.0
5/27 C1 4.3 No 14/10 147 78 15 5.0
5/28 Cl1 4.3 No 8/10 124 77 19 4.5
5/29 Ov 4.0 No 8/10 113 76 20 6.0
5/30 Ov 4.9 No 11/10 259 77 31 6.0
5/31 Ov,R 4.9 No 8/10 119 77 19 6.0
6/1 ov 4.9 No 11/10 120 78 16 6.0
6/2 Cl 3.9 No 6/10 99 80 8 7.0
6/3 Cl 3.8 No 9/10 85 79 28 6.5
6/4 Ov,D 4.3 No 12/10 114 78 19 6.0
6/5 ov 5.0 No 8/9 135 78 24 6.5
6/6 ov 4.0 No 8/10 63 79 11 6.0
6/7 ov 3.4 No 3/10 30 77 0 5.5
6/8 ov 3.0 No 3/10 33 77 3 5.5
6/9 ov 3.0 No 4/8 12 79 6 5.0
6/10 Ov,D 2.9 No 1/5 9 83 0 5.5
6/11 Ov,R 3.2 No 6/5 43 79 11 6.5
6/12 Ov 3.0 No 1/10 23 78 10 6.0
6/13 Ov,D 3.2 No 4/10 11 79 12 7.0
6/14 ov,D 3.5 No 10/10 34 80 15 6.5
6/15 Ov 3.0 No 7/10 18 82 8 6.0
6/16 Ov,D 3.0 No 11/10 43 80 3 6.5
6/17 Cl1 2.6 No 15/10 24 81 1 8.5
6/18 Cl1 2.5 No 3/10 10 82 6 6.5
6/19 Ov 2.6 No 2/17 3 81 14 6.5

2 All data is for noon on D-1 to noon on D.
> Ov = overcast, Cl = clear skies, R = rain, D = drizzle.
¢ N marked captured/N marked & released previous afternoon.
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Appendix I.-Growth of juvenile chinook salmon in the
Indian River, Alaska, 1988 & 1989.

Mean Length Mean Weight Sample

Sample fork 95% weight 95% size

Date length C.I. (g) C.I. (length,

(Tom ) (mm) (g) weight)

19882 All sites
May 3 - - 0.6 - W=428
1988 Fl site

Jun 14,15 43.4 38-49° 0.9 0.7-1.1 L=91,W=15
Jul 13 49.3 43-56 1.3 0.9-1.8 L=97,W=92
Aug 6 52.7 46-59 1.9 1.2-2.5 L=41,W=39
Oct 13 69.0 - - - L=2

1988 F2 site

Jun 10,12 42.9 39-47 0.9 0.6-1.2 L=112,W=19
Jul 10 45.2 40-53 1.2 0.8-1.7 "L=83,W=64
Aug 5 49.8 42-58 1.7 1.1-2.7 L=60,W=46
Oct 12 60.5 50-67 3.5 2.2-4.4 L=10,w=10
1988 F6 site
May 9, 11 39.2 37-42 - - L=44

1988 F5 site

Jun 9, 11 43.8 40-49 1.0 0.8-1.1 L=171,W=11
Jul 7 48.2 41-56 1.4 0.9-2.1 L=253,W=152
Aug 9, 10 56.4 44-66 2.3 1.4-3.5 L=175,W=11
Oct 14 68.9 57-75 4.1 3.3-5.1 L=15,W=15
1989
Apr 14 72.3 64-82 3.9 2.7-5.7 L=35,W=35
1989 All sites
May 18° 76.7 66-93 4.5 3.1-8.4 L=5571,

W=4720

2 Weight data from May 3, 1988 is for chinook fry weighed at
the hatchery 3 days prior to stocking. '

b Sample date 18 May 1989 is the capture mid-date for 5571
smolts measured at the river weir. This data includes
beaver pond smolts captured at the weir.
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Appendix J.-Growth of juvenile chinook salmon in 3 ponds

at the Indian River, Alaska, 1988 & 1989.
Mean Length Mean Sample
Sample fork 95% weight ‘size
Date length C.I. (g) (length,
{mm) (mm) weight)
1988° All sites
May 3 - - 0.6 W=428
1988 BP1 site
Jun 16,17 51.1 47-57 - L=107
Jul 9 59.3 54-64 2.6 1L=93, W=88
Aug 4 69.0 64-78 4.0 L=59,wW=>59
Aug 8 70.4 64-77 - L=55
Oct 14 82.1 73-88 6.5 L=9,W=9
1989
Apr 10 90.3 - 7.8 L=4,W=1
1988 BP2 site
Jul 8,13 65.1 60-70 3.1 2. L=27,W=25
Aug 6 68.4 61-78 3.6 2. L=40,W=40
Oct 12 77.7 66-88 5.5 3. L=80,W=80
1989
Apr 16 80.0 69-90 5.5 3. L=28,W=28
May 15° 86.7 76-97 7.1 4. L=300,W=115
1988 BP3 site
Jun 10,12 48.6 44-54 1.3 L=105,W=22
Jul 10 62.9 - - L=55
Jul 15 64.1 56-74 3.2 2. L=42,W=17
Aug 5 71.1 64-77 4.1 3. L=88,W=87
Aug 8 71.7 64-79 - L=135
Oct 13 79.5 70-89 5.9 L=102,W=102
1989
May 4 81.8 71-92 5.8 1L=22,W=22
May 31°¢ 90.7 83-103 7.4 L=67,W=48

2 Weight data for fry weighed at hatchery.

> May 15, 1989 = capture mid-date for smolts at BP2 weir.

