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FOREWORD

This report is the culmination of 12 years of research funded by the U.S,
Army Corps of Engineers. A study of this duration has necessarily involved
the collective effort of many people since its inception in 1975. For this
reason, it is being presented as a staff report of personnel on the Rogue
Basin Fisheries Evaluation Project. The completion report was drafted by
Thamas Satterthwaite who was largely responsible for the impetus for research
on coho salmon and for analyses contained in the repori. Barry McPhersan
supervised the project and ¢ritically reviewed the apalyses, conclusigns, and
recommendations in the final document. This report is the first of a3 series
of completion reports plannad for anadromous salmen and steelhead stocks
produced in the Rogue River basin.

Hesearch an coho salmon was primarily an ocutgrowth of more jntensive
stuydies of chinook salmon and steslhead papulatiens that began in the Rogue
River in 1973. James Lichatowich was responsible for the original design and
guidance of research on anadromous salmonids affected by the eperation of Losi
Creek Dam. These duties were subsequently assumed by Steven Cramer who serves
as program leader until 1985. Their Teadership and insights on study designs
were largely responsible for the ultimate success of research conducted by
personnel in the Rogue Basin Fisheries Evaluation Project.

The mainstem and tributaries of the Rogue River collectively produce the
targest popuiation of wiid anadromous salmonids in Oregon. The Rogue River
supports recreational and commercial fisheries of immense importance to Oregot
citizens and is nationally renowned for its diversity and productivity.
Authorizing documents for Lost Creek Dam stipulate that fisheries enhancement
is to be an important benefit of the dam, mainly through improved temperature
and flow. We hope our studies will ensure that these benefits are achiaved
for present and future generations of Oregon citizens.

Alan Mchie
Life History Studies Program Leader
Research and Development Section

Oregon Department of Fish and Wildlife
Corvallis, Oregon

ctober 3T, 1989



SUMMARY

In this report, we evaluate the effects of Lost Creek Dam on coho salmon
Oncarhynchus kisuteh in the Rogue River. Field sampling began in 1975 and
ended in 1986. Lost Creek Dam closed during February 1577, but the reservoir
did not fill completely unt11 the spring of 1978. A summary of our findings
follows.

Adults

L. Freshwater returns of wild fish averaged about 800 age 2 jacks and about
3,600 age 3 adults annually. Landings of wild fish of Rogué basin origin
in the ocean fisheries averaged about 2,700 fish annually.

2. We did not detect any influence of Lost Creek Dam or Cole M. Rivers
Hatchery on the return of wild adults to areas upstream of the counting
station at Gold Ray Dam.

3. Freshwater returns of hatchery fish averaged about 800 jacks and 3,200
age 3 adults annually after the program for coho salmon at Cole M. Rivers
Hatchery reached production goals of about 200,000 smolts. Annual
landings of hatchery fish in the ocean fisheries averaged about 3,800 fish
during the same peried.

4. Anglers harvested few coho salmon in the Rogue River, ODuring 1975-86,
freshwater harvest averaged about 40 wild and 200 hatchery fish annually.

>. Construction of lost Creek Dam blocked 1ittle, if any, spawning habitat
used by coho salmeon.

6. Flow during autumn affected the migration timing of adults that passed
Gold Ray Dam. Adults migrated earlier during years of high flow and later
during years of low flow.

Juveniles

1. We did not detect any infiuence of Lost Creek Dam on the production of
wild juveniles. Juveniles reared in tributaries, primarily within the
I11inois River basin, rather than in the Rogue River.

2. The area upstream of Grants Pass produced few wild juveniles, Annual
yields of wild smolts averaged,l,zgﬂ;fishyﬂyrjngqgﬁiﬁrﬂﬂ'and;ﬁ:4ﬂﬂffish.
during-1981-86. =lIncreased,smolt product iof i vater~yedrswas probably
tﬁghqg;q}tjﬁfﬁhatéherynfi§ﬁ§tﬁyi strayedstosspawn naturally. 7

3. Yedrlings migrated doWnstream during May through early July.’ éAnalyses of
scales taken from returning adulis -indicated-that al} juveniies entered

EOR. oceal 8y yearlings,

4. Flow during the spring affected the migration timing of yearlings that
passed through the middle river, Juveniles migrated earlier during years
of lTow flow and later during vears of high flow. :



Effects of Reservoir Operation

Effects of reservoir operation on coho salmon were minimal because (1)
few juveniles reared in the mainstem and (2) Juveniles and adults migrated at
times when reservoir operation had 1ittle influence on water Lemperature and
flow in downstream areas.

RECOMMENDATIONS
Reservoir Management and Operation of Lost Creek Dam

Management strategies for the operation of Lost Creek Dam should be
directed to species other than coho salmon. The Rogue River is critical
habitat for steelhead and chinook salmon, but is only important to coho
salmon when yearlings migrate to the ocean during the spring and when adults
migrate upstream during autumn., Strategies for reservoir management during
1978-86 did nat appear to affect the migration timing of yearling or adult
¢oho salman.

Management and Evaluation of Fishery Resources

The following recommendations are directed to the Oregon Department of
Fish and Wildlife, the lead agency far management of fishery resources in the
Rogue River basin. Cooperation of other state and federal agencies may be
needed to implement recommendations.

1. The utility of using estimates of seining efficiency, as developed for
coho salmon, should be evaliuated as a means to estimate the freshwater
escapement of summer steelhead and fall chinook salmon. [¥ reascnable
estimates can be developed for other species, we racommend the clipping o
left ventral fins from 100,000 yearling coho salmon scheduled for release
at CoTe M. Rivers Hatchery (APPENDIY A). The expanded marking program
should continue as long as seining at Huntley Park is expected tg be
conducted during the succeeding year. Implementation of this
recommendation would improve estimates of seining efficiency and
result in more reliable estimates of freshwater escapement for summer
steelhead, fall chinook salmon, and coho salmon.

2 g?he distribution of juvenile coho saimon rearing in the Rogue River basin

% .should be determined. Although the basin produces significant numbers of
‘wild fish, the location of important spawning and rearing habitat is not
-well documented. Surveys of subyearlings during July through September
may be the most effective and economical method to identify important
habitat. The I1linois River basin should receive first priority for
surveys, because it appears to produce most of the wild fish {sce
Abundance, page 29). Agencies responsible for management of state and
federal lands should cooperate in joint surveys of fish and habitat
Jesources.

3. The I1linois River basin should be managed exclusively for wild fish, at

least until results of surveys proposed in Recommendation 2 can be
advaluatad



4. DOQutplanting of juvenile and adult coho salmon from Cole M, Rivers Hatchery
to areas downstream of Gold Ray Dam should be discontinued at Teast until
resuits of surveys proposed in Recommendation 2 can be evaluated. Survays
of juveniles suggested that few wild fish spawn in streams upstream of the
I1Tinois River (see Abundance, page 23). Outplanting of excess hatchery
fish may compromise remnant populations of wild fish with unjque genetic
resources.

5. Wiild adults should be periodically included among broodstock spawned at
Cole M. Rivers Hatchery to maintain genetic diversity within the hatchery
population. If available, use coho salmon that return te the base of Elk
Creek Dam. Collection of wild adults in other areas upstream of Geld Ray
Dam may be difficult because of tow abundance. A geneticist should
develop guidelines for including wild broodstock in the hatchery program.

INTRODUCTIGN

This repart presents the findings for 12 years (1975-86) of work with cohc
salmon Oncorbhynchus kisutch in the flogue River basin of southwestern Oregon.
The Oregon Department of Fish and Wildlife (ODFW) canducted this study, funded
by the United 5States Army Corps of Engineers (USACE), to {1} determine the
effects of Lost Creek Dam on anadromous fish and {2) develop operating
strategies that optimize the production and harvest of fishery resocurces in
downstream areas.

The Congress of the United States of America authorized the construction
of Lost Creek Dam at river kilometer {RK 254} (Figure 1} to create 3 reservoir
to be used for multiple purposes, inciugding the enhancement of fishery
resaurces in downsiream areas (United States Congress 1962). An updated
economic review in 1971 indicaled that planners projected Fishery enhancement
to be the third largest benefit accrued annually from the operation of the dam
(USACE 1972). Spawning and rearing habitat for salmon Oncorhynchus spp. and
steeihead 0. mykiss blocked or inundated by the dam was to be mitigatad by
refeases of fish reared at Cole M. Rivers Fish Hatchery (RK 252). Benefits to
anadromous fish in downstream areas were expecied to accrue by operating the
dam to (1) decrease peak flow during the winter, (2) increase flow during the
summer, and {3) decrease water temperature during the summer.

The USACE constructed an intake structure capable of withdrawing water
from five different levels of the reservoir to regulate the outflow
temperature from Last Creek Dam (Figure 2). Selective opening of intake ports
allows for the mixing of water from various temperature strata in the
reservoir. Choice of outflow temperature is greatest during the early summer
when the reservair is full and has thermally stratified. Contro] of release
temperature diminishes in the late summer as the reservoir level drops and the
highest intake ports become dewatered. Control of release temperature becomes
minimal during late autumn after the reservoir destratifies (USACE 1983)3.

Guidelines for release of stored water were intended to be flexible,
reflecting the annual variation in water yield and user demand. [uring vears
when the reserveir fills, 180,000 acre-feet of storage is available for flow
augmentation (USACE 1572). Of this total, 125,000 acre-feet was authorized
for fishery enhancemont {United States Congress 19623, The remaining 55.000
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acre-feet of storage was dedicated to other uses: irrigation supply, municipa
and industrial supply, and environmental enhancement. Dedicated storage that
1s not purchased is also available for downstream enhancement of fishery
resources {USACE 1972).

Ficod control was identified as the primary benefit associated with the
construction of Lost Creek Dam. Other benefits would accrug by aliocating
conservation storage to irrigation, future water supply, and fishery
enhancement. "No storage specifically for wildlife enhancement, power
generation, water quality control, or recreation" was identified {United
States Congress 1962).

The authorizing document alse outlined minimum outflow and maximum water
temperatuyre to be released from Lost Creek Dam, but clearly stated that these
quidelines should be modified as additional informatien became available: "It
should also be noted that project operation plans must be sufficiently
flexible to permit desirable modifications in stheduled fishery releases,
within the Timits of storage provided therafore, if experience and further
study indicates such action to be desirable for overall project benefits®
(United States Congress 1962). 1Including provisions for madifications in
releases for fisheries benefits was far-sighted because biologists are raraly
accurate with predictions of postproject responses. Lack of accuracy is the
result of the complexity of aguatic ecosystems (Rosenberg et al. 1986).

Flexibility in scheduling temperature and flow releases from Lost Creek

Dam provides an opportunity to implement an aperating strategy that optimizes
the production and harvest of anadromous salmonids in the river downstream of
the dam. To identify the most appropriate operating strategy, we examined th
influence of water temperature, flow, and turbidity an the biology and harves
of wild and hatchery coho salmen in the Rogue River basin. Preliminary
findings from this work were reported in numerous annual progrec<s reports and
were summarized by Cramer et al. {1985}.

Historically, coho salmen were an important fishery resource in the Rogue
River basin. Cobb {1930) reported that canneries on the Rogue River packed
more cohe saimon than chinook salmon 0. tshawytscha during some years in the
early 1900s. However, coho salmon were of iesser econamic importance COmparec
with chinook salmon. Packing records indicate that cohe saimon averaged about
34% of the cases of salmon shipped from canneries near Gold Beach during
1892-1914. Since that time, the production of wild fish has greatly decreased
in the Rogue River basin,

In this report, we estimate the effects of Lost Creek Dam on coho salmon
and present recommendations to enhance the production and harvest of coho
salmon.  Use of water releases from Lost Creek Dam to increase stock
productivity could be a low cost method of fishery enhancement., This report
represents one of a sertes of completion reports for fisheries work funded by
the USACE in the Rogue River basin.

