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EXECUTI VE SUMVARY

We report our results of studies to develop a Colunmbia R ver basin-
wi de program to control northern squawfi sh predation on juvenile sal nonids.
Qur studies focus on 1) determ ning where in the basin northern squawfish
predation is a problem 2) conducting various fisheries for northern
squawfi sh, and 3) testing a plan to evaluate how well fisheries are
controlling northern squawfi sh popul ations. These studies were initiated
as part of a basin-wide effort to reduce nortality of juvenile sal nonids on
their journey fromnatal streams to the ocean. Earlier work in the
Col unbia River basin suggested predation by northern squawfi sh on juvenile
sal moni ds may account for nost of the 10 to 20 percent nortality juvenile
sal noni ds experience in each of eight Colunbia and Snake river reservoirs.
Model i ng sinulations based on work in John Day Reservoir from 1982-1988
indicated it is not necessary to eradicate northern squawfish to
substantially reduce predation-caused nortality of juvenile sal nonids.

Instead, if northern squawfish were exploited at a 20 percent rate,
reductions in their nunmbers and restructuring of their populations could
reduce their predation on juvenile sal nonids by 50 percent. W tested

three fisheries in 1990, a tribal long-line fishery, a recreational-reward
fishery, and a dam hook-and-line fishery.

The project is a cooperative effort by the Oregon Departnent of Fish and
Wlidlife (ODFW, Oegon State University (0OSU), the University of
Washington (UW, and Conputer Sciences Corporation (CSC). ODFWis the |ead
agency and has sub-contracted various tasks and activities to OSU, UW and
CSC based on expertise each brings to the project. Proj ect objectives of
each cooperator are

1. ODFW (Report A): Initiate systemw de, stepw se inplenentation of a
predation index; conduct test fisheries for northern squawfish in John Day
Reservoir and at selected, project-specific sites in the |ower Colunbia and
Snake rivers; conduct a test evaluation of a baseline data collection
program and of the test fisheries; and synthesize information on predation
i ndexing, the test fisheries and the test eval uation.

2. OSU (Report B): Eval uate the econonmic effectiveness of test fisheries
for northern squawfish in John Day Reservoir and at selected, project-
specific sites in the |ower Colunbia and Snake rivers; evaluate the market
potential of alternative northern squawfish products that were not tested
during the 1989 pilot fishery; evaluate the requirements and potential for
devel opnent of a tribal fishery, tribal processing, and tribal marketing of
northern squawfish; and evaluate the legal feasibility of test fisheries.

3. UW (Report C: Transfer technology and evaluate effectiveness of that
transfer to a subsidized, commercial, linmted entry (three vessels) smll-
boat test fishery for northern squawfish in John Day Reservoir.

4. UW-CQS (Report D): Use the Colunbia River Ecosystem Mddel (CREM to
project nulti-season, reservoir-specific salnonid nortality as dependent
upon type and anount of predator fisheries and use CREM to project |ong-
term systemw de salnonid nortality as dependent upon type and anmpunt of
predator fisheries and response of predator population to exploitation.



Background and rationale for the study can be found in Report A of
this docunment (Vigg et al. 1990).

Hi ghlights of results of our work by report are

Report A

1. Using CPUE as an index of the population density of northern squawfish,
we conpared their relative densities in the four |ower Colunbia River
reservoirs; Bonneville, The Dalles, John Day and McNary Conparisons
suggested that in 1990 northern sguawfi sh densities in Bonneville and The
Dalles reservoirs were 1.5 to 3.5 tinmes greater than in John Day Reservoir.
Northern sguawfish density in MNary Reservoir was 0.5 to 0.7 that in John
Day Reservoir.

2. Using a norphoedaphic index (MEl) as an index of potential productivity
of fish populations, we conpared MEl anpong the four |ower Colunbia River
reservoirs and lce Harbor tailrace in the Snake River. The tailrace area
downstream from Bonneville Dam and MNMNally Reservoir upstream of the
confluence with the Snake River had the highest ME's, suggesting greater
potential productivity there than el sewhere in the |ower Colunbia River.

3. We captured over 20,000 northern sguawfish in the |ower Colunbia River
fromApril 30 through August 31, 1990. Approxinmately 10,000 of those were
renoved from John Day Reservoir. O the three test fisheries conducted in
John Day Reservoir, 47 percent of the northern squawfish harvest was by the
recreational -reward fishery, 39 percent by the dam hook-and-1ine fishery,
and 14 percent by the tribal long-line fishery. Harvest in John Day
Reservoir was about 12 percent of estinmated abundance of predator-sized
northern squawfish.

4. The dam hook-and-line fishery was conducted at five dans in the |ower
Col unbi a and Snake rivers in 1990; Bonneville, The Dalles, John Day,
McNary, and |ce Harbor. Catch per unit effort (CPUE) was highest from
McNary Dam tailrace where 5.8 northern squawfi sh were renmoved per angler
hour . This translated to a total catch of northern squawfish from McNary
Damtailrace of 3,819. Alnmpst 2,500 northern sguawfi sh were renoved from
Bonnevill e Dam First Powerhouse forebay where CPUE averaged 2.6 northern
squawfi sh per hour. The only other |ocation where CPUE exceeded 2.0 was in
Bonnevi | | e Dam First Powerhouse tailrace. Excl udi ng Bonnevill e Dam
catches fromtailraces were three to five tines higher than from forebays.
Very few species other than northern squawfi sh were caught by dam angl ers;
i nci dental catch was highest at |ce Harbor Dam and consisted mainly of
channel catfish.

5. Alnpbst 2,400 recreational anglers registered to participate in the
recreational -reward fishery in John Day Reservoir in 1990. About one-third
of registrants returned to conplete exit interviews. Angl ers renoved 4,681
northern squawfi sh from John Day Reservoir from Menorial through Labor

days. Two-thirds of the harvest was returned to LePage Park, |ocated on
the | ower John Day River. Participation and total harvest frommd July

t hrough Labor Day was over twice that from Menorial Day through md July.
Participation inceased dramatically because the reward was increased from
$1.00 to $3.00 on July 19. Total harvest increased directly with



participation because cuepe remained relatively constant throughout the
season.

6. The tribal long-line fishery harvested 1,420 northern squawfish from
John Day Reservoir in 1990. The fishery consisted of three tribal

fi shermen under contract with ODFW and was conducted from m d June through
md August. Success varied anong fishernen; one boat accounted for 48
percent of the harvest. Incidental catch by the long-line fishery

consi sted of one walleye, eight smallnouth bass, 182 channel catfish, and
269 white sturgeon

7. We tested various lures trolled from paired down riggers as part of our
continuing effort to exam ne alternative harvesting technol ogies. Fi shi ng
occurred at Bonneville Dam First Powerhouse tailrace and forebay W
harvested 228 northern squawfish and identified four |ures as nost
effective for catching northern squawfi sh; these lures accounted for 50
percent of the catch, but only 26 percent of the effort. The only
incidental catch was one sculpin

8. Using CPUE observed in each of the fisheries in 1990 and estimates of
participation in each fishery based on prelimnary plans for 1991 we
estimated 250,000 northern squawfish could potentially be harvested in a
fully expanded program that includes all eight reservoirs in the |ower
Columbia and Snake rivers.

Report B

1. Results are not yet available fromtests for dioxin accunulation in the
fl esh and organs of northern squafish Estimated conpletion date for the
tests is July 1991

2. The tribal long-line fishery was operated as a subsidized reward fishery
in 1990. Fi shermen received a fixed nmonthly salary and a per-fish reward.
This is not how the fishery will operate in 1991 when conpensation wll be
solely on a per-fish reward basis. Direct expenditures related to the
operation of the long-line fishery totaled approximtely $40,000, or
between $26 and $27 per northern squawfish harvested. Approximtely 11
percent of total direct expenditures were by the fishernmen for gas, food,
etc. The remaining 89 percent of total direct expenditures were in the
form of bait and gear subsidies, salaries for fishermen and fishery
observers, and per-fish rewards. Average net revenues per fisherman for
the season were approximtely $6,000. If gear and bait costs were not
subsi di zed and were assigned to the fisherman, net revenues per fisherman
woul d have been half as nuch or about $3, 000.

3. The recreational-reward fishery involved total direct expenditures for
creel clerk wages, uniforms, vehicles, rewards, and mscellaneous supplies
and equi pnent of approximately $44, 400. Recreational -reward fishery
partici pants were surveyed and results presented for two seasonal strata.
An "early" season was defined as the period from May 24 through July 18

when the reward was $1.00 per northern squawfish. A



" late" season was defined as the period from July 19 through Septenber 3,
when the reward was $3.00 per northern squawfish. Angl er  denogr aphi cs,
fishing nethods, expenditures, and level of satisfaction with the fishery
wer e determ ned.

4. Labor costs per northern sguawfish caught by the dam hook-and-1|ine
fishery in 1990 ranged from $4.57 at McNary Dam to $85.24 at Bonneville Dam
Second Power house. Labor costs were the |argest conponent of direct
expenditures totaling alnost $151, 000. Aver age expenditures on the dam
hook-and-1ine fishery were al nost $24 per angler hour and $14 per northern
squawfi sh harvest ed

5. The three test fisheries were conpared based on their respective
econoni ¢ performance. Al'l three fisheries had costs associated with
nonitoring activities of participants, providing incentive or conmpensation
for participation, and operations needed to conduct the fisheries. Tota
direct expenditures per fish harvested for each fishery were $25.11 for the
tribal long-line fishery, $13.71 for the dam hook-and-line fishery, and
$9.79 for the recreational-reward fishery.

6. Four end uses for northern sguawfish were tested in 1990; deboned m nced
flesh, liquid fertilizer, fish neal, and bait. About 132 kg of round fish
yi el ded 39 kg of mnminced flesh. Initial feedback from restaurants and

mar kets was favorable for use of mnced product *»- custoners. Esti mat es of
whol esal e price ranged from $0.75 to S1.50 per 600g container of mnced
product . The oil content of northern squawfi sh was not sufficient for use
by thenselves in liquid fertilizer, but processors used them in conbination
with carp. Processed in large volumes, northern sguawfish targeted for
liquid fertilizer could be expected to sell ex-vessel at $0.05 to $0.10 per
Ib. Northern sguawfish were not deemed suitable for use in liquid fish
meal by one processor because they emtted an offensive odor when

processed. Ot her processors will be surveyed. Tests of northern squawfish
as crab and crayfish bait indicated they are nore suitable as crayfish
bai t. VWen the crayfish market is active, northern squawfi sh nay sell at

SO 10 per Ib.

7. Responses to a survey to identify legal and regul atory concerns
associ ated with devel opnent of a northern sguawfish control program
i ndi cate

a. a need to determne effects of full-scale fisheries on incidentally
caught fish species, especially salnon and steel head, and especially in
light of recent recommendations to |ist some popul ations as threatened
under the Endangered Species Act;

b. a need for review of plans for conmercial fisheries between
Bonneville and McNary dans by tribal and state managers and governing
bodi es and formal sanction by U S. v Oregon parties;

c. a need for reclassification of northern sguawfish by the State of
Washi ngton as a food fish;

d. a need to better define and address regulatory responsibilities and
soci al considerations associated with devel opnment of comercial fisheries;



e. a need to review and interpret regulations by Oregon, Washington and
| daho prohibiting conpensation of sport anglers for catch in context of the
recreational -reward fishery;

f. a need to exam ne effects of issues related to ownership and use of
access sites along the Colunbia and Snake rivers on participation in the
recreational -reward fishery; and

g a need to identify and address safety and security issues related to
access to federal projects for the dam hook-and-1ine fishery.

Report C

1. Catch rates for tribal long-line fishermen were |ower than predicted,
averagi ng one fish in 22 hooks set. In 1989, catch rates averaged one fish
in 12 hooks set. Catch rates anong fishermen varied greatly indicating
success was dependent upon skill level and effort expended. The more gear
set by a fisherman, the higher the catch rate because northern squawfish
appeared to nove in groups and success depended on increasing the
probability of "intercepting"” those groups.

2. Fresh and salted salnmon smolts appeared to be effective baits for |ong-
lines. O her effective baits were |anprey ammpcoetes, sand shrinp, and
shad. Sand shrinp and shad had to be specially handled to maintain their
integrity.

3. Approximtely 15 percent of the long-line catch was white sturgeon.
Channel catfish made up an additional 10 percent of the catch. Eval uati on
of delayed mortality resulting from hooking and handling in the tribal
long-line fishery suggested no nortality of white sturgeon and channe
catfish held for at |east 48 hours. One white sturgeon that swallowed a
hook appeared healthy after two days of observation and was rel eased alive.

4. Long-line gear tested in the tribal fishery had two notabl e problens.
Spool s used to payout and retrieve gear split under the pressure exerted
when lines were retrieved. The manufacturer designed and fabricated
heavi er spools that proved effective. Hooks quickly becanme dull and
rusted. Use of stainless steel hooks would reduce this problem However,
the persistence of stainless steel hooks would create a nore serious
probl em concerning health of incidental catch that break |oose from gear.

5. There were few conflicts between tribal long-line fishernen and ot her

resource users. In an isolated incident, recreational anglers were
observed pulling up a long |ine. The anglers fled when approached by the
tribal fisherman. Initial concerns of recreational anglers about negative

effects of the long-line fishery on bass, sturgeon and walleye subsided
when they were infornmed that the fishery was closely observed and
i nci dental catch was | ow was circul at ed.

6. Tribal fishermen provided constructive feedback concerning conduct of
the long-line fishery. Two fishernen suggested using marine sand shrinp as
bait. Each expressed concerns about delays in paynents for effort and
catch; a suggestion was nade to develop a system for paying fishernen on
site. Al'l called for nore flexibility in when and where they could fish;
some noted that having to accommpdate the schedule of the observers was
restrictive.



7. W continued testing the effectiveness of purse seining as a harvest

nmet hod. W redesigned our 300 x 30-ft purse seine to minimze snagging the
river bottom and chartered a 36-ft boat and 600 x 60-ft purse-seine to test
comerci al -scal e gear. We arranged a shut-down of turbines 1 through 4 at
McNary Dam to determ ne effectiveness of using purse-seines to fish
northern squawfi sh popul ati ons observed near the powerhouse. We al so
tested effectiveness of subnersed spotlights at night to attract northern
squawfi sh to our boat. Nei t her purse seine proved effective at catching
northern squawfi sh. We caught one northern squawfish with our seine and 26
with the commercial seine. We were unable to fish near the powerhouse when
the turbines were shutdown because gull deflection lines and swift current
limted our maneuverability. We did not attract any fish using subnersed
lights. Results from purse-seining were not conclusive, however.
Cbservations made during seining using the chartered boat suggested that
gear could be designed to effectively fish near projects and in the
reservoir.

8. We obtained 4,000 Ibs of hatchery raised coho salnon snolts as bait for
the tribal long-line and dam hook-and-line fisheries. About 3,000 | bs were
donated by private growers and 1,000 |Ibs were purchased from a private
grower on a lowhbid basis of $0.05 per snelt. Even though nost of the bait
was donated, salting and freezing 500 Ibs of bait for storage cost about

ei ght hours of staff tine, $30 for food grade rock salt, $140 for a 1000 Ib
tote, $15 for plastic bags, $15 for flash freezing, and $7.25 per nonth for
cold storage.

Report D

1. Initial nodeling of the effects of harvest of northern sguawfish on
mortality of juvenile salnmonids in John Day Reservoir showed no effects in
the first year of the fishery. This is because nost of the predators
renoved were active in the reservoir nost of the first year. Effects of
harvest first appeared in the year after initiation of the fishery, even if
the fishery was discontinued. After five years of continually harvesting
northern squawfi sh from John Day Reservoir, up to a 33 percent reduction in
nortality of the nbst vul nerable sal nonids, subyearling fall chinook,
occurred.

2. Assuming no population regrowth and sustained fishing for five years,
abundance of northern squawfish in the John Day, The Dalles, and Bonneville
reservoi rs decreased by over 50 percent at the fishing effort observed in
1990, and by over 75 percent at twice the fishing effort observed in 1990.
Correspondi ngly, simulations of predator-caused nortality of subyearling
fall chinook decreased by 12 percent at 1990 fishing effort and 41 percent
at twice the 1990 fishing effort. Increasing fishing effort to seven tinmes
the 1990 Ilevel reduced subyearling fall chinook nortality by 89 percent.
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ABSTRACT

We are reporting progress on the northern squawfi sh Ptychocheil us
oregonensi s predator control study in the Colunbia River basin for the period
16 April to 31 Decenber 1990. The purposes of this research are to (1)

i mpl enment an i ndex of predation on juvenile salnmonids by northern squawfish in
various reservoirs throughout the Colunbia River basin, (2) conduct test
fisheries for northern sguawfish renoval, and (3) develop a plan to evaluate
the test fisheries. The goal of the predator control programis to enhance
sal non and steel head popul ations by reducing predation on juvenile sal nonids
in Colunmbia River basin reservoirs.

We sanpled with gillnets and boat electrofishers to develop an index of
northern squawfi sh abundance for five reaches of the |ower Colunbia and Snake
rivers. W also collected data on biol ogical characteristics of northern
squawfi sh popul ations prior to inplenentation of test fisheries.

Results from index sanpling indicated that northern squawfi sh abundance varied
anmong reservoirs; however, catch per unit effort in all reservoirs sanpled
varied by less than an order of magnitude from John Day Reservoir (50% to

3509 . Pl ans were devel oped to integrate the abundance index with a
consunption i ndex being devel oped by the U S. Fish and Wldlife Service 50
that we may assess the relative predation on ju venile sal moni ds anong
reservoirs and specific areas within reservoirs.

We conducted three test fisheries in 1990 to test the hypothesis that
through sustained (> 5 years) fishery harvest of northern squawfish resulting
in 10-20% exploitation, predation on juvenile sal nonids could be reduced by
half. These fisheries included (1) agency technicians angling from five
mai nstem dans in the Col unbia and Snake rivers, (2) a public sport-reward
fishery in John Day Reservoir, and (3) a tribal comercial longline fishery in
John Day Reservoir. We al so conducted a study to evaluate the feasibility of
collecting northern sguawfish by trolling |ures.

We harvested 11,005 northern squawfi sh by dam angling, 4,681 in the sport-
reward fishery, 1,420 in the conmmercial longline fishery, and 228 by trolling
lures. These results denonstrated that it was feasible to renove |0-20% of
the northern squawfi sh population in John Day Reservoir using fisheries. As a
result, plans were devel oped to expand the scope of the predator control
program beyond John Day Reservoir in 1991. Based on catch rates we observed
in 1990 applied to full scale inplenmentation in the |ower Colunbia and Snake
river5 in 1991, we project a total potential harvest of about 244,000 northern
squawfi sh: 52,000 by dam angling, 171,000 in the sport-reward fishery, and
21,000 in the comrercial longline fishery.

We devel oped an eval uation schenme for the predator control program that
entails (1) evaluating the efficacy of each fishery by conparing catch rates
and size conposition of northern squawfi sh and catch of non-target species
anmong fisheries, (2) sanpling northern squawfish to deternmine ii, as
hypot hesi zed, the fisheries restructure the northern squawfish Fapulations to
consi st of smaller, |ess predacious individuals, and (3) evaluating northern
squawfi sh biological data to deternmine if popul ati ons sonehow conpensate to
reduce the effects of the fisheries.
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| NTRODUCTI ON

Rel ati onship to the Colunbia River Basin
Fish and Wlidlife Program

Mortality of juvenile salnbn and steel head migrating downstream through
the Colunbia River systemis a major concern of the Colunmbia Basin Fish and
WIldlife Program (NPPC 1987). As outlined in the program reservoir nortality
is an area of enphasis for Bonneville Power Administration (BPA) funding (NPPC
1987, Section 206(b) (1)(A)). Predation is an inportant conponent of
nortality of juvenile salnonids mgrating through the Colunbia River system
and northern squawfi sh Ptychocheilus oregonensis are inportant predators (NPPC
1987, Section 401). There is general agreenment that downstream passage and
survival of juvenile salnmonids are adversely affected by seasonally altered
and low flows caused by the hydropower system increasing their exposure to
predators (NPPC 1987, Section 301). The technical work group on reservoir
nortality and water budget effectiveness (NPPC 1987, Section 206(b)(2)) has
supported continued research and inplenmentation of control neasures to help
alleviate the predation problem Northern squawfish control is an inportant
part of BPA's strategy to enhance stocks of salnonids which are being
considered for federal listing as threatened or endangered (Stephen Smth,

BPA, Personal Correspondence).

Backgr ound

Devel opnent of the Colunmbia River basin hydroelectric system has created
i mpoundnent 5 throughout the basin and enabl ed establishment and enhancenent of
resident fish that prey on downstream migrating juvenile sal nonids. The
hydr opower system has exacerbated the problem of predation-related nortality
of juvenile salnonids in the Colunbia River because inpoundnents have del ayed
mgratory travel time, resulting in prolonged exposure (Raynond 1988). Recent
studi es (Poe and Rieman, editor5 1988) have indicated that predation-caused
nortality of juvenile salnobnids is significant in John Day Reservoir.
Northern sguawfish were the npbst abundant predator (Beanesderfer and Ri eman
1988), had high consunption rates on juvenile salnmonids (Vigg et al. 1988),
and accounted for about 80% of the total predation |osses in John Day
Reservoir (Rieman et al. 1988). On a smaller scale, various studies (Sins et
al. 1978, UWenovich et al. 1980) indicated that |ocal concentrations of
northern squawfish in tailraces and forebays of Colunbia River basin danms can
be great. These results are consistent with previous studies in the Col unbia
Ri ver basin that showed northern squawfish to be an inportant predator of
juvenile sal nonids (Zinmer 1953, U.S. Fish and WIdlife Service (USFWB) 1957,
Thonpson 1959, Thonpson and Mrgan 1959). Poe et al. (1988) reviewed the
literature describing various neasures that have been used to control predator
popul ations and identified those neasures that had the greatest potential for
success in the Colunbia River. Model i ng sinulations of reservoir-w de
potential predation in John Day Reservoir indicated that it is not necessary
to eradicate northern squawfish in order to substantially reduce predation
nortality, but that about 20% exploitation of the northern squawfish
popul ation by a sustained fishery could reduce juvenile salmonid |osses to
predati on about 50% (R eman and Beanesderfer 1990).
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Predator Control Fi shery Devel opment Strategy

Previ ous predator control fishery devel opnent research, conducted during
1988- 1990, provided an institutional regulatory review pertaining to fishery
devel opment, evaluation of economics of various types of fisheries, evaluation
of commercial fishery harvest technol ogy, and devel opment of a conceptual plan
for a step-wise process for the systematic inplementation and eval uation of

commercial, sport-reward, and dam angling fisheries on northern sguawfish
(Nigro, editor 1989). A plan is necessary for the orderly devel opnent of
comercial, sport, or bounty fisheries on northern squawfish throughout the
Col unbi a Ri ver basin. Deci si ons nmust be nade to define the scope of the

systemw de predator control program and to deternine how and where to

i mpl enent the predator control fisheries initially as a test fishery in 1990
with large-scale inplenentation beginning in 1991 (Figure 1). W are
defining "systemw de" as the mainstem Colunbia River from Bonneville Dam
tailrace to Chief Joseph Dam and the |ower Snake River to Hells Canyon Dam
To proceed with predator control fisheries in a logical and systematic manner,
two hypot heses nust be tested: (1) fisheries can effectively exploit northern
sguawfi sh popul ati ons and thus reduce predation, and (2) predation is a
significant source Of juvenile salmonid nortality in various reservoirs

t hr oughout the Colunbia River system Test fisheries in John Day Reservoir
and an evaluation of those fisheries were designed to address hypothesis (I),
and a predation index was designed to address hypothesis (2).

An evaluation is essential for scientific nanagement of northern
sguawfish control fisheries. | mpl enent ati on and eval uation of test fisheries
in 1990 provides a realistic foundation for a conprehensive predator control
program that incorporates evaluation as an integral conponent. Moni t ori ng
northern squawfi sh popul ati ons and ongoi ng devel opment of predator-prey
nodeling will help usto understand the dynam cs of predation and predict
possi bl e consequences of predator renoval.

There is general consensus that predation is a significant problemin
John Day Reservoir, but the significance and dynam cs of predation are still
unknown in other reservoirs in the Colunbia River basin. I nformation is
needed to estimate the relative inportance of predation by northern sguawfish
t hroughout the mid and | ower Colunbia River and |ower Snhake River reservoirs,
and determine if and where predation control neasures should be applied. The
cost, <time, and uncertainty of absolute predation soss estimates as conducted
in John Day Reservoir (Rieman et al. 1988) are prohibitive to conduct in each
reservoir in the system A rapid assessment predation index was developed to
provide a less costly way to determine if the nagnitude of fish predation in
ot her Columbia River basin reservoirs is sinmlar to that in John Day Reservoir
(Vigg and Burley 1990).
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Goal, njectives, and Approach of the 1990 Predator Control Program

The goal of predator control is to reduce in-reservoir nortality of

juvenile sal monids due to predation by northern sguawfish. The primary
antici pated benefit is a 50 percent reduction of predation on downstream
mgrating juvenile salnonids. Additional benefits will be to better

understand the predator population dynamics affecting salnmonid mortality
processes, to predict the magnitude of predation mortality under different
conditions, and to provide information for fishery managers to eval uate actual
success and benefits of the predator control program The objectives of this
project are to (1) determine the significance of predation in Colunbia River
reservoirs through indexing of predator abundance and integration with
consunption indices, (2) inplement a predator control fishery devel opnent

pl an, beginning with test fisheries in the John Day Reservoir in 1990, and (3)
initiate an evaluation of the predator control program In order to meet

t hese objectives we have developed three research approaches: predation
indexing, test fisheries, and test fisheries evaluation.

Predati on | ndex

The predation index provides a relatively inexpensive way to estimate the
magni t ude of fish predation in various reservoirs in the md and |ower
Col umbi a and | ower Snake River reservoirs relative to John Day Reservoir. The
predation index is intended to direct the inplementation of the predator
control program in a neasured and systematic way throughout the Colunbia River
basi n. The three main-stem reaches being considered are the |ower Colunbia
Ri ver (Bonneville Dam tailrace to MNary Reservoir), the md-Colunbia River
(Hanford Reach to Chief Joseph Damtailrace), and the |ower Snake River (lce
Harbor Dam tailrace to Hells Canyon Dam tailrace). Conceptual ly, the
predation index (Pl) for northern squawfish in Colunbia River reservoirs wll
be a product of a predator abundance index (A) and a consunption index (C):

PI =A* C

The conponents of the predation index and the method for integrating them are
currently being devel oped. The Oregon Department of Fish and Wldlife (ODFW
BPA Project 82-012) investigated various methods which could be used for
predat or abundance indexing, including catch per unit effort and norphoedaphic
i ndex (Vigg and Burley 1989, 1990). The USFWS (BPA Project 82-003) is

devel opi ng met hodol ogy for consunption rate indexing including bioenergetics
nodel i ng and stonmach contents analysis (Petersen et al. 1990).

The specific objectives of inplementing a predation index were:

1. To assess the magnitude of predation in various reservoirs throughout the
Columbia River Basin relative to the baseline data in John Day Reservoir.

2. To direct the predator control fishery to the sites and reservoirs, on a
priority basis, to the places where the predation problem is the greatest.
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Test Fisheries

The purpose of test fisheries is to determ ne the types of fisheries (dam

angling, sport-reward, or conmercial longline) nost effective in renoving
northern sguawfi sh (Figure 2).

The specific objectives of the 1990 test fisheries were:

1. Concurrently inplenent three control fishery approaches in John Day

Reservoir (dam angling, sport-reward, and comercial longline) to test their
relative efficacy in renmoving northern squawfi sh.

2. lnmplement dam angling at other project-specific "hotspots” in conjunction
with the predation index (John Day, Bonneville, The Dalles, MNary, and Ice
Har bor dans).

3. Provide technology transfer of the comrercial fishing nethodol ogy proposed
by the current harvest technol ogy study.

Test Fisheries Evaluation

The purpose of the test fisheries evaluation is to test the plan for
econom ¢ and biol ogi cal evaluation of predator renoval. A primary objective
of the previous planning study (BPA Project 82-012) was to develop a strategy
for evaluation of the efficacy of the predator control program (Vigg and
Burley 1989). There are three possible levels of evaluation to predict and
quantify the effects of the control fishery (Figure 3): (1) northern sguawfish
popul ati on structure and abundance (and associated fish community
interactions), (2) survival of juvenile salnmnids, and (3) ultimtely, adult
sal nron and steel head returns. Ef fects on the northern sguawfish popul ation
will be nonitored from statistics derived from the control fishery (catch per
unit effort (CPUE) and size structure). Modeling will be used to simulate the
secondary effects on the resident fish comunity, potential conpensatory
mechani sms, and the ultimte effects on juvenile salnonid survival. Long term
monitoring (10 to 50 years) of adult salrmonid returns would be needed to
attenpt to assess the ultimate effects of a predator control program Even
then it probably would not be possible to isolate the individual effects of
vari ous concurrent enhancenent neasures.

The specific objectives of the 1990 test evaluation were:

1. Test the economic evaluation plan in John Day Reservoir and at project-
specific sites prior to large-scale control fishery inplenentation; economc
evaluation data will be used to nonitor fishery performance and prospects for
| ong-term sustainability (Hanna 1990).

2. Test the biological evaluation plan in John Day Reservoir, in other
specific reservoirs, and at specific projects prior to large-scale control
fishery inplenmentation; biological evaluation will include collecting
pre-treatnment baseline biological data on predators, nonitoring of catch and
size conposition data in each fishery, and utilization of this information to
proj ect changes in predator populations and resultant reductions in salnonid
nmortality via the predator control sinulation nodel.
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1990 Test Fishery
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METHODS

Fi el d Procedures

Predat or Abundance Index Sanpling

We used bottom gillnets, surface gillnets, and an electrofishing boat to
collect northern sguawfish in Bonneville Dam tailrace, Bonneville Reservoir,
The Dall es Reservoir, John Day Reservoir, MNary Reservoir, and |Ice Harbor Dam
tailrace from May through Septenmber (Figures 4 and 5). Gllnetting was
conducted by two ODFW crews, whereas electrofishing was conducted by one CODFW
and one USFWS crew. Sanpling effort was stratified by time and location to
achieve a representative sanple while maxim zing the total nunmber of sanples.
Each crew sanpled for two days in three areas per reservoir (forebay, md-
reservoir, and tailrace) during two segments of the juvenile salnonid out-
mgration: early (May-July) and late (July-August). Each reservoir area (and
Bonnevill e Dam and |ce Harbor Dam tailraces) was subdivided into numerous
transects of approximately equal size (Appendix A). ODFW sanpling for each
period started at Bonneville Dam tailrace and progressed upriver to |Ice Harbor
Dam tailrace. Conversely, USFWS sanpling started upriver and progressed down
river.

Each two-person electrofishing crew used an 18-ft al um num el ectrofi shing

boat and worked four, |o-hour days per week. An electrofishing unit of effort
consisted of a 15-minute run with continuous output of approximately 5
anperes. Sanpling was initiated 2 hours prior to daylight. A mninum of six

random y assigned transects were sanpled each day.

A two-person crew operated each gillnet boat and worked four, [|o-hour
days per week. Bottom and surface gillnets were 45.6-m long, 2.4-m deep, had
a foamcore float line and 30-Ib lead |line, and were constructed with two
hal ves, each with three 7.6-m panels of 3.2 , 4.4 and 5.1 cm bar nesh,

respectively. The surface gillnets also had 11.5 by 7.1 cm floats spaced
every 61 cm for buoyancy. The unit of effort for gillnetting was a one-hour
net set. Sanpling started at dawn and each crew set both a bottom and a

surface net in three randomy assigned transects each day.

Data collected from each electrofishing run and gillnet set included
date, start and stop tinme, mnimm and naxi rum depth, |ocation, species of
fish caught, fork length (mm, weight (g), condition of fish at capture, fish

di sposition, if scale sanple taken, sex, maturity (if fish sacrificed), tag
col or and nunmber (if present), secondary mark (if present and missing a tag),
and gonad weight (* 0.1 g). From early June through July, the entire gonads

were removed from femal e fish determined to be ripe. After being weighed,
femal e gonads were placed in jars and preserved in Glson's solution for |ater
fecundity determnations.

Mor phoedaphi ¢ | ndex

Mor phoedaphic Index (MEl) is the seasonal average total dissolved solids
(TDS) divided by nmean reservoir depth (z). W collected nonthly (June-August)
water sanples in areas we conducted electrofishing and gillnet sanpling for
subsequent anal ysis of total dissolved solids (TDS). Water 8 .ples were
collected at nmid-reservoir or tailrace at a depth of approximately 0.5 m
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Dam Angl i ng

Dam angling was conducted from April through August 1990 at five
hydr opower projects on the |ower Colunbia and Snake rivers: Bonneville, The
Dal |l es, John Day, MNary, and |ce Harbor dans (Figures 4 and 5). Two crews of
two people each fished eight hours a day, five days a week at each project.
Two-week periods in which fish were marked and released alternated with two-
week periods in which fish were renoved (Figure 4).

The standard unit of damangling effort was one hour of fishing (tinmed
using a stop watch). Only the actual process of fishing was included in this
hour (baiting the hook, retying tackle, casting, hook in the water, and
reeling in fish). O her actions (transferring fish from fishing area to
hol di ng area and breaks) were not. During each hour of fishing effort,
fishing location and bait type were held constant. As fish were caught they
were placed into 5 gallon buckets. After three fish were caught, or after 10
m nutes, fish were transferred to a 4 x 4 x 3' holding tank. During hot
weat her, each fish was placed directly into the hol ding tank. Data coll ected
for fishing effort included angler name, date, dam |location on dam bait
type, start tine, stop time, number of northern squawfish caught, and nunber
of other species caught.

Two rod and reel types were used during the study. An electric reel and
stout rod were used at the tailrace areas where the bait could be | owered down
to the water and carried away from the project by the current. A spinning
reel and medium action rod were used at the forebay areas to cast the bait
away fromthe project and retrieve it as it floated toward the dam Rot ati on
of the crews was necessary to reduce wist fatigue fromreeling in fish for
extended periods of time at the forebay areas.

After one hour of fishing effort, biological data were collected from the
fish caught and recorded on a processing data form During the nmark and
rel ease periods, data collected from the individual fish included fork |ength
(m) , weight (g), condition of the fish, fish disposition, if a scale sanple
was collected, tag color, tag nunber, if the fish had a secondary mark, and if
it was used for the handling nortality study. During the renoval period, data
collected from the individual fish included fork length (m), weight (9g),
condition of the fish at capture, fish disposition, scale sanmple, sex,
maturity, tag color, tag nunber, secondary nmark, and gonad weight (within 0.1
g) . |f nore than 20 fish were caught during the removal period in one hour
the catch was subsanpl ed by processing every 4th fish with the. exception that
all fish collected were nmeasured for length and a scale sanple collected.
During the mark and rel ease periods, the marked fish were allowed to recover
in the holding tanks for one hour prior to rel ease. Fish that did not recover
were recorded as inmediate nortalities.

A variety of artificial lures were tested to determ ne their

ef fectiveness at catching northern squawfi sh at the dans (Table 1). Lures
were randonmly assigned times and days to be tested. Artificial lures were
tested by each crew at each dam from July through August. At the start of a

one hour fishing session, one nenber of the two person crew fished with the
test lure and the other person fished with standard bait (juvenile sal nonids).
After one hour, crew nenbers switched poles for the next hour.

22



Table 1. List of artificial lures used for dam angling.

Lure Type Code
Mepps, Comet M no #2, (I/4 oz.) 9001
Luhr Jensen, Metric #6, (3/8 o0z.) 9002
Luhr Jensen, Pro Lure, yellow orange dots, (lI/3 o0z.) 9003
Luhr Jensen, Pro Lure, grasshopper, (l1/4 o0z.) 9004
Luhr Jensen, Pro Lure, nickel, (3/4 oz.) 9005
Luhr Jensen, Sal non Seeker, chrone, (2", 1/9 o0z.) 9006
Luhr Jensen, Krocodile #4, chrone, (5/8 o0z.) 9007
Luhr Jensen, Shyster, fire/black dot, (1/3 o0z.) 9008
Luhr Jensen, Pro Lure, fire/hamered brass stripe (/4 o0z.) 9009
Luhr Jensen, Pro Lure, fire/hamrered nickel strip (1/4 o0z.) 9010
Luhr Jensen, Bang Tail, bronze/green hackle, (l1/4 oz.) 9011
Luhr Jensen, Mster J, chrome, (I/2 oz.) 9012
Luhr Jensen, Needlefish, nickle, (1/3 o0z.) 9013
Luhr Jensen, Flutter Spoon, nickle/horiz. lines (1/4 oz.) 9014
Luhr Jensen, Flutter Spoon, nickel/vert. lines (1/3 o0z.) 9015
Lapels, Down and Dirty floating rig, gold (1.0 oz.) 9016
Luhr Jensen, Tee-Spoon, nickle, (I/3 o0z.) 9017
Luhr Jensen, Tee-Spoon, brass, ((I/3 oz.) 9018
Luhr Jensen, Crippled Herring, chrone, (3/4 o0z.) 9019
Luhr Jensen, Crippled Herring, blue/chrome, (3/4 o0z.) 9020
Luhr Jensen, Hot Shot #30 rainbow 9021
Luhr Jensen, Hot Shot #30 fire 9022
Luhr Jensen, Hot Shot #30 chrone 9023
Les Davis, Bang Tail, shrinp scale, (1/4 o0z.) 9024
Lee Davis, Bang Tail, chartreuse/black scale, (I/4 o0z.) 9025
Luhr Jensen, Kwi kfish, silver shad, #K12 9026
Luhr Jensen, Kwi kfish, orange/black, #K12 9027
Luhr Jensen, Kw kfish, rainbow trout, #K12 9028
Mann'  Angler Twin, red, 3/0 nustad 92641 9029
Bass Pro Shop, white shrinp, 3/0 nustad 92641 9030
Mann's Angler Twin, brown, 3/0 nustad 92641 9031
Mann's Angler Twin, green, 3/0 nustad 92641 9032

To evaluate nortality of northern squawfi sh due to tagging and handl i ng,
we conducted handling mortality tests from July through August, when
tenperatures were highest. During each day of the mark and rel ease period, a
maxi mum of two marked fish from each hour at each site were randomy renmpved
and placed in the holding tank for the study. Makeup water was added to the
tank at a rate of 1 liter per mnute. Di ssol ved oxygen was added to the tank,
and water tenperature was recorded. After a mnimm of 24 hours, fish were
checked for condition, nortalities were counted, and surviving fish were
returned to the river.

23



Sport-Reward Fishery

A public reward fishery was inplenented on 24 May at four access points
in John Day Reservoir: Plymouth Marina, Umatilla Mrina, Arlington Marina, and
LePage Park (Figures 4 and 5). Three of the access points were maintained
through the entire field season, 24 May to 3 Septenber. Access points were
staffed 4 days a week (Thursday-Sunday) and holidays from6 AMto 3 PMwith a
bounty of $1.00 paid for each northern sguawfish greater than 11 inches total
| engt h. The fishery hours and bounty reward were changed on 19 July to 15
hours per day (6 AMto 9 PM and $3.00 per northern sguawfish. At this time
the Arlington Marina fishery was termnated due to |lack of participation.

At each access point, a creel clerk registered each fisherman or group of
fishernmen for the sport-reward fishery before they started fishing for
northern sguawfi sh. Initial information collected from participants included
angler's nane, sex, telephone nunber, best contact time, fishing license
nunber, species targeted, if the angler was fishing froma boat or the bank
date, and start time. Upon returning, anglers were given an exit interview
Data collected at this time included return tinme, total tinme out, nunber of
angl ers participating, number of hours actually fished, location(s) fished
type of bait or tackle used, nunber of northern sguawfish returned, and nunber
of tagged northern squawfish caught.

Successful anglers were issued a voucher for the reward anount. The
voucher contained a series of questions to evaluate the sport-reward fishery
in terms of econonic and social paraneters. The voucher was either conpleted

at the access point and given to the creel clerk or was filled out later by
the angler and mailed to the Portland ODFW of fice for processing. The
deadl i ne for submitting conpleted vouchers for paynent was 30 Septenber 1990
Data collected from vouchers included nunber of anglers in the fishing party,
nunber of hours spent fishing, total years the angler has spent fishing the
reservoir, total niles traveled one way to participate in the sport reward
fishery, accommpdations stayed at if the angler stayed overnight, anpunt spent
on accommpdati ons, cost of other expenditures, type of fishing nethod(s), type
of bait or tackle used, cost of tackle, nunber of northern sguawfish returned
nunber of other fish species caught, opinion of the fishing experience, if the

angler had fished for northern sguawfish before, if the angler had caught
northern sguawfish previously while fishing for other species of fish, what
was done with the northern squawfish that were caught in the past, if the

angl er had eaten northern sguawfish, and if the angler had eaten northern
sguawfi sh, how was the quality of the fish, nunber of fishing trips nade per
year, did the angler plan to fish for northern squawfish again during the
sumer, in general what species of fish did the angler nornmally fish for in
each of the four seasons, what state did the angler reside in, age of the
angler(s), and type of problenms encountered with other fishermen.

Bi ol ogi cal data were collected fromthe fish turned in to the creel clerk
and the fish were then either given to the angler with the caudal fin renoved

or kept by the creel clerk. Data collected from individual fish included fork
length (mm, fish disposition, tag color (if present), tag nunber (if
present), if a secondary mark was present and tag absent, and total weight of

the northern sguawfi sh catch (I bs).
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Comercial Longline Fishery

A conmercial longline fishery was inplenented as a special services
contract to Indian fishermen. The fishery was open to eligible tribal menbers
on a conpetitive basis. Three fishernen (with boat and crew) were sel ected
The fishery was conducted from 12 June through 9 August at three access points
on John Day Reservoir: Umatilla Marina, Irrigon Marina, and Arlington Marina
(Figures 4 and 5). The comrercial fishery schedule was 4 days per week and 10
hours per day.

One ODFW technician was stationed on each of the longline boats to
monitor the conmercial fishery. Cbservers collected data from the catch such
as location, bait type, date, number of hooks set, start and stop tines,

m ni mum and nmaxi num depth of the set line (m, nunber of hooks retrieved
wi t hout fish but having bait, nunmber of hooks w thout fish or bait, nunber of
broken or |ost hooks, species of fish caught, fork length (m, weight (9g),
condition of the fish at capture, fish disposition, if a scale sanple was
collected, sex, maturity, tag color (if present), tag nunber secondary mark
(if mark present or not, and the fish was missing a tag), gonad weight (* 0.1
hook | ocation (position on fish). Each observer also collected econonic
data including date, tinme spent on the water, tinme spent off water, tine spent
on gear maintenance, total number and weight of each species of predator fish
caught (northern sguawfish, walleye, channel catfish, and smallnouth bass)
wei ght of bait used (g), and description and value of individual operationa
costs, such as fuel, oil, ice, engine maintenance, and distance to |aunch.
The observers provided bait to the fishing crews each day at the pre-arranged
launching sites. At the end of each day, the agency observers collected the
total catch of northern sguawfish, and each fishing crew was issued a voucher
for their catch. The catch was frozen and stored for narket testing

The University of Wshington (UW subcontract (Report C, this vol unme)
supported the comercial fishery conponent of the test fishery by facilitating
the transfer of appropriate technology to the comrercial fishernmen. Thus, a
control | ed, observed, subsidized commercial fishery, aided by the transfer of
technol ogy from previous research, was inplenented. In addition to baseline
funding to cover daily operating costs (fuel, engine operation and
mai nt enance, and opportunity wages), fishernmen received from BPA a bonus
incentive of $4 per fish caught. This subsidy was intended to stinulate the
"rewar d-accordi ng-to-production” format of an unsubsidi zed commercial fishery.
Under the subcontract to UW all of the longlining equipnent, term nal gear
and bait was provided to the three boats from June through August. UWproj ects
per sonnel advised and hel ped fishernen in outfitting their boats and
organi zi ng gear. Fi shermen were instructed in all phases of fishing including
times, areas, and nethods of gear depl oynent. The UW supplied fishermen with
bait and periodically nonitored fishing activities to offer suggestions for
i mproved efficiency, receive input for nmethods to inprove efficiency, and take
i ncidentally caught food and ganme fish for tests of hooking and handling
nortality.

Lure Trolling Study

We collected northern sguawfish by trolling various lures from 20 August
through 5 October in the forebay and tailrace of Bonneville Dam (ligures 4 and
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5). This was a feasibility test of an additional method to harvest northern
squawfish in the proximty of dans.

A 28-foot al umi num inboard boat with two downriggers was used for

trolling fishing lures. Three lures were trolled from each downrigger
allowing a total of six lures to be used during each one-hour unit of effort.
Lures were selected randonmy froma list (Table 2) for each test. One lure
was attached to the downrigger ball with 40 Ib test |eader. Two additi onal
lures were attached by lines to each downrigger cable with rel ease clanps and
fished with pol es. This allowed control of the depth of each lure and its

di stance behind the boat. The lures were changed after each hour of fishing

and the lines were retrieved at |east every fifteen mnutes to check for fish
and possible lIine tangles. An I npul se 2800 Plus fish finder was used to
deternmine the approximte depth of the water and the depth of the downrigger
ball was set accordingly. Sea anchors were used to reduce trolling speed when
needed. Fork length (mm) and scale sanples were collected for each fish

Laboratory Procedures
Scal e Anal ysis

Scal e sanples were collected from fish captured by each fishery from
April through August 1990. Scales from northern sguawfi sh and snal | nouth bass
were collected on the left side of the fish above the lateral |ine posterior
to the dorsal fin. Scales from wall eye were collected on the left side of the
fish below the lateral line, near the point of the pectoral fin when the fin
is pressed to the body. Scal e sanples (10-20 scales) from individual fish
were placed inside a paper envel ope on which species, sex, collection date,
col l ection nunber, and location were recorded.

For each reservoir, sanples from 10 individuals (5 male and 5 femal e)

were randomy selected for each 25-nm | ength group. If the initial random
sanpl e was not conprised of equal nunbers of males and females, it was
suppl emrented to obtain 5 scale sanples from each sex. Uniformy shaped,

unregenerated scales from each individual sanple were selected for nounting.
Sel ected scales (4 per fish) fromup to 10 individuals were inpressed on
acetate sheets using a Carver Press. Scal e inpressions were aged using

nmet hods described by Jerald (1983) and Bagenal and Tesch (1978). An "n" age
designation was assigned to fish collected during the growh season follow ng
annulus formation and preceding January 1 of the next year. An "n+*"
designation was assigned to fish collected between January 1 and the follow ng
growt h season. For subsequent age group analysis, fish age-1 as n + were
grouped with fish aged as n + 1.

Gonad Anal ysi s

Fecundity was estinmated by a gravimetric subsanple nethod (Sinpson 1959,
VWl fert 1969). G lson's solution was drained fromthe ovary sanples through a
sieve (0.333 and 0.270 mm) that had been pre-weighed and tared on a Mettler PC
180 scal e. The eggs were rinsed with water to rempove any remaining
preservative. W then renoved excess tissue from the sanple. Any eggs
remai ni ng clunped together were separated. The sieve was wiped dry with paper
towel s and the screen was blotted from the underside to draw off excess water
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Table 2. List of lure types used for the trolling lure fishery.

Descri ption Code
Luhr Jensen, Tee-Spoon, nickel, (1/3 o0z.) 9501
Luhr Jensen, Tee-Spoon, brass, (l1/3 o0z.) 9502
Luhr Jensen, Crippled Herring, chrone, (3/4 oz.) 9503
Luhr Jensen, Crippled Herring, blue/chronme, (3/4 oz.) 9504
Luhr Jensen, Hot Shot #30 rai nbow 9505
Luhr Jensen, Hot Shot #30 fire 9506
Luhr Jensen, Hot Shot #30 chrone 9507
Lea Davis, Bang Tail, shrinmp scale, (1/4 oz.) 9508
Lee Davis, Bang Tail, chartreuse/black scale, (I/4 o0z.) 9509
Luhr Jensen, Kwi kfish, silver shad, #K12 9510
Luhr Jensen, Kwi kfish, orange/black, #K12 9511
Luhr Jensen, Kw kfish, rainbow trout, fKI12 9512
Luhr Jensen, H -Catch, silver/blue, (5/16 o0z.) 9513
Luhr Jensen, Hi-Catch, perch, (5/16 o0z.) 9514
Luhr Jensen, Hi-Catch, rainbow trout, (5/ 16 o0z.) 9515
Luhr Jensen, Speed Trap, silver/blue, (1/4 o0z.) 9516
Luhr Jensen, Speed Trap, Tennessee shad, (l/4 oz.) 9517
Sal nonid snelts behind Luhr Jensen six pak set up 9518
Sal mron snmolts on hook - 3/0 bait hook 9520

from the eggs. The total sanple was then air dryed for a standard tinme,

wei ghed (+ 0.001 g), and recorded. Three subsanples of randomy nixed eggs
were renoved and wei ghed 0.001 g). A subsanple containing approxinately
200 eggs was estimated for the subsanple anmpunt and weights varied anong
sanpl es according to egg size. Each subsanple was counted and the nunbers
recor ded. Total nunbers of eggs were cal culated by direct proportion for both
subsanpl e (Es) and overall (F) fecundity estinates:

We ° Ny
Fg = , and
Wy
We ° Z Nj
F = ,
T W

where Wy = total gonad weight (preserved), W; wei ght of subsanpl e, N; =
3

nunber of eggs counted in subsanple, and ; = 1 to 3.

Egg dianeter (t 0.01 nmm) was neasured for each fish using a Bausch & Lonb
Zoom 5 microscope with ocular mcronmeter. Five eggs from each of 3 subsanples
per fish were neasured in ocular units under a mcroscope, using a 1.5 zoom
setting, then converted to millineters (1 ocular unit= 0.06 nm. The mean egg
di ameter (Dp) for each fish was calcul ated as
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where Dj= diameter of an individual egg (mj, and ;= 1 to 15

Gonadal Somatic Index (GSI) was determined using the total weight of the

fish (W) neasured in the field prior to gonad renoval, and gonad weight (Hg)
measured fresh in the laboratory (¢ 0.1 Q). GSlI was cal cul ated as:
W, ° 100
g
sl = —
Wy

Mor phoedaphi ¢ | ndex

Total dissolved solids (TDS, mg/l) and specific conductivity
(mcromhos/cm) were analyzed by Laucks Testing Laboratories, Seattle,
Washi ngt on. MEI is seasonal average TDS divided by nmean reservoir depth (z).

Data Anal ysi s

Predat or Abundance | ndex

We calculated the total catch of northern sguawfi sh during abundance
i ndex sanpli ng. We al so sunmarized the total catch of northern sguawfi sh and
other fish species for each gear and area sanpl ed. As a prelimnary index of
northern sguawfi sh abundance, we conpared CPUE of northern squawfi sh anong
reservoirs for each gear, relative to CPUE in John Day Reservoir.

Mor phoedaphi ¢ | ndex

We calculated the MEl for each area we conducted index sanpling. W t hