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SUMMARY

Applegate Dam was built in the headwaters of the Applegate River in
southwest Oregon by the United States Army Corps of Engineers (USACE) to
control flooding and provide other benefits in the Rogue River basin.
Anadromous salmonid benefits ranked second only to flood control benefits from
Applegate Dam. USACE included a multipart withdrawal system to permit some
temperature control on water released from the dam, and they included a
structure at the base of the dam to collect adult salmonids for mitigative
hatchery production (the unladdered dam blocked access to some spawning
areas). The Oregon Department of Fish and Wildlife was funded by USACE to
start studies in October 1978 that would measure effects of the dam on
populations of fall chinook salmon Oncorhynchus tshawytscha and winter
steelhead 0. mykiss produced in the Applegate River, and to develop
recommendations for water release schedules that would maximize benefits to
these fish and the fisheries that they support. The dam was completed in 1980
and our fishery studies are intended to be complete in L989.

This report presents results and recommendations from Phase I (1978-84)
of our study. The goal of Phase I was to determine the direct and immediate
effects of the dam's operation on the biology and harvest of chinook salmon
and steelhead by examination of the first four years of operation. Phase II
studies will primarily examine effects on adults that are produced from the
first four broods of juveniles that reared below the dam after it became
operati onal.

Data collection for Phase I studies was formally completed in 1984, but
data collected through 1985 were used in a few analyses. For some analyses,
we were also able to use data that were collected prior to October 1978 as
control stream information for studies related to Lost Creek Dam on the Rogue
River.

The largest effect of Applegate Dam on river flow during 1981-84 on a
percentage basis was during July through October when augmentation from
storage increased average flow throughout the river by 40%-86%, depending on
month and location. August was the month of lowest average flow (211 cfs) and
December was the month of highest average flow (2,895 cfs) during the
four-year period. The dam reduced average flow throughout the river each
month by 14%-44% from February through April when the reservoir was refilled.
The dam reduced peaks in winter flow, reducing the highest potential peak flow
at a point 31 km downstream by over 50 each season.

During the first four years of operation, maximum outflow temperature was
reduced below maximun inflow temperature from mid-May through mid-September
with the largest average difference (11 0C) being in August. At a point 31 km
downstream, the biggest reduction from natural maximum temperature during
1981-84 was estimated to be an average of 3.1%C during 16-31 July. This was
also the period of highest average in maximum temperature (19.7%C) at this
middle river location whereas 1-15 January was the period of lowest average in
maximum temperature (5.60C) during the four-year period. During October
through December, maximum outflow temperature exceeded maximum inflow
temperature by several degrees because of heat storage in the reservoir. At a
point 31 km downstream, the biggest increase from natural maximum temperature
during 1981-84 was estimated to be an average of 2.00 C during 1-15 November.
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Increases of 0.30-0.80 C in the maximum temperature at this location were also
estimated during January through April, possibly because reductions in flow
when the reservoir was being refilled allowed greater daytime warming
downstream.

We detected a tendency for chinook salmon fry to emerge earlier after
Applegate Dam was completed, but the effect of releasing warmer water in the
fall and winter was less apparent than it was below Lost Creek Dam because few
chinook salmon spawned close to the Applegate Dam site before construction.
Emergence date was earlier when the average November-February temperature of
the Applegate River was higher Cr = -0.736) and fry abundance was lower when
emergence was earlier (r = 0.754). So, unavoidable releases of warm water in
the fall and winter may inhibit chinook salmon from colonizing the river near
Applegate Dam because fry may emerge too early for adequate survival.

We found little statistical evidence of changes in growth of juvenile
chinook salmon in the first four years after closure of the dam., but the
correlations of some growth indexes to flow and temperature indicate some
potential for the dam to extend the rearing period and increase total growth
and condition of juveniles before they migrate into the Rogue River. Growth
rate indexes tended to increase and the increase in one index in the middle
river was significant at P < 0.1. The average growth period doubled from 21
to 48 days and the average growth during this period increased by 50% from 1.2
cm to 1.8 cm, but these increases were not significant at P < 0.1. The growth
period was longer when the river was cooler (r = -0.890) and total growth was
greater when the growth period was longer Cr = 0.888). Total growth was also
greater when juvenile abundance was lowerr(r = -0.844). Condition (fatnes-s)
of juveniles was better when the river was cooler (r = -0.825) and the flow
was higher (r = 0.805). Higher flow keeps the lower reaches of the river
(where juveniles are concentrated) cooler and reduces rearing density in late
spring and early summer, so extension of the rearing period and improvement in
the growth and condition of juveniles should become statistically significant
if the dam continues to increase flow.

An increase in abundance of juvenile chinook salmon in the upper river
was significant at P < 0.01, but it still remained far less populated then the
lower river. The proportion of juveniles caught by seining in the upper third
of the river increased from 0.1% to 6.6% (P < 0.05), attributable to the
spread of spawners to the upper river after completion of the dam. Abundance
of migrants leaving the river showed some increase (1,065,000 compared with
799,000), but would have had to increase by 287% before, a change significant
at P < 0.05 could be detected.

Although the tendency toward later migration of juvenile chinook from the
Applegate River was not significant, even at P < 0.1, the dam may extend
rearing time in the river into July because migration timing was later when
flow was higher (r = -0.806) and temperature was lower (r = 0.798). The late
August entry into the ocean, after leaving the Applegate River and migrating
down the Rogue River, appeared unchanged by Applegate Dam when scales of
returning fish were examined. However,- from these adult scales we detected a
tendency for juveniles to be larger at ocean entry in postimpoundment years
(11.4 cm compared with 10.7 cm, a difference that was significant at P <
0.1). A number of correlations indicated that size at ocean entry was
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increased by higher flow, lower rearing density, and lower temperature in late
spring and early summer that increased growth and size of migrants as they
left the Applegate River.

Because of the difficulties we had in sampling juvenile steelhead, -
analyses were restricted to examining rearing distribution and growth in the
main river. In the postimpoundment period, density of subyearling steelhead
on riffles in summer was highest in the upper river (57-71 fish/sq m), whereas
density of yearling steelhead in pools was similar throughout the river
(0.40-0.56 fish/lineal m). We had inadequate data to determine if the dam
changed the rearing distribution. Decisions on temperature and flow release
from the dam will need to consider the high rearing density of subyearling
steelhead close to the dam during summer.

In the upper river, the growth rate of subyearling steelhead increased
slightly (P < 0.1) while fork length achieved by September (6-7 cm) tended to
be smaller after closure of Applegate Dam. Apparently the increased growth
rate attributed to cooler water in summer was offset by delayed emergence
because of cooler water in the spring. Growth rate of subyearlings in the
middle river did not show a significant increase, even at P < 0.1, although
the means increased by 7%-10% in July, August, and September. Unlike the
tendency toward smaller fish at the end of the season in the upper river,
length of fish in the middle river tended to increase after dam closure and
length was correlated to growth rate indexes in the middle river (r = 0.777 to
0.981). The tendency towards larger subyearlings since Applegate Dam was
completed suggests an improvement in growth rate in the middle river resulting
from increased flow that keeps temperature lower and may provide other
benefits, such as reduced crowding.

Scales of subyearling steelhead in summer demonstrated that growth rate
indexes in the upper river were negatively correlated to river temperature
over the range of 11'-22%C (r = -0.799 to -0.953), whereas the correlations of
the indexes to flow over the range of 52-275 cfs were not as good (r = 0.722
to 0.762). However, farther below the dam in the middle river where flow
begins to affect temperature, the correlations of growth rate indexes to flow
were sometimes greater than the correlations to temperature.

Adult fall chinook salmon did not enter the Applegate River earlier after
completion of the dam (began entering in late September), despite higher flow
and cooler water in August and September. Prespawning mortality of females in
the river remained very low (1.3%). Low mortality was correlated to higher
flow in August (r = -0.667), possibly because higher flow reduced the
potential for disease organisms to be abundant or virulent when adults entered
later in the fall.

Perhaps the biggest benefit that Applegate Dam has provided for fall
chinook salmon has been the upstream spread in spawning distribution
attributable in part to the increased flow during their October migration.
The proportion of spawners in the upper river increased from 10% to 33%
(P < 0.005) and was correlated to October flow (r = 0.867) in the range of 90
to 375 cfs. Improved passage structures funded by the USACE at two low head
irrigation dams may have also helped fall chinook salmon to begin colonizing
upstream areas closer to Applegate Dam.
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We estimated maximum spawning flows that would prevent 90% of fall
chinook redds from being dewatered when release flow is reduced to as low as
100 cfs in winter to refill the reservoir. These maximums during 15 October
through 30 November were estimated to be 330 cfs in the upper river (Copper),
340 cfs in the middle river (Applegate), and 400 cfs in the lower river
(Wilderville).

Because of the difficulties we had in sampling adult steelhead, analysis
in Phase I was restricted to examining angler catch. The total catch of adult
steelhead from the Applegate River (estimated from salmon-steelhead catch
cards returned by anglers) decreased from 1,274 fish to 596 fish after
completion of Applegate Dam (P = 0.06). Because we did not have a reliable
measure of steelhead abundance and because the postimpoundment catch was
largely on broods produced before completion of the dam, the role of the dam
in this decline of catch cannot be inferred. However, the dam may adversely
affect water conditions for winter steelhead angling unless alternative
schedules for refilling the reservoir, such as faster refilling before 15
February can be adopted for years with relatively low runoff. Catch during
January through March was highest when flow for that period averaged 1,000
cfs, and decreased at flows above or below 1,000 cfs. Average flow during the
fishery was less than 1,000 cfs in 62% of the years preceding darn closure
(1939-80), and the dam will further reduce flow in order to refill the
reservoir.

Recommendations for water releases and for future research based on
results of the Phase I study are provided at the end of this report.
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INTRODUCTION

Applegate Dam was completed in 1980 as part of a three dam project by
the United States Army Corps of Engineers (USACE) to control flooding and
provide other benefits in the Rogue River basin. Fisheries enhancement
ranked second only to flood control benefits from Applegate Dam. To produce
the proposed anadromous salmonid benefits, the USACE took the following
actions:

1. They constructed a multiport withdrawal system at the dam to provide a
range of temperatures from which to select for benefiting fish
downstream.

2. They provided an adult fish collection facility at the base of the dam
(and fish culture space at Cole M. Rivers Hatchery) to mitigate for
anadromous salmonid spawning areas blocked by the dam.

3. They funded modifications to improve fish passage at two 10-15 ft high
irrigation dams downstream from Applegate Dam.

.4. They funded the Oregon Department of Fish and Wildlife (ODFW) to conduct
studies to determine the effects of Applegate Dam on chinook salmon
Oncorhynchus tshawytscha and steelhead o. nzykiss in the Applegate
River and to recommend operating criteria for the dam that would enhance
anadromous salmonid production, and increase fisheries benefits.

Results from the first phase of a similar study by ODFW on the effects
of Lost Creek Dam on anadromous fish of the Rogue River were presented to
USACE in 1985 (Cramer et al. 1985). Effects of Lost Creek Dam on juvenile
spring chinook salmon included accelerated emergence, reduced abundance, and
higher growth rate after the dam was completed. The effects on fall chinook
salmon were not as pronounced. Some indexes of juvenile growth increased
significantly for fall chinook salmon after dam closure. Growth of juvenile
steelhead in' the middle and lower reaches of the Rogue River below Lost
Creek Dam also increased after the dam went into operation in 1977.

This report represents the first phase of a two phase study to
determine the effects of Applegate Dam on anadromous salmonids. The
original intention of Phase I studies was to determine the direct effects of
Applegate Dam on juvenile anadromous salmonids and determine operating
criteria that would benefit juveniles below the damsite. We have decided to
include important findings and recommendations related adult fish. The
Phase II report will be a completion report that includes effects of the dam
on adult fish and fisheries detected in additional studies through 1988 on
adults produced from the first four broods of juveniles that reared below
the dam after it became operational. It will include our final
recommendations on operating strategies for the dam.

Our two-phase study includes four objectives:

1. Determine the downstream changes in flow, temperature, and turbidity
that result from Applegate Dam.
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2. Determine the effects of Applegate Dam and develop criteria for its
operation as related to the emergence, rearing, growth, abundance, and
migration of wild juvenile salmonids.

3. Determine the effects of Applegate Dam and develop criteria for its
operation as related to the abundance, migration, spawning,tand size
and age at maturity of adult salmonids.

4. Determine the effects of Applegate Dam and develop criteria for its
operation as related to the river sport fisheries.

For the purpose of both phases of our study, data have been split into
preimpoundment and postimpoundment sets based on the date of dam closure
(December 1980). In the preimpoundment data sets, we included data that
were collected as part of the control data for the Lost Creek Dam studies
prior to the start of Applegate Dam studies in October 1978. Applegate
Reservoir was only two-thirds filled in the first winter (1980-81) because
of a drought, but this was enough to substantially increase flow in the
spring, summer, and fall of 1981, so we used 1981 as part of our
postimpoundment data set. Because flow in the fall of 1980 was not
augmented by Applegate Dam, two aspects of the life history of fall chinook
salmon in 1981 were treated as, part of the preimpoundment data set
(1978-81). We included the 1981 data on juvenile abundance and rearing
distribution in the preimpoundment data set because we found that these two
parameters were dependent upon the dam's effect on the spawning distribution
of adults the previous fall.

We originally intended to use tributary streams as controls for our
statistical comparisons. However, differences were found in timing of
spawning and downstream migration that indicated separate subpopulations use
these streams, and we found that substantial parts of the life cycles of
tributary populations are completed in the main river, so tributary streams
had limited use as controls in our analyses.

Because a primary purpose of this study was to determine operating
criteria for Applegate Dam that would optimize fishery benefits, our
sampling and analysis focused on identifying relationships between
biological and environmental variables, primarily river flow, temperature,
and turbidity. In general, we only examined biological variables that could
be measured directly from fish, because benefits of the dam were to be
measured in terms of fish. Extensive literature has been published
demonstrating the effects of dams on benthic invertebrates that fish consume
for food, but success in correlating changes in invertebrate populations to
changes in fish populations has been limited. Therefore, we did not sample
benthic invertebrates.

We intend to build a simulation model of the biology and harvest of
the Applegate stock of fall chinook salmon to include in the Phase II
completion report at the end of the adult studies. Analyses from this Phase
I completion report will be examined for inclusion in the mathematical
model. Additional data collected after 1984 on a few aspects of Juvenile
chinook biology will be added to the data sets for analysis in Phase II. We
intend to use the model to help predict the magnitude of fishery benefits
attainable from various water-release schedules for Applegate Dam.
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Predictions from the model will be considered in developing our final
recommendat s for operation of the dam. Interim recommendations for the
operation ( the dam are given in this Phase I completion report.

METHODS

Basin and Dam Description

The Applegate River is located in southwest Oregon and northern
California with its headwaters in the Siskiyou Mountains (Figure 1). The
drainage area of the Applegate River basin is 1,236 sq km with 15% in
California. The Applegate River originates at 2,256 m above sea level and
flows north and west 93 km to its confluence with the Rogue River 10 km
downstream from Grants Pass at 268 m above sea 'level.

Applegate Dam is located 75 km upstream from the mouth of the river at
a stream elevation of 534 m above sea level, with 29% (359 sq km) of the
basin draining into the reservoir. The dam, which is 73.8 m high (242 ft)
and has no fish passage facilities, has a permanent structure at the base of
the dam for collecting upstream migrants for hatchery broodstock and other
fish management purposes. The reservoir has a total storage capacity of
82,000 acre-ft, and 65,000 atre-ft of this is released sometime during the
conservation release season of 1 May through 15 November to bring the
reservoir down to 17,000 acre-ft for flood control (minimum flood control
pool). An additional 10,000 acre-ft of storage is available to meet
downstream water requirements in years of low runoff, bringing the reservoir
down to 7,000 acre-ft of inactive storage.- The volume and temperature of
water released from the reservoir is normally controlled through an intake
structure with ports at 6 different elevations, including the regulating
outlet near the bottom. Opportunity exists for mixing water withdrawn from
different elevations to achieve a desired release temperature. This is
maximized when the reservoir is nearly full and is thermally stratified in
early summer. At minimum flood pool, the upper four ports are out of use
above the water line.

The Applegate River basin is dominated by a maritime climate that
contributes to mild, wet, winters and warm, dry, summers. Annual
precipitation above the damsite ranges from 76 cm to 152 cm. About 75% of
the annual precipitation falls between November and March, mostly as snow
above the damsite, with less than 2% falling during July through August.
Snow in the headwaters is the principal source of runoff from late spring
through summer. Runoff to the damsite averages 317,00D acre-ft, with
reservoir inflow ranging from 13 to 29,000 cfs. Evaporation depletes
approximately 2,000 acre-feet of stored water per year from Applegate
Reservoir. Maximum daily air temperature at the river mouth averages 32° to
35*C in July and August and 8° to 10C in December and January.

Salmonid fishes in the Applegate River basin include large populations
of fall chinook salmon and winter steelhead. Small populations of cutthroat
trout o. ciarki, summer steelhead and coho salmon 0. ki8utch are also
present in the Applegate River.
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Hydrologic Sampling and Modelling

Data on river flow, temperature, and turbidity were obtained from the
United States Geological Survey (USGS). Data on air temperatures and
photoperiod were obtained from the National Oceanic and Atmospheric
Administration (NOAM).

We assessed the dam's effects on river flow by monitoring flow at USGS
-gauges located near Copper (km 74), Applegate (km 44), and Wilderville (km
13). Reductions or increases in outflow from the dam were assumed to
influence flow equally at all points downstream. Inflow to Applegate Dam
was estimated by summing daily mean flow recorded at the three major
tributaries to Applegate Reservoir (Carberry Creek, Middle Fork Applegate
River, and Elliott Creek).

Mean temperature for each day was not published by USGS for the early
years of our study (only maximum and minimum were published). We chose to
use maximum temperature for each day, and weekly or monthly averages of
these daily maximum values in our analyses, because of the sensitivity of
salmonids to high temperature and because of past problems with fish
survival in the warm water of the Applegate and Rogue rivers.

The daily maximum inflow temperature (DIT) to Applegate Reservoir was
estimated from the daily maximum water temperature of Carberry Creek, Middle
Fork Applegate River, and Elliott Creek weighted by stream flow as follows:

3 3
DIT = ( z t f.)/ Z f.

i=l1 1 i=1 1

where

ti = Daily maximum water temperature in stream i.
fi = Daily mean flow in stream i.

Effects of the dam on downstream water temperature were assessed by
predicting what Applegate River temperature would have been without the dam
during years when Applegate Dam was in operation (1981-84) and comparing
these predicted temperatures with actual temperatures. We used multiple
regression analysis to construct models that would predict daily maximum
water temperature at the USGS gauge near Applegate from independent
variables that were not affected by the construction of Applegate Dam.
Variables tested for inclusion into the models are listed in Appendix Table
A-1. The gauging station near Applegate was selected because it had the
longest period of temperature record (January 1974 - October 1980) and thus
provided the largest data base from which to develop models. We developed
separate regression models for each of three time periods encompassing the
entire year: 1 January - 15 May, 16 May - 15 September, and 16 September -
31 December. These time periods were selected because they yielded the best
overall correlation between river temperature and independent variables.