STUDY AREA

The Rogue River basin encompasses 13,150 sguare kilometers of
southwestern Oregon and a small portion of northwestern California (Fiqure 3).
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Approximately 13% of the basin is upstream of Lost Creek Dam. The Rogue River
originates in the Cascade Mountains and flows west, breaching the Cgast Range
prior to reaching the Pacific Ocean. Two major tributaries, the I1)inpis and
Applegate rivers, originate in the Siskiyou Mountains and flow north where
they enter the Rogue River at river kilometers (RE) 44 and 154, respectively.

The estuary af the Rogue River is relatively small, Covering an area of
about 630 acres at mean high tide. Ratti (1973) reported that about 80% of
the estuary could be classified as a riverine subsystem and 20% could he
classified as a marine subsystem. Tideflats, marshes, and eelgrass beds are
noticeably absent in the Rogue River estuary.

Two USACE dams affect the timing of water yield in the Rogue River basin.
Lost Creek Dam at RK 254 on the Rogue River began aperation during February
1977 and affects flow in the Rogue River. Applegate Dam, at RK 75 on the
Applegate River, began operation during November 1980 and affects flow in the
Rogue River downstream of Grants Pass. Operation of Applegate Dam has a
lesser effect on flow in the Rogue River becayse the normally used storage
capacity of Applegate Lake is one-third that of Last Creek Laks.

Un an average year, the Rogue River basin yields about 7.4 million acre—
feet of water {(Friday and Miller 1984). The [1linois and Applegate rivers
average approximately 40% and 7% of the water yielded annualtly in the basin.
The Rague River upstream of Lost Creek Dam accounted for an average of 18% of
the water yield in the basin.

In the lower partion of the basin, river flow varies markedly between
seasons. Discharge upstream of the mouth of the I1linois River averages
1,800 cfs during September and 26,600 cfs during January. The variation in
Flow is less pronounced in the upper portion of the basin. Flow into Lost
Creek Lake averages 1,000 cfs in September and 2,000 cfs in January {Moffatt
et al. 19%0). Reservoir inflow usually peaks between April and Jume, when the
snowpack in the Cascade Mountains melts at a rapid rate.

Weather patterns in the northeast Pacific greatly affect weather within
the Rogue River basin. Wet, mild, winters and dry, warm, summers Tharacterize
the climate. Air temperature near Medford usually peaks between 32°C and 359C
during July and August. During December and January, air temperature usually
peaks between 8%C and 10°C. Snow accumulates at the higher elevations during
the winter and is the principle saurce of water yield during the spring and
summer. Annual precipitation averages about 50 cm in the inland valley
surrounding Medford. Coastal and headwater regions receive an average annual
precipitation of about 200 ¢m and 300 cm, respectively {OWRD 1985). About 50%
af the precipitation falls from November through January; Yess than 2% falls
during July and August.

A large number of anadromous fish inhabit the Rogue River basin. Chinook
salmon and steelhead are the most abundant salmonids. Coho salmon are camman
in tributary streams. Chum salmon 0. keta and pink salmon 0. gorbuscha are
occasionally found in tributaries of the lower river. Resident salmonids
include rainbow trout ¢f. mykiss, cutthroat trout 6. clarki, brown trout Salmeo
trutta, and brook trout Salvelinus fontinalis. Few resident salmonide inhabit
areas accessible to anadromous salmonids. Other commanly seen game fishes
include largemouth bass Micropterus salmeides. Pluenill 1anamic marramhieie



green sturgegn Acipenser medirastris, white sturgeon A. transmontanus,
American shad Alosa sapidissima, and brown bullhead Tctalurus nebulosus.
Nongame fishes abundant in the basin include redside shiner Richardsoniys
balteatus, Kiamath smallscale sucker Catostomus rimiculus, common carp
Cyprinus carpgto, prickly sculpin Cottus asper, riffle sculpin €. gulosus, and
Pacific lamprey Lampetra tridentata. The distribution of northern squawfish
Ptychocheilus oregonensis is rapidly expanding after an illegal introduction
in 1879,

For discussion purpeses, we divided the Rogue River into four general
areas. The upper river refers to the area between Lost Creek Dam and Gold Ra
Dam (RK 254-202). The middle river refers to the area between Gold Ray Dam
and Grave Creek {RK 202-110). The canyon refers to the area between Grave
Creek and Agness (RK 110-44). The lower river refers to the area betwesn
Agness and the estuary (RK 44-6). Gradient in the upper river averages
2.3 m/km, tn the middle river averages 1.6 m/km, in the canyon averages
2.4 m/km, and in the lower river averages 0.7 m/km.

APPROACH

We chose not to use the instream flow incremental methodelogy to develop
flow recommendations. Although this approach has proved useful in some
instances, the assumed direct relationship between weighted usable area and
fish production is not always appropriate (Moyle and Baltz 1985; Mathur et al
1985; Irvine et al. 1987). Our work centered primarily upeon assessing the
biological implications of modifications in flow, water temperature, and
turbidity. During the planning of the study, changes in these physical
factors were expected to be significant in the area of the river inhabited by
coho salmon.

The study comprised four cbjectives:

1. Determine the changes in temperature, fiow, and turbidity that result
downstream from Lost Creek Dam.

2. Determine the affects of Lost Creek Dam and develop operational criterig
as related to the rearing and migration of juvenile cohe salmon.

3. Determine the effects of Lost Creek Dam and develop operational criteria

as related to the abundance, wigration, and 1ife history of adult coho
salmon.

4. Determine the effects of Lost Creek Dam and develop aperational criteria
as related to the recreational and commercial harvest of caoho salmon.

We used two avenues to meet the objectives. First, we compared biglogic
parameters of coho salmon that inhabited the Rogue River before and after
full operation of the dam was started. Second, we estimated the retationship
between biological and physical factors to simulate biological responses to
changes in physicat factors influenced by the operation of Lost Creek Dam.
Each method had associated strengths and weaknesses.

Temporal comparisons were of some use. Sampling conducted prior to full
cperation of the dam provided informatinn an the interannnal wariahilitu



within 1ife history parameters. Sensitivity analyses after the first years o
the study led to termination of work with algal and invertebrate cammunities.
High variability among the datz indicated a Tow probabiiity of associating an
changes in production or community structure with the operatien of the dam.
Initial sampling indicated 1ife history parameters of cohe salmon exhibited
tess variability,

However, temporal comparisons had some limitations. Givenm the expected
variability, many years of data are reguired to make effectiye comparisons.
We had only 7 years of returns for adults that reared as Juveniles during the
postimpoundment period. Although the dam was eperational in 1977, low water
yield resulted in Tittle water for flow augmentation, Storage releases had
litthe effect on physical factors in downstream areas, Consequently, we
treated data from 1878 as the first postimpoundment year,

Comparisons of conditions during preimpoundment and postimpoundment
periods were susceptible to influences from sources other than the treatment.
Data are not independent of each other. For example, weather patterns
differed before and after full operation began at Lost Creek Dam. Water yiele
from the basin was highly variable during preimpoundment years and was low
during the first postimpoundment years. We were aware of the potential for
this type of bias, and, when a change was observed, we attempted to identify
the responsible factor(s).

Identification of factors responsible for changes in biological
parameters was approached by correlation and regressien analysis. We reviewet
the literature for background information on causative relationships among
biological and physical factors. Factors that appeared most jmportant were
included as independent variables in regression analyses. We used regression
analysis to estimate relationships between biolegical and physical factors.

METHODS
Physical Factors

The United States Geological Survey (USGS) eperated automated gages at
numerous sites in the Rogue River basin during the study. USACE personnel
used empirical data from the Rogue River basin to adapt a water guality model
for estimating the effects of the operation of Lost Creek and Applegate dams
on water guality parameters in downstream areas. Hamlin and MHestler {1987)
described the development of a QUAL II model specific to the Rogue River
tasin.

The QUAL IT model was used to simulate flow, water temperature, and
turbidity for requlated and unregulated conditions. Regulated conditions
simulated the Rogue River with Lost Creek and Applegate dams operating.
Unreguiated conditions simutated the Rogue River as though the dams had nat
been built. Simulations encompassed the time periods of January 1978 through
30 September 1986 for Flow and January 1978 through December 1986 for water
temperature and turbidity. The model produced estimates of daily means for
physical factors at six automated gages operated by the USGS {Table 1}. The
operation of Lost Creek Dam affected water quality and guantity at ail gages,
After November 1980, operation of Applegate Dam affected physical parameters
in the Rogue River at the two qages downstream of the Apnleoate Rivar



Table 1. 5Stations with water guality parameters simulated by the USACE.

Station River kilometer Parameter simulated

Hear Mcleod 245 Flow, water temperature, and turbidity
Dodge Bridge 224 Flow, water temperature, and turbidity
Ravgold 203 Flow, water temperature, and turbidity
Grants Pass 165 Flow, water temperature, and turbidity
Marial 78 Water temperature and turbidity
Agness 48 Flow

We used modeling results to estimate the effects of dam operations on
water guality and quantity in downstream areas used by anadromous fish. We
received data for flow simulations from Rock Peters, USACE, Portland District,
on 24 April 1989, Me received data for water temperature and turbidity
simulations from Carla Haake, USACE, Portland District, on 25 May 1989.

Adults
Age at Return

Coho salmon smalier than 50 cm were classified as age 2 jacks. Larger
fish were classified as age 3 aduits, except during 1983 when samplers used
45 cm to differentiate jacks and adults. To ensure that jacks and adults were
appropriately identified in the field, personnel measured all fish and samplec
for scales during 1979, 1983, and 1986. Samplers removed scale samples from :
maximum of 35 fish within each 5 ¢m size interval. Each sample comprised
about 20 scales. Scales were taken from the first four rows immediately abowve
the lateral line and immediately posterior of the dorsal fin. Four of the
largar, nonregensrated scales of regu]ar shape were mounted on gummed cards
and _impressed on acetate strips at 100°C under 5,000 psi for 3 minutes.-

Scales were read at a magnification factor of 82. Readers recorded
freshwater and saltwater annuli, and classified the sample as having
originated from a hatchery or from a wild fish. OOFW personnel specializing
in interpretation of scailes from coho salmon assisted with classification.
Errors, if present, would be consistent among run years because oniy one
reader interpreted scales of returning adults.

Abundance

We seined in the lower river at Huntley Park {RK 13) during 1976-86 to
index the freshwater escapement of coho salmon. Seining began in early July
and continued through late October. Samplers seined 3-5 days weekly, and
effort ranged between 7 and 18 seing sets daily. The time ef sampling also
varied between years. During 1976, crews seined between 0900 and 1700 hours.
During subsequent years, crews began seining 30 minutes after sunrise, and

almost always completed sampling by 1300 haurs. All fish were measured and
evaminad frar fin ~1ine



Personnel used a quick sinking, 300 ft beach seine with stretch mash
varying from 2 inches for the center panel to 5 inches for a wWing panel. The
depth of the seine was 18 Ft in the bag and tapered to 9 ft on the cutside
edge of the wing panels,

We estimated freshwater escapement of wild fish based on the capture rat
(seining efficiency) of coho salmon of hatchery origin. We estimated seining
efficiency by comparing the seine catch of adipose clipped (Ad-marked) adylts
with the estimated freshwater escapement of Ad-marked adults. Freshwater
escapement of Ad-marked coho salmon was estimated as the sum af (1) returns t
Cole M. Rivers Hatchery, {2) freshwater haryest, ({3} prespawning mortality,
and (4) strays that spawned naturally. A detailed description of the method
can be found in APPENDIX A.