© May 31, 1988

Appendices
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Appendix K.-Growth summary for juvenile chinook salmon at
site F5 at the Indian River, Alaska, 1988 & 1989.

Sample Sample Sample Per- Period Mean Mean Mean Sample
date mean mean iod length length weight daily size

{mid- fork indiv. # (d) change change %
date) length weight (t,- (mm/d) (g/d) weight
t, (mm) (g) t,) gain
L, W,
May 32 - 0.56 428
1988 :
1 6 - - -
May 10° 39.2 - 44
1988
2 32 0.14 0.012 1.5
Jun 10 43.8 1.0 I=171
1988 W= 11
3 27 0.16 0.015 1.2
Jul 7 48.2 1.4 L=253
1988 W=152
4 33 0.25 0.027 1.5
Aug 9 56.4 2.3 L=175
1988 = 11
5 66 0.19 0.027 0.9
Oct 14 68.9 4.1 = 15
1988 = 15
6 182 0.02 -0.001 0.0
Apr 14 72.3 3.9 = 35
1989 = 35
Mean length change (mm/d) = (L,-L;) / (t,-t;).
Mean weight change (g/d) = (W,-W;) / (t,—-t,).

Mean daily % weight gain = 100(G), G = (logW,-logW,) /d.
@ Weight data from May 3 is for chinook fry weighed at the
hatchery 3 days prior to stocking.
b May 10 data is from site C16, located about 500 m
upstream.
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Appendix L.-Growth summary for juvenile chinocok salmon in
beaver pond #2 (BP2) at the Indian River, 1988 & 1989.

Sample Sample Sample Per- Period Mean Mean Mean Sample
date mean mean iod length length weight daily size
(mid- fork indiv. # (d) change change 3

date) length weight (t,- (mm/d) (g/d) weight
t, (mm) (g) t,) gain
Ln Wn
May 3° - 0.56 428
1988
1 66 - 0.038 2.6
July 8 65.1 3.1 27
1988
2 29 0.11 0.017 0.5
Aug 6 68.4 3.6 ' 40
1988
3 67 0.14 0.028 0.6
Oct 12 77.7 5.5 80
1988
4 186 0.01 0.000 0.0
Apr 16 80.0 5.5 28
1989
5 29 0.23 0.055 0.9
May 15° 86.7 7.1 300
1989
Mean length change (mm/d) = (L,-L;) / (t,-t;).
Mean weight change (g/d) = (W,-W,) / (t,-t;).

Mean daily % weight gain = 100(G), G = (logW,-log.W;) /d.
2 Weight data from May 3 is for chinook fry weighed at the
hatchery 3 days prior to stocking.
® May 15, 1989 is the capture mid-date for 300 measured
smolts.

Appendices 167



Appendix M.-Weekly mean stream temperature in the Indian
River in 1988 and 1989.

Mean - Mean
Date temperature Date temperature

May 7-13, 1988 4.0 Dec 31-Jan 6, 0.0
May 14-20 4.2 1989

May 21-27° 4.5 Jan 7-13 -0.4
May 28-Jun 3° 4.9 Jan 14-20 -0.3
Jun 4-10° 5.4 Jan 21-27 -0.2
Jun 11-17 5.9 Jan 28-Feb 3 -0.4
Jun 18-24 6.2 Feb 4-10 -0.5
Jun 25-Jul 1 7.0 Feb 11-17 -0.5
Jul 2-8 7.4 Feb 18-24 -0.5
Jul 9-15 7.8 Feb 25-Mar 3 -0.3
Jul 16-22 8.0 Mar 4-10 -0.5
Jul 23-29 8.2 Mar 11-17 -0.6
Jul 30-Aug 5 8.3 Mar 18-24 0.0
Aug 6-12 8.3 Mar 25-31 0.0
Aug 13-19 8.4 Apr 1-72 0.2
Aug 20-26 8.3 Apr 8-142 0.3
Aug 27-Sep 2 7.8 Apr 15-212 0.4
Sep 3-9 6.8 Apr 22-28 1.2
Sep 10-16 6.0 Apr 29-May 5 2.5
Sep 17-23 6.1 May 6-12 3.2
Sep 24-30 6.5 May 13-19 3.9
Oct 1-7 7.6 May 20-26 4.6
Oct 8-14 8.1 May 27-Jun 2 4.7
Oct 15-21 7.2 Jun 3-9 5.1
Oct 22-28 6.6 Jun 10-16 5.5
Oct 29-Nov 4 5.6 Jun 17-23 6.2
Nov 5-11 3.9 Jun 24-30 7.1
Nov 12-18 3.7 Jul 1-7 7.6
Nov 19-25 2.2 Jul 8-14 10.4
Nov 26-Dec 2 0.9 Jul 15-21 10.2
Dec 3-9 1.9 Jul 22-28 10.3
Dec 10-16 2.0 Jul 29-Aug 4 10.3
Dec 17-23 1.3 Aug 5-9 9.9
Dec 24-30 0.5

