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Foreword

On January 24, 1991, the Federal Energy Regulatory Commission approved a
Settlement Agreement to resolve anadromous fish issues for the Wells Hydro-
electric Project on the Columbia River in Washington State. The Agreement was
a product of negotiations with state and federal fisheries agencies and tribes
on the operations of the Wells Project (No. 2149). The F.E.R.C. directed that
the licensee of the Wells Project has certain reporting responsibilities.

This document fulfills portion (E)(d) of the Order requiring an annual report
to be filed by April 30. This is the /third annual report under the Agreement
and will cover the period between January 1 to December 31, 1993.
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Report to the Federal Energy Regulatory Commission
for activities under the Long-Term Settlement Agreement
for the 1993 calendar year
between fisheries agencies and tribes
and Public Utility District No. 1
of Douglas County

(1) Development of Studies, Plans and Evaluations

The Public Utility District No. 1 of Douglas County (District) worked
closely with fisheries agencies and tribes to carry out various studies and
obligations specified in the Settlement Agreement. These included the
evaluation of adult passage at Wells Dam, various monitoring studies and
operation plans.

1.1 Annual Bypass System Operations Plan for 1993

The Settlement Agreement calls for the District to provide an Annual
Bypass System Operational Plan to members of the Wells Coordinating Committee
(WCC) by December each year. The District submitted the Annual Bypass Plan
for 1993 to the WCC for review on December 8, 1992. The WCC accepted the Plan
(93-2)1 (Appendix A). Bill Hevlin (National Marine Fisheries Service; NMFS)
requested that the bypass provide additional protection to early migrating
fish (93-2). The spring and summer migration is monitored by hydroacoustics
at Wells. The level of hydroacoustic detections responds proportionally to
the magnitude of the salmonid migration. B. Hevlin requested that the bypass
operate when the hydroacoustic index reached 100. The matter was to be left
up to the bypass team.

The Bypass Team for the Wells Project makes decisions on the start and
end of bypass operation during both spring and summer migration periods.
Representatives from the agencies, tribes and District make up the team
(Agreement II.F.3). Members selected for the team in 1993 were Bill Hevlin
(NMFS), Bob Heinith (Columbia River Inter-Tribal Fisheries Commission; CRITFC)
and Rick Klinge (District) (93-2),

1.2 Juvenile Bypass Evaluation

The evaluation of the bypass system in 1990 through 1992 showed the
bypass met and exceed the criteria established for fish passage efficiency
under the Settlement Agreement. John Skalski, contract Statistician, prepared
a final report combining the three years for a single point estimate of fish
passage efficiency (93-2). Fish passage efficiency of 89% was calculated for
both the spring and summer migrations (WCC 93-4; Appendix B).

l (93-2) refers to minutes of the Wells Coordinating Committee from the
second meeting in 1993. See Appendix H.
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1.3 Predator Index Study for the mid-Columbia

The Washington Department of Wildlife and U.S., Fish & Wildlife Service
presented a proposal to the mid-Columbia PUD’s (Chelan, Douglas and Grant) to
conduct a predator index study in five reservoirs including Wells. The WCC
reviewed the study. The WCC discussed the study early in the year (93-2).

The District, funded this effort for investigations in the Wells reservoir for
the 1993 field season. Study results are expected by spring of 1994,

1.4 Miscellaneous Planning for the 1993 Bypass Season

The anticipated starting date of bypass operation for 1993 was April 15.
This date coincided with the historical release schedule of hatchery salmon
from the Winthrop National Fish Hatchery and timing of wild spring chinook in
the mid-Columbia. This meant preparations for installation of bypass barriers
and hydroacoustic equipment for the hydroacoustic index would need to be ready
by April 1 (Agreement II.D.1.).

Bill Hevlin told the WCC (Memo 3/19/1993) that the operation of the bypass
from 1990 - 1992 had not provided protection for early naturally produced
spring chinook. He recommended a change in bypass operation based upon the
level of hydroacoustic index used to interpret the start of the migration (93-
2). The Bypass Team adopted these recommendations in the operation of the
bypass for 1993.

1.5 Underwater Video monitoring of adult passage at Zosel Dam

Underwater video recording of adult sockeye passage has been successful-
ly used at Columbia River Dams. The advantage of video monitoring over hydro-
acoustic sampling is that species identification is possible. Columbia River
Inter-Tribal Fisheries Commission (CRITFC) submitted a proposal to the
District to assess adult sockeye salmon passage with underwater video at Zosel
Dam in 1993. The WCC requested to review the proposal for this work (93-1,
93-2). A feature to this proposal was to tag 600 sockeye for identification
as they passed Zosel Dam (93-3). Tags with different colors for each week of
the migration at Wells, would be recorded as fish passed Zosel Dam. Also
recovery of carcasses with tags on the spawning grounds would provide informa-
tion on success in reaching spawning grounds. CRITFC expressed interest in
assessing success to spawning of the early portion of the migration. The WCC
requested the number of tags be reduced to 200 tags. The WCC wanted to see an
emphasis placed on the early potion of the run for movement up to Zosel Dam
(93-3). CRITFC revised it’s study proposal per recommendation of the WCC.

The study was done during the calendar year with a report due in 1994,

1.6 Adult Passage Studies

The District worked with National Marine Fisheries Service to conduct an
adult spring and summer chinook passage study through the ladders at Wells Dam
for 1993. This study was part of a system wide project to assess passage at
dams in the mid-Columbia and the Snake River. The WCC reviewed a draft study
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proposal 1992. The WCC discussed details of the study (93-1, 93-2, 93-4, 93-
5, 93-6).

The Settlement Agreement calls for an Adult Delay/Mortality Study to be
conducted by 1990 (Agreement III.G.1). The WCC agreed adult mortality cannot
be associated with anyone incident (ie. resultant from Wells Dam) since there
are likely multiple effects (effects from other dams, fishing gear damage,
warm river temperatures, etc.) that would be cumulative. A delay study, on
the other hand, may be done by radio telemetry. The District asked the WCC
to clarify this change in fulfilling an obligation to III.G.1. A stipulation
was circulated, language agreed to and signed by the parties to the Settlement
Agreement. The District submitted this document to F.E.R.C. (93-1; Appendix
C). The WCC felt the 1992 sockeye passage study plus the 1993 study with
spring chinook would identify passage problems at Wells.

1.7 Project Mortality Study

The Settlement Agreement specified the District, along with consulta-
tion from the Joint Fisheries Parties, will develop a study of juvenile
mortality associated with Wells Dam by 1990 (IV, C, 5). Results from this work
would adjust compensation levels of the hatchery programs. The WCC had
decided not to pursue this work in 1991 and 1992. The WCC decided to postpone
this study again for 1993 (WCC 93-1).

1.8 Methow Trapping Facilities

The Settlement Agreement calls for adult collection facilities for
spring chinook broodstock (Agreement IV.D.2.c.(3)(a)). Traps on the Twisp and
Chewuck Rivers were completed in 1992. The District made modifications to the
Twisp trap to encourage fish to find the trap entrance (93-2). The WCC
suggested improvements to trap efficiency WCC (93-4, 93-6, 93-7). The
District agreed to change the entrance to "V"-trap as per recommendation (93-
8). Some erosion to Fulton Irrigation Dam on the Chewuck required repair.

The WCC hoped that modifications to the adult ladder and trap may be done
simultaneously (93-6). The District proposed that investigations of fish
behavior first be conducted before significant changes be made at Fulton dam
fishway. Planning for these studies was underway at the end of the year.

The trap on the Methow River was approved for construction by agency
engineers. The project is part of a rehabilitation to an existing fish ladder
and irrigation dam. Necessary permits were being solicited. The Okanogan
Wilderness League (OWL) had requested to the State Shoreline Board that the
shoreline permit be withheld for further review. The WCC discussed how to
approach the objection (WCC 93-4). The delay in the process has put construc-
tion back at least a year (93-6).

The Washington Department of Fisheries submitted a Trapping Protocol for
the Methow Hatchery (93-2; 93-3). The protocol had provisions for required
numbers of natural escapement and minimum numbers of brood from each drainage
to address concerns of genetics in hatchery settings. The WCC did not care
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to see 100% collection of adults from traps (93-3) and that 33% or 50% is a
desirable level of collection. Tom Scribner (Yakama Indian Nation)(92-3) and
Bob Heinith (CRITFC) requested that brood collection minimize harassment to
native spawners (93-4). Also there was a request that 24 hour monitoring be
made at the brood collection traps. A 24 hour sentry was employed at the
Twisp trap to minimize possible injury of adult salmon on the floating
pickets.

Due to the lack of collection trap on the Methow, there was discussion
how brood would be collected for this part of the program. The WCC resisted a
proposal to gaff fish from spawning grounds (93-5). The WCC later decided
that fish returning to the hatchery outfall channel would be used for brood
(93-5). These fish were progeny of both hatchery and wild spawners (93-7).

1.9 Evaluation of the hatchery facilities

The Settlement Agreement calls for an evaluation of the program or
facilities built by the District (Section IV). The evaluation would look at
the adequacy of the facility and operations to be able to implement the
hatchery plan. The Evaluation sub-committee worked toward a draft plan (93-1,
93-2, 93-7). Rod Woodin (WDF) felt the plan needed to be in place (93-4, 93-
9). The plan would be helpful for addressing required under Endangered
Species Act for listed stocks in the Columbia River (93-4). The District
funded investigations for baseline information to understand potential impacts
to native population from the program. The District had shown an interest in
providing a revised draft document and continues to work on this document (93-
6). There was a question of the appropriateness of the evaluation of the
facility being done by the agency operating the hatchery. An independent
contractor has been used to oversee other evaluation programs to lend veracity
to the evaluation process (93-7).

1.10 Sockeye Salmon Enhancement

The Settlement Agreement calls for four phases of the hatchery based
compensation. Sockeye salmon pilot project started with 8,000 lbs. of produc-
tion of fish at 25 fish per pound. If evaluation of the program showed
success after three years, then the program would increase to 15,000 pounds of
production (Agreement IV.A.3.(a){(2); IV.A.3.(b)(1); and IV.C.2).

The WCC agreed to pursue a "pre-pilot" program with 1992 brood. This
program would rear 2,000 lbs. of production at 25 fish per pound to see if the
Cassimer Bar facility was a suitable environment for the growth required for
sockeye to reach a zero age smolt. Water temperatures have been recorded at
54° - 55°F., which were felt to be favorable for the growth needed from the
fish. The “"pre-pilot" showed the sockeye will grow rapidly, though the fish
did not reach the desired size before summer. These fish were released in
Lake Osoyoos in late May, 1993. Enough 1993 brood would be collected to allow
for the full 8,000 pounds as part of the first of the three years of produc-
tion and evaluation. The Colville Confederated Tribes distributed a sockeye
brood collection and disease protocol to the WCC (93-4; 93-5; 93-6).
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1.11 Okanogan Sockeye Salmon Planning

Bob Heinith (CRITFC) had submitted a draft plan for enhancement of
Okanogan sockeye (93-1). The plan had several areas of research that would
require some ranking for possible funding (93-1). Comments were received (93-
2). The WCC felt the plan needed to be more specific and identify problems
and opportunities. The trans-boundary stock status (migrating into Canada)
made working with this population more difficult than most fish runs and
created complexity of jurisdictions (93-8)., A report prepared by Dr. Jack
Rensel for the net-pens in Lake Osoyoos would be helpful for understanding
limitations of the lake environment (Appendix D). Klinge and Feldmann
continue to revise the plan (93-8, 93-9).

1.12 Okanogan Sockeve Spawning Ground Surveys

The WCC reviewed draft requests for proposals (RFPs) to assess spawning
ground escapement of Okanogan sockeye (93-1). The WCC felt assessing escape-
ment was important because of the significant discrepancy of counts between
Wells and the spawning grounds. Proposals were solicited and a contractor
selected (93-7).

1.13 Okanogan Sockeyve Fry Emergence Study

The WCC discussed the possibility of a study of fry emergency timing of
Okanogan sockeye (93-1, 93-7). The purpose of this project would be monitor
emergence timing of sockeye from spawning gravels in the Okanogan down to Lake
Osoyoos. The WCC developed the RFP. No proposals were received for the 1993
spring migration. The WCC wanted to see the work done in 1994 (93-7; 93-8;
93-9). The WCC worked toward development and distribution of a RFP before the
end of the year for work in 1994. The thrust of the study would be timing on
the fry migration and possible impact from irrigation operations (93-8).

1.14 1994 Bypass Operational Plan

The District submitted to the WCC, a Bypass Operational Plan for 1994,
at the December 1 meeting as per Section II.F.l of the Settlement Agreement
(93-9). The plan outlined scheduled hatchery releases above Wells Dam and
anticipated the starting and completion date of bypass operation (Appendix E).

(2) Results of Studies, Evaluations and Monitoring Efforts

2.1 Spring Chinook Spawning Surveys in the Methow River Basin

The Yakama Indian Nation has conducted spawning ground surveys in the
Methow basin for spring chinook since 1988. The information on abundance and
distribution of spawners will be important for the evaluation of the Methow
Supplementation facility. The YIN submitted a final report to the WCC (93-1).
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The report showed for the three basins, there were 19%, 25%, and 45% of
escapement to the basin that spawned in the Twisp, Chewuck and Methow Rivers
respectively. The remaining 11% returned to the National Hatchery.

Spawning ground counts in 1993 were 617 redds for 127 miles of streams
surveyed (93-7; Appendix F). It was speculated that the adult traps have
caused a re-distribution of spawners in the area (93-8). This situation was
observed at broodstock traps from other supplementation projects (93-8).

2.2 Okanogan Sockeye Spawning Ground Surveys

Sockeye surveys in 1993 were conducted by Parametrix. Escapement at
Wells Dam was 28,038 sockeye. Estimated escapement to the spawning grounds
was 21,505 (93-9; Appendix G). Part of the work at Zosel Dam in 1993 was to
follow migration of sockeye tagged in the early migration (see Section 1.5 and
2.4), Inspections of 11,000 sockeye carcasses on the spawning grounds only
produced 2 of the 200 tags placed on sockeye at Wells. The WCC also discussed
the possibility of sockeye redds being de-watered prior to the full incubation
period. The provincial government in British Columbia regulates flows in the
Okanogan River that may be detrimental to incubating sockeye eggs (93-8).
The committee agreed to explore this situation further.

2.3 Adult Passage Study with sockeye salmon

National Marine Fisheries Service conducted a telemetry study with
sockeye salmon in 1992 to understand passage issues at Wells Dam. The report
for this work was due by spring 1993. The report was delayed because of
complications of work schedule through the year (93-6; 93-7, 93-8, 93-9).

2.4 Video Monitoring of Adult Passage at Zosel Dam

The Columbia River Inter-Tribal Fisheries Commission presented results
from monitoring efforts at Zosel Dam with underwater video records. Video
equipment recorded sockeye passage at Zosel Dam in route to spawning grounds
in the Okanogan River. It was hoped that video records would confirm pre-
spawn mortality of sockeye before passage at Zosel. Records of passage at
Wells and counts on the spawning grounds shows as much as 50% of the adult
that pass Wells never successfully spawn.

Video tapes did not record total escapement because of a limited
effective field of view at the exit of the ladder. The report presented a
range of escapement. The study did reveal that sockeye passed Zosel when
temperatures dropped below 73°F. The scientific literature indicated these
temperatures are lethal for adult salmonids (93-1, 93-2).

A similar effort was done in 1993. Flows were significantly higher
than the previous year. Consequently, spill gates at Zosel Dam were open and
the sockeye chose to ascend spill. There were only 144 sockeye picked up on
video tape (93-7). None of the 200 tagged fish to assess migration success of
early sockeye were seen on the recordings at Zosel Dam.
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(3) Outline of Action taken toward fulfillment of the Settlement Agqreement

3.1 Methow River Spring Chinook Facility

The Settlement Agreement called for a hatchery based compensation
program for spring chinook composed of adult collection sites; a central
hatchery facility for incubation, early rearing, and adult holding and
acclimation facilities for final rearing (Agreement IV). Hatchery personnel
reared progeny from 1992 broodstock in all sections of the facility (93-2).

Hatchery personnel operated brood collection facilities on two of the
three sub-basins of the Methow in 1992. A trap was scheduled for work on the
Methow River at Fog Horn Dam in 1993. Due to concern from a local environmen-
tal group about the project, construction was placed on hold until permits
could be obtained. The WCC recommended brood could be collected in the
hatchery outfall channel (93-5; 93-6) instead of the adult collection facili-

ty.

3.2 Cassimer Bar Sockeye Hatchery

The Settlement Agreement call for a pilot effort to enhance Okanogan
sockeye for three years at 8,000 pounds of production (IV.A.3.(a)(2)). This
effort would also have an evaluation to gauge the success of the program.
Brood were collected at Wells Dam in 1992 for a limited "pre-pilot" evaluation
of 2,000 pounds of production. Fish were held, spawned and eggs incubated at
the Methow Hatchery and transferred to the Cassimer Bar sockeye facility, at
the mouth of the Okanogan River (93-1, 93-2). This limited production
demonstrated sockeye do grow very rapidly at the Cassimer Bar facility. The
fish did not reach desired size at 25 fpp in six months.

The Colville Tribes (CCT) collected adult sockeye at Wells for the first
of a three year evaluation of 8,000 pounds of production (93-7, 93-8). Fish
were screened for bacterial and viral diseases. Eggs from 1993 brood were
being incubated at Cassimer Bar through the end of the year.

3.3 Contract professional services in implementing the Settlement Agreement,

During 1993, the District contracted with Dr. Richard Whitney to serve
as Studies Coordinator for the Wells Coordinating Committee. The District
also contracted with Dr. John Skalski to provide statistical evaluation of
methods and studies.

3.4 Juvenile and Adult Fish Passage Operations at Wells Dam

During 1993, the juvenile bypass system operated as per conditions
outlined in the Settlement Agreement (II,C,D,F). The bypass operated between
April 14 and June 8 (55 days) for the spring migration and between June 22 and
August 12 (57 days) for the summer migration (93-6; 93-7).



The adult fish ladders operated as outlined in the Settlement Agreement
(111,B,C,D,E,F). A fisheries researcher noticed that a grate in the East
ladder, where attraction water is introduced, was damaged and required repair.
The grate was detached from the wall of the fish way near the entrance. The
District appraised the WCC of the situation. The District took the ladder out
of service and corrected the problem in a week.

3.5 Steelhead Production at Wells Hatchery

The Settlement Agreement specified that the District will fund addition-
al steelhead compensation of 30,000 pounds at & fish per pound after 1991
(IV,3,a), bringing the total obligation to 80,000 pounds. During the early
fall, part of the steelhead production at Wells contracted a parasite that
destroyed the eyes. Between 185,000 and 195,000 steelhead at 13 fpp were
deemed blind and had to be destroyed (93-7, 93-8)). It is difficult to
anticipate the number of fish available for planting in the spring of 1994, as
this will be effected by the severity of additional mortality from aviary
predators and disease.

3.6 Function of the Wells Coordinating Committee

Bob Heinith (CRITFC) felt the District had circumvented the WCC by
awarding a study contract without committee review of the proposals (93-7).
The District solicited input from the WCC in the develop of the request for
proposals (RFP). The study in question had received two proposals which were
true to the objectives of the RFP. The District promised to work closer with
the committee to receive input for study plans and recommendations.

The District objected to the communication outside the committee prior
to an opportunity to fully air an issue. This occurred with the August 20,
1993 correspondence from Bob Heinith where attorneys, the Administrative Law
Judge and FERC were copied before the issue had a chance to be resolved in the
committee (93-7). The WCC is equipped and prepared to handle issues concern-
ing anadromous fish studies and protection without notification of outside
parties. Mr. Heinith agreed to strive for better communication and that the
situation would not happen again (93-7).

3.7 Other Actions toward fulfillment of the Settlement Agreement

The District funded evaluations and studies that are part of the
District’s responsibility in the Settlement Agreement. These were described
in Sections 2 and 3.

(4) Explanation of Alternatives Chosen

4.1 Change in time table of adult studies

The Settlement Agreement specified that a study plan to determine the
extent of adult delay and mortality at Wells Project would be initiated in

8



1990 with studies starting in 1991 (III, G, 1). The District funded a study
of passage delay of sockeye salmon at Wells Dam in 1992, Additional passage
research on adult spring and summer chinook was conducted in 1993,

4,2 Hatchery Based Compensation

Section IV of the Settlement Agreement dealt with determining a "Pro-
duction Plan" to be agreed to by the Joint Fisheries Parties and reviewed
annually. This plan came in four phases, starting with Phase I in 1991
(Section IV, A, 3 a). The compensation elements for 1992 are as follows,

(1) 49,200 pounds of spring chinook yearlings at 15/pound
(2) 8,000 pounds of sockeye juveniles at 25/pound
(3) 30,000 pounds of steelhead smolts at 6/pound

The spring chinook program hinged around the Methow Spring Chinook
Hatchery. The facility was dedicated on October 2, 1992. Broodstock were
collect in 1993 brood year with the first release of yearling fish in the
spring of 1994.

Pursuant to the direction of the WCC, sockeye production was delayed
pending the results of a study on sockeye enhancement options above the Wells
Project. This report was specified as part of the Studies and Evaluations
section of the Settlement Agreement (Section IV, C, 1). The District built a
pilot hatchery that was operating by 1993. Fish from 1992 and 1993 brood were
raised in this facility.

The hatchery based compensation for the additional 30,000 pounds of

steelhead was met along with the original steelhead mitigative responsibility
for the Wells Project (Section 3.6).

4.3 Project Mortality Study

As pointed out in Section 1.7, the WCC recommended that the Project
Mortality Study not be pursued in 1993 (93-1). The issue came up toward the
end of the year (93-7, 93-8). The results of this study will drive the level
of the compensation. The compensation program is currently in the early
stages. The study is not needed to adjust compensation for the immediate
future (93-7). A problem with proceeding with the work is the availability of
test fish. There was discussion about conducting the work in 1995 (93-8).

(5) Chronology of compliance for 1993

Items (3) and (4) above contain chronology of compliance in 1993.
Documentation that the Joint Fisheries Parties were consulted prior to
implementation of changes is provided in the minutes of the Wells Coordinating
Committee., These records are included as Appendix H.



(8) A schedule of activities for 1994

6.1 Spring Chinook Facility

Construction on the Methow Hatchery was completed in 1992.

Completion

of the adult collection facility on the Methow River is pending a hearing in

May 1994,

Adult traps on the Twisp and Chewuck Rivers will be evaluated for

passage problems from spring chinook with radio transmitters from May through
September 1994.

6.2 Operational Activities for 1994

The following schedule of activities is planned for 1994

Dec. (93)

March 1
March 1
March 1

March 27

April 15
April 15
May 1
May 21
July 1
August 1
Sept. 15
October

on going
on going

on going

Develop Annual Bypass System Operation Plan between District,
Agencies and Tribes

Annual Bypass System Operation Plan finalized

Determine Bypass Team members for bypass season

Develop Annual Passage Monitoring Plan between District, Agencies
and Tribes

Bypass barriers in place

Begin monitoring juvenile migration via hydroacoustics

Field work to start on Methow Hatchery Evaluation Studies

Have sockeye net pens in Lake Osoyoos

Anticipated start of the juvenile migration

Start radio tag spring chinook in route to Methow Basin at Wells
Start collecting spring chinook broodstock in Methow

Start collecting sockeye broodstock for Cassimer Bar

Start spawning ground surveys for spring chinook in Methow

Start spawning ground surveys for sockeye in Okanogan
Production Plan annual review between District, Agencies and
Tribes

Planning sockeye enhancement strategies

Planning for operations and protocols of the Methow River Spring
Chinook Facilities

Planning for Methow River broodstock trap

(7) Meeting Minutes of the Wells Coordinating Committee for 1993

The Wells Project was removed from the mid-Columbia proceedings on
January 29, 1991 as the Settlement Agreement between the Fisheries Agencies

and Tribes was approved by F.E.R.C.

Minutes from the meetings of the WCC for

1992 are attached as Appendix H.
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WELLS HYDROELECTRIC PROJECT
JUVENILE BYPASS SYSTEM OPERATIONS PLAN
for the 1993 Bypass Season

December 9, 1992

Section II. F. 1 of the Wells Long Term Settlement Agreement
specifies that an Annual Operations Plan for the Bypass will be
submitted by Douglas County P.U.D. to the Wells Coordinating
Committee by December prior to the spring migration. This plan
will be reviewed and approved by the Coordinating Committee by
March 1.

The Bypass System
The P.U.D. will install five bypass baffles in spill gates of the

Wells Project. The operation of the bypass will be per criteria
outlined in the Settlement Agreement.

Operation Criteria
The bypass will operate as per criteria specified in Section II.

Cc. and E. of the Settlement Agreement. This includes operation
of the bypass in partnership with adjacent turbine units, the
amount of water required for bypass operation and criteria for
full bypass system operation.

Bypass Operations Timing Criteria

The bypass will be in place as per criteria specified in Section
II. D. of he Settlement Agreement. This includes placement of
the bypass two weeks before predicted migration and keeping the
bypass in place two weeks after the migration is complete.
Bypass will be in place from April 1 through August 31.

Proijected Hatchery Releases above Wells Dam

Hatchery releases for 1993 above Wells Dam are as follows:

Facility Species No. (thous.) Dates
Winthrop (USFW) Spr. Chinook 920 4/15
Twisp (WDF) Sum. Chinook 420 5/15
Similikameen (WDF) Sum. Chinook 600 5/15
Wells (WDW) Sum Steelhead 550 4/15-5/15

Starting Dates and Ending Dates

Starting and closure of the bypass system is a decision that is
reached by the Bypass Team. A hydroacoustic index of fish in the
Wells forebay is used to show the start and completion of the
spring and summer migration. Collection of the hydroacoustic
index will start on April 1 and run through August 31. Preseason
dates used for bypass operation for spring migration are April 15
to May 30. Preseason dates used for summer migration are July 1
to August 30.
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Introduction

Estimates of bypass efficiently were obtained for Spring and Summer seasons for the years
1990-1992 (Table 1). Based on these annual estimates of bypass efficiency, analyses were
performed to determine whether the bypass system meets the bypass performance criteria stated
in the Wells Settlement Agreement. Section IIE.2 of the Agreement states "Bypass operations...
are intended to provide fish passage efficiency (FPE) of at least eighty percent (80%) for the
juvenile Spring migration, and FPE of at least seventy percent (70%) for the juvenile Summer
migration.” Annual reports have shown the criteria are generally met during the specific years of
study 1990-1992 (Table 1: exception being Spring of 1990). However, the purpose of these
analyses is to determine whether bypass efficiency can be expected to fulfill these criteria in
general. In other words, can the bypass system be expected to meet the performance criteria in

future years.

To make inferences to future years, we must assume the river flow conditions during 1990-1992
are a random sample of anticipated hydrologic conditions on the Columbia River, and the

observed bypass efficiencies (Table 1) are a random sample of possible annual values.

Methods

The performance criteria specified in the Settlement Agreement can be translated into sets of

hypotheses. For the Spring season, the hypotheses of interest are

Hy pg<.80 (1)

against



& ]

H,: ugz>.30.

The null hypothesis (H,) states mean Spring bypass efficiency (Ug) is less than or equal to .80

(i.e., 80%) against the alternative hypothesis (H,) that mean bypass efficiency is greater than

.80 (i.e., 80%). For the Summer season the set of hypotheses to be tested are

Hy: pg<.70 (2)
against

H,: pgz>.70.

The null hypothesis (1) and (2) state the bypass performance is not achieved. To conclude the
bypass system meets settlement requirements, these null hypotheses (1) and (2) must be rejected

based on the data collected in 1990-1992.

The statistic used to test the null hypothesis (1) and (2) is a 1-sample t-test of the form

AN
2_9 e
zf2=——B (3)

\ sg/ n



where

1, = t - statistic with 2 degrees of freedom,

8 = specified bypass performance (i:e., .80 or .70),

n = number of replicate years of study (i.e., n =3),

A

n
5= X Bi/n = average estimate.
=1

The test statistic (3) can also be inverted to provide confidence intervals for mean bypass

efficiency (Hg).

Results

Based on the Spring 1990-1992 data, null hypothesis (1) is rejected (P = .0465), concluding the
mean bypass efficiency is significantly greater than 80%. A 90% confidence interval about

mean Spring bypass efficiency can be expressed as
CI(.8039 < g <.9847) = .90.

For the Summer season, null hypothesis (2) is rejected (P = .0477), concluding mean bypass
efficiency is significantly greater than 70%. A 90% confidence interval about mean Summer

bypass efficiency can be expressed as

s



CI(.7052 < 1 < 1.0) = .90.

Consequently, statistical analyses demonstrate both Spring and Summer performance criteria

were achieved (i.e., .80 and .70, respectively).

Discussion

Similar results are obtained using log-transformed bypass estimates. Using log-transtormed
estimates to achieve approximate normality of the data, null hypotheses (1) and (2) are still
rejected (P < .05). Consequently, results are not dependent on the choice of scaled use in the

data analysis.



Table 1.

Summary of bypass efficiency estimates (B,-) for Spring and Summer seasons
1990-1992.

Season Year B, SEP) 90% CI
Spring 1992 .890 .0030 .884 - .896
1991 950 .0026 945 - 955
1990 .843 .0409 763 - .923
Summer 1992 934 .0045 925 -.943
1991 970 .0018 967 - .973
1990 765 0243 717 - 813

\jrs\wells
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Introduction

The nature of a 3-year overall estimate of bypass efficiency depends on the type of
inference being sought. If the desire is to quote the single best estimate of bypass
efficiency for the years 1990-1992, then a weighted average is appropriate. The
weighting would be proportional to the certainty of the annual point estimates. On the
other hand, if the desire is to make inferences to annual efficiencies in general, then an
arithmetic average is appropriate. The point estimates, standard errors, and associated
confidence intervals differ depending on analysis approach and desired inference.

The following sections describe the statistical methods and results associated with the
two alternative approaches to data summarization. The report dated 18 March 1993:
Skalski. uses an arithmetic average to make inferences to bypass efficiency in general,
and is a supplement to this report.

Weighted Average 1990-1992

Assuming the three annual estimates of bypass efficiency are samples from a common
process, the overall estimate is a weighted average of the separate estimates. The weights
are the inverses of the variance estimates. In this manner, estimates with greater
precision (i.e., smaller variance) are given greater weight in the overall estimate. Table 1
reports the annual estimates of bypass efficiency for Spring and Summer seasons. along
with variances and associated weights.

The weighted average is defined as

o
23
I

Il

Lo | e

where

R
It

estimate of bypass efficiency for the ith year (i =1.-+-,3),

weight for the ith bypass efficiency estimate,

estimated sampling variance for the ith bypass efficiency
estimate.
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Tuble I Seasonal estimates of bypass efficiency, estimated variance and associated

weights (w;).

Season Year B; Var()) W,
Spring 1992 .890 .0000092 108,241.0
1991 950 .0000068 146,350.7

1990 .843 .00167 600.3

Summer 1992 934 .000020 49,416.1
1991 .970 .0000031 321,762.8

1990 765 .00059 1,691.3

Treating the variance estimates as constants, the variance of the overall estimate of

bypass efficiency is found to be

Var(B,) = Vaj ——

i Wi2 VAar(Bi)

i=1

3
ZW,'

i=1

3 1

2

-1

Var(,)=| X Var(B,)

The standard error of the overall estimate is the square root of the variance estimate.

Confidence intervals are based on a Z - distribution using the formula
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Summary of study results are based on weighted averages are presented in Table 2.

Table 2 Weighted averages of seasonal bypass efficiency along with standard errors
and 90% interval estimates.

Lad

Season Bw SE (Bw) 90% C. I.
Spring 924 .0020 921 - .927
Summer .964 .0016 961 - .967

Arithmetic Average 1990-1992

Assuming river flow conditions during 1990-1992 are a random sample of anticipated
hydrologic conditions, and the observed bypass efficiencies (Table 1) are a random
sample of possible annual values. inferences to average performance across all years can
be obtained. The variability in annual bypass efficiency estimates is estimated with 2

degrees of freedom (i.e.. n — 1), and confidence intervals based on a Student’s
t-distribution.

The overall estimate of bypass efficiency is estimated as

A\ 3
= = /3
5 = 2B

with variance

3

365

AN i=1
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The standard error is computed as the square-root of the variance estimate. and
confidence intervals calculated according to the formula

AN A\
- i t2,1_aSE Pl

B B

Table 3 summarizes the average estimates of bypass efficiency for 1990-1992.

Table 3 Averages of seasonal bypass efficiency along with standard errors and 90%
interval estimates.

A A
Season 5 SE(E) 90% C. I.
Spring .894 .0310 .804 - 985
Summer .890 .0632 705-1.0
Discussion

Because the intent of the study was to assure adequate performance of the bypass system
over time, the statistical analysis based on arithmetic means and Student’s ¢-distribution
is a more realistic expectation of future performance. Furthermore, the weighted average
assumes a stationary process, but annual fluctuations in flows likely resulted in additional
variability not explained by measurement error alone. Hence the arithmetic mean
appears most appropriate.

\Jrs\bypass
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UNITED STATES OF AMERICA
BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION

Public Utility District No. 1 of ) Project No. 2149-002
Douglas County, Washington )

STIPULATION TO MODIFY
ADULT FISH PASSAGE STUDIES CALLED FOR
IN THE WELLS HYDROELECTRIC PROJECT
SETTLEMENT AGREEMENT

The parties to the Wells Hydroelectric Project Settlement
Agreement ("Settlement Agreement") dated October 1, 1990, and
approved by the Federal Energy Regulatory Commission ("Commission")
by order dated January 24, 1991 (Public Utility District No. 1 of
Douglas County, Washington, 54 FERC 961, 056), hereby unanimously
agree to modify the studies of adult salmon delay and mortality at
the Wells Hydroelectric Project called for by Subsection III.G. of
the Settlement Agreement. Section (E) (c) of the Commission's Order
Approving Settlement Agreement requires Commission approval of all
changes in study plans. The Settlement Agreement also denotes in
Subsection V.A. that all study designs and modifications to study
designs will be subject to agreement by all parties.

Subsection IV.A.3.(c)(2) of the Settlement Agreement
provides for adjustment of hatchery-based compensation requirements
to reflect any unavoidable adult losses identified by the studies
conducted under Subsection III.G.

Technical representatives of the parties on the Wells

Project Coordinating Committee (Subsection V.A., page 34) have

STIPULATION TO MODIFY ADULT

FISH PASSAGE STUDIES CALLED

FOR IN THE WELLS

HYDROELECTRIC PROJECT

SETTLEMENT AGREEMENT -1-



unanimously agreed that it is infeasible to study the adult
mortality of salmon at the Wells Hydroelectric Project at this
time. Members of the Committee further agree that a comprehensive
adult passage study would provide valuable information about any
adult passage problems. An adult passage study, using radio
telemetry, has been designed by the Committee and by the Rock
Island and Mid-Columbia Coordinating Committees. The study would
investigate adult passage through all non-federal projects in the
Mid-Columbia, from Priest Rapids through Wells.

Public Utility District No. 1 of Douglas County,
Washington ("Douglas") shall participate in and fund its share of
an adult passage study in the Mid-Columbia using radio telemetry as
outlined in the April 30, 1992, Request for Proposals (RFP), a copy
of which is attached as Appendix A to this Stipulation. This
proposed 1993 study using spring and summer chinook, the completed
1992 study using sockeye at the Wells Project, and a Wells
Coordinating Committee-approved steelhead passage study in 1994,
comprise the adult passage study program at the Wells Project. If
the Wells Coordinating Committee determines that the results of the
studies in 1992 and 1993 demonstrate that there are not unaccep-
table delays and/or losses at the Wells Project, and that the 1994
steelhead passage study demonstrates that there are not unaccep-
table losses at the Wells Project, then Douglas' obligations under
Sections III.G and IV.A.3(c)(2) shall be deemed satisfied and

discharged in full. If the adult passage study program identifies
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delays and/or losses for sockeye and/or chinook salmon and/or
losses for steelhead which the Coordinating Committee deems
unacceptable, Douglas will comply with the provisions of Section
III.G.2 of the Settlement Agreement. If the Coordinating Committee
determines that there are unavoidable and unmitigated adult losses,
there will be an adjustment to the compensation requirement as
provided in Section IV.A.3(c) (2). Estimates of the level(s) of
adult losses will be made by the Coordinating Committee as provided
in Section IV.A.3(c)(2).

By affixing their signatures on the signature pages
attached hereto, the undersigned are certifying that they are
authorized to consent to this agreement on behalf of the party they
represent.

Douglas agrees to file a copy of this stipulation with
the Commission and to request Commission approval of the modifi-
cation. All parties to the Settlement Agreement respectfully
request an expedited FERC approval of the modification set forth in

this stipulation.

Dated this Z% day of H/’)f// , 1993.

e
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Appendix A
Radio Telemetry Studies of Adult Salmonid Passage at Mid-Columbia Hydroelectric Projects

Study Outline

Description: The passage of spring and summer chinook salmon adults through the Mid-
Columbia dams and reservoirs will be studied by radio tracking of tagged fish. The
purposes of the study are to determine the length of time tagged fish take to pass each
project and reservoir, the routes fish use to find fishway entrances, and to account for
discrepancies in fish counts between dams. The study is expected to last at least two
years, with the fixst year devoted to monitoring fish movements in response to the usual
range of project and fishway operating conditions. Contingent on first year study resuits,
the second year of study may include tests of fish passage under specific project or
fishway operating conditions,

Objectives: Determine the date and time of arrival at each project’s tailrace, entry into the
fishway, arrival at intermediate points, and exit from the fishway. Determine the rates
of fallout (number of times a fish may move in and out of fishway entrances before
ascending and exiting the fishway) and fallback (fish that ascend and exit a fishway, only
to return to the tailrace via the powerhouse or spillway). Determine the eventual fate
(arrival at next project’s tailxace, reservoir sighting or tributary tumoff) of tagged fish
after passing or falling back over each project. Determine the proportion of fish using
cach fishway entrance (or group of entrances) at the projects.