In the upper river, passage of cgho salmon at Gold Ray Dam (RK 204) has
been estimated by fishery agencies of the state of Oregon since 1942, Passin
adults are counted 8 hours daily, 5 days weekly, except when the counting
facitity is inoperable because of floods. Partial counts were designed to
estimate biweekly escapement with an average errvar of less than 10% (L% 1948)
From 1842 to 1967, adults were counted as they passed ahove a white
flashboard. Since 1968, adults have been counted as they passed an underwater
viewing window. The counter recorded all fin clips and classified migrants
according ta body length. During 1942-76, coho salmon smaller than 51 cm
{20 inches) were classified as age 2 jacks. During 1977-86, the counter
classified coho salmon smaller than 60 em (24 inches} as jacks.

Ocean Harvest

We used data from juvenile coho salmon marked with coded-wire tags and
releasad fram Cole M. Rivers Hatchery to estimate landings of wild and
hatchery fish in the ocean fisheries. We used data from experimental groups
of tagged fish that most closely reflected tha size &t release and release
time of untagged productieon graups reieased from the hatchery. Noncateh
mortality did not need to be considered because we only estimated tandings in
the fisheries. In addition, we assumed that an average of 5% of the adults
that entered the river did not return to the hatchery. The estimate of 15%
was derived from estimates of average harvest in freshwater, prespawning
mortality, and natural spawning (APPENDIX A). Finally, we assumed that wild
and hatchery fish contributed at the same rate, per recruit, to the ocean
fisheries.

However, tagged juveniles that originated from Cole M. Rivers Hatchery
did not begin to contribute to the ocean fisheries until 1980. Ta estimate
harvest in earlier years, we compared catch/escapement data for the Oregon
Production Index (OP1) with catch/escapement data for releases from Cole M.
Rivers Hatchery (Tabie 2). We found the two variables to be positively
correlated (P = 0.025), provided data from the 1978 brood year was
subjectively excluded as an outlier (Figure 4). We used regressian analysis
Lo estimate the relationship between variables, and catch/escapement data from
the OP1 te predict catch/escapement data for coho salmon of Rogue River
origin, 1973-76 brood vears.



Table 2.

Data used to estimate the ratic of acean catch to freshwater

escapement for wild coho salmon produced in the Rogue River basin.,

Brood Tag Humber Freshwaterb Ocean Catch/escapement
year Cade? released ascapement catch® CRHY Op1F
1373 —— — — -- ?,ﬂgf*Q 9.65
1974 -- -- -- —- ?.?41,,9 10.54
1975 = == - - 3.73 5.04
1976 —- —- — - 3.21F 4.33
1977 07 17 &8 25,5982 510 664 1.30 3.04
1978 07 20 Q2 27,134 I,467 £,235 1.52 5.70
1979 07 23 27 13,021 149 431 3.08 2.04
1880 07 25 44 24,984 a4 403 4.28 5,74
1981 07 26 25 231,433 549 138 0.26 0.59
1982 07 28 54 27,149 333 178 0.53 1.03
1983 07 30 11 26,479 h43 178 0.33 0.56

8 Data fFrom
timing to production groups.
Age 3 fish only.

b

Hatchery,

C 4ge 3 fish only.
fole M. Rivers Hatchery.
App?rcab?e to releases from Cole M. Rivers Hatchery (CRH}.

d

experimental releases that were most similar in size

and migration

Estimated by expansions of returns to Lole M. Rivers

; © Applicable to stocks composing the Qregen Production Index (OPI).

Estimated by regression analysis,

1378 data excluded as an outlier,

Y Fstimates are out of the range of data included in the regression.

Freshwater Harvest -

We used harvest estimates from salmon-steelhead cards returned to QODFW
from 1976-86 to estimate the monthly and anpual harvest of coho salmon in the

Rogue River.
tributary streams.
larger than 51 ¢m (20 inches) prior to 1%77.

Because of angling regulations, no adults were harvested in
Anglers were required to record the harvest of cohe salmon
Beginning in 1977, the size

criteria increased to 60 cm (24 inches}).

were not available prior to 1975.

Harvest estimates of coho salmon

Estimates received 5 May 1989 from Michael Evenson, OUFW,

We estimated harvest rates from a combination of harvest estimates from
salmon-steelhead cards and the estimated escapement of adults that were larger

than the size of fish required to be recorded on the salmon-steelhead cards.

We assumed contribution rates to the river fishery were similar for smailer
fish (age 2 jacks).

We assumed that catch estimates derived from salmon-steelhead cards were

an unbiased estimate of the harvest of ccho salmon in the Rogue River.
assumption may be erroneous because the adjustment facter for a nonresponse
bias is enlvy aonlicahle aon a statewide hasis (Hicks and Calwin 19R4Y.

This
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Figure 4. Relationship between catch tg escapement ratios for coho salmon
reared at Cole M. Rivers Hatchery (CRH) and stocks composing the Qregan
Preduction Index (OPI), 1977-83 brood years, Data from the 1978 brood year
exciuded as an outlier,

However, because the Rogue River is fished by a large number of anglers from
throughout the region, we believe that catch estimates from salmon-steeihead
cards provide an unbiased, but not necessarily precise, estimate of harvest,

While surveying anglers that fishad for summer steelhead during 1976-81,
personnel observed that coho salmon also contributed to these fisheries. From
1 August-15 October, we surveyed anglers that fished between Claybanks {RK 7)
and Lobster Creek (RK 18). During i September-31 October, we surveyed anglers
that fished between Agness (RK 43) and Foster Bar {RK 55}, and boat anglers
that floated between Grave Creek (RK 110) and Foster Bar.

During angier interviews, survey clerks followed z circular route
designed to encompass the entire area. Raoute direction and starting point
were randomly selected. Anglers were asked how fong they had fished and if
they had landed fish. Data from bank and beat anglers were recorded
separately. Fish retained by anglers were identified by species, classified
as jacks or adults based on fork length, and examined for identifying marks.
Larger coho salmon were classified as adults. Hatchery fish were
differentiated from wild fish based on fin clips. When fish were landed but
not retained, anglers were queried about the numbar, species, and size of fish
released. Survey clerks assumed that anglers relayed accurate information
about reieased fish. Within bath surveys, clerks worked 8 hours daily, 5 days
weekly. Survey davs were randomlv <elartad



Prespawning Mortality

Sampling crews surveyed the Rogue River canyon biweekly from 1 August
through 15 October during 1975-86, except crews surveyed weekly during period
of high mertality for fall chinook saimon. Crews also surveyed weekly in the
middle river and in the Tower river during 1975-831. A1l carcasses were
examined for identifying marks, sexed, and were classified as age 2 jacks or
older adults.

To avoid counting the same carcasses more than once, samplers cut
carcasses in two during 1975-78. In 1979, personnel conducted 3 study to
eyvaluate the need for this procedure. Resultis indicated that carcasses of
fall chinook salmon disappeared or decomposed quickly during the late summer
and early fall. Cansequently, during 1980-86, crews did not cut carcasses ir
two, but counted only those ¢arcasses that appeared fresh dead, or on which
the majority of the flesh was present.

Juveniles

We seined juvenile coho salmon in the Rogue River at 172 sites downstrean
of Lost Creek Dam, at 2 sites in the estuary, and in 2 tributary streams
{Table 3}. Upstream of Agness, ¢rews used a 50 x 8 ft floating seine with
1/4-inch square mesh, attached to a "many ends" bottom line. In the lower
river, samplers used a 100 x B ft flpating seine with 1/4-inch snuare mesh.
In the estuary, crews seined cne site with a 350 x 15 ft floating seine with
mesh size varying from 3/8 inch in the bag to 1 inch in the wings,

Sampling crews seined each site weekly. Personnel made two sets at eact
site upstream of Agness, but only one set at each site in the lower river.
Catch rate of juveniies was calculated only from this standard sampling. At
times, crews made additional sets to meet sample requirements for lengths anc
weights,

Samplers also operated irrigation bypass traps at Table Rock (RK 209} ar
at Savage Rapids Dam {RK 173}. During 1976-81 and 1983, the trap at Table
Rock fished continuously from March through August. The trap at Savage Rapic
Dam fished 5 nights weekly from eariy May through the end of September during
1976-86. Juveniles diverted from an 800 cfs withdrawal were captured in a
bypass trap screened with 1/4-inch square mesh.

Juveniles were segregated by species and age class. Prior to handling,
samplers anesthetized juveniles with benzacaine or a mixture of tricaine
methanesul fonate {M5-222)} and quinaldine {Schoettger and Steucke 1970%.
Unmarked coho salmon larger than 14 cm were ¢lassified as hatchery fish.
During each trip, samplers measured the fork lengths, te the nearest 0.1 cm,
of 30 juveniles from each age class. Samplers alsa weighed a maximum of 25
yearlings, to the nearest 0.1 g, monthly at each site.

We used the date of first capture at each site as an index of first
emergence of coho salmon fry from gravel redds. We judged emergence to be
complete gon the date when, thereafter, the mean length of fry continuousty

avraadod T O ~m



Table 3. Sites seined for juvenile coho salmon in the Rogue River basin,
1975-86,

River Frequency
Locaticn Kilometer Time period of sampling Years
Rogue River:
Sand Haole 252 Jan-0ct wesk]ly 1975-82
High Banks 206 Jan-0ct weekiy 1975-21
Valley of the Rogue 183 Jan-0Oct weekly 1576-81
Matson Park . 148 Jan-Oct weekly 1975-81
Almeda Bar 116 Jan-0ct weekly 1975-81
Whiskey Bar 105 Apr-Sep biweekly 1975-81
Winkle Bar 85 Apr-Sep biweekly 1975-8]
111 ahe 58 Apr-5ep biweekly 1875-81
Agness 44 Mar-QOct weekly 1975-21
Hideaway 24 Mar-0Oct weekly 1975-81
Canfield 8 Mar-Oct weekly 1975-82
Estuary:
Miil Boat Point 3 Apr-0ct weekly 1975-81
Coast Guard 1 Apr-0ct weekly 1975-82
Tributaries:
fpplegate River 1 Jan-Jduly weekly 1975-86
I111inois River 1 Mar-Oct weekly 1975-81
Abundznce

We made no attempt to develop population estimates for subyearlings that
reared in the Bogue River. We assumed that annual catch rate from seining
cperations was a reliable index of year class strength. To be reliable,
variation in year class strength should account for a predominant amount of
variation in the annual catch rate of seined Juveniles, Annual changes in
site morphalogy, sampiing efficiency, and fish behavior should account for
Fittle variation in annual catch rate.

We used catch per trap hour in the irrigation bypass facilities as an
index of the abundance of subyearlings and yearlings. We also developed
weekly estimates of the number of yearlings that migrated past Savage Rapids
Dam. Passage estimates were derived from estimates of trap efficiency. We
developed estimates of trap efficiency through mark-recaptyre experiments with
Juvenile chinook saimon. Results suggested that trap efficiency varied in
relation to river flow. Trap efficiency increased as flow decreased, which
was similar to findings repaorted by Raymond (1979}, Fustish et a]. (1989), and
Lindsay et al. {1989}. Regression analysis estimated the relationship as

in trap efficiency = 14.8705 - 2.3575(1n flow)

where flow = mean weekly flow at Grants Pass at the time of recapture.