2 Cable broke and no temperature data was recorded for May
26 to June 10, 1988 and April 3 to April 18, 19889.
Missing temperatures estimated by determining equal
increments between previous 8 days data average, and
average of the 8 days data directly after missing data.
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Appendix N.-Length and weight data for chincok salmon
smolts captured at 3 weirs at the Indian River in 19889.

River Beaver Pond 2 Beaver Pond 3
Fork
length N Mean N Mean N Mean
{rnm) smolts weight smolts weight smolts weight
51 1 2.2 0 - 0 -
53 2 2.7 0 - 0 -
55 1 - 0 - 0 -
56 0 - 0 - 0 -
57 1 1.8 0 - 0 -
58 2 3.2 0 - 0 -
59 2 3.1 0 - 0 -
60 4 2.4 0 - 0 -
61 8 2.6 0 - 0 -
62 11 2.8 0 - 0 -
63 14 2.8 0 - 0 -
64 22 2.8 0 - 0 -
65 64 3.0 0 - 0 -
66 51 3.1 0 - 0 -
67 84 3.3 0 - 0 -
68 121 3.3 0 - 0 -
69 157 3.4 0 - 0 -
70 329 3.6 1 - 0 -
71 270 3.7 0 - 0 -
72 375 3.9 0 - 0 -
73 369 4.0 1 - 0 -
74 379 4.1 2 - 0 -
75 514 4.3 7 5.0 0 -
76 316 4.4 6 - 0 -
77 336 4.6 3 4.6 0 -
78 326 4.7 6 5.7 0 -
79 269 5.0 6 5.7 0 -
80 333 5.2 12 6.0 0 -
81 169 5.3 11 5.8 1 5.4
82 143 5.6 14 5.8 0 -
83 111 5.8 14 6.3 3 5.9
84 106 5.9 20 7.1 2 5.6
85 129 6.2 25 6.7 7 6.8

N smolts = total number of smolts.
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Appendix N cont.-Length and weight data for chinook salmon
smolts captured at 3 weirs at the Indian River in 1989.

River Beaver Pond 2 Beaver Pond 3
Fork
length N Mean N Mean N Mean
(mm) smolts weight smolts weight smolts weight
86 57 6.6 15 7.2 3 6.8
87 64 6.9 16 6.7 5 7.2
88 65 7.0 17 7.8 4 7.3
89 48 7.1 19 7.5 4 7.4
90 62 7.4 27 8.0 3 7.4
o1 34 7.8 9 8.1 5 7.2
92 45 7.8 25 8.3 7 8.1
93 39 8.4 16 8.4 7 7.8
94 28 8.3 S 8.7 3 8.3
95 19 8.5 5 - 3 7.9
96 15 9.2 3 - 4 8.5
97 19 10.1 6 9.5 1 -
98 15 9.9 2 - 1 8.5
99 11 9.8 0 - 0 -
100 13 10.7 1 11.3 0 -
101 3 10.1 0 - 0 -
102 3 10.8 2 10.5 0 -
103 2 11.5 0 - 2 10.1
104 2 11.2 0 - 1 -
105 1 11.3 0 - 0 -
106 3 12.5 0 - 1 -
107 0 - 0 - 0 -
108 1 12.5 0 - 0 -
109 0 - 0 - 0 -
110 3 13.3 0 - 0 -

N smolts = total number of smolts.
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Appendix O.-Indian River beaver pond #2 weir data
collected in spring 1989.

Chinocok Total

River Total mean number

maximum Weir number fork Dolly

Date Weather flow flooded chinook length Varden

(D)® b (m*/s) € smolts (mm) smolts
5/2 Cl 11.1 No 0 - 0
5/3 Cl 8.2 No 0 - 0
5/4 ov 6.1 No 0 - 0
5/5 Ov,D 5.2 No 0 - 0
5/6 ov,D 5.2 No 87 84 5
5/7 Ov,D 6.6 No 3 88 0
5/8 Oov,R 8.4 No 2 90 0
5/9 ov,D 10.4 Yes 1 90 0
5/10 Cl 6.2 No 2 87 2
5/11 ov 5.2 No 0 - 0
5/12 Ov,D 4.6 No 0 - 0
5/13 Ov,D 4.6 No 42 86 11
5/14 ov, R 7.5 No 16 86 . 1
5/15 Oov,R 8.2 No 1 84 0
5/16 ov,R 7.1 Yes 11 85 0
5/17 Cl 6.6 Yes 52 86 3
5/18 Cl 4.4 No 11 88 1
5/19 ov 3.9 No 1 90 0
5/20 Cl 4.3 No 0 - 0
5/21 Cl 3.8 No 23 91 0
5/22 Cl 6.1 No 1 81 1
5/23 Cl 5.2 No 4 87 0
5/24 Cl 4.7 No 5 84 2
5/25 Cl 3.9 No 3 91 0
5/26 Cl 3.8 No 12 92 2
5/27 Cl 4.3 No 0 - 0
5/28 Cl 4.3 No 0 - 0
5/29 ov 4.0 No 0 - 0
5/30 ov 4.9 No 1 91 0
5/31 Oov, R 4.9 No 8 88 0