Specified Equipment and Methodology: The radio tags and receiving equipment will be the
Digitally Encoded Radio Telemetry System, manufactured by Lotek Engineering Inc.
The tags will include motion sensors. Fish will be collected and tagged at John Day
Dam. An adult fish trap will be provided apart from this contract. The number of
spring and summer chinook tagged will be sufficient to ensure arrival of a minimum of
100 tagged fish of both runs combined at Wells Dam (average 5% of spring chinook and
average 20% of summer chinook passing John Day Dam). Mobile surveys will be done
to locate fish in reservoirs between Mid-Columbia dams once per week. Fixed antennas
will be placed as needed to record fish arxival at the locations stated in the objectives.

Reporting Requirements: ‘The contractor will prepare weekly summaries of tag detections at
each hydroelectric project, including preliminary analysis to determine elapsed time
between detection of fish in the tailrace and exit from fishway to forebay (mean, range
and standard deviation), proportion of fish using each major entrance, incidence of
multiple entry into lower fishway (fallout), incidence of fallback, and incidence of fish
detected in fishway that are not detected exiting the fishway. A preliminary data report
summarizing all Columbia River detections and tributary turnoff will be submitted by

" October 15. A draft annual report will be submitted by December 1.
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- Appendix A
Outline of Specific Tasks
L Determine tag needs and logistics. )

A. Determine number of fish to tag of each species and tag size. Procure tags.

B. Finalize trapping/tagging site with USCOE. Execute contract for use of trapping
facilities.

C. Line up tagging equipment, personnel, support services, etc.

D. Execute the tagging program.

II.  Determine tag tracking needs and logistics.

A. For each dam, develop the fixed antenna array needed to track tagged fish
movements in the project tailrace, at fishway entrances, within the fishway and
exiting the fishway. Determine the number of receivers and data Joggers needed
for the antenna array.

B, For each reservoir and the reach below Priest Rapids Dam, determine the access
route and equipment needed to pick up tagged fish location with mobile
equipment once per week, Determine number and type of mobile units needed.

C For each tributary and perhaps selected reservoir sites, develop the fixed antenna
and receiver array needed. Determine the number of receivers and data loggers
needed.

D.  Procure receivers, data loggers, antennas, housings and power supplies, rental of
motor vehicles, boats, and flight services. Install and test tracking equipment.

II.  Determine personnel needs.

A.

Determine number of people needed on-site for maintenance of equipment,
downloading of data, mobile survey work, and data organization and preliminary
processing.

Determine the supervisory structure, data processing requirements, support staff,
and people responsible for reporting the results. :
Procure personnel, necessary office space and supplies, Execute the adult
passage study and reporting.
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EXECUTIVE SUMMARY

The natural run of sockeye salmon (Oncorhynchus nerka) to the Okanogan River and Lake
Osoyoos is the largest remaining run of the species in Columbia River system. but run sizes have been
declining steadily since 1984. Relatively large size of salmon smolts migrating from the lake indicates
that existing habitat 1s underutilized. and more juvenile fish could be accommodated. The Wells Dam
Settlement Agreement discusses the use of net pens in Lake Osoyoos to increase the native run of
sockeye, as a temporary measure while habitat restoration in the subbasin is planned. Pen operation
would be funded by the Douglas County Public"Utility District. This report provides an assessment of
site selection, existing hydrographic conditions and effects of net-pen operation.

Phase one of the proposed project would use small net-pens (i.e., floating cages) for
approximately 8 weeks each spring to rear 200,000 juvenile salmon from 4 grams weight to release at
20 grams. If successful, phase two would release 375.000 fish annually. The purpose of this report is
to provide information about the aquatic effects of the proposed project, and to survey existing

literature and data about the limnology of Lake Osoyoos. After considering a number of factors. a
site southeast of Smith Point was selected as the best alternative site for the temporary net pens.

Lake Osoyoos is divided into two major and one minor basins. Only part of the southerly
(shallow) basin lies within the U.S. The middle and northern (deepest) basins are in British Columbia.
Historical data and anecdotal evidence suggest that water quality in the lake has been declining due to
land-use practices including 10ss of riparian habitat, filling of wetlands and similar actions in the

Okanogan Valley drainage systern.

Lake Osoyoos is vertically stratified in the summer with elevated surface water temperatures.
Deeper waters are much cooler, but have severely reduced oxygen content due to microbial
degradation of organic matter (€.g., decaying plankton). At present the lake is considered
mesotrophic (moderately enriched), and nitrogen supply apparently limits phytoplankton growth
during the summer. while phosphorus may be more important during the fall. Nitrogen and
phosphorus supply appear 10 be balanced during the proposed salmon rearing period. Limited and
somewhat out of date evidence suggests that the annual cycle of phytoplankton production begins in
the spring with diatom blooms, followed by blue-green algae and microflageliate dominance in the
summer, returning to diatoms again in the fall. The extent and duration of blue-green algal blooms,
which can be noxious or harmful, is a measure of the eutrophication.

The effects of the proposed project were quantitatively estimated by analyzing the amount and
elemental components of the fish feed to be used. coupled with a knowledge of fish physiology and
the fate of waste products from prior studies. The major element of waste material loss will be due to
elemental carbon (C), with much less dissolved nitrogen (N), in the form of ammonia and urea.
Phosphorus (P) loss will be even smaller. because there is very little (<0.8 to 1.6%) in fish feed.

Elemental carbon loss is estimated to be 522 kg/yr and solids will account for 33% of the (dry)
weight of the feed. including the uneaten portion. Itis estimated that the proposed net-pens would
produce about 38.1 kg/yr (84 lbs) of dissolved phosphorus (P) each year. For comparison. the



natural flux of total P at the outlet is estimated to be 14,575 kg/yr (32.065 Ibs) and there is a large,
but unknown amount of P entering the lake that is retained in sediments. Dissolved nitrogen losses
will total approximately 202.9 kg /yr. The natural flux of nitrogen in and out of the lake is unknown,

but likely is much greater than that of phosphorus.

Because of the timing of the above dissolved waste losses (April and May. except small portions
Jeaching from sediments), it is probable that some of the N and P will become incorporated into the
spring diatom bloom and the remainder will be advected out of the lake into the Okanogan River.
Peak monthly discharge of the river occurs in June. shortly after fish from the net pens are to be
released. The background N:P ratio in the lake is nearly neutral during the rearing season, suggesting
that neither N nor P are relatively more scarce. The estimated waste N:P ratio is similar, suggesting
no preferential uptake by the phytoplankton.

Using a simple deposition model, it is estimated that waste feed will be deposited in a 37 x 37 m
area and waste fish feces will sink more slowly and be found in an area 48 x 48 m beneath the net-
pens. Because of the very low loading density of the fish in the pens, the bottom will fully recover
within at least a year (and probably only 6 months) to the pre-fish rearing condition in terms of
organic carbon decay. Carbon deposition is estimated to average 0.27 kg C/m2/yr. Existing carbon
content of the sediments at the proposed site in the south basin is much lower than the content of

sediments in the north basin.

Aquatic macrophytes, including Eurasian watermilfoil, will not be affected by the proposed
salmon net-pens because these plants take all of their P and most of their N from sediments, not from
the water column. The proposed project is too remote from shallow water areas (o have any effect

on the plants.

The mesotrophic conditions in Lake Osoyoos apparently result in a rich supply of zooplankton
prey for juvenile sockeye forage, but conversely, each summer the available habitat is restricted and
the fish are sandwiched between elevated surface water temperatures and low dissolved oxygen
concentrations in deep water. Re-interpretation of existing juvenile sockeye distribution data in this
report tentatively indicates that water temperature may be relatively more important than dissolved
oxygen in controlling the fish's vertical migration. There remains, however, several data gaps

regarding both the limnology of the lake and the life history of the juvenile sockeye.

Recommendations for monitoring of water column and benthic effects of the proposed net pens =
are included, as are some approaches to further limnological and sockeye salmon research.



Summary of Compliance with State of Washington Recommended Guidelines

The following checklist is provided to aid reviewers in assessing the proposed net-pen site relative to
the Recommended Guidelines for Sizing and Siting Delaved Release Net Pens with regard to depth
and velocity and the Recommended Interim Guidelines for the Management of Salmon Net-pen
Culture in Puget Sound for all other topics.

1) Depth/Velocity requirements: The project was designed to meet area loading limitations
designed to prevent accumulation of waste materials on the bottom beneath and adjacent to

the fish pens. -

2) Critical aquatic organisms habitat buffer: The area immediately beneath and around the
proposed site is not a critical habitat for fish, birds or invertebrates.

3) Bird and mammal habitats of special significance: There are no known bird nesting areas or
special mammal habitat at. or adjacent to the proposed sites.

4) Annual production limitation - nutrient loading: There are presently no limitations on fish

culture in the Lake Osoyoos. This report reviews existing nutrient data and discusses probable
effect of the salmon enhancement project on water and sediment quality.

5) Wet feed type restriction: the project will not utilize wet feed.

6) Predator control restrictions: applicant will comply, see state programmatic EIS:
Fish Culture in Floating Net-pens (WDF 1990).

7) Antfouling guidelines: Applicant will comply, antifoulants are not needed for the short-term
rearing to be conducted in Lake Osoyoo0s.

8) Antibiotics restrictions: Applicant will comply and only use U.S. FDA approved antibiotics
and only in the case of certified disease outbreak.

9) Transfer of fish requirements: Applicant will comply.
10) Operations plan submittal to Wash. Dept. of Natural Resources: Not applicable.

11) Site characterization survey: No formal studies were required, but the applicant has
sponsored this study. The applicant will conduct further studies before and after net pen

installation (additional benthic sampling), but before fish transport.

12) Benthic baseline survey: Preliminary bottom sampling has been completed and indicates a
probable lack of macro-infauna. making visual surveys inappropriate.

13) Annual monitoring requirements: Applicant will conduct special studies as per recommendations
included in this report.
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1.0 INTRODUCTION

The natural run ot sockeye salmon (Oncorhynchus nerka) to the Okanogan River and Lake
Osoyoo0s is the largest remaining run of the species in Columbia River system. but run sizes have
been declining steadily since 1984 (Columbia Basin System Planning 1991). These tish utilize the
Okanogan River and Lake Osoyoos in north-central Washington State and south central British
Columbia (Figs. 1 and 2). Although optimum spawning escapement and carrying capacity of the
lake for juvenile sockeye salmon is not known with certainty, the relatively large smolt migrating
out of the lake indicates that exisung habitat is underutilized (Pratt et al. 1991).

The Wells Dam Settlement Agreement discusses the use of net pens in Lake Osoyoos to
increase the native run of sockeye, as a temporary measure while habitat restoration in the
subbasin is planned. Pen operation would be funded by the Douglas County Public Utlity
District. This report provides an assessment of site selection, existing hydrographic conditions
and the effects of net-pen operation in the lake.

Small net-pens would be placed in the lake each spring and removed by early summer.
Native sockeye salmon, previously reared in a separate hatchery facility, would be moved to the
net-pens in mid March. They will be fed a commercially available pelleted diet and released after
approximately 8 weeks after increasing their weight by a factor of four, hence the term "delayed-
release” enhancement to describe the project.

Salmon net-pens have high benefit/cost ratios due to their simplicity, relatively low capital
costs and ease of operation compared to traditional upland hatchery facilities (Senn et al. 1984).
Net-pens are particularly well suited to small-scale salmon enhancement projects for these reasons
and because of their portability. In western Washington and coastal areas elsewhere in temperate
regions. commercial net-pen aquaculture of salmon has increased in recent years along with
controversy and conflict over site selection and environmental impact. Much of this controversy
is rooted in fears about effects on visual or noise aesthetics and effects on upland property values
(Fridley 1992), but challenges to permit applications often focus on water quality aspects instead.

Since the 1970s, there have been hundreds of scientific studies, reports and commissions
investigating salmon net-pens here and abroad. The State of Washington commissioned an
extensive review of the literature and studies that were published as a Programmatic
Environmental Impact Statement (WDF 1990). At this point in 1993, the primary environmental
impacts on sediment and water column ecology are fairly well defined, and no longer subject to
questioning by concerned scientists. Persistently low worldwide prices for salmon have virtually
ended all new commercial net-pen site development in the western US. and British Columbia. To
no surprise, most of the controversy over siting salmon net-pens has abated. There are other
issues involving commercial salmon net-pens that remain controversial (e.g., effects of introduced
species of salmon), but for the most part these do not involve salmon net-pens used for nauve
stock enhancement. Because of their small size, temporary nature and public benefit goals,
delayed-release net-pens are considered categorically different trom commercial facilities (Kolb

1991).
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Report Objectives and Organization

This primary purpose of this report is to provide information about estimated environmental
effects of small-scale salmon net-pens proposed for Lake Osoyoos in Okanogan County.
Washington. Although it is possible simply to follow siting criteria of the Washington
Deparument of Fisheries for delayed release net-pens. this report provides far more information on
the proposed site, the amount and fate of waste products and the limnology of Lake Osoyoos.

Secondarily, the report provides background information about Lake Osoyoos water quality
from previous studies and reports as a backdrop for estimating the effects of the pens. These data
aid in gauging the potential success of the enhancement project and in characterizing the habitat
that juvenile sockeye salmon must utilize. Water temperature and dissolved oxygen
concentrations in the summer are particularly important in this regard, the former influenced by
land-use practices and climate, the latter directly influenced by the nutrient loading of the lake.

Third, the report reviews existing data regarding phytoplankton and zooplankton that inhabit
the lake and briefly reviews the scant information regarding life history of juvenile sockeye salmon
use of the lake. Although information and available time were limited for the second and third
objectives, some insight was obtained and associated data gaps were resolved.

This report begins with background information about the native sockeye salmon, and
selection and location of alternative net-pens sites. The following sections deal with methods
used to evaluate physical characteristics of the sites, and general topics regarding biological needs
of salmon, environmental criteria used by agencies, and morphology and limnology of the lake.
Although the project is not expected to have a measurable effect on algal stocks in the lake, the
next chapters provide information on phytoplankton, zooplankton and macrophytes (aquatic
weeds) to help the non-professional reviewer gain perspective on these components of the lake
ecosystem and the factors that control their growth.

After the physical characteristics of the sites are examined, the projected effects of the net-
pen project are estimated based on the amount of feed used, its composition and the known
metabolism and physiology of salmon. The report concludes with selection of the preferred site,
recommendations for environmental monitoring and mitigation as well as general
recommendations regarding data gaps for all the topics discussed.

1.1 Overview of Native Sockeye Salmon Stock

Lake Osoyoos has two major basins and one minor intervening basin. The north and middle
basins are entirely within British Columbia and the south basin straddles the U.S./Canadian
international border (Figs. 1 and 2). Although a small sockeye salmon population was native to
the mainstem Okanogan River lakes prior 10 1939, it was supplemented with 19,795 adult fish of
the Arrow Lake. Canada stock when Grand Coulee Dam eliminated upstream migration in the
mainstem Columbia River in 1939 and 1940. Allen and Meekin (1980) review the literature
regarding transplants to Lake Osoyoos and Lake Wenatchee and reported that the adults survived



the transplants. but unfortunately the efforts resulted in lowest returning runs on record.

Sockeye salmon and kokanee (lake-resident sockeye) are native to the Okanogan River
mainstem lakes. but the historical distribution of returns and rearing juveniles is unknown. At
present. blockage of upstream migration at Lake Vaseux restricts fish from repopulating the upper
lakes and and all of the juvenile rearing must occur in Lake Osoyoos. It is possible that the
juveniles utilized the generally cooler headwater lakes (Stockner and Northcote 1974), although I
could find no evidence of this in the literature. Similarly, available data that could be used to
reconstruct historical run sizes estimates are difficult to decipher and likely inaccurate compared
to the Lake Wenatchee component of the middle Columbia sockeye population (Allen and Meekin
1980).

Sockeye salmon typically are found, sometimes in amazing abundance, in cooler lakes than
Lake Osoyoos, that often are considered oligotrophic (nutrient poor). It has been suggested that
nutrient and thermal "pollution” limit sockeye salmon production of Lake Osoyoos during the
summer. and indeed the limited data on juvenile distribution lends credence to this contention
(Allen and Meekin 1980). Data reviewed herein shows that Lake Osoyoos is presently
mesotrophic (moderately enriched), which leads to abundant zooplankton production and
relatively large sockeye smolt size. Many sockeye salmon lakes apparently have inadequate food
resources for their fish, which is one factor limiting the growth and survival of juvenile sockeye in
many lake systems in Alaska and British Columbia (e.g., Parsons et al. 1973). In reviewing data
from the middle Columbia River and Lake Osoyoos, Pratt et al. (1991) found no evidence of
density dependent (food limited) growth when examining a range of 0.4 to 2.0 million smolts
produced. The prevalence of larger, age 1 smolts from the Okanogan also suggested that habitat
was not saturated with juvenile and pre-smolt sockeye salmon and hence their is a need to
increase spawning habitat, and survival of eggs or artificially propagate juvenile fish.

Use of salmon net-pens for rearing and release of native stocks of juvenile sockeye may be
viewed as a research tool, as well as a production tool, that may aid in exploring the complexities
that potentially limit the sockeye and kokanee of Lake Osoyoos. Once delayed-release programs
are established, tag/recapture, extended rearing at low density and other means can be used to
further understanding of the basic life history features of the juvenile sockeye salmon (e.g., Rensel
et al. 1988 for coho salmon). This sort of active, experimental research will likely yield more
measurable benefits compared to a merely descriptive, monitoring approach in a habitat aiready as
adversely perturbed by human actions as Lake Osoyoo0s.

1.2 Selection of Alternative Sites

The candidate net-pen siting areas were considered to be protected areas near the east and
west sides of the south basin of Lake Osoyoos. These areas were evaluated with several criteria in
mind including the following. First, water depth should be sufficient to allow the net-pens to hang
unimpeded above the bottom. Second, as much depth as possible is desirable without placing the
net-pen structure in the open areas of the lake that are subject to extensive wind fetch (unless the
pens can be placed over an area of persistently higher dissolved oxygen near the bottom, more on
this later). Third. the net-pen site should be located as far from shore as possible, to minimize



intrusion on upland owner's use and aesthetic enjoyment of the shoreline and to optimize current
velocity from wind and internal lake sources. An exception to this would be placement of a net-
pen near an uninhabited shoreline to provide a visual backdrop and screening for viewers in other
directions (EDAW and CHoM Hill 1986). On criteria 1 and 3. any potential sites on the west side
or near the middle of the lake were rejected. leaving the areas along the east side for

consideration.

Next I more closely evaluated the etfects of wind exposure. as discussed in the next secton.
The prevailing air flow through the Methow and Okanogan sub basins is from the northwest and
west from spring to fall (WDW 1990). Winds in the Okanogan Valley generally follow the
orographic features, 1.¢.. they are channeled by the surrounding hills and mountains. With rare
exception, the wind direction is from the north or south (D. Coe, pers. comim.. 2/28/93, Tonasket
WA). Winds during my field sampling period in October 1992 were exclusively from the south
to south south-west, generaily less than 10 mph and will likely be similar in velocity to winds
occurring during the proposed mid-March to mid-May fish rearing period (DeHarpporte 1983).

1.3 Location of Alternative Sites

The first alternative site on the east side of the lake was located in the southeast section of
the southern basin of Lake Osoyo00s, southeast of a point of land known as Smith Point on the
USGS's 7.5 minute Oroville quadrangle map (Fig. 2). This first site will be referred to as the
"Smith Cove" site, because of its proximity to Smith Point, although there is no official
designation of the area as a cove by that name. Through sextant triangulation to multiple known
building locations shown on the quadrangle map, the jocation of site one was found to be 119° 26’
4" W longitude and 48° 57' 55.4" N latitude. The nearest shoreline is about 1113.05' (340 m) to
the north (Fig. 2), which was also formally surveyed on August 21, 1992.

The second alternative site is located nearly true north of the Smith Cove site in an area
officially known as Grubbs Cove, 2 prominent bight in the eastern shoreline of Lake Osoyoos.
This cove is much larger in proportion than Smith Cove, but is shallower near shore. Accordingly
a site was located offshore about 360 m from the north shore 1o find maximum depth while suil
seeking protection of Grubbs Point from northerly winds. This site was determined to be at
119° 26' 8.4" W longitude and 48° 59' 0.8" N-latitude.

Water depths at both sites were measured during field work in late October 1992 and found
to be 46 feet (14 m) at both sites. Judging from water marks on the bulkhead at the nearby
Washington State Park, the water surface elevation was relatively normal. This was confirmed
with data from the B.C. Hydrology Branch, showing the elevation to be approximately 91 1.2\

Potential wind wave exposure was estimated by using fetch analyses methods for shallow
water that utilize the longest distance relative to storm winds that could occur from the south (US
Army Corps of Engineers 1984). I chose this direction because both sites are more protected
from the north. although prevailing northwesterly winds occur during the spring through fall
(WDW 1990). I arbitrarily selected a sustained wind speed of 25 MPH (11.2 m/sec) and found
that the resulting wind waves would be "fetch limited" . i.e.. the duration of sustained wind does
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2.0 METHODS

Data was collected at two alternative net-pen sites on three days in October 1992. Current
velocity was monitored with a Scientific Instruments Co. Price AA meter fitted with a Swoffer
2100 optical sensor and custom, digital time averaging display. In general, the meter was lowered
10 1, 5 and 10 meters for collection of velocity data for 2 minute intervals after the effects of
lowering the meter had passed. The survey boat was tied to a temporary buoy and anchor
arrangement, and a trailing parachute drogue or anchor was used to stabilize the boat and prevent
drifdng.

Drogue (i.e., drift object) tracking utilized 1x 1 m square "windowshade" underwater nylon
sails attached by thin nylon lines to surface floats of Styrofoam marked with fluorescent numbered
flags. Drogue locations were estimated using an instrument grade sextant used as a horizontal
angle measuring device. The sextant was used for wiangulation on specific visual locations to
known locations displayed on the 7.5 minute USGS Quad map, "Oroville". Plots of drogue
movements were recorded on enlarged versions of the same map using an very large, engineering
quality three-arm protractor. Wind speed and direction were periodically measured during current
meter and drogue tracking while tethered to a buoy at each alternative site using an induction
wind meter and a hand bearing compass.

Bottom sampling was conducted at alternative net-pen sites on October 22, 1992 using a
0.01 m2 Van Veen grab sampler. Because of the very soft bottom at the alternative sites, large
volumes of bottom sediment were easily obtained and cored through a small access door on the
top of the sampler with a 2.5 cm diameter corer. Cores were capped and immediately placed in
zip-lock bags, placed in an ice-filled cooler and frozen later the same day. Cores were later
sectioned and analyzed for total phosphate, total organic carbon and sediment grain size, for
reasons explained later.

Water quality data collected in Lake Osoyoos utilized techniques recommended by EPA
(1990). A Scott-Richards sampling bottle was used. as well as a YSI SCT
temperature/conductivity meter and a corning checkmate DO aad pH meter. Phytoplankton and
zooplankton samples were collected with a phytoplankton net and the sampling bottle, preserved
in 1% buffered formalin and processed by experts. as discussed below.

Water quality data was obtained from a variety of literature and governmental sources. Only
very minor changes were made in nutrient data from one source (the lake outlet), after careful
inspection of the data for outliers or obviously misreported data. For example. total phosphorus
concentration from September 1984 was reported to be 0.170 mg/L-P (170 pg/L-P). Compared
to the average concentration for that month in other years (about 0.029 mg/L-P), this appeared to
be an order of magnitude (decimal point placement) error. Accordingly the data point was

changed to 0.017 mg/L-P.



3.0 BIOLOGICAL REQUIREMENTS OF SALMON IN NET PENS

Salmon to be cultured in net-pens require adequate dissolved oxygen (>7 mg/L for good
growth) and moderately cool water emperatures (<18 - 20°C, and ideally always <16°C,
depending on the species and size). Additionally, they must be held at loading densities suitable to
allow diffusion or transport of dissolved oxygen into the pens. Loading densities are best
considered based on a combination of 1) water flow per biomass of fish and 2) a physical density
index independent of flow (Rensel 1984). At relatively high loading densities, transport of
dissolved nitrogenous wastes (principally ammonium-+ammonia and urea) out of the cages could
theoretically become an issue, but this has never been found to be a problem in densely stocked
cages used for commercial culture (WDF 1990). Moreover, experience has shown that stocking
density of fish in net-pens is best viewed on a sliding scale, with smaller fish requiring increased
volume of water per unit weight of fish. The reasons for this are not entirely clear, but are likely a
combination of physiological, behavioral and disease resistance factors. See Beveridge (1987)
and Senn et al. (1984) for more information on recommended net-pen culture facilities, practices
and economics.

Salmon net-pens are optimally useful when there is a modest current velocity flowing through
the location, so that loading density can be increased and sedimentation effects minimized. In
lakes and reservoirs, significant current velocity may be due to riverine flow or to wind stress. It
is not necessary, however, to have any measurable current velocity as long as loading density is
adjusted down to match the requirements of the fish for oxygen and the minimization of

sedimentation effects.

To some degree fish create their own currents and flushing in net-pens as has been shown by
Chacon-Torres et al. (1988). This is the reason that net-cages function well for the cuiture of
trout in lakes that have little or no water movement during periods of calm winds. Under normal
circumstances. approximately 50% of the available current velocity will flow around net-pens and
the remainder will pass through them. although mesh size and configuration of the cages will
greatly influence the passage of water.

Rearing of sockeye saimon in net-pens is a relatively new practice. but coho, chinook and
Atlantic salmon have been reared in that manner for about 25 years. In the past, traditional
sockeye salmon culture was impeded by viral disease problems and low return rates (Mullan
1986). There are numerous small net-pen projects in the Washington State and neighboring areas
such as British Columbia that are operated by state. federal, tribal or sport-fishing groups in
cooperation with fisheries agencies.

As a pilot project, sockeye salmon have been reared in net pens in Lake Wenatchee for
outplanting to Cle Elum Lake (Flagg et al. 1991). They are also reared for enhancement of Lake
Wenaichee sockeye stock by the Washington Dept. of Fisheries (WDF; K. Hooper and B.
Duplaga, pers. comm. 9/92). Unlike Lake Osoyoos, Lake Wenatchee is very oligotrophic, has
much cooler water temperatures. and no hypoxia of the hypolimnion. The Dept. of Fisheries net-
pen site is located on the "upstream” end of the lake. near the entry of the White River. Detailed
operation informaton discussed below was provided by Mr. Bill Duplaga, the manager of several



WDF fish culture facilities in the area. Dissolved oxygen in the area ranges from 9 to 13 mg/L
during the spring to fall rearing period. and Mr. Duplaga has noted signs of stress when DO
declines to 8 mg/L., although this is still considered adequate by most fish culture authorites.

Small sockeye fry are stocked in the Lake Wenatchee pens during April at approximately
3500 fish/Ib (0.13 g) and are released in October at about 25 fish/lb (18 g) before ice formation on
the lake. The fish are about 115 mm in fork length at release. They are fed a moist pellet (e.g.,
Biofeed Inc. #1 or #2) and excellent food conversion rates (FCR) are obtained. ranging from 0.8
to 1.0 (moist feed) to 1 (wet fish flesh), depending on the feed and fish size. Initally fish are fed
12-16 times a day, which diminishes to once a day when the fish are about 600 per pound (0.76
g). The goal in feeding is 10 get about 5% of body weight fed to the fish each day. These
feeding practices appear to be appropriate for the fish, because there is little variation in the size
of the fish at release (B. Duplaga, pers. comm, 10/92).

The net-pens used by WDF at Lake Wenatchee measure 20' by 20' square, constructed of
galvanized steel walkways on plastic floats. When the fish are first stocked in the cages, 1/16 inch
delta style. knotless nylon pens are used. Nets of sequentiaily larger mesh size are used over the
summer until the fish are 50 per 1b, when 1/4 inch mesh is needed. and 3/8" mesh may be suitable
t00. Fish are reared at a densities < 0.12 1t/ ft3 (1.92 kglm3), which is very low compared to
coho salmon reared in delayed release projects that utilize loading densities up to 0.5 Ib/ft3 (8
kglm3). Commercial culture of subadult Atlantc salmon (Salmo salar) in net-pens may useé
densities exceeding 2 Ib/ft3 (32 kg m3), depending on water flow conditions. Even greater
loading densities have successfully been used in land-based tank farms in Europe and Iceland, but
oxygen is added continuously.



4.0 ENVIRONMENTAL CRITERIA FOR EVALUATING NET-PEN SITES

This report focuses upon key aspects of the Lake Osoyoos sockeye rearing proposal relative
to the State of Washington's Recommended Guidelines for Sizing and Siting Delaved Release Net
Pens (i.e., the "Recommended Guidelines”, Parametrix 1990). These guidelines use a discrete
settling model similar to the Gowen and Weston model (Weston and Gowen 1988) and the
Parametrix (1989, 1990) model. both of which are described in the State of Washington's
Programmatic Environmental Impact Statement Fish Culture in Floating Net Pens (WDW 1990).
These models simulate the setding of particles from salmon net pens on the bottom with relatively
good accuracy if the bottom profile is uniformly eyen (such as both alternative sites in Lake
Osoyoos). The Parametrix model was altered for use in delayed release net pens sites by allowing
for a period of deposition and a longer following period of no deposition corresponding to the
period between crops of fish.

The model used in the Recommended Guidelines is based on the recognition that delayed
release or enhancement net-pens are generally operated for only a small fraction of the year, and
that the total fish load is small compared to commercial facilities. The Recommended Guidelines
are designed to limit the density of fish such that no measurable accumulation of sediment will be
detected on annual basis after the pen site has been unoccupied for the summer through mid-
spring period. A maximum sedimentation thickness of approximately 0.1 mm (0.025 inch) is used
in the Recommended Guidelines model, which corresponds to a maximum organic carbon
accumulation of 0.05 kg/m2 after laying fallow for a year. As noted above, this is well below the
level of accumulation that could be measured using typical methods and equipment available
today. The accumulation declines after annual release of the fish because of normal microbial
decay of carbon and other elements of the waste products. An organic decay rate of 1% per day
is used based on EPA (1982) literature.

The Recommended Guidelines were originaily designed for use in salt-water locations, but
there are only minor modifications necessary for applying them to freshwater; these involve
estimates of maximum current velocity. There are many freshwater locations. especially large
riverine systems like the middle or upper Columbia River, that are suited for salmon net-pen
rearing both for the health of the fish and from the viewpoint of minimizing environmental effects
(Rensel 1993). In western Washington there have been several successful saimon net pen
facilities operated in freshwater lakes including a state-operated facility at Lake Aberdeen and the
Tribal facility at Lake Quinault. However in lake systems, even ones with relatively large riverine
flow through such as Lake Osoyoos, current velocity is typically less than in "run-of-the-river"
reservoirs such as are found in the middle Columbia River.

The approach used in the present study was to empirically measure current velocities during a
period of relatively low discharge of the Okanogan River that flows through Lake Osoyoos. This
was coupled with measurement during periods when winds were relatively weak. Together, these
conditions provide a conservative estimate of water currents likely to be encountered during the
spring rearing period when river discharge is greater. Other components of the Recommended
Guidelines are also conservatively structured, such as the use of a high feed loss coefficient of

15%.
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Another set of criteria is available for evaluating salmon net pen placement. These criteria
are known as "The Interim Guidelines for Management of Salmon Net Pen Culture in Puger
Sound" (SAIC 1986). These guidelines also use depth and water velocity to recommend various
levels of fish production, but they were not used herein because they were designed for
commercial facilities used year-round with much higher densities and larger sized fish. In most of
these facilities there is no rest period when the sediments are allowed go fallow.

A final note regarding criteria for estimating aesthetic effects of salmon net-pens. In general,
only observers on the water or beach within about 2,000 feet (610m) are able to see a full sized,
commercial fish farm as anything more than a thin liné on the horizon (EDAW and CH2M Hill
1986). The proposed sockeye salmon rearing facility would be much smaller than a commercial
sized facility, but would have similar height of perimeter railings. about 4 feet (1.2 m) above the
water. Viewers at higher elevations would see relatively more of the proposed facility, but not
significantly more at distances greater than 1,500 feet (450m).
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5.0 MORPHOMETRICS OF LAKE 0S0OYO0O0S

Lake Osoyoos is the last and most southerly lake in a series of six lakes draining the
Okanogan Valley in south-central British Columbia and a small area of north-central Washington
State. The river flows nearly due south from Lake Osoyoos and joins the middle reaches of the
Columbia River in Lake Pateros. The entire Okanogan River basin is considered a mixture of
semi-arid (continental) and maritime climate, and rainfall decreases with decreasing latitude along
the river valley and increases toward the Cascade Mountains crest.

Lake Osoyoos is a natural lake with outlet at river mile 79.0 that was modified by the
addition of the Zosel Dam at river mile 77.4 (USGS 1985-90). The USGS operates several
gauging stations in the area, but the station at river mile 77.3 below the Zosel Millpond is used by
international agreement and is the basis for flow data in this report (Station 12439500).

Zosel Dam was originally constructed to create a mill pond for log storage. Fish passage is
provided by two ladders around the 2 m high dam. Seventeen miles upstream of north end of
Lake Osoyoos. McIntyre Dam is used to control elevation and flows out of Vaseux Lake, a
relatively small and shatlow lake. International agreements provide for minimum flows from this

dam and elevation control at Zosel Dam.

Lake Osoyoos is the 3rd largest of the Okanogan Valley lakes in surface area and fourth
largest by volume. Itis composed of two major basins and one minor basin with a total surface
area of 23.0 x 100 m2 and a volume of 397 x 106 m3. The north basin has a mean depth of 21 m
and the south basin's average depth is 10 m. The north basin of Lake Osoyoos (maximum depth
of 63 m) lies entirely in British Columbia, the south basin (max. depth of 29 m) is split between
both countries. In comparison, Lake Okanogan is much larger, with a surface area of 348 x 106
m2, a volume of 26,200 x 106 m3 and a mean depth of 76 m.
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6.0 LIMNOLOGY OF LAKE 0SOYOOS AND IMPLICATIONS
FOR SOCKEYE SALMON AND ALGAE

6.1 Background

Lake Osoyoos is a nutrient-rich. dimictic lake that exhibits some, but not all of the
detrimental aspects of eutrophication because of relatively fast flushing rates (Stockner and
Northcote 1974). The category dimictic means there are two major mixing periods in a typical
year, the spring and fall turnover. with intervening periods of ice coverage in the winter and
thermal stratification in the summer. Since Stockner and Northcote made the above conclusion,
however, macrophyte growth has become abundant in the lake, interferring with recreational use
of the lake.

The cumulative effects of poor agricultural practices in the basin have compounded for
decades to produce the present state of water quality in the Okanogan Lakes. Land-use practices
that have eliminated or narrowed riparian corridors, filled or drained associated wetlands,
removed vegetation for weed control, overgrazed and eroded stream banks have caused thermal
impacts and nutrient enrichment for many of the Okanogan Valleys lakes and streams (WDW
1990). A variety of non-point source pollutants are often implicated in the decline of aquatic
environments in agricultural and mining areas, but recent EPA Priority Pollutant sampling of Lake
Osoyoos indicated very low to negligible concentrations of heavy metals, pesticides and organic
pollutants (Gibbons 1987). Prior studies, however, found high levels of mercury in some rainbow
trout and squawfish in Lake Osoyo0os as well as Skaha and Okanogan (Northcote et al. 1972).

Several sources of water quality data were utilized for this report. Stockner and Northcote
(1974) provide the most complete assessment of Lake Osoyoos limnology that is readily available,
although the reference is somewhat dated. Allen and Meekin (1980) provide additional
information in this regard with a focus on native sockeye salmon stocks.

To supplement and update these data sources. I obtained monthly water quality data from the
Department of Ecology from a station on the Okanogan River, just downstream of the Lake
Osoyoos outlet near Oroville, at river mile 78.0 for the period 1960-1990. This is not the same
station as the international discharge measauring station, but is upstream of Zosel Dam and the
river's confluence with Tonasket Creek. These data are less useful than data collected directly in
the lake, as it provides a composite view of surface and deep water during the summer
stratification season, but the percentage mixture of each is unknown. Nevertheless, data from the
outlet has been collected in a consistent fashion for many years and therefore provides an
opportunity to evaluate trends of water quality over time. Additionally, data collected by ciuzen
volunteers working with the Dept. of Ecology (from the south basin) as well as late winter and
early fall data from the north basin (B.C. Ministry of Environment, courtesy of E.V. Jensen) were
also available (although I utilized only the fall data).

This chapter begins with information about Okanogan River discharge. This is followed by a
section introducing general concepts about conventional water quality parameters. tirst for those
other than nutrients and later about the nutrient parameters. I have included limited discussion
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about how juvenile sockeye and algae may be influenced by these conditions and conclude with a
general discussion of nutrient dynamics in the lake.