Although only four data points composed the analysis, the regression was
significant at P < 0.05. The small sample size probably resulted in a
relatively large amount of error within passage estimates. In addition, the
assumption of similar trap efficiencies for yearling cohe salmen and
subyearTing chinook salmen is Tikely erroneous, However, we believe that
passage estimates represent abundance and migration timing better than trap

catches not adjusted for the effects of varied flows.

Analytical Procedures

Data we believed to exhibit a normal distribution were analyzed with
paramatric statistics, primarily using Microstat statistics software [Release
4.1). Because many of the data sets contained less than 10 observations, the
assessment of nermality was frequently subjective. Uncertainty about the
normality of the data led us to defer testing for homogeneity of variances.
In general, we used P < 0.05 as the criteria for statistical significance.
However, if sample sizes were small, we used P < 0.10. We referred to
Snedecor and Cochran (1967} and Zar {(1984) for analytical procedures.

Parametric methods most commonly used included analysis of variance,
correlation analysis, and regression analysis. We used analysis of variance
to test for differences between the means of preimpoundment and
postimpoundment variables and to test for differences between means of life
history parameters among age classes. Where no difference was noted, we
calculated the minimum detectable difference (Zar 1984) to estimate how much
the pastimpoundment mean would have had to change in order to detect a change.

To identify relationships among variables, we used correlation analysis
and assumed data were independent observations and errors were normally
distributed. We also used correlation analysis primarily to evaluate
potential multicellinearity among independent variables considered for
inclusion in regression analyses. Percentage or proportional data were logit
transformed prior to analysis.

To quantify relatienships between depepdent and independent variables, we
used régression analysis. Independent variables were assumed to be measured
without errer. This may be a reasonable assumption for measurements of
physical factors {flow, upweiling, etc.), but is certainly erronecus far some
biglogical data. Associated errors were probably smallest for life history
parameters reported as means {length at ocean entry, scale measurements,
etc.). Estimates or indexes of fish abundance probably contain some major
sources of error, particularly where numerous assumptions and steps were
required to derive the data. However, because abundance is of key importance
to this evaluation, and other analytical procedures may be less robust, we
used regression analysis to test far factors that affected abundance.
Independent variables were included in regression analyses only when our
previous findings (Cramer et al. 1985) or other literature identified
variables as probable causal factors associated with the dependent variable.

Finally, we used predictive regression analysis {o estimate the
relationship between values of the dependent variable and values of the
independent variables. This procedure minimizes the sums of squares for the
vertical distances of points from the regression line. Both Ricker (1973) an
Jensen (1986) recommend use of predictive regression rather than functional



regression if the objective is prediction rather than quantitative descriptior
of Ffunctional relationships. We do not propose any of the regressions as
functional relationships. We chose to use predictive regression because our
primary objactive was to predict the response of dependent variables to
variations in independent variables.

RESULTS AND DISCUSSION
Physical Factors

In 1988 USACE personmel simulated fiow, water temperature, and turbidity
for requlated (with dams) and unregulated (without dams) conditions during
1978-86. In this section of the report, we summarize some of the findings
that are directly relevant teo the production and harvest af coho salmon in the
Rogue River.

Flow

Operation of Lost Creek Dam affected ¥low in downstream areas. Storage
of inflow oceurred primarily during January through April and peaked during
February (Figure 5). The reservoir reached Fuli pool each year, usually by 1
June.  Augmentation of natural filow ysually began in the middle of June and
centinued through the end of November, and peaked in July and August (Figure 5

+1500
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Figure 5. Change in mean weekly flow caused by the operation of Lost Creek
Dam, 1978-86. The zerp-line represents unregulated flow (inflow = gutfiow).



On a proporticnal basis, effect decreased with distance downstream from
Lost Creek Dam (Figure 6). At Raygold, regulated flow generally ranged
between 3,000 and 5,000 ¢fs during January through April. Downstream at
Agness, regulated flow usually ranged between 7,000 and 10,000 cfs during the
same time period. As tributary flow declined during the late spring and early
summer, flow in the lower river became similar to flow in the upper river.

Water Temperature

Throughout the river, water temperature increased during November-

January, and decreased during June-September (Figure 7). Effect on water
temperature diminished with distance downstream frem Lost Creek Oam.
Operation of the dam increased average water temperature at Raygold and Marial
by about 1.5°C and 1.09C during November-January. At the therma] peak during
the summer, operation of the dam reduced average water temperature at Raygold
and Marial by 3.5°C and 3.29%.

Turbidity

The operation of Lost Cresk Dam generally reduced turbidity in downstream
areas. At Grants Pass, regulation reduced average turbidity by 5-8 Jacksan
Turbidity Units (JTU} and 1-2 JTU during April-June and July-October (Figure
8). Operation of the dam did not appreciably influence turbidity during peaks
in flow. Tributary streams increased the turbidity in the mainstenm,
particularly when flow increased after periods of high precipitation,

Adults

Age at Return

Lengths of adults seined at Huntley Park suggested that coha salmon
matured after one or two summers in the ocean. A length of 50 cm appeared to
be a good eriteria for differentiating the two age groups of adults, except
during 1983 (Appendix Table B-1) when adults returned at smaller sizes,
probably because of slower growth caused by unusual ocean conditions during El
Nino {Johnson 19388).

Scale samples indicated that 45 cm was an appropriate criteria for
differentiating age 2 and age 3 coho salmen during 1983. Van Ovke and Wood
{1984} found that 46 cm was a good criteria to separate jacks and adults
returning te other hatcheries on the Oregon coast during 1983. [n other
years, 50 c¢m was a more accurate division. Use of these length criteria
resulted in correct classification of tha ages of all 38 adults seined in
1879, 25 of 26 adults seined in 1983, and 111 of 112 adults seined in 1885,

Abundance

Annual returns of coho saimon to Gold Ray Dam fluctuated between about
100 and about 9,500 fish during 1942-86 (Figure 9). Except for possible
strays from hatcheries outside of the basin, only wild adults returned until
the mid-1970s. Releases of hatchery-reared coho salmon beaan in 1978
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(Appendix Table B-2). Returns of wild fish to Gold Ray Dam averaged about
4,200 fish annually during the 194¢s.- However, average retirns declifedto
“fewer than 200 fish during 1964-76 (Appendix Table B-3). We suspect that

returns of wild fish to the upper viver remained low in succeeding -years,”

Decreased returns of wild coho salmon to the Rogue River upstream of Gold
Ray Dam were not necessarily the result of changes in freshwater habitat op
stock productivity. Returns of wild cohe salman to tha nearby Morth Umpgua
River also declined to a 30 year low during the 19705 (Anderson ot al. 1986).
Production of wild coho salmen in the area south of the Columbia River
declined significantly in the 1970s campared with the 1960s {ODFW 1982).
Environmental conditions in the ocean {(Mickelson 1986} and high rates of
harvest in the ocean fisheries (ODFW 1882) may be the primary factors
responsible for the low returns of wild cohg saiman to the upper Rogue during
1964-76. A stock-recruitment analysic would be valuable 3F harvest rates in
the ocean fisheries could be estimated for the period aof 1942-60. Estimates
of harvest rates in the ocean fisheries are available for 1961-78 (Pacific
Fishery Management Councii 1988).

Hatchery fish dominated returns to the upper river after 1977, bacause
smelt releases from Cole M. Rivers Hatchery began in 1976 ([Appendix Tahle B-2).
During 1977-B6, passage estimates at Gold Ray Dam averaged 2,592 adults,
while returns to the hatchery averaged 2,638 adults. During some years, for
some unknown reason, more coho salmon entered Cole M. Rivers Hatchery than
were eslimated to have passed Gold Ray Dam ({Appendix Table B-4). Assuming
that the method of estimating passage of cohe salmon at Gold Ray Dam is
appropriate, we conclude that few wild fish returned to the upper river during
1977-86. There was no indication that natural spawning by stray hatchery fish
significantly increased returns of naturally produced adults.

Wild fish returned primarily to areas downstream of Gold Ray Dam. Based
on seining at Huntley Park, we estimated that freshwater escapement averaged
about 4,900 wild adults during 1979-86. This average return represents about

% of the freshwater escapement goal recommended for coastal streams in Oregon
(Beidler et al. 1980). Escapement sstimates for wild fish ranged from a low
of 256 in 1976 to a high of 19,757 in 1984 (Appendix Table B-5).

Wild and hatchery fish returned to freshwater in <imilar numbers.
Freshwater escapement of wild fish averaged 787 age 2 Jjacks and 3,607 age 3
adults during 1978-86 and 1976-86. Far hatchery fish, we estimate average
escapements of B12 age 2 jacks and 3,165 age 3 adults during 1979-86 and
1980-86 (Appendix Table B-5).

Production (ocean catch plus freshwater escapement) of age 3 adults
averaged about 5,200 wild fish and 7,500 hatchery fish for brood years that
were not exposed to unusual ocean conditions during E1 Wifio. We foupnd a
positive correlation (P = 0.012) between the escapement of wild age 2 jacks
and the production of age 3 cohorts 1 year later (Figure 10). Regression
analysis suggested that about 11 age 3 adults were produced for every wild
jack that returned to freshwater. A similar analysis for hatchery fish
indicated that the production of age 3 adults was related to Jjack returns
(P = 0.022), but the relationship was primarily dependent upon 1 year of data
(Figure 11). Additional data are needed to better clarify each relationship.
In the Oregon Production Index, returns of age 2 jacks and the production of
age 3 adults are highly correlated (Pacific Fisherv Manamemant Fanneil Tomed



Ocean Harvest

We estimated that the acean fisheries harvested an average of about 6,500
coho saTmon ¢f Rogue River origin during 1976-86. Harvest ranged from Tess
than 1,200 in 1976 to more than 15,000 in 1981 {Appendix Table B-B). Landings
af wild fish averaged about 2,700 fish annually during 1976-86. landings of
hatchery fish averaged about 3,600 fish annually duving 1980-86. Recoveries
of tagged fish released from Cole M. Rivers Hatchery indicate that coho salmon
of Rogue River origin contribute primarily to the ccastal fisheries of
California and Oregon {Garrison 1987}.

Freshwater Harvest

Anglers harvested coho salmon in the Rogue River from September through
December. Harvest generally peaked in Octeber. Harvest records for August
were probably the result of fish being caught in the estuary or were fish
caught in the ocean but mistakenly recorded on salmon-steelhead cards.
Seining at Huntley Park indicated that coho salmon did not enter the Rogue
River prior to September {see Migration Timing, page 28).

Angler harvest of coho salmon in the Rogue River, as estimated from
salmon-steelhead cards, averaged only 115 fish annually during 1975-86,
Harvest increased after hatchery fish began to return in large numbers.
Annual harvest estimated from salmon-steelhead cards averaged 26 and 179 fish
during 1975-79 and 1980-86 (Appendix Tahle B-73.

We estimated that harvest rates of cohe salmon averaged about 5%
annually during 1980-86, Estimates of harvest rate ranged from a Jow of 1% to
a high of 11% (Appendix Tabie A-1}). In the North Umpgua River, anglers
harvested only 4% of the coho salmon that returned annually during 1981-84
(Anderson et al. 1986}. Harvest rates were higher during years of low returp
as compared with harvest rates during vears of high return. This finding may
indicate that freshwater anglers da not target effort on coho salmon even
though adults may be numerous. Angler catches of coho salmen are probably
incidental during the pursuit of other species. For example, anglers fishing
for summer steelhead in the lower river caught coho salmon, but catch rates
were very low {Appendix Table B-8).