2 All data is for noon on D-1 to noon on D.
> Ov = overcast, Cl = clear skies, R = rain, D = drizzle.
¢ Yes = high water flooded over the weir during the night.
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Appendix O cont.-Indian River beaver pond
collected in spring 1989.

#2 welir data

Chinook Total

River Total mean number

maximum Weir number fork Dolly

Date Weather flow flooded chinook length Varden

(D)? b (m3/s) e smolts (mm) smolts
6/1 ov 4.9 No 1 83 0
6/2 Cl 3.9 No 4 91 0
6/3 Cl 3.8 No 0 - 0
6/4 Ov,D 4.3 No 0 - 0
6/5 ov 5.0 No 2 92 0
6/6 ov 4.0 No 0 - 0
6/7 ov 3.4 No 2 93 0
6/8 ov 3.0 No 0 - 0
6/9 ov 3.0 No 0 - 0
6/10 ov,D 2.9 No 2 89 0
6/11 ov,R 3.2 No 1 93 0
6/12 ov 3.0 No 0 - 0
6/13 ov,D 3.2 No 1 91 0
6/14 ov,D 3.5 No 0 - 0
6/15 ov 3.0 No 1 92 0
6/16 ov,D 3.0 No 0 - 0
6/17 Cl 2.6 No 1 90 0
6/18 C1l 2.5 No 0 - 0
6/19 ov 2.6 No 0 - 0

2 All data is for noon on D-1 to noon on D.
> Ov = overcast,

Cl =

clear skies,

R = rain,

D = drizzle.

¢ Yes = high water flooded over the weir during the night.
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Appendix P.-Indian River beaver pond #3 weir data
collected in spring 19889.

Chinook Total

River Total mean number

maximum Weir number fork Dolly

Date Weather flow flooded chinook length Varden

(D)2 b (m3/s) c smolts (mm) smolts
5/10 Cl 6.2 No 0 - 2
5/11 ov 5.2 No 2 86 0
5/12 ov,D 4.6 No 2 86 0
5/13 Ov,D 4.6 No 2 85 0
5/14 ov,R 7.5 No 1 85 0
5/15 ov,R 8.2 No 0 - 0
5/16 ov, R 7.1 Yes 0 - 0
5/17 Cl 6.6 Yes 3 87 0
5/18 Ccl 4.4 No 0 - 0
5/19 ov 3.9 No 0 - 0
5/20 Cl 4.3 No 0 - 0
5/21 Cl 3.8 No 0 - 0
5/22 Cl 6.1 No 0 - 0
5/23 Cl 5.2 No 0 - 0
5/24 Cl 4.7 No 0 - 0
5/25 Cl 3.9 No 0 - 0
5/26 Cl 3.8 No 0 - 1
5/27 Cl 4.3 No 0 - 0
5/28 Ccl 4.3 No 1 85 0
5/29 ov 4.0 No 4 90 1
5/30 ov 4.9 No 0 - 0
5/31 ov, R 4.9 No 34 92 3
6/1 ov 4.9 No 3 88 0
6/2 Cl 3.9 No 0 - 0
6/3 Cl 3.8 No 0 - 0
6/4 Ov,D 4.3 No 5 89 1
6/5 ov 5.0 No 0 - 0
6/6 ov 4.0 No 0 -~ 0
6/7 ov 3.4 No 2 91 0
6/8 ov 3.0 No 0 0 0

a2 All data is for noon on D-1 to noon on D.
® Ov = overcast, Cl = clear skies, R = rain, D = drizzle.
¢ Yes = high water flooded over the weir during the night.
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Appendix P cont.-Indian River beaver pond #3 weir data
collected in spring 1989.

Chinook Total

River Total mean number

maximum Weir number fork Dolly

Date Weather flow flooded chinook length Varden

(D)?® b (m3/s) c smolts (mm) smolts
6/9 ov 3.0 No 0 - 0
6/10 ov,D 2.9 No 1 91 0
6/11 ov,R 3.2 No 1 85 0
6/12 ov 3.0 No 1 104 0
6/13 ov,D 3.2 No 0 - 0
6/14 Ov,D 3.5 No 1 96 0
6/15 ov 3.0 No 1 93 0
6/16 ov,D 3.0 No 1 96 0
6/17 Cl 2.6 No 1 86 0
6/18 Cl 2.5 No 2 105 0
6/19 ov 2.6 No 0 - 0

a2 All data is for noon on D-1 to noon on D.
® Ov = overcast, Cl = clear skies, R = rain, D = drizzle.
¢ Yes = high water flooded over the weir during the night.
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Appendix Q.-Predation data from Dolly Varden char (DV)
stomach samples collected in 1988 at the Indian River.