6.2 Discharge Characteristics of the Okanogan River

U.S. Geological Survey data from the Zosel Dam at Oroville from 1985 to 1990 was
analyzed for discharge patterns from the lake (Fig. 3, USGS 1985-90). Mean monthly flow is
relatively constant from September to April at about 450 KCFS, begins an abrupt increase in May,
peaks in June at about 970 KCES and slowly declines through the balance of the summer.
Discharge patterns are regulated in part by upstream dams, as previously discussed. The annual
mean discharge of the Okanogan River at Oroville for the 1985-1990 water years was 486 CFS.
Residence time (i.e., flushing rate) of Lake Osoyoos is estimated to be about 0.7 years, which is
much faster than other mainstem Okanogan Lakes except Vaseux (Stockner and Northcote

1974).

Long-term (1943-1979) mean monthly flow records for the Okanogan River at Oroville are
presented by WDW (1990, page 10). These data show a mean annual discharge of 7,976 cfs and
mean monthly average flows always >500 cfs (i.e., 664.6 cfs). This is significantly greater than
the period of record discussed above (1985-1990), and could be due to an ongoing drought in
recent years. It may also be possible that the mean monthly flows in WDW (1990) are based on
data with increased sampling during periods of high flows, but there is no methodology section to
indicate how the averages were derived. If flows have decreased, there is the possibility of
adverse effects on salmonid populations because of slower flushing times in Lake Osoyoos. See
section 6.3.1 Water Temperature and section 13 General Recommendations for further discussion

of this topic.

River inflow at Oliver, B.C. and outflow at Oroville. WA and lake elevation data during my
field sampling (October 1992) were provided by Mr. Robin McNeil of the B.C. River Forecast
Center in Victoria B.C. Lake elevation was about 911.25 feet. and varied only a few tenths of a
foot. Inflow at Oliver. B.C. averaged 10.66 m3/s (376.4 cfs, SD = 19.5) and outflow at Oroville
averaged 375.9 cfs (SD = 20.8). so there was little net change in lake volume during the month.
The 5 year mean discharge at Oroville (1985-1990) for October was 393 cfs. Accordingly,
discharge during the sampling period of October 1992 conducted for this report was about 5%
less than normal, or essentially the same as normal.

6.3 Water Quality and Effects on J uvenile Sockeye

Mean monthly data from the Ecology sampling station just downstream of the Lake Osoyoos
outlet are presented in Table 1. This table was based on pooled data from the time period 1961-
1965 and 1974-1991. Mean summer water quality data from the same station are presented in
Table 2 from 1975 to 1991 (years with full reporting of summer months).
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Tabie 1. Mean monthly water quality data from Okanogan River mile 78.0 (downstream of Lake
Osoyoos outlet). Constructed from raw data of Washington Dept. of Ecology. dated
1961-65 (for non-nutrient data) and 1974-1991 for all nutrient and other types of data.

Water Dissolved Unionized ~Ammonium

Temper.  Oxygen Conduct. pH  Ammonia +Ammonia DIN Ortho-P  TotalP NP
Month ©) mg/L (uS) mg/L-N mg/L-N mg/L-N mgL-P mgL-P Ratio
Jan 13 13.7 289.2 8.1 0.0003 0.048 0.133 0.008 0.025 16.3
Feb 2.6 14.4 300.4 8.2 0.0005 0.043 0.126 0.010 0.019 125
Mar 48 14.2 289.3 8.4 0.0014 0.033 0.095 0.008 0.020 12.6
April 9.2 12.7 296.7 8.3 0.0015 0.027 0.045 0.007 0.031 6.6
May 13.6 10.8 289.8 8.4 0.0016 0.043 0.066 0.008 0.031 8.0
June 18.1 9.9 282.6 8.4 0.0010 0.021 0.038 0.010 0.017 3.8
July 21.2 9.2 264.5 8.4 0.0017 0.030 0.040 0.009 0.019 4.3
Aug 21.8 8.8 257.8 8.4 0.0036 0.036 0.054 0.009 0.024 6.1
Sept 19.5 9.4 2649 8.4 0.0030 0.029 0.039 0.011 0.029 34
Oct 13.6 9.7 278.4 8.2 0.0006 0.031 0.047 0.010 0.029 4.7
Nov 8.1 11.1 278.9 8.2 0.0006 0.034 0.081 0.007 0.024 11.7
Dec 32 12.6 296.7 8.2 0.0006 0.042 0.115 0.007 0.032 17.2
Mean 114 114 282.4 8.3 0.0014 0.035 0.073 0.009 0.025 8.9

SD 73 2.0 13.4 0.1 0.0010 0.008 0.034 0.001 0.005 47
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Table 2. Mean summer months (June - Sept.) water quality data from Okanogan River mile 78.0
(downstream of Lake Osoyoos outlet), constructed from raw data of Washington Dept.
of Ecology, 1975 through 1991. 1977 was not included because no summer data were
collected in that year. Missing data due to inadequate data.

Water  Dissolved Conduct Unionized _ Ammonium+ N:P
Year Temper. Oxygen -ivity. pH  Ammonia Ammonia DIN Ortho-P Total P  Ratio
(®)] mg/L (uS) mg/L-N mg/L-N mgL-N mgl-P mgLP (weight)

1975 -—- 8.4 260.0 -— -— -— 0.0001 — —
1976 20.4 10.5 266.1 8.5 - 0.045 —— 0.0001 0.024 —
1978 20.3 93 265.8 8.5 - 0.068 0.075 0.005 0.020 149
1979 211 8.1 278.0 8.5 -— 0.018 0.030 — 0.010 —
1980 19.8 9.1 254.3 8.8 - 0.020 0.033 0.020 0.030 1.7
1981 18.9 9.1 265.8 8.4 — 0.028 0.048 0.010 0.010 48
1982 20.4 8.7 252.0 8.5 -— 0.015 0.035 0.010 0.020 3.5
1983 19.6 9.8 247.0 8.1 0.001 0.015 0.035 0.010 0.018 35
1984 19.1 9.1 253.8 8.3 0.002 0.035 0.065 0.047 0.037 1.4
1985 20.1 9.5 205.7 8.3 -—- -— — 0.010 — —
1986 20.3 11.0 250.5 0.002 0.037 0.063 0.010 0.023 6.3
1987 20.2 7.9 284.5 8.3 0.001 0.020 0.045 0.010 0.020 45
1988 213 9.7 290.5 8.7 0.001 0.010 0.010 0.017 0.0
1989 19.9 9.0 324.8 8.7 0.005 0.030 0.040 0.010 0.019 4.0
1990 21.2 9.3 259.5 8.7 0.004 0.018 0.028 0.010 0.013 28
1991 18.9 9.2 260.5 8.3 0.002 0.010 0.020 0.010 0.014 2.0
Mean 20.1 9.3 269.9 8.5 0.002 0.026 0.043 0.013 0.020 45

SD 0.7 0.8 20.6 0.2 0.002 0.015 0.016 0.010 0.007 3.6

6.3.1 Water Temperature

Consistent water temperature data from several depths in Lake Osoyoos throughout the
spring to fall period are not available, but I assembled a collection of data from different places
and times that can be used to generally describe the thermal properties of the lake. Surface water
temperature was monitored in Okanogan Valley Lakes six times during the spring to early fall of
1971, and maximum temperatures were about 21°C in Lake Osoyoos, with the peak occurring in
August (Blanton and Nye 1972). Warmer surface water temperatures were encountered in Wood
and Kalamalka Lakes, but peak values were in July. Hypolimnion waters (i.e., subsurface to the
bottom) varied from about 6 to 9°C in the same time period, and were warmer than the other

Okanogan River lakes.

Washington Dept. of Ecology data from the Lake Osoyoos outlet area show similar results to
the preceding data. with a mean monthly maximum of 21.8°C in August and mean monthly
minimum of 1.3°C in January (Table 1. Fig. 4). Water temperatures during the period of
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proposed sockeye salmon rearing in April and May averaged 9.2 and 13.6°C, respectively. or very
suitable for juvenile salmon in general. No obvious trends in summer water tlemperature were
evident in the lake outlet data (Table 2, Fig. 5). However. water temperatures averaged 0.5°C
warmer in recent years of low mean annual flow in the Okanogan (1985-1991, mean = 20.5°C),
compared to prior years (1976-1984, mean = 20.0°C, based on Table 2 data).

Data collected by citizen volunteers in cooperation with the Washington Dept. of Ecology
from near the international boundary n the south basin are presented in figure 6 to illustrate
surface water temperatures during the summers of 1989-1992. In general, the mean surface water
temperatures were about 5°C greater than the monthly averages measured at the lake outet.

Peak water temperatures of about 26°C occurred in the August 1 to August 15 period, slightly
later than maximum temperatures at the outlet station near Oroville.

Figure 7 shows vertical profiles of mean water temperature collected by Canadian workers
from the north basin of Lake Osoyoos during late August and early September of 1987-1991.
This figure illustrates a relatively broad thermocline that existed between about 14 to 18 m depth.
Mean surface water temperature declined from about 19°C at 12 m to about 9°C at 18m. The
average for these data is less than for the data collected by volunteers near the U.S. border. in the
south basin. Although the north basin is likely cooler than the south basin (as shown below in
figures from Allen and Meekin 1980, discussed below), some of the difference could be also due
1o difference in measurement techniques (CTD versus thermometer) and slight variation in what is
considered "zero" depth.

Elevated water temperature in the Okanogan River below Lake Osoyoos may have a
profound effect on the migration timing of adult sockeye salmon migrating upstream from the
Columbia River. and in some years reduces spawner survival. In other years, e.g., 1991. the fish
move in rapidly because of lower than normal water temperatures in mid summer. In that year,
the water temperature was 15.5°C on June 11th at the lake outlet, compared to 18.1°C in an
average June (Table 1). By July 19th. the temperature was 20.1°C compared to 21.2°C on
average (but the average date ot measurement was earlier), and most, if not ail of the salmon had
already migrated past the Zosel Dam (R. Klinge, pers. comm. 3/8/93).

6.3.2 Dissolved Oxygen

Dissolved oxygen (DO) is generally considered best for aquatic life if concentrations remain
above 7.0 mg/L at all times. Natural waters should generally have concentrations greater than 5.0
mg/L for long periods. and never drop below 4.0 mg/L for the protection of aquatic life. Many
mesotrophic and eutrophic lakes that vertically stratify during the summer have low or no DO
content (hypoxia or anoxia) in the hypolimnion associated with thermal stratification, a lack of
mixing or exchange with the atmosphere and microbial decomposition of organic marter.
Additionally, low DO of bottom waters may contribute to the greatly elevated release of dissolved
phosphorus from sediments, known as internal loading (Welch 1992).

Surface water of Lake Osoyoos are typically saturated with oxygen throughout the year, but
waters below the thermocline to the bottom (hypolimnion) are hypoxic or anoxic during the
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summer. Williams (1973) found a minimum of 27% DO saturation in a survey in 1971. In the
same study, oxygen depletion rates, which may be used as an index of primary productivity, were
high in Lake Osoyoos (0.035 mg/L/day). But this was only about 1/2 of the rate seen in Wood
Lake, upstream of Lake Osoyoos. More recent data indicated 0.1 to 0 mg/L DO at 12 t0 22 m on
August 31, 1992 at the international boundary sampling site (J. Rector, pers. comm, unpublished
vertical profile data. Wash. Dept. of Ecology).

Mean monthly DO at the lake outlet varied from 8.8 to 14.4 mg/L,, with a noticeable and
apparently stepwise decrease toward mid-summer season (Fig. 8). It is not known if this
represents decreased algal productivity, or if deep hypolimnion waters are being advected out of
the lake, causing the depressed DO content. I could see no correlation with other parameters
(e.g.. total phosphorus) that would suggest the change in outflow water composition. No
discernible trend in mean summer DO at the outlet was noted; the 1975-91 average was 9.3 mg/L

(Fig. 9).

The average in-lake DO profile collected by Canadian government workers from late August
or early September of 1987-1991 in the north basin of Lake Osoyoos is shown in figure 10. This
data shows isopleths that match the water temperature data from the same source (fig. 7) that was

previously discussed. However there was more interannual variation of water temperature at the
surface and considerably more interannual variation of DO in the deeper strata of the lake.

6.3.3 Salmon Physiology and Behavior Relating to Dissolved Oxygen
and Water Temperature

Salmonids are particularly sensitive to low ambient DO concentrations. and natural waters
are 0Xygen-poor environments compared to the atmosphere at sea level. Review of a number of
studies indicated minor and subchronic physiological effects at DO concentrations below
6.7 mg/L (SD = 2.57), equivalent t0 a partial pressure of 111 mm mercury (Davis 1975). Fish
culture manuals typically state that salmonids are "safe" above 5 mg/L., will have reduced growth
and susceptibility to disease at 3 10 5 mg/L and will die at less than 3 mg/L (Piper et al. 1982), but
these are only broad generalization.

Stress on salmonids from low DO is less if the ambient water temperature is lower, because
requirements for basal metabolism are less (Brett 1976). When ambient DO concentrations fall
below the level required for basal metabolism, fish lose their self-righting ability and die from
blood hypoxia. The exact level at which death occurs is somewhat variable depending on the
species, size and age of the fish, physiological condition, prior low DO conditioning, exposure
time, and very importantly, water temperature. Salmonids may be severely affected if they are
subjected to prolonged exposure of DO concentrations <4.0 mg/L (Davis 1975), especially at
high water iemperatures, and when fish heaith may be compromised by pollution, disease, or other

stress factors.

Strong avoidance of DO concentrations of 1.5, 3.0, and 4.5 mg/L has been noted in
laboratory studies of chinook salmon at normal summer water temperatures. but not at 4.5 mg/L
during cooler fall temperaturcs (Whitmore et al. 1960). Itis also likely that saimonids do not
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adapt to low DO conditions. like some other species of teleost fish. but juvenile saimonids have
improved ability to carry oxygen in their erythrocytes, compared to adult salmon (Heath 1987).

It is of particular interest to fishery managers and others concerned with the sockeye salmon
populations of Lake Osoyoos how juvenile sockeye can survive when surface waters become too
warm or the deeper waters become depleted of oxygen during the summer months. Bell (1973)
states that the preferred temperature range for sockeve salmon is 11 to 14 °C and the upper lethal
limit is 24.5°C, but his sources are not stated. Brett et al. (1969) studied juvenile sockeye at the
Nanaimo station on Vancouver Island with regard to the effect of water temperature on food
ration consumed. These authors concluded, on the basis of growth and food-conversion
efficiency, that temperatures from 5 t0 17°C were favorable for young sockeye, when an adequate
ration (>6% body weight) was available. They also concluded that a general physiological
optimum occurred in the vicinity of 15°C.

Figure 11 shows the interaction of DO and water iemperature in Lake Osoyoos during late
August and early September compared to what Brett et al. (1969) suggest as favorable conditions
for juvenile sockeye in general. The figure shows that fish in the north basin should utilize waters
from 14 m and 38 m of depth during the early September period of average years. Bell's (1973)
predictions would encompass a much narrower range of depths, from 14 to 16 m depth. Itis
important to note that DO in the deep (hypolimnion) strata becomes progressively depleted
throughout the summer, while surface water temperatures normally begin to decline by early
September. This will be shown below in figures 12 through 16. Accordingly, the data shown in
figure 11 represent slightly less than the peak surface water temperatures in the north basin
combined with still worsening hypolimnetic DO.

Allen and Meekin (1980) sampled temperature and DO in vertical profiles throughout Lake
Osoyoos in all three basins in 1972. Concurrently, they investigated the spatial distribution of
juvenile sockeye salmon (and kokanee) using gill nets that extended to relatively great depths,
although most of the effort was restricted to the north, deep basin. Gill nets were used in 1973
also, but no DO and water temperature results were reported. The profiles of temperature and
DO from 1972 are reproduced herein as figures 12-16. It appears that 1972 had warmer than
normal water temperatures, compared to late August-early September of recent years (cf figs.7
and 14). Juvenile sockeye/kokanee catch data that corresponds to the hydrographic data are
shown as Table 3. The author's total catch of sockeye in six attempts was acceptable, but not
large (<100 fish). On the day of the highest catch (Oct. 2-3), most of the fish were found in the
11 - 30 m depths, in the zone of acceptable water temperature (> 13 °C) and good 10
unacceptable DO (9.0-2.1 mg/L). )

During July, few fish were caught by Allen and Meekin in the north basin at depths shallower
than 16 m. corresponding to water temperatures <14°C and DO of about 6.6 mg/L. During
August, the fish were caught at depths with even lower water temperatures (<10°C) and DO
probably <5.5 mg/L. Under these conditions, growth could have been slightly impaired due to
physiologicai problems of obtaining enough oxygen. but it is possible that rich supplies of
zooplankton throughout a long growing season could offset these losses.
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Total Mesh Depth of
Fishing {(fishing size catches 0. nerka catch by age group
Date |location depth (cm) (meters ol 17 ] 27 3" lrotal
June station surface| 1.91-}| 0-3.7 0|1 5 0 6
1-2 1 nets 5.08
only
Total 011 5 0 6
July station surface | 1.91 0-5 2100 0 2
11-12 4 to 34 m{ and 6-10 010 0 0 0
2.54 11-15 00 1 0 1
16-20 310 1 0 4
21-25 0|1 0 0 1
26-30 110 0 0 1
31-34 0|0 0 0 0
Total 6 1 2 0 9
July station surface | 1.91 0-5 0}o0 1 0 1
12-13 3 to 43 m | and 6-10 00 0 0 0
2.54 11-15 00 0 0 0
16-20 410 0 0 4
21-25 2| 2 0 0 4
26-30 110 0 0 1
31-35 00 0 0 0
36-40 0]0 0 0 0
41-43 0|0 0 0 0
Total 712 1 0 10
August | station surface |1.91 0-5 ol o 0 0 0
9-10 3 to 43 m |and 6-10 00 0 0 0
2.54 11-15 ol o0 0 0 0
16-20 01 0 0 1
21-25 3| 2 0 0 5
26-30 4 |3 2 0 9
31-35 21 2 0 0 4
36-40 12 1 0 4
41-43 010 0 0 0
Total 10 110 3 0 23
August | station surface |1.91
10-11 7 to 21 m |and - 0| o 0 0 0
2.54
Total Ol O 0 0 0
Dctober! station surface |1.91 0-5 210 0 0 2
2-3 4 to 44 m |and 6-10 110 0 0 1
2.54 11-15 610 0 0 6
16-20 312 0 0 5
21-25 1112 2 0 15
26-30 4 | 3 3 0 10
31-35 111 1 0 3
36-40 00 0 0 0
41-44 0] 0 0 0 0
Total 28 8 6 0 42

Table 3. Gill net catch of juvenile sockeye in Lake Osoyoos. 1972.

(Copied directly from Allen and Meekin, 1980)
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It can be seen from Figure 13 (August 9-11, 1972) that maximum surface water iemperatures
exceeded the upper lethal limit for sockeye: 2 maximum of 25.6 °C at the south end of the lake
and 25.0 °C at the north end. Water temperatures decreases with increasing depth on all dates,
but so did DO concentrations until October. Uniform DO concentrations at all depths occurred in
the south basin during the two October samples (Figs. 15 and 16), indicating mixing and probable
complete turnover. However, the north basin was still stratified at the end of October.

Allen and Meekin's data overlap with the physiological data of Brett et al. (1969), but show a
preference for much lower than the predicted physiological optimum of 15°C. This suggests that
water temperature 1s a stronger control of vertical distribution compared to DO, relative to what
Brett et al. (1969) stated were the optimum conditions of each, as discussed above. Other factors
(predators, zooplankton distribution), may influence the depth distribution of juvenile sockeye in
Lake Osoyoos, and there may be interannual variation that Meekin and Allen's data did not show
(see section 13 General Recommendarions for further discussion of this topic).

No juvenile sockeye salmon were caught in the south basin, although only one attempt was
made on August 10-11, 1972. Itis likely that naturally occurring juvenile sockeye and kokanee
use this basin during the fall through spring. but no data are available from those tme periods. It
is assumed that fish released in the early summer from net-pens in the south basin of the lake will
find their way to suitable water temperatures and DO as the summer progresses. This
assumption is based on the observation that no fish kills of naturaily occurring juvenile sockeye
have been reported from the lake, and that DO in the hypolimnion gradually declines in the
summer. allowing the fish adequate time to move up or downstream (see section 13 General
Recommendations for further discussion of this topic).

6.3.4 pH

pH is a measure of hydrogen ion concentration (acid/base condition). For protection of
aquatic life, 7.0 to 8.0 is best, with 5.0 to 8.5 often encountered. Acceptability depends on other
factors such as the concentration of carbon dioxide. unionized ammonia, sulfides and metals
concentrations. Lake Osoyoos is slightly basic, similar to the mainstem Columbia River and most
other major water bodies in Eastern Washington, with monthly mean pH varying from 8.1 in the
winter to 8.4 uniformly throughout the May to September period (Fig. 17). The increased pH at
that time is likely due to use of carbon dioxide in the form of bicarbonate ion (HCO3") by algae.
This results in excess hydroxyl radicals (OH-) and the tendency t0 basic or alkaline conditions.
No identifiable temporal trends were evident for mean summer pH from the period 1976-1991
(Table 2, Fig. 18).

6.3.5 Conductivity

Specific conductivity is a measure of the capacity to carry an electrical charge, which in turn
is a measure of the concentration of ions and factors related to their valence. etc. For domestic
water, < 90 pmhos is considered excellent, 100 to 125 ymhos good, 125 to 150 umhos fair and
>150 pmhos is considered poor. but in areas of alkaline surface water it is often higher. In some
cases (e.g., Lake Chelan, Washington) there is a correlation between conductivity with dissolved
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phosphorus and nitrogen concentrations of tributary streams that allows the use of conductivity as
an easy surrogate for nutrient measurement (Patmont et al. 1989). Conductivity may be a useful
measurement for evaluating long-term historical trends in water quality in some freshwater
habitats because it has been collected for many years in basically the same manner. For exampie,
it has been used to evaluate long-term rends in the mainstem Columbia River (Rambow and

Sylvester 1967).

In Lake Osoyoos, conductivity is relatively high, but monthly averages vary only slightly from
about 257 to 300 pS, peaking in the winter and spring and declining in late summer (Fig. 19).
When compared with mean monthly Okanogan River discharge, there is an interesting lack of
correlation that is unexplained. No identifiable temporal trends were evident for mean summer
conductivity from the period 1975-1991, although elevated levels were seen in 1985, and 1987-89

(Fig. 20).
6.3.6 Water Transparency

Water ransparency as measured by Secchi disc can be a powerful but inexpensive measure of
trophic conditions in lakes and reservoirs. Lake Osoyoos has moderate to poor water
transparency, compared to other lakes in the Okanogan Valley. Blanton and Ng (1972) reported
a mean Secchi disc depth of 3.3 m for Lake Osoyoos from April to October 1971. This was one
of the lowest average transparency, second only to Wood Lake and far less than Okanogan Lake
that had a mean Secchi disc depth of 8.0 m. Stockner and Northcote (1974) mention early,
meager records of lake transparency for Okanogan Valley Lakes, but do not cite specific data.
They conclude that "there is no clear evidence of a progressive decrease in clarity following
eutrophication though this is suggested” (by the data).

Although turbidity data from the lake outlet station were available, I chose instead to focus
on water transparency data collected bimonthly during the summer from 1989 to 1992 by ciuzen-
volunteers organized by the Dept. of Ecology (Rector 1990-1993). The data shows an annual
trend of decreasing average water transparency from about 3.7 m to 1.8 m over the summer
months (Fig. 21). There is no readily apparent explanation for this decrease, although it is
possible that there is a steady increase in the density of blue-green algae during the same period.
Many of these algae are able to adjust their buoyancy, floating to the surface during the day to
compete for light and descending at night to acquire nutrients from deeper layers. The
epilimnetic density of these forms could be increasing throughout the summer and Secchi disc
measurements are taken during the day, in the surface waters that would be affected by their
presence. Other possible covarying factors I examined (Okanogan River discharge, conductivity,
etc.) did not correlate with the decreasing transparency during the summer and neither did pH at
the lake oudet (Fig. 17) that remained high all summer. In many lakes and reservoirs, water
transparency increases after reaching an annual minimum during a spring bloom (e.g., Lake
Roosevelt in the mainstem Columbia River). See section 13 (General Recommendations) for a

strategy to evaluate this phenomenon.
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6.3.7 Chiorophyll a

Chlorophyll a refers to the most common photosynthetic pigment present in phytoplankton
that is often used as a gross indicator of phytoplankton density. In this regard it is useful as a
snapshot indicator of phytoplankton standing stock. but gives only indirect evidence regarding
rates of primary productvity. There are few chlorophyll a data or other measures of
phytoplankton productivity from Lake Osoyoos, but some data are available from the north basin
(E.V. Jensen, unpublished data, 11/1992).

Late February/March (N=7) and September (N=4) chiorophyll a data taken from O and 1
meters during 1986 to 1992 is discussed here. The late winter chlorophyll 2 mean was 11.5 pg/L
(SD = 2.8) , and the fall mean was 7.8 p/L (SD = 1.5), and no phaeophytin (decomposition
products) data were available. These few data suggest that phytoplankton productivity in the
early spring was fairly high, and not much less in September. Given the Secchi disc information
previously discussed, it is likely that mean summer chlorophyll a in Lake Osoyoos is at least 10
pg/L, which is indeed high compared to other sockeye saimon lakes reviewed by Koenings and
Burkett (1987) and Stockner and Shortreed (1979).

Pratt et al. (1991) compared unpublished spring chlorophyll a data from Lake Osoyoos with
mean summer chlorophyll a data of Stockner and Northcote (1974). The source of the
unpublished information was not mentioned, that I will assume was from the north basin as
collected by the B.C. Ministry of Environment. On cursory examination the two sources indicate
a decline in concentration from 23.0 ug/L to 8.0-11.0 pg/L, which would be a very significant
drop in algal production. However, these data are not comparable because of greatly different
timing of collection. Stockner and Northcote's (1974) data represent the mean summer
concentration and the unpublished data were single point estimates, probably from the late winter-
very early spring before the spring diatom bloom begins in earnest (and likely from the same data
discussed in more detail above).

Additional chlorophyll a data coliected during the spring to fall period would be useful in
defining patterns of phytoplankton productivity in Lake Os0yoo0s. This could be accomplished as
part of a broader program discussed further in section 13, General Recommendations.

6.4 Nutrient Water Quality and Algal Dynamics

This section presents a brief primer on macronutrients, resuits of limited water quality
sampling in the fall of 1992, and synthesis of available nutrient data from in-lake and lake-oudet
monitoring stations with respect to algal dynamics in Lake Osoyo0s.

6.4.1 Background on Macronutrients
There are two general categories of nutrients required for algal growth and metabolism.

macronutrients (required in large quantities including carbon, phosphorus. nitrogen and silica for
diatoms) and micronutrients (required in very small amounts, €.g., trace metals and vitamins).
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This discussion focuses on two macronutrients, nirogen and phosphorus, commonly accepted to
be of major importance in aquatic environments and seasons where nutrients could possibly limit
plant growth. At other times and places, factors such as cold or warm water temperature, lack of
sunlight or grazing by predators may be more important in controlling the growth of algae.

Although usuaily not considered a macronutrient, carbon is required in large quantities by all
forms of biota in the aguatic food web. At normally occurring pH, it is typically present as
bicarbonate but rarely limits algal growth, except in eutrophic environments where aigal blooms
may deplete the supply and raise pH. Less desirable blue-green algae may dominate the
phytoplankton at such umes, particularly during quiescent lake conditions (Bouchard 1989 and
references cited therein). -

Although the accurate and routine measurement of dissolved inorganic nitrogen is limited to
about the last two decades, relatively accurate phosphorus measurement has been routinely
accomplished for many decades. This is fortunate because phosphorus is often considered the
important limiting plant nurient in most freshwater environments, despite evidence of short-term
limitation of nitrogen in eutrophic freshwater habitats.

The reader is reminded that nutrients in natural waters are not conservative elements, i.e.,
physical transport, chemical changes and biological processes act to alter the form and distribution
in the water column and sediments. Algal uptake and release during decay, denitrification to
nitrogen gas, sedimentation of P with other solids, and advection downstream are some of the
factors that cause periodic if not daily variations of macronutrient concentrations in fresh waters.

Phosphorus

In general, phosphorus is the most important nutrient that may, under certain conditions, limit
the growth of algae in freshwater environments. Two forms of phosphorus are considered in this
discussion: (dissolved) orthophosphate (PO43') and total phosphorus (herein abbreviated "TP").
Orthophosphate is that fraction generally considered available for plant uptake and assimilation,
and is often a significant fracuon of the total phosphorus concentration in natural waters. TP
includes all forms of organic and inorganic phosphorus, both dissolved and particulate (plant
matter or detritus).

In contrast to the dissolved inorganic macronutrients, the measure of total nutrients,
especially total phosphorus is a very useful indicator of tropic status of fresh water systems,
especially lakes. A summer mean <14 pg/L has been suggested to indicate oligotrophy, and a
summer mean > 25 pg/L may be an indicator of eutrophic conditions (Porcella et al. 1980, Welch
1992). Carlson's (1977) trophic state index relates algal biomass (chlorophyll a) to total
phosphorus and is among the most widely cited index. It also incorporates secchi disc

transparency measurements.

As shown in figure 22, the range of trophic status involves a gradual shift in these measures

from nutrient poor (oligotrophic TP <7-10 pg/L) to nutrient rich (hypereutrophic TP > 60 pg/L).
In comparison to oligotrophic lakes, eutrophic lakes are often shallow, have a high rate of nutrient
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supply (internally from sediments and/or from external sources), have few species of plankton,
abundant rooted macrophytes and may have depletion of hypolimnetic water (W elch 1992).
Another index of lake productivity is to use the steady-state TP concentration at spring overturn.
This could be accomplished using the Canadian data from the north basin. Maximum TP for
temperate lakes with salmonid fish was judged to be 60 pg/L by Beveridge (1987).

Nitrogen

Nitrogen is generally less important than phosphorus in limiting freshwater algal production,
but may be more important in eutrophic and hypereutrophic lakes where internal loading of
phosphorus (i.e., sediment release) and other factors may be significant. Some species of blue-
green algae are able to fix nitrogen gas, although at relatively slow rates. Several forms of
nitrogen are commonly measured in aguatic environments including total nitrogen (herein "TN"),
nitrate (NO3"), nitrite (NO7"), and ammonium + ammomna (NH4+ & NH3).

Total nitrogen includes all forms of nitrogen, particulate and dissolved, organic (e.g., amino
acids) and inorganic (e.g., nitrate, nitrite and ammonia). Nitrate is a common plant nutrient that is
used a component to synthesize protein. It may be denitrified by microbial forms to nitrite and
ammonia, or be generated from ammonia via nitrite through nitrification in aerobic environments.
In natural waters nitrate is usually much more prevalent than nitrite or ammonia. Nitrite is also a
plant nutrient in some cases, but is toxic to animal life and is rapidly oxidized to nitrite in
oxygenated waters. Ammonium + ammonia, i.e., the combined amount of dissociated ammonium
jon (NH4*, the ionized and non-toxic fraction) and ammonia (NH3, the unionized and toxic
fraction) is sometime preferentially utilized by plants compared to nitrate. The percent occurrence
of either form may be calculated from the total ammonium + ammonia concentration using tables
of ambient water temperature and pH at the time of sample collection (Trussel 1972).

Ammonium and ammonia are much less mobile in soils (Goldman and Homne 1983) and is
strongly sorbed to particulate and colloidal particles, especially in alkaline lakes with high
concentrations of humic matter (Wetzel 1975). When combined, the three inorganic forms of
nitrogen in aquatic environments, nitrate, nitrite and ammonium-+ammonia, are often referred 10
as dissolved inorganic nitrogen or DIN. This is a useful measure because all three forms may be
useful for algal growth and are often inter converted in the microbial loop.

Nutrient Cycling

A paradoxical situation exists for the dissolved inorganic macronutrients (.e.,
orthophosphate, nitrate, nitrite and ammonia + ammonium) during the summer months. These
nutrients are not useful measures of the state of eutrophication, because they are often rapidly
taken up by algae and cycled through the food and detritus web. This is shown through the
normal decreased concentrations of dissolved inorganic nutrients in the main algal growing season
that often seen in the lakes and reservoirs. The primary importance of these measures in the
present context is for indication of limiting nutrient status, i.e., which nutrient or nutrients are
potentially limiting to algal growth when ambient concentrations decline to low or nearly
undetectable concentrations.
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To complicate matters, there can be an uncoupling of ambient nutrient concentration and
nutrient supply rate (from recycling and sediment release) that diminishes the use of simply
measuring and analyzing dissolved inorganic nutrients. This occurs when the supply of freely
available dissolved inorganic nutrient declines due to biological demand. and but the recycling of
it increases due to the seasonally larger size of the algal biomass. See Hecky and Kilham (1988),
Rensel Associates and PTI Environmental Services (1991) and Welch (1992) for more details,

Nitrogen to Phosphorus Ratios

Nitrogen to phosphorus or N:P ratios (N refers to DIN, P refers to orthophosphate) ratios
are potentially useful as seasonal indicators of nutrient supply and algal uptake in lakes and
reservoirs with less than moderate water exchange or flushing rates. The N:P ratio, coupled with
a knowledge of the actual concentration of the lesser abundant nutrient, may serve as a potential
indicator of nutrient limitation, but not as an absolute measure. In areas of more active physical
transport, abiotic factors such as riverine flow, wind mixing, and upwelling may significantly alter
the ratio. Many nutrient budgets are controlled by advective inputs and outputs of riverine water
and wind-driven circulation (Jaworski 1981; Monoget et al. 1981). Nitrification, denitrification,
or both may be significant processes that alter the forms of nitrogen in some systems. The rate of
exchange between pools of dissolved and particulate forms also affects nutrient availability.

A balanced N:P ratio for use by plants is about 7:1 (by physical weight, 16 to 1 for atomic
weight, Redfield 1958). Over time, freshwater habitats that experience nutrient enrichment often
have ratios that increase at first (indicating limited phosphorus) and later decline to less than 7
when the trophic state shifts to mesotrophic or eutrophic. Again, the index is only useful when
the concentration of one or both nutrients is near to zero. When both nutrients are in excess
supply, other factors may be more important in limiting plant growth, or plant growth may be at
physiological maximum rates if no single factor is limiting. Actual algal growth limitation couid be
demonstrated through nutrient-addition bioassays, knowledge of the nutrient requirements of the
dominant species. and other means, but these involve measurements that have not been conducted
often enough or over a broad enough geographic range to be useful here, as discussed below.

Units of Measurement

At this point it is necessary to discuss the units of nutrient measurements used herein. Most
of the background nutrient data utilized in this report were reported as milligrams per liter (mg/L)
or micrograms per liter (ug/L = mg/L divided by 1000) of nitrogen or phosphorus in a particular
compound such as nitrate or orthophosphate, respectively. It is important to note that the only
the nitrogen content of each of these compounds is reported here (e.g., nitrogen within nitrate...
NO3-N, the suffix N referring to only the nitrogen); the weight of other atoms in the compounds
(e.g., oxygen within nitrate) are not reported. Some authors are careless and may not report the
suffix of the measurement units, which can lead to great confusion about the actual nutrient status
of a water body. For example, the concentration of nitrogen within nitrate (NO3-N) must be
increased by a factor of 4.4 when converting nitrate nitrogen (NO3-N) to nitrate (NO3). It is not
necessary to use the suffix when referring to total nitrogen or total phosphorus, as long as it is
clear which nutrient is being discussed. See Welch (1992) or Rensel Associates and PTI
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Environmental Services (1991) if more detailed introduction to this topics is required.

6.4.2 Resulits of Fall 1992 Water Column Sampling

Samples were collected at two alternative net-pen sites on the east side of Lake Osoyoos in
October 1992 (Table 4). Secchi disc depth was 2.3 meter at both sites, and abundant numbers of
zooplankton were observed in surface waters. Lack of temperatre and DO stratification
indicated that the lake had been mixing ("turning over") at some point in the fall prior to sampling.

Table 4. Results of October 12, 1992 sampling at two alternative net-pen sites in Lake Osoyoos.

Both Sites, October 12, 1992

Ammonium N:P
Station Depth  Nitrate Nitrite  + Ammonia DIN Ortho-P Ratio TotalP  Total N
(m) mg/L-N mg/L-N mg/L-N mgL-N mgL-P (bywt) mg/L-P  mg/L-N

Grubbs 1 0.011 0.001 0.037 0.049 0.004 113 0.024 0.504
Cove 10 0.011 0.001 0.065 0.077 0.004 19.2 0.071 0.542
Smith 1 0.016 0.001 0.022 0.038 0.001 413 0.024 0.496
Cove 10 0.024 0.001 0.018 0.044 0.001 43.1 0.023 0.375

Grubbs Cove Only, October 12, 1992

Depth  Wat. Temp  Conduct- D.Oxygen pH Secchi Chl.a  Phaeo- Weather

(m) (&) ivity (uM) (mg/L) Disk (m) ug/L phytn  Conditions
1 14.7 294 8.1 8.02 23 104 10.56 2kt N wind
5 14.5 warm and

10 14.5 299 7.9 7.72 0.63 0.503 pt. cloudy
15 14.5

6.4.3 Synthesis of Nitrogen Data from Lake Osoyoos

As discussed above, dissolved inorganic nitrogen (DIN) includes nitrate. nitrite and total
ammonia (i.e., ammonium + ammonia). All of these forms are subject to quick biological cycling
and all may be used by plants as nitrogen sources. Ammonium ion (NH4¥) is a product of
organic matter decomposition that is non-toxic and is more prevalent at cooler temperatures and
lower pH levels compared to unionized ammonia.