Assuming anglers harvested jacks and older adults at the same rate, we
estimate that anglers harvested an average of 70 jacks annually during 1980-
86. In conjunction with catch estimates from salmon-steelhead cards, we
estimated that the harvest of coho salmon of all ages averaged about 260 Fish
annually during 1979-86. We speculate that hatchery fish accounted for most
of the catch because most wild fish appear to spawn in the [1linois River
basin. If true, then most wild adults were not available for harvest in areas
farther upstream.

In contrast, hatchery fish were available to the fisheries throughout the
length of the river. Assuming that harvest was proportional to the area of
potential harvest, and based on the proportion of hatchery fish in the run
{Appendix Table B-5), we estimated that anglers landed an average of 43 and
207 cobo salmon of wild and hatchery origin during 1879-86. From these data,
we concluded that the operation of Lost Creek [am did not affect the harvest
of coho salmon in the Rooue River.



Migration Timing

Cofio salmon entered the Rogue River primarily during September-October.
On the average, migration peaked during early Octaber. Age 2 jacks tended to
enter 1-2 weeks earlier than age 3 adults (Figure 12).

Passage of jacks at Gald Ray Dam peaked in Tate October or early
November. Passage of adults tended tn peak in early Movember. Migration of
Jacks usually ended in early Uecember, whereas the Tast adult wsyally passed
the counting station in early January (Figure 13).

River conditions appeared to affect the migration timing of age 3 adults
that passed Gold Ray Dam. We found a significant correlation (P = 0.033)
between passage timing and flew during the time adults passed the counting
station. Adults passed Gold Ray Dam earlier when flows wers higher (Figure
14}. Variation in water temperature was not related to variation in migratio
timing. Data included in these analvses can be found in Appendix Table 8-9.
A correlation matrix outlining the relationship among all variables can be
found in Appendix Table B-10.

Because the operation of Lost Creek Dam increased river flow during the
migration period, adults passed Gold Ray Dam eartier than they would have if
the dam had not been built, Flow simulations modeled by the USACE indicated
that October-November flow at Raygold during 1978-86 averaged 2,397 and 2,264
cfs under regulated and non-regulated conditions, respectively. To estimate
the effect of the operation of Lost Creek Dam, we substituted these values
inte a regression analysis of migration timing {Appendix Table B-11}.

Results indicated that 60% and 58% of the age 3 adulis passed Gold Ray
Dam by 15 Movember for regulated ang non-regulated cenditions. We believe
this small change in migration Liming had a negiigible effect on the harvest
and subsequent production of coho saimon in the upper Rogue.

Yariations in river cenditions did not appear to influence the migration
timing of age 2 jacks passing Gold Ray Dam. We found no significant
correlations between the migration timing of jacks and river temperature and
flow. In addition, the passage timing of jacks correlated poorly (r = 0.62,
P = 0.14) with the passage timing of adults.

Similarly, variations in river physical factors did not influence the
time cohe salmon entered the Rogue River. We found no significant
relationships {all P's » 0.20) between water temperature, and flow, and the
migration timing of jacks and adults that passed Huntley Park, Data included
in these anmalyses can be found in Appendix Table B-9. Mundy (1982) cited
numersus studies that shawed the time of freshwater entry is genetically
controlled in anadromeus saimonids, except when entry is prevented by adverse
environmental conditions.

Prespawning Mortality

Few coho salmon died from natural causes during the upstream migration.
Survey crews found three unspawned carcasses near Agness during 1980 and four
carcasses outside of the fish ladders at Savage Rapids Dam during 1984. The
latter were stranded after high flows exceeded the capacity of the ladderc
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Figure 14. Relationship between migration timing of age 3 coho salmon that
passed Gold Ray Dam and mean flow at Raygold during October-November, 1980-8¢
Correlation coefficient estimated from percentages transformed to logits.

causing some adults to try to ascend the dam outside of the fishways, We
conciuded that rate of prespawning mortality was low for coho salmon in the
Rogue River, probably because water temperature was generally lower than 159
during the period of migration.

Juveniles
Emergence Timing

Se2ine catches of fry at Sand Hole indicated that the timing of first
emergence ranged between late March and early June. Quring 1976-82, the date
of first capture averaged 15 April (95% confidence interval = + 20 days). Al
first captures were smaller than 4.0 cm, suggesting recent emergence.
speradic caiches of fry prevented the estimation of the date of emergence
completion except during 1979 (12 June}, 1981 (11 May), and 1982 {19 May),
Samplers captured few newly emergent fry at sites other than Sand Hole.

Coho salmon eggs that incubated in gravel redds downstream of Lost Creek
Dam develuped at a faster rate because water temperature increased. During
January-March, water temperature near Mcleod averaged 1.79C higher compared
with simulated natural conditions. Increases in water temperature also
accelerated the emergence timing of coho salmon fry in Carnation Creek,
British Columbia (Holthy 1988}. In the Rogue River, the effect of higher
‘incubation temperature was probably minor as few adults spawn in the mainctem



Also, the timing of emergence was similtar to other coastal stocks of coho
salmon in Oregon {(Moring and Lantz 1975).

Abundance

Seine catches indicated that the abundance of Jjuveniles changed in the
area immediately downstream of Lost Creek Dam. Average catch rates of
subyearlings at Sand Hole increased from 0.4 fish per seine haul during
1976-78 to B3 fish per seine haul during 1979-82 {Table 4) and coincided with
an increase in the number of adults that returned to Cole M. Rivers Hatchery
{see Abundance, page 19). Personnel observed adults, probably hatchery
strays, spawning in the channel at Sand Hole during 1978-81.

™ Seining crews captured no subyearlings at sites downstream of High Banks.

T Small tributary streams, rather than large rivers, are the preferred summer
Ehabitat of juvenile coho salmon {Stein et al. 1972). However, extended
rsampling at Savage Rapids Dam suggested that the production of subyearlings
vin the middle river increased after 1980 (Table 4}. During 1576-80, trap
‘catches averaged less than 0.1 subyearlings per hour. Catch rates increased
'to an average of 0.3 subyearlings per hour during 1981-86. Again, hatchery
Strays were probably responsible for the increase in production. Spawned
carcasses of aduylts marked as juveniles at Cole M. Rivers Hatchery were found

dn 1982-84 during spot checks of Fruitdale Creek, a small tributary of the
middle river.

Table 4. Annual catch rate of juveniie coho salmen of wild origin at
sampling sites on the Rogue River, 1976-86. Data from 1975 not included
because we only sampled portions of the standardized periods of catch.

Subyeartings Yeariings
Sand  Big Butte Tabl Savage Tab]g Savage

vear  Hole? Creek®  Rock Rapids® Rock® Rapids® Agness? Canfield

1976

0.1 1.4 0.02 0.01 0.05 0.0l 5.4 3.0
1877 0.6 2.7 0.62 0.00 0.14 0.85 15.1 5.6
1978 0.5 0.8 0.01 0.00 0.03 0.02 205 0.8
1979 32.7 1.1 0.01 0.00 0.13 0.03 2.5 1.0
1980 0.2 0.0 0.03 0.00 Q.11 0,01 4.8 2.4
1581 288.1 2.0 0.12 0.01 0.04 0.02 10.9 0.2
1982 12.5 == - 0.02 —- 0.04 -- -=
1983 -~ -- —= 0.00 -- 0,13 -~ --
1984 - - S 0.03 - 0.01 s --
1985 — - -- 0.12 o 0.07 - —
1986 == = = 0.01 - 0.46 - e
a

Catch per sefne haul, 1 April-10 July.
b catch per trap hour, 1 March-15 June.
€ Catch per trabp hour. 14 Mav-22 Julv.



The abupdance of yearlings also increased after more hatchery adults
began to return during the early 1980s. HWe estimated that an average of 1,16
migrants passed Savage Rapids Dam during 1976-81. In 1982-85, we estimated
that an average of 6,413 yearlings migrated past Savage Rapids Dam (Appendix
Table B-12}., Jhe difference in means was significant (P = 0.075}. _ These
estimates indicated that few wild juveniles were produced in"areas”lpstrean o
§avage Rapids Dam, . °°

Catch rates of yearlings at trapping sites within irrigation diversions
were highest during 1977 (Table 4), probably reflecting the influence of low
flow during the spring. Low flow resulted in a greater percentage of the
yearlings being diverted into irrigation bypasses. Catch rate of yearlings a
seining sites was also highest during 1977. Low flow may have concentrated
yearlings, ar may have allowed for more effective operation of the beach
seine. MWe captured few yearlings at sites other than those downstream of the
mouth of-the-I11ineis River. This 'f.‘]ndinglfs_qgggs_ieﬂ;;_t_h_a_t,_._ljh_e_"__l]*'iwuis Rivar

*basin=accounted fbr~mnsthuj_jhghjuvenile_gnho.saTmun produced naturally in th
Régue River basin. e sy

Growth Rate

Estimates of growth rate were difficult to develop because samplers
captured few subyearlings during the study, subyearlings were only caught
consistently at Sand Hole during 1981, Between 11 May and 18 August, mean
length increased at a rate of 0.44 mm per day (95% confidence interval =
+ 0.04 mm per day) at this site in the upper river,

Althaugh we coultd not compare data from preimpaundment and
postimpoundment periods, we concluded the operation of Lost Creek Dam
affected growth rate of the few sitbyearlings that reared in downstream areas.
Results from USACE model simulations indicated that water temperaturse near
Mcleod during June-August averaged 11.6°C and 13.79C for requlated and
unregulated conditions, Corey et al. (1983}, using data developed by Stauffer
(1973), concluded that juvenile coho salmon grew fastest at 17.7°C.
Lonsequently, Tower water temperature during the summer decreased the growth
potential of juvenile coho salmon that rearsd in the Upper riyar.

Conversely, growth patential increased because of increased water
temperature during the fall (see Water Temperature, page 19) and an augmented
farage base of zooplankton that originated from the reservoir (Jacobs et al,
1984} . Without an evaluation of the caloric tntake of juveniles, we could not
estimate the net effect of reservair operation on the growth rate of juveniles
rearing in the upper river. Hegardless, because few subyeariings reared:iin
fthe mainstem, changes in growth rate probably had a minimal effect on-
,subsequent prodiction”and harvest-of-adults. '

Age and Size at Migration

Juvenile coho salmoen in the Rugue_Rjgeera;jQ_migratgqﬂﬁp,thepucéaﬁ?as
-yearlings. Examination of scale Samples“taken® from: 50 S34uits Judged -to% be
Wild, indicated that all had entered the ocean during their second yearfof._

!i__bli_fe’.‘ght higheF Tatitudes, some Juvenile coho salmon enter the oceamduring
eir third year of 1ife (Holtbv 1988Y. j = e



Yeartings trapped in the upper river at Table Rock were smaller than
cohorts trapped about ! month Tater in the middle river at Savage Rapids Dam
(Table 5). Similarty, yearlings seined in the lower river at Agness were
smaller than coherts seined further downstream at Canfield. The presence of
smaller individuals at Agness may have indicated that yearlings migrated from
the I11ineis River and reared in the Rogue River far 1 short pericd prior to
ocean entry. Lengths of yearlings captured at Savaye Rapids Dam and at
Canfield suggested that most juveniles were 12-12 ¢m at time of occean entry
{Table 5}.