We used daily values of dependent and independent variables to
construct models (Appendix Table A-2). Because of the large size of the
data set (N = 2,494), we subsampled the data set by using values from every
fourth day. Completed models are listed in Appendix Table A-3.
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To validate the regression models, we determined how close these models
predicted temperature that existed during the time period used to construct
the models, but for days other than those used to construct models. This
was done by predicting temperature for the first day following each day used
to construct the models and comparing the predicted temperature with the
temperature that actually occurred. These values were averaged by 2 week
intervals. Generally, the models predicted temperature within 0.50C of
actual value; however, in 6 out of 24 cases, the predicted temperature
differed significantly from the actual temperature at P < 0.05 (Appendix
Table A-4). The models tended to underestimate temperature during 16
February - 15 March and during 1 July - 15 August. Based on this analysis
we feel the models are accurate within 1%C and may underestimate temperature
by 0.5%C during the early spring and late summer.

Turbidity samples were collected by USGS at their gauge near Copper (km
74) starting in October 1980. We examined mean daily and hourly turbidity
readings to determine whether or not operation of the dam increased
downstream turbidity.

Juvenile Sampling

We captured juvenile salmonids with beach seines, bypass traps, and a
Humphreys trap1 between 1979 and 1984. Sites sampled prior to 1979 as
controls for the Lost Creek Dam Evaluation and sites consistently sampled
during most of the study are listed in Table 1. Crews made two-seine sets
per week at each site when juveniles were available for capture. The first
set was started part way up a riffle and completed in the head of a pool to
catch larger fish living in the faster moving water. The second set was
made in the slower part of the pool, where most of the chinook salmon were
captured, especially when they were small (<5.0 cm). Flow was sometimes
so low that one set covered an entire site. Crews occasionally made
additional sets to verify findings, or to meet goals for the number of fish
to be sampled for length, weight, or scales.

1 Named for its designer, Witliam Humphreys, ODFW, Baker, Oregon.
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Table 1. Details of sampling for juvenile salmonids in the Applegate
River.

Station Period Sampling Years
Name Km Mil e sampled frequency Gear sampled

Applegate River:
Jackson Park 66 41 01/01-08/01 Weekly (a) 1982-84
McKee Dam 64 40 01/01-10/17 Weekly (a) 1976-84
McKee ditch 63 40 05/01-09/30 Continuously (c) 1979-84
Bridgepoint 37 23 01/01-10/31 Continuously (b,c) 1976-81
Hyde Bar 29 18 01/01-08/24 Weekly (b) 1982-84

Murphy Dam 21 13 05/01-07/14 Continuously (e) 1982
Murphy ditch 21 13 05/01-10/21 Continuously (c) 1979-84
Murphy seine 18 11 01/01-07/25 Weekly (b) 1976-84
Highway 199 5 3 03/02-07/15 4 days per week (d) 1979-84
Copeland 1 1 01/01-07/25 Weekly (b) 1976-84

Tributaries:
Little Applegate

River 54 34 01/01-09/26 Weekly (a) 1979-83
Slate Creek 5 3 01/01-07/09 Weekly (a) 1979-84

a
b

25 x
50 x

8 ft floating seine.
8 ft floating seine.

c Trap in irrigation ditch bypass (see text for more details).
d Humphreys trap (revolving inclined plane on pontoons; see text for
more details).

e Fyke and box trap attached to low head dam spillway to capture steelhead
smoLts.

At three sites (McKee ditch, Bridgepoint, and Murphy ditch), we trapped
juveniles after they migrated a short distance down irrigation ditches and
were being piped back to the river. The traps were screened boxes that
averaged 2 x 1 x 0.5 m. The traps fished continuously and were checked as
often as needed to insure survival of trapped fish. Water was diverted into
the irrigation ditches by about 1 May each year.

Starting in 1979, we used a floating Humphreys trap at Highway 199 to
catch juvenile 'salmonids. The Humphreys trap consisted of an inclined plane
supported on pontoons and anchored to a bridge piling. A rotating screen
driven by a paddle wheel moved fish up into the incline and dropped them
into a screened cage. The front end of the trap was fitted with a 2-ton
hand winch to allow us to reposition the trap so that the current velocity
exceeded 5 ft/second at the trap entrance. Calibration tests showed that
catch decreased as current velocity dropped below 5 ft/second, possibly
because the fish were able to swim back off the rotating screen. Velocity
was measured with a Gurley current meter with the trap in the fishing
position. The incline was fished about 0.5 m deep into the incoming
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current, and velocity was measured at three points directly in front of the
screen at a depth of 0.1 m. Velocity was checked once each week or whenever
there was a major drop in flow.

The trap catch was checked at least daily during major juvenile
migrations. The trap was fished in the main current at flows ranging from
160 to 9,000 cfs. Catch varied with the season, time of day, and flow
level. The trap was generally fished 24 hours per day, 4 days per week,
from 15 April to 15 July, except during mark-recapture tests, when it was
fished 7 days per week to determine effects of flow on trap efficiency.

To adjust our data for the effects of flow on trap efficiency, we
marked groups of chinook salmon captured at the Humphreys trap at flows
varying from 200 to 2,000 cfs and released them 2 km upstream to allow
sufficient time for them to return to "normal" behavior. Letter brands of
about 1 cm or less in height were used to mark juvenile fish after they were
anesthetized with a mixture of tricane methanesulfonate and quinaldine
(Schoettger and Steucke 1970) or benzocaine. Brand letter, placement on the
fish, or orientation were changed on a daily basis. The brand was dipped in
liquid nitrogen until it was cooled to approximately -1960C (when the
boiling of the liquid nitrogen stopped), and held on the side of the fish
for 2 seconds. Because descaling of fish in the trap was relatively low,
all brands were visible immediately after branding. Brand retention checks
were made prior to each release.

Chinook salmon were marked and released on 22 dates in 1983 and 14 in
1984 (Appendix Tables A-5 and A-6). We attempted to mark at least 300 fish
on, each test date. Half of each group was branded differently to measure
variability between duplicate groups. The precision of the duplicates was
calculated as the difference between duplicates expressed as a percentage of
the pooled values. Precision of the duplicates ranged from 0% to 117% and
was not related to river flow. We did not use duplicates that differed by
more than 50%.

In 1983, we held half of each group (about 150 fish) in a cage at the
release site overnight before releasing them to determine if overnight
mortality from branding and handling might be reducing the recapture rate of
fish released immediately. Mortality in the cage ranged from 0% to 14% of
the number branded and was positively correlated to water temperature over
the range of 13.50 to 22.50C. However, recapture rate of fish released live
was not significantly different at P < 0.05 between replicate brand groups
released immediately and those held overnight, so it appeared that overnight
mortality was caused by caging, not branding and handling. Mortality rate
in cages was similar for brand groups regardless of fish size. We branded
few fish that-were shorter than 5.5 cm, and only groups with a mean length
greater than 5.5 cm were recaptured in sufficient numbers to estimate
efficiency. We assumed that efficiency on smaller chinook (4.2-5.5 cm) was
similar to efficiency on groups averaging over 5.5 cm.

The logit transformation of the recapture rate of marked groups
(See page 21 for description of logit) was negatively correlated to flow
(Figure 2). Flow accounted for 88% of the variability in recapture rate.
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Wilderville, 1983-84.
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In order to adjust the raw catches of the Humphreys trap, we first
determined the average catch per hour for the week and expanded it by 168
hours to get the expanded catch for the week. Then each week's expanded
catch was adjusted by the trap efficiency using the equation in Figure 2 and
mean flow for the week. The adjusted weekly catches were then totalled to
give the annual estimate of chinook salmon migrants that left the Applegate
River.

Catches from all sites and sampling techniques were segregated by
species and age class. We anesthetized juveniles with a mixture of tricane
methanesulfonate and quinaldine (Schoettger and Steucke 1970) or benzocaine
prior to handling. For each age class of each salmonid species at each
site, we measured 30 fish per week to the nearest 0.1 cm fork length and
weighed 25 fish per month to the nearest 0.1 g. The age of juveniles was
estimated based upon length-frequency distributions that were periodically
verified by analysis of scales. For age and growth analysis, we sampled
scales from 20 juvenile chinook salmon weekly at five stations, and scales
from 20 juvenile steelhead each week at three traps along the main river.
Approximately 10 scales were removed from the left side of the fish about
four rows above the lateral line and immediately posterior to the dorsal
fi.n.

Emergence of juvenile chinook salmon was determined from seine catches
at four seining sites in the main river and one in a tributary. We used two
indexes of emergence: (1) date of first emergence (defined as the date when
the first juvenile chinook salmon of emergent size [<4.5 cm] was captured);
and (2) date of emergence completion (defined as the earliest date after
which the mean length of 30 chinook salmon always exceeded 4.5 cm). We were
unable to determine date of emergence or emergence completion for juvenile
steelhead because most adults spawned in unsampled tributary streams and
emergent juveniles in the main river reared on shallow riffles that were
difficult to sample with seines.

We assessed growth of juvenile salmonids from (1) the rate of increase
in mean length of fish sampled at each station, (2) the mean body condition
of fish at each station, and (3) the circuli spacing on scales. We
estimated the rate that mean length increased during each period by
regression analysis of mean length on sampling day. Sampling day 1 was
defined as the first day when mean length began to continually increase
during the spring. The slope of the regression line reflected the rate at
which mean length increased. We assessed growth rate from length and weight
measurements at seining sites because only the largest fish were captured in
traps, and the mean length at traps sometimes decreased, especially after
peak migration. We were unable to assess growth rate of juvenile steelhead
because of inadequate sample sizes at seining sites.

We assessed body condition of juvenile chinook salmon by calculating
the regression of log1o weight on loglo length for standard sampling periods
during the spring and early summer. We then used these regressions to
predict the mean weight of juvenile chinook salmon of a given length (7.0
cm) for comparisons between years and between sites.
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We attempted to obtain an index of subyearling steelhead abundance from
ditch traps, but, catches dropped by about 10-fold when summer flow
increased after completion of Applegate Dam. Since subyearling steelhead
were not migrating rapidly enough to assume negligible mortality between
time of marking and time of recapture, we were unable to determine effects
of flow on efficiencies of these traps. Yearling steelhead were caught
incidentally at the three ditch traps and the Humphreys trap. We captured
too few fish to brand for efficiency studies at different flows. Steelhead
smolts were rarely captured in any traps. We attempted to capture migrating
steelhead smolts in March and April of 1982 in a spillway trap at Murphy
Dam, but we captured too few for analysis.

The rearing distribution of juvenile chinook salmon was determined from
the percentage of the total catch caught at each seining station. Because
juvenile steelhead were not easily caught by seining or trapping, we used a
combination of snorkeling and electrofishing in areas that typified the
upper, middle, and lower river. The sampling was done in late August of
1983-85, when flow was lowest, and emergence of steelhead was complete.

We used a backpack electrofisher to sample subyearling steelhead each
August. The shallow edges of representative riffles were electrofished to
bring the fish up out of the cobble. Three riffles were sampled in each of
the upper, middle, and lower river. Electrofishing became ineffective as
depth approached 0.3 m. Therefore, we were forced to limit sampling to the
edges of the riffles, making a sweep in an upstream direction to sample a
1 x 30 m area. The results were calculated in number of fish per square
meter, and the same riffles were sampled each year.

A diver counted the number of yearling steelhead per lineal foot in
pools immediately below riffles that were electrofished. The diver wore a
wetsuit, mask, and snorkel to make three downstream passes through the
center of each pool. No pattern of change in fish numbers was evident on
second and third passes, so the three counts were averaged.

The peak time of juvenile chinook salmon migration from the Applegate
River and fish size at that time was determined from catches at the
Humphreys trap at Highway 199. The time of migration of chinook salmon and
steelhead smolts into the ocean and fish size at that time was determined by
reading scales from returning adults.

Adult Sampling

We indexed time of entry of adult fall chinook salmon into the
Applegate River from 1979 through 1984 by looking through polarized
sunglasses for fish in selected pools in the lower 20 km of the river at
weekly intervals starting 1 August.

Starting 15 October each year from 1978 through 1984, we surveyed
selected areas for carcasses to determine the abundance and-distribution of
spawned and unspawned chinook salmon (Table 2). We sampled Williams Creek
(km 32) and Slate Creek (km 5) starting 5 November, or earlier if stream
flows were sufficient for migration of adults. Two main river areas and one
tributary had initially been sampled as controls for the Lost Creek Dam
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Evaluation from 1974 through 1977 (Table 2). In 1974 and 1975, samplers did
not survey the entire stretch from km 6-0; however, areas of known distance
were periodically sampled in the stretch. From the data obtained in these
areas we were able to extrapolate estimates for the entire stretch.

Table 2. Areas surveyed in the Applegate River
fall chinook salmon.

basin for carcasses of spent

Area Year Dates sampled

Applegate River:
km 75-66 1978-84 10/15-12/09
km 54-50 1978-84 10/15-12/09
km 41-32 1978-84 10/15-12/16

km 23-21 1978-84 10/15-12/22
km 21-17 1974-84a 10/15-12/31
km 6-0 1974-84a 10/15-12/31

Tributaries:
Williams Creekb 1978-84 11/05-12/31
Slate Creekc 1974-84a 11/05-01/14

a Samipled as a control
Eva luation.

b From mouth to km 3.
C From mouth to km 8.

for the Lost Creek Dam

Chinook salmon carcasses were counted weekly from rafts or driftboats,
except during low flows and in tributaries, then surveys were done on foot.
We cut carcasses in two so they would not be recounted on a following
survey. We classified carcasses as jacks or adults based on fork length
(fish less than 60.5 cm = jacks) and examined each carcass for sex, hatchery
marks, tags, or other marks. Females that retained a-majority of their eggs
were recorded as unspawned mortalities.

Because of extremely high flows in the late fall of 1981, we were
unable to survey for spawned and unspawned carcasses after 11 November. We
used correlations based on data from past years to make the estimates. In
an attempt to adjust past and present carcass counts for the effect of flow
on counting efficiency, we began marking carcasses in 1984. Painted hog
rings were attached to the upper left jaw of carcasses found in the main
river and the upper right jaw of carcasses found in tributaries. Tags with
different colors were applied for each area and each week to allow
identification of area and date when fish were tagged. We marked up to 300
carcasses each week at each site listed-in Table 2. Efficiency of finding
marked carcases was calculated on a weekly basis and will be examined for
relationships to flow, rainfall, cloud-cover, turbidity, and abundance when
we have several years of data covering a wide range of flow and fish
abundance.
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The spatial distribution of spawners was estimated from the number of
carcasses counted within an area as a percentage of the total number counted
in all areas surveyed each year. The temporal distribution of spawning
within an area was characterized by two indexes: (1) the date of peak
recovery of carcasses,and (2) the percentage of the annual total sampled by
Julian week 45 (11 November) at main river sites, Julian week 49 (9
December) in Williams Creek, and Julian week 50 (16 December) in Slate
Creek.

We sampled scales from about 500 chinook salmon carcasses annually to
determine age, life history, and growth. To analyze a representative sample
of the run, we read scales from the same proportion of fish from all parts
of the run (e.g. in one year, we read scales from 25% of the carcasses each
week to achieve a total of about 500 fish analyzed).

Operation of the dam could cause fall chinook salmon to spawn in areas
that are submerged when excess water is drained from the reservoir in the
fall, but are subsequently dewatered when flow is decreased in the winter to
refill the reservoir. To determine safe maximum flow in the fall, we
measured redd depths and characterized the stage-height-versus-discharge
relationship at major spawning areas in the upper, middle, and lower river.
Staff gauges were installed in the upper (km 66), middle (km 41), and lower
river (km 1) at representative spawning sites. Redd sill depths and water
heights on each gauge were measured to the nearest 0.1 ft when fish
spawned. As flow changed throughout the spawning season, water depth was
measured at each of these gauges to determine stage versus discharge
relationships. The information was used to determine the fall spawning flow
that would prevent 90% of the redds from being dewatered if flow dropped to
the authorized minimum level during the egg incubation period (October
through March). The authorized minimum flow level varies among months and
among river sections (Table 3).
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Table 3. Minimum flow (cfs) in three sections of the Applegate River to be
maintained through quantities of storage releases with natural flows. Flow
released from Applegate Reservoir storage will be adjusted to augment
natural flow per this schedule. This schedule may be modified in the future
to maximize fishery benefits from Applegate project streamflow enhancements

Damsite to Little Applegate Williams Creek
Month Little Applegate to Williams Creek to mouth

January

February

March

April

May

June

July

August

September:
1-15
16-30

October

November

December

100

100

170

170

170

200

230

200

200
130

130

100

100

200

200

265

265

265

265

230

200

200
200

240

240

200

300

300

340

340

360

360

120

120

120
120

360

360

300

a From Final Environmental Statement, Including Supplement No.1.
Applegate Lake, Rogue River Basin, Oregon. Prepared by U.S. Army Engineer
District, Portland, Oregon, 28 September 1971.
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To determine abundance, growth, and life history composition of winter
steelhead adults, we electrofished from a boat in the middle section of the
Applegate River (km 41-21) at weekly intervals from 15 February until 1
May. We electrofished from a 16 ft aluminum driftboat or a 14 ft inflatable
raft. A 2,500 watt generator and a convertor provided pulsed direct current
at 150-300 volts and 1.5-2.5 amperes.

Flow during the electrofishing period fluctuated from a few hundred to
several thousand cubic feet per second. Our efforts were most productive at
500-1,800 cfs and at turbidities under 6.0 JTU.

Captured fish were momentarily held in a 68-quart ice chest containing
river water until the boat could be stopped in quiet water. To limit
further stress, all captured fish were handled while still stunned. All
steelhead captured were measured for fork length, examined for sex, checked
for hatchery or other marks, and sampled for scales prior to release. We
used a paper punch to mark all fish with a hole in the left operculum to
identify recaptured individuals.

In 1981, a trap was placed in the fish ladder at Murphy Dam from 15
February through 1 May in an attempt to capture steelhead migrating
upstream. However, of 163 steelhead adults captured, 90% were kelts
migrating downstream. Because the sample size of upstream migrants was
small and fish were seen jumping the dam, we dropped this sampling.

at Angler Catch Sampling

We estimated winter steelhead catch during January through March using
salmon-steelhead catch cards returned by anglers each year since 1967.

Scale Analysis

Scales from juveniles were mounted on glass slides with a solution of
5% glycerine and 95% sodium silicate. We mounted 1O-20 scales per fish and
analyzed two of the larger, nonregenerated, and regular-shaped scales.
Scales were analyzed at a magnification of 88X projected on a screen.
Circuli counts and scale measurements were made directly on the screen along
the longest line in the anterior region at a 200 angle from the longitudinal
midline of the scale. We counted circuli and measured radii (to the nearest
0.5 mm) from the nucleus center to each annulus and to the outer edge of the
scale. The average spacing of circuli on each juvenile was computed from
these data as an -index of growth rate from the time of earliest scale
formation until capture. As measures of early growth in juvenile chinook
salmon, we also measured the width of inner band I (the first 6
intercircular spaces from the nucleus margin to the! sixth circulus), and the
width of inner band II (the second 6 intercircular spaces from the sixth to
the twelfth circulus) on juvenile chinook salmon captured throughout the
year. As measures of very recent growth in juvenile steelhead captured
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throughout the summer, we also measured the width of outer band I (the first
two intercircular spaces contained between the first and third circuli
inward from the outer edge of the scale), and the width of outer band II
(the two interciruclar spaces contained between the third and fifth circuli
inward from the outer edge of the scale).