The annual average of ammonium + ammonia concentrations at Lake Osoyoos outlet was
0.035 mg/L-N (SD =0.008 mg/L-N), which is relatively high for natural waters (Table 1, Fig.
23). However, the average un-ionized portion is small (Trussel 1972). averaging only about 4%
of the total ammonium + ammonia or 0.0014 m g/L-N on an annual basis. Ammonium + ammonia
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concentrations generaily decline at the lake outlet during spring and summer, with the exception
of May. This pattern may be caused by the enhanced flushing of the lake that occurs during these
same time periods (Fig. 3). or related to the affinity of total ammonia for algal and particulate
matter, previously discussed, or 10 other, unknown factors. Rector (1992) reported a possible
decrease in ammonia nitrogen at the lake outlet during the period 1981 - 1991, but the decrease is
not definite (J. Rector, pers. comm. 2/93) and is not apparent in the data examined here (Fig. 24).

Unionized ammonia (NH3) is toxic to many aquatic organism and becomes more prevalent at
higher pH (base conditions) and elevated water temperatures (EPA 1986). For sensitive fish
such as salmonids, ammonia should not exceed 0.029 mg/L-Nata pH of 8.25 and water
temperature of 20 °C for chronic (4-day) exposures. Concentrations of un-ionized ammonia are
quite low at the outlet from the lake, despite the nutrient-rich conditions, with monthly means not
exceeding 0.0014 mg/L-N (Table 1). The four-day chronic exposure threshold for total ammonia
under the same conditions is 0.76 mg/L-N, a level never approached at any time at the lake outet.

A comparison of mean monthly dissolved inorganic nitrogen (DIN, Fig. 25) to mean monthly
ammonium + ammonia at the lake outlet (Fig. 23) shows that about 25 to 50% of the DIN may be
accounted for by the ammonium + ammonia, the balance being nitrate and a small amount of
nitrite (Ecology data, not shown here). The mean summer DIN concentration (Fig. 26) has a
pattern similar to mean summer ammonium + ammonia (Fig. 24). DIN results are discussed
below in more detail with regard to the nitrogen:phosphorus ratio.

6.4.4 Synthesis of Phosphorus Data for Lake Osoyoos

As previously discussed, orthophosphate is the form of phosphorus available for plant uptake
and metabolism, but total phosphorus (all forms combined) is useful as an index of lake or
reservoir eutrophication. Mean monthly orthophosphate at the lake outlet did not vary much,
from only 0.007 to 0.011 mg/L-P over the annual cycle, with lowest values in April and highest
values in September (Fig. 27). The decline in orthophosphate in spring could be due to algal
uptake. but without some index of phytoplankton productivity (Secchi disk, chlorophyll a, or cell
counts) it is difficult to explain the late summer increase.

No trends were seen in mean summer concentration of orthophosphate over the period 1978-
1991 (Fig. 28), but there are major limitation with these data. However, the detection limit for
orthophosphate at the lake outlet was relatively high (0.010 mg/L-P) and virtually all of the
measurements from the late summer of 1988 through 1991 were labeled "k" in the data base,
indicating the orthophosphate concentration was at or below detection limits of the laboratory
equipment. I treated these detection limit values the same as the detection limit for this report,
but that likely introduced a bias toward unrealistically high orthophosphate concentrations. Welch
(1992) advises a detection limit of 0.002 mg/L-P or less for orthophosphate monitoring in lakes.
Nevertheless. these data have a useful purpose; more on this below with regard to the nitrogen to
phosphorus ratio.

Mean monthly total phosphorus (TP) concentrations at the lake outlet assumed a tri-modal
pattern, varying from 0.017 mg/L in June to 0.032 mg/L in December, with peaks in spring and
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Jate summer and December (Fig. 27). Unlike orthophosphate, detection level concentrations of
total phosphorus were rarely seen in the data base. A major peak of TP was seen in April and
May, with individual data points (not shown) reaching 0.100 mg/L in some years. This spring
peak was most likely related to the spring overturn and loss of vertical stratification in the water
column. Stockner and Northcote (1984) discuss the overturn, and show a mean total P of 0.076
mg/L for two years of sampling somewhere in Lake Osoyoos, probably in the north Basin. Mean
summer TP values were slightly less than the 0.025 mg/L. (25 ug/L) index of eutrophy previously
discussed. These summer averages also appeared 1o be gradually declining since 1985, but were
still within the range of averages previously seen.

A comparison of TP with orthophosphate by monthly or summer means (Figs. 27 and 28,
respectively) shows that there is too little variation of orthophosphate to show a trend. However,
there are hints that the two factors are inversely related in the spring and winter, but directly
related in the late summer. The cause of this relationship is unknown, but in any case. much of
the phosphorus is in particulate (algal or detrital) forms throughout the year.

Finally, a better indicator of eutrophication status would be "in-lake" TP data, and fortunately
there is some information from the north basin. These data for late August and September of
1983-1991 show a mean summertime total phosphorus of 0.0142 mg/L (SD = 0.004, N = 9) for
surface waters or 0 or 1 m depth. This would indicated moderately low, mesotrophic conditions,
based on one of the indices previously discussed. It would be useful to coordinate sampling with
the Canadian workers to try to detect possible tropic differences between the north and south
basin, as discussed further in section 13, General Recommendations.

6.4.5 Nitrogen to Phosphorus Ratios and Algal Growth Limitation

Nitrogen to phosphorus (N:P) ratios may serve as surrogate indicators of possible nutrient
limitations. under certain conditions discussed in the introduction to this section. Monthly N:P
ratios from the lake outlet (Table 1, Fig. 29) varied from about 17 in the winter (relatively low P)
to lows of about 3-4 (relatively low N) during the summer. Because light and temperature may
limit algal growth in the winter, the spring to fall period is of more interest in this discussion, and
the winter ratios are of no significance. (Although some mesotrophic lakes in temperate, marine
climates are capable of supporting blue-green algal blooms throughout the winter, e.g., American
Lake in Pierce County WA.). No obvious annual trends were seen for mean summer N:P ratio at
the lake outlet (Fig. 30).

Canadian surface water data for late August to early September, 1983-86 and 1989-91 (N =
7) shows a mean N:P ratio of 4.1, similar to the lake outlet station, which averaged 6.1 in August
and 3.4 in September. In using these data, however. it must be noted that there was a high
detection limits for nitrate-+nitrite (0.020 mg/L-N), which means that the true N:P ratio may have
been even lower than the calculated ratio of 4.1.

From Brower and Kendra's (1990) data. I calculated epilimnetic ( dissolved) N:P ratios of 3.0
and 2.8 on June 6 and September 6. 1989, respectively, for a station in the south basin near the
international border. Unlike the routine water quality data collected from the lake outlet, these
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data reflects a lower threshold of phosphorus detection and epilimnion orthophosphate was
measured to be 0.004 mg/L-P on both dates. a relatively low concentration. They found DIN
concentrations of about 0.011 - 0.012 mg/L-N. which are much lower than the average found at
the outlet sampling station during the same months.

Because of the moderately low N:P ratios found at all stations (in-lake and at outlet station)
during the summer, one might assume that nitrogen limitation is prevalent in the lake's euphotic
zone during the summer. The nominal concentrations of both N and P were relatively low at both
in-lake stations mentioned above. The outlet station had higher mean N and P values, but it was
likely composed of a mixture of hypolimnetic and epilimnetic waters, as previously discussed for
DO.

In summary, the N:P ratio data suggests possible nitrogen limitation of phytoplankton growth
during the summer in Lake Osoyoos, but phosphorus limitation has been more likely in the early
fall. This sort of seasonally fluctuating condition was not unexpected, and also occurs in the
mainstem Columbia River, where somewhat similar mean monthly NP ratios have been seen
(Rensel 1989). The lack of extreme ratios in either direction (i.e., > 18 or < 3.4) for Lake
Osoyo0s surface water suggest that nutrient supply is not greatly imbalanced and that the lake is
correctly characterized as mesotrophic, not eutrophic.

NP ratios during the period of proposed fish rearing in April and May are virtually neutral
(7), suggesting that neither nutrient is less limiting to phytoplankton growth at that time. Low
concentrations of both N and P at that time suggest that DIN and orthophosphate added to the
water from the net-pen fish will be rapidly utilized by the diatoms that are expected to be
dominant at that time of year (as discussed below). However, flushing rates during the fish
rearing period will increase rapidly due to the annual pattern of discharge from the Okanogan
River. If the site is located as near as possible to the lake outlet. a significant portion of the
dissolved nutrient wastes could be flushed from the lake.

6.4.6 Nutrient Addition Bioassays

Nutrient-enrichment algal bioassays were conducted in 1971 as reported by Stockner and
Northcote (1974). As shown in their figure 6 (not included here, see Pratt et al. 1991 or the
original reference), by far the greatest response of algal growth was when both nitrogen and
phosphorus were added to Lake Osoyoos surface water. Slight increases were seen with the
addition of nitrogen alone, and no increase was seen with the addition of phosphorus. It has,
however, been over 20 years since this work was conducted. Methodology and accuracy of
analytical methods have changed greatly. The significance of this work is unclear for the purposes
of this report, because I could not find enough details about the work.

To begin to investigate this further, I collected and filtered surface water in early October
(10/12/92) at Grubbs Cove. I would have preferred to conduct the work during the summer, but
that was not possible in 1992. Orthophosphate concentration was very low (0.004 mg/L-P) and
the background N:P ratio was 11.3, suggesting possible tendency toward phosphorus limitation
(as previously reported above in Table 4). Through addition of equal molar amounts of
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phosphorus or nitrate. I found that phosphorus greatly enhanced algal biomass as measured by
chlorophyll a. with a final yield of 25.7 ng/L versus 6.4 pg/L for nitrate addition and 3.2 ug/L for
no additions. The nitrate addition and control flasks had actually declined in cells density from
chlorophyll a values of about 9.0 pg/L at the beginning of the experiment, 15 days prior.
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7.0 MACROPHYTES AND EURASIAN WATERMILFOIL

This section begins with a review of the factors controlling the growth of Eurasian
watermilfoil in general. then summarizes the known status of Eurasian Watermilfoil in the Lake
Osoyoos. Smith and Barko (1990) recently reviewed the ecology of the Eurasian watermilfoil
(Myriophvllum spicarum L.), a problem species whose genus is present on all continents except
Antarctica. Excessive growth of Eurasian watermilfoil has a well known and negative effect on
aguatic recreation (boating. swimming and fishing), and generally is perceived as reducing the
aesthetic value of affected waters.

Macrophytes, however, should not be considered an ecological problem per se. as they are
normal components of a mesotrophic lake and aid in controlling nutrient loading by several means
as described by Welch (1992b). Professor Welch notes that they: 1) provide a refuge for large
zooplankton that will grow, reproduce and control phytopliankton, 2) protect and stabilize
bottom sediments and phosphorus, 3) utilize nutrients released by sediments and decaying
macrophytes and 4) may inhibit the growth of harmful blue-green algae by release of excretory
products. Europeans consider macrophytes as far more desirable than dense phytopiankton
blooms that will replace the macrophytes in eutrophic or hypereutrophic waters.

Some of the negative aspects of prolific macrophyte growth are described as follows. The
drowning deaths of several swimmers have been directly linked to intense Eurasian watermilfoil
infestations (WDOE 1992). The plant may clog industrial, power generating and irrigation water
intakes, lower DO concentrations during fall or winter decay, clog fishways, and may even lead to
increased populations of mosquitoes in some locales. In some cases growth is excessive and
causes increased internal loading of the nitrogen and phosphorus in the water column due to
sloughing and leaf turnover and plant decomposition at the end of a growing season (Newroth
1985. Nichols and Shaw 1986). In many cases. native populations of macrophytes are severely
reduced due to milfoil competition, as has occurred in the middle reaches of the Columbia River
(Chelan County Public Utility District. unpublished survey reports).

The following section is in part paraphrased from the Smith and Barko's (1990) literature
review and eventually leads to a focus on the relationship of macronutrients to the ecology of
Eurasian watermilfoil.

Eurasian watermilfoil is generaily most common in 1 to 4 meters of water, but may be found
in deeper areas ( >10 m) in some cases where water clarity is good. Indeed, macrophyte growth
may actually enhance water clarity by stabilizing sediments and promoting sedimentation (Welch
1992b). Growth in depths < 1 m is not common due to a variety of factors such as wave action,
water level fluctuation, and temperature €xremes. Growth begins in the spring as water
temperature approaches 15°C, and reproduction is by both sexual (flowering) and asexual
(fragmentation). Fragmentation is thought to be by far the most important means of dispersal;
stolons are responsible for spread of populations for a few meters in established locations. The
plant is rooted in bottom sediments and looses its lower leaves in response to shading as it grows
to nearer the surface to form a dense canopy.
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even in new introductions.
d shape of Eurasian watermilfoil.

e unusually productive or capable of

Table 5 presents the factors that

Table 5. Factors influen

cing the growth and morphology of Eurasian watermilfoil
(modified after Smith and Barko 1990).

FACTOR

Water clarity

Water temperature

Inorganic carbon

Macronutrients

Micronutrients

Sediment

Water movements

Eutrophication

INFLUENCE No. 1

1. Low water clarity limits plants to
shallow rooting depths and leads to
canopy formaton

1. Plants grow best from about 15
to approximately 35°C.

1. Alkaline lake waters are best. but
other waters will support some
growth.

1. Nuisance growths restricted mostly
1o moderately fertile lakes, or fertile
locations in less fertile lakes. but
nutrient supply is apparenty less
important than other factors. No one
has shown that P supply limits
growth

1. Growth is not likely limited by
these as sediments sources are
abundant.

1. Plants grow best in fine-textured
inorganic sediment of intermediate
density due to optimal nutrient
supply. May grow in other areas,
if slope and depth are not too great

1. Spread of the plant is aided by
water movement.

1. Populatons do best in mesotrophic
(moderate trophic state) waters

INFLUENCE No. 2

2. High water clarity allows milfoil
growth at greater depths.

2. Maximum growth at about 30-35°C.
but growth at 10°C is better than many
competitor plants. Freezing
temperatures are lethal.

2. Nitrogen and phosphorus uptake by
the roots is the most important route of
entry. Cations and bicarbonate taken
from water.

2. Oxygen in the water column
precipitates them to the
sediment.

2. Plants grow poorly on highly
organic substrates (>20%) and very
course substrates.

2. Too much water motion and high
energy discourages plant growth

2. hypereutrophic systems have
phytoplankton and other algae that
may outcompete watermilfoil for light.
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Mineral nutrition of Eurasian watermilfoil has been more closely studied than any other
similar submerged macrophyte. Uptake of phosphorus (P) is mostly from the roots, even in
flowing water systems that constantly bathe the plant in fresh sources of P. It is thought that
availability of P rarely limit the growth of this plant because fine-textured sediments of lakes are

generally replete with phosphorus.

For nitrogen (N) the picture is not as clear. Eurasian watermilfoil prefers ammonium-
nitrogen over nitrate, as do many algal species. and may absorb it from either the sediment or the
overlying water. Nitrate is only taken up from the overlying water. Sediments are usually much
more replete with ammonium than the overlying water. Under some circumstances, the
availability of N may limit the growth of this species.

Carbon availability has been implicated in numerous studies as important in controlling
growth of Eurasian watermilfoil. Water with high dissolved inorganic carbon (DIC, e.g.,
bicarbonate) content is invariably a good location for this species. Therefore, alkalinity is a good
measure of the growth potential of the species. Other elements (Na, K, Ca and Mg) are not
considered limiting to the plant's growth, except in areas of low inorganic carbon availability.

Macrophytes such as Eurasian watermilfoil generally allow for more diverse and abundant
invertebrate and fish populations compared to adjacent open-water areas (Wiley et al. 1984,
Kilgore et al. 1989). Not all types of fish increase proportionately with biomass: piscivorous fish
increase to maximal numbers when macrophyte biomass is moderate, then taper off. Invertebrates
and forage fish, however, have been found to increase directly with macrophyte biomass
throughout the range studied. For warmwater species, small fish hide in the vegetation while
adult fish remain along the edges or in open channels (Engels 1988). I could find no similar
information for cold-water fish such as juvenile salmon, despite the presence of large macroalgal

beds in portions of the Columbia River mainstem.

Eurasian watermilfoil was first reported in Lake Osoyoos in 1976 (Pine 1983), and is thought
to have spread from upstream Okanogan Lake (Newroth 1985). Dion et al. (1976) reported
"very few aquatic macrophytes" during their survey of July 1974. In 1978, the area coverage of
Eurasian watermilfoil was estimated to be 1 acre, and increased to 132 acres by 1980 (Dardeau
1983), and spread downstream into the mainstem Columbia River. There have been no annual or
other periodic, systematic surveys of Eurasian watermilfoil in the lake. Brower and Kendra
(1990) estimate that approximately 60% of the shoreline in the south basin had macrophytes (they
used the term "covered with macrophytes”). In 1992 informal survey information collected by
Dept. of Ecology staff suggest major declines in the species abundance in areas once infested, at
Jeast on the U.S. side of the lake (K. Hamel, pers. comm. 10/92).
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8.0 PHYTOPLANKTON AND ZOOPLANKTON

Analysis of phytoplankton samples is important in characterizing the general trophic
condition of a lake. Although phytoplankton are considered the important base of the pelagic
food-web, certain forms (especially blue-green algae) can be toxic or harmful depending on their
prevalence, distribution and growing conditions. Several blue-green algal species form large,
filamentous webs that may be unacceptable to zooplankton grazers, since it may clog some
species' filter-feeding mechanisms, or may produce toxins that are harmful to the grazers. The
blue-greens are able to vertically migrate through gas-vacuole formation, which allows them to
access light at the surface and nutrients at depth. They may be able to move as much as 15 m/day
(E. Welch, pers. comm, 10/92).

According to Stein and Coulthard (1971), phytoplankton succession in Osoyoos Lake is
marked by a spring bloom of diatoms, followed by a summer bloom of blue-green algae and
microflagellates and a return to diatoms in the fall. They found Asterionella formosa, Fragilaria
crotonensis, Cyclotella comsa and Melosira Italica to be the principle diatom species. The
dominant microflagellate was Crypromonas ovaia and no they made no mention of the dominant

blue-green algae.

Zooplankton are important as consumers of phytoplankton and other plankton and as a food
source for fish including sockeye salmon. In general, larger zooplankton are more desirable as
fish forage, and this apparently applies to sockeye salmon as well. A particularly desirable
zooplankton prey species would be the cladoceran Daphnia spp. (up to 2 mm carapace length),
that may do well in eutrophic lakes, unless fish predation rates are high. Other common
zooplankton species include Bosmina sp. (about 0.4 mm CL). Smaller species such as rotifers are
probably not good prey species for sockeye salmon (LeBrasseur and Kennedy 1972).

As lakes increase in nutrient richness from mesotrophy to eutrophy, however, the mean size
of zooplankton often decreases in response to changes in the food web including a shift to smaller
detritus and bacteria associates with the increased phytoplankton biomass. Addidonally,
phytoplankton prey changes to more colonial and filamentous forms as a result of decreased CO»7,
increased pH and enhanced vertical stratification during quiescent weather (Welch 1992 and
references therein). With regard to Lake Osoyo0s, this generality suggests that further
eutrophication could seriously affect the sockeye population by shifting its prey composition to
smaller, less desirable species. As discussed below and in section 13, General Recommendations,
there is not enough quantitative information to evaluate if sockeye prey composition is shifting
significandy to smaller zooplankton forms.

Water samples were collected for qualitative analysis of phytoplankton and zooplankton on
October 12 and 22, 1992 at the Grubbs Cove site. Phytoplankton and zooplankton were
generally much more abundant in the later samples, although generally the same species were
present on both dates. Both blue-green algae and diatoms were present. suggesting a transition
period in the lake that would be expected following seasonal overurn. The water was particularly
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dense with zooplankton on October 22, 1992; a dozen or so visible zooplankton were seen when
I immersed my hand a few centimeters into the water regardless of my location on the lake.

The most dominant phytoplankton species were Phormidium sp. (a blue-green alga) and an
unknown filamentous diatom. In much less abundance was Zygnewa sp. (filamentous green aiga),
Aphanizomenon flos-aqui (a potentially harmful blue-green alga), Melosira sp. (distinctive
filamentous diatom found in about equal numbers to A. flos-aqui). Also in low abundance were
two diatoms Coscinodiscus sp. and Asterionella sp. Numerous other species were present.
Phytoplankton identifications were provided by Dr. Leal Dickson of the University of Washington
Botany Dept. There was some uncertainty regarding these samples, due to the effects of formalin
preservation and handling.

More detailed and quantitative analysis of phytoplankton and zooplankton species has been
conducted by the British Columbia government for samples collected opposite Monashee Co-op.
in the lake's north basin. Data were provided to me for late winter and early fall between 1989
and 1991 by E.V. Jensen, Ministry of Environment, Lands and Parks. Late February 1988
phytoplankton samples were sparsely populated by several blue-green algae including the
dominant Oscillatoria tenuis and Lyngybya subtilis. Several types of diatoms especially
Asterionella sp. were present in low numbers. In March of 1990, similarly low numbers of
phytoplankton were present, with Lyngybya subtilis the dominant blue-green alga and Melosira
italica the dominant but less abundant diatom. In September of 1990, the dominant blue-green
alga was Oscillatoria tenuis, and Anabeaena affinis was present. About 48 other species were

present in low numbers.

The most dominant zooplankton present in the October 1992, south basin samples that I
collected was Diapromus ashlandi (a calanoid copepod). This species was similarly most
dominant on September 9, 1991 in samples collected by the B.C. Ministry of Environment in the
north basin, and was present in March of the same year. Also present in modest numbers on all
three occasions was Diacyclops bicuspidatus thomasi, a cyclopoid copepod. Daphnia sp., an
important prey item of some fishes was present on September 1991, but not in the other samples.
Other species of zooplankton were noted in the March 1991 samples including 3 species of
rotifers and cladocerans (Bosmina sp.). Allen and Meekin (1980) report that the dominant
zooplankton during their 1972-73 surveys were copepods (Cyclops spp. and Diaptomus spp.),
immature copepod nauplii, and the cladoceran Daphia spp.



36

9.0 PHYSICAL SAMPLING RESULTS AT ALTERNATIVE NET-PEN SITES

9.1 Current Meter and Drogue Study
9.1.1 Wind Conditions and River Discharge During Sampling

In order to evaluate the suitability of a site using the State of Washington's Recommended
Guidelines, previously discussed, it was necessary 10 evaluate water velocity at the alternative
sites. This chapter addresses that topic by comparing conditions during sampling to average wind
and river flow conditions during the proposed period of salmon net-pen rearing, previously
discussed.

Wind forcing can be a major factor controlling the direction and velocity of water currents in
lakes. Efforts were made to monitor wind conditions during the current meter and drogue
studies. In general, winds were very light (5 MPH or less) on the first full day of sampling
(October 21. 1992) but were much stronger on the second day (5-10 MPH on October 22, 1992;
see Table 6). As a result. current meter monitoring was curtailed on the second day in favor of
drogue studies. Greater wind velocity on that day made the small skiff move too much so that
current meter readings were likely to be less accurate.

As previously noted, wind direction is usually north or south, following the orientation of the
Okanogan Valley. Mean wind velocity in the valley during spring is 9.8-11 mph (DeHarpporte
1983). Gibbons et al. (1987) reported winds from the southerly direction during their April 21 to
26 sampling period of 1986 in the lake. Accordingly, sampling during October of 1992 was done
during wind conditions typically encountered in the proposed sockeye salmon rearing period of

April and >, although specific wind direction information was not available.

Although tributary river discharge may have little direct influence on current velocity in a
large lake (Goldman and Horne 1983), it is important to consider it's possible effects during the
sampling period. This can then be compared to average discharge during the proposed saimon
nearing period to get a sense of possible differences in current velocity and water resident time.
Water flow into Lake Osoyoos is controlled on the Canadian side of the border, but there are
agreements for maintenance of minimum flows.

Daily flow data during the October 1992 sampling were provided by Mr. Robin McNeil of
the River Forecast Centre of British Columbia Department of Environment, Lands and Parks.
Data from several stations were available, but for our purposes data from Oroville at the outlet of
Lake Osoyoos is most useful. Flows in the 20 days prior to sampling averaged 379.9 CFS.
Flows during the proposed net-pen rearing months are typically similar for April (1985-1990
mean = 339 cfs) and somewhat greater during May (1985-1990 mean = 560 cfs) averaged 495
cfs. Therefore the sampling period flows were about 30% less than will occur during the actual
rearing period. resulting in substantially conservative esumates of water flow from riverine input.
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9.1.2 Current Meter Resuits

Current meter monitoring resuits are shown in Table 6 and Figure 31. In general. flows on
the first sampling day were very similar at both stations and at all three depths, with nearly twice
the velocity at 1 m depth and most of the water motion to the north, correlating with winds
mostly from the south.

Only one initial velocity measurement was made at both sites on the second day. The stwronger
winds at Grubbs Cove at that time resulted in about 3 times the current velocity at all depths
compared to Smith Cove. ~—

For the purposes of the evaluating alternative net-pen sites using the Recommended
Guidelines, the mean current velocity near the surface at the site during light wind conditions was
0.09 ft/s (2.7 cm/s). This value does not represent maximum velocity (as used by the
Recommended Guidelines) but allows a very conservative estimate of water velocity at the site
during light wind conditions likely to be encountered in the late spring rearing period (spring
period 9.8-11 mph, DeHarpporte 1983). See Section 11.2 for allowable rearing density using
these data.
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Table 6. Lake Osoyoos current meter data and associated wind conditions during October 1992.

Grubbs Cove
Velocity (ft/s) 1-2 m Current
Date Time 1m 5m 10m Direction * Wind Conditions
10/21/92 1100 0.10 0.12 0.10 .~ Variable NwE 5 MPH South
1210 0.04 0.06 0.03 North 5 MPH South
1400 0.05 0.0 0.0 2 MPH South
1500 0.16 0.05 0.06 North Calm
1600 0.12 0.03 0.04 North 4 MPH South
1700 0.08 0.03 0.07 1 MPH South
Mean 0.09 0.05 0.05
SD 0.04 0.04 0.03
10/22/92 0920 0.19 0.18 0.20 North 10 MPH South
Smith Cove
Velocity (ft/s) 1-2 m Current
Date Time 1m 5m 10m Direction * Wind Conditions
10/21/92 1130 0.06 0.05 0.06 North 3 MPH South
1300 0.08 0.03 0.02 North 5 MPH South
1415 0.13 0.04 0.03 Southeast Calm
1525 0.09 0.07 0.04 Southeast Calm
1620 0.10 0.03 0.04 North 4 - 5 MPH South
Mean 0.09 0.04 0.04
SD 0.046 0.024 0.021
10722792 0940 0.06 0.05 0.06 North 5 MPH South

* Based on current meter direction at 1 m and general path of drogue travel.

There have been no broad studies of current pauerns in Lake Osoyoos, however, bathymetry,
sediment grain size and distribution of moderately soft-sediment utilizing macrophytes may also
be used as a rough indicator of current velocity. There are several macrophyte beds located on
the east shore of the lake in silty sand substrate (Gibbons et al. 1987) and in each case the beds
are located behind the north side of a point of land. At least two of the points (Grubbs and Smith)
also have relatively deep water areas (o the south of the points. These features suggest the
presence of counter clockwise current pati€rms in the coves south of each point. that results in low
current velocity and lack of scouring along the north side of each point.
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9.1.3 Drogue Tracking Resulits.

Shallow (2m) and deep (10m) drogues (drift object) were released from the center of the
alternative sites as explained in the methods section. The narrative will focus on one site at a
time, relative to current meter results and wind conditions (Table 6).

Smith Cove

Drogues released at 1130 hours at the Smith Cove site on the morning of October 21, 1992
moved in a north-northwesterly direction towards Smith Point (Fig. 32). The deep drogue
grounded quickly on the point after approximately 15 minutes, while the shallow drogue was still
moving in that direction. A near repeat performance was obtained by drogues released at 1245
hours (Fig. 33), although both drogues quickly ran aground on the point. Winds were 3 MPH

from the south during both of these releases.

By 1415. winds had ceased. and drogue released at 1440 moved in a different direction (Fig.
34). The shallow drogue moved directly north. then west along the shoreline for about 1 hour.
The deep drogue maintained a similar course as had earlier releases, but the shallow drogue
moved to the northeast and then southeast in a clockwise fashion. This seemed interesting, so I
released another shallow drogue at 1534 and it traveled directly to the southeast (Fig. 35). The
south wind began to blow about 1600, reaching 4-5 MPH by 1620 hours.

The next morning two Sets of drogues were released near the Smith Cove site and due west,
nearer the middle of the lake (Fig 36). All of these drogues moved quickly toward the Smith
Point and the wind was measured at 5 MPH.

These limited data from Smith Cove show the importance of wind on water motion, and the
residual gyre that occurred during slack winds. I did not expect to See such a close correlation

between drogue tracks and wind conditons.

Grubbs Cove

Drogues released at 1150 hours at the Grubbs Cove station moved in near opposite
directions initially, then generally to the north (Fig. 37). Wind velocity averaged about 5 MPH
from the south until about 1500, when it became calm. The drogues were left in place for several
hours and the shallow drogue moved toward the shore and to the west, paralleling the shore. The
deep drogue moved first south and then north, but slightly towards the east. A new pair of
drogues released at 1420 during calm conditions tracked quite differently (Fig. 38). The deep
drogue moved to the northwest, while the shallow drogue moved to the southeast, nearly 180°
different. Despite the calm conditions until about 1550, these drogues moved rapidly and were

recovered after about an hour.

The next morning, two pairs of drogues were released at 0900 hours, one pair from the site
and another pair from a position due west and towards the middle of the lake (Fig. 39). The wind
was generally much stronger than the previous day (about 10 MPH from the south). The shallow
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drogue released west of the Smith Cove site moved very rapidly to the north-northeast. The deep
drogue moved in a similar direction. but at a much slower rate. Both shallow and deep drogues
released at the Smith Cove site moved at similar speeds to the north-north east and eventually

went aground.

These limited data collected on:v under south wind conditions (with occasional calm periods)
are similar to the Smith Cove data. cut there were differences. At Smith Cove the surface and
deep drogues traveled in similar directions. except during calm periods. At Grubbs Cove, drogues
traveled in differing directions regardless of wind conditions. These results are important to
generally corroborate the current meter findings and to give preliminary hints regarding general
water circulation patterns. I would tentatively conclude that there is the possibility of a gyre (i.e..
an eddy) that centers near the Grubbs Cove station, which makes that site less desirable from the
standpoint of flushing. No evidence of a gyre at the Smith Cove site was found. There likely is a
gyre at imes in Smith Cove, but its center would be somewhere to the south of the sampling site.

9.2 Bottom Sampling Results

Bottom samples were collected at both alternative sites to determine sediment interstitial
phosphate, total organic carbon and sediment grain (particle) size. This information is useful to
characterize the sites with regards to background levels of organic loading and possibly for
indirect information regarding water velocity and sedimentation. Bottom sediments may provide
an index of overlying water velocity, with coarser sediments dominating in areas of greater
average and maximum velocity. Results of sediment phosphate, total organic carbon and
sediment size analyses are presented in tables 7 and 8 and figure 40.

Table 7. Total phosphate, total organic carbon and mean phi sediment grain size for
alternative net-pen sites in Lake Osoyoos, October 1992.

Parameter & Unit of Measure Smith Cove Grubbs Cove

Total Phosphate (mg-P/kg) 3,500 mg/kg 1,520 mg/kg

Total Organic Carbon T 2.0% 2.5%
(% C dry wt.)

Mean Phi Size 0.05 mm 0.035 mm

(mm, graphically determined)




"t

41

Sediments at both alternative sites were principally silt (1.e.. 0.004 to 0.625 mm; Fig. 40) with
very small amounts of fine sand (0.625 to 1.0 mm) and clay (<0.004 mm). The mean sediment
(phi) size was slightly greater at Smith Cove. which may suggest slightly greater maximum water
currents. Total organic carbon (TOC) was similar at both sites (2 to 2.5%) and was less than
expected. Data reported by Canadians (Stockner and Northcote 1974) from the north basin of
the lake were nearly 4% TOC in surface sediments. Besides the likely difference in depths of
sampling, the north basin could have higher productivity and organic carbon sedimentation rates
because of the nutrient-rich plume of the Okanogan River. A similar situation occurs in Lake
Roosevelt in the mainstem Columbia River, where maximum primary productivity is in the middle
reaches and related to industrial discharges of N and P upstream (Stober et al. 1982, Welch et al.
1992). Total phosphate was much greater at the Smith Cove site. but total carbon is a better and
more standard measure of organic deposition, and the laboratory that analyzed the samples rarely

does phosphate samples.

The general appearance of the sediment at both sites was surprising to this author. It was a
uniform, medium dark gray with no sulfur smell or obvious redox (RPD) layer. A light brownish
layer was noted at the very surface of the sediment. Because of the apparent mesotrophic state
of the lake, I expected that there would be a dark to black reducing layer in the near-surface
sediments, but none was found. The prolonged summer period of hypolimnetic hypoxia would
also be expected to contribute to the reducing layer, as anaerobic decomposition is much slower

than in aerobic conditions.
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10.0 PROJECTED EFFECTS OF NET-PEN REARING ON LAKE OSOYOOS

10.1 Background

This chapter presents the technical information and calculations used to estimate the total
amount of waste produced from the proposed net-pens in Lake Osoyoos. On a broader basis,
effects of salmon net-pens have been extensively researched and are summarized in several reports
and publications (Weston 1986, Gowen and Bradbury 1987, Tetra Tech unpublished. Cross
1990, Rensel 1990, WDF 1990).

10.2 Fish Production Strategy and Timing

The proposed project 18 planned to be implemented in two phases. Phase one is a three-year
program with an anticipated annual release of approximately 200.000 juvenile sockeye (8,000
Ibs). If phase one is successful, phase two would have annual fish releases of 375,000 (15,000
Ibs; R. Klinge, pers. comm. 11/92).

The projected timing of net-pen rearing is Mid-March to mid-May. Sockeye fingerling will
be stocked in the pens at approximately 90 fish per Ib (4.5 g) and will be released at
approximately 25 fish per Ib (18.4 g). Iselected a feed rate of three percent of body weight and a
food conversion ratio (FCR) of 1.5 to 1, which is conservatively less than what is achievable,
based on the literature and the experience at rearing pens in Lake Wenatchee. As discussed
above. sockeye salmon grown in Lake Wenatchee net-pens regularly achieve an FCR of <1.0.
~ Higher rates of feeding and lower FCR are certainly possible for the Lake Osoyoos project, but
for conservative planning purposes I have selected easily achievable and conservative goals.

Growth rate of the sockeye salmon is projected in Table 9. Using these values it is shown
that fish can be released after 61 days cultivation in the net-pens, preferably before the first of
June. Because of the relatively rich secondary production of Lake Osoyoos, fish should be
released in mid-May depending on water temperature (i.e., avoiding high surface water
temperatures) and when abundance of desirable zooplankton is acceptable. Estimated daily
loading is shown in Table 10, assuming a daily mortality rate of 0.04 percent per day and a feed
rate of 3% body weight.



Table 9. Sockeye Saimon Growth Rate Spreadsheet.
FCR = 1.5:1. Feed Rate =0.03 x BW per day.
Daily Factor = Fish Weight x FCR x Feed Rate

Fish Weight Daily Fish Weight Daily
Day (g) Factor Day (g) Factor
1 45 0.11 3 9.17 0.22
2 4.61 0.11 32 9.39 0.23
3 472 0.11 33 9.61 0.23
4 4.83 0.12 34 9.84 0.24
5 495 0.12 35 10.08 0.24
6 5.07 0.12 36 10.32 0.25
7 5.19 0.12 37 10.57 0.25
8 5.31 0.13 38 10.82 0.26
9 5.44 0.13 39 11.08 0.27
10 5.57 0.13 40 11.35 0.27
11 5.70 0.14 41 11.62 0.28
12 5.84 0.14 42 11.90 0.29
13 5.98 0.14 43 12.18 0.29
14 6.13 0.15 44 12.48 0.30
15 6.27 0.15 45 12.78 0.31
16 6.42 0.15 46 13.08 0.31
17 6.58 0.16 47 13.40 0.32
18 6.73 0.16 48 13.72 0.33
19 6.90 0.17 49 14.05 0.34
20 7.06 0.17 50 14.39 0.35
21 7.23 0.17 51 14.73 0.35
22 7.40 0.18 52 15.08 0.36
23 7.58 0.18 53 15.45 0.37
24 7.76 0.19 54 15.82 0.38
25 7.95 0.19 55 16.20 0.39
26 8.14 0.20 56 16.58 0.40
27 8.34 0.20 57 16.98 0.41
28 8.54 0.20 58 17.39 0.42
29 8.74 0.21 59 17.81 043
30 8.95 0.21 60 18.24 0.44
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Table 10. Estimated daily loading and feed use of sockeye salmon in net pens.