Table 5. Mean Tength + 55% confids. - interval, of wild yearling coho salmon
sampled in the Rogue River, 197554,

Year Table Rock ficage Rapids Agness Canfield
1975 - -- 12,2 + 1.4 --
1976 12.1 + 0.3 — 2.2 E 0.3 12.5 + 0.2
1977 10.8 f 0.1 12.1 + 0.1 11.5 + 0.1 11.8 E 0.2
1978 12.2 + 0.2 -- 12.8 + 0.3 12.5 + 0.6
1979 11.3 + 0.4 12.6 + 0.4 11.4 E 0.4 12.1 + 0.6
1980 11.7 + 0.3 12.5 + 0.5 12.0 + 0.3 12.8 E 0.3
198] 1L.6 + 0.3 -- 12.4 + 0.2 13.8 + 0.3
1582 - 12:9 404 — -
1983 12.1 + 0.4 12.5 + 0.4 - -
1954 - -- -— -
1985 e 1340] w6008 — e
1986 -- 12.7 + 0.2 -— --

Yariations in the length of migrants were not associated with variations
in river physical factors. Mean length of yearlings at sites listed in
Bppendix Table B-14 was not significantly correlated with either water
temperature {all P's > 0.258) or flaw (a1l P’s > 0.20) during the Z-month
period prior to capture. These findings suggested that factors other than
river flow and water temperature during the spring of ocean entry were primar:
determiners of the mean length of seined smolts.

The body condition of smolts seined at Agness increased after full
pperation began at Lest Creek Dam. Hawever, body condition of smolts sampled
at two other sites in the mainstem did not change {Table & and Appendix Table
B-1%). Because the operatiocn of Lest Creek Dam usually had Tittle effect on
flow and water temperature during the late spring (see Physical Factors, page
18), we concluded there was no significant effect on the body condition of
yearling coho salmon.

Migration Timing

In the lower river at Agness, seine catches of yearlings increased
dininn Marrh Wa Aid nnt nhcorva 3 ¢imilay inerrvaase in eateh at oanvy athoe



Table 6. Predicted weight of a 12.0 ¢m coho salmon before and after ful?
operation began at Lost Creek Dam. Predictions derived from length-weight
regressions |isted in Appendix Table B-15.

Mean weigﬁ;_(g} + 95% confidence jinterval
1876-77

Statian 1978-8]

Table Rock 17.2 + 0.4 17.6 + 0.3
Agness 17.7 + 0.32 18.5 + 0.2
Canfield 18.7 + 0.4 16.4 + 0.3

A fncludes 1875 .

site during the early spring. We suspect that these fish migrated from the
INTinois River and reared in the Rogue River for a short peried prior to oceat
entry. Catch rate of yearlings deciined at Agness during May. At the same
Lime, seine catches increased at Canfield, 35 km downstream {Figure 15). The
sharp decline in catch rate at Canfield suggested that most yearlings migratec
ta the ocean during the first half of June. Yearling coho salmon exhibit a
similar timing of migration through the estuary of the Columbia River {Dawley
et al. 1981),

Yearlings also migrated through the middle Rogue during the late spring.
On the average, downstream Passage at Savage Rapids Dam increased during May,
peaked during June, and declinped rapidly through early July (Frqure 16).
We alsg found that migration timing varied between years. In 1873, migration
ceased by 10 June, but caontinued into the middle of July during 18977 and 198¢
{Appendix Table 8-12).

We hypothesized that yearlings migrated earlier during years when water
temperature was high and flow was low during the spring. Although migration
timing-did not correlate with water temperature, it correlated significantly
with flow (r = 0.83, P = 0.041). During years of high flow, the majority of
smolts migrated after 10 June (Figure 17). In years of )ow flow, migration
was mostly compiete by 10 June, However, a strong relationship between fow
and water temperature {r = 0.97, P = 0.009) raises questions about flow being
the actual causitive factor. Data inciuded in this analysis can be found in
Appendix Table B-14.

Holthy (1988) faound that the migration timing of coho salmon smolts in
Carnation Creek, British Columbia, was strongly related ta water temperature
during April. Smeits migrated earlier when water temperature was higher.
Starting in the spring of 1986, outflow temperature from Lost Creek Dam
decreased as part of an experiment designed to increase the production and
harvest of wild spring chinaok saimon (Satterthwaite 1987)., Release
temperature during the Jate spring will remain low unti] at least 1994,

Colder water may delay the migration of yearling coho salmen from the upper
rivar
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Figure 17, Relationship between migration timing of yearling coho salmon
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Data include only years when the estimated number of migrants exceeded 2,000.
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APPENDIX A

Method of Estimating Freshwater Escapement

During the first years of the study, we attempted to estimate freshwater
eccapement of fall chinook salmon and summer steelhead by mark-recapture
metheds, A high rate of pesttagging martality, probably the result of high
water temperature, minimized the value of the data, Hawevar, to evaluate the
effects of Lost Creek Dam on the abundance of returning adults, we needed to
develop a method to estimate freshwater returns of adult salmon and steelhead
To estimate the escapement of adult coho salmon, we estimated the percentage
of the run that was seined at Huntley Park (RK 13}). We termed the percentage
captured as seining efficiency.

SEINING EFFICIERCY

We developed annual estimates of seining efficiency by comparing the
number of adipuse fin-clipped (Ad-marked) coho salmon seined at Huntley Park
with the number that estimated to have enterad the river. Seining efficiency
was estimated as:

F = AJE{10Q} 11
where

F
A
E

percentage of escapement seined at Huntley Park,
number of Ad-marked coho salmon seined at Huntley Park, and
freshwater escapement of Ad-marked coho salmon.

To evaluate whether sampling occurred throughout the entire run of
hatchery fish, we compared the return time of Ad-marked aduits to Cale M.
Rivers Hatchery with the return time of adujts marked with a left opercle
punch (LOP-marked). Samplers applied an LOP mark to all coho salmon seined af
Huntley Park during 1981-86. Timing of return to the hatchery was similar for
Ad-marked and LOP-marked adults, During the 3 years when more than 10 LOP-
marked adults returned to the hatchery, we found no significant differences ir
the mean calendar day of entry for Ad-marked and LOP-marked adults fP = 0.80
in 15981, 0.78 in 1984, and 0.22 in 198&). Range in return times of LOP-markec
adults was similar te that of other coho saimon entering the hatchery, In
addition, the catch timing of Ad-marked adults at Huntley Park indicated that
seining encampassed almest the entire time period that hatchery adults enterec
the river (Appendix Figure A-1).

However, the data on cateh timing alsc suggested that some Ad-marked cohe
salmon would have been caught had we seined during the first week of November.
To account for not sampling that week, we assumed that catch during that time

period would have accounted for 2.4% of the seasanal total during each year of
the etndu
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Appendix Figure A-1. Time of capture of 203 Ad-marked coho salmen seined at
Huntley Park, 1979-86.

Freshwater escapement of Ad-marked coho salmen was estimated as:

E = N/{{I-H}(1-H) {1-5}) {Z}

where

= pstimated escapement to freshwater,

number that entered Cole M. Rivers Hatchery,

proportion harvested in freshwater,

proportion that died naturally in freshwater prior to $pawning, and
proportien that spawned naturally.

Mo

nEZ I 2mM

Confidence in the accuracy of each parameter varied. Sampling was not
conducted to estimate rates of prespawning mortality or natural spawning by
adults of hatchery origin. Consequently, we used values based on results of
other research reported in the Titerature. Harvest rate was estimated using
some empirical data. Counts of hatchery returns probably contained minimal
error. Straying of nonnatal hatchery fish into the basin was not evaluated.

in the following text, we present a more detailed discussion of parameter
estimates.

Surveyors found spawned carcasses of Ad-marked coho salmon during
sparadic surveys of the hatchery outflow channel. These fish may have tried
to enter the hatchery, but could not because a fish barrier blocks entry
through the outflow. Personnel also found Ad-marked carcasses of spawned coh



Rppendix Table A-1.

coho salmon larger than 51 cm, 1980-86.

OData used to estimate the rate of freshwater harvest of

Ad-marked adults Adults seingd? River Estimated FEstimater
Year entering hatchery  Ad-marked Total harvest? sscapement®  harvest
1920 810 20.4% 128.06 h2 5,607 0.9%
1981 1,787 46.27 2594 .71 254 12,743 2.0%
1982 128 4.46 26.71 &l afa B.6%
1983 268 4.10 19.52 180 1,5B8 11.4%
1984 1,210 30.10 255.08 3i6 11,567 2.7%
1985 515 40. 98 126,87 [96 1,945 10.1%
19586 5L7 12.30 i03.36 195 4,962 3.9%
a

b

C Estimated using equation (3).

Appendix Table A-2.

Catch weighted for differences in sampling effort between years,
September-December estimates from salmon-steelhead cards.

Analysis assumes o

Data used to estimate seining efficiency on Ad-marked
coho salmon that passed Huntley Park, 1975-88.

differences in rates of prespawning mortality, straying, or freshwater harves

ameng age classes.

Coho salmon were not seined during 1987,

Seine catch Run size . Percent

Year Actual Weighted® In hatchery In river¥ seined
1979 ] B.61 226 250 2.6
1580 41 4z.01 1,602 1,774 2.37
15981 52 61,10 1,916 2,145 .85
1982 g 10.03 256 30l 3.33
1983 8 717 462 572 1.2%
1984 29 36.79 1,358 1,532 Z.40
1gaL 48 49.18 558 E8¢ 7.21
1436 11 13.32 552 630 2.11
1588 71¢ 72.74 2,080 2,329 3.12
g Adjusted for periods not sampled.

Hatchery return adjusted for freshwater harvest (Appendix Table A-1),

prespawning mortality, and natural spawning using equation (2). Assumed

harvest rate was 1% in 1979 and 2% in 1988.
C Data received on 16 May 1989 from Troy Laws, Oregon Department of Fish and

Gald Raarh Aranan
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Appendix Figure A-2. Relationship between the percentage of Ad-marked coho
salmon seined at Huntley Park and the percentage of coho salmon that entered
Cole M. Rivers Hatchery with LOP marks.

INFLUENCE OF FLOM ON SEINING EFFICIENCY

Based on the difficulty that sampling crews experienced while attempting
to seine during periods of high flow, we hypothesized that SBINing success wa
negatively related to flow. To examine this hypothesis, we plottzd annual
estimates of seining efficiency versus flow during the period that coho salmo
were captured in the seine.

Examination of the data within Appendix Figure A-3 suggested that the
relationship between flow and indexes of seining efficiency may be
curvilinear, provided that data from 1932 were excluded. Based on our
experience with seining at different flows, this hypothesis seemed plausible.

During periods when flow at Agness was about 3,000 cfs, samplers found i
difficult to set the seine and have the leadlipe contact the substrate prior
to the retrieval of the net. Conversely, when flows at Agness were about
1,000 cfs or even 2,000 ¢fs, the seine sank quickly and the leadline bounced
along the substrate during most of the drift of the seine through the poo].
Based on our observations that coho salmen tried to avoid Capture by diving
rather than surfacing, we believe that an increase in flow from 1,000 cfs to
2,000 cfs did not decrease seining effectivenass as much as an increace in
Flow from 2.0C0 of< tn 2 600 ~fc



To estimate the influence of flow on seining efficiency, we fit a
quadratic 2quation to the data [Appendix Figure A-3}. Results indicated that
the gquadratic functign accurately predicted escapement of hatchery cohe salmo
at intermediate flow, but did a poor job of predicting escapement at flow les
than 1,700 cfs and flow greater than 2,500 cfs. To better simulate
escapement, we assumed that seining captured 2.8% of the migrating adults at
flow less than 1,700 cfs (Appendix Figure A-4). This rate of capture eguated
to the mean rate of seining efficiency during the Tow flow years of 1979-81.
To better simylate escapement during the high flow year of 1983, we
subjectively increased the estimate of seining efficiency from 1.24% to 1.64%
and fit another quadratic equation to the data (Appendix Figure A-4).