DV Number Mean? Mean
fork Number of DV with number of size® of
length DV chinook in chinook/ chinook
(mm) sampled stomach stomach . (mm)

May 9-10 River

61-69 1 0 - 39
70-79 1 0 - "
80-89 2 0 - "
90-99 2 1 2 "
100-109 1 0 - "
120-129 1 1 2 "
May 10 Pond
70-79 1 0 - -
80-89 1 0 - -
100-109 6 2 3 -
110-119 2 1 1 -
120-129 1 0 - -
140-149 1 1 1 -
160-169 1 0 - -
June 9-15 River

40-49 5 0 - 43
50-59 6 0 - "
60-69 3 0 - "
70-79 4 0 - "
80-89 1 0 - "
90-99 5 0 - "
100-109 1 0 - "
110-119 1 0 - "
120-129 3 2 1.5 "
130-139 2 0 "

2 Mean number of chinook/stomach in those Dolly Varden which
had at least one juvenile chinook in their stomach.

P Mean size of all chinook captured at the sample area.

¢ This table only lists data from Dolly Varden captured with
an electroshocker.
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Appendix Q cont.-Predation data from Dolly Varden char
(DV) stomach samples collected in 1988 at the Indian River.

DV Number Mean® Mean
fork Number of DV with number of size® of
length DV chinook in chinook/ chinook
(ram) sampled stomach stomach (mm)

July 7-13 River

50-59 3 0 - 48
60-69 1 0 - "
90-99 4 0 - "
100-109 1 0 - "
110-119 6 0 - "
120-129 5 0 - "
130-139 1 0 - "
July 15 Pond
110-119 1 0 - 64
120-129 2 0 - "
140-149 2 0 - "
August 5-10 River
50-59 1 0 - 54
60-69 6 0 - "
70-79 1 0 - "

2 Mean number of chinook/stomach in those Dolly Varden which
had at least one juvenile chinook in their stomach.

® Mean size of all chinook captured at the sample area.

¢ This table only lists data from Dolly Varden captured with
an electroshocker.
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Appendix R.-Mark/recapture population estimates of
juvenile chinook at Indian River sites in 1988 and 1989.

Recapture # # # Pop.° 95%
Mark date and Initial Total Marked est. confidence
Date® method® marks? recaps recaps (N) intervalf

Fl Sample Site

Jun 14 Jun 15/E25 47 58 13 202 122-358
F2 Sample Site

Jun 10 Jun 12/E42 33(+1) 134 13 329 198-582
F5 Sample Site

Jun 9 Jun 11/E59 20 224 8 525 281-1074

Aug 9 Aug 10/E51 147(+1) 48 20 346 229-550
F6 Sample Site

Jun 8 Jun 9 /E37 19 64 4 260 116-650
F7 Sample Site

Jun 13 Jun 14/E14 5 30 3 (47) [32]-116
Ll Sample Site

Jun 14 Jun 16/T 15 7 2 (43) [20]1-107
BP1l Sample Site

Jun 16 Jun 17/T 143 134 16 1144 720-1906

Jul 9 Jul 14/T 93 90 2 (2851) 1043-7128

Aug 4 Aug 8 /T 59 55 7 420 218-884
BP2 Sample Site

Apr 16 May2-Junl9 24 (+4) 301 6 1083 539-2363

1989 weir

BP3 Sample Site

Jun 10 Jun 12/T 87 (+2) 85 20 362 240-575

Jul 10 Jul 15/T 51(+4) 42 2 (749) 277-1867

Aug 5 Aug 8 /T 79(+9) 135 32 339 245-486

May 4 Mal0-Junl9 19(+3) 68 7 176 93-366

1989 weir

2 Dates are in 1988 unless otherwise specified.

P Minnow trapping = method used to capture fish for marking.
¢ T = minnow trapping, E = electrofishing. Shock time or
effort (E-minutes) is recorded for electrofishing.
Mortalities (X) were added to population estimates.

¢ Pop est in () & CIs may be inaccurate due to R < 4.

Where higher, actual catch in [] used for min pop. est.

Q

Hh
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Appendix S.-Multiple removal population estimates of
juvenile chinook at Indian River sample sites in 1988.

Pass 1 Pass 2
Shock Shock Corrected Pop 95%k
Sample time # time # catch/ est confid.
Date (min) parr (min) parr effort® (N) interval
Fl Sample Site
Jul 13 31 77" 23 20 27 119 102-136
Aug 6 31 32 25 9 11 49 [41]-60
F2 Sample Site
Jul 10 27 58" 22 25 31 125 [83]-175
Aug 5 43 50" 26 10 17 76 63-89
F5 Sample Site
Jul 7 82 190" 59 63" 88 354 299-409
L1l Sample Site
Jul 9¢ 9 6 10 2 2 15 [14]1-19
Aug 7 15 8 13 1 1 9 [9]-10

@2 Catch on pass 2 was corrected for catch/effort based on

pass 1.
b

Where higher,

# = # pass 2

(shock time 1/shock time 2).
the actual catch (indicated in brackets)

was used for the calculated minimum population estimate.

¢ For the Jul 9 sampling at L1,
were used to calculate a population estimate.
from the first pass
0ld marks are present from earlier sampling periods.
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Appendix T.-Minnow trap catch by habitat type at the
Indian River in June 1988.°

Habitat type Chinook Dolly Varden
Depth® # Mean Mean
Cover® (m) Traps #/trap Range #/trap Range
RW 0.5 4 2.5 0-8 0.8 0-2
WD-S 0.5 28 2.1 0-8 0.1 0-1
UB 1.0 1 2.0 - 1.0 -
LR 0.5 3 1.7 0-3 1.0. 0-2
UB 0.5 5 1.4 0-3 0.4 0-1
UB&WD 0.5 12 1.3 0-5 1.3 0-6
LR 1.0 2 1.0 0-2 1.0 0-2
RW 1.5 8 0.9 0-5 0.1 0-1
UB&WD 1.0 10 0.7 0-3 0.8 0-2
WD-S 1.0 13 0.6 0-3 0.6 0-2
RW 1.0 4 0.5 0-2 0.8 0-2
UB&WD 2.0 1 0 - 0 -
UB&RW 0.5 3 0 - 0 -
UB&RW 1.0 2 0 - 2.0 0-4
UB&RW 1.5 2 0 - 0 -
LR 1.5 1 0 - 0 -
NC 0.5 1 0 - 1.0 -
NC 1.0 1 0 - 0 -
NC 1.5 1 0 - 0 -
WD-E 0.5 1 0 - 0 -
WD-E 1.0 1 0 - 0 -

* Data is for traps in pool (flow < 0.3 m/sec) habitat only.
* Habitats are listed from highest to lowest chinook catch.
@ Data is for all FP4 sample sites (Fl, F2, F5, F6, F7).

> Cover types are: WD-S=woody debris submerged, LR=litter,
RW=root wad, UB=undercut bank, NC=no apparent cover,
RV=riparian vegetation, WD-E=woody debris emerged.

Depth is by 0.5 m increments with maximum shown.

e}
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Appendix U.-Minnow trap catch by habitat type at the
Indian River in July 1988.°2

Habitat type Chinook Dolly Varden
Depth® # Mean Mean

Cover® (m) Traps #/trap Range #/trap Range
RW 0.5 3 6.7 1-13 1.0 0-3
RW 1.0 3 5.7 0-17 1.3 0-4
WD-S 1.0 4 5.0 0-8 0.8 0-3
UB&WD 0.5 1 5.0 - 1.0 -
UB&WD 1.5 1 3.0 - 1.0 -
UB&RW 1.0 1 3.0 - 2.0 -
RW 1.5 4 2.0 0-5 0.3 0-1
WD-S 0.5 10 1.5 0-5 0.3 0-2
UB&RW 0.5 1 1.0 - 1.0 -
UB 0.5 2 0.5 0-1 0.5 0-1
UB 1.0 1 0] - 1.0 -
WD-S 1.5 1 0 - 0 -
UB&WD 1.0 1 0 - 0 -
RV 0.5 1 0 - 0 -
WD-E 0.5 1 0 - 0 -
WD-E 1.0 1 0 - 0 -
WD-E 1.5 1 0 - 0 -

* Data is for traps in pool (flow < 0.3 m/sec) habitat only.
* Habitats are listed from highest to lowest chinook catch.
2 Data is for all FP4 sample sites (F6 and F7).

b Cover types are: WD-S=woody debris submerged, LR=litter,
RW=root wad, UB=undercut bank, NC=no apparent cover,
RV=riparian vegetation, WD-E=woody debris emerged.

Depth is by 0.5 m increments with maximum shown.