See text for assumptions and factors utilized.
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Mean Total
Weight Number Weight

@ of Fish kg)
4.5 204,530 9204

4.61 204,448 942.1

472 204,366 964.3

4.83 204,284 987.1

4.95 204,203 1010.4
5.07 204,121 1034.2
5.19 204,039 1058.6
5.31 203,958 1083.6
5.44 203,876 1109.1
5.57 203,795 1135.3
5.70 203,713 1162.1
5.84 203,632 1189.5
5.98 203,550 1217.5
6.13 203,469 1246.3
6.27 203,388 1275.7
6.42 203,306 1305.8
6.58 203,225 1336.6
6.73 203,144 1368.1
6.90 203,063 1400.4
7.06 202,981 1433.4
7.23 202,900 1467.2
7.40 202.819 1501.8
7.58 202,738 1537.3
7.76 202,657 1573.5
7.95 202,576 1610.6
8.14 202,495 1648.6
8.34 202,414 1687.5
8.54 202,333 1727.3
8.74 202,252 1768.1
8.95 202,171 1809.8

SUMMARY

Feed use in March=
Feed use in April =
Feed use in May =
Total annuai feed use =
Net Fish Growth =
Average FCR =

Feed Mean
Use Day Weight
(kg) (8)
33 ~ 31 9.17
33 32 9.39
34 33 9.61
35 34 9.84
36 35 10.08
37 36 10.32
37 37 10.57
38 38 10.82
39 39 11.08
40 40 11.35
41 41 11.62
42 42 11.90
43 43 12.18
44 44 12.48
45 45 12.78
46 46 13.08
47 47 13.40
48 48 13.72
50 49 14.05
51 50 14.39
52 51 14.73
53 52 15.08
54 53 15.45
55 54 15.82
56 55 16.20
57 56 16.58
58 57 16.98
59 58 17.39
60 59 17.81
61 60 18.24
61 18.40
Ingested by Fish
Kilograms Pounds
578 1,272
1.973 4.340
1,610 3,543
4.161 9,155
2,760 6.071
1.51

Total
Number Weight
of Fish (kg)
202.414 1,855.5
202,333 1,899.2
202,252 1,944.0
202,171 1.989.9
202,090 2,036.8
202,010 2,084.9
201,929 2,134.1
201,848 2.1844
201,767 2,235.9
201,687 2.288.7
201,606 23427
201,525 2.398.0
201,445 2,454.5
201,364 2,512.4
201,284 2.571.7
201,203 2,632.4
201,123 2,694.5
201,042 2,758.0
200,962 2,823.1
200.882 2.889.7
200,801 2,957.9
200,721 3.027.6
200,641 3.099.1
200,561 31722
200,480 3.247.0
200,400 3.323.6
200,320 3,402.0
200,240 3.482.3
200,160 3.564.4
200,080 3,648.5
200,000 3.680.0
Ingested + Feed Loss
Kilograms Pounds
607 1,335
2,071 4,557
1,691 3,720
4,369 9,613

Feed
Use
kg)
66
67
69
70
72
74
76
77
79
81
83
85
87
89
91
93
95
98
100
102
105
107
110
112
115
118
120
123
126
47
39
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In phase one of the project, a total of 6.071 Ibs (2.760 kg) of growth will be accumulated by
the fish as the initial biomass is 2.025 Ibs ( 920.4 kg) and the estimate release biomass is projected
to be approximately 8,096 1bs ( 3.680 kg). Using a food conversion ratiol.5 to 1. a total of 9.115
1bs feed (4.161 kg) will be consumed by the fish in phase one. Assuming a loss of 5% of the feed,
the total feed required will be 9,613 1bs (4,369 Ibs), although the calendar month maximum use
will be less than 5,000 1bs. (2.273 kg) obviating the need for a national pollution discharge

elimination system (NPDES) permit.

The effects of phase one production can be described in terms of the components of the
dissolved and solid wastes: phosphorus, nitrogen, carbon dioxide, oxygen consumption and area
distribution of waste feed and fish feces. Phase two production effects can be estimated by

approximately doubling the results discussed below.

Feed composition: Salmon feed is composed ot the components shown in table 11. In addition,
vitamins are sometimes added to the diet.

Table 11. Components of fish feed: proximate and elemental analyses.

Proximate Analysis Percent
Component By weight
Water content 10.0
Ash 10.0
Carbohydrates 25.0
Fat 10.0
Protein 44.0
Fiber 10
Total ---> 100.0%

Elemental analysis shows that fish food consists of:

1. Carbon 44.0%

2. Nitrogen  7.7%

3. Phosphorus 1.0- 1.6%

4. Hydrogen and oxygen (water) 10.0%

5. ash. sulfur and minerals (e.2., calcium, potassium, sodium). metals (e.g.. iron, zinc,

manganese) hydrogen. oxygen. eiC as part of carbohydrates. fats and proteins and
vitamins compose the balance.

Sources: Nos. 1 and 2 from Gowen and Bradbury (1987) but may vary to 55%;
No. 3 from Ketola (1975) and Holby and Hall (1991)
Nos. 4 and 5 from various feed manufacture's and other literature
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10.3 Phosphorus, Nitrogen and Carbon Production

Table 12 illustrates the flux of feed elements through a salmon net-pen sysem. The
components are discussed in more detail below.

Table 12. Distribution of feed elements from the a generalized fish farm (modified from
Gowen and Bradbury 1987, by changing percent consumed and adding P data from
Pettersson 1988).

INPUT 100%
carbon 44%
nitrogen 7.7%
phosphorus 1.6% RESPIRATION
l 1 50% of consumed carbon

RETENTION (IN FISH)
59, WASTED «— 95% CONSUMED mmp 20% of consumed carbon
25% of consumed nitrogen
\ 5 % of consumed phosphorus

1 FECES
30% of consumed carbon
10% of consumed nitrogen
EXCRETION 75 % of consumed phosphorus
65% of consumed nitrogen
20% of consumed phosphorus

10.3.1 Phosphorus Production

Fish food contains little phosphorus compared to carbon or nitrogen, typically a maximum of
1.6% (Ketola 1975) and as little as 0.6 - 0.8% is actually required by the salmon (Beveridge
1987). Approximately 66-84% of the phosphorus waste material will be in particulate (solid)
form and be part of the waste feed and feces that settles to the bottom.

By contrast. fish excretion will only have about 20% of the consumed P (see studies reviewed

by Weston 1986 and WDF 1990). Philips et al. (1985) found that 45% to 55% of the waste
phosphorus was buried in the sediments near the net pens. Even greater sedimentation rates are
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likely for Lake Osoyoos. with its relatively weak currents. perhaps as much as 90%.

The only detailed study of salmon wastes in a freshwater reservoir in Washington state
showed that 63% of the total waste P was deposited beneath or near the pens. and 37% was
removed by flushing (Taylor 1990). The findings were similar to the literature averages discussed
above. This study also showed that most of the dissolved inorganic phosphorus produced by the
fish was rapidly sorbed onto particulate matter within 30 minutes to 1 hour. resulting in increased
total P but no measurable increase in orthophosphate at the lake's outlet dam. This study is
applicable to the Lake Osoyoos situation because it occurred in Lake Aberdeen, an artificial
reservoir with fast flushing rate of 0.002 y-1, much faster than the rate of 0.7 y-1 for Lake
Osoyoos. Particulate matter concentration is undoubtedly higher and slower flushing rates allow
for lower export rates of P from Lake Osoyo00s.

For the purposes of conservauve estimation, I will assume a 50% burial rate of waste P.
Accordingly, the distribution of waste P for phase one of the project is as follows, based on the
distribution of wastes discussed above and assumptions noted below:

Feed = 4.161 kg x 0.016 = 66.6 kg P fed to fish x 95% consumed = 63.3 kg P/ yr. consumed

Waste feed P = 66.6 kg P x 0.05 = 3.3 kg P, assume 50% buried, 50% leach back to water
Feces P = 63.3kg Px0.75=475kgP with 50% buried, 50% leached back to water
Excretion P = 63.3kg Px0.20=12.7kg P soluble P, assume orthophosphate or similar

If all the P leached back to the water column was usable plant nutrient (orthophosphate), the total
annual production of P from the above estimates would be 38.1 kg. For perspective, the British
Columbia town of Oliver was pumping about 1.800 kg/yr into Osoyoos Lake in the early 1970s.

A first order estimate of background flux of total P through all three basins of Lake Osoyoos can
be constructed as follows. The flushing rate of all of Lake Osoyoos was determined to be
0.7/year. the mean annual outflow of 590.3 x 106 m3 (Stockner and Northcote 1974) and the
mean total P concentration was 25 pg/L-P (0.025 mg/L-P, based on tables previously presented).
Accordingly, 14,575 kg of total P are transported out of the lake each year (and undoubtedly a
significant fraction is retained in the lake). For example, Welch et al. (1992) estimated that about
30% of the total P input to Lake Roosevelt is retained in sediments.

Estimated phase one net-pen production 5f P in Lake Osoyoos would be about 0.0026 times
as much (about 3/10 of a percent) of the annual lake outflow. Because of biological use, cycling
and additional burial to sediments. the actual increase in Lake Osoyoos outflow would be much
less and in any event, not measurable in the total phosphorus budget of the lake.

10.3.2 Nitrogen Production

About 78% to 89% of the nitrogen content of salmonid metabolic wastes is in the form of
soluble ammonia with lesser amounts of urea ( Ackefors and Sodergren 1985. Enell 1985. Gowen
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et al. 1985, Merican and Phillips 1985, Phillips et al. 1985). Breut and Zala (1975) showed that
fingerling sockeye (29 g average weight) produced urea at a steady rate of 2.16 mg N/kg of fish
per hour (51.4 mg N/kg fish per day). Ammonia production varied over a daily cycle, peaking
about 4 hours after feeding at 35 mg N/kg of fish per hour and falling to a baseline level of 8.2 mg
N/kg per hour in the early mormning. The average daily rate of ammonia production was 349 mg

N/kg per day.

The pathway of nitrogen associated with the Lake Osoyoos sockeye salmon rearing project
may be estimated as follows, starting with the nitrogen composition of feed (about 7.7%).
Sediment accumulation (burial) rates of N will vary, but I will refer to the recent work of Hall et
al. (1992) for an estimate of 11% leach back rate to the water column. This was at a site with
more water circulation and therefore less sedimentation beneath the cages than will occur in Lake

Osoyoos.

Feed = 4.161 kg x0.077 = 320.4 kg N fed to fishx 95% consumed = 304.3 kg/yr. consumed

Waste feed = 320.4kg Nx0.05 = 16.0 kg N assume 89% buried, 11% leached to water
column
Feces = 3043kgNx0.10= 30.4 kg N with 89% buried, 11% leached to water column

Excretion = 3043kgNx0.65= 197.8 kg soluble N, assume all ammonia and urea

Total dissolved inorganic nitrogen entering water column directly or through leach-back process
= waste feed (1.8 kg) + feces (3.3kg) + excretion (197.8 kg) = 202.9 kg N/yr.

It is not possible to compare the total soluble N production of 202 kg/yr from the proposed net-
pens to natural flux through the lake because there are few data for total N. The dissolved
inorganic forms (nitrate. nitrite and ammonia-ammonium) are cycled through biological and
physical states. negating their use in this regard.

As a result of the net-pen program, the amount of nutrient from decomposing adult sockeye
carcasses will be diminished in the Okanogan River. This will reduce the amount nitrogen loading
in the lake to a minor degree, and is only an inadvertant and temporary effect of the net-pen
program. At 2,000 eggs per spawner, 2 0.5 to 1 male to female removal rate, and survival of 50%
from egg to planting in the net pens (304,500 eggs initially), there will be a need for 152 females
and 76 males for phase one of the program. This is total of 228 adult saimon, with an average
assumed weight of 2.2 kg (5 Ibs), and a total weight of 502 kg (1,140 1bs). Salmon are
approximately 7 - 9% protein, of which about 16% is elemental nitrogen (Brett et al. 1969) for a
total of 1.3% of the salmon being composed of elemental nitrogen. Therefore, approximately 6.5
kg (14.3 1bs) of nitrogen would not be introduced to the river and lake system if the carcasses
were removed for the net-pen project, and the total net increase of N in the sysiem would be
202.9-6.5 = 196.4 kg/yr. Ultimately it is more desirable to restore adquate fish habitat conditions
in the Okanogan River. and allow all the returning fish spawn naturally.
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10.3.3 Solids and Carbon Production

By definition. total solids include suspended solids (portion retained on a fine filter) and
settleable solids (portion that settles out in an Imhoff cone over a one hour period. APHA 1985).
Calculation of total solids production from fish farms depends greatly on the assumed food
conversion ratio (FCR). This was previously discussed and conservatively set at 1.5 ("dry" feed,
with 10% moisture) to 1.0 (wet fish weight, 70% moisture, see Parker 1987). The method of
determining solids production 1s shown in Table 13 and is paterned after Weston (1986) and
Gowen and Bradbury (1987) and may be used for any unit (kg or 1bs) of feed provided. Other
methods (e.g.. Liao 1970) yield similar resuits.

Table 13. Flow chart of solid waste production from salmon net-pens, from a generalized fish
farm (modified from Gowen and Bradbury 1987 and Weston 1986).

INPUT 1.5 kg fish feed
90% dry solids. — 10% water = 0.15 kg

!

1.35 kg dry fish feed

!

95% consumed — 5% waste = 0.07 kg dry wt.
1.28 kg dry wt.

33% fish feces 66% fish flesh + respiration loss of carbon to CO»

0.42 kg dry wt 1.0 kg wet wt. or 0.86 kg dry wt.

Total solids = food waste (0.07 kg) + fish feces (0.42 kg) = 0.49 kg or 33% of feed provided

Phase one production will use 9.155 Ibs (4.161 kg) of feed annually, resulting in the
production of 3.021 1bs (1,370 kg) of dry waste solids. Conservatively assuming that all of the
solids will be deposited beneath the net-pens within an area of 1.369 m?2 (as described below), this
amounts to a deposition of about 1 kg/m2 of bottom area.
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The carbon content of feed is about 44%, and losses may be partitioned as follows (modified from
Gowen and Bradbury 1987):

4.161 kg of feed supplied x 0.44 = 1,831 kg C fed to fish

Waste feed C = 1.830kg C x 0.05 =92 kg C

Feces C = 1.830kg C x 0.95=1,738.5 kg C x 0.30=522kgC

Respiration C = 1.830 kg C x 095=1,738.5kgC x 0.50 = 869 kg C as carbon dioxide
Retention C = 1,.830kgC x 0.95= 1,738.5kg C x 0.20 =348 kg C as fish flesh

Total waste carbon to the bottom will be waste feed (92 kg C) + feces (522kg C) = 614 kg C.

Respired carbon will enter the water as bicarbonate or carbon dioxide after crossing the gill
epithelium. In either case it will likely enter the bicarbonate pool that helps buffer the water from
pH changes, or will escape to the atmosphere as carbon dioxide depending on air/water transfer
coefficients that vary with wave turbulence and temperature.

The above exercise shows that most of the carbon is lost to respiration, followed by losses as
waste feed and feces, with the least incorporated into fish tissue. Based on estimates in the next
section, 614 kg waste carbon will be distributed over an area of 2,264 mZ, assuming minimal
current velocity similar to that found in the October 1992 sampling. This amounts to an average
deposition of 0.27 kg C/mZ2/yr on the affected bottom area (about 30 to 60 times less than a
commercial net-pen system, see Weston and Gowen 1988).

The deposition rate of carbon (a rate function) can be converted into a steady state
accumulation estimate by accounting for the decay of organic matter. The actual rate of decay of
the fish feces and waste feed on the bottom of Lake Osoyoos is unknown. However, ata steady
state. the rate of decay equals the rate of deposition and the time rate of change of material on the
bottom equals zero. The decay of organic material is considered a first order reaction, determined
by a reaction rate coefficient. A reaction rate of 0.01/day is assumed, as recommended by US.
EPA (1982). Because the net-pens will only be operated a maximum of 60 days/yr, the bottom
will have more than ample time to recover in terms of carbon breakdown, even accounting for the
period of epilimnetic hypoxia that occurs during summer months.

10.4 Modeling Area of Deposition

Waste fish food (non-floating variety) settles much quicker than fish feces. Most if not all of
the waste feed will settle directly to the bottom beneath or within a few meters of the proposed
net-pen facility. The actual deposition area of uneaten food may be estimated by use of equation
7.1 (from Tetra Tech unpublished). The formula accounts for the area under the pens and the
distribution in four separate directions from the pens depending on the current VeCLors assumed.
An approximate sinking rate for the size of feed to be used at the proposed net-pens would be 4
cm/sec, based on Stoke's fall velocity and tables prepared by Tetra Tech (unpublished). Current
resuspension would occur at roughly 20 cm/sec, which may never occur at the proposed site.
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Assuming a mean current velocity of 2.7 cm/sec (see section 9.2), and an average depth of 14 m,
and a normal distribution of currents around the compass rose, the following calculation would

apply:
Ag=[ LW + Qut)L + Qut)W + uut?]

where Ag = area of deposition in m2. the unknown in this equation
L = length of all four net pens combined inm = 24 m
W = width of all four net pens combinedinm = 24 m
u = mean current velocity in m/sec = 0.027 m/sec (may be altered for L or W sides)
t = (H/Wy) =282.5
H = depth of water beneath the bottom of the cages in m = 11.3 m (cage depth 2.7 m)
Wi = sinking velocity of uneaten food in m/sec = 0.04 m/sec

Application of the equation 10 the Lake Osoyoos sites show that virtually all of the waste
feed will settle beneath the cages and to 2 distance no more than 3.5 m from the cages. within an

area 37 m x 37 m (1,366 m2).

Fish feces are less dense than waste feed and settle more slowly through the water column
(but fish feces do indeed sink, and will not be transported to nearby beaches). Using the same
approach as above (equation 7.1), and assuming a fecal settling rate of 2 cm/sec (50% of Weston
and Gowen 1988; Cross et al. 1990 that were both for subadults and 75% of Rensel unpublished
data from 50 gram fish), the area of waste feces deposition would be 2,264 m2 or 48 m by 48 m.
Waste feces, therefore, will not spread greater than 24 m from the proposed net-pens.

10.5 Biological Effects

Possible biological effects of the proposed net-pens on algae and sediments are discussed
here. These are much more difficult to forecast than the nutrient loading estimates discussed
above. but some general conclusions can be drawn. First. because of the location and timing of
the proposed project, measurable effects of the net-pens will be limited to the south basin of the
lake. As previously shown, mean monthly flow through the lake increases greatly in May and
peaks in June (Fig. 3), allowing for expedited flushing of the lake and any soluble or suspended
particulate wastes resulting from net-pen rearing.

Benthic effects of the proposed net-pens should be non-detectable a year after the pens have
operated, based on the loading rates and distribution of wastes discussed above. From the
preliminary grab sampling efforts I made, it appears that few invertebrates inhabit, although
meiofauna are likely present. The benthic effects are the easiest to monitor, and that is proposed
below in section 13 Monitoring Recommendations.

The biological effects of the net-pens on the water column are expected to be minimal, and
will certainly be harder to quantify in any event. During the proposed period of operation the
spring diatom bloom will likely in progress, wind-driven vertical mixing in the lake is probably still
active (there are no data from the lake for this period). nitrogen concentrations are at annual
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maximum and N:P ratios are near normal (7:1. Table 1). Given these conditions, the smail
amounts of dissolved N and P released from the net-pen fish will likely be rapidly taken up by the
diatoms. The estimated N:P ratio of the dissolved wastes (5.3) is similar to the receiving waters,
suggesting no preferential uptake by the phytoplankton.

As previously discussed. it is possible that soluble phosphate will leach from fish feces and
uneaten feed. and possibly contribute to phytoplankton production. Because fish food and fish
waste has litte phosphorus, and flushing rates increase dramatically each year near the end of the
fish rearing cycle, the pens will not contribute substantially to the phytoplankton productivity in
Lake Osoyoos. In the worse case that they do contribute, at least it will be for diatom
production, not blue-green algae which are less desirable species dominating later in the year.
The exact distribution of nutrient incorporation could be predicted if more elaborate physical and
biological modeling was conducted (e.g., Kiefer and Atkinson 1988), but given the small size of
the proposed facility that would be unreasonable. No anticipated effects are forecast for
macrophytes. because the area of waste deposition is well below the surface, euphotic zone.
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11.0 PREFERRED SITE SELECTION

11.1 Comparison and final site selection

Table 14 is a comparison of
considering these and other factors,
measured current velocity. I discounted
scale gyre (eddy) at that site which would ten

site attributes for the two. final alternative sites. After

the Smith Cove site is preferable in all but the category of

this factor because of the possible presence of a small
d to reduce far-field dispersion. In any event, the

current velocity is not a fish cultural factor because of the very low loading rates of fish to be

used. The flushing rate of disso
than the average for the entire lake (0.

(Beveridge 1987).

lved wastes

from the Smith Cove site will likely be much faster
7 yr.) because of the close proximity to the lake outlet

Table 14. Comparison of alternatve net-
A + indicates preference of one sit

pen sites for environmental and fish cuitural factors.
e over the other.

Factor or Effect

Current velocity
(for benefit of fish)

Depth
Exposure to Wind Waves
Water Column Effects

Visual Presence

Logistics/fuel use, etc.

Sediment Effects
(no score on this, see text)

Sediment carbon content
and grain size

Overall Score Y
(1 =poor. best=7)

Smith Cove

similar to less velocity

same
much better +
less - near lake outlet +

similar to less. will blend
with nearby shore better +

better +
similar, may be more

concentrated but background
sedimentation rate is lower

similar to lower C content
and larger grain size (suggests
greater max. current velocity +

+5

Grubbs Cove

similar to stronger
(due to more wind fetch) +

same
much worse
more - further from outlet

simnilar to more noticeable. as it is
further from shore

wOorse€

similar, may be more dispersed
because of stronger currents

but higher carbon content suggests
greater background sedimentation rate

similar to higher C content
and smaller ¢rain size suggests lower

maximum current velocity

+1
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11.2 Rearing Density and Recommended Guidelines criteria

The State of Washington's Recommended Guidelines for Sizing and Siting Delaved Release
Net Pens (Parameturix 1990) are discussed here. relative to site-specific conditions at the proposed
net-pen site. The Recommended Guidelines provides water depth and velocity criteria for specific
densities of fish production at proposed net-pen sites that if followed, minimize or eliminate any
measurable long-term sediment effect beneath or near net pens.

Figure 41 shows the set of curves depicting the maximum allowable fish density per meter
square for a rearing period of 120 days. The Lake Qsoyoos facility will only operate for <1/2 that
period. hence the use of this figure builds in a large safety margin that will help deal with the
period of epilimnetic hypoxia that likely exists during the summer months at the proposed site.
Additionaily, the guidelines were apparently developed for use with coho salmon, which are
typically reared to a weight of 10 per ib (45g) in marine net-pens. The sockeye salmon will be
less than 1/2 as large, about (20g) at release. hence building in a further margin of safety with
regard to minimizing benthic impacts. A third conservative factor is that the estimated current
velocity was pased on averages during mild weather and wind conditions, and the Recommended
Guidelines use maximum velocity, which would be considerably greater at the sampling locations

in Lake Osoyoo0s.

For phase one, the maximum loading of fish is planned to be 200,080 fish @ 24.6 fish/lb
(average of 18.4 grams) at the end of the annual rearing cycle for production of 8,119 Ibs of fish.
Given the average current velocity during sampling in October 1992 (2.97 cm/s), and a depth of
about 35 feet beneath the bottom of the proposed cages, the allowable density would be about
600 fish/m?2 (Fig. 41). Accordingly, for phase one a total of 333 m2 (200,000 fish divided by 600
fish/m2) of rearing surface area is needed. The only commercially available net-pens of high
quality construction available on the local market have an inside size of 12 x 12 m and four of
these units assembled in a single square shape would have an effective rearing area of 576 m2.
Using 3 meter deep nets. this amounts to about 1,728 m3 (61.024 ft3 ) of rearing volume.

The total biomass on day 44 will be apprgximately 3,690.3 k§ and the volumetric loading
density will therefore average 2.13 kg per m? (or 0.13 lbs per ft3). This is nearly identical to the
density used in the successful Lake Wenatchee program and is much less than used for coho
salmon of similar size are routinely reared to 0.5 Ibs/ft3 in delayed-release net-pen facilities.
Larger salmon of all species may be reared at much higher densities (up to 32 kg m3) as long as
water currents are sufficient or oxygenation 18 provided. However, a prime consideration in
siting net pens in Lake Osoyoos should be to minimize benthic or water column effects. while

maximizing quality of the cultured fish.
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12.0 MONITORING RECOMMENDATIONS

Although small-scale delayed release programs such as the proposed net-pens for Lake
Osoyoos typically are not required to collect environmental impact data, it seems reasonable to
collect data in this case because of the mesotrophic conditions not encountered in other similar
projects. Monitoring should include seciment and water column measurements for at least a few

years until trends. if any, become apparent.

Monitoring of sediments is recommended for total carbon, phosphorus and grain-size
analysis. Because of the soft sediments at the proposed site. it would be easy to collect bottom
samples using a small Van Veen or similar grab sampler. Core samples for sediment chemistry
may be extracted from the undisturbed top of the samples, and visually inspected for the presence
of a reducing layer. The cores should be chilled in ice and frozen within 12 hours for laboratory
analysis. In the laboratory, samples should be sectioned so that only the surface layer of the
sediment is analyzed.

Botiom samples should also be taken for infauna analysis. A 1.0 or 0.5 mm screen can be
used to remove invertebrates for preservation and later enumeration. Based on my preliminary
inspection, I would not expect to find much in this regard. Bottom samples for sediment
chemistry and infauna analysis should be collected from 1) beneath the middle of the net-pen
cages, 2) at the perimeter of the cages, and 3) at a reference station at least 50 m from the cages,
but with similar depth and sediment composition. Initial sampling should be conducted after the
cages are in place, but before the fish are stocked. The bottom is likely to be very homogeneous
in the area of the proposed site, but placement of a permanent buoy t0 facilitate relocating the
pens each year is recommended. In this manner the area of impact will remain the same and
worst-case analysis of benthic effects can be conducted. After the first year of full operation, it
would be reasonable to collect cores for carbon analysis immediately after the rearing period is
completed. In the following year and at all other times, sampling should be in the spring, before
fish are stocked. If there is difficulty relocating the pens to the same, exact spot each year, it is
recommended that samples be taken after the completion of a rearing season.

Water quality sampling should involve measurement of several parameters at the proposed
site in a vertical profile. Water temperature and DO measurements should be collected daily with
a probe or CTD, as well as Secchi disc reading from the north side of the pens, in the same
location and at approximately the same time.

At least once during the rearing season, preferably in the last weeks of rearing, DIN samples
should be taken inside the middle of the cages ata depth corresponding to 1) the average depth of
the pens or 2) the average depth of the fish cultured in the pens. Samples should be take twice
during the day. once before feeding and another about 5 hours after the day's first feeding. This
will allow an estimate of minimum (basal) and maximum nitrogen production (see Brett and Zala
1975). If wind-driven currents exist. an estimate of the rate of flow should be made using a
sensitive current meter or drift objects placed up and downstream of the net-pens. Water samples
should be taken up and downstream of the pens for analysis of DIN if current velocity is
measurable. Wind speed and direction should be monitored for at least an hour before sampling.
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Chlorophyll a measurements arc recommended within and near the net pens if Secchi disc
measurements are significantly less near the cages.

After the completion of rearing each season. a report should be prepared documenting fish
production and feed used. fish stocking density, fish survival and results of the water quality
testing discussed above. The report should provide estimates of nitrogen production. by
integrating under a curve similar to that shown by Brett and Zala (1975. their figures 1 and 3).
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13. GENERAL RECOMMENDATIONS

Recommendations for further study and action are grouped together by category including
limnological, juvenile fish, and environmental mitigation. These recommendations are not 1o be
confused with the recommended monitoring of environmental impacts discussed above. Those
measures are fully adequate to detect and begin to quantify environmental effects of the cages.

Limnological Study:
Ecology Monitoring Station: .

It is recommended that the Washington Department of Ecology consider temporarily adding a
new monthly monitoring station in the Jake and operate both the lake station and the outlet station
for a few years to establish correlations between the two sites for specific water quality
parameters. Water sampled at the outlet station is some distance downstream in the Okanogan
River from the lake and is likely composed of a mixture of hypolimnetic and epilimnetic waters. as
previously discussed for DO and nutrients. It is far less useful than in lake monitoring, similar to
sampling the tailrace of a dam rather than collecting data from the reservoir of interest. The
Department of Ecology has numerous fresh and salt water sampling locations and the cost of
adding a station is estimated to be only $2,000/year (B. Hopkins, pers. comm., 1/93).

In-Lake Monitoring: Base Level

In lieu of changing the Ecology monitoring station, it would be useful for the PUD to work
with and expand the existing program of water quality sampling conducted by citizen volunteers
as coordinated by the Department of Ecology. The cooperation could take several paths, butata
minimum should include coordination of sampling days, sharing of some equipment and
calibration efforts, inclusion of nutrients and chlorophyll a samples at least once a month in the
summer and begin the sampling earlier in the spring (April). Sampling should continue near the
volunteer citizen's sampling location at the international border, and at the net-pen site.

Similarly, coordination with Canadian sampling efforts should be proposed, by sampling on
the same days and exchanging protocols for increasing the likelihood of compatible data. The
Canadian effort is obviously a very professional and detailed approach. and the value of their
information is high. In particular the collection and analysis of phyto- and zooplankton data
should be encouraged and closely reviewed.

In-Lake Monitoring: Expanded Level

A greatly expanded water quality sampling program in the south basin of Lake Osoyoos
would have the goal of documenting interannual and long-term changes in nutrient composition
and water temperature. The south basin of the lake is shallower than the north basin. and appears
to mix quicker in the fall. It may has less of a DO problem in the fall. but no data were available
to compare the onset of stratification and DO depression in the spring, and only limited data were
available for the summer.
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Water quality samples for an expanded level of monitoring should be collected bimonthly
during the April to October period and include vertical profiles of at least the following
parameters: water temperature. dissolved and total phosphorus and nitrogen. chlorophyll a,
Secchi disc transparency. conductivity, and pH. Once vertical stratification is established. there is
no need to take more than one set of nutrient samples in the hypolimnion and the epilimnion. but
temperature and DO should be monitored at close intervals of depth. Samples for zooplankton
and phytoplankton analyses should be collected too. using water bottles or plankton nets of the

appropriate kind and size.

Of particular interest in all basins of the lake would be the collection of vertical profiles of
DO and water temperature. that would help clarify the areas of the lake suitable for sockeye
salmon use. This approach was used by Allen and Meekin (1980), but they had few DO
measurements and their data were for one year only. The Canadian data were useful in this
regard, but it was collected only in late August or September and again in the late winter.

One goal of an expanded monitoring program would be to collect concurrent Secchi disc.
chlorophyll a, total phosphorus and phytoplankton/zooplankton samples in the south basin to
explore the reasons for the decline in water transparency that occurs each summer. The timing of
sampling could be coordinated with the Canadians (at 2 minimum in their late winter and late
summer-early fall). This type of sampling could help determine if productivity declines from north
to south in the lake's basins, as has been hypothesized in this report and suggested by earlier
workers (Coulthard and Stein 1969).

A water budget should be developed for Lake Osoyoos to track inflows, evaporation and
outflows. which could then be used to develop a nutrient budget for phosphorus (EPA 1990). The
budget would start with estimates of average inflow P from the Okanogan River and estimates of
sedimentation rates in the lake. These data., along with existing outflow P data. could be used to
estimate retention coefficients in the lake.

Finally, it may be possible to use published and unpublished data from fishery agencies 10
construct a review of long-term changes in zooplankton populations relative to sockeye salmon
use in the lake. For example, Allen and Meekin (1980) apparently had more zooplankton data
than was shown in their report. Similarly, the Canadians probably have additional data, both
recent and certainly from the early 1970s or before.

Miscellaneous:

In order to understand the relationships between water quality in the lake and Okanogan
River discharge, the long-term discharge record at Oroville of the Okanogan River should be
examined to see if there has been recent, significant declines in annual discharge. This possibility
was detected by comparison of monthly means of 1943-1979 calculated in WDW (1990; mean of
665 cfs) to 1985-1990 mean data (486 cfs) summarized in this report. If correct. this is a huge
reduction in flow (27%) and could have profound effects on Lake Osoyoos and all phases of
sockeye salmon life history in the lake and river. Reduced discharge could be due to recent
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drought conditions, increased evaporation related to land-use and agricultural withdrawals. short-
term climate cycles known to exist in the Pacific Northwest or errors in data analysis. This is an

easily achievable task, but was beyond the scope of the present report.

Juvenile Fish Study:

Some possible approaches to broadening life history knowledge about juvenile sockeye in
Lake Osoyoos are as follows:

There were no data regarding juvenile sockeye use of the south basin, i.e., timing of use,
depths utilized, relationship of water temperature and DO to fish distribution, etc. This work
could involve acoustic sampling or tag/recapture gill netting of juvenile fish from the net-pens. If
water temperatures are greater than normal during release of the juvenile sockeye from the net
pens, it may be prudent to sample the lake outlet area or at Zosel Dam for early downstream
migration. Because water temperatures increase slowly in the lake's surface and dissolved oxygen
in the hypolimnion decreases slowly all summer, the net-pen fish should be able to find their way
to the north basin to survive the poorer water quality conditions of the late summer. Some insight
into the vertical distribution of juvenile sockeye could be gained by holding a small number of fish
in vertically-elongated net-pens after the bulk of the fish had been released. Sampling could be
accomplished by acoustics as simple as the digital depth sounders that have fish detection modes.
These fish could also be sampled for gut-content analysis to study their feeding preferences.

Allen and Meekin's (1980) general assertion that salmon enhancement should be directed at
lakes other than Osoyoos should be examined in an objective fashion, through the use of empirical
carrying capacity estimates. There is a need to explore the actual carrying capacity of the lake for
sockeye smolt production, to scope the "floor and ceiling" of smolts needed for maximizing use of
the lake for natural rearing and to estimate adult escapement goals (WDW 1990). This effort
should be matched with a modest effort to monitor water quality in the lake, especially DO,
temperature profiles and local weather information. In part this could be accomplished in
cooperation with the volunteer citizen's monitoring program, coordinated by the Department of
Ecology if all parties agreed.

Mitigating the Possible Effects of Net-Pen

To minimize fish feed loss (which is "nutrient hot"), manual feeding should be conducted and
automatic feeders avoided unless a fail safe system can be designed. The use of manual feeding
should not be a major problem, because the fish require less frequent feeding at the sizes to be
reared in the net pens. It allows the staff to customize delivery of the feed to the fish for each
feeding, and experience shows that salmon feeding rates change with changing environmental
conditions such as weather (light and temperature) and various stress factors.

To further minimize fish feed loss, the feed should be of a slow sinking variety to allow the
fish to have time to find and consume it. Floating feed (i.e., feed that first floats and then slowly
sinks) is available also, and may be used depending on the amount of surface drift experienced
during the rearing period.
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Fish feed could include defluorinated rock phosphate to reduce the solubility of P wastes
from the fish (Ketola 1982. Asgard et al. 1988). Total P should be analyzed and held to a minimal
level. Beveridge (1987) reviewed the dietary requirements of saimon and other fish and found
that salmon require <0.8% P in their diets. while many fish feeds have about 1.6% p content.

It is remotely possible that there is a location in the south basin of the lake where outflow to
the Okanogan River causes mixing of surface and bottom waters and eliminates the hypoxic
conditions that occur in the hypolimnion during summer months. Depending on the depth and
possible conflict with boat use from the state park. such a site could be investigated as another
alternative rearing area. Stronger current flow, less anaerobic conditions on the bottom and
transport of dissolved wastes directly to the river are desirable features of such a site.

To minimize visual effects of the net-pens. the system should be equipped with light gray or

black colored floats., not the orange floats someumes used in marine net-pens.

For navigation. the net-pens snould be clearly marked with directionally oriented lights as per
Coast Guard recommendations.

Habitat Work

Although beyond the scope of this report, a long-term alternative that would benefit the
sockeye salmon stock more than the use of net-pens would be to improve upstream habitat and
reduce nutrient loading to minimal levels. Re-establishment of riparian shade, cover and wetland
areas on the Okanogan River and reducing point and non-point sources of N and P would go far
to reverse the apparent degradation of Lake Osoyoos habitat. Because most of the watershed in
British Columbia. this is out of immediate US control. Although there most certainly have been
measures pursued in recent years by Canadian and B.C. agencies and environmentalists. there is
need for renewed commitment to improving the nutrient and thermal properties of the watershed.
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Figure 3. Mean monthly discharge of Okanogan River at Oroville. Washington,
during water years 1985-1990 near the outlet of Lake Osoyoos.
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Figure 4. Mean monthly water temperature at Lake Osoyoos Outlet. 1961-65 and
1976-91.