During some weeks, crews seined when flow averaged greater than 3,000
cfs. Because these flows usually occurred at times prior to the entry of coh
salmon into freshwater, we were unable to quantitatively estimate seining
efficiency. Other salmonids were captured when flow ranged between 3,000 and
4,500 cfs. We subjectively assumed that 0.8% of the migrants would be seined
at 4,500 c¢fs and also assumed that the relationchip between seining efficienc
and flow was bhest simutated as a natural logarithm when flow exceeded 3,000
cfs (Appendix Figure A-4).
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Appendix Figure A-3. Relationship between the percentage of Ad-marked coho
salmon seined at Huntley Park and mean flow at Agness during 24 September-
28 fOctobar.



In summary, we estimated efficiency of weekly seining at Huntley Park as:

Range of flow (cfs) Predictor of seining efficiency
800-1,700 2.80
1,700-3,000 2.6x1073(Flow) - 7.952x10°7 (Flow?) + 0.7068
3,000-4, 500 16.939 - 1.9454(In flow)

Using these relationships, we estimated seining efficiency for each woek that
we seined in the lower river during 1976-86 (Appendix Table A-3)
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Appendix Figure A-4. Postulated relationship between seining efficiency for
adult salmenids passing Huntley Park and mean weekly flow at Agness.

FRESHWATER ESCAPEMENT

Estimation of freshwater escapement comprised four steps. First, we
calculated a standard weekly catch of coho salmon based on empirical catch
rates (Appendix Table A-4} and 45 sets weekly. Second, we used weekly
estimates of seining efficiency to expand the stardardized catches of coho
salmon. Third, we summed weekly estimates of escapement (Appendix Table A-5)
to estimate escapement for calendar weeks 36-43 . Finally, we estimated total
escapement by dividing the estimate for calendar weeks 3543 by 0.976 to
account for not sampiing the first week in November (see SEINING EFFICIENCY,
page 38). The percentage of hatchery fish in the run was estimated based on
the change in the percentages of Ad-marked fish between Huntley Park and Cole
M. Rivers Hatchery {Appendix Table A-6).



Appendix Table A-3.
week for adelt coho salmon captured at Huntley Park, 1976-36.

calendar is in APPENDIX C.

Estimated seining efficiency {¥ of run captured) by
Wegk-pf-year

Week-of-year

Year 28 79 10 31 37 33 34 35

1976 2.557 2.613 Z.800 2.613 2.379 2.005 2,430 2.8G0
1877 2.800 2.800 2.800 2.800 2.800 2. BO0 2.800 2.800
1878 2.109 2.134 2.241 2.508 2,609 2.575 2.483 2.584
1579 Z2.014 2.264 2.314¢ 2.5037 Z2.624 2.613 Z.h63 2.550
1980 2.380 2.408 2.404 2.476 2. 480 2.483 2.628 Z.800
15381 2.523 2.5724 2.552 2.562 2.501 Z2.523 2.5499 £.647
1582 1.564 1.78¢ 1.894 1.905 2.001 1.568 2.299 2.379
1983 1,520 1.604 1.543 2.04% 2.005 1.598 1.214 0.872
1954 1.057 1.052 0.964 0.932 0.976 1.080 1.166 1.108
1585 2.182 2.122 2.244 ¢.092 2.228 2.233 2.142 2.211
1986 2. 050 Z2.18] 2.341 2.388 2.403 2.397 2.378 2.320

Week-of-year

Year 36 37 38 39 40 41 42 33

1976 Z2.800 Z.800 2.580 2.800 2.625 2. 800 2.B00 2. 800
1877 2.500 2.800 2.800 1.976 2.560 2.800 2.800 2.800
15978 2.400 1.887 2.522 2.624 2.5626 2.800 2.3%0 2.800
1579 2.022 2 .800 2.800 ¢.800 2.B00 2.800 Z.5%0 (.594
1930 2,800 2.800 2.8040 ¢.800 2.800 2 .B040 2.560 2.630
1981 2.620 2.299 2,353 2.800 2.611 2.367 2.620 2.594
1982 2.275 ¢.hE82 2.165 1.711 2.041 1.9540 2.136 0.604
1983 1.036 1.082 1,740 1.226 1.593 1.545 1.560 1.441
1984 1.085 1.315 1.987 2.4i2 2.312 1.744 1.686 1.829
1945 1.801 1.640 2.485 2.583 .64 2.572 2.567 2,010
1986 2.328 Z.5604 2.380 0.894 2.388 2.526 2.579 2,048



Appendix Table A-4. Catch rate (Fish per seine haul} by wa2ek for coho salmon
captured at Huntley Park, 1976-86. Week-of-vear calendar is tn APPENDIX C.

Wesk-af-year

Year 36 37 38 39 40 41 4z 437

Jacks:
1376 0.C00 0.000 0.012 .011 g.01t f.010 0.010 0.0
1977 0.000 £.000 Q.4617 0.450 0.083 1,033 0,00 ¢.om
1378 {.00ag 0.042 0.000 0.04z2 0,047 0. 0040 0.037 .0
1979 0.067 0.622 0.044 0.000 Q.22 0.244 G, 200 0,004
1980 p.022 0.000 0.158 0. 800 0.933 0.289 0.244 0.06,;
1931 0.000 0.022 0,178 0.28%9 0.34q7 D.147 &.000 0.0
1982 0.000 {.000 0.022 0.067 0.244 9.022 0.044 0.00¢
1683 0.040 0.000 4.000 0.040 0.G622 .0RS 0.089 0. 00¢
1984 0.000 0.000 0.156 0.0E9 0.022 0,111 0.022 0.0
1985 0.000 0.000 0.022 0.111 0,600 0.258%9 0.067 0.00
1886 0.000 0.00¢ 0.200 0.467 0.2567 0.0B8 0D.111 0.0a¢

Mults:
1976 0.000 0.000 0.004 0.011 0,045 0.0190 0.022 0.013
1977 0.017 0.600 0.233 0.4650 0.133 0.000 3.100 0.0kK¢
1978 0.000 0.000 0.000 0,167 0,562 0.188 0.458 0.43€
19749 {.087 0.000 G.0z2? 0.222 0022 0.000 0.000 0.033
15980 0.022 0.022 n.156 $.533 0.844 0.489 0.589 0.556
1981 0.040 0.111 0.85%6 1,267 2. 700 0.382 1.300 0.763
1982 . Q00 0.04G0 0.067 0,089 0,378 0.222 0.111 0. 065
1983 0.000 0.04a0 0.000 0,000 0.044 0.132 0,133 0.089
1984 D.044 0.022 0.533 0.378 0.289 3,067 0.889 0.527
1935 .00 G.067 0.044 0.200 1.000 G.711 0.7565 0.133
1986 {+.000 0.000 0.044 0. 200 0,355 0.511 0.533 0.4567




fppendix Table A-5.

Rogue Hiver by week and by year, 1976-86.

Huntley Park.

Week-of-year calendar is in APPENDIX .

Estimated freshwater escapement of coho salmon into the

Estimates derived from seining at

Week-of-year

Year kT 37 38 33 40 41 42 43 Annuai

Jacks:
1576 0 d 2l 18 19 16 12 0 9:
1877 0 3] 27 114 148 53 ¥ 3 34:
1678 0 100 0 72 i 0 a8 ] 31:
15749 115 ih 71 0 a5 392 347 0 849!
1980 35 0 251 1,286 1,499 464 429 115 4,00
1881 0 43 314 454 B33 279 {} 17 1,75t
1982 0 0 46 176 £318 50 83 30 93.
1823 0 0 4] 0 62 Z59 257 a BT
1984 0 ] 353 166 43 286 59 10 a1
1985 0 0 40 193 1,029 506 117 & 1,88
1986 ¥ 0 378 2,351 503 157 194 1] 3,58

Adults:
1976 0 0 0 1B i 16 35 21 16
1977 27 Y 374 114 234 0 161 85 1,00
1978 Q it 1] 286 953 32 736 04 2,99
1979 115 0 35 357 35 0 0 250 75
1980 35 35 2ol as7 1,356 786 I,7211 441 5,48
1981 0 217 8980 2,036 4,654 726 2,233 1,324 12,17
1582 0 0 139 234 B33 502 £34 454 2,421
1983 4] 0 0 0 124 387 34 278 P s
1984 i83 75 1,207 705 62 7.916 2,373 1,284 14,30
1555 o 184 &0 348 i,715 1,244 1,325 e f 5,19
1986 4] 0 83 1,007 671 510 330 825 4,42
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Appendix Table A-6.

Data used to estim
among coho salmon that returned to the

ate the percentage of hatchery fish
Rogue River, 1979-86.

Jacks Adults

% Ad-marked % hatchery % Ad-marked T % hatcher
Year Huntiey TCole Rivers  in return Huntley Cele Rivers in return
157% 17.9 5.2 h0.8 0.0 7 -
1830 18.6 24.3 76.5 16.0 20.0 80.0
1981 31.6 72.9 43.3 15.7 25.3 62.0
1982 25.0 33.6 45.8 16.7 490.8 15.4
1983 11.1 4.0 iz.e 21.0 34.3 61.4
1923 3.5 78.1 42.1 11.8 4.4 4.9
1985 16.3 i8.5 88.3 32.3 79.1 40.8
1984 2.4 8.4 25.3 11.9 15.6 768.4

We found that estimates of freshw
of seining efficiency correlated wel)
the number of fish that entered the hatcher
Based an this finding,
catches at Humtley Park could be used to estimate
coho salmon in the Rogue River.
may be present.
be compared annually with the r

Table A-7)

Canseguently,

with esca

we concluded

ater escapement developed from estimate:
pement estimates developed frog
¥ {Appendix Fiqure A-5 and Appendi;
that the expansion of seine

freshwater escapement of

However, in any given ¥ear, substantial erroy
the escapement estimate of hatchery fish shoulc
etyrn to Cole M. Rivers Hatchery,

Q.UDD L ]
1881
& “1em0 |
=
2 6D0D- u
Ei L 19&4.
uE_. 1985 *1988
I i
Ll
53 3000 4 L
g
r = 0.87
11982
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ESCAPEMENT ESTIMATE 1
Appendix Figure A-5, Relationship between freshwater escapement of hatchery

coho salmon as estimated from retur
and from seine catches at Huntlev Park

ns to Cole
fEstimate 2%

M. Rivers Hatchery {Estimate 1)



Appendix Table A-7. Freshwater escapement of wild and hatchery cohe salmon a
estimated from (1) seine catches at Huntley Park and {2) returns ta Cole M.
Rivers Hatchery, 1979-B6.

Escapement estimated Escapement estimated
from seine catches from hatchery returns

Year “HWild Hatchery Haichery

1979 1,282 505 714

1980 2,065 7,508 8,143

1981 5,817 8,303 : B, 114

1987 2,486 B73 614

1983 843 208 1,688

1984 19,757 5,307 4,201

1985 3,296 3,783 1,085

1986 3,723 4,287 4,199

To increase the accuracy of escapement estimates, we make two
recommendations. First, a minimum of 50 marked adults should be seined
annually. To meet this goal, a minimum of 100,000 marked smelts need to be
reieased annually from Cole M. Rivers Hatchery. Second, a fin clip unigque to
Cole M. Rivers Hatchery would aide the identification of the origin of the
seined fish. A clip of the left ventral fin should be the preferred mark, so
that it can also be observed by the counter at Gold Ray Dam, increasing the
accuracy of passage estimates of wild and hatchery coho salmon passing Gold
Ray Dam.
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Appendix Table B-1.
seined in the Tower

APPENDIX B

TabTes of Data Relating to Studies of Coho Salmen

s1ze intervals.