The freshwater (juvenile) portion of scales from adults that returned
to the river were similarly analyzed, except that no outer band widths were
measured. Additionally, we counted circuli and measured radii from the
nucleus center to the point of ocean entrance. Generally, four of the
larger, nonregenerated, and regular shaped scales from each adult fish were
mounted on gummed cards and impressed on acetate at approximately 1000C
under 5,000 psi for 3 minutes to provide a permanent record of scale
characteristics. Counts and measurements were taken from the projected
image of the acetate impression.

Age of chinook salmon was designated using the system of Gilbert and
Rich (1927). The first number designates the year of life at return and the
subscript indicates the year of life when the fish migrated to the ocean.

Analytical Methods

We used two-tailed t tests to compare annual values before impoundment
with those after impoundment. We used Bartlett's test (Snedecor and Cochran
1967) to test for homogeneity of variances between years and impoundments
before applying t tests or, analysis of variance if it appeared that
variances differed substantially between the data sets being compared. When
applying the t test to data with variance that could not be stabilized or
to data that had unequal sample sizes, we used formulas from Snedecor and
Cochran (1967).

We compared regression relationships before and after impoundment by
pooling data from all years before closure, pooling data from all years
after closure, and using an analysis of covariance to compare the slopes and
intercepts of these pooled regressions (Snedecor and Cochran 1967). We also
used t tests to compare regression slopes or predicted values for the years
after closure, with those from years before closure.

We calculated the minimum detectable difference (MDD) from the
preimpoundment mean as the difference needed to provide an 80% chance of
detecting a statistically significant change from the preimpoundment mean at
the 0.05 significance level (Lichatowich and Cramer 1979). The MDD's were
expressed as-the percent change from the preimpoundment average.

We used multiple regression analysis to quantify the relationships of
important biological and physical variables to other biological and physical
factors. For these analyses, we only tested independent variables for which
we could hypothesize a causal relationship to the dependent variables. We
chose the "best" multiple regression equations based on the combination of
variables that was intuitively most logical and accounted for the most
variation in the dependent variable (provided the highest R2 value).
Independent variables whose partial correlation to the regression residuals
had a significance probability of less than P < 0.05 were generally excluded
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from the regressions. At each step of the multiple regressions, the
residuals were plotted against independent variables of interest to
determine if mathematical transformations were appropriate.

We transformed variables when necessary to achieve normality. We used
the angular transformation (arcsin-. percentage) (Snedecor and Cochran 1967)
on proportional or percentage data before using t tests or analysis of
variance. We used the logit transformations (X = loge p/(1-p)) on all
percentage or proportional data to be used in regressions so that
independent variables could be linearly related to the full range of
proportions from 0 to 1 or percentages from 0X to 100% (Bickel and Dokson
1977). We used a square root transformation on data that followed a Poisson
di stributi on.

It is unrealistic to assume fishery parameters are influenced by only
one variable. We recognized that we were stretching the use of multiple
regression beyond customary guidelines for minimum sample size, but we did
the best we could to determine factors affecting the fisheries with the data
we had. Because many comparisons and correlations suffer from small sample
sizes (years), some conclusions and recommendations may change with
additional data.

RESULTS AND DISCUSSION

Effects on Down strean Flow

Applegate Dam stores 82,000 acre-ft of which 65,000-75,000 acre-ft is
released annually. The reservoir is refilled during February through April
and is gradually drawn down during June through November (Figure 3).

Runoff in the Applegate River peaks during December through March as
indicated by historic flow records (Figure 4). During this period, mean
monthly flow is approximately twtce as high near the mouth of the Applegate
River (Wilderville) than at the damsite (Copper). Runoff is lowest during
July through September, with flow lowest near the river mouth because of
irrigation withdrawals, evaporation, and grouncwater losses. Mean monthly
values of natural flow in the basin during the first 4 years of the
operation of the dam averaged higher than historic values.

Applegate Dam affected average monthly flow in all months except
January, May, and June (Figure 4). Average monthly flow was increased with
water released from Applegate Dam during July through December. Maximum
augmentation occurred in October when Applegate Dam increased river flow by
an average of 304 cfs. Flow was reduced by Applegate Dam from February
through April while the reservoir was being refilled. Maximum reduction was
during February when Applegate Dam reduced flow by an average of 333 cfs.

The relative influence of Applegate Dam on discharge in the Applegate
River measures the importance of the dam on seasonal river flows. The
largest effect of Applegate Dam on river flow occurred during July through
October when augmentation from storage was a substantial percentage of the
flow throughout the river (Table 4). For example, during September of
1981-84 an average of 81.1%, 85.6%, and 81.7% of the flow at Copper,
Applegate, and Wilderville, respectively, came from storage.
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Figure 3. Rule curve for Applegate reservoir (solid line) and average
monthly reservoir elevation for 1981-84 (broken line).
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Figure 4. 'Estimated mean monthly flow at Copper, Applegate, and
Wilderville. Historical flow for Wilderville is from 1939-55 and 1978-80.
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Table 4. Percentage of flow attributable to storage released or retained by
Applegate Dam at three locations in the Applegate River, 1981-84. Negative
values indicate reductions.

Location Jan Feb Mar Apr May Jun

Copper 0.3 -37.4 -44.3 -34.7 3.3 6.5

Applegate 0.4 -25.0 -30.8 -21.8 2.7 5.2

Wilderville 0.2 -15.3 -18.9 -13.7 2.4 4.8

Location Jul Aug Sep Oct Nov Dec

Copper 40.4 67.3 81.1 79.7 28.6 17.7

Applegate 40.6 76.6 85.6 77.4 23.3 13.9

Wilderville 39.8 76.9 81.7 66.4 16.2 9.2

Because of the influence of tributary flow, the relative influence of
Applegate Dam on monthly flow during refilling (February-April) was
substantially less than during drawdown (Table 4). The dam affected flow in
the upper reach of the river more than it affected flow in the middle or
lower reaches of the river. The small influence of Applegate Dam on river
flow in 1981-84 during the period when the reservoir was refilling
(13.7%-44.3%) was partially caused by above-average flow during these first
4 years after closure of the dam. Natural flow in November through May of
1981-84 was substantially higher than flow in November through May of
1939-80 (Figure 4). Thus, we expect refilling of Applegate Dam to have a
greater effect on river flow during average or below-average flow years.

Applegate Dam had a- major influence on river flow during peak flood
events. The amount of reduction in daily peak flow during the flood seasons
of 1981-84 corresponded to the intensity of the flood (Figure 5). Re-
ductions generally exceeded 50% of the potential peak flow.

Flow throughout the Applegate River was higher during the summer-fall
period after closure (1981-84) than before closure (1979-80) of Applegate
Dam. At Copper and Applegate, mean monthly flow was significantly higher
after closure than before closure during June through December (P < 0.05 for
June; P < 0.01 for all other months; Appendix Table A-7). At Wilderville,
mean monthly flow was significantly higher after closure than before closure
during July through December (P < 0.01). Mean monthly flow was never
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significantly lower after closure than before closure for the 1979-84 period
when most of our fisheries data were gathered. The lack of significantly
lower winter flow after closure was caused by natural winter flow that was
above average in 1981-84 (Figure 4) and higher variation between years for
winter flow compared with summer flow.

Effects on Downstream Temperature

During 1981-84, reservoir inflow temperature exceeded outflow
temperature from mid-May through mid-September (Figure 6). The largest
difference (110 C) was in August. During October through December, outflow
temperature always exceeded inflow temperature because of heat storage in
the reservoir. The dam reduced maximum daily river temperature 31 km
downstream at Applegate by an average of 3.1%C during 16-31 July (Table 5).
Cooling began in June and continued through September. The dam increased
river temperature from mid-October through mid-April. Warming was most
intensive during the first 2 weeks of November when river temperature near
Applegate was increased by an average of 2.0 0 C. The apparent increase of
.river temperature during January through April, though slight, is puzzling.
Applegate Dam has no effect on increasing outflow temperature during this
time of the year but does reduce outflow to fill the reservoir. By reducing
flow, the dam may promote warming of the river by allowing more heating from
solar radiation as the water travels downstream in January through April.
However, flow was not a significant variable in the model that we developed
to predict temperature for this time of the year. This indicates that
changes in outflow should not affect river temperature during January
through April. The apparent increase in river temperature could also be in
part attributed to the model's underprediction of temperature during this
time of the year.

Compared with historic natural temperature (1974-79), predicted natural
temperature at Applegate in 1981-84 was below average during March through
July (Figure 6). Thus, the effect of the dam on river temperature at
Applegate during March through July 1981-84 may not be typical of the dam's
effect on river temperature under average conditions.

For use with the data that we present here from our fish sampling,
comparisons of river temperature before (1979-80) and after (1981-84)
closure are listed in Appendix Table A-8. Temperature was significantly
cooler after closure at P < 0.05 during March through September at Copper,
during June through SepternEer at Applegate, and during July through
September at Wilderville. Maximum differences in temperature between
preimpoundmeht and postimpoundment periods were in July when temperature
averaged 10.30C, 4.20C, and 2.50C lower at Copper, Applegate, and
Wilderville, respectively. River temperature after closure did not
significantly exceed river temperature before closure at P < 0.05 except
during January (1.10C at Applegate).
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Table 5. Daily maximum water temperature (00) near Applegate averaged by
2-week i nterval s, 1981-84 (* = P < 0.05; ** = p < 0.01) . CI = conf idence
interval.

Predicted Di fferencea
Time period natural Actual ± 95% CI 

01-15 January 4.7 5.6 0.8 ± 0.14*
16-31 January 5.5 6.0 0.3 ± 0.16*
01-15 February 5.7 6.2 0.4 ± 0.13*
16-28 February 6.8 7.2 0.5 ± 0.28*
01-15 March 8.0 8.6 0.5 ± 0.20*

16-31 March 8.3 9.0 0.5 ± 0.16*
01-15 April 9.0 9.7 0.8 ± 0.26*
16-30 April -11.4 11.8 0.4 ± 0.27*
01-15 May 12.4 12.6 0.2 ± 0.24
16-31 May 14.8 15.4 0.6 ± 0.23

01-15 June 16.6 16.0 -0.5 ± 0.42*
16-30 June 19.1 17.5 -1.0 ± 0.21**
01-15 July 20.8 19.0 -1.9 t 0.30**
16-31 July 22.8 19.7 -3.1 ± 0.16**
01-15 August 22.7 19.0 -2.8 ± 0.20*

16-31 August 21.6 18.6 -3.4 t 0.22*
01-15 September 20.5 17.6 -2.8 ± 0.20**
16-30 September 17.9 16.4 -1.5 t 0.34**
01-15 October 15.1 15.2 0.1 ± 0.22
16-31 October 11.8 12.7 0.9 t O.22**

01-15 November 8.9 11.0 2.0 ± 0.18**
16-30 November 6.7 8.0 1.4 ± 0.16**
01-15 December 5.8 6.7 0.9 ± 0.18**
16-31 December 5.3 5.7 0.5 ± 0.18*

a Biweekly1 average of daily differences between
actual and predicted natural temperature.
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Figure 6. Mean biweekly maximum water temperature at inflow
Applegate Dam during 1981-84 and at Applegate during 1981-84
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Effects on Downstream Turbidity

We were unable to determine the effects of Applegate Dam on turbidity
because sampling at the damsite was started only three months before closure
of Applegate Dam. No turbidity data were collected above the reservoir site
or in the lower river before or after closure of Applegate Dam. We split
the existing data set (1 October 1980 to 30 September 1984) into three
periods; 15 June to 15 October (the summer low flow period), 15 October to
30 March (the winter storm period), and 1 April to 15 June (the spring
runoff period). The range of daily mean turbidity values was 0-25 JTU
during the summer low flow period, 0-1,000+ JTU during the winter storm
period before dam closure (October-December 1980), 0-480 JTU during the
winter storm period after dam closure, and 0-80 JTU during the spring runoff
period. On 3 May 1984 the regulating outlet was opened for a short period
of time and turbidity at Copper was increased to 670 JTU. Peak turbidity
during the winter storm period before dam closure (1,000+ JTU) and peak
runoff period (670 JTU) occurred during weeks when flow increased 700-1,000
cfs at the dam. Without data from above the damsite on 3 May 1984, we are
unable to determine if turbidity would have reached 670 JTU naturally.

Status and Dynamics of Juvenile Fall Chinook Salmon

Emergence

Unlike the effect of Lost Creek Dam on chinook salmon in the Rogue
River, Applegate Dam is not conclusively accelerating first emergence of
chinook salmon through a warming of the river during egg incubation,
primarily because few chinook salmon were spawning near the Applegate Dam
site before construction. First emergence was significantly earlier only at
Murphy (P = 0.03) after closure of Applegate Dam (Table 6; Appendix Table
A-9). Dates of first emergence were earlier at nonsignificant levels after
closure of Applegate Dam at all other stations in the main river. In
contrast, emergence in the tributaries tended to shift to a later date, but
the shift was not significant, even at p c 0.1. Statistical comparisons
could not be made at the two stations closest to the dam because chinook
salmon spawned and reared in those areas in only 1 of the 5 years sampled
before the closure of Applegate Dam.

We found no significant difference, even at P < 0.1, in date of
emergence completion of chinook salmon after closure of Applegate Dam.
Although not statistically significant at P < 0.1, all postimpoundment
values were 8 to 23 days earlier in the main river and only 4 days earlier
in a tributary-(Table 7; Appendix Table A-10).
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Table 6. Comparison of the mean
fry before and after closure of
difference.

date of first emergencea of chinook salmon
Applegate Dam. MDD = minimum detectable

Difference MDD
Station 1976-80 1981-84 (days) P (%)

Applegate River:
Jackson Park,

McKee 09 Mayb 25 Jan -105 -- --

Bridgepoint,
Hyde Bar 22 Aprb 18 Feb -64 -- --

Murphy 09 Mar 17 Feb -21 0.026 --
Copeland 06 Mar 19 Feb -16 0.093 39

Tributaries:
Little Applegate

River 15 Aprb 25 Aprb 10 -- --

Slate Creek 13 Mar 24 Mar 11 0.386 62

a Date of first capture.
b Only one observation available because in other years no chinook salmon

were caught or first captures were too large to be newly emerged fry.

Table 7. Comparison of the mean date of emergence completiona of chinook
salmon fry before and after closure of Applegate Dam. MDD = minimum
detectable difference.

Difference MDD
Station 1976-80 1981-84 (days) P (%)

Applegate River:
Jackson Park,

McKee 09 Mayb 29 Apr -10
Bri dgepoi nt,

Hyde Bar -- 12 Apr -- -- --
Murphy 24 Apr 1 Apr -23 0.075 30
Copeland 20 Apr 12 Apr -8 0.508 38

Tributaries:
Little Applegate

River 13 Mayb -- -- -- --

Slate Creek 28 Mayb 24 May -4 -- --

a Date after which mean length of 30 fish always exceeded 4.5 cm.
b Only one observation available because in other years no chinook salmon
were caught or catches were sporadic.
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Applegate Dam has not conclusively affected emergence timing in the
lower river (km 0-30) where most chinook salmon spawned before closure of
Applegate Dam. However, the potential for colonization of upper parts of
the river by fall chinook salmon may be hampered if outflow during the
incubation period (November-February) is too warm. High incubation
temperature could hasten the development of embryos and alevins in the upper
river, allowing juveniles to emerge at a time when survival is reduced
(Graybill et al. 1979; Cramer et al. 1985).

We examined the dates of first emergence and emergence completion of
fall chinook salmon for relationships with flow, temperature, and female
abundance to establish operating criteria for Applegate Dam, during the
incubation period. Date of first observed emergence was inversely related
to mean temperature during the November-February incubation period (Figure
7). Emergence completion date was also inversely related to temperature,
but the relationship was weaker and only included November temperature
(Figure 8). November temperature had the highest correlation coefficient of
the months examined (November through February). Of the 4 months in the
incubation period (November through February), November showed the greatest
increase in downstream temperature attributable to Applegate Dam (see page

*26).

Fry abundance tended to increase with later dates of emergence
completion (Figure 9). This is an important indication that fry survival is
higher when emergence is later.

e We recommend that incubation temperature be maintained at or below the
natural average at the USGS gauging station near Copper based on the above
relationships and on the problems with early emergence of spring chinook
salmon noted below Lost Creek Dam. Lost Creek Dam changed the mean date of
initial emergence of spring chinook salmon near the dam from 8 March to 22
January and reduced fry survival (Cramer et al. 1985).

Growth

We found little statistical evidence of changes in growth of juvenile
chinook salmon after closure of the dam, but as detailed below, the
correlations of some growth indexes to flow and temperature indicate
potential for the dam to extend the rearing period and increase total growth
and condition of juveniles before they migrate into the Rogue River.

Based on the increasing length of fish captured each week, we could not
detect any changes in chinook salmon growth rate (slope of mean length
versus Julian day regressions) that were significant at P < 0.05 after
completion of Applegate Dam, although the higher growth rate at Murphy was
significant at P < 0.1 (Table 8; Appendix Table A-11). We were unable to
compare growth rates before and after Applegate Dam was completed at
stations above Murphy Dam, where changes should have been greatest, because
of poor spawner escapement and low juvenile abundance above that point
before Applegate Dam was constructed. We detected no significant changes at
P < 0.1 in growth rate measured on juvenile scales after Applegate Dam was
closed. Band width I increased only 3.1% after closure with a minimum
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Table 8. Comparison of the rate of change in length (cm/day) of juvenile chinook salmon sampled in the spring before and after the closure of
Applegate Dam. MDO = minimum detectable difference in slope of regression line (rate of change in length).

Significance probablities
Section, Sampling Pooled Homogeneity Difference Difference MOD
station YearsI perioda N regressionsb R2 c of variances in slopes in elevations (X)

Upper River:
McKee
Jackson Park

McKee
McKee

Middle River:
Bridgepoint
Hyde Bar

1976
1982-83

1976
1982-83

1976, 80
1982-84

05/09-09/05
02/10-06/27

05/09-09/05
02/10-06/27

05/23-08/15
04/06-07/12

11 Y = 0.0315X + 6.3718
16 Y = 0.0128X + 4.6368

11 Y = 0.0315X + 6.3718
17 Y = 0.0267X + 3.7042

23 Y = 0.0390X + 6.3912
27 Y = 0.0460X + 4.5333

0.69
0.32

0.69
0.58

0.94
0.58

(d)

(d)

(d)

J.)

Lower River:
Murphy
Murphy

Copel and
Copel and

Tributary:
Slate Creek
Slate Creek

1976, 77, 80 03/21-06/15
1981-84 04/03-07/12

27 Y = 0.0353X + 3.7782
36 Y = 0.0475X + 4.6709

0.75
0.75

0.323 0.060 0.000 9

197 6-80
1981-84

1980
1981-82

04/04-06/27
04/09-07/18

05/13-07/02
05/0 5-06/24

43 Y = 0.0424X + 4.5878
36 Y = 0.0461X + 4.3180

7 Y = 0.0559X + 3.8980
11 Y = 0.0504X + 3.9800

0.76
0.81

0.96
0.94

0.181

0.437

0.492

0.400

0.224

0.756

20

136

a Earliest and latest annual sample dates.
b Y = mean length (cm), X = days after sampling period started.
C All values significant at P < 0.01, except Jackson Park, P < 0.02.
d Comparison between impoundments are impossible due to large size of preimpoundmerit fish (Range = 6.0-10.0 cm compared with 4.0-8.0 cm in post
impouwdment).



detectable difference of 10.4%, and the 1.9% decrease in average spacing of
circuli was far below the minimum detectable difference of 14.6% V ppendix
Table A-12).

To compare growth indexes (other than growth rate) of fall chinook
salmon between impoundments, we calculated the number of days and the total
growth in the growth period in the Applegate River on an annual basis (Table
9). The mean growth period was 21 days before and 48 days after dam
closure. The difference between means was not statistically significant
(P = 0.23), even though the average growth period had doubled. The minimum
detectable difference was a 345% change from the preimpoundment mean.
Growth during the growth period increased after Applegate Dam (Table 9);
however, as with duration of the growth period, the difference between
impoundments was not significantly different (P = 0.46). The mean for the
postimpoundment years (1981-84) was 1.8 cm compared with 1.2 cm in the
preimpoundment years (1979-80), a 50% increase, which fell far short of the
minimum detectable difference of 262%.

Table 9. Growth period and growth during the growth period of fall chinook
salmon juveniles in the Applegate River.

Period, Growth perioda Growthb
year (days) (cm)

Preimpoundment:
1979 10 0.6
1980 31 1.7

Postimpoundment:
1981 80 2.8
1982 54 2.3
1983 35 1.7
1984 24 0.2

a Number of days from emergence completion of juvenile
chinook salmon at Copeland to date of peak migration
at the Humphreys trap.

b Change in mean length of 30 juvenile chinook salmon
eampled weekly from emergence completion to date of

peak migration at the Humphreys trap.

To determine effects of Applegate Dam on body condition of juvenile
chinook salmon, we calculated loglo weight (g) versus loglo length (cm)
regression equations (Appendix Table A-13). We used the regressions to
calculate the predicted weight of 7.0 cm chinook salmon at mainstem stations
and 6.0 cm chinook salmon at a tributary station (Appendix Table A-14). We
used 6.0 cm to solve for the predicted weight of tributary chinook salmon
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because they left the tributaries at roughly 6.0 cm rather than 7.0 cm. We
did not detect any significant change in predicted weight after dam closure
(Table 10). Minimum detectable difference ranged from 12% to 17%.

Table 10. Comparison of predicted weights from logio weight versus log1 o
length regressions from seine catches of chinook sa mon juveniles before and
after closure of Applegate Dam. MDD = minimum detectable difference.

Weight (g) MDD
Station 1976-80 1981-84 Difference P (%)

Bri dgepoi nt,
Hyde Bar 3.9 4.1 0.2 0.360 17

Murphy 3.8 3.9 0.1 0.645 16

Copeland 4.1 4.0 -0.1 0.640 12

To determine operating criteria for Applegate Dam based on growth rate
of juvenile chinook salmon determined from length of captured fish each
week, we examined annual growth rate for relationships to temperature, flow,
and abundance of fry and migrants. We detected a positive relationship
between growth rate and temperature (March through May) in the lower
Applegate River (Figure 10). Temperature near Applegate during the study
period ranged between 10%C and 13%C with growth rate at Copeland highest
(0.0582 cm/day) at 130C. An inverse relationship between growth rate
and flow during March through May indicated growth rates were highest at low
flows (Figure 11). During the years of our study (1976-84), flow near
Applegate during March through May ranged from 162 to 1,534 cfs, while
growth rate at Copeland ranged from 0.0295 to 0.0567 cm per day.
Temperature and flow near Wilderville were not recorded before 1979.

Growth rate determined from the width of band I and average spacing of
circuli from scales of juvenile chinook salmon was examined for
relationships to flow, temperature, abundance, rearing density, rearing
distribution, and time of emergence of juvenile chinook salmon. These scale
measurements were not significantly correlated to temperature or flow, but
the data indicated that growth rate was higher when the abundance of
juvenile chinook salmon was lower. The width of band I was negatively
correlated to the abundance of juvenile chinook salmon in the lower
Applegate River (r = -0.657, P = 0.07). Average spacing of circuli was also
negatively correlated to abundance in the lower river (r = -0.844, P =
0.01), and abundance throughout the river (r = -0.800, P = 0.03), if the
1982 data were excluded. The average spacing of circuli in 1982 was the
lowest of any year in the data set, for reasons we cannot yet explain
(Appendix Table A-12).
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Figure 10. Relationship between growth rate of fall chinook salmon at
Copeland and mean maximum temperature during March through May near
Applegate, 1976-84. Growth rate is from slope of annual relationship
between mean fish length and date of capture. Data from 1983 excluded as a
flyer because record high flow in spring affected seine catch (temperature
was 10.3*C and growth rate was 0.0567 cm/day).
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Copeland and mean flow during March through May near Applegate, 1976-84.
Growth rate is from slope of annual relationship between mean fish length
and date of capture. Data from 1983 excluded as a flyer because record high
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We examined duration of the growth period for relationships to
temperature, flow, and juvenile abundance. The duration of the growth
period tended to vary inversely with the mean maximum temperature during
March through May (Figure 12). The growth period increased at lower
temperature with the exception of 1981 when the growth period was 80 days
and temperature was 14.40C. The growth period in 1981 was longer than any
other year of our study because of early emergence, so we deleted it from
this analysis.

We examined total growth during the growth period for relationships to
temperature, flow, growth rate, duration of the growth period, fry
abundance, and migrant abundance. The change in fish length varied directly
with duration of the growth period (Figure 13). Total growth during the
growth period also varied inversely with the number of chinook migrants
estimated from the Humphreys trap (Figure 14).

We examined annual predicted weight for relationships to temperature,
flow, fry abundance, and migrant abundance at all stations where more than
6 years of data were gathered. Predicted weight was inversely correlated to
temperature, and positively correlated to flow (Figures 15 and 16).

Results from the various growth and juvenile migration analyses
(see pages 48-58) indicate that the greatest problem facing chinook salmon
juveniles in the Applegate River is that of being forced to migrate from the
system early and at a smaller size. High temperature, low flow, and high
juvenile population density appear to be factors that cause early
migration.

We are concerned about early migration of juvenile chinook salmon into
the Rogue River because it will increase competition between Applegate and
Rogue stocks, and because it may lead to earlier migration into the ocean
and subsequent reductions in the percentage of older adults. Older fish
contribute much more to the ocean fisheries and to egg deposition compared
with jacks. Hankin (1985) demonstrated that the proportion of older fall
chinook salmon relative to age 2 jacks was increased from Klamath River
hatcheries when they held their fish for release in the fall instead of
releasing them in June. Evenson and Ewing (1984) showed a similar effect of
later release on maturation age among spring chinook salmon released into
the Rogue River from Cole Rivers Hatchery.

Keeping the growth rate of juveniles from being too fast may also be
needed for extending the rearing time in order to produce older adults that
contribute best to the fisheries and to egg deposition. Satterthwaite
(1987) found that migration timing of juvenile wild spring chinook salmon
was accelerated when growth rate was higher. Although we have not
substantiated the effect of faster growth on early migration timing of fall
chinook salmon in the Applegate River, we have shown faster growth rate as
temperature approaches 13*C, and we feel that it is prudent to recommend
that release temperature in the-spring be increased no faster than the curve
of the historic mean at the damsite in the spring until 12.-8C is reached on
1 June. Then release temperature should be held at 12.8*C through the
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summer unless this action will deplete cold water storage to the extent that
it prevents attainment of our recommendations for outflow temperature during
the period when fall chinook salmon eggs are being deposited and incubated
in the river.

We believe the best way to treat juvenile fall chinook salmon in the
Applegate River is to create conditions in the river that will allow them to
remain and rear for as long as possible into the summer. With this
objective in mind, our data analyses indicate we need to provide high flow
(600 to 1,000 cfs) and low temperature (100C to 110C) in the middle river
(km 44) during March through May to reduce population density, delay the
time of migration from the Applegate River, and increase size of migrants.
These recommendations should minimize competition between Applegate and
Rogue stocks of chinook salmon in the Rogue River and avoid shifting
production toward jacks instead of older fish that contribute best to the
fisheries and to egg deposition.

Abundance

Abundance and rearing distribution of juvenile chinook salmon were the
two parameters that we treated as preimpoundment data until 1982 instead of
1981 because, as will be shown below, abundance and distribution of juvenile
chinook salmon appeared dependent upon spawning distribution the previous
fall, and spawning distribution did not start to spread upstream until 1981
when Applegate Dam starting augmenting October flow (see page 69). Fry
abundance increased in the upper river (McKee) from 0.05 to 9.5 fish per
seine haul, and decreased in the lower river to a smaller degree, but the
changes were not significant at P < 0.05 (Table 11; Appendix Table A-15).
Despite the lack of statistical significance, we are confident that the
increase in fry abundance in the upper river is real and is the result of
the upstream spread of spawners caused by Applegate Dam, which increased
flow in October.

Table 11. Comparison of catch per seine haul of chinook salmon frya in the
Applegate River before and after closure of Applegate Dam. MDD - minimum
detectable difference.

MDD
Station 1976-81 1982-84 Difference P (%)

McKee - 0.1 9.5 9.4 > 0 .05 0b --
Murphy 192.7 58.4 -134.3 0.321C 50C
Copeland 93.1 88.2 -4.9 0.938 208

a Average of 4 weeks of data starting with the first week that mean Length
of fish continuously exceeded 4.5 cm.

b Unable to stabilize variances through data transformation, 80 t was
calculated using Snedecor and Cochran (1967).

c Data transformed (Zog0ExJ) to stabilize variance prior to calculating
statistic.
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We examined our fry indexes for relationships to time of emergence,
temperature, and peak flow during the incubation period (November through
February). Fry abundance tended to increase with later dates of emergence
completion, possibly indicating poorer survival when emergence completion
was earlier (see page 31).

Beyond the fry stage, we detected a highly significant (P < 0.01)
increase in abundance of subyearlings seined at McKee after closure of
Applegate Dam, while the decreases at lower river seining sites were not
significant (Table 12; Appendix Table A-16). The increased catch rate at
McKee was caused by the upstream spread in the spawning distribution of fall
chinook salmon after completion of Applegate Dam. Catch rate at traps
showed the same trend, with an increased postimpoundment mean at McKee and a
highly significant (P < 0.01) decrease in catch rate at Murphy in the lower
river (Table 12). The decrease in catch rate at Murphy, however, may be the
result of increased flow after closure of Applegate Dam that decreased the
efficiency of Murphy Dam at diverting fish into the ditch and trap. During
the years of trapping, June flow in the lower river ranged from 191 to 1,331
cfs with preimpoundment and postimpoundment means of 263 and 870 cfs,
respectively, but we had no measure of trap efficiency at any flow.

Table 12. Comparison of annual catch rate of juvenile chinook salmon in the
Applegate River before and after closure of Applegate Dam. MDD = minimum
detectable difference.

Sampling method, MDD
station 1976-81 1982-84 Difference P (%)

Seine (fish/seine haul):
McKee 0.5 7.5 7.0 0.003a --

Murphy 102.9 68.7 -34.2 0.603 198
Copeland 93.0 39.5 -53.5 0.291 164

Trap (fish/hour):
McKee 0.067 0.233 0.166 0.327 1,009
Murphya 8.7 0.7 -8.0 0.010 --

a Data transforzmed (Zog6 ex+1J) to stabilize variance prior to ca1culating
t-test.

Our estimates of the annual number of subyearling fall chinook salmon
that migrated out of the Applegate River (based on catch at the Humphreys
trap) varied from 377,012 to 2,147,900 migrants (Table 13). We detected
no significant increase in the abundance of migrants after Applegate Dam was
closed (P = 0.677), even though the postimpoundment mean of 1,064,727
chinook salmon was higher than the preimpoundment mean of 798,660 fish. The
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minimum detectable difference (287%) indicated that the postimpoundment mean
had to reach 2,229,154 fish before we could say there was a significant
change in abundance at P < 0.05. The data do not indicate a time trend for
increasing or decreasing niumber of fish.

Table 13. Estimated number of subyearling chinook salmon that migrated from
the Applegate River (based on annual catch in the Humphreys trap at Highway
199 adjusted for effects of flow on efficiency).

Period, Number of
year subyearlings

Preimpoundment:
1979 1,344,010
1980 377,012
1981 657,958

Postimpoundment:
1982 422,620
1983 - 623,663
1984 2,147,900

We hypothesized that a greater number of chinook rearing in the
Applegate River would correlate with greater spawner abundance, a spreading
of spawning distribution upstream, and lower peaks in winter flow. None of
the correlations -were significant at P < 0.05. However, we recommend that
peaks in winter flow during November thFrough March be limited to the
greatest extent possible (unless it causes a demonstrable threat to flood
control capabilities) to increase survival of eggs and fry of fall chinook
salmon. We recommend this because the abundance of juvenile fall chinook
salmon in the Rogue River below the Applegate River and the abundance of
juvenile spring chinook in the upper Rogue River near Lost Creek Dam were
negatively correlated to peaks in winter flow of the Rogue River (Cramer et
al. 1985; Satterthwaite 1987). A similar negative effect of high winter
flow on abundance of juvenile chinook salmon in the Applegate River seems
likely, even though the effect has not been detected with data collected to
date. The risk of a negative effect should be reduced by using the dam to
decrease peaks in winter flow that will kill or wash away salmon eggs and
fry.

Rearing Distribution

Like abundance data for juvenile chinook salmon, rearing distribution
data from 1981 were treated as preimpoundment data (8ee page 44). Rearing
distribution of juvenile chinook in the Applegate River shifted upstream
after completion of Applegate Dam (Table 14; Appendix Table A-17).

-46-



The proportion of juvenile chinook salmon caught by seining in the upper
third of tA, river increased from 0.1% to 6.6% after completion of Applegate
Dam (P < 0. 5). Flow in excess of 360 cfs , the mouth of the Applqgate
River during 1-15 October has induced fall c:hinook salmon to migrate and
spawn higher in the system than before dam closure when early October flows
averaged 50 cfs. Continued colonization of the upper Applegate River by
fall chinook salmon depends on temperature and flow releases specifically
tailored to enhance spawning and rearing conditions in the river above
Murphy.

Table 14. Comparison of the index of rearing distribution of juvenile
chinook salmon in the Applegate River before and after closure of Applegate
Dam. MDD = minimum detectable difference.

Percent by station MDDa
Seining station 1976-81 1982-84 Difference p a (%)

McKee 0.1 6.6 6.5 <0.05b --
Murphy 46.7 59.3 12.6 >0.05b 127
Copeland 53.2 34.0 -19.2 0.239 121

a Angular transformation performed on percentage values before calculating
statistic.

b Unable to stabilize variances through data transformation, so t was
calculated using Snedecor and Cochran (1967).

Migration

Size at peak migration, time of peak migration, and percentage of
migration completed by 3 June (we arbitrarily chose to use the percentage
completed by Julian week 22, which ends on 3 June) did not change
significantly (P > 0.05) for juvenile chinook salmon after completion of
Applegate Dam (Table 15; Appendix Table A-18). The minimum detectable
differences with only 2 years of preimpoundment data indicate that we could
not detect statistically significant differences at P < 0.05 unless sampled
differences exceeded 37%-81% (Table 15). Even though The changes in these
migration parameters were not significantly different from preimpoundment
values, fall chinook salmon may have reared to a slightly larger size (+0.5
cm), may have reared in the Applegate River about 2 weeks longer, and the
percentage of the migrant population that left the river by 3 June each year
may have been 9% less after dam closure.
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Table 15. Comparison of parameters of juvenile chinook salmon
determined from the Humphreys trap before and after closure of
Dam. MDD = minimum detectable difference.

migration
Applegate

MDD
Parameter 1979-80 1981-84 Difference P (%)

Length at peak migration (cm) 6.0 6.5 0.5 cm 0.279 69

Date of peak migration 17 May 29 May 12 days 0.263 37

Percent of migration
completed by 3 Junea 64.9 55.3 -9.6%o 0.668b 81b

a Julian week 22 ends 3 June.
b Angular transformation performed on percentage values before

statistic.
calculating

We analyzed the migration parameters for relationships to growth,
abundance, temperature, and flow (Table 16). Lower abundance in the stream
tended to increase the fish length at peak migration and delay the date of
peak migration (Tabl-e 16; Figures 17 and 18). The percentage of migrants,
leaving the system by 3 June increased (indicating earlier migration) as
temperature increased and as flow decreased; although the correlations were
only significant at P < 0.1 (Table 16; Figure 19). Supportive evidence that
higher flow and lower temperature increase size at migration and delay time
of migration comes from experiments to determine rate of migration of
juvenile chinook salmon from the Applegate Basin in 1979 and 1981.
Experiments in 1979 indicated that juvenile chinook salmon migrated at a
faster rate as temperature increased (Cramer and McPherson 1980).
Experiments in 1981 also showed that the migration rate of freeze branded
juvenile chinook salmon increased as flow decreased (McPherson and Cramer
1983).
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Table 16. Correlations of migration parameters for juvenile chinook
salmon (measured at the Humphreys trap) to growth, abundance, temperature,
and flow, 1979-84.

Migration parameter Second parameter r P

Length at peak migration Migrant abundance -0.858 0.029
Length at peak migration Days in the growth period 0.831 0.040

Date of peak migration Migrant abundance -0.820 0.046
Date of peak migration Length at peak migration 0.878 0.021
Date of peak migration Change in length during

the growth period 0.848 0.033

Percent migration by 3 Junea Temperatureb 0.798 0.057
Percent migration by 3 Junea FlowC -0.806 0.053

a Julian week 22 ends 3 June.
b Mean maximum daily temperature at km 44, March-May.
c Mean daily flow at km 44, March-May.

Because flow is a major factor that determines temperature in the lower
parts of the river, decreasing flow may trigger an inherited adaptation that
causes juvenile chinook salmon to migrate faster to avoid being trapped in a
dry and hot summer environment. We also believe that flow, temperature
(which is largely determined by flow), and migrant abundance (which in
association with flow determines crowding) are the three most important
factors that affect time of migration and size of migrants in the Applegate
River. Any decrease in temperature or increase in flow that will delay the
date of migration from the Applegate River will increase the size at which
juvenile chinook salmon leave the system, therebybetter enabling them to
compete with the many species and races of salmonids in the Rogue River.
The increased upstream rearing distribution after closure of Applegate Dam
may also increase size at time of migration and delay date of migration. In
order to increase size and delay date of migration of chinook salmon from
the Applegate River, flow in the lower river should be maintained above 500
cfs from 1 March through 30 June, and river temperature at the dam should be
maintained below 12.8 0C through 30 June. We chose 30 June instead of 31 May
because less than 60% migrated out before 3 June in most years (Figure 19).

Scale analyses indicated that the annual mean of back-calculated length
at ocean entry and date of ocean entry for juveniles that returned as.age 21
jacks were highly correlated to the mean for the entire brood (n = 5, r
0.934 for length and r = 0.985 for date), so we used data from jacks to
calculate preliminary comparisons of means before and after the completion
of the dam. Using jacks provided us with three more years of data for the
analyses (8 years) than for adults alone (Appendix Table A-19).

The mean of estimated length of juveniles that entered the ocean during
1976-80 and returned as age 21 jacks was 10.7 cm. The mean for those that
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Figure 17. Relationship between length of subyearling chinook salmon on the
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entered during the first 3 years after dam closure (1981-83) was 11.4 cm, an
increase of 6.5% that was not significant at P < 0.05, but was significant
at p < 0.1. The minimum detectable difference was 11.7%. Date of ocean
entry for age 21 jacks was virtually unchanged (30 August compared with 26
August). These preliminary comparisons suggest that Applegate Dam may be
increasing the size at which chinook salmon enter the ocean without altering
their time of ocean entry. If size of juveniles entering the ocean is
increased, survival will probably be increased, as Evenson and Ewing (1984)
showed with spring chinook salmon released from Cole Rivers Hatchery into
the Rogue River in the fall.

Date of ocean entry and length of juveniles at that time, as
back-calculated from scales of adult spawners in the Applegate River basin,
was examined for correlation to (1) flow and temperature of the Applegate
River during the spring and the Rogue River during the summer, (2) indexes
of juvenile chinook abundance in the Applegate and Rogue rivers, (3)
distribution and density of juvenile chinook salmon rearing in the Applegate
and Rogue rivers, (4) growth indexes of juvenile chinook salmon, and (5)
time of emergence of juvenile chinook salmon in the Applegate River. We
used data from jacks (8 broods) to identify important correlations to
environmental or biological factors and then examined data from entire
broods (5 broods) to see if it verified any correlations evident from the
analyses on jacks. No multiple regression analyses were attempted with data
from entire broods.

The annual mean of back-calculated length at ocean entry ranged from
10.2 cm to 11.8 cm for jacks from the broods migrating out during 1976-83,
and from 9.9 cm to 11.0 cm for all ales combined from the broods migrating
out during 1976-80. These narrow ranges may reflect selective mortality of
smaller fish or a propensity for fish to enter the ocean shortly after they
reach 10-11 cm. Thus, factors that affect length at ocean entry may have
been masked.

Higher flow and lower temperature in the spring and summer appeared to
increase the size at which juveniles entered the ocean (Table 17). Lower
abundance and rearing density of juvenile chinook salmon in the Applegate
and Rogue rivers also appeared to increase the size of the fish at ocean
entry (Table 18). Indexes of growth rate in freshwater and size of migrants
leaving the Applegate River were correlated to the size of fish at ocean
entry (Table 19). We believe that it is the effects of flow, temperature,
and abundance on growth rate that causes these three variables to be
correlated to size of juveniles at the time of ocean entry=. The
correlations in.Tables 17 and 18 show that the 5-year data set for ages
21-51 verified the correlations seen in the 8-year data set for age 21 fish
alone, if the values for the independent variables covered the full range
seen in the 8-year data sets. For example, the positive correlations
between size at ocean entry and river flow for jacks (Table 17) were not
seen for combined ages, probably because Applegate River flow for the
March-May and May-June periods ranged to highs of only 769 cfs and 538 cfs,
respectively, without 1981-83 data. Similarly, Rogue River fl-ow during the
June-July and July-August periods ranged to highs of only 2,538 cfs and
2,215 cfs, respectively, without 1981-83 data.
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Table 17. Correlations between length of Applegate
time of ocean entry (back-calculated from scales of
the flow and temperature of the Applegate and Rogue
rearing period.

fall chinook salmon at
spawned carcasses) and
rivers during their

Range in
Age group, independent independent
variable, time period variable r P

AGE 21 a

Applegate River flow:
March-May 162-1,531 cfs 0.805 0.013
May-June 169-1,471 cfs 0.777 0.019

Applegate River temperature:
May-June 13.1-18.4"C -0.910 0.010

Rogue River flow:
June-July 011,114-4,02I cfs 0.865 0.004
July-August 915-2,966 cfs 0.836 0.007

Rogue River temperature:
June-July 19.3-23.7"C -0.711 0.041
July-August 20.7-24.5'C -0.775 0.020

AGES 21-51b

Applegate River temperature:
May-June 15.7-18.4'C -0.818 0.069

a Eight years (1976-83).
b Five years (1976-80).

-53-



Table 18. Correlations between length of Applegate fall chinook salmon at
time of ocean entry (back-calculated from scales of spawned carcasses) and
indexes of juvenile chinook salmon abundance and rearing density.

Age group, Range in
independent independent
variable variable r P

Age 21:a
Lower Applegate River

catch/seine haul 14.5-171.8 -0.703 0.046
Lower Applegate River

Humphreys trap catchb 0.4-1.3 -0.796 0.085
Upper Applegate River

catch (% of entire
river catch/seine haul) 0.0-29.7 -0.756 0.025

Lower Applegate River
fry density 0.03-0.54 -0.722 0.038

Lower Applegate River
fingerling density 0.02-0.80 -0.800 0.014

Entire Applegate River
fingerling density 0.05-2.21 -0.774 0.020

Middle Rogue River
fingerling densityc 0.009-0.079 -0.820 0.018

Ages 21-5 1 :d
Entire Applegate River

catch/seine haul 41-452 -0.866 0.040
Lower Applegate River
fry density 0.03-0.55 -0.869 0.039

Middle Rogue River
fingerling density 0.09-0.079 -0.911 0.019

a Eight years (1976-83).
b Expanded estimate of total migrants leaving river.

1979-83 only (the Humphreys trap was first fished
c Excludes 1982 when this area was not sampled.
d Five years (1976-80).

Includes
in 1979).
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Table 19. Correlations between length of age 21 Applegate fall chinook
salmon at time of ocean entry (back-calculated from scales of spawned
carcasses) and indexes of growth during their freshwater rearing period,
1976-84.

Range in
Independent independent
variable variable r P

Rate of increase in length
at the Murphy seining
site (6 years)a 0.034-0.056 cm/day 0.944 0.002

Average circuli spacing on
freshwater portion of age
21 scales (8 years) 2.05-2.35 mm at 88X 0.721 0.038

Average fish length on date
of peak catch in the
Humphreys trap (5 years)b 4.9-7.6 cm 0.797 0.085

a Excludes 1978-79 when inadequate data were obtained.
b Includes 1979-83 only (the Humphreys trap was first fished in 1979).

Fish size at ocean entry for both data sets was negatively correlated
to Applegate River temperature in May-June (but only at the P < 0.1 1 evel
for combined ages), when average maximum temperature ranged up to 18.4 0C and
possibly reduced the growth rate of the fish (Table 17). Correlations of
fish size to summer temperature in the Rogue River were weaker (none were
significant, even at P < 0.1, for combined ages). The 190-250C water in the
Rogue River probably re~uced growth rate; however, the range of temperature
may have been too small to establish strong correlations, or Applegate
juveniles were not exposed to the high temperature long enough to be
affected as they passed through the river section near Agness represented by
these temperature data.

The consistently negative correlations between size of fish at ocean
entry and our indexes of juvenile abundance and rearing density support our
contention that crowding can reduce size of outmicirants (Table 18).
Although it was significant only at P < 0.1, Table 18 includes the
correlation between size of age 21 chinook at ocean entry and catch in the
Humphreys trap in the lower Applegate. We included it because the trap
catch was the only index we were able to confidently adjust for effects of
flow on capture efficiency, and although only 5 years of data were available
for the analysis, it tends to confirm the negative correlations between fish
length and catch per seine haul. The rearing density indexes represent
catch per seine haul divided by river flow during the capture period, so
density indexes at high levels of flow may be biased downward if capture
efficiency at seining sites was decreased by high flow (we were unable to
directly determine effect of flow on efficiency of seining).
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Correlations between size of age 21 fish when they entered the ocean
and indexes of their growth during their freshwater rearing help verify that
juvenile growth in the Applegate River is important to the size of juveniles
at ocean entrance (Table 19). Their growth while migrating down the Rogue
River is also important because the fish are only 5-8 cm long during peak
migration from the Applegate River. Average spacing of the scale circuli on
the freshwater portion of the scales represents growth in the Applegate and
Rogue rivers combined, and it was correlated to their size at ocean entry.
Several other growth indexes for age 21 and ages 21-51 combined showed
positive correlation to size at ocean entry, but none were significant, even
at P < 0.1, perhaps because of difficulties in obtaining representative
growth indexes of Applegate fish during their combined rearing period in the
two rivers.

Although several multiple regression models with two significant
variables in each (P < 0.05) were identified for predicting size at ocean
entry using data from-age 21 fish, we are not including them here. We could
not tell which variables were most important. The regression models merely
confirmed the importance of the factors presented above, and we wish to wait
until we have additional years of data with which to judge the relative
importance of each factor and develop a predictive model.

In achieving larger size of fall chinook salmon at ocean entry, the
main implications of these results in terms of dam operations are that (1)
higher flow reduces rearing density in the Applegate and Rogue rivers and
reduces excessively high temperature in these rivers in the late spring and
early summer, (2) temperature control at the dam to prevent excessively high
temperature for growth in areas where chinook salmon juveniles are prevalent
is important; and (3) higher flow during adult chinook salmon migration in
the fall (mid-September to mid-October) spreads egg deposition and subse-
quent rearing distribution higher up the river. The dam can be operated
beneficially on all three of these aspects, except that flow can not be
augmented before May (and not before June in some years) because of
reservoir refilling operations during the winter and early spring.

In our examination of factors that affect timing of ocean entry, no
correlation was evident between date of ocean entry and size of fish
entering the ocean based on back-calculated estimates of both parameters
from scales of jacks. The annual mean of back-calculated date of ocean
entry ranged from Julian day 227 to 262 (14 August to 18 September) for age
21 jacks from the broods that migrated out during 1976-83, and from Julian
day 222 to 252 (9 August to 8 September) for combined ages 2 1-51 from the
broods that migrated out during 1976-80. Despite the one month range in
estimated date of ocean entry among years, we cannot confidently identify
factors that caused the variation.

As with size at ocean entrance, date was correlated to some juvenile
abundance indexes (Table 20). Later date of migration into the ocean was
positively correlated with greater abundance of fish. This differs from the
situation at the mouth of the Applegate River where high abundance appeared
to cause early migration (see page 48); however, factors that affect
migration from the larger Rogue River into the ocean may be different from
the effect that high juvenile density in a tributary (such as the Applegate
River) has in moving juveniles out to the main river. We believe that when
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Table 20. Correlations between date of ocean entry for Applegate fall
chinook salmon (back-calculated from scales of spawned carcasses) and
indexes of juvenile chinook abundance and emergence timing.

Age group,
independent

variable Range r P

Age 2 1:a
Entire Applegate River

catch/seine haul 41-452 0.834 0.008
Lower Applegate River

catch/seine haul 15-172 0.777 0.019
Middle Rogue River

catch/seine haulb 20-174 0.821 0.018
Julian date of first

emergence of fry 50-81 0.805 0.013

Ages 21-51:c
Entire Applegate River

catch/seine haul 41-452 0.828 0.063
Lower Applegate River

catch/seine haul 15-172 0.789 0.090
Julian date of first

emergence of fry 53-81 0.846 0.051

a Eight years (1976-83).
b Excludes 1982 when this
c Five years (1976-80).

area was not sampled.
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juveniles are more abundant, growth rate is slowed and fish take longer to
reach the 10-11 cm size that most appear to achieve before entering the
ocean. McPherson and Cramer (1983) present confirming evidence that high
abundance slows growth rate of juvenile chinook salmon in the Rogue River,
and that juveniles remain in the estuary later before entering the ocean in
years when they take longer to reach 10 cm in the river. However, some
other reason may exist for ocean entry date of Applegate chinook salmon
being correlated with juvenile abundance indexes, because date was not
correlated with any index of juvenile growth or with factors thought to
influence growth rate (temperature, flow, or rearing density indexes).

Date of ocean entry was also correlated to date of first emergence of
fry from the gravel (Table 20). However, date of ocean entry was not
correlated to date of emergence completion. The earliest emerging fry may
survive so poorly that the correlation of ocean entry date with first
emergence date may be the result of reduced abundance in years when part of
the population emerged too early.

Status and Dynamics of Juvenile Steelhead

Our analyses are restricted to examining rearing distribution and
growth in the main river because of the difficulties we had in sampling
steelhead.

Rearing Distribution

We did not sample adequately to compare distributions before and after
closure of the dam. We detected no significant differences, even at P <
0.1, in rearing density of yearling steelhead among the upper, middle, and
lower sections of the Applegate River in the postimpoundment years of 1983
through 1985. Rearing density of yearling steelhead for all three sections
in late August averaged 0.56, 0.40, and 0.50 fish/m in 1983, 1984, and 1985,
respectively. An average of 17 yearling steelhead were in each pool, given
an average pool length of 34.1 m. Rearing density measured in each of the
three river sections on each date of each year is given in Appendix Table
A-20.

Density of subyearling steelhead on riffles was significantly higher
at P < 0.01 in the upper river than in either the middle or lower river in
1983 and 1984, but was not significantly higher, even at P < 0.1, in 1985
(Table 21). -,We detected no significant difference between the middle and
lower river in density of subyearling steelhead. Detailed break-downs of
densities measured each year are given in Appendix Table A-20.

-58-



Table 21.
upper (km
each year

Comparison of subyearling steelhead density (fish/sq m) among the
66-67), middle (km 39-41), and lower (km 3-13) Applegate River
in late August.

Probability of difference
Section among sections

Year Upper Middle Lower p

1983 0.59 0.09 0.06 0.003
1984 0.71 0.09 0.14 0.001
1985 0.57 0.15 0.16 0.105

We also measured the mean length of 30 subyearling steelhead captured
with electrofishing gear during each survey (Appendix Table A-20). We
detected no significant differences in mean length among years within river
locations. However, Newman-Keuls test indicated all mean lengths were
significantly different (P < 0.05) among river locations each year, the fish
being largest in the lower river and smallest in the upper river (Table
22). The data indicate that emergence is earlier, growth is faster, or
both in downstream areas.

Table 22. Comparison of mean length (cm) of subyearling steelhead in the
upper (km 66-67), middle (km 39-41), and lower (km 3-13) Applegate River
each year in late August.

Probability of difference
Section among sections

Year Upper Middle Lower p

1983 4.2 6.4 8.5 <0.001
1984 5.4 6.6 8.0 <0.001
1985 4.7 6.4 7.7 <0.001

Temperature and flow recommendations for
through August) should target the upper river
subyearling steelhead reside.

the summer period (July
where the highest numbers of

Growth of Subyearlings

We included data from 1985 in the annual measurements of growth of
subyearling steelhead (Appendix Tables A-21 and A-22) because we recommended
and achieved higher temperature releases (15*-17PC) than in other years
(100-120C) in an attempt to decorrelate temperature and flow to determine
which factor had a greater effect on growth. Also, we had noted that
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subyearlings in the upper river tended to be smaller in 1981-84 than in
preimpoundment years, and we were concerned that water released at 100-120C
might be suboptimal for growth.

Comparison of data collected before and after completion of Applegate
Dam indicated that growth rate tended to increase in the upper river (only
significant at P < 0.1); however, the length of fish in September had not
increased (Table 73). The postimpoundment increases in growth rate were
greater before 1985 data were included because growth rate in 1985, with the
release of warmer water, was as low as the growth rate during the
preimpoundment years (Appendix Table A-23). The increase in width of outer
band I, outer band I + II, and circuli spacing were all highly significant
at P < 0.001 using data through 1984. Although fish length in September
showed a larger postimpoundment decrease if the year of warmer release water
(1985) was excluded, the difference from the preimpoundment period was still
not significant, even at P < 0.1. The minimum detectable differences for
changes in circuli spacing and in fish length were 54% and 27%,
respectively (Table 23).

Table 23. Comparisons of subyearling steelhead growth measurements in
September at McKee ditch trap before and after closure of Applegate Dam.
MOD = minimum detectable difference.

Growth MDD
measurement 1979-80 1981-85 Difference P (W)

Outer band I + II
(mm at 88X) 5.57 7.10 1.53 0.031 --

Average circuli spacing
(mm at 88X) 1.71 2.26 0.55 0.063 54

Fish length (cm) 7.2 6.6 -0.6 0.285 27

We believe that the increase in growth rate in the upper river without
a corresponding increase in fish length is the result of cool water released
from the dam. We think that the lower temperature delayed completion of
steelhead emergence and development in June, but provided better growth
conditions than before dam closure during the rest of the summer. Because
tributaries between Applegate Dam and McKee are few and small, most
subyearlings above McKee are probably from redds in the main river and would
have been affected by the dam starting at the egg stage.

Growth rate of subyearlings in the middle river, based on the width of
outer band I on scales sampled at the Murphy ditch trap during 1979-85, did
not show a significant increase, even at p < 0.1, although the mean band
width increased by 7% to 10% in July, August, and September. Similarly, the
4% increase in growth rate based on average spacing of circuli deposited by
September of each year was not significant, even at P < 0.1. However, all
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of these growth rate indexes in 1985, when release temperature was
increased, were as low as the indexes during the preimpoundment years
(Appendix Table A-22). With 1985 data excluded, the increases in growth
rate indexes after the dam was completed were larger (8% to 11%), but were
still only significant at P < 0.1. The minimum detectable differences of
the growth rate indexes ranged from 21% to 38%. Unlike the tendency toward
smaller fish at the end of the season in the upper river, the length of fish
at Murphy had increased by 15%; however, this was still not significant
at P < 0.1. The minimum detectable difference was 36%.

We think the reason for a slight postimpoundment tendency toward larger
size in the middle river (Murphy), rather than the tendency toward smaller
size in the upper river, is that a substantial (but unquantified) proportion
of subyearlings sampled at Murphy emerge from redds in the larger
tributaries of the Applegate River between McKee and Murphy (Little
Applegate River, Thompson Creek, and Williams Creek). So, unlike the fish
above McKee, their emergence time and earliest development should not have
been delayed by cool water released from the dam, and when declining
tributary flows forced them into the main river, slight postimpoundment
increases in growth during July-September tended to produce slightly larger
fish by September. Additionally, emergence time and early development of
fish from redds in the middle river should have been less affected by cool
water released from the dam than for fish from redds above McKee.

We wanted to investigate some logical environmental and biological
factors to determine how our growth measurements for subyearling steelhead
were related to these factors. However, unlike our data on juvenile
chinook, our data on emergence timing, juvenile abundance, and rearing
distribution of subyearling steelhead were not adequate in most years. So,
we concentrated on how temperature and flow of the river affected growth
indexes of subyearling steelhead.

In the upper river, temperature was more highly correlated than flow to
the monthly growth rate indexes (Table 24). All three growth rate indexes
each month were negatively correlated to river temperature at significance
levels of P < 0.001 to 0.05 on fish sampled in August and September, but
flow was correlated to only two of the three indexes, only in September, and
only at significance levels of P < 0.05 to 0.1. We were able to establish
the relative importance of temperature by decorrelating temperature and-flow
through releases of flow similar to other postimpoundment years, but at a
temperature midway between the levels observed in the first -four
postimpoundment years and the high levels observed in the preimpoundment
years of 1979 and 1980 (Figure 20).
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Table 24. Correlations between growth indexes on scales of subyearling
steelhead captured in the McKee ditch trap and river temperature and flow
near Copper, 1979-85.

Month, Range in
independent variable, Number of independent

growth index years variable r P

August

Temperature:
Outer band I 6a 10.9 0-22.4 0C -0.892 0.011
Outer band I + II 6a 11. 0 -22.3 0C -0.860 0.020
Circuli spacing 6a 10.80-20.80C -0.799 0.045

Septenber

Temperature:
Outer band I 7 12.2 0-19.6 0C -0.930 0.001
Outer band I + II 7 11.4 0-20.6 0C -0.953 <0.001
Circuli spacing - 7 11.2 0-20.5 0C -0.935 <0.001

Fl ow:
Outer band I + II 7 52-284 cfs 0.762 0.039
Circuli spacing 7 105-575 cfs 0.722 0.058

a No scales were collected at McKee until September 1979.

Our hypothesis was that growth rate in 1985 would be higher than in any
other year because temperatures would be nearest the optimum for growth.
This was not the result (Figure 20). The temperature to which most fish
above McKee are exposed may be several degrees higher than the data from
Copper (10 km upstream) indicates. This means that releases of 10-120C
water from the dam (1 km above the Copper thermograph) may provide a
temperature closest to the optimum for growth rate of subyearling steelhead
above McKee, where their concentration in the main river appears to be
greatest (see page 58).

We attempted to incorporate temperature and flow into a multiple
regression model of factors that affect growth rate of subyearlings above
McKee by using-the means of outer band widths from each of the 3 months in
each of the 7 years (Table 25). Band widths were greatest early in the
summer and smallest late in the summer at similar temperatures, so we
hypothesized that the longer photoperiod in the early summer was promoting
growth, possibly through higher quantity or quality of food production or
more hours of feeding. We examined photoperiod and found that it was a
highly significant variable (P < 0.001) in the models (Table 25). We had no
measurements of food productiornor feeding activity to test for correlations
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to fish growth. The models indicate that for each 10C increase in
temperature above 110C at Copper from mid-June through mid-September, growth
rate is decreased by 3% to 4%. Flow was not a significant variable at P <
0.05.

Table 25. Statistics for multiple regression analyses of environmental
factors correlated with outer band widths on scales of subyearling steelhead
captured at McKee ditch trap throughout each July-September, 1979-85. The
mean values from each month (July-September) were used, contributing 3
values in most years for a total sample size of 18 monthly means for the 7
years.

Dependent Independent Regression Standard
variable R2 variable coefficient error P

Band I 0.78 Constant 0.1403 1.3483 0.919
Temperature (CC) -0.1107 0.0207 <0.001
Photoperiod (hours) 0.3697 0.0900 <0.001

Band I+II 0.83 Constant -3.0764 3.4773 0.390
Temperature (0C) -0.2598 0.0424 <0.001
Photoperiod (hours) 1.0169 0.2282 <0.001

With only 7 years of data on length of subyearlings at the end of
sampling in September, we were unable to build a mathematical model that
would incorporate temperature or flow from the dam in predicting length of
fish that could be produced. The tendency toward production of smaller fish
in the upper river with the dam in place is not statistically significant,
even at P < 0.1, and we do not know if there is an effect on adult
production if slightly smaller subyearlings growing at a faster rate are
being produced each September.

Growth rate indexes from middle river fish were correlated to mid-river
temperature and flow (Table 26). Temperature was less correlated than flow
in the early summer and more correlated than flow in the late summer.
Temperature in the middle river (Table 26) was higher and had a narrower
range than in the upper river (Table 24). Temperature was probably so high
that growth rate began to level out with each degree increase in
temperature. The lack of significant correlations, even at P < 0.1, between
growth rate and flow in late summer may be attributed to the fact that flow
has not exceeded 390 cfs in late summer compared with 679 cfs in the early
summer (Table 26). Weather conditions become increasingly important in
determining temperature of the middle river at lower flow.

Multiple regression models of factors that affect the growth rate of
subyearling steelhead in the middle river included flow and temperature as
variables significant at P < 0.05 (Table 27). The models that included flow
instead of temperature were nearly as good as the models that included
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Table 26. Correlations between growth indexes on scales of subyearling
steelhead captured in the Murphy ditch trap and river temperature and flow
near Applegate, 1979-85.

Number Range in
Growth index, of independent

independent variable years variable r P

Outer band I, July:
River temperature 7 17.2-23.3*C -0.673 0.088
River flow 7 62-412 cfs 0.761 0.039

Outer bands I + II, July:
River temperature 7 16.2-22.3C -0.767 0.037
River flow 7 104-679 cfs 0.805 0.023

Circuli spacing, July: I
River temperature 7 14.6-20.1% -0.710 0.055

Outer bands I + II, August:
River temperature 7 17.8-24.6C -0.692 0.076
River flow 7 29-390 cfs 0.664 0.095

Outer bands I + II, September:
River temperature 6a 18.6-23.0C -0.902 0.009

Circuli spacing, September:
River temperature 6a 16.5-21.00C -0.820 0.035

a No scales were collected at Murphy in September 1982.
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temperature. The models indicate that for every 10 cfs increase in flow,
outer band I increases by 4% with flow up to 400 cfs, and outer bands I + II
increases by 0.5% with flow up to 679 cfs. Our interpretation of these
results is that temperature is a more important factor than flow directly
affecting growth rate, whereas flow is an important determinant of
temperature in the middle river in summer and may provide other benefits to
growth (e.g., reduced rearing density).

Table 27. Statistics for multiple regression analyses of environmental
factors correlated with outer band widths on scales of subyearling steelhead
captured at Murphy ditch trap during each July-September, 1979-85. The mean
values from each month (July-September) were used, contributing 3 values
each year except 1982 for a total sample size of 20 monthly means for 7
years.

Dependent Independent Regression Standard
variable R2 variable coefficient error P

Band I 0.64 Constant 0.3094 0.9727 0.754
Temperature (0C) -0.0765 0.0247 0.007
Photoperiod (hours) 0.3188 0.0638 <0.001

Band I 0.58 Constant -0.3836 0.9887 0.703
Flow (cfs) 0.0126 0.0052 0.028
Photoperiod (hours) 0.2402 0.0712 0.004

Bands
I + II 0.78 Constant 0.1681 2.7370 0.951

Temperature (0C) -0.2402 0.0502 <0.001
Photoperiod (hours) 0.7939 0.1606 <0.001

Bands
I + II 0.73 Constant -2.4997 2.8030 0.385

Flow (cfs) 0.0033 0.0009 0.001
Photoperiod (hours) 0.5875 0.1996 0.009

As with the upper river data, we were unable to build a mathematical
model to predict fish length at Murphy in September with only 7 years of
data. However, length in September was correlated to all three growth rate
indexes (r = 0.777 to 0.981 with P = 0.0002 to 0.057). We believe that the
slight tendency towards larger subyearlings since Applegate Dam was
completed reflects an improvement in growth rate in the middle river that
has resulted from increased flow that keeps temperature lower and provides
other benefits, such as reduced crowding. These changes should be
beneficial to adult steelhead production.
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Status and Dynduics of Adult Fall Ciinook Salmon

Time of River Entry

Observations on the entry of fall chinook salmon into the Applegate
River (Table 28) indicate that after Applegate Dam was completed, the mean
arrival date (24 September) was similar to the preimpoundment mean (30
September). We hypothesized that augmented flow from the dam in August and
September would attract fall chinook salmon into the Applegate River
earlier, but with only 2 years of data available before dam closure, the
minimum detectable difference from the preimpoundment mean was 17% (46
days). No significant correlations were found between date of adult entry
and temperature or flow.

Table 28. Date of first observed entry of adult fall chinook salmon into
the Applegate River.

Date of first
Period, year observed entry

Preimpoundment:
1979 18 September
1980 13 October

Postimpoundment:
1981 05 October
1982 07.September
1983 23 September
1984 03 October

Prespawning Mortality

Annual prespawning mortality of females was less than 7% (Table 29)..
The preimpoundment mean of 3.9% declined to 1.3% in the postimpoundment
period, but the difference was not significant, even at P < 0.1. We
investigated possible correlations of prespawning mortalit7y of females with
temperature and with flow in the Applegate and Rogue rivers in August and
September; and with estimates of adult abundance based on (1) counts of fall
chinook salmon over Gold Ray Dam, and (2) spawned plus unspawned carcasses
recovered in the lower Applegate River plus the Rogue River near Grants
Pass. The only factor that was significant at P < 0.05 was August flow at
Applegate (Figure 21). Although we have not seen adults in the Applegate
River until September, August flow in the Applegate River may have a direct
effect on adults waiting in the Rogue River below the mouth of the Applegate
River in August. August flow may also influence the number or virulence .of
pathogens that remain in September and October when fall chinook salmon
enter the Applegate River.
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Table 29. Percent of fall chinook salmon females that died in the Applegate
River prior to spawning.

Unspawned
Period, year female carcasses

Preimpoundment:
1974 0.7
1975 0.8
1976 5.0
1977 5.3
1978 6.8
1979 5.7
1980 2.9

Postimpoundment:
1981 3.1
1982 0.4
1983 0.6
1984 1.1

Spawning Distribution

The proportion of spawners found above
to 33% after completion of Applegate Dam, a
(Table 30; Appendix Tables A-23 and A-24).

Murphy
change

Dam, increased
significant at

from 10%o
P < 0.005

Upstream distribution of spawning appears to be the most beneficial
effect Applegate Dam has had on fall chinook salmon. Increased fall flow
has allowed colonization of the upper 54 km of river between Murphy and
Applegate Dam and has decreased spawner density in the lower river. We
found that the percentage of female spawners above Murphy Dam was directly
related to October flow (Figure 22). Improved passage structures funded by
USACE at small (10-15 ft high) irrigation dams at McKee and Murphy may have
also increased the spawning distribution upstream. Based upon the limited
information collected to date, we recommend that flow be augmented to the
minimum authorized flow of 360 cfs during 1-15 October in the lower river to
enable fall chinook salmon to colonize habitat all the way to Applegate
Dam.
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Table 30. Comparison of spawning distributions of fall chinook salmon
before and after closure of Applegate Dam. MDD = minimum detectable
difference.

MDD
Area, subdivision 1978-80 1981-84 Difference p b (, )b

Mainstem:
Above Murphy 10.4 33.3 22.9 0.005 --

Below Murphy 89.6 66.7 -22.9 0.005 --

Mainstem plus
tributaries:
Above Murphy 10.5 30.4 19.9 0.011 --

Below Murphy 89.5 69.6 -19.9 0.011 --

Mainstem plus
tributaries:

Mainstem 75.6 80.3 4.7 0.587 127.0
Tributaries 24.4 19.7 -4.7 0.587 127.0

a Mean of the percent of
year.

b Angular transformation
statistic.

carcasses in each subdivision of an area each

performed on percentage values before calculating

Spawning Flow Requirements

Our estimate of the maximum feet that river level could be dropped
after spawning without dewatering more than 10% of the redds below their
sill level was less in the middle river than in the upper or lower river
sections (Table 31). The vertical drop criteria for protecting 90% of the
redds were derived from regression equations that described the depth
distributions of redds in the middle and lower river (Appendix Table A-25)
and from a line fitted by eye to the unusual depth distribution of the
sample of only 12 redds in the upper river. The range of spawning flow to
which these criteria for vertical, drop can be applied is uncertain. These
vertical drop criteria are less than the 0.75 ft criteria we derived from
spring chinook salmon redds in the Rogue River.
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Table 31. River flow at spawning time, and criteria for
chinook salmon redds from dewatering below sill level in
River, 1983.

protecting 90%10 of
the Applegate

Flow at Criteria for maximum drop Criteria for
River spawning Vertical Flow minimum flow

kilometers (cfs)a (ft) (cfs) (cfs)

68-67 515 -0.70 -305 210

37-32 512 -0.56 -352 160

5-1 574 -0.71 -359 215

a Average flow from nearby
appeared to spawn (daily
averages).

USGS gauge during 2-week period when most fish
flow varied less than 20 cfs from these

The estimates of minimum flow needed to protect 90% of the redds during
incubation in 1983 (Table 31) may be specific to the 1983 spawning flow and
the rating curve between river level (feet)-and flow (cfs) at the spawning
sites. Thus, the criteria for the maximum vertical drop that should be
allowed is~ least in the middle river, yet the minimum allowable flow
criteria there is less than in the upper and lower river sections. Use of
the rating curve for the USGS gauge near Applegate to estimate minimum flow
for 90% protection of middle river redds appears to give an overestimate
(283 cfs). This is because the rating curve for this USGS gauge had a
different slope than the gauge we established where most fish in the middle
river spawned. Slopes of rating curves for USGS gauges differed little from
our gauges in the upper and lower river sections.

These data indicate that if incubation flow prior to 31 March is
expected to decline to 100 cfs throughout the river (the minimum flow
authorized for the upper river section), and if 90% of the redds in each of
the three sections are to be protected from dewatering, the spawning flow
(15 October-30 November) would have to have the following upper limits:

Riiver
km

54-32
32- 0

Flow
(cfs)
330
340
400

If protection is to be provided for only those times that incubation flow
drops to the minimum authorized for the middle and lower sections (200 and
300 cfs, respectively), then spawning flow could be allowed to reach 550 and
730 cfs in the middle and lower sections, respectively. However, in the 42
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years of flow records (1939-80) prior to completion of Applegate Dam,
average weekly flow during December-March dropped below 200 cfs (the minimum
authorized for the middle river) for at least 1 week in 57% of the years,
and dropped below 100 cfs in 12% of the years. The refilling of the
reservoir in winter will increase the probability of incubation flow
dropping below 200 cfs. Therefore, it would be safer to anticipate declines
to 100 cfs and limit spawning flow to 330 cfs, 340 cfs, and 400 cfs in the
upper, middle, and lower river, respectively.

Colonization of the middle and upper Applegate River by fall chinook
salmon is likely to be impeded unless redds can be protected from
dewatering. Application of the criteria stated above for protecting 90% of
the redds from dewatering below the sill level when winter flow is
anticipated to drop to 100 cfs should provide the necessary protection.

Status and Dynamics of Adult Steelhead

Abundance

We were unable to determine the effects of Applegate Dam or other
environmental factors on the abundance of adult steelhead migrating up the
river, because of the short data sets, small sample sizes each year, and
lack of needed corrections for the effects of flow and turbidity on
electrofishing efficiency. Although the electrofishing catch appears low in
the postimpoundment years of 1981-84 (Table 32), we believe that the
extremes in flow (mostly from natural causes) during these years reduced the
catch. We have not been able to develop a sampling technique that will
yield a satisfactory index of the abundance of steelhead migrating up the
Applegate River. ODFW management biologists maintain indexes of spawner
escapement to some tributaries of the Applegate River.

Table 32. Indexes of winter steelhead abundance in the Applegate River.

Electrofishing Collection facility count
Year catch Hatchery Wild Total

1979 435 __ __ _
1980 130
1981 33 43 162 205
1982 la) 10 153 163
1983 53 288 127 415
1984 128 596 521 1,117

a No electrofishing in 1982.
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Angler Catch

The total sport catch of adult steelhead in the Applegate River
(estimated from salmon-steelhead catch cards returned by anglers) decreased
after completion of Applegate Dam SIP = 0.06) (Table 33). Catch estimates
cover the current Applegate steelhead season from January through March
since 1967 (Appendix Table A-26). Because of an analysis of effects of flow
on catch explained below, we were concerned that catch may have dropped when
flow was reduced to fill the dam from February through April. However,
we detected no significant change in the average flow during January through
March after completion of Applegate Dam (Table 33). Also, in order to
determine the effects of Applegate Dam on the catch of adult steelhead, we
need a reliable measure of the abundance of adults in the system during the
angling season.

Table 33. Comparison of adult steelhead sport catch estimated from angler
returns of salmon-steelhead catch cards and comparison of flow during
January through March before and after closure of Applegate Dam.

Variable 1967-80 1981-84 Difference P

Catch 1,274 596 -678 0.056

Flow (cfs)a 1,212 1,114 -98 0.827

a Data from USGS at km 44.

We examined the 1967-81 catch estimates from salmon-steelhead catch
cards to determine if there were relationships between catch and
environmental factors that could be altered by dam (temperature, flow, and
turbidity). Catch during January through March was highest when flow near
Applegate for the same period averaged 800-1,200 cfs, and generally
decreased at a flow above or below this range (Table 34; Figure 23). The
catch of 251 fish and flow of 2,600 cfs in 1974 was consistent with the
tendency for a low catch at high flow. However, inclusion of the 1974 data
indicated the need for an asymptotic tail on the relationship for flow above
2,000 cfs, and we didn't have enough data points at these rar-e-flow levels
to define the asymptotic tail. We did not include data from 1982-84 in the
regression because these postimpoundment data all fell well below the
regression line created from 1967-81 (Figure 23), possibly because of some
undetected effect of the dam on steelhead catch other than the effect of
flow reductions. Additional years of data may indicate whether a second,
lower curve is needed to describe the relationship between catch and flow
under postimpoundment conditions, or whether one curve is suitable for all
years. Like most rivers, the Applegate River undoubtedly has an optimum
flow level for a given type of angling, and it appears to be near 1,000 cfs
for winter steelhead angling in the Applegate River.
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Applegate River (estimated from return of salmon and steelhead catch cards
by anglers) and flow near Applegate during January-March, 1967-81.
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Table 34. Multiple regression analysis of the relationship between
steelhead sport catch estimated from angler returns of salmon-steelhead
catch cards and flow in the Applegate River, 1967-81.

Standard error
Dependent Independent Regression of regression
variable N R2 variables P coefficient coefficient

Catch 14 0.49 Constant 0.484 260.640 359.6100
Flow 0.008 2.789 0.8557
Flow2 0.010 -0.001 0.0004

Some precision in the relationship of sport 'catch to flow is lacking
because we could not account for the effect of steelhead abundance on
catch. Winter steelhead counts at Gold Ray Dam on the Rogue were the only
measure of steelhead abundance in the vicinity during these years. We
thought they might also reflect between-year differences in relative
abundance in the Applegate River. These counts, however, did not account
for any of the variation in catch estimates in the Applegate River.

Flow reductions from Applegate Dam may create slightly more favorable
conditions for anglers at times of high natural runoff, and less favorable
conditions' at times of low natural runoff. However, the period of record
for January through March flow near Applegate indicates that 62o of the
years preceding dam closure (1939-80) had an average January through March
flow that was less than 1,000 cfs. Therefore, we anticipate that the dam
will have a negative effect on water conditions for fishing because it will
further reduce January through March flow in order to fill the reservoir.

The net effect of the dam on water conditions for winter steelhead
angling may be negative unless alternative schedules for refilling the
reservoir, such as faster refilling before 15 February, can be adopted for
years with relatively low runoff. Sport catch from salmon-steelhead catch
cards and adult abundance estimated from electrofishing historically
increased after 15 February.
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RECOMMENDATIONS FOR OPERATION OF APPLEGATE DAM

Flow

1. Augment flow to provide 360 cfs in the lower river during 1-15 October
to spread adult fall chinook salmon upstream. Flow augmentation in the
fall will enable fall chinook salmon to reach underused spawning habitat
by improving conditions for migration through the shallower stretches
and through the improved passage facilities at low head irrigation dams
at McKee and Murphy (see page 69).

2. Maintain flow between 230 and 330 cfs, 250 and 340 cfs, and 250 and 400
cfs in the upper, middle, and lower river, respectively, from 15 October
through 30 November to protect 90% of the redds of fall chinook salmon
from dewatering, yet still provide enough flow to avoid concentrating
spawners excessively (see page 73 for upper limits of flow; lower limits
are professional judgement).

3. Limit peak flow to the greatest extent possible (unless such action
threatens flood control capability) during 1 November through 31 March
to increase survival of eggs and fry of fall chinook salmon (see page
46; based on other studies and professional judgement).

4. Maintain flow at Wilderville above 500 cfs (postimpoundment June
average) during 1 March through 30 June unless the refilling of the
reservoir or the providing of authorized minimum flow during
July-October is jeopardized. This recommendation is intended to prevent
high concentrations and early migrations of juvenile salmonids in the
Appilegate River, which could lead to increased competition with Rogue
salmonids (see pages 44 and 49).

5. Use an alternative filling schedule that will allow up to 1,000 cfs in
the middle river from 15 February through 31 March to provide optimum
flows for steelhead angling. The dam will have a negative effect on
water conditions for winter steelhead angling unless alternatives, such
as faster filling before 15 February, can be adopted for years with
relatively low runoff (see page 74).

6. Use storage in excess of the spring and fall needs of chinook salmon to
maintain a constant flow as high as possible above the authorized
minimum flow during 1 July through 30 September for juvenile steelhead
growth and survival (see page 66; based partly on other studies and
professional judgement).

7. In order to minimize stranding of juvenile salmonids, limit the rate of
decrease in outflow to an average of 50 cfs per hour, with individual
adjustments limited to 150 cfs (e.g., 150 cfs decreases every 3 hours),
unless such action threatens flood control capabilities (based on page
20 of Satterthwaite [1987]).

Temperature

1. Maintain temperature of the release water as low as possible down to
3.0CC from 7 November through 28 February to prevent accelerated
development and subsequently reduced survival of eggs and embryos of
chinook salmon. The inadvertent mixing and release of heat stored in
the reservoir will make this goal difficult to achieve in most years.
See page 31 (based partly on other studies and professional judgement).
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2. Increase temperature of the release water gradually from 3.000 to 12.8 0C
during 1 March to 1 June, closely following the historic rate of
temperature increase at the dam site before the dam was built (see pages
39, 44, and 49).

3. Maintain temperature of the release water at 12.80C from 1 June to 15
September to provide the best rearing conditions for juvenile chinook
salmon and steelhead in the middle and lower sections of the river
without causing suboptimal temperature for the growth of juvenile
steelhead that are concentrated in the upper sections of the
river (see pages 39, 44, 49, 59, 60, and 61). If this action is
expected to deplete cold water storage to the extent that it prevents
attainment of our recommended outflow temperature during
October-February, allow warmer water to be released in July (up to
15.0C), August (up to 17.2 0 C), and early September (up to 15.0C).

4. Maintain temperature of the release water at 15.0%C during 15-30
September, after the river begins cooling naturally and before salmon
begin spawning, to eliminate some of the warm water stored in the
reservoir. This recommendation is professional judgement aimed at
achieving the following recommendation.

5. Maintain the historic mean water temperature of 14.000 at Copper 1-7
October, and then maintain temperature of the release water about 3.00C
below the historic mean at Copper until 3.00C is reached on 7 November
to offset the accelerated development of fall chinook salmon eggs that
may occur near the dam during November-December. See page 31 (based
partly on other studies and professional judgement).

RECOMMENDATIONS FOR FUTURE RESEARCH RELATED TO THE
OPERATION OF APPLEGATE DAM

We will attempt to address these needs during Phase II sampling. The
probability of succeeding on items 4-6 is not high.

1. Determine the optimum spawning distribution needed to enhance fall
chinook salmon survival in the Applegate River.

2. Determine the relative importance of homing instinct versus river flow
on the spawning distribution of fall chinook salmon in the Applegate
River.

3. Determine the effects of temperature and flow changes caused by
Applegate Dam on the total adult production (ocean and river catch, plus
spawning escapement) of Applegate fall chinook salmon.

4. Determine whether the catch of steelhead after the completion of
Applegate Dam continues to be low in the Applegate River, and determine
causes.

5. Determine the catch of Applegate steelhead in the Rogue River, and
determine if this catch is affected by water regulation at Applegate
Dam.

6. Determine spawning escapement of steelhead into the Applegate River, the
effects of harvest on escapement, and the effects of escapement on
production.
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RECOMMENDATIONS FOR FUTURE RESEARCH
RELATED TO FISH MANAGEMENT

1. Develop accurate, precise, and efficient methods of determining
abundance of steelhead and salmon spawners (a) entering and (b) escaping
to spawn in the Applegate River basin.

2. Develop accurate, precise, and efficient methods of determining
abundance of (a) fry and (b) juvenile outmigrants of steelhead and
salmon in the Applegate River.

3. Using data from lb, 2a, and 2b above, determine optimum spawning
escapement for production of outmigrants and determine if juvenile
production is being limited anywhere in the egg-to-outmigrant life
stages.

4. Determine the mortality and harvest of juvenile s-teelhead and salmon in
the Applegate River attributable to trout anglers.

5. Assess the status of cutthroat trout abundance and harvest in the
Applegate River.

6. Monitor the abundance and -distribution of the recently introduced
smallmouth bass Micropterus dolonrieui and northern squawfish
Ptychocheilus oregonensis and determine their effects on salmonids.
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APPENDIX A

Tables of Information Related to Analyses of River Temperature,
Salmon and Steelhead Biology, and Angler Catch of

Steelhead in the Applegate River

Appendix Table A-1. Independent variables tested in multiple regressions to
determine changes in water temperature at the USGS gauge near Applegate
caused by Applegate Dam.

Time period Independent variables

01/01-05/15 1. Daily
2. -Daily
3. Daily
4. Daily
5. Daily

maximum temperature of Big Butte Creek (0C).
maximum air temperature at Grants Pass (0C).
maximum air temperature at Ashland (0C).
mean flow near Applegate (cfs).
photoperiod at Medford airport (hours & minutes).

05/16-09/15 Same variables as above except number 3 not tested.

09/16-12/31 Same variables as above
tested.

except numbers 1 and 3 not
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Appendix Table A-2. Minimum and maximum values of independent variables
from 1974-80 used to construct models for predicting the natural water
temperature of the Applegate River near Applegate that would have occurred
in each postimpoundment year if the dam were not present, and the minimum
and maximum values of-these variables in each postimpoundment year. Min =
minimum, Max = maximum.

Big Butte Grants Pass
Creek Applegate air

Time period, Photoperiod temperature flow temperature
year Min Max Min Max Min Max Min Max

01/01-05/15:
197 4-80
1981
1982
1983
1984

9.1
9.1
9.1
9.1
9.1

14.4
14.4
14.4
14.4
14.4

2.2
5.1
2.8
3.3
3.0

16.8
19.8a
15.1
14.1
13.5

05/16-09/15:
1974- 80
1981
1982
1983
1984

-- -- ~10.4
-- -- ~12.1
-- -- ~11.7
-- -- ~12.7
- - -~~ 10.7

23.7

22.2
22.0
21.0

10
10
15
45
11

2,250
223

1,582
3,292a
1,021

12.2
15 .6
15.6
16.7
15.0

41.1
43.3
37.2
36.7
40.6

09/16-12/31:
1974-80
1981
1982
1983
1984

9.0
9.0
9.0
9.0
9.0

12.3
12.3
12.3
12.3
12.3

-- -- -- -- ~~~1.7
-- -- -- -- ~~2.8
-- -- -- -- ~~2.2
-- -- ~~~~~1.ia
-- -- ~~~~~2.8

35.6
38.3a
27 .8
28.9
36.1a

a Value outside the raznge of values used to construct model.
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Appendix Table A-3. Regression models of daily maximum river temperature
(0C) of the Applegate River near Applegate developed from 1974-80 data and
used to predict natural river temperature that would have occurred during
1981-84 if the dam was not present.

Time period N R2 Coefficients Partial t a

01/01-05/15 207 0.86 -2.71850 -3.66
0.38370 (Photoperiod in hours, minutes) 4.16
0.75358 (Maximum temperature of Big

Butte Creek in 0C) 14.99

05/16-09/15 150 0.90 5.83478 7.78
-0.00553 (Mean flow at Applegate in cfs) -16.22
0.13850 (Maximum air temperature at

Grants Pass in 0C) 4.63
0.63587 (Maximum temperature of Big

Butte Creek in OC) 11.14

09/16-12/31 150 0.94 -22.87540 -13.33
2.90110 (Photoperiod in hours, minutes) 14.41
0.25033 (Maximum air temperature at

Grants Pass in OC) 9.98

a AZl values significant at P < 0.01.
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Appendix Table A-4. Daily maximum water
averaged by 2-week intervals, 1974-80.

temperature (0C) near Applegate

Predicted Differencea
Time period Actual natural t 95% CI

01-15 January 4.9 4.8 0.0 t 0.44
16-31 January 4.9 5.0 0.1 t 0.30
01-15 February 5.6 5.7 0.1 ± 0.42
16-28 February 7.1 6.5 -0.5 ± 0.20b

01-15 March 7.8 7.2 -0.7 ± 0.28b
16-31 March 3.9 8.7 -0.4 ± 0.44
01-15 April 9.2 9.5 -,0. 1± 0.44
16-30 April 10.8 10.8 0.0 ± 0.48

01-15 May 12.3 12.9 0.6 ± 0.66
16-31 May 14.2 14.0 0.5 ± 0.54
01-15 June 17.5 17.5 0.2 ± 0.64
16-30 June 20.7 20.2 -0.1 ± 0.36

01-15 July 22.2 21.8 -0.5 ± 0 . 4 8b
16-31 July 24.3 23.9 -0.5 ± 0 . 48b
01-15 August 23.5 23.1 -0.6 ± 0 . 46b
16-31 August 21.8 21.5 -0.2 ± 0.40

01-15 September 20.0 20.6 0.5 ± 0.66
16-30 September 18.4 18.4 0.0 ± 0.38
01-15 October 15.8 15.9 0.2 ± 0.44
16-31 October 12.6 12.0 -0.3 t 0.54

01-15 November 9.5 9.1 -0.4 ± 0.72
16-30 November 6.9 6.9 0.0 ± 0.56
01-15 December 5.8 5.8 0.1 t 0.66b
16-31 December 4.4 4.9 0.8 ± 0 6 6b

a Biweekly average of daily difference between actual
and predicted natural temperature.

b P < 0.05.
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Appendix Table A-5. Results of experiments to determine effects of river flow on efficiency
of capturing juvenile chinook salmon in the Humphreys trap in the Applegate River, 1983.

Number Water
Release of fish temperature Flow Handling mor- Recapture Precision ofdate marked (oC)a (cfs)b tality (%)c rate (%) duplicatesd

08 June 300e 16.5 2,080 0 0 0
10 June 230e 13.5 1,960 0.9 1.7 5.9
14 June 179e 16.0 i,400f 0 2.8f 117.8
15 June 158e 16.5 1,370 0 3.2 12.5
17 June 146e 16.0 1,340f 0 1.4f 192.8

20 June 2409 16.5 990 -- 11.8 47.5
21 June 230e 17.0 950 0 6.4 7.8
27 June 1039 19.0 750f -- 8.7f 113.8
28 June i5oe 18.0 730f 5.3 24.6f 59.1
28 June 1209 18.0 730 -- 10.2 32.3

29 June 116e 18.0 700 0 18.1 13.2
29 June 1209 18.0 690 -- 10.8 10.1
30 June 120e 16.5 1,030 5.8 4.4 40.9
05 July 1589 19.0 678f -- 12.6f 60.3
06 July 160e 18.0 675 10.0 11.1 11.7

06 July 1209 18.0 675f -- 9.1f 56.0
07 July 120e 17.0 487f 3.3 12.1f 60.3
11 July 1469 21.9 430 -- 10.9 5.512 July 149e 22.5 400 10.0 14.2 49.5
13 July 150e 22.5 410 14.0 16.3 17.2

18 July 1269 18.5 340 -- 20.2 18.3
19 July 130e 18.0 340f 1.5 10.2f 111.7

d Maximum water temperature at the USGS station near Wilderville on the day of release.
b Flow at the USGS station near Wilderville on the day after release.
c Mortality of release groups prior to liberation.
d Differences between duplicates expressed as percentage of pooled value.e Marked fish held in live cages for 24 hours prior to release.
f Data not used in flow (X) versus efficiency (Y) curve because duplicates were imprecise.9 Marked fish released within 3 hours of when they were marked.



Appendix Table A-6. Results of experiments
of capturing juvenile chinook salmon in the
marked fish held in live-cages for 12 hours

to determine effects of river flow on efficiency
Humphreys trap in the Applegate River, 1984. All
prior to release.

ch
co

Release Number of Temperature Flow Handling mor- Recapture Precision of
date fish marked (oC)a (cfs)b tality (M)c rate (%) duplicatesd

09 May 200 14.5 1,160 1.5 5.1 39.2
10 May 255 13.5 1,500 2.4 5.2 46.1
22 May 318 14.5 (e) 7.2 3.4e 85.2

23 May 300 16.5 (e) 0.7 6.4e 98.4
29 May 368 17.5 (e) 8.4 3.6e 77.1
30 May 422 17.5 1,160 13.3 4.1 53.6

13 June 344 19.0 (e) 1.7 10.6e 67.9
14 June 341 19.5 545 9.1 13.6 13.7
15 June 330 19.5 529 5.2 8.6 27.9

18 June 400 19.5 486 1.3 6.8 7.3
19 June 380 19.5 459 1.8 15.5 7.7
24 June 380 20.5 363 3.9 20.3 1.4

25 June 400 21.0 348 12.8 24.1 16.9
26 June 350 21.5 314 1.7 20.3 13.7

a Maximum water temperature at the USGS station near Wilderville on the day of release.
b Flow at the USGS station near Wilderville on the day after release.
c MoPtality of release groups prior to liberation.
d Difference between duplicates expressed as percentage of pooled value.
e Data not used in flow (X) versus efficiency (Y) curve because duplicates were imprecise.



Appendix Table A-7. Comparison of monthly flowa (cfs) before (1919-80) and after closure (1981-84) of Applegate Dam (* =
significant at P < 0.05; ** = significant at P < 0.01). CI = confidence interval.

Bo Copper Applegate Wilderville
Before After Difference0 Before After Differenceb Before After Differencec

Month closure closure t95% Cl closure closure ±95% Cl closure closure +95% CI

January 873 646 -226 t 589 1,112 890 -225 + 764 1,680 1,391 -289 ± 1,211
February 564 889 355 ± 746 677 1,309 631 ± 1,056 1,006 2,150 1,144 ± 1,580
March 627 639 12 t 365 753 947 194 ± 496 1,142 1,563 421 t 827
April 596 545 -51 ± 364 715 831 116 ± 487 981 1,345 362 ± 759

May 603 872 269 ± 393 732 1,041 309 ± 471 928 1,164 235 ± 489
June 212 521 309 + 257* 257 601 343 + 322* 278 653 375 + 355July 91 272 181 t 50** 74 266 192 ± 74** 65 274 210 ± 88**
August 58 237 179 + 17** 25 211 186 ± 21** 9 212 203 ± 32**

September 47 329 28Z ± 82** 27 314 283 + 87** 26 332 306 t 105**
October 103 381 278 ± 122** 116 390 274 ± 134** 156 448 292 ± 158**
November 218 802 584 t 352** 258 890 632 + 393** 416 1,356 940 ± 640**
December 333 1,431 1,098 i 744** 430 1,901 1,471 ± 954** 771 2,895 2,124 ± 1,368**

Co

a Monthly mean of daily mean flow.
b Monthly mean of daily difference between 1979-80 mean and 1981-84 mean.



Appendix Table A-8. Comparison of monthly temperaturea (SC) before (1979-80) and after closure (1981-84) of Applegate Dam (*significant at P < 0.05; ** = significant at P < 0.01). CI = confidence interval.

Copper Appleqate Wilderville
Before After Difference0 Before After Differenceb Before After DifferencebMonth closure closure ±95% CI closure closure ±95% CI closure closure ±95% CI

January 4.6 4.8 0.2 t 0.9 4.5 5.6 1.1 ± 0.9* 5.8 6.4 0.6 ± 1.0February 5.1 5.4 0.3 ± 1.0 5.7 6.5 0.8 ± 1.0 6.7 7.2 0.5 ± 1.1March 7.3 6.2 -1.1 ± 0.5** 8.3 8.6 0.3 + 0.8 9.8 9.5 -0.4 t 0.8April 9.2 7.1 -2.2 ± 0.8** 10.4 10.8 0.4 i 1.5 12.2 11.9 -0.3 ± 1.8

May 12.6 10.0 -2.6 ± 1.5** 13.9 13.7 -0.3 ± 1.7 15.8 15.2 -0.6 ± 1.9June 17.5 10.9 -6.6 ± 1.4** 19.5 16.6 -2.9 ± 2.0** 20.5 18.6 -1.8 t 2.2July 22.1 11.7 -10.3 ± 1.6** 23.5 19.3 -4.2 ± 1.5** 24.6 22.1 -2.5 ± 1.7**August 21.6 12.1 :9.4 ± 1.2** 23.3 19.2 -4.0 ± 1.3** 24.2 22.4 -1.8 ± 1.3**

September 18.6 13.9 -4.8 ± 1.3** 19.9 16.9 -3.0 ± 1.2** 20.6 18.6 -2.0 ± 1.6*October 13.8 13.4 -0.4 ± 2.0 14.8 14.1 -0.7 ± 1.9 16.4 14.4 -2.1 ± 1.9*November 8.0 9.1 1.2 ± 1.6 9.1 9.5 0.4 ± 1.9 9.8 9.3 -0.5 ± 1.6December 5.8 5.7 -0.1 ± 0.7 6.1 6.2 0.1 ± 0.9 7.4 6.3 -1.1 ± 1.3

co

a Monthly man of daily maximum temperature.
b Monchly mean of daily difference betareen 1979-80 mean and 1981-84 mean.



Appendix Table A-9.
Applegate River.

Annual date of first observed emergence of subyearling chinook salmon in the

Station 1976 1977 1978 1979 1980 1981 1982 1983 1984

Applegate River:
Jackson Park, McKee 09 May -- -- -- -- -- 10 Feb 11 Jan 23 Jan
Bridgepoint, Hyde Bar -- -- -- 22 Apr -- -- 16 Mar 23 Jan
Murphy 08 Mar 16 Mara 03 Mara 12 Mar 06 Mar 19 Feb 02 Mar (b) 31 Jan
Copeland 21 Mar 01 MarC 09 Mar 06 Mar 22 Feb 19 Feb 02 Mar (b) 08 Feb

Tributaries:
Little Applegate River -- -- -- -- 15 Apr -- - 25 Apr --
Slate Creek 1-- -- 9 Mar 06 Mar 05 Mar 23 Mar 11 Apr 27 MarED

G First fish captured on first sample date.
b Seining affected by high flow.
C First fish captured too large to be newly emerged fry.



.appendix Table A-10. Date of emergence completion of chinook salmon fry in the Applegate River.

Station 1976 1977 1978 1979 1980 1981 1982 1983 1984

Applegate River:
Jackson Park, McKee 09 May -- -_ __ __ __ 27 Apr 22 Apr 11 May
Bridgepoint, Hyde Bar -- -- -- -- -- -- 20 Apr 06 Apr 09 Apr
Murphy 02 May 11 Apr 08 May 16 Apr 22 Apr 02 Apr 20 Apr (a) 12 Mar
Copeland 09 May 04 Apr 28 Mar 30 Apr 30 Apr 12 Mar 21 Apr 26 Apr 16 Apr

Tributaries:
Little Applegate River -- -- -- __ 13 May -- __ (a) _
Slate Creek -- -- -- -- 28 May 19 May 02 Jun (a) 21 May

a Seining affected by high flow.
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Appendix Table A-11. Regressions of mean
during the period of growth in the spring

length
in the

in cm (Y) on time in daysa (X) for juvenile chinook salmon
Applegate River.

Station, year Time period N Regression R2 P X Y

Jackson Park:
1982
1983
1984

02/10-06/01
04/25-06/27
02/21-05/21

8 Y = 0.0218X
8 Y = 0.0411X
9 Y = O.0099X

+ 3.4493
+ 4.2235
+ 3.8484

0.89
0.98
0.88

0.000
0.000
0.000

81 5.2
31 5.5
46 4.3

McKee:
1976
1982
1983
1984

05/09-09/05
02/10-06/21
04/06-06/27
06/23-06/04

11 Y = 0.0315X
9 Y = 0.0293X
8 Y = 0.039IX

16 Y = 0.0099X

+ 6.3718
+ 2.8833
+ 3.9566
+ 3.4991

0.69
0.90
0.90
0.73

0.002
0.000
0.000
0.000

65 8.4
61 4.7
40 5.5
71 4.2

Bridgepoint:
1976
1979
1980

05/24-08/11
06/07-07/12
05/23-08/15

Hyde Bar:
1982
1983
1984

04/06-06/01
04/25-07/12
n4/nq-0nA/n5

12 Y = 0.0362X
6 Y = 0.1044X

11 Y = 0.0419X

8 Y = 0.0335X
i1 Y = 0.0442X
8 Y= 0 .0439X

12 Y = 0.0336X
7 Y = 0.0346X
8 Y 0.0436X
8 Y = 0.0459X
8 Y = 0.0561X

10 Y 0.0552X
10 Y = 0.0372X

+ 6.4920
+ 5.2822
+ 6.2853

+ 4.1208
+ 5.4299
+ A.2760

+ 3.5333
+ 4.0528
+ 3.6542
+ 5.0704
+ 4.7928
+ 4.4900
+ 4.3572

0.97
0.97
0.93

0.92
0.89
V. '74

0.79
0.84
0.88
0.86
0.66
0.98
0.77

0.000
0.000
0.000

0.000
0.000
0.006

0.000
0.003
0.000
0.006
0.014
0.000
0.000

40 8.0
19 7.3
42 8.0

32 5.2
37 7.1
31 5.6

46 5.1
31 5.1
47 5.7
31 6.5
27 6.3
42 6.8
38 5.8

Murphy:
1976
1977
1980
1981
1982
1983
1984

03/22-06/15
03/21-05/18
03/26-06/10
04/09-06/04
04/27-06/21
04/25-07/12
04/03-06/11

._

a Period when mean lengths steadily increased after the time of emerjence completion.



Appendix Table A-11. Continued.

Station, year Time period N Regression R2 P X Y

Copel and:
1976
1977
1978
1979
1980
1981
1982
1983
1984

04/25-06/27
04/04-05/23
04/17-06/05
04/30-06/27
04/22-06/26
04/17-05/28
04/21-06/28
04/19-07/18
04/09-06/11

10 Y = 0.0425X
8 Y = 0.0551X
6 Y = 0.0477X
9 Y = 0.0295X

10 Y = 0.0477X
5 Y = 0.0582X
7 Y = 0.0307X
14 Y = 0.0567X
10 V = 0.0379X

+ 4.3084
+ 4.5744
+ 4.7267
+ 4.5280
+ 4.6706
+ 4.7850
+ 4.4602
+ 4.0499
+ 4.2820

0.88
0.97
0.95
0.81
0.88
0.84
0.75
0.97
0.85

0.96
0.95
0.98

0.000
0.000
0.001
0.001
0.000
0.073
0.051
0.000
0.002

0.000
0.004
0.004

33 5.7
26 6.0
26 6.0
30 5.4
33 6.3
16 5.7
41 5.7
47 6.7
33 5.5

24 5.2
19 4.9
16 4.8

Tributary (Slate Creek):
1980
I981
1982

fl-

05/13-07/02
05/05-06/09
05/25-06/24

7 Y = 0.0559 X + 3.8979
6 Y = 0.0486 X + 3.9514
5 Y = 0.0553 X + 3.9778

0.004 16 4.8



Appendix Table A-12. Measurements (mm at 88X) on scales of juvenile chinook
salmon trapped in the lowver 5 kilometers of the Applegate River.

Width of Averate
inner spacinig of

Year band I all ci rcul i

l977a 12.43 2.25
1978a 12.97 2.39
1979b 11.64 2.09
198Qb 12.66 2.33

1981b 12.88 2 .3 3
1982b 12.66 2.08
1983b 12.44 2.19
1984b 13.25 2.29

a Inclined plane trap at Copeland
(km 1).

b Humphreys trap at Highway 199
(km 5).
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Appendix Table A-13. Regressions of 1oglo
salmon in the Applegate River.

weight in g (Y) on logln length in Cm (X) of juvenile chinook

Station, year Time period N Regression R2a 7 Y

Jackson Park:
1982
1983
1984

May
May-July
May-June

25 log
48 log
27 log

Y = 3.228(log X)
Y = 3.272(log X)
Y = 2.780(log X)

- 2.195
- 2.175
- 1.811

0.96
0.97
0.79

6.0 2.5
6.4 2.9
5.8 2.0

Bridgepoint trap:
1976
1979
1980
1981

May-August
June-October
May-October
May-June

100
i1o
120
22

log
log
log
log

Y = 2.939(log X)
Y = 2.683(log X)
Y = 2.903(log X)
Y = 2.816(log X)

- 1.894
- 1.660
- 1.868
- 1.797

0.98
0.97
0.97
0.97

8.4
8.4
8.1
7.2

6.7
5.1
5.8
4.1

'.0
-P

Hyde Bar:
1982
1983
1984

May-June
April-July
May-June

45 log Y
87 log Y
42 log Y

= 3.195(log X)
= 3.185(log X)
= 2.890(log X)

- 2.064
- 2.083
- 1.856

0.99
0.99
0.98

7.1 4.5
7.3 4.6
6.9 3.7

Murphy seine,
1976
1977
1978
1980
1981
1982
198 
1984

June-July
May
May-June
May-June
April-June
May-June
Apri 1 -July
April -June

42
31
31
50
31
40
90
65

log Y =
log Y =
log Y =
log Y =
log Y =
log Y =
log Y =
log Y =

2.963(log X)
2.577(log X)
2.959(log X)
2.737(log X)
2.965(0og X)
3.396(log X)
3.132(log X)
3.066(log X)

- 1.925
- 1.642
- 1.886
- 1.722
- 1.945
- 2.247
- 2.048
- 2.012

0.99
0.72
0.99
0.98
0.93
0.99
0.99
0.95

6.4
6.6
6.5
6.4
7.8
6.9
7.1
6.4

2.8
2.9
3.3
3.1
3.8
4.1
4.2
2.8

a All values significant at P < 0.01.



Appen~dix Table A-13. Continued.

Station, year Time period N Regression R2a X

Copeland:
1976 June-July 38 log Y = 3.709(log X) - 2.533 0.98 6.3 2.7
1977 May-June 27 log Y = 2.836(log X) - 1.797 0.96 6.5 3.3
1978 May-June 50 log Y = 3.136(log X) - 2.037 0.98 6.7 3.6
1980 April-June 62 log Y = 2.966(log X) - 1.884 0.90 6.2 3.1
1981 April-June 56 log Y = 3.426(log X) - 2.299 0.92 6.5 3.1
1982 May-July 62 log Y = 2.819(log X) - 1.748 0.97 7.0 4.3
1983 April-July 91 log Y = 3.187(log X) - 2.083 0.98 7.3 4.7
1984 April-June 59 log Y = 3.080(log X) - 2.012 0.98 6.5 3.2

Tributary (Slate Creek):
1980 June-July 35 log Y 3 2.968(log X) - 1.858 0.96 6.2 3.1
1981 May-June 40 log Y = 2.549(log X) - 1.531 0.65 5.9 2.3
1982 June 10 log Y = 2.340(log X) - 1.417 0.79 5.9 2.4
1984 May-June 16 log Y = 2.926(log X) - 1.920 0.86 5.7 2.0

I
no

l"

a ATl values significant at P < 0.01, except
t

in 2982 at Slate Creek, when P = 0.012.



Appendix Table A-14. Predicted weight of a 7.0 cm juvenile chinook salmon
from loglo weight (g) versus loglo length (cm) regressions for the Applegate
River.

Predicted 9%cniec
weight 9%cniec

Station, year (g) limits (g) N

Jackson Park:
1982
1983
1984

Bridgepoint trap:
1976
197-9
1980
1981

Hyde Bar:
1982
1983
1984

4.3
3. 9
3.4

3. 9
4.0
3. 9
3.3

4.4
4.1
3. 9

3.8-4.8
3.8-3. 9
2.7-4.4

3.8-4.0
3.9-4.1
3. 7-4.0
3.1-3.6

4.2 -4.6
4.0-4.1
3. 2-4. 7

2 5
48
2 7

100
110
1 20
52

45
8 7
42

Murphy seine:
1976
1977
1978
1980
1981
1982
1983
1984

3.8
3.4
4.1
3.9
3. 6
4.2
4.0
3.8

3.7- 3. 9
- 3. 1-3. 9
4.0-4.3
3.8-4.0
3.4-3.9
4.1-4.3
3.9-4. 1
2.8-5.1

3.7-4.3
3.8-4. 1
(a)

4.2-4.7
3.8-4.1
4.1-4.5
-4.0-4.2
3.3 -4.6

42
3 1
31
50
3 1
40
90
65

38
2 7
50
62
56
62
91
5 9

Copel and:
1976
1977
1978
1980
1981.
1982
1983
1984

4.0
4.0
4.1
4.4
4.0
4.3
4.1
3.9

Tributary
1980
1981
1982
1984

(Slate Creek):b
2.8
2.4
2.5
3.6

2.7-2.9
2.2-2.6
2.1-3.1
2.7-4.7

35
40
10
16

a 95 confiden'ce interval < 0.1 g.
bPredicted weight of a 6.0 cm chinook.

-96-



Appendix Table A-15. Index of chinook salmon fry abundance (average catch
per seine haul for the first 4 weeks after emergence was complete) in the
Applegate River.

Year McKee Murphy Copel and

1976 0.1 497.5 272.0
1977 0.0 73.9 71.9
1978 0.0 18.3 27.8
1979 0.2 354.0 47.3
1980 0.0 121.3 120.0
1981 0.0 91.0 19.4
1982 0.1 64.3a 35.9
1983 25.7 81.4a 130.6
1984 2.7 29.5 98.2

a Because of high flows, emergence wes complete
before we were abte to sample.
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Appendix Table A-16. Annual catch rate of juvenile chinook salmon in the Applegate River.

Sampling method, Sampling
station period 1976 1977 1978 1979 1980 1981 1982a 1983 1984

Seine:b
McKee 03/01-07/01 2.6 0 0 0.1 (c) 0 2.6 13.5 6.4
Murphy 03/15-07/01 248.2 34.4 8.1 218.0 66.5 42.2 34.5 71.5 100.2
Copeland 03/01-07/01 101.0 240.0 22.0 82.0 49.0 64.0 23.0 29.0 66.5

Trap:d
McKee trap 05/01-07/30 -- -- -- 0.2 (c) 0 0.1 0.1 0.5
Murphy trap 05/01-07/30 -- -- -- 14.9 5.1 6.1 0.4 0.3 1.5
Highway 19ge 03/15-07/15 -- -- -- 40.4 17.4 41.2 15.9 10.6- 69.7

L0I

a Data from some weeks fiinssing because of high flow.
b Seined weekly with 25 x 8 ft or 50 x 8 ft floating

haul.
C Values less than 0.1.

seine with 3/16 inch mesh; catch rate = catch/seine

d
e

Irrigation ditch bypass traps; catch rate = catch/hour.
Numphreys trap; catch rate = catch/hour.



Appendix Table A-17.
seining stations) of

Indexes of the rearing distribution (percentage of sum
juvenile chinook salmon that reared in Applegate River.

of annual catch rate for all

Seining station 1976 1977 1978 1979 1980 , 1981 1982 1983 1984

McKee
Murphy
Copeland

0.7
70.6
28.7

0
12.5
87.5

0
26.9
73.1

(a)
72.7
27.3

(a)
57.6
42.4

0
39.7
60.3

4.3
57.4
38.3

11.8
62.7
25.4

3.7
57.9
38.4

a Values tess than 0.1.

IC
D0



Appendix Table A-18. Size of migrants and time of
chinook salmon captured at the Humphreys trap.

migration of juvenile

Length at peak Percent
migration Date of peak migration by

Year (cm) migration 3 Junea

1979 4.9 10 May 74.0
1980 7.1 31 May 55.8
1981 7.6 31 May 84.4
1982 7.1 14 June 26.6
1983 6.3 31 May 47.9
1984 4.9 03 May 62.2

a Juliaz week 22 ends 3 June.

Appendix Table A-19. Size at time of ocean entry and date of ocean entry of
Applegate fall chinook salmon. Data back-calculated from scales of spawned
carcasses of age 21 chinook salmon.

Length Julian Gregorian
Year (cm) day day

1976 10.4 262 18 September
1977 10.2 24'5 01 September
1978 10.9 236 23 August
1979 10.6 245 01 September
1980 11.3 226 13 August
1981 10.9 234 21 August
1982 11.8 239 26 August
1983 11.6 244 31 August

-100-



Appendix Table A-20.'
the Applegate River.

Population density and, size of juvenile steelhead in

Subyearling ~Yearling
Density Fork length density

Location, (fish/sq m) (cm) (fish/rn)
date sampled Mean" SD Meanb SD Meanc SD

Upper river (km 67-66):
08/22/83 0.59 0.19 4.2 0.71 0.62 0.27

08/02/84 0.64 0.26 3.6 0.68 0.70 0.44
08/31/84 0.71 0.13 5.4 1.07 0.43 0.06
09/27/84 0.34 0.01 6.1 0.82 0.25 --

08/15/85 0.57 0.39 4.7e 1.01 0.67 0.4 3

Middle river (km 41-39):
0 8/3 0-0 9/08/83d 0.09 0.05 6.4 0.69 0.32 0.07

08/03/84 0.23 0.06 6.0 0.89 1.03 0.66
08/31/84 0.09 0.05 5.6 0.70 0.50 0.43
09/27/84 0.30 0.10 '7.5 0.85 0.37 0.38

08116/85 0.15 0.02 6.4 0.89 0.32 0.37

Lower river (km 13-3):
08/18/83 0.06 0.07 8.5 1.43 0.73 0.57

08/01/84 0.14 0.12 7.5 1.58 0.37 0.15
08/29/84 0.14 0.14 8.0 1.32 0.33 0.06
09/28/84 0.41 0.31 8.4 1.19 -- --

08/16/85 0.16 0.02 7.7 1.30---

a Mean of 3 riffles in each river section on each date.
b Mean of at Least 30 fish in each river section on each date..
C Mean of 3 pools in each river section on each date.
d Yearling steeLhead scmiled on 8 September because water on 30 August was too

turbid to count fish~.
e Only 18 fioh captured. 
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Appendix Table A-21. Annual mean of growth measurements from subyearling
steelhead captured each September at McKee ditch trap on the Applegate
River.

Outer band Average
width circuli Fish

(mm at 88X) spacing length
Year I I + II (mm at 88X) (cm)

1979 3.01 5.60 1.65 7.7
1980 2.86 5.53 1.78 6.7
1981 3.62 7.30 2.24 7.3
1982 3.52 7.38 2.43 6.5
1983 3.46 7.62 2.46 6.0
1984 3.63 7.30 2.41 6.3
1985 2.80 5.89 1.74 7.0

Appendix Table A-22. Annual mean of growth measurements from subyearling
steelhead captured at Murphy ditch trap on the Applegate River.

Average
Width of outer circuli Fish

band I (mm at 88X) spacinga lengtha
Year July August September (mm at 88X) (cm)

1979 3.19 3.19 2.89 1.91 7.4
1980 3.47 2.93 2.70 1.89 7.5
1981 3.44 3.25 3.33 2.03 8.9
1982 3.70 3.12 (b) (b) (b)
1983 3.91 3.71 3.30 2.18 9.4
1984 3.79 3.32 2.64 1.95 7.7
1985 3.44 2.90 3.03 1.76 7.8

a September.
b Catch was inadequate for representative sampZe.
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Appendix Table A-23. Percentage of fall chinook spawners counted in earl
survey area of the Applegate River basin.

Sampling
area 1978 1979 1980 1981 1982 1983 1984

Applegate River:
km 75-66 -- 0.1 0 0.7 2.9 4.7 2.1
km 54-50 0.1 1.6 0 3.8a 1.5 2.2 0.8
km 41-32 2.4 5.8 2.7 18.6a 15.1 15.2 8.3
km 23-21 5.0 1.9 2.8 8.2a 8.8 8.4 5.9
km 21-17 13.3 17.6 15.4 14.1a 13.8 21.8 25.6
km 6-0 63.5 33.3 61.3 43.9a 40.2 22.9 31.6

Tributaries:
Little Applegate
Riverb 0 1.6 0 0.02 0.05 0.4 --

Williams CreekC 0.6 6.8 0.2 0.6 6.1 6.6 3.5
Slate Creekd 15.2 31.3 17.5 io.oe 11.5 17.9 22.2

a No surveys after Julian week 45 (November 11) because of high water. We
estimated the count for later Julian weeks based on the relationship between
counts after Julian week 45 and counts through Julian week 45 in previous
years.

b To km 2.
c To km 3.
d To km 8.
e No surveys because of high flow. Annual count was estimated using the

relationship between females in Evans Creek (a tributary of the Rogue River
30 km from Slate Creek) and females in Slate Creek in previous years.
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Appendix Table A-24.
Applegate River. Da
of an area.

Spawning distribution
ta expressed as percent

of fall chinook salmon in the
of carcasses in each subdivision

Area, subdivision 1978 1979 1980 1981a 1982 1983 1984

Mainstem:
Above Murphy 8.8 15.6 6.7 35.1 34.4 40.6 23.0
Below Murphy 91.2 84.4 93.3 64.9 65.6 59.4 77.0

Mainstem plus
tributaries:

Above Murphy 8.0 17.8 5.7 32.0 34.5 34.5 20.5
Below Murphy 92.0 82.2 94.3 68.0 65.5 65.5 7 9.5

Mainstem plus
tributaries:

Mainstein 84.3 60.3 82.3 89.4 82.3 75.2 74.3
Tributaries 15.7 39.7 17.7 10.6 17.7 24.8 25.7

a We estimated 1981 counts because of
details).

high flows (see Appendix Table A-25 for
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Appendix A-25. Equations to describe distribution of chinook salmon redd
depths (ft) in the Applegate River, 1983.

River section, Independent Coeffi -
dependent variable N R2 variable cient' P

Middle river:a
ln (sill depth) 7b 0.99 Constant -0.0765 <0.001

LOgit Of CUM-
ulative % 0.2309 <0.001

Lower river:c
sill depth 66b 0.98 Constant 1.1371 <0.001

Logit of cum-
ul1a t i ve 0.1924 <0.001

a We sampled river kilometer 32-37.
b The deepest redd (= the 100% point) had to be excluded after trans-,f1orming

cumulative percent to log-it (log-it % = In E%/(100 - ].
c We sam~pled river kilometer 1-5.
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Appendix Table
River based on

A-26.
angl er

Estimated sport catch of adult steelhead
returns of salmon-steelhead catch cards.

in the Applegate

Du, 0 9 FEB 800

ZZO~gA 0

Z JUL 2 32001

Year January February March Total

1967 151 1,063 808 2,022
1968 392 597 585 1,574
1969 135 435 439 1,009
1970 263 700 340 1,303

1971 334 596 565 1,495
1972 89 521 120 730
1973 169 406 522 1,097
1974 105 97 49 251
1975 771 863 850 2,484

1976 360 215 733 1,308
1977 3 81 230 314
1978 498 559 460 1,517
1979 42 573 .1,085 1,700
1980 257 234 540 1,031

1981 120 321 455 896
1982 95 57 159 311
1983 41 30 78 149
1984 187 326 513 1,026

I
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