WATER TEMPERATURE: OUTLET
SUMMER AVERAGES

= 79 81 83 " 85 | 87 89
80 82 84 86 88
JUNE-SEPTEMBER AVERAGE BY YEAR

Figure 5. Mean June- September water temperatures at Lake Osoyoos Outlet,

1976-91.
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boundary in the south basin of Lake Osoyoos, 1989-1992.
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Figure 7. Vertical profiles of mean, minimum and maximum water temperature in
north basin, Lake Osoyoos, late August t0 early September, 1987-91.
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Figure 8. Mean monthly dissolved oxygen concentration at Lake Osoyoos Outlet.
1961-65 and 1974-1991.
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outlet from 1976 to 1991.
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Figure 17. Mean monthly pH at Lake Osoyoos Outlet, 1961-65 and 1974-1991.
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Figure 18. Mean June-September pH at Lake Osoyoos outlet, 1976-1991.
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Figure 19. Mean monthly specific conductivity at Lake Osoyoos outlet, 1961-65

and 1975-91.
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Figure 20. Mean June-September conductivity at Lake Osoyoos outlet. 1975-91.
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Figure 21. Mean bimonthly Secchi disc depth (water

transparency) in the south

basin of Lake Osoyoos near the international boundary, 1989-1992.
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Figure 23. Mean monthly ammonium and ammonia at Lake Osoyoos Outlet,

1976-1991.
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Figure 24. Mean June-September ammonium + ammonia at Lake Osoyoos outlet,
1978-1990.
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Figure 25. Mean monthly dissolved inorganic nitrogeh at Lake Osoyoos outlet,
1978-1991.
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Figure 26. Mean June-September dissolved inorganic nitrogen at Lake Osoyoos

Outlet, 1978-1991.
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Figure 27. Mean monthly total phophorus and orthophosphate at Lake Osoyoos
outlet 1976-1991.
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Figure 28. Mean June-September total phosphorus and orthophosphate at Lake
Osoyoos outlet, 1976-1991. See text about orthophosphate data problems.
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Figure 29. Mean monthly (dissolved) nitrogen to phoéphorus ratio at Lake
Osoyoos outlet, 1980-1991.
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Figure 31. Average current velocity at 3 depths for two alternative net-pen sites in
the south basin of Lake Osoyoos.
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Figure 32. Plot of drogue paths from Smith Cove site, released at 1130 hours on
10/21/92. Dashed line represents shaliow drogue, solid line indicates
deep drogue. Wind 3 MPH from south.
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Figure 34. Plot of drogue paths from Smith Cove site, released at 1440 hours on
10/21/92. Dashed line represents shallow drogue. solid line indicates

deep drogue. No wind.
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deep drogue. Wind calm to 4-3 MPH from south.

Figure 35.
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Figure 36. Plot of drogue paths from Smith Cove site, released at 0855 hours on
10/22/92. Dashed line represents shallow drogue. solid line indicates

deep drogue. Wind was 5 MPH from south.
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Figure 37. Plot of drogue paths from Grubb Cove site, released at 1100 hours on
10/21/92. Dashed line represents shallow drogue, solid line indicates
deep drogue. Wind was 0-5 MPH from south.
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Figure 38. Plot of drogue paths from Grubb Cove site. released at 1428 hours on
10/21/92. Dashed line represents shallow drogue, solid line indicates

deep drogue. No wind.
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| abed
cé8e-r
-ouj ABojouyo

‘2661 i #]9190 Ul SO0K0S() 348 JO UISEQ INOS Y3 Ul
8) 10S  sous uad-1au saneusale wouy (dndesd) uonnquisip 3zis ureI3 JUAWIPIS OF aingi g

s1ejew|jiul uj 8z|S ujeln
1000 100 1’0 !

T T YT Y e — =T 1 L) ._Jla* S IS

|
.l-llnt_A||A_1I|«J|4|..||+.l T v T T LELER | T

\
eA0) YUWS H1600 — & — \:

AN
eA0D qqrUD V1600 —u /

uonnquisig 21S el JuswIpas
' soohosQ e

]}

0c

ot

ov

0S

09

0L

08

06

ool

yb1em Aq seutd uedied



i

40

31 %
- \
= L 2 0= e
- B g8 8 % %
= %
Qo .
U N
a
=
O 1 ¥ L) T
0 S 10 15 20
Maximum velocity (cm/s)

Figure 41. Maximum allowable fish density (ﬁsh/mz) for net-pens used 120 days/yr with
star representing the proposed project in Lake Osoyoos (adapted from Recommended
Guidelines, Parametrix 1990).

Note that the proposed project will be utilized for less than 60 days/yr, the fish will be
much smaller at release (20g) than this figure was designed to accommodate (45g), and I
used average current velocity, not maximum velocity. All of these factors provide a wide
margin of safety to protect the benthic environment.
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WELLS HYDROELECTRIC PROJECT
JUVENILE BYPASS SYSTEM OPERAT[ONS PLAN
for the 1994 Bypass Season

The Wells Long Term Seltlcoment Agreement (IT.F.1) specifies that Douglas PUD
will submit an Annual Operations Plan for the bypass to the Wells Coordinating
Committee by December prior to the spring migration. This plan will be
reviewed and approved by the Committee by March 1.

The Bypass System

The PUD will install five bypass barriers in spill gates of the Wells Project.
The bypass will operdate per criteria in the Seltlement Agreement (IT1.C, E).

Operat.ion Criteria

The operation criteria includes operation of the bypass in partnership with
adjacent turbine units, the amount of water required for bypass operation and
criteria for full bypass system operation.

Bypass Opecrations Timing Criteria

The bypass will be in place from two weeks before predicted start of the
migration until two weeks after the migration is complete.

Proijected Hatchery Releases above Wells Dam

Hatchery releases for 1994 above Wells Dam are as follows:

Facility Species No. (thos.) Dates

Winthrop (USFWS) Spr. Chinook 920 4/15
Methow (WDF) Spr. Chinook 77 4/15
Carlton (WUF) Sum. Chinook 400 4/15
Similikameen (WDF) Sum. Chinook 560 4/15
Lake Osoyoos (CCT) Sockeye 200 5/15
Wells (WDW) Sum. steelhead 400 4/20

Starting Dates and Ending Dates

Bypass barriers will be in place betwecn March 27 and August 29.
Hydroacoustic and fyke net sampling will start on March 27 and be collected
until August 29,

The bypass team will decided the start and end of bypass operation.
Hydroacoustics and fyke net information at Wells will be used to show the
start and completion of the spring and summer migrations. Preseason dates for
bypass operation for spring and summer migration are April 10 through May 30
and July 1 through August 15.

(11/15/93)
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2.0 ABSTRACT

The purpose of these surveys was to collect comprehensive data
regarding timing, location, and magnitude of spring chinook
(Oncorhynchus tshawytscha) spawning throughout the Methow River

Basin. The baseline data developed from this study will be useful
in stratgizing outplanting from the Methow Valley Spring Chinook
Hatchery and associated satellite facilities that commenced
operations in May, 1992.

The Methow River Basin spring chinook escapement as measured at
Wells Dam was 2,444 fish of which 1,546 were available for spawning
after hatchery returns and broodstock trapping.

Spring chinook surveys were conducted from July 27 through
September 22. The surveys covered approximately 127 river miles
and located a total of 617 redds. The Methow River had 290 redds
(47.0%) and the Chewuch, Lost and Twisp Rivers had 83, 51 and 192
redds (13.5%, 8.4% and 31.1%) respectively. An additional 1 redd
(0.1%) was located in Early Winters Creek. Redds were not found in
Lake, Wolf and Gold creeks.

A total of 217 carcasses were examined. The male to female ratio
was 1.0 to 1.7, and 92.6% of the females were spawned successfully.
The fish per redd ratio was 2.5 to 1.

The change in spawning distribution between the lower Methow and
Chewuch rivers appears to be attributable to an increased number of
hatchery fish in the 1993 run that "overshot" the WNFH and spawned
in the lower Methow River.

Stream flows decreased rapidly after spawning and by late November
an estimated 48 redds were dewatered in the upper Methow River and
4 were exposed in the upper Twisp River.



Broodstock trapping for the Methow Valley Hatchery continued for
the second year on the Twisp and Chewuch Rivers. A total of 46
Twisp River Fish and 110 Chewuch River chinook were retained as
broodstock. An additional 99 Methow River fish entered the
hatchery discharge stream and were trapped as broodstock. Total
egg take was 520,000.



3.0 INTRODUCTION

A mitigation/compensation agreement between state and federal
fisheries agencies, Indian tribes and Douglas County Public Utility
District was finalized in July, 1990. One of the stipulations of
this agreement is for Douglas County P.U.D. to compensate for
losses at their Wells Dam Hydroelectric Project with a central fish
hatchery and associated acclimation facilities. This compensation
is based on supplementing natural stocks of spring chinook,
steelhead and sockeye in the Methow and Okanogan River Basins,
upstream from Wells Dam. The Methow Valley Spring Chinook
Hatchery, located on the Methow River near Winthrop, WA., commenced
broodstock trapping on May 15, 1992 in the Twisp and Chewuch
rivers. The hatchery goal is to release 750,000 migrants into the
Methow Basin. However, hatchery guidelines allow for a maximum
broodstock take of approximately 30%' of escapement in each
respective watershed to ensured/adequate of wild spawners. Thus
the number of eggs taken for the hatchery each year is dependent
upon the size of the Methow River Basin escapement.

The Douglas County P.U.D. contract provides for the collection of
comprehensive spawning ground data for spring chinook in all
spawning habitat within the Methow River Basin. Data from these
surveys, in conjunction with the Wells Dam counts, will assist
fisheries agencies, tribes and Douglas County P.U.D. to assess the
status of spring chinook populations within the basin. The data
will be useful in developing an outplanting strategy for the Methow
Valley Spring Chinook Hatchery and associated satellite facilities.
The Methow Valley hatchery's production plan and enhancement
program is intended to complement the Northwest Power Planning
Council's system planning process for the Columbia River Basin.

! The percentage of broodstock taken each year varies around this 30% figure
depending upon the projected run size.



Salmon spawning runs to the Methow River have been impacted by
fishing and hydroelectric development (see Bryant and Parkhurst,
1950 and Mullan, 1987). In 1915, Washington Water Power Co.
constructed an impassable hydroelectric dam at Pateros near the
mouth of the Methow River. Records from 1928 and 1929 indicate
that some chinook were netted below the dam and released above it,
but by the time the dam was removed in 1930, the Methow River
chinook run had been nearly exterminated.

In 1935, the Methow River and its tributaries were estimated to
have a run of 200 to 400 spring chinook. The run was placed in
jeopardy during the Grand Coulee Fish Maintenance Project (1939-43)
when all adult salmon were captured downstream from the Methow
River at Rock Island Dam.

The first extensive spring chinook spawning ground surveys of the
Methow River Basin were conducted from 1954-1960 (French and Wahle,
1965). The Chewuch and upper Methow rivers were found to be the
most important spring chinook spawning areas.

Beginning in 1961, the Washington Department of Fisheries (WDF)
established index areas in the Methow River Basin and performed the
spring chinook surveys through 1986 (Meekin, 1991).

The Douglas County Public Utility District assumed responsibility
for funding the surveys beginning in 1987. The surveys have been
conducted by the Yakima Indian Nation since that time.

The Methow River spring chinook run passes Wells Dam and enters the
basin during May and June usually peaking after mid-May. The fish
enter the Methow River Basin coincidental with the spring run-off
which enables them to pass the irrigation diversion dams. Spawning
commences in early August in the upper areas of the Methow and its
tributaries and continues through mid to late September in the
lower reaches of the basin rivers.

5



Hatchery production of salmon for release into the Methow River
commenced at the Winthrop National Fish Hatchery in

1943. Spring chinook, coho, and sockeye salmon smolts were
released through 1962. From 1963 through 1975 salmon were not
reared at the hatchery. Beginning in 1976, spring chinook salmon
became the prime focus of the hatchery. Since 1976, spring chinook
broodstock from either the Methow River, Icicle Creek, White
Salmon, Wind or Carson rivers have been reared and released from
the hatchery. Numbers released have ranged from 270,000 in 1976 to
1,200,000 in 1985. Releases averaged approximately one million per
year and were usually released in mid-April at an average weight
ranging from 12 to 15 fish per pound.

From 1977 through 1979 and again in 1983 summer chinook were reared
and released from the hatchery. Releases ranged from 250,000 to
600,000 smolts.

The current Winthrop National Hatchery production program is to
produce one million spring chinook smolts annually. The 1991 brood
year spring chinook release was 950,623 smolts at 17.3 per pound on
April 15, 19932, Of this number a total of 861,290 was Leavenworth
hatchery stock and 89,333 were Methow hatchery stock.

As previously mentioned the Methow Valley Hatchery initiated
broodstock collection in 1992. The smolts will be released during
the spring of 1994 into their "source" streams, the Twisp and
Chewuch rivers.

The 1993 Methow Valley Hatchery smolt production goals for each
run, Methow, Twisp and Chewuch rivers, were 250,000 fish for
release as yearlings at 15 fish per pound.

2 Hatchery data is personal communication from W. Wallein, Winthrop Hatchery
Manager.



The objectives of the spring chinook spawning ground surveys were
to determine: 1) spawn timing, 2) redd location and distribution
pattern within each river system, 3) YW/ ////7%////4 and 4)
the age/length composition of each spawning population.

to 1987, spring chinook spawning ground surveys were conducted
annually by the WDF and usually consisted of a single count of
established index areas (Figure 2). These counts were usually made
during or immediately after the peak of spawning in late August or
early September.

These index surveys, in conjunction with the Wells Dam counts,
provided information on spawning trends but did not provide data
regarding any changes of timing, location or overall magnitude of
spawning. Therefore, it became necessary to initiate the surveys
earlier, by late July, in order to obtain time of spawning. In
addition, to determine location, as in 1987-1992, the expanded
surveys were continued to check all areas of the Methow River Basin
where spring chinook spawning might occur. The surveys ended only
after it was determined that all spawning was complete.

For purposes of continuity and comparison separate redd counts in
the WDF index areas were continued during the 1993 surveys (Figure
1 and Table 1).
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4.0 DESCRIPTION OF STUDY AREA

The Methow River Basin 1s located in north-central Washington on
the eastern slope of the Cascade Mountains (Fig.2). The river and
its tributaries lie in Okanogan County and drain an area of nearly
1800 square miles. The headwaters of the Methow River are located
near the cascade crest at an elevation of more than 6000 feet. At
the city of Winthrop, where the Chewuch River joins the Methow
River, the river elevation is 1745 feet. The river elevation drops
to 779 feet where the Methow and Columbia rivers meet at Pateros,
WA.

The upper portion of the Methow Basin is heavily forested,
predominantly with ponderosa pine. This area is used extensively
for recreation and 1is experiencing significant growth in
residential and commercial development. The Washington Department
of Ecology has even proposed limitations on development in the
upper Methow Basin because of inadequate water supplies (Perrow,
1990) .

The lower Methow Valley is a fertile agricultural area. The fruits
and crops which are grown here place heavy irrigation demands on
the Methow River and its tributaries. Water quality in the lower
Methow Basin nonetheless remains high with the Department of
Ecology giving it a AA rating.

Though development is uncertain at this time, private developers
have proposed a major winter/summer recreational development in the
upper valley. Impacts of this development on anadromous fish are
potentially high because of the limited water resources in the
basin. Several reaches of the Methow mainstem, from the Lost River
confluence downstream to Foghorn Dam and some areas of 1its
tributaries presently dewater naturally during low to moderate flow
years.
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5.0 METHODS

The Methow River and its tributaries were divided into specific
spawning reaches. The surveys were conducted by walking and/or
rafting when there were sufficient flows. More surveys were made
by rafting during 1993 than in previous years.

Surveys of known spawning reaches in each tributary were usually

conducted weekly as time permitted. As in 1987-92, the surveys
included all accessible reaches of the Methow River and its
tributaries available to spawners. Some survey reaches, usually
those in the upper reaches, contain minimal spawning habitat and
were not surveyed on a weekly basis. However, these reaches were
surveyed at least once with the survey conducted during or after
peak spawning had occurred. As spawning progressed in the upper
reaches and fewer redds were observed, the surveys concentrated on
the lower reaches. To ensure redd count consistency, the same
surveyor was usually assigned, when possible, to the same river
reaches for each weekly survey.

To avoid recounting or missing any spring chinook redds. All redds
were flagged on the river bank with surveyors tape, dated and
numbered. The approximate location of the redd to the nearest bank
was also noted on the tape. The flag color was changed each week.
All live spawners were counted during each survey. If fish were
observed on a flagged redd, during subsequent weekly surveys they
were recounted.

Carcasses were recovered and checked for tags, fin clips, sex and
spawning success. Scales and post-eye to hypural plate lengths
were recorded for age/length analysis. Scales were also analyzed
to determine the incidence of hatchery spawners.

Water temperatures were taken at the beginning and end of each
survey.

11



The total number of spring chinook available for spawning in the
Methow River Basin was calculated by subtracting from the Wells Dam
count the number of chinook returning to the two Methow River Basin
hatcheries, plus those trapped for broodstock at the Twisp River
weir and the Fulton Dam fish ladder on the Chewuch River.
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6.0 RESULTS AND DISCUSSION
6.1 Spring Chinook Run Size

The 1993 Wells Dam spring chinook count was 2,444 fish (Table 2).
This was an increase of %%% over the 1989 parent year run of 1,720
and a decrease of 13% from the 1981-1990 average run size of 2,804
fish.

6.2 Winthrop National Fish Hatchery (WNFH) Returns?

Spring chinook voluntarily entered the hatchery ladder and holding
pond commencing about mid-May, peaked in early June and entered
sporadically after mid-June. A total of 646 chinook were trapped
(Table 2). Spawning occurred during the period August 18-30 with
a total egg-take of 1,340,700.

The final chinook count was 263 (40.7%) males and 383 (59.2%)
females for a male to female ratio of 1.0:1.5.

6.3 Methow Valley Spring Chinook Hatchery Broodstock Trapping*

Trapping for broodstock commenced on May 11 at the Twisp River weir
and terminated on August 21. Only one fish was trapped during May.
Beginning on June 1, adult chinook entered the trap sporadically
with the peak daily catch of 5 fish occurring on July 30. A total
of 70 fish were trapped, one in May, 35 in June, 20 in July and 14
in Bugust. Y - R total
of 70 fish were trapped, of these 26 females and 16 males, were
transported to the hatchery for broodstock (Table 2). The

3 personal communication from W. Wallein, Winthrop National Fish Hatchery
Manager.

! personal communication from B. Jateff, Methow Valley Spring Chinook Hatchery
Manager.
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remaining 28 fish were released upstream. Broodstock pre-spawning
mortality was two females. Spawning occurred during the period
August 2-25 resulting in a total egg-take of 92,000.

Broodstock collection at Fulton Dam on the Chewuch River was
initiated on May 31 and terminated on August 23. A total of 186
adult chinook were trapped in 1993 compared with 33 fish trapped in
1992. In 1993 a total of 110 adult chinook were retained for
broodstock and the remainder released upstream (Table 2). These
broodstock fish were comprised of 56 females and 54 males. The
peak day of trapping was June 1 when 26 chinook entered the trap.
Five fish were trapped in May, 137 in June, 23 in July and 21 in
August. Prespawning mortality was 2 females and 5 males. Spawning
occurred from August 2 to September 7 with a total egg-take of
232,000.

A total of 99 fish (Table 2), 50 females and 49 males entered the
discharge stream and were collected for broodstock at the Methow
Valley Spring Chinook Hatchery. Twenty-one fish were collected in
June, 17 in July and 61 in August. Pre-spawning mortality was 2
males. Spawning occurred between July 26 and September 1 resulting
in an egg-take of 196,000.

6.4 Methow River Basin Flows

Stream discharge measured at the Pateros gauge (USGS) showed an
increase over the 1992 stream discharge during the period of spring
chinook upstream migration (Appendix Table I). Stream discharge in
the upper Methow River near Mazama was less than in 1992, but
increased slightly at Winthrop (Appendix Tables IV and V). Chewuch
River discharge decreased during May and June, however stream
discharge increased minimally on the Twisp River (Appendix Tables
IV and V). Stream discharge in all areas declined during September
and October.
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6.5 Spawning Ground Surveys
6.5.1 Introduction

Spawning ground surveys commenced on July 27 and continued through
September 22. A final survey of the upper Methow River was made in
late November to determine number of dewatered redds. A total of
127 rm were surveyed. Spawning usually occurred first in the upper
reaches of each watershed and later in the lower reaches.

Because of the broodstock trapping on the Chewuch and Twisp rivers,
several surveys were made in late July and August downstream from
the trapping sites to determine if adult fish were being delayed or
blocked in their upstream migration.

6.5.2 Generalized Spawning Distribution

The relationship of redd counts within each of the three river's
index area to that of the redd counts upstream to and downstream
from the index area is presented in Table 13. The highest number
of redds were located within the index areas, except for the Methow
River. In the Methow River the majority of redds were located
downstream from the index area. When compared with the cumulative
index area spawning in all areas encompassing the six previous
years, a change in spawning distribution is not observed (Table
14).

Table 4 shows the spawning distribution within the Methow River
Basin since the expanded surveys were initiated in 1987. As
previously mentioned, the Methow River contained the highest
portion (47.0%) of redds ever recorded in its basin, while the
Chewuck River had a record low (13.5%). The Twisp River which
received the lowest portion of the run in 1992, increased in 1993
probably because of improved adult passage past the weir.
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6.5.3 Methow River

The first redd was counted in the Lost River confluence to Gate
Creek reach (section 2) on July 29 (Table 3). The greatest
concentration of spawning (96 redds or 33.1% of the total) occurred
in the Weeman Bridge to Highway 20 "along river" reach (section 6),
a total of 5.3 rm. Within the index areas, sections 5 (Mazama
Bridge to Weemam Bridge) and 6, 92 redds (31.7%) were counted.

Peak spawning was from August 16 to August 26 with 190 redds or
65.5% of the 290 total counted during this period (Table 3).
Spawning occurred in all sections from the West Fork Ballard
Campground to the diversion dam. Redds were not found between the
diversion dam to Carlton Bridge (sections 11 and 12).

The Methow River redd count was 290 or 47% of the total basin count
of 617 (Table 4). This was the second highest count since the
expanded surveys were initiated in 1987, and significantly greater
than the mean of 37.5% of the total basin redds (Table 4). There
is no definitive reason or explanation for the greater percentage
of redds observed in the Methow River in 1993. It has been
suggested that adult passage was in some manner impaired at Fulton
Dam. However, there was no significant changes in either how
broodstock was collected at Fulton Dam or in the physical structure
of the dam itself between 1992 and 1993 (pers. comm. Jateff, 1993).
A more plausible explanation is that the increased redd count
resulted from WNFH origin spawners. The redd count in the Methow
River increased primarily between the Weeman Bridge downstream to
the Winthrop Bridge. It appears that hatchery origin fish
"overshot" the WNFH and spawned in the reaches immediately upstream
to the hatchery. The high number of WNFH fish that entered the
Methow Valley Spring Chinook Hatchery (pers. comm. Jateff, 1993),
which is located upstream to the WNFH, indicates WNFH fish were
"overshooting" the hatchery. Fifty-five percent of the carcasses
in this reach were of hatchery origin, 33% were wild and 12% were

16



unidentifiable, based on scale data (per. comm. Sneva, 1993). The
estimated mean run composition for the years 1981-90 was 23.3%
hatchery and 76.7% wild. The mean run size past Wells Dam for the
same period was 2,804 fish. 1In 1993 the run size was 2,444 fish
and the run composition was 27.5% hatchery and 72.5% wild. Thus
it's plausible that the number of additional hatchery fish
comprising the run this year could account for the increased redd
count.

Exposed and dewatered redds were not observed in the upper Methow
River in late September. The mean river discharge in the upper
Methow River was 34 cfs (Mazama USGS gauge station) in September
1993, as opposed to 15 cfs during 1992 when redds were exposed
(Appendix Table 1II). However, during October 1993 flows had
decreased to 3 cfs in the upper river. A survey of the river on
November 18, 1993 revealed only minimal flow from about a mile
downstream from the Lost River confluence to Gate Creek. A total
of 21 of 32 redds were dewatered in section 2. From Gate Creek
downstream to Early Winters Creek (section 3) the river was
completely dry and all 15 redds in this section were judged to be
dewatered. Minimal flows from Early Winters Creek were sufficient
to maintain water flow over the 11 redds in section 4, downstream
to the Mazama Bridge. Low flows downstream from the Mazama Bridge
to the road barrier revealed an additional 12 redds exposed in
section 5.

In summary, in the Methow River, one mile downstream from the Lost
River confluence to Boulder Creek there was a total of 48 dewatered
redds. A further decrease in river discharge during the winter
months could seriously affect the survival of the 80 redds located
in section 5 that were not dewatered during November.

Continuous stream flow in the Methow River downstream from the
Weeman Bridge is usually sufficient to maintain adequate flow over
the redds (Appendix Table III).
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Stream discharge data that became available after the 1992 report
was written indicates that there was no flow in the upper Methow
River recorded at Mazama from November 1992 through March 1993
(Appendix Table II). If assumed that all 135 redds located in
sections 2—% in 1992 were dewatered, 40% of the 336 redds located
in these sections were potentially at risk of being lost. This may
have a significant negative effect on the returning adults in 1996.

6.5.4 Chewuch River

The first redd was observed on August 3 in the Falls Creek
Campground to Eight-Mile Ranch (section 11) (Table 35). Peak
spawning occurred between September 2-8, with 33 redds counted or
39.8% of the total redds deposited in the watershed (Table 5). No
new redds were counted after the September 8 survey.

No redds were located from the "falls" to Thirty-Mile Bridge
(section 1) and the "roadside camp" to Lake Creek Campground
(sections 3 and 4 ). This attributed to the poor spawning habitat
that exists in these sections. The redds were distributed
throughout the remainder of the river with 14 redds (16.9%) between
Buck Creek to Camp Four (section 6) and 19 redds between Chewuck
Campground to "mile 6" (section 9). The index area from Camp Four
to Falls Creek Campground (sections 7-10), contained 35 redds or
42.2% of the watershed total. Only five redds (6.0%) were located
in the lower river between the Chewuch River road bridge and the
confluence ( sections 14 and 15), as compared with 23 redds (28.8%)
in 1993.

Discharge through the Fulton Dam fish ladder during 1993 was about
three times greater (Y 47/ during 1992. More fish were
trapped during 1993, but fish were also observed passing over the
dam. However, the Chewuch River count totaled only 83 redds, the
lowest count since expanded surveys were initiated in 1987. Only
13.5% of the Methow River Basin redd count was in the Chewuch
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River. The percent of total Methow River Basin redds in the
Chewuch River between 1987-92 has ranged from 25.0% up to 36.4%
with an mean of 28.6% (Table 4). This apparent change in the
proportions of redds between the Chewuck and Methow rivers was
previously discussed above.

6.5.5 Lost River

The initial survey was made on August 2 with three redds being
counted (Table 6). Peak spawning occurred between by /%
with a count of 31 redds. Eight additional redds were located on
August 26 and nine new redds were found on August 30. No new redds
were found on September 16, the final survey.

Since 1987, the Lost River redd counts have ranged from 6.4% up to
11.0% of the total Methow River Basin count (Table 4). This year's
redd count of 51 comprised 8.3% of the basin total.

6.5.6 Twisp River

Surveys were initiated on July 28 and continued through September
23. Surveys were made downstream from the weir on July 28 and
August 4 to determine if chinook were blocked by the weir, but no
live fish were observed.

The first redds were observed between South Creek Bridge to Poplar
Flats Campground (section 3) and "cabin on left" Bank Road to
Buttermilk Bridge (section 7) on July 28 (Table 7). A total of 173
redds or 90% of the total 192 redds were constructed between August
4-25. The index area, between Mystery Bridge to Buttermilk Bridge
(sections 5-7), contained 108 (56%) of the total redds in the Twisp
River. Poor spawning habitat between '"road end" campground to
South Creek Bridge (sections 1 and 2), between Little Creek to the
fish weir (sections 10 and 11) and between the Twisp River Bridge
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to the confluence (section 15) account for the absence of spawning
in these sections.

Twenty-nine redds (15.1%) of the 192 total were located from the
weir at rm 6.1 downstream to the Twisp River road bridge (sections
12-14). Eight of the 29 redds were constructed immediately below
the weir. Forty redds were found in these sections in 1992 after
construction of the weir. The spawning gravel in this area is
marginal. For the past years of 1988-91 a total of only 10 redds
were found in these sections. Though down from 1992, the location
of 29 redds compared to the mean of 2.5 redds per year for the
years 1988-91 suggests the weir may still be impeding upstream
migration.

Only 2 redds were found in the Methow Valley Irrigation Canal
between the headgate and the fish screen. Gravel in the canal is
ideal for spawning and the canal is watered throughout the year.

Escapement to the Twisp River was the second highest count since
1988 when 199 redds were counted. This comprised 31.1% of the
Methow River Basin total, as compared with 19.0% in 1992 and the
six year mean of 26.3% (Table 4).

Low flows in the upper Twisp in sections 3 and 4 resulted in de-
watering of 4 redds on September 9. Additional surveys of these

sections were not conducted after this date.

6.5.7 Other Tributaries

One redd was found in Early Winters Creek on September 13 (Table
8). Redds were not located in Lake, Gold, or Wolf creeks (Tables
9, 10, 11).
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6.6 Water temperatures

Water temperatures were taken at the beginning and end of all
surveys and are summarized in Tables 3 and 5-11. Water
temperatures in all areas exceeded 60° F only for a few days.

6.7 Carcasses Recovery

During the surveys, 217 carcasses, 81 males and 136 females, were
examined (Appendix Table VI). Of the 136 females examined, 126
(92.6%) were completely spawned, 2 (1.5%) were partially spawned
with 500 plus eggs remaining, and 8 (5.9%) were unspawned. Several
of the unspawned fish had been killed by poachers (@747 .
From 1987 through 1992, the percentages of completely spawned
females were 89%, 90%, 88%, 95%, 90% and 92%, respectively (Kohn,
1987, 1988, 1989; Edson, 1990; and Meekin, 1991, 1992).

Three (3.7%) of the 81 male carcasses examined were classified as
green. The male to female ratio was 1.0 to 1.7. For the past
years of 1987-1992 the male to female ratios have been 1 to 1.33;
1 to 2; 1 to 1.9; 1 to 1.6; 1 to 1.6; 1 to 1.6 and 1 to 1.6,

respectively. Y4 444y % I
%WWMWWWWM//W/WWMWM
B

GBI s s ) _

The incidence of hatchery origin fish, based on scale pattern,
comprised, as expected, 39% (44 fish) of the Methow River spawners.
Two fish (15%) from the Lost River, one (2%) from the Twisp River
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and one (3%) from the Chewuch River were also judged to be of
hatchery origin.’

One NMFS radio tag was recovered from the Twisp River (section 7)
on August 25 and two from the Chewuch River (sections 8 & 9) on
September 9. Two adipose clipped carcasses were also recovered,
one on the Twisp River in section 5 on September 2 and one on the
Methow River in section 6 on September 7.

6.8 Fish Per Redd
Based on the number of adults past Wells Dam and the total number

of redds counted in the Methow River Basin, the fish per redd ratio
was estimated at 2.5 to 1 (Table 12).

SPersonal communication from John Sneva, WDF.
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Table 1.

Historical spring chinook index redd counts for the Methow River basin, 1962-1993.

Spawning Year Methow River Chewuch River Lost River Twisp River Early Winters
Creek
Mazama Br. to Camp Four to Chewuch C.G. to Eureka Cr. to Lost R. Br. to Mystery Br. to Diversion Dam
‘Weeman Br. Chewuch C.G. Falls Cr. C.G. Lost R. Br. Mouth Buttermilk Br. to Mouth
1962 187 9 49 104 NS 203 NS
1963 110 NS 78 35 NS 132 NS
1964 127 NS 176 98 NS 21 NS
1965 m NS 34 86 138 NS
1966 233 NS 91 m 257 NS
1967 140 NS NS 80 22 135 NS
1968 92 30 NS 35 2 190 1
1969 57 17 32 49 11 123 3
1970 150 14 32 101 NS 75 1
1971 113 10 23 61 9 97 6
1972 65 97 58 u 97 NS
1973 95 47 42 65 5 247 1
1974 49 22 30 11 NS 129 3
1975 39 NS 98 59 NS 177 2
1976 34 NS 22 12 NS 53 NS
1977 65 NS 107 14 174 1]
1978 67 87 59 50 NS 265 4
1979 12 18 13 23 3 40 0
1980 25 8 14 13 4 27 0
1981 39 1 6 20 s 24 2
1982 56 2 8 29 4 17 0
1983 63 6 29 18 4 58 1
1984 43 24 15 54 6 48 3
1985 23 93 34 5 95 6
1986 63 34 48 NS 38 3
1987 75 23 54 52 4 79 1
1988 75 40 15 53 0 m 0
1989 60 12 32 53 4 100 6
1990 80 61 33 77 1
1991 31 14 16 16 0 40 0
1992 90 22 55 71 2 73 2
1993
NS - No Survey
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Table 2.

spring chinook counts at Wells Dam, number of fish returning to the Winthrop Hatchery, number trapped for
the Methow Valley Hatchery and total fish available for spawning in the Methow Basin, 1967-1993.

Year Wells Dam Counts! Total Winthrop Hatchery? Methow Valley Hatchery® Methow Valley
Spawners
Adults Jacks Twisp River Mcthow Chewuch (est)
River River
Live Morts

1967 541 616 1157 1157
1968 4086 845 4931 4931
1969 3048 551 3599 3599
1970 2092 578 2670 2670
1971 2535 633 3168 3168
1972 3368 248 3616 3616
1973 2505 507 3012 3012
1974 3199 221 3420 3420
1975 2096 129 2225 2225
1976 1510 1249 2759 2759
1977 3976 235 4211 4211
1978 3532 83 3615 38 3577
1979 97 132 1103 102 1001
1980 941 241 1182 155 1027
1970-1980 (avg)* 2831 2801
1981 1367 98 1465 399 1066
1982 2270 131 4252 601 3651
1983 2726 143 2869 755 2114
1984 3066 214 3280 510 2770
1985 5151 116 5267 1201 4066
1986 2896 65 2961 836 2125
1987 2272 74 2346 594 1752
1988 2844 96 2940 1327 1613
1989 1633 87 1720 195 1525
1990 927 12 939 121 818
1981-1990 (avg)! 2804 654 2150
1991 682 100 782 92 690
1992 1596 27 1623° 331 30 10 20 1232
1993 2422 22 2444° 646 42 1 99 110 1546

1
Personal communication from R. Klinge, Douglas County PUD.

3
Personal communication from B. Jateff, Meth

5An additional 107 adults and 4 jacks were counted by video during "non-counting” hours.

Valley Hatchery M

P4
Personal communication from W. Wallein, Winthrop National Hatchery Manager.

4
Not a moving average.
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_Table 6. Date and number of spring chinook surveys, timing of spawning, location, number and
percentage of redds by river section, total redds, and water temperature range of the Lost

River 1993.
River Section Miles (est) Survey Dates and Number of Redds Totals
August September Number Percent
2 19 26 30 16

1. Sunset Cr. to Eurcka Cr. 2.0 0 0

2. Eureka Cr. to Bridge 40 3 31 8 9 0 51 100
3. Bridge to Methow River 0.5 0 0 0 0

Totals 6.5 03 31 8 9 0 51 100
Temperature range (°F) 49 - 55 50 - 51 46 - 51 50 - 51 46 - 50
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Table 8. Date and number of spring chinook surveys, timing of spawning, location and number of
redds by creek section and water temperature range of Early Winters Creek, 1993.
Creek Section Road Totals
Miles
August Sept. Number Percent
5 25 13
1. Klipchuck C.G. to Early Winters Br. 0.9 0 0 0 0
sc
2. Early Winters Br. (C.G. Rd.) to Highway 20 Br. 1.3 0 0 0 0
sc
3. Highway Br. to Diversion Dam (EWCG) 1.5 0] 0 1 1
sc
4. Diversion Dam to Highway 20 Br. 0.2 0 0 0
5. Highway Br. to Mouth 0.5 0 0
Totals 4.4 0 0 1 1 100
Temperature range (°F) 48-58 47-48 45-49

sc = Spot Check

Table 9. Date and number of spring chinook surveys, timing of spawning, location and number of
redds by creek section and water temperature range of Lake Creek, 1993.
Creek Section Road Miles
Sep. 14 Totals
Number Percent
1. Lake to Halfway Point 1.5 N.S.
2. Halfway Point to Parking lot 1.5 N.S.
3. Parking lot to Mouth 22 0 3 100
Totals 5.2 0 3 100
Temperature range (°F) 47-48

N.S. = No Survey
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Table 10. Date and number of spring chinook surveys, timing of spawning, location and number of
redds by creek section and water temperature range of Gold Creek, 1993.
Creek Section Road Survey Dates and Number of Redds
Miles
July 29 | Aug. 18 | Sept. 21 Totals
Number | Percent
1. Foggy Dew C.G. to North Fork Br. 24 0 0 0 0
2. N. Fork Bridge to S. Fork Road Br. 1.8 0 0 0 0
3. S. Fork Rd. Br. to Gold Cr. Rd. Br. 1.1 0 0 0 0
4. Gold Cr. Rd. Br. to Mouth 0.1 0 0 0 0
Totals 54 0 0 0 0
Temperature range (°F) 53-60 51-61 46-49

Table 11. Date and number of spring chinook surveys, timing of spawning, location and number of
redds by creek section and water temperature range of Wolf Creek, 1993.
Creek Section Road Survey Dates and Number of Redds
Miles Aug. 5 | Aug. 26 | Sept. 23 Totals
Number | Percent
1. Diversion Dam to First Br. 02 0 0 0 0
2. Bridge to mouth 1.0 0 0 0 0
Totals 1.2 0 0 0 0
Temperature range (°F) 54-57 52-60 52-60

Note: Three carcasses were reported in

Wolf Creek by WDF.

34




Table 12.

Number of spring chinook per redd in the Methow River basin, 1987-1993.

Year Estimated spring Total redd count Fish per redd
chinook spawners
1987 1752 680 2.58
1988 1613 746 2.16
1989 1525 520 293
1990 818 502 1.63
1991 690 250 2.76
1992 1232 741 1.66
1993 1546 617 2.51
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Table 13. Spring chinook redd count summary, number and percentages for the Methow River basin,
1993, (redd counts are divided into three sections: above, below, and within the index areas).

River Index Area Above Index Below Total
Redds Redds Redds Redds
(%) (%) (%) (%)
Methow Mazama Br. to Weeman 59 92 139 290
Br. (20.4) (31.7) (47.9) (100)
Chewuch Camp 4 C.G. to Falls Cr. 23 35 25 83
C.G (27.7) (42.2) (30.1) (100)
Lost Eureka Cr. to Mouth 0 51 0 51
(0) ((100) (0) (100)
Twisp Mystery Br. to Buttermilk 40 108 44 192
Br. (20.8) (56.3) (22.9) (100)
Early Winters Fish screens to Mouth 0 1 0 1
0) (100) 0) (100)
Basin Total 122 287 208 617
(19.8) (46.5) (33.7) (100)
Table 14. Distribution of redds in relation to the index areas in the Methow basin 1987-1993.
Year Above Index area Index area Below Index area Total
Number Percent Number Percent Number Percent redds
1987 124 18.4 288 428 261 38.8 673!
1988 165 22.5 294 40.1 274 374 7332
1989 69 13.3 262 50.7 186 36.0 517°
1990 73 14.6 252 50.5 174 34.9 4994
1991 47 18.8 117 46.8 86 344 250
1992 96 13.0 315 427 327 443 738°
1993 122 19.8 287 46.5 208 37.7 617
An additional 7 redds were in Lake and Gold Creeks for a basin total of 680.

An additional 13 redds were in Lake and Gold Creeks for a basin total of 746.
An additional 3 redds were in Gold Creek for a basin total of 520.
An additional 3 redds were in Gold Creek for a basin total of 502.
An additional 3 redds were in Lake Creek for a basin total of 741.

w & w [ 8] -
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Appendix Table I.

Mean monthly flows (cfs) of the Methow River at Pateros, WA., 1987-1993.

Month Year
1987 1988 1989 1990 1991 1992 1993
JAN 275 344 350 399 549 313 263
FEB 308 272 333 342 547 356 280
MAR 495 321 399 496 682 1012 273
APR 1673 1821 1704 2498 1667 1784 366
MAY 5862 4285 4215 3132 5688 3682 4781
JUN 2750 3962 4526 5452 6866 2576 2597
JUL 906 1290 1107 2049 4185 1308 1294
AUG 374 413 439 644 1079 508 921
SEP 255 262 291 411 447 306 439
OoCT 294 373 340 433 366 332
NOV 294 424 482 1327 373 339
DEC 297 340 529 789 346 305
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Appendix Table II.

Mean monthly flows (cfs) of the Methow River abopve Goat Creek near

Mazamas, WA., 1990-1993.

Month Year
1990 1991 1992 1993
JAN 0 0
FEB 2 0
MAR 405 0
APR 823 19
MAY 2439 1780 1414
JUN 2876 1250 1058
JUL 1945 438 395
AUG 391 118 225
SEP 74 15 34
OCT 11 0.6 3
NOV 12 0
DEC 2 0
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Appendix Table IIL Mean monthly flows (cfs) of the Methow River at Winthrop, WA., 1989-1993.

Month Year
1989 1990 1991 1992 1993
JAN 247 330 213 197
FEB 215 374 251 179
MAR 354 473 873 184
APR 1858 1274 1570 245
MAY 2358 4265 3165 4091
JUN 4099 5264 2066 1988
JUL 1407 2944 1028 1067
AUG 467 737 390 781
SEP 265 297 204 319
OCT 263 236 219
NOvV 915 244 225
DEC 337 506 223 201
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Appendix Table I'V.

Mean monthly flows (cfs) of the Chewuch River, as estimated from the

Methow River, Goat Creek, and Winthrop flows, 1991-1993.

Month Year
1991 1992 1993
JAN 213 40
FEB 249 49
MAR 468 49
APR 747 79
MAY 1835 1385 1264
JUN 2388 816 654
JUL 999 590 479
AUG 346 272 354
SEP 223 189 130
OCT 225 72
NOV 233 74
DEC 221 44
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Appendix Table V.

Mean monthly flows (cfs) of the Twisp River at Twisp, WA., 1989-1993.

Month Year
1989 1990 1991 1992 1993
JAN 64 131 53 34
FEB 55 122 65 38
MAR 97 164 179 45
APR 528 381 303 84
MAY 563 1171 659 936
JUN 933 1291 515 504
JUL 367 859 159 175
AUG 94 174 51 94
SEP 34 46 53 24 36
OCT 96 71 53 33 45
NOV 92 350 58 43
DEC 177 53 46
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INTRODUCTION

This report describes a mark-recovery study conducted in the fall of 1993 to estimate adult
sockeye salmon escapement to spawning grounds in the upper Okanogan River in British
Columbia. This study was funded by the Public Utility District No. 1 of Douglas County.

Spawner escapement estimates have traditionally been derived from ladder counts at Wells Dam
on the mainstem Columbia, and counts made during annual spawning ground surveys.
However, counts at Wells Dam and counts on the main spawning grounds above Lake Osoyoos
(Figure 1) have differed significantly in past years. One explanation for the count discrepancy
is that only limited efforts have been made to assess sockeye escapement on the spawning
grounds. Annual spawner surveys have been conducted by the Fisheries Service of Environment
Canada and the Washington Department of Fisheries since the 1940’s, but these surveys have
been of a short duration and timed to coincide only with peak spawning activity., Their primary
value is for assessing relative changes in spawner escapement from year to year.

Another factor in the spawner count discrepancies is the periodic occurrence of a thermal barrier
in the Okanogan River between Zosel Dam and the confluence with the Columbia River. The
elevated water temperature appears to function as a barrier to adult sockeye migration (Major
and Mighell 1966) and has been associated with decreased survival of Okanogan Sockeye (Major
and Mighell 1966; Allen and Meekin 1980).

In 1992, the District funded an intensive spawning ground survey designed to enumerate adult
sockeye escapement and collect information on various biological and spawning habitat
parameters. Also in 1992, the U.S. National Marine Fisheries Service conducted a radio
telemetry study to track migration of adult sockeye. Additionally, the Columbia River Inter-
Tribal Fisheries Commission conducted a feasibility study on the use of underwater video to
count sockeye passage at Zosel Dam in 1992 and 1993.
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METHODS

An estimate of sockeye escapement was made by evaluating the recruitment of carcasses with
a multiple mark-recovery method. The assumption was that this would provide a more accurate
estimate of escapement compared to live counts.

SURVEYS

Weekly spawning ground surveys were conducted between McIntyre Dam (RM 104.5) and
Lyons Park, Oliver, B.C. (RM 100) (see Figure 1). This section of the river included the main
spawning habitat above Lake Osoyoos. In addition to surveys of the main spawning reaches,
the section of river between Lyons Park and VDS 6 was surveyed as time allowed. This lower
section of river has been extensively channelized and relatively little spawning was expected to
occur there. During the first week of the survey a section of the river above Vaseaux Lake,
near VDS 14 and VDS 15, was checked for evidence of sockeye spawning. This was done to
determine if any early arriving sockeye had escaped past McIntyre Dam during a period of high
flow in September, prior to the spawning period. All surveys were conducted during three-day
sample periods (units) for a total of five weeks beginning October 11 and ending November 10,
1993.

Surveys were conducted by raft and on foot using a four-man crew. The crew was split into 2
two-man crews that each examined one-half of the river (i.e., left bank and right bank). In
addition, all side channels and tributaries were inspected. The crew used extendable aluminum
gaffs to retrieve sockeye carcasses for examination, marking, or removal from the population.

Unmarked carcasses were first sexed and then marked by using a hole-punch that produced a
single, quarter-inch diameter hole in the operculum. Separate, easily identifiable mark-groups
were produced by making one, two, three, or four holes in one of the opercles. A different
mark was used for each of the four weeks of carcass tagging. To further reduce the chance of
misidentifying a marked carcass, the weekly mark-groups alternated between the right and left
sides of the fish. After marking, the fish were placed back in the location where they had been
found.

The numbers of fish marked varied by week and was dependent on the numbers of carcasses
observed. The first week nearly all carcasses were marked. During subsequent weeks,
approximately one out of every ten fish encountered was marked.

Marked carcasses that were recovered were identified by mark-group (the week it was marked)
and sex. All recoveries were then removed from the population by cutting off the tail with a
machete. All unmarked fish that were not to be marked were sexed, counted, and also removed
from the population by cutting the tail.
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As a part of the survey, all carcasses were examined for tags which had been attached by the
Columbia River Inter-Tribal Fisheries Commission (Inter-Tribe). Originally, 200 fish had been
tagged at Wells Dam by Inter-Tribe. A one-inch square patch of skin and scales was removed
from each of these tagged fish that was recovered. The samples were sent to Intertribe along
with the tag and information on the date and location where they were recovered.

In addition to the mark-recovery study, estimates of average egg retention per female were
obtained by examining a subsample of spawned-out females and counting the remaining eggs.
Subsamples were taken at the beginning, middle and end of the spawning period to examine time
trends. A minimum of 20 fish were examined for each sample.

Average daily river discharge was obtained from the B.C. Ministry of Environment and average
daily water temperatures at Zosel Dam were obtained from Douglas County PUD.

ANALYSIS

The multiple mark-recovery analysis model used in this study was provided by the Washington
Department of Fisheries (WDF) which has used it to estimate escapement of fall chinook salmon
(DeVore personal communication 1993). The carcass mark-recovery model was originally
developed by G. Paulik of the University of Washington and is based on the Seber-Jolly multiple
mark-recapture model (Seber 1965; Jolly 1965).

This method of estimating the population depends on the following:

¢ There must be knowledge as to when the carcasses are first present on the spawning ground.

¢ There are at least five marking and sampling periods during the spawning season.

e The marking and sampling periods are spread throughout the spawning season.

* The lapse of time between the first and second sampling periods is approximately equal to
the interval between the initial occurrence of spawners and the first sampling period. (The

time lapse between the subsequent sampling periods need not be equal).

e All recovered carcasses are either marked and returned to the stream or are removed from
the population.

e Tags of the same type are used throughout the sampling period. The tag must be
inconspicuous and not change the probability of recovery.

As with any multiple mark-recovery method where there is both immigration and emigration,
the validity of the WDF model relies on the following assumptions:
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* All marks are permanent, and are identified correctly upon recovery.

® Once marked and returned to the location where it was found, a marked carcass has the same
probability of being recovered in a subsequent sampling period as an unmarked fish.

e It is assumed that both new and older carcasses will be marked so that a differential rate of
carcasses loss (between older and newer fish) does not bias the population estimates.

The WDF-Paulik model was obtained as a spreadsheet and the calculations were performed by
input of weekly mark and recovery data (sample period i). The variables are defined as follows:

Input
Variables: T, = Number of marks released

C, = Total carcasses examined

R; = Number of marks recovered in C;
R; = Number of marks recovered from T,
v/

; = Number of carcasses marked before the i sample period and recovered after
the i®* sample period

Output
Variables: = M; = Number of marked carcasses available

f; = Proportion of population of carcasses that are marked
N; =. Total number of carcasses available

y; = Probability of recovering a carcass

D; = Number of fish dying during time interval

B, = Number of D, available

s; = Proportion of D; not disappearing during time interval

The total spawning population estimate is the sum of the estimated D;’s, the number of fish
dying during each time interval.
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Estimates for M;, f;, N, u;,, D,, B, s; can all be calculated from the mark-recovery data using
the model with the exception of Ds, Bs, and s, as these would be estimates for the interval
following sample period five.

To calculate an estimate of N;, and subsequently B, and D,, where there is no mark-recovery
data, it is necessary to assume that the probability of recovering a carcass in sample period one
is the same as the probability of recovery in the second period (u; = u,). Likewise, the estimate
calculated for u, is the same estimate used for us.
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RESULTS

MARK-RECOVERY SURVEY (MCINTYRE DAM TO LYONS PARK)

Results from the weekly mark and mark recovery effort are presented in Table 1.

Table 1. Summary of 1993 carcass marking and recovery data from the Okanogan River between McIntyre
Dam and Lyons Park.

Mark Recoveries (by period)

Sample Number Number
Period Week Removed Marked 2 3 4 5 Total % Recovery
1 11-Oct 22 254 44 11 3 0 58 22.8%
2 18-Oct 1588 264 90 19 1 110 41.7%
3 25-Oct 3726 433 148 28 176 40.6%
4 1-Nov 1707 151 44 44 29.1%
5 8-Nov 1137 -0 - -
Total 8180 1102 388 35.2%
Note: Adding the number removed, marked and recovered equals the total number of fish handled for any sample period.

During the first sample period nearly all of the carcasses were marked because few carcasses
were encountered. The peak of the die-off occurred between the second and third periods. In
the second through fourth sample periods approximately one out of every nine carcasses
(average) was marked.

The mark recovery results in Table 1 show the second and third period mark groups had the
highest recovery rates, respectively, followed by the fourth and first period marks.

The survey made above Vaseaux Lake during the first week showed that at least 38 adult
sockeye were able to get past McIntyre Dam during the high flow period. Thirty live fish were
observed near VDS 14 and eight fish near VDS 15. It appeared some of the fish were guarding
redds. No sockeye were seen above this area, although suitable spawning habitat was available.

The results of the spreadsheet calculations and the spawner population estimate for the main
spawning area is presented in Table 2.
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Table 2.  Values used to calculate the 1993 sockeye spawning population in the Okanogan River between
Meclntyre Dam and Lyons Park.

Period

@ T; Z; R; R; C; M; f; N; s; u; B; D;

0 486.76 880.65
1 254 0 0 58 276 0.00  0.0000 486.76  0.3055 0.5670 3201.86 5792.80
2 264 14 44 110 1896 77.60 0.0232  3343.85 0.5295 0.5670 5740.20 7888.35
3 433 23 101 176 4260  157.59 0.0237 6646.66 0.5505 0.6409  1662.99 2241.33
4 151 29 170 44 2028 269.52 0.0838 3215.25 0.4620 0.6037 1300.13 1912.82
5 0 0 73 0 1210 115.74 0.0603  1918.37 0.6037

Total spawners = 18,716

LYONS PARK TO VDS 6

Carcass counts between Lyons Park and VDS 6 were made during separate surveys in sample
periods four and five. The river reach between the park and VDS 9 was surveyed during week
four, and the area between VDS 9 and VDS 6 was covered in week five. Therefore, in these
areas insufficient data are available to calculate an estimate with the method listed above. To
account for the loss of carcasses in this area during the previous weeks of the spawning season,
an expansion method was applied. The total carcass count for the reach between Lyons Park
and VDS 6 (1,343) was multiplied by the ratio of the mark-recovery population estimate for the
upper area (18,716), and divided by the total number of carcasses counted in the upper area
(9,282). This method resulted in a population estimate of 2,710 fish for the lower area.

1993 SPAWNER ESCAPEMENT

A total spawner escapement estimate of 21,505 (Table 3) was produced by summing the mark-
recovery estimate for the main spawning area, the expansion estimate for the lower reach, and
counts of live fish (43 total) from both areas in week five. The live fish counted above Vaseaux
Lake are included in the total escapement estimate.

ALTERNATIVE METHOD

In comparison to the estimate derived from the method described above, an alternative
escapement estimate was calculated by including the carcass counts from the area between Lyons
Park and VDS 6 in the mark-recovery model. The counts for week four and week five were
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Table 3. Total sockeye spawner escapement estimate to the upper Okanogan River, 1993.

Dam to Lyons Lyons Park to Above Vaseaux Lake
Method Park VDS 6 Total
Mark-recovery 18,716 - - 18,716
Dead counts - 2708%* -- 2708
Live counts 41 2% 38 81
Escapement 18,758 2710 38 21,505

*Carcass expansion estimate
**Only live counts between VDS 9 and VDS 6

included individually. The carcass population estimate with this alternative method was 21,343
fish. With the live counts for weeks one and five (as described above), the total escapement
estimate was 21,424,

Although the two population estimates vary by less than 100 fish, the first method is considered
to be more accurate because it treats the carcass counts from below Lyons Park as a separate
population. No carcasses were marked, nor were any marked carcasses recovered in the lower
section. The counts made during weeks four and five were an accumulation of carcasses over
the entire spawning period, rather than only one week, as in the main spawning area.
Therefore, carcasses that washed out, or otherwise disappeared during the previous four or five
weeks would not be represented in the same proportion as the weekly losses determined from
the mark-recovery data in the upper section. The net result of the alternative method is an
underestimate of the spawner population for the lower section.

EGG RETENTION

The results of the three egg retention samples from the beginning, middle and end of the
spawning period are presented below (Table 4). The categories are based on an average
fecundity of 2000 eggs per female and are the same categories used in the 1992 Okanogan River
sockeye spawner survey (Hansen 1993). All of the females examined were found between
McIntyre Dam and Lyons park.

Of the 70 females sampled, 90 percent were completely spawned, 8.6 percent were partially
spawned, and 1.4 percent were unspawned.
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Table 4. Results of egg retention samples from the beginning, middle, and end of the spawning period.

Eggs Remaining

Sample 0-5% 6-76% 77-100%
Period Week n (completely spawned) (partially spawned) (unspawned)
1 11-Oct 27 24 3 0

3 25-Oct 21 20 0 1

5 8-Nov 22 19 3 0
Total 70 63 6 1
SEX RATIO

Sex ratios in the carcass population from fish examined during each sample period and all
sample periods combined are presented in Table 5.

Table 5. Sex ratios in the carcass population for each sample period.

Percent

Sample Period Week n Female Male
1 11-Oct 276 59.1 40.9
2 18-Oct 1,852 49.8 50.2
3 25-Oct 4,159 ‘ 54.6 45.4
4 1-Nov 2,709 57.5 42.5
5 8-Nov 1,629 58.8 41.2
All periods 10,625 55.3 44.7
WATER CONDITIONS

Okanogan River flow data (mean daily flow) for the period from September 1 to November 30,
1993 is presented in Figure 2. Flow was recorded at the Road No. 18 crossing, approximately
1 mile upstream of Lake Osoyoos. During the survey period flow varied from approximately
380 to 270 cfs.
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DISCUSSION

ASSUMPTIONS

The accuracy of the escapement estimate is dependent upon the validity of the mark-recovery
model for this application. The model has been used successfully by WDF for estimating
spawner escapement of fall chinook (DeVore personal communication 1993). In those
applications, WDF marked every fish encountered, rather than marking a subset. In 1992, this
method was used by the Colville Confederated Tribes to produce one of three estimates of
sockeye escapement to the upper Okanogan River and the estimate obtained agreed with the
estimates from the other two methods (Hansen 1993). The 1992 effort was reportedly the first
time the WDF spreadsheet model was used to estimate sockeye escapement.

It is believed that all of the assumptions of the WDF-Paulik mark-recovery method were met in
the current study. The following discussion addresses each assumption.

* There must be knowledge as to when the carcasses are first present on the spawning ground.

The Okanogan River sockeye typically begin spawning during the first half of October.
Therefore, the survey was timed to coincide with the post-spawning die-off of the earliest
spawners. Based on the number of carcasses observed in the first sampling period, sampling
was initiated at the proper time.

e There are at least five marking and sampling periods during the spawning season.

A total of five weekly marking and sampling surveys were conducted during the 1993 spawning
period.

¢ The marking and sampling periods are spread throughout the spﬁwning season.

From the results of the first and last sample periods, it appears the five-week survey
encompassed essentially the entire spawning period.

¢ The lapse of time between the first and second sampling periods is approximately equal to
the interval between the initial occurrence of spawners and the first sampling period. (The
time lapse between the subsequent sampling periods need not be equal).

From the low numbers of carcasses observed during the first week of the survey, it appears the
fish were just beginning to die in significant numbers. The majority of these fish appeared to
have died within the previous week. Therefore, the lapse of time between the first and second
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sampling periods was approximately equal to the time between the initial occurrence of fish and
the first survey.

e All recovered carcasses are either marked and returned to the stream or are removed from
the population.

This assumption was met throughout the five-week survey.

® Tags of the same type are used throughout the sampling period. The tag must be
inconspicuous and not change the probability of recovery.

The use of the hole-punch method for marking carcasses was a success. Since the marks were
visible only upon close inspection, the marks would not have changed the probability of
recovery.

® All marks are permanent, and are identified correctly upon recovery.

The marks were inconspicuous, pérmanent, and easily identifiable. The only mark loss would
have occurred with the removal of all or part of the operculum that was marked. During the
course of the survey few carcasses were encountered with the head missing or a missing
operculum, even though a significant number of carcasses indicated signs of predation or
scavenging. It was almost always the soft tissue and not the hard, bony parts that were eaten.
Even decomposed carcasses retained their marks as long as the head remained.

¢ Once marked and returned to the location where it was found, a marked carcass has the same
probability of being recovered in a subsequent sampling period as an unmarked fish.

Based on the marking method and the placement of newly marked carcasses in the original
location, there is no reason to expect this assumption was not met.

e Itis assumed that both new and older carcasses will be marked so that a differential rate of
carcasses loss (between older and newer fish) does not bias the population estimates.

Sampling included both new and older carcasses in the mark group during each marking period
to minimize the potential for bias.

POTENTIAL SOURCES OF ERROR

Like the Seber-Jolly model on which it is based, the WDF-Paulik mark-recovery model does not
calculate an estimate of error because all mark recoveries are given as their exact expected
values in the formulas. According to Ricker (1975), approximate variances can be calculated
for N;, S;, and B; for the Seber-Jolly method by treating the marks and recoveries as Poisson
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variables, each with a variance equal to itself. However, the Poisson assumption is only valid
for samples in which N; is much larger than C; (100 times or more) (Ricker 1975). 1In this
study, the results of the WDF-Paulik model show that N; was only 1.8 times larger than C;in
sample period one, which was the largest difference of any sample period. The estimate of D,
was 21 times as large as C;. Therefore, this method of estimating error is not appropriate for
the 1993 population estimate.

The potential sources of error in the population estimate are discussed below.

There was a lower rate of tag recovery in the first and last period mark groups (23% and 29%,
respectively) compared with the second and third period mark groups (approximately 41%) (see
Table 1). According to the model, the lower the recovery rate for a mark group in the sample
period following release, the higher the carcass population estimate for that interval. Since most
of the carcasses found in the first period were used as marks, a potential for bias existed in the
time following release because there was a much greater chance that a predator (or some other
factor) would remove a carcass that was marked rather than unmarked. Thus, the relatively low
recovery rate of the first mark group in the second sample period -approximately 17% as
compared to 30% or more for the period following the other three mark groups- may have
produced an inflated estimate, although the estimate for this period is only 880 fish. Therefore,
the effect of any bias on the total estimate would be small.

The relatively low recovery rate of the week four marks may also have resulted in a biased
carcass estimate. However, because there was only one period in which to recover these marks,
this bias is inherent in the model. The only way to reduce the bias in the overall estimate is to
increase the number of sampling periods and mark groups. However, based on the declining
number of fish at this point in the survey, it was not considered necessary as such bias would
have little effect on the total estimate.

The focus of the effort was on the main spawning area between McIntyre Dam and Lyons Park.
Due to the large number of carcasses in this area, the lower portions of the river (below Lyons
Park) were not included as part of the weekly mark-recovery survey. Carcass counts were made
below the park only as time allowed during weeks four and five. Consequently, the total
accumulated carcass count for this area is probably lower than if weekly surveys had been
conducted. It is very likely that additional carcasses would have been found between the park
and VDS 9 if this area had been surveyed again in the last sample period. Therefore the
expanded population estimate from the park to VDS 6 is probably conservative. The effect on
the overall population estimate is considered to be small, however, because of the relatively few
fish observed there as compared to the main spawning areas in the upper reaches. Previous
studies have also shown that the lower area typically represents only a small proportion of the
run (Hansen 1993; Allen and Meekin 1980).
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COMPARISON TO 1992 ESCAPEMENT ESTIMATE

Using the same procedure and the same WDF spreadsheet model in 1992, Hansen (1993)
reported a sockeye spawner population estimate of 22,587 fish. As a comparison, two other
population estimates for 1992 were presented based on total counts of dead fish (20,202) and
peak counts of live and dead fish (21,276). Hansen concluded that the estimate from the carcass
marking method was higher than the other two estimates largely due to its ability to calculate
loss from flushing. It was also reported that a small number of tags were shed (no figures were
reported) and that this probably resulted in a conservative population estimate.

The 1992 spawning ground escapement estimate of 22,587 was approximately 54% of the total
adult sockeye count at Wells Dam (Hansen 1993). This escapement figure was within the range
of escapement estimates reported by Allen and Meekin (1980) between 1969 and 1974 (Table
6). The 1992 video survey estimated sockeye escapement at Zosel Dam to be between 25,172
and 42,410 fish (Hatch et al 1992). Because Zosel Dam is located below Lake Osoyoos and the
spawning grounds, the spawning ground escapement would be expected to be lower.

Table 6. Sockeye counts at Wells Dam and Okanogan River spawning grounds.

Estimated Okanogan Total Spawning Percent Escapement to

Year Wells Dam Count River Escapement ' Ground Counts >3 Spawning Area
1969 17,281 16,971 6,595 38.9

1970 50,218 49,478 18,600 37.7

1971 48,255 47,055 27,438 58.3

1972 32,404 31,904 15,463 48.5

1973 37,146 35,146 11,868 33.8

1974 17,000 16,500 8,870 53.8 .

Source: Allen and Meekin 1980

! After the Colville tribal fishery
?Including the Canadian tribal fishery
3Based on live counts and redd counts

COMPARISON OF 1993 ESTIMATE TO 1993 WELLS DAM COUNT

The 1993 spawning ground escapement estimate of 21,505 sockeye is approximately 70% of the
Wells Dam count of 30,860 (Klinge personal communication 1993). This difference is
considerably lower than in previous years when the average difference between the Wells counts
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and spawning ground counts has been roughly 50%. One hypothesis is that the higher
proportion is related to lower than normal temperatures and higher flows.

Water temperature data for the Okanogan River was available from Zosel Dam between July 9
and September 3, 1993 (Figure 3). Compared to water temperatures recorded at the dam during
the same period in 1992, the 1993 temperatures averaged approximately 6.3°F cooler in July,
and 2.4°F cooler in August. However, average water temperatures were slightly warmer
(1.3°F) during the last ten days of August in 1993 than in 1992.

Sockeye migration past Zosel Dam showed a tri-modal distribution in 1992, corresponding with
a drop in water temperature (Hatch et al. 1992). The results of the video survey indicated that
sockeye passage increased as water temperatures decreased over several days, falling below
73°F. It appeared that during periods of stable water temperature or increasing temperature,
fish passage was inhibited.

Based on the water temperature data for 1993, it is possible that a thermal barrier formed in the
Okanogan River during the first week of August when average daily temperatures reached 73°F
and above for five days. Temperatures declined through August until increasing near the end
of the third week.

Although the numbers of fish counted at Wells Dam in 1993 was below the 10-year average of
36,422 (Fish Passage Center 1993), a larger proportion of the fish reached the spawning grounds
than in previous years.

EGG RETENTION

The results of the egg retention samples (see Table 4) indicate that spawning was successful for
the majority of females. Although the sample sizes were small, it appears that spawning success
was greater in 1993 than in 1992. In 1992, 148 females were examined for egg retention. Of
the fish sampled, 73.6% were completely spawned, 25.7% were partially spawned, and 0.7%
were unspawned (Hansen 1993). In 1993, the figures were 90%, 8.6%, and 1.4 %, respectively.
The higher spawning success in 1993 may be a resuit of lower water temperatures.

SEX RATIO

In 1993, 55.3% of all carcasses examined were females (see Table 5). This ratio is based on
approximately one half of the estimated total escapement. Based on a sample size of 406 fish
in 1992 (approximately 2% of the total escapement), 42.2% of the fish on the spawning grounds
were females (Hansen 1993).
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Spawning ground surveys by Allen and Meekin (1980) from 1971 to 1973 also showed variation
in the sex ratio of the spawning population. Based on a subsample of the caracass population,
the sex ratio ranged from 40.2% female in 1972 to 55.6% female in 1971,
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CONCLUSIONS AND RECOMMENDATIONS

The method is concluded to yield a reliable estimate of the spawning population. This
conclusion is based on the numbers of carcasses marked, the numbers of carcasses examined,
and the high confidence that the assumptions of the method were met.

The results of the study indicate that carcasses appeared on the spawning beds primarily between
sampling period one and two, and between period two and three (see Table 2). Although the
method does not allow preparation of a confidence interval for the population, the actual, but
incalculable variance of the estimate would be reduced by adding more sampling effort in the
time frame between periods one and three given the distribution of fish observed in 1993.
Conducting a third sampling session during that two-week period would reduce the variance.
Alternately, the variance could be reduced by using the same amount of effort, but allocating
it to optimally reduce variance. Three sample units could be conducted during the first two
weeks with the two remaining units conducted during the last three weeks of the spawning
period.
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WELLS 93-1

WELLS PROJECT COORDINATING COMMITTEE
MEETING JANUARY 15, 1993
SUMMARY !

Agreements Reached

1. The committee asked Bob Heinith to further refine an overall study plan
for sockeye enhancement, with objectives and sub-objectives identified.
Comments should be sent to him by February 1, 1993.

2. The committee agreed that the spring chinook held at the Methow Hatchery
should be transferred to the acclimation pond on the Methow.

The committee met the afternocon of January 15, 1993 at the West Coast Sea-
Tac Hotel. The agenda was mailed by Rick Klinge on January 4, 1993. Those
in attendance are listed on the attached roster.

I. Joint Studies.

A. Predator Indexing. Klinge summarized the situation, explaining
that a contract was being negotiated with the Washington Department of
Wildlife for the study. It should be in place by February 1, 1993,

B. Status of spring/summer chinook telemetry study.

1. Wells Stipulation. Klinge noted that representatives of the
fisheries parties had signed a revised version of the Stipulation. However,
Douglas P.U.D. had some suggested changes in wording and asked 1if the
committee could agree to them. The committee members pointed out that once
the attorneys became involved, the biologists no longer had the authority
to agree to any changes in wording. It would be necessary to have the
attorneys review any changes. Klinge indicated that Douglias County P.U.D.
would therefore go along with the wording as it existed in order to be abie
to proceed with contracting for the study in a timely manner. The radiote-
lemetry study should go to the P.U.D. Commission for approval at their
January 23 meeting. He understands Grant P.U.D. commissioners will have it
at the same time.

Ron Boyce observed that there will be some marked steelhead in
the system in 1993 as a result of marking being done by Ted Bjornn for
Snake River studies. He thought a study plan should be developed. The
discussion led to a conclusion that some early steelhead would be observed
during the chinook study by Lowell, but an extended period of monitoring
would be required to cover the migration of steelhead. Any data should be
sent to Bjornn for inclusion in his report.

I1. Progress Reports on Wells Studies

A. Klinge distributed a report on the spring chinook sgawning
ground survey in the Methow River in 1992. 457 of the spawning was observed
in the Methow, 25% in the Chewack, 19% in the Twisp, and 10% in the Lost
River. Low water caused a redistribution of fish downstream, relative to
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other years.

B. Adult Passage at Zosel Dam Using Video. Bob Heinith distrib—
uted a report from CRITFC by Doug Hatch, Andrew Wand, Alicia Porter, and
Matthew Schwartzberg. Passage occurs with decreasing water temperature,
mainly at night from 10:00 P.M. to 6:00 A.M. At the Tumwater facility, on
the other hand, movement is primarily during the day. There were 47,000
sockeye counted at Wells Dam. The upper range of the estimate at Zosel 1is
42,000. There was some spillway usage by fish that would not have been
counted. Klinge said that next time they could moniter the spillway as
well, with transducers placed by Biosonics, Inc. He would like to have one
year of complete counts, and would like to do it this year. Heinith said
that Doug Hatch would like to come and make a presentation to the committee
at the next meeting.

C. Accelerated Smoltification of Spring Chinook. Klinge dis-
tributed a final report by Bob Sullivan on the study of accelerated smolti-
fication of spring chinook in 1988 and 1989. [Note. The report contains no
information on adult returns.]

D. Methow Hatchery Evaluation. A subcommittee is still develop—
ing agreement on an evaluation plan. Klinge reported that Bob Bugert and
Jim Shackley of Washington Department of Fisheries are working with him on
it, as is Tom Scribner of the Yakima Indian Nation. Although the plan has
not yet been agreed upon, Douglas P.U.D. will proceed with trapping to get
information that will certainly be part of the plan.

E. Okanogan Sockeye Enhancement Plan. The committee had asked
Bob Heinith to draft a plan. He had mailed out a draft, which the committee
discussed. Heinith hoped to prioritize some of the elements so that the
work could proceed this year. Ron Boyce recommended that there be more
action oriented items as distinguished from research oriented. Klinge noted
with respect to the section in the draft calling for limnological studies
that Jack Rensel had located data in Canada that he is using in his analy-
sis of potential sites for a net pen operation. The Canadians have funds to
collect the data, but not to analyze it. Jack will make some recommenda—
tions for future need for information related to sockeye enhancement. Rod
Woodin suggested that the plan should have objectives for enhancement and
sub—objectives. The plan needs to be more specific. Boyce said the plan
should identify problems and opportunities. The committee decided to pro-=
vide a time for written comments on Heinith's draft until February 1, 1993.
Heinith will revise it based on the input. In the meantime, it was decided
to proceed with some projects that the committee already recognizes as
being needed.

F. Draft RFP's for 1993. Klinge reviewed the fact that at the
last meeting the committee had agreed not to do the pit tag study of juve—
nile survival at Wells Dam in 1993, but to postpone decisions on other
studies. Xlinge now had RFP's for the study using video to estimate passage
of sockeye at Zosel Dam, the spring chinook spawning survey, and the Okano—
gan spawning survey. He is planning to put these out for bid immediately,
unless there are objections. There were none raised. There iz also an
interest in the estimation of the numbers of sockeye fry emerging into Lake
Osoyoos. This proposal will be discussed later.



G. Okanogan Sockeye Enhancement. Klinge reported that the
sockeye eggs hatched January 4 after 71 days of incubation. The opportunity
to move them at the eyed egg stage was missed. They will be held at the
hatchery until they reach the swim—up stage, which will probably be mid-
March. Things are ready to receive them at the Cassimer Bar facility. The
alarm system is being worked on. It will be in place by the time the fish
arrive.

H. Other. Klinge called attention to a memo from Kathy Hopper
of Washington Department of Fisheries, reporting on the operations at the
Methow Hatchery. At the Twisp facility they have 36,000 fish on hand. At
the Chewack they have 46,000 fish. The committee will receive a monthly
report from her.

Woodin reported that surplus spring chinook were transferred
from the Winthrop National Fish Hatchery to the Methow Hatchery to be sure
that there were going to be fish raised there this year. Then sufficient
numbers of adult summers were taken to eliminate the need for them. Mike
Erho had suggested moving the spring chinook to the acclimation pond on the
Methow. The committee agreed that was the most desirable proceedure, assum-
ing the Winthrop Hatchery manager agrees. Klinge will check with the manag—
er.

Klinge distributed a report on fyke netting at Wells Dam in
1992.

Meeting Summary of December 1, 1992 Meeting. Bill Hevlin pro-
vided a comment on the summary.

Next Meeting. The committee decided to wait unti! an agenda
develops before scheduling another meeting.
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WELLS 93-2

WELLS PROJECT COORDINATING COMMITTEE
MEETING MARCH 24, 1993
SUMMARY!

Agreements Reached

1. The committee approved the bypass system operation plan for Wells Dam
submitted by Douglas County P.U.D.

2. The bypass team for 1993 will consist of Rick Klinge, Bill Hevlin and
Bob Heinith. Jerry Marco will be an alternate. Klinge will send to the
bypass representatives a copy of Biosonics review of index monitoring at
Wells Danm.

3. The proposed protocol for collection of chinook adults on the Methow
will be reviewed by the committee and approved no later than May 1.

4. The committee agreed there should be counts of adults at the fish
ladder 24 hours a day again in 1993. They asked for the counts to be made
available to the coordinator.

5. There will be a site visit May 5, 6, and 7, 1993, The committee would
like to see Dryden Dam, Rock Island intake screen, the Chewawa Weir, Wana-
pum Dam orifice test, the adult passage study, and for those able to in-
clude it, Cassimer Bar.

The meeting was held at 11:00 A.M. in the West Coast Sea~Tac Hotel. The
agenda was mailed by Rick Klinge on February 23, 1993. Those in attendance
are listed on the attached roster.

1. 1993 Bypass Operation

A. B¥pass operation plan. Klinge noted that Douglas P.U.D. had mailed
out the bypass operation plan in December. The Settlement Agreement calls
for it to be approved in March each year. Since December he has added the
dates of April 15 and April 1 as the probable starting date for Dbypass
operation and the date for commencement of monitoring respectively. Hevlin
called attention to the memo he had sent out in which he called for bypass
operation to begin when the index count reaches 100. Klinge responded that
he felt that number was quite low and would not represent the beginning of
the spring outmigration. In the past the team has looked for some indica-
tion of an upward trend in the numbers that would indicate movement of a
significant body of fish as distinguished from small numbers that probably
trickle through year-round. There was a discussion of criteria that might
be used to decide when to begin bypass operation. It was decided to leave
the matter to the bypass team.