Length frequency distributions of adult cohe salmon

Rogue River, 1976-86,

Numbers represent mid-points of the

Fork length (5 c¢m size interval)

Year 30 35 40 45 30 33 b &5 /0 5 B0 Total
1976 1 1 2 0 1 0 i 2 5 0 0 13
1877 0 2 4 5 0 3 4 2 13 g 0 39
1978 0 a 3 0 4 g 23 ig 15 0 0 g5
1978 1 14 9 2 2 1 2 4 5 4 0 44
1880 2 35 47 24 5 7 17 56 53 7 0 255
1881 0 1 25 i4 B 24 39 29 78 39 ¢ 258
1982 0 17 18 3 0 0 4 4 10 it 0 57
1843 a 3 4 0 3 3 8 3 g 0 0 26
1984 0 4 4 2 12 22 43 77 65 14 I 244
1985 0 8 24 12 14 g8 28 50 21 i 0 174
1986 0 10 18 10 2 b 17 13 2B 2 0 126

Appendix Table B-2,
released from Cole M. Rivers Hatchery.

Release data for

hatchery composed the original broodstock.
Evenson, Oregon Department of Fish and Wildl

Trail, Oregon.

yearling coho salmon of hatchery origin

Yolitional returns of wild fich to the

Data received from Michzel
ife, Cole M. Rivers Hatchery,

Feriod Number Humber Period Number Number
of release refeased per pound of release released per pound
4/76 20,122 14.8 3-5/82 249,195 10-16
477 36,149 13.9 3-4/83 204,163 12-15
4578 ] - 3-4/84 65,685 11.5
5/78 197,644 10-11 480 182,578 12.2
4/80 198,540 13-11 &/86 186,216 12.6

4,81 13,058 7.3




Appendix Table B-2. Estimated number of wild coho saimon that passed Gold Ra
Dam, 1942-76.

Year Jacks  Adults Year Jacks  Adults Year  Jacks  Adult
1847 217 4,381 1554 231 1,507 1966 1] 17E
1943 201 3,089 1955 46 434 1967 it A5
1944 336 Z, 894 1856 23 398 1968 b 145
1545 84 1,824 19567 77 948 1989 0 530
1946 f1l1 3.629 1958 84 648 1870 BS gk
1947 166 L.i74 1959 18 353 1971 I; 181
1943 85 1,679 1960 94 1,757 1972 0 18t
1949 4086 G.,034 19&1 g 230 1973 D 19:
1950 237 1,770 1967 0 457 1974 4] 14¢
1951 230 2,508 1963 318 3,513 1975 3 151
1952 7 313 1564 ] 158 1976 17 2
1953 134 1,319 1965 12 470

Appendix Table B-4. Estimated number of coho salmon that passed Gold Ray Dar
and that returned ta Cole M. Rivers Hatchery, 1977-86.

Gold Ray Dam Hatchery
Year Jacks Adults Jacks AduTts
1977 145 377 130 390
1978 116 &40 38 460
1979 1,555 129 643 13
1980 2,631 2 ,B96 3,281 4,055
1981 577 6,148 177 7,088
1982 475 195 378 142
1983 748 745 £E70 782
1984 469 2. 767 187 3,521
1985 348 g2z 238 651

1986 647 3.423 309 3_35D



Appendix Table B-5,

Estimated freshwater esca

and hatchery origin, 1976-85.

Appendix Table B-6.

estimates of freshwater esca

Wildd Hatcheryl
Year Jacks AdyTts acks Adults
18976 - 167 - 0
1977 e -— =+ -—
1278 312 - | -—
1979 4490 702 713 I
1980 8549 I,086 3,630 4,494
19581 052 4,625 158 7.903
1982 576 1,980 444 168
1933 3490 453 711 875
1984 h3l 19,228 201 3,983
1945 221 3,075 290 794
15986 2,678 1,04% 53 3,838

& Escapement of wild fish
at Huntley Park.
tscapement of hatchary fish based on expansions

b

of returns to Cole N. Rivers Hatchery.

Estimated ocean
originated from the Regue River basin

ratios (Table 2, page 13),

estimated by seining

harvest of age 3 coho salmon that

1976-86.

Estimates developed from

pement of cohs salmen of wild

pement (Appendix Table B-5) and tatch/escapement

Fishery Ocean harvest Fishery (Jcean harvest

year Wild Hatchery Totaf year Wild Hatchery Tota
1976 1,184 1,184 1982 6,008 517 £,61
1977 - -- 71,779 1983 1,943 4,183 6,12
1978 —-= —= 11,156 1984 4,999 1,036 6,03
19749 2,542 3 2,545 1985 1,630 421 2,08
1980 1,087 5,482 6,939 1986 345 1,267 1,61
1881 7,030 12,013 19,043




Appendix Table B-7.

estimated from saimon-steelhead cards, 1975-86.
presented because fish were probably caught in the estuary.

Freshwater harvest of coho salmon in the Rogue River, as
Harvest in August is not

Year September October  November  December Total
1975 - -- - s 44
1976 - - - -~ 51
1977 - -— - o 28
1978 ] 0 5 0 5
1979 0 3 0 0 3
1980 9 g 3l 3 L3
1931 i3 123 49 49 Fhd
1932 26 30 3 1 S
1983 3 161 9 7 180
19584 25 130 79 EZ 316
1935 24 59 54 E9 196
1936 22 101 36 36 195

Appendix Table B-8.

Estimated catch rate of coho salmon by anglers that
fished the Rogue River, 1976-81.

RK 7-183 K 42-550 RK 55-77€

Yoar Jacks AduTts Jacks Adults Jacks AduTts
1976 0.0003 0.0000 0. 0000 0.0000 0.0000 0.0000
1677 0.0004 0.0000 0.0005 0.0000 0. 0000 0.0000
1978 0. 0005 0.0000 0.0000 D.0000 0.0000 0.0000
1979 0.0000 0.0000 0.0000 0.0000 0., 0000 0.0000
1980 0.0049 0.0000 0,0027 0.0000 0.0009 0. 0002
1981 0.0000 0.0005 s i i -

a
b

Bank anglers that fished during ! September-15 QOctoeber.
Bank anglers that fished during ! September-31 October,

L Boat anglers that fished during 1 September-31 Dctober.



fAppendix Table B-9. Dala used to assess factors that affected the migration
timing of adult cohv salmon in the Rogue River, 1979-85.

Migration timing Migration timing
at Huntiey P rk b Water al Gold Ray Dam Water
Year  Jacks Adults  Flow” temperature® ~Jacks  Adults Flow® temperature

1979 22.% s 1,456 20.1 4.7 — 1,876 9.4
138 38.% 21.0 1,346 19.2 93.2 35.2 1,450 g.8
1881 47.3 27.0 2,036 12.0 /8.9 3.5 2,292 g.8
1982 22.% 16.2 2,352 18.2 75,2 62.6 2,272 8.2
1983 0.0 0.0 3,187 17.4 81.7 82.3 3,034 9.0
1984 59.1 156.1 2,815 17.5 94.7 80.8 4,072 8.0
1885 12.8 { oy 2,374 17.0 pd4.7 44.2 1,800 7.7
1986  B6.6 16.3 2,521 17.1 86.6 35.6 2,162 2.1
a

Ferceni that passed by 1 October.

b Mean flow (cfs) at Agness during Septembar.

€ Mean maximum water temperature (°C) at Agness during September.

d Percent that passed by 15 November.

€ Mean flow (cfs} at Raygold durfng October-November.

f Mean maximum water temperature (UC) at Raygeld during Qctober-November.

Appendix Table B-10. Correlation matrix of variables Used in analyses of
migration timing of coho salmon in the Rogue River, 1979-86. Data from 1983
excluded because vcean conditians during E1 Nific may have affected time of
maturity. Description of variables can be found in Appendix Table B-9,

Water
Jacks Adults Flow Temperature

Migration timing at Huntley Park

Jacks 1.00

Adults 0.47 1.00

Flow 0.31] -0.52 1.00
Temperature -0.25 0.60 -0,878 1.00

Migration timing at Gold Ray Dam

Jacks 1.00

Aduits 0.62 1.00

Flow 0.50 0.79% 1.00
Temperature 0.27 -0.06 -0.23 1.00

A peo.ns.



Appendix Table B-11. Regression of the percentage of coho salmon largar tha
E0 cm that passed Gold Ray Dam by 15 November on river flaw, 1980-86,
Migration timing data were iogit transformed prior to analysis.

Independent Regression Standard

variable coafficient error P
River flow? 7.444 x 1074 2.544 x 1074 0.033
fonstant -1.379%
Source of Sum of Mean
variation squares  df square F P

Regression Z.3368 1 2.3368 8B.56 0.033
Residual 1,3642 5 0.2728

A Mean flow (cfs) at Bavgold during October-November.



Appendix Table B-12. Estimated nugber of wild yearling coho salmen that
passed Savage Rapids Dam by week and by year, 1975-88. Estimestes were
catculated from mean weekly trapping rates {Appendix Table B-13} and mean flm
al Grants Pass on the days trapped. Week-of-year calendar is in APPENDIX .

Week-af-yaar

Year 20 Z1 i? 23 24 25 26 Z7 2B 79 Tota
1975 -— -— - =5 = 0 0 0 0 0 ==
1976 200 129 0 0 0 0 0 0 o 0 32¢
1977 0 0 216 1,325 1,212 434 197 6 26 17 3,48:
1978 1 0 87 0 0 58 0 0 0 0 14f
1979 784 1,303 114 38 0 0 0 0 0 0 2,23¢
1980 0 0 54 2683 0 0 0 T 0 0 32;
1981 0 102 98 224 0 3l 0 0 0 Qi 4RE
1532 91 1,069 160 625 337 160 0 128 0 0 2,57
1983 1,549 1,432 4,057 6,739 474 101 69 0 0 0 14,421
1984 0 273 0 0 0 0 0 0 0 0 273
1485 40 102 156 1,227 1,041 181 0 0 0 0 2,747
1946 400 587 503 2,203 3,619 2,086 1,711 757 176 61 12,053

Appendix Table B-13. Weekly catch rate (fish per hour} of wild yearling cohg
salman trapped at Savage Rapids Dam, 1975-86. Week-of-year calendar s in
APPENDIX C.

Week-of-year
Year 19 20 21 22 23 24 25 26 27 28 29

1976 ~= o= oo — -

0.00 0.00 0.00 0.00 0.00
1876 0.00 0,02 0.02 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00
1877 -- 0.00 0.00 0.38 4.76 2.26  0.96 0.41 0.12 0.07 0.04
1878 -- 0,00 0.00 0.04 0.00 0©.00 .02 0.00 0.00 0.00 0.00
1579 -~ 0.05 0.17 ©.04 0.02 0.00 0.00  0.00 0.00 0.00 0.00
1850 0.00 0.00 0.00 0.62 0.11 Q.00 .00 0.08 o000 G.00 0.00
1881 0.00 0.00 0.02 0.06 0.08 .00 0.02 0.60 0.00 0.00 0.00
1982 - 0.02 0.11 0.02 0.16 0.08 0.03 0.00 0.04 0.00 0.00
1983 .02 0.09 0.06 0.17 0.86 0.07 0.02 0.02 0.00 0.00 0.00
1984  —  0.00 0.02 0.00 0.00 0,60 0.00 0.00 0.00 0.00 0.00
1985 §.00 0.00 0.02 0.02 0.727 0.23 009 0.00 0.80 0.00 0.00
1986 0.00 0.09 0.08 0.09 0.64 1.62  0.92 0.87 0.22 0.04 0.02