Q
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Appendix V.-Minnow trap catch by habitat type at the
Indian River in August 1988.°

Habitat type Chinook Dolly Varden
Depth® # Mean Mean

Cover? (m) Traps #/trap Range #/trap Range
UB&RW 1.0 3 14.0 10-20 15.3 6-21
UB&WD 1.5 1 11.0 - 8.0 -
RW 1.5 2 8.5 2-15 13.0 8-18
UB&WD 1.0 1 8.0 - 1.0 -
UB&RW 1.5 1 7.0 - 65.0 -
UB 1.0 2 6.5 2-11 23.5 22-25
RW 0.5 1 5.0 - 7.0 -
RV 1.0 1 4.0 - 10.0 -
RW 1.0 2 3.5 0-7 7.0 2-12
UB 0.5 4 3.3 1-6 2.0 1-3
WD-S 2.0 1 3.0 - 5.0 -
UB&RW 0.5 1 3.0 - 9.0 -
LR 0.5 2 2.5 0-5 3.0 1-5
WD-S 1.0 3 2.0 0-5 8.3 2-21
WD-S 0.5 7 1.6 0-3 2.1 0-5
UB&WD 0.5 4 1.0 0-2 1.8 1-3
LR 1.5 1 1.0 - 41.0 . -
RV 0.5 2 0.5 0-1 3.0 0-6
WD-E 0.5 2 0.5 0-1 0 -

* Data is for traps in pool (flow < 0.3 m/sec) habitat only.
* Habitats are listed from highest to lowest chinook catch.
2 Data is for all FP4 sample sites (F5 and F7).

b Cover types are: WD-S=woody debris submerged, LR=litter,
RW=root wad, UB=undercut bank, RV=riparian vegetation,
WD-E=woody debris emerged.

¢ Depth is by 0.5 m increments with maximum shown.
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Appendix W.-Minnow trap catch by habitat type at the
Indian River in October 1988.°

Habitat type Chinook Dolly Varden
Depth® # Mean Mean

Cover® (m) Traps #/trap Range #/trap Range
RW 1.5 1 6.0 - 0 -
UB&WD 1.0 1 6.0 - 0 -
UB 0.5 15 0.5 0-2 2.1 0-9
WD-S 0.5 8 0.3 0-1 0.5 0-2
RW 0.5 3 0.3 0-1 0 -
WD-S 1.0 5 0.2 0-1 1.2 0-2
RW 1.0 1 0 - 0 -
WD-S 1.5 1 0 - 0 -
LR 0.5 2 0 - 0 -
LR 1.0 1 0 - 2 -
NC 0.5 2 0 - 0 -
WD-E 0.5 3 0 - 0.3 0-1

* Data is for traps in pool (flow < 0.3 m/sec) habitat only.
* Habitats are listed from highest to lowest chinook catch.
2 Data is for all FP4 sample sites (Fl, F5 and F6).

b Cover types are: WD-S=woody debris submerged, LR=litter,
RW=root wad, UB=undercut bank, NC=no apparent cover,
RV=riparian vegetation, WD-E=woody debris emerged.

Depth is by 0.5 m increments with maximum shown.

Q
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Appendix X.-Minnow trap catch of Dolly Varden

(DV)

juvenile chinook salmon (CS) at Indian River in spring 1989.
Set Type Mean
Time # of Total #/
Site? Date (min) Traps Fish # Trap
FP4 stream reach
Weir-U Apr 10 2820 41 DV 201 4.9
Cs 11 0.3
F6-D Apr 11 1510 35 DV 89 2.5
Cs 21 0.6
F6-D Apr 12 1005 23 DV 52 2.3
Cs 0 0.0
F6-D Apr 13 1295 71 DV 130 1.8
Cs 17 0.2
F5-U Apr 14 1245 11 DV 10 0.9
Cs 0 0.0
F5-D Apr 14 1140 15 DV 37 2.5
Cs 4 0.3
C1l5 Apr 14 1140 45 DV 108 2.4
Cs 35 0.8
F6~-U Apr 15 1050 49 DV 81 1.7
Cs 14 0.3
Fé Jun 20 800 15 DV 34 2.3
Cs 0 0.0

* Data is for traps in pool
No individual trap data was collected in 1989.
@ -U = upstream of designated sample site; -D
of designated sample site.
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Appendix Y.-Minnow trap catch of Dolly Varden (DV) &
juvenile chinook salmon (CS) at the Indian River ponds in
spring 1989. '

Set Type Mean
Time # of Total #/

Site® Date (min) Traps Fish # Trap

Beaver ponds

BP1P Apr 10 2830 31 DV 24 0.8
CS 3 0.1
BP1P Apr 15 1090 20 DV 8 0.4
CS 1 0.1
BP2 Apr 16 1395 20 DV 20 1.0
CS 28 1.4
BP2 May 1 1260 28 DV 147 5.3
CS 3 0.1
BP2 Jun 19 840 10 DV 34 3.4
CS 0 0.0
BP3° May 4 1380 20 DV 100 5.0
(O] 22 1.1

BP3 Jun 19 855 10 DV 95 9.5
Cs 1 0.1

* Data is for traps in pool (flow < 0.3 m/sec) habitat only.
No individual trap data was collected in 1989.

2 ~U = upstream of designated sample site; -D = downstream
of designated sample site.

> All captured chinook had appearance of smolts (silver).

Some captured chinook had appearance of smolts (silver).

Q
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Appendix Z.-Stream and pond marked chinook smolts captured
at the Indian River weir in spring 1989.

Number of smolts by marking site and mark?

Date Lower Lower-Mid Pond Pond #2 Pond #3 Pond
Collected River River #2 Weir Welr #3
at Weir (LCP) (LCP-MCP) (MCP) (MCP-UCP) (LCP-UCP) (UCP)
4/23 3 1 0 0 0 0
4/24 1 1 0 0 0 0
4/25 2 1 0 0 0 0
5/4 0 1 0 0 0 0
5/6 1 0 0 0 0 0
5/7 0 0 0 1 0 0
5/10 0 0 0 3 0 0
5/11 0 2 0 0 0 0
5/12 0 0 0 1 0 0]
5/13 0 0 0 3 1 0
5/14 0 0 1 0 0 0
5/15 0 0 0 0 1 0
5/16 0 1 0 1 0 2
5/17 0 0 0 5 0 0
5/18 1 0 1 10 0 0
5/19 0 0 0 3 0 0
5/20 0 1 0 4 2 0
5/21 0 0 0 10 0 0
5/22 2 1 0 3 3 0
5/23 0 0 0 5 0 2
5/24 0 1 0 4 0 0]
5/25 0 0 0 3 0 0
5/26 1 0 0 3 0 0
5/27 0 0 0 8 0 0

=
()
[\
N
~J
~J
[1=N

Subtotal 11
4/21-5/27

@ Fin punch marks include: LCP = lower caudal punch; LCP-
MCP = lower and middle caudal punch; MCP = middle caudal
punch; MCP-UCP = middle and upper caudal punch; LCP-UCP
= lower and upper caudal punch; UCP = upper caudal punch.
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Appendix Z cont.-Stream and pond marked chinook smolts
captured at the Indian River weir in spring 1989.

Number of smolts by marking site and mark?®

Date Lower Lower-Mid Pond Pond #2 Pond #3 Pond
Collected River River #2 Weir Weir #3
at Weir (LCP) (LCP-MCP) (MCP) (MCP-UCP) (LCP-UCP) (UCP)

5/28
5/29
5/30
5/31
6/1
6/2
6/3
6/4
6/5
6/6
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=

R RO B WR O

oOrrORrRONOROO

6/7

6/8

6/9

6/10
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6/14
6/16
6/17
6/18
6/19
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(@)
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Subtotal
5/28-6/19

Total 20 16 3 96 47 9
4/21-6/19

® Fin punch marks include: LCP = lower caudal punch; LCP-
MCP = lower and middle caudal punch; MCP = middle caudal
punch; MCP-UCP = middle and upper caudal punch; LCP-UCP
= lower and upper caudal punch; UCP = upper caudal punch.
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Appendix AA.-Original 1988 stocking location of .chinook
smolts captured at the Indian River weir in 1989.

Number of smolts from each stocking location?

Date Down- Tag®

Collected Upstream Middle stream Missing
4/21 2 0 0 0
4/22 1 4 0 1
4/23 13 13 4 7
4/24 19 9 6 6
4/25 5 9 1 2
4/26 7 12 2 6
4/27 5 1 3 0
4/28 16 10 4 9
4/29 3 5 1 3
4/30 0 1 2 2
5/2 0 0 1 0
5/3 4 0 2 1
5/4 2 1 3 2
5/5 9 4 2 3
5/6 3 2 2 2
5/7 4 0 4 2
5/8 1 3 1 0
5/9 0 0 0 1
5/10 3 3 2 4
5/11 9 2 1 1
5/12 8 1 3 0
5/13 5 3 1 4
5/14 5 1 3 1
5/15 1 2 1 0
5/16 6 0 2 2
5/17 5 7 0 1
5/18 6 1 1 1
5/19 3 2 3 2
5/20 6 3 1 1
5/21 5 4 2 0

4/21-5/21

Subtotal 156 103 58 64

28 Stocking data does not include smolts marked earlier at
the pond weirs and recaptured at the river weir.
P Tag was missing when fin-clipped smolt was analyzed.
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Appendix AA cont.-Original 1988 stocking location of
chinook smolts captured at the Indian River weir in 1989.

Number of smolts from each stocking location?

Date Down- TagP
Collected Upstream Middle stream Missing
5/22 3 5 2 4
5/23 7 2 1 0
5/24 7 1 1 3
5/25 9 3 0 0
5/26 5 3 1 1
5/27 5 1 1 5
5/28 2 4 3 3
5/29 9 2 0 0
5/30 7 4 1 1
5/31 9 3 1 0
6/1 2 5 2 0
6/2 2 0 0 1
6/3 1 0 0 3
6/4 4 2 1 0
6/5 5 1 1 1
6/6 1 0 1 0
6/7 0 1 0 0
6/11 1 1 0 1
6/12 0 1 0 0
6/14 1 0 0 1
6/15 2 0 0 0
6/16 1 2 0 0
6/17 1 1 0 0
6/18 0 2 0 0
Subtotal 81 44 16 24
5/22-6/19
Total 237 147 74 88
4/21-6/19

a8 Stocking data does not include smolts marked earlier at
the pond weirs and recaptured at the river weir.
P Tag was missing when fin-clipped smolt was analyzed.
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