B. Bypass Team. Members of the bypass team in 1993 are Rick Klinge,
Bill Hevlin, and Bob Heinith. Jerry Marco will be an alternate. Klinge has
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a report frem Biosonics that reviews the index counts they have obtained
over the vyears. He will send copies to the bypass team members. Woodin
noted that there will be potential for additional information on fish
movement from the trap on the Methow.

C. Acceptance of Bypass System by the Committee. Klinge reported that
he is asking Biosonics to provide a comprehensive final report. He wants to
provide a single point estimate for bypass efficiency. The report in hand
from John Skalski simply addresses the question whether the bypass meets
the minimum criterion specified in the Settlement Agreement, which 1is a
different question. Some of the committee expressed an interest in seeing a
range of probable values of bypass efficiency. Klinge will talk to Skalski
about providing both a point estimate and a range.

I11. Okanogan Sockeye.

A. Reports of 1992 Studies by Columbia River Intertribal Fish Commis—-
sion. Jeff Fryer reported on his sampling of sockeye in the mid-Columbia in
1992. Copies of a written report, "Identification of Columbia Basin Sockeye
Salmon Stocks Using Scale pattern Analysis in 1992", by Fryer and Schwartz-
berg were distributed. They also provided copies of two reports on chinook,
"Identifying Hatchery and Naturally Spawning Stocks of Columbia Basin
Summer Chinook Salmon Using Scale pattern Analysis in 1992 and Age and
length Composition of Columbia Basin Spring and Summer Chinook Salmon at
Bonneville Dam in 1992." by the same authors. They found differences in age
structure of sockeye sampled at Tumwater Dam versus those collected at
Wells Dam. Lake Wenatchee has a higher percentage of sockeye of age 1.3
than Lake Osoyoos. The Wenatchee stock appears at Bonneville Dam somewhat
earlier than the Osoyoos. At Bonneville 37% of the sockeye are Lake We-
natchee fish and 63% are Lake Osoyoos fish. Sockeye found in the Methow
River are similar to Lake Wenatchee fish in age distribution.

Doug Hatch reported on the sockeye adult counting at Zosel Dam. They
installed TV cameras on the east and west sides of the dam. They estimated
42,500 adult sockeye passed the dam between June and September. They con-
tinued the counts in October but observed no passage after September. Three
peaks in passage were observed. The peaks correspond with drops in tempera-
ture. There appears to be an upper threshold, as no fish were counted above
73 degrees. The highest counts were at night, which is contrary to observa-
tions elsewhere. Apparently this also relates to water temperature. They
would like to mark some fish in 1993 to track individuals. They would mark
perhaps 100 per week for 4 weeks out of those handled at Wells Dam. Woodin
would like to see a detailed study plan for the tagging, with objectives
spelled out and a recovery plan. Klinge has received a proposal from CRITFC
in response to the RFP for adult counting at Zosel Dam in 1993. He will
send copies out to committee members. Shcwartzberg noted that the informa-
tion has potential for recommendations on river management. Hevlin reported
that he had attended a DOE meeting in Wenatchee on the subject of flow
management and has notes he will share if others are interested.

B. Studies Scheduled for 1993. Klinge reported that RFP's are out. He
has not talked to Jerry Marco and does not know the status of the fry
trapping proposal. Other RFP's are the same as last year. The spill gates
at Zosel Dam will be monitored hydroacoustically. Lowell Steuhrenberg's
report will be available in draft by the end of April. Jack Rensel's report
on water quality in relation to the sockeye net pens in Lake Osoyoos will
be ready in two weeks.



With respect to reporting of completed projects. Heinith suggested
that there might be a uniform due date for reports. Klinge thought rthat
would not be practical because of the different durations of some of the
projects. However, he recognized the problem that exists and will examine
the due dates for reports specified in contracts and work with the contrac-
tors to obtain conformity.

C. Response to Bob Heinith's Draft Plan of December 29, 1992. Heinith
reported that he has comments only from Hevlin. The committee agreed there
was a need for the plan in order to become proactive. We need to get mov-—
ing. OScribner commented that the plan should be developed as an umbrella.
It should not be considered to be a proposal, but an outline. The need is
to prioritize portions of it, based on the committee's judgement of likely
payoffs in production. Heinith suggested proceeding with development of the
framework and prioritizing later, after it is put together. Klinge observed
that some of the elements might have national and some international as-
pects. He asked whether the plan should be designed just for the committee,
or should it be larger in scope to these other aspects. The discussion led
to the conclusion that members should provide their input to Heinith, and
he should revise the draft based on the discussion. The question is how to
select projects with the highest potential for payoff. This brought forward
the need to specify goals in order to identify appropriate payoffs. Scrib-—
ner said that from the tribe's point of view the goal should be to increase
harvest in the lower river. Heinith will continue work. He observed that he
might need a consultant at a later date, to help develop the prioritization
procedure.

1I1. Methow Operations for 1993.

A. Update on 1992 Brood Production. Bob Bugert reported on the status
of production at the Methow Hatchery. At the Twisp facility there has been
less than 5 % loss. At the Chiwack it has been even less, and was due
mainly to blank eggs. They were short on males during spawning. One of the
females spawned was marked. The mark later identified her as being from the
Lookingglass Hatchery. This puts them in a quandary as to what to do with
her offspring, 2800 fry. Bugert asked the question whether it makes sense
to take these extreme measures to purify stocks when mark recoveries show
that there is straying. Since not all hatchery fish are marked, an unknown
number of fish from other areas have probably been included in the spawning
as well. There was a discussion of the question of what to do with the 2800
fry. Destroying them was considered. However, it was recognized that de-~
stroying them would be to discard the male contribution of genes from what
was probably Methow stock. The decision was to ask the National Fish hatch-
ery at Winthrop whether they would take the fish. Craig Tuss will make the
ingquiry and check with Washington Department of Fisheries as well. This
solution led to a discussion of the fact that the objectives of the two
hatchery programs are not compatible. The National Fish Hatchery makes no
effort to segregate stocks and brings eggs from the Leavenworth Hatchery,
while the WDF Hatchery, funded by Douglas P.U.D. goes to extreme lengths to
segregate stocks. They are side—~by—side. Bugert will meet with managers of
the Leavenworth complex to resolve the issue.

B. Draft Trap Protocol for 1993. Bugert reported that the chinook
hatched at Leavenworth have been transferred to the Methow acclimation pond
and are scheduled for volitional release. He distributed a March 23 draft
of a spring chinook hatchery brood stock ccllection protocol. He estimated



that if they had collected all the fish that were trapped they could have
gotten 30% of the run. He is concerned about taking a sample that might be
too small, because it could include a biased sample of genes available and
remove them from the population. If they are not able to collect enough
fish in the trap, they would like to go on the spawning grounds to collect
fish. Hevlin asked if they were certain that fish are getting past the
weir. Bugert is certain. This year Douglas County P.U.D. will fund a sentry
to observe fish bypassing the trap. Bugert asked the committee to approve
the protocol for collection by May 1.

C. Status of Traps. Klinge reviewed the status of the Foghorn modifi-
cations of the ladder and trap. A permit hearing is scheduled for April 5.
If bids are accepted this summer, the Fish and Wildlife Service will have
it built this fall. The work at the Twisp trap will be completed in the
next 2 weeks. A channel is being excavated to lead fish toward the trap
entrance. At the Chewack there will be a flow control structure.

D. Evaluation Draft Plan and Tasks. Douglas P.U.D. has the draft and
is working on it. The tasks identified as necessary will be wundertaken
before the agreement is in place. there will be trapping in the Chewack to
establish base line measurements. They will obtain information on parr
densities and fall outmigration of zero—age fish. There was a discussion of
the questions remaining to be resolved. A subcommittee has been working on
the evaluation plan. Klinge will send copies to the committee members for
their information. Scribner reported on the smolt trap on the Chewack,
which should be in place on Monday. It will be used to monitor smolts until
the end of may or first of June when the outmigration is over. They will
provide in-season reports. They will work with the Forest Service habitat
assessment team to make fisheries production estimates. The idea 1is ¢to
produce estimates of standing crop similar to the approach being wused in
the Chiwawa River. They will continue those measurements until the river is
iced up or there is no more fish movement. They will also do spawning
ground surveys. Tom Meekin will return to do that work. To keep the commit-
tee informed, it was agreed that Scribner and Heinith would send Whitney a
fax with the trap counts weekly for inclusion in the weekly report.

Bugert distributed a report with autopsy reports on 20 fish ctaken
during outmigration. Organosomatic indices will be determined for smolts
out of the three supplementation projects. DNA analyses will also be con-
ducted.

1V. Cassimer Bar Pilot Hatchery.
A. Status of the Facility. The facility is fully operational. Changes
are being made in the alarm system.

B. Status of the Fish. Klinge reported that the sockeye are at the
facility and doing well. Personnel from the trout hatchery are taking care
of them at the moment, but the tribe is hiring new people to do the job. On
March 10 the fish were 2600 to the pound. Yesterday they were 1400 to the
pound. They are being fed 8 times a day and are growing rapidly. The Fish
and Wildlife Service pathologist has been checking them regularly. There
has been no sign otf IHN.

C. Proposed 1993 Brood and Operations. We need to hear from Jerry
Marco as to his plans.

D. Lake Osoyocos Net Pens. We are expecting to receive a report from



Jack Rensel in the near future.

V. Status of mid=Columbia Studies.

A. 1993 Spring/Summer Chinocok Telemetry Study. A coordination meeting
is scheduled at Chetan P.U.D. tomorrow. Lowell Steuhrenberg is staffing up.
The John Day trap is ready. We need the Section 10 permit.

B. Predator Indexing. Washington Department of Wildlife 1is getting
equipment. They will start April 15 at Wells Dam. Poe would like to reduce
spill at times to sample up against the Dam for an hour. There seems to be
no problem with that.

VI. Miscellaneous

A. Various Reports From Douglas P.U.D.. Klinge reviewed 24-hour fish
ladder counts at Wells Dam in 1992. There was a higher than expected count
during the night hours. Klinge will send the counts to the chair and others
who want them. Hevlin asked Klinge te provide the data to the other P.U.D.
biologists. The 24-hour counts may be especially important this vyear,
during the adult passage study.

B. Comment Period on Draft Reports. Klinge reminded the committee
that the deadline date for comments on the 1992 spring chinook spawning
ground report and the Zosel Dam video passage study was March 15, 1993.

C. Site Visit. The committee decided to make a site visit May 5, 6,
and 7, 1993. They would like to see the NMFS adult passage study, the
Chiwawa weir, the Dryden ladder and trap, Rock Island intake screen, and
Wanapum Dam orifice and FGE tests.

Ul
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Wells 93-3

WELLS PROJECT COORDINATING COMMITTEE
MEETING APRIL 16, 1993
SUMMARY'

Agreements Reached

1. CRITFC would revise Task 6 of their proposed Sockeye Salmon Escapement at
Zosel Dam study to tagging up to 200 sockeye during the first two weeks of the
migration at Wells Dam.

>. WDF would resubmit a DRAFT Trapping Protocol for the Methow Complex to
include suggested changes from the committee.

3. An in-season trapping sub-committee was formed to guide with brood collec-
tion decisions from the Twisp, Chewuch and Methow River sub-basins.

A conference call was called scheduled for the Wells Coordinating
Committee for Friday, April 16, 1993 at 2:00 PM. An agenda was FAXed to the
committee on April 14. Those in attendance are listed on the attached sheet
to notes.

1. Video Monitoring at Zosel Dam
CRITFC Faxed to the WCC (4/14/93) a copy of a study they would like to
pursue in addition to the video monitoring of sockeye passage scheduled
for Zosel Dam in 1993. The proposal had four basic Tasks.

Task 1 required design modification and changes made to counting
chambers used at Zosel Dam to improve video sampling of sockeye
passage.

Task 2 required installation of chambers and cameras.

Task 3 is the sampling schedule for video monitoring

Task 4 tags 600 sockeye at Wells Dam over a period of five weeks.
Tag color will change each week. Tags will be recorded by video
image at Zosel Dam.

Task 5 Provide monthly reports from June through February

Task 6 Provide Progress Report by Decemper 1 with final by March 1

Bob Heinith said that this project will help determine the timing and
passage of sockeye to Zosel Dam after they leave Wells. This informa-
tion was not available from the 1992 Sockeye Passage Delay Study using
sockeye. A late start on tagging sockeye plus technical problems with
tags precluded this information. Through another study on spawning
ground escapement, tags could be recovered to estimate spawning success
by week of fish passing Wells,

Rod Woodin said WDF has had difficulty at McNary with tag identification
from video images. CJlors are not very distinct. Rod also nad diffi-

Prepared by R. Klinge
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culty understanding how the information may be used. Doug Hatch said
that they were able to identify tags in 1992 at Lower Granite,

Bill Hevlin recommended that the study be scaled down in 1993 to a total
of 200 tags. If the program shows success, then increase the number of
tags out for 1994. Klinge said the District will not be funding the
70sel video work in 1994. If the program is felt to have merit, funding
would have to come from another source. Heinith emphasized the desire
to collect information on the early portion of the sockeye run at Wells.
Heinith proposed to place out no more than 200 tags during the first two
weeks of the migration. This would allow for some information to be
collected on the early portion of the sockeye run. The WCC agreed to
the modification of Task 4 as proposed by CRITFC.

Methow Complex Brood Collection Protocol

Bob Bugert had submitted to the WCC a DRAFT Trapping Protocol for 1993,
dated March 23, 1993. The protocol discussed goal collection numbers
from the traps at the Twisp and Chewuch Rivers. Also a proposed
collection of brood from spawning areas from the Methow River.

Bill Hevlin said he would not be able to support collection of 100% of
the fish collected from the Twisp trap. He recommended that the plan
start out at 33% and build to 50% after it could be shown that fish were
jumping the trap. The WCC felt that a sub-committee to deal with the
1993 protocol should be established to put together a plan. Those on
the committee were Bob Bugert, Tom Scribner, Bill Hevlin and Rick
Klinge. This group will act to adjust the percent of fish collected
from the traps during the brood collection.

Klinge asked that once fish are collected from the traps and held at the
hatchery, that they not be returned to the river. Adjustments in the
proportion collected from the traps should be made in order to not
exceed the 33% of escapement goal for brood. escapement at the trap
would be a combination of counts into the trap plus those fish that jump
the floating panels. A 24 hour sentry will be posted to asses jumping
activity at the weir. Night counts will be made by infra-red cameras.
Hevlin was opposed to gaffing as a means to collect brood. Scribner had
concerns with gaffing from his observations on the Chiwawa in 1992,
though said was uncommitted at this point. Tom Scribner felt that a
portable collection facility may be incorporated in the Methow this year
for broodstock. ¥linge felt that some limited gaffing should be allowed
for the Methow portion of the program. A response from the sup-commit-
tee concerning the gaffing issue will be issued to WDF before June 1.

Other issues

A. 1993 Brood Collection Protocol for Okanogan sockeye

Rod Woodin asked when we would see a Brood Collection Plan for the 1993
Sockeye program. Jerry Marco mentioned this is currently underway and
snould be ready for distribution soon.

3. Methow Juvenile Smolt Flan
Rod Woodin requested that the Yakima Tribe provide the WCC a copy of



their work plan for the 1993 smolt out migration on the Chewuch River.
Scribner will make this available to the WCC soon.

Wells Coordinating Committee (93-3)
Meeting April 16, 1993
Attendance” Sheet
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WELLS 93-4

WELLS PROJECT COORDINATING CCMMITTEE
MEETING MAY 27, 1993
SUMMARY?

Agreements Reached

1. The committee agreed to participate in a telephone conference call at
10:00 A.M. Tuesday June 1, 1993 to discuss further the protocol for collec~
tion of sockeye brood stock for the Cassimer Bar study.

5. Several committee members expressed their desire that no spring chinook
brood stock be taken off the spawning grounds in the MWMethow this year.
Because there is no trap there, this effectively means there will be no
supplementation program this year.

The meeting was held in conjunction with the meeting of the mid-Columbia
Coordinating Committee meecing at the West Coast Sea—Tac Hotel on May 27,
1993. Those ia actendance are listed on the attached roster. The agenda
followed was mailed to the commictee on May 17, 1993.

I. 1993 Bypass Operation

A. Bypass Operation to Date in 1993. Rick Klinge reported that the
bypass began operation, as agreed by the designated representatives, on
April 14 and was reduced to night-time only operation on April 16. On April
18 it was put into full 24 hour operation and has continued in that mode.

B. Criteria for Termination of Spring Operation. ¥linge expressed
concern about the difficulty the designated representatives were experienc—
ing in agreeing on criteria for deciding when to discontinue operaticn of
the bypass for the spring period. He wanted to take a sample of fish with
fyke nets to determine species composition of Jjuveniles passing the
project. The octher representatives did not agree because they thought it
was still too early. They wanted to wait one more week to avoid sacrificing
more fish. No sample was taken. He asked for help from the committee.
Woodin suggested using a combination of the hydroacoustic index to measure
relative abundance and fyke netting to determine species composition as in
the past. However, he feels it is innappropriate for the committee to
become involved at this time. He suggested the dispute resolution section
of the Settlement Agreement be used if the representatives cannot agree.
There were some methods suggested for analysis of run timing, such as
cumulative plots of the hydrocaoustic index, that might help the represen-—
tatives reach a decision.

11. Methow Operations fer 1993

A. Update on 1992 Brood Production. ¥linge said that we should soon
be getting the reports from Bob Jateff, the hatchery manager.

B. Draft Trap Protocol for 1993. The committee decided to deal with
this matter in the ad hoc committee on brood stock protocol. Hevlin pointed

1. Prepared by R. Whitney
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out that the ctraps on the Chewack and and Twisp need changes. The erficien-—
cy of the weir on the Twisp needs to be reassessed. There is a concern that
there =cshould bLe an ability toc trap throughout the run in order t3 avoid
possible undesirable genetic effects. He realizes that Steve Rainey had
advised the committee early in the process that there was no known way cf
operating a trap that would be acceptable to the public and/or agencies in
the high flows seen in these cributaries. However, perhaps there have been
improvements in technology, 3uch as the rubber dam at Dryden, and the
improved weir on the Chiwawa that will accomplish what is desired. At the
Chewack there was a breech in the dam and the upper end of the takeorf for
the irrigation ditch, which should be repaired. There is also a need for
better attraction water at the Denil there. He referred to his memo to the
committee that included suggestions on these points. Woodin, pointed out
that it seems likely fish can negotiate the dam itself, so additional
attraction water at the ladder would probably not make any difference.

[1I. Cassimer Bar Pilot Project Hatchery. Jerry Marco reported that Lake
Osoyoos is warming up and the sockeye need to be introduced. They expect to
release them in the next day or two. He distributed a proposal for a brood
stock protocol for colleccting adult sockeye in the period between July 8
and August 16. That interval on the average encompasses 80% of the duration
of the run. The proposal is to take the fish at Wells Dam in the Eastbank
trap. Rod Woodin expressed appreciation for the opportunity to review the
protocol. He suggested that there be discussion about connecting the whole
program. This is a pilot effort and the primary gquestion is can the desired
size of 25 fish/lb be achieved? Jerry replied that the fish being released
will be close to that size. In future they will have 4 more weeks of rear—
ing at Cassimer. The release date hinges on when the limnology of the lake
dictates the temperature limit has been reached for sockeye. Woodin asked
for clarification on where the adults would be held. There is a facility at
Cassimer where they could be held. There was discussion of the temperatures
expected there and whether they might be comparable to those experienced
this vear. Jerry was asked to provide some additional written description
dealing with those matters. The committee agreed to talk furcher :=n the
subject during the telephone conference call on Tuesday June 1.

Iv. Tastbank Ladder at Wells Dam. Klinge described the problem cthat had
been discovered by Lowell Stuehrenberg's crew early this spring as they
installed receivers for the radiotelemetric study of adult passage. The
diffusion grating had fallen into the ladder. He distributed a written
summary of steps taken by Douglas P.U.D. to repair the system. A cCopy is
attached here.

He said that Douglas P.U.D. will take down both ladders annually for in=
spection. Every second year they will shut down and clean the tadder. They
will initiate a training session for the operating crew, who are new at the
job. They hope to avoid such problems in the future. Woodin noted that he
thinks chat at some of the other mid-Columbia projects operators inspect
the ladder daily. Hevlin suggested bringing Larry Basham up to help <train
personnel.

7. Miscellaneous.
A. DPSEE 1992 Okanogan Sockeye Spawning Ground Surveys, Klinge said
that this draft report is in the mill and should be distributed soon.

rd



B. DEREL SEEReEye Silmon Enhancemenv with Net Pens in Lake Usoyoos.
Copies of the report prepared by JacksRensel had been mailed to the commit-—
tee. Klinge feels that the report is very thorough. It should expedite che
i ssuance of permits.

C. Other.

OWL. KXlinge had sent copies of correspondence from OWL expressing
conern about the supplementation plan for chinook in the Methow. Scribner
said that Dale Bambrick of the Yakima Nation knew the peoplie and would talk
to them about the situation. Woodin said WDF would draft a letter in re~
sponse and have the committee look at it before it goes to OWL.

Bypass Evaluation. Kﬂiﬁiﬁ?ﬁ?ﬁfﬁiﬁﬁt&ﬂ“ﬁ”dfafﬁ'fepoft by John Skalsii
that is a supplement to the one he previously provided. This one addresses
a different guestion than the first one. This one addresses the question of
what can be expected from the bypass in future operations in terms of its
passage effectiveness.

Plan for Evaluation of Hatchery/Supplementation rogram. Woodin
called attention to the need to have in a place an evaluation plan cthat is
signed, sealed and delivered. Xlinge responded that Douglas P.U.D. has the
draft and has discussed some problems with Bugerct. Although there is no
agreement in place, Douglas P.U.D. is proceeding with some things that
undoubtedly will be needed. The evaluation subcommittee has agreed that
these should go ahead. Woodin expressed the opinion that there is no good
basis for proceeding without an overall plan. Furthermore the ESA process
requires documentation that there will be an evaluation of measures that
are taken.

V11. Discussion on Supplementation Program (Heinith Memo). Bob Heinith had
sent a memo containing recommendations on the Methow supplemenctation issue.
These were discussed by the committee. (1) Heinith recommended no gaffing,
netting or other harrassment of adults on the spawning grounds. Scribner
said that this issue has attracted a lot of attention in his agency. The
final decision was in agreement with the recommendation. He noted that
there might be a special case that should be dealt with on an individual
basis by the ad hoc sub committee on brood stock protocol. An example might
be the taking of an individual male that might be found in a location
separated from actively spawning fish. He is a member of the ad hoc commit—
tee and will work through that group. Klinge noted that this means there
will be no spring chinook taken from the Methow this year, since there is
no trap in place. Woodin said all of us have concerns of various sorts, if
not with respect to direct effects then with respect to collateral effects.
There is some risk involved no matter what we do - even if we do nothing.

(2) Heinith recommended 24 hour monitoring of tributary traps. Klinge
said that is being done on the Twisp. Scribner pointed out that from the
looks of the photographs Rick had shown, fish would not be using the ladder
at Fulton Dam so there would be little point in monitoring the trap, which
is in the ladder. Probably increased observations would be warranted. He
will talk to Joel Hubbell about communicating with Bob Jateff if they see
fish in the trap.

(3) There should be immediate correction of known trap deficiencies.
(e.g. The Chewack Trap). Klinge asked Scribner if the trap was damaged. He



replied that it was not damaged. There was a iarge rock at the base or the
dam cthat moved during the high flow period. It has blocked the actraction
water to the Denil. Apparently Heinith is referring to the memo orf Hevlin.
Klinge said that Douglas P.U.D. would look at the situation as soon as
possible. They probably will not be able to get in the stream to move rocks
around for some time. The possible need for a hydraulic permit was dis-—
cussed. Since it would be an emergency repair, perhaps a permit wouid not
be required. Woodin commented that repairs or changes made should depend on
the results of this years work. The whole program in the Methow might
require identification of alternatives.

(4) Not concentrating take of adult broodstock at tributary traps at
one time. The committee agreed this matter is dealt wiith in the protocols
that are developed. The ad hoc committee is taking this factor into ac-
count.
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WELLS 93-§

WELLS PROJECT CCORDINATING COMMITTEE
MEETING JUNE 1, 1993
SUMMARY*

Agreements Reached

1. The ccmmittee approved with some modifications., the protocois for <col-
lection of brood stock for the supplementation projects. The committee
agreed there should be no gaffing, necting or other taking of brood stock
from the spawning grounds.

The meeting was held by telephone conference call at 10:00 A.M. June 1,
1993, as agreed at the May 27, 1993 meeting. Participating were Rick
Klinge, Douglas P.U.D.; Cary Feldman, Power Purchasers;, Jerry MWarco,
Colville Confederated Tribes; Bill Heviin, NMFS; Brian Cates, USF&WS; Rod
Woodin. WDF; Rob Bugerc, WDF; Tony Eldred, WDW; Tom Scribner, Yakima Indian
Nation: and Richard Whitney, Chair.
Srotocol for Collecticn of Brood Stock

Wells Summer Chinook. Scribner expressed concern about the iow rper-—
centage of the run being used for brood stock. However, he will deal with
that problem in the ad hoc trapping group. Bob Bugert said the proposal is
to collect marked fish in the east ladder at Wells Dam tc esctimate stray
rates and deveiop an estimate of contribution of hatchery fish. They Wwill
read the coded wire tags prior to fertilization in order <o eliminate
strays. They want ¢to have an external mark on Carlton and Similkameen
releases so that strays at Wells can be more readily identified. The alter-—
native would be to pass all the fish upstream. After discussion it was
decided that such strays are part of the natural process so they should not
be excluded. It was decided they would not sort to exclude marked fish.
Bugert will keep people advised of developments. The hatchery crew wants to
be able to collect the fish on one day out of the week, if this proves to
be possible. rather chan spread the catch over che entire week. [t was
recommended that the collection of sockeye should take place at the same
time and also in one day if possible.

Cassimer Bar. .Jerry Marco expressed concern chat there might be more
prespawning mortality for adult sockeye this year than last vear because
the water temperature will probably be warmer at Cassimer Bar. [t is 54 F
at Cassimer Bar. He thinks it was cooler at the Methow Hatchery last year.
There was a discussion as to whether additional brood stock should be taken
ro allow for that possibility. It was pointed out that last year, due to
the preponderance of females in the collection. excess eggs were taken. The
same might occur this year. The protocol specified collection of sockeye 3
days in the week. "he committee agreed that an effort should be made ¢to
collect the sockeye and chinook at the same time in 1 day per week. Jerry
Marco said they would proceed by taking 60 fish per day rather than the 20
specified in the protocol. There will thus be a total of 5 crapping days
over 5 weeks.

1. Prepared by R. Whitney



Methow Spring Chinook. Klinge said he favored suppliementing the
collection of brood stock from the spawning grounds by garfing or some
other method. Scribner said his agency is opposed to that cut of concern
that spawning fish would be disturbed. Jerry Marcc said the Colvilles are
also opposed to it. It was noted that Heinith had raised a similar concern.
Klinge indicated that if brood stock are not collected in that way, there
will be no Methow Program this year. Douglas P.U.D. is not exerting pres—
sure Just to fill the hatchery, but wants to fulfill its obligations. The
P.U.D. would like to have some communication on this matter from those who
are concerned. Scribner indicated that there might be =some flexibility
depending on circumstances. For example, it might be acceptable to take an
{solated male or two if they could be found away from primary spawning
areas. He will provide input to assist in making decisions through the ad
hoc trapping group as the season progresses . (This group was formed by
Klinge in a memo to the committee.] Marco agreed to that procedure. Woodin
pointed out that the probability of successfuly collecting the brood stock
under these conditions is practically nil. Hevlin suggested that down the
road better traps and weirs might provide the solution to this problem.
Bugert noted that there are adult chinook that spawn in the outfall to the
hatchery. There could be 3 to 5 adults captured from that location. The
committee agreed those fish should be used for brood stock. Bugert said he
would revise the protocol to eliminate the collection of brood stock on the
spawning grounds.

N



WELLS 93-6

WELLS PROJECT COORDINATING COMMITTEE
MEETING JUNE 1, 1993
SUMMARY?

Agreements Reached

1. The committee appointed Washington Department of Fisheries and Douglas
County P.U.D. representatives to work with the Fulton Irrigation District
to plan for the renovation of the takeoff for the canal at Fulton Dam. NMFS
will be consulted.

The meeting was held following the meeting of the mid-Columbia Coordinating
Committee at 12:30 P.M. June 30, 1993 in the Tacoma Room at the West Coast
Sea-Tac Hotel. Those in attendance are listed on the attached roster. The
agenda followed was mailed to the full mailing list on June 22, 1993,

I. Status of Joint mid-Columbia Studies.

A. Radiotelemetry study of spring and summer chinocok. Progress in
this jointly funded study is reported in the mid-Columbia Coordinating
Committee meeting summary.

B. Predator indexing. Progress in this jointly funded study is
reported in the mid-Columbia Coordinating Committee meeting summary.

II. 1993 Bypass operation.

A. Spring bypass operation. Klinge summarized the schedule for bypass
operation as agreed upon by the designated representatives during the
spring outmigration. Operation began April 14 based on a rise in the hy-
droacoustic index and the anticipated arrival of hatchery chinook and ex—
tended for 55 days. Operation of the bypass used 6.5% of the river flow in
spill. There was no inadvertent spill, but some energy transfer spill did
take place as BPA made efforts at their projects to reduce nitrogen super-—
saturation.

B. Summer bypass operation. Klinge reported that the summer period
of operation began June 22 after a two week break.

I11. Methow operations for 1993.

A. Update on 1993 brood trapping. Klinge distributed a written report
from Bob Jateff, the hatchery manager. There are "mystery fish", 22 chinook
that have come to the hatchery effluent water. The mystery is what their
origin and destination might be. No returning fish are expected yet from
any releases there. As agreed at the previous meeting, these fish will be
used as brooed stock.

Rod Woodin presented a memo from Bob Bugert in which he discussed
modifications of the Fulton Dam. The left bank of the tailrace, the canal,
and the dam itself were severely eroded during the spring runoff. The
Fulton Irrigation District will need to repair their canal and intake
structure. There is a need to coordinate that work with repair of the dam
and modification of the adult trap. The committee appointed representatives
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from Dougilas P.J.D., and Washington Deparcment of Fisheries to work with
the Trulton Irrigation District to plan for renovation of =h zanal and
perhaps the dam. Hevlin asked that NMFS be kept informed and ccnsulted on
the rishway.

3. Hatchery evaluation progress. ¥linge said that Douglas P£.9D.D. has
che draft and will respond to the subcommittee py early August. The problem
has been to find time to review 1t, not that the P.U.D. has a particular
objection to it. leantime, the P.U.D. is funding che things that are basic
to the evaluation. The ensuing discussion emphasized the need for an agreed
upon plan at an early date. Klinge agreed it is time to move ahead.

C. Status of Foghorn trap process. Klinge reviewed the situation on
the trap. OWL has appealed the decision on the permit. A prehearing confer—
ence was set for July 22. The P.U.D. requested that it be set forward ¢to
July 8. The tHPA time window for construction is limited. There is in place
a cooperative agreement between the P.U.D. and the Fish and Wildlife Serv—
ice. The Fish and Wildlife Service has a contractor lined up to do the
work. Their estimate from a minority contractor is $1.2 million. The agreed
upon ccst is S0.5 million. [t does not seemn likely that any work wilil take
place cthis year. It probably will be delayed a year.

D. Other. The committee discussed possible modification of the Twisp
weir to follow the design used at the Chiwawa. There was a discussion of
the pros and cons. One of the panels at the Twisp weir was out of align—
ment, having lost its buoyancy. Hevlin noted the advantage of the Chiwawa
design with hydraulic arms that raise the pickets, rather than depend on
floats. Xlinge thought that the Twisp weir might prove to be satisfactory
for its purpose.

Sockeye. Jerry Marco reported that when they take the spawners they
plan to test for [HN. They will isolate the lots of eggs and be prepared to
take some steps if any of the tests come pack positive. However, they have
limited space for fry. When it becomes necessary to pond the fish they will
not have enough space to continue to separate the lots. They cropose ¢to
cest the juveniles too. if the juveniles are free of infection. chey will
be able to combine che lots. He asked for committee approval. Joodin re=
sponded that at Eastbank they disinfect the eggs. They once cook eggs from
females that tested positive, but the fry did not test positive. He noted
that if any fry at Cassimer Bar test positive they zhould follow the
state-wide protocol and destroy that group. The committee agreed o the
plan, with that understanding.

Radiotelemetry Study in 1992. Klinge observed that the committee does
not yet have a report from NMFS on the radiotelemetry study of sockeye at
and above Wells Dam in 1992. He realizes that Lowell and his staff have
been spending a lot of time in preparation and execution of the chinook
study this year, and that the sockeye report has been temporarily pushed to
the back burner.

!
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WELLS 93-7

WELLS PROJECT COORDINATING COMMITTEE
MEETING OCTOBER, 12, 1993
SUMMARY

Agreements Reached

1. There was a difference of opinion over the appropriateness of the
process used by Douglas County P.U.D. in which a contract for a spawning
ground survey was awarded. Douglas P.U.D. felt that since the committee had
reviewed the request for proposals and there wvere oniy two proposals sub-—
mitted in response to the request, Douglas P.U.D. was free to award to
either of the two based upon Douglas' criteria. Bob Heinith of the Columbia
River Intertribal Fish Commission felt that the committee should have been
asked to review the specific study proposals submitted by the respondents,
and provide technical comments and recommendations. It was agreed that in
the future, the committee will have the opportunity to review and rank the
responses to RFP's, but that Douglas P.U.D. retains the right to award the
contract for the work to one of those ranked, based on appropriate crite-
ria.

2. The committee agreed tc continue to work on a long-range sockeye en-
hancement plan. Members will provide to Bob Heinith suggestions and com—
ments on a draft of a plan he prepared in December, 1992 for discussion at
the next meeting.

3. Douglas County P.U.D. will send to the members copies of a table pre-
pared by John Skalski last year that indicate the numbers of pit tagged
fish required to be released based on expected recovery rates at McNary Dam
for various levels of precision in estimating project mortality or turbine
mortality at Wells Dam.

4. The committee agreed to meet again November 15, 1993 at Sea-Tac.

The meeting was held in conjunction with the meeting of the mid-Cclumbia
Coordinating Committee meeting at the West Coast Sea-Tac Hotel on October
12, 1993. Those in attendance are listed on the attached roster. The agenda
followed was mailed to the committee on September 17, 1993.

1. Status of 1993 Operations

A. Bypass Operation. Rick Klinge distributed copies of a summary of
1993 bypass operations, showing hydroacoustic index counts and the bypass
operating schedule, as agreed upon by the bypass team. Klinge noted that an
index count of 100 was used as a basis for the decision to begin operation
of the bypass. Heinith noted that the number 100 was arbitrary. It may
differ from year to year, depending on run strength and other factors.
Heviin observed that the purpose in going with the 100 number was to have
the bypass operating when the major segment of the outmigration btegan,

1. Prepared by R. Whitney
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rather cthan wait to see it begin and then start the bypass. Operation began
on a part—-time basis until the numbers increased. Klinge will provide a
bypass operating plan for 1994 at the next meeting.

B. Hatchery Operations. Rod Woodin provided from Bob Jatef, a sum-—
mary of July and August operations at the Methow Hatchery. Rick Klinge also
provided a handout from Heather Bartlett, the September Methow hatchery
evaluation report. Bob Bugert provided a handout, a copy of a report to
Kathy Hopper expressing his concerns about the source of broodstock for the
spring chinook at the Methow Hatchery. He observed that there are a large
number of unmarked spring chinook recurning to the Methow from releases out
of the Winthrop National Fish Hatchery. The plan for the Methow Hatchery is
to collect wild (unmarked) spring chinook from the mainstem for broodstock
and to allow hatchery fish to proceed upstream. Realistically, they collect
a mixture of wild and hatchery fish. Hatchery fish occur in all of the
tributary stocks, namely the Chewack, and Twisp. He recommends that the
Winthrop and Methow hatchery stocks be treated as one stock, that they take
no foreign gametes from now on. (i.e. from Leavenworth Hatchery, which was
a source of eggs for the Winthrop Hatchery for many years.), and that
development of the upstream trap at the Foghorn diversion be deferred.
There was a discussion of the 7 recommendations in Bugert's proposal.
Klinge reminded the committee that as originally planned, the Methow pro-
gram would take no Fy fish through the hatchery. They would use only wild
stock. Bugert asked the members to consider whether this is a change in the
program brought about by inability to identify wild fish. He is in faver of
using fish of the Winthrop stock for this year and specifically of wusing
volunteers into the hatchery channei. He also favors pulling back on the
Foghorn project until this issue is resolved. He feels the committee should
investigate the possibility of releasing fish further upstream to encourage
broader distribution of spawning. Woodin feels that we need a better under-
standing of what is being produced naturally upstrean. Bugert suggested
that electrophoretic studies of fish upstream and of Winthrop fish might
shed some !light on the question whether there are some differences that
ought to be preserved. He indicated there appears to be some difference
between the Winthrop chinook and those in the Twisp. Scribner feels that we
need more information on those upstream fish, such as their spawning time
and other phenotypic characteristics. The committee decided to study the
proposal in Bugert's memo and to make a decision at the next meeting.

Tony Eldred reported that one pond of steelhead at Wells Hatchery has
pecome severely infected with eye flukes. The other two ponds have a milde
infestation. There are 150,000 to 200,000 fish in the affected pond. The
extent of predation on these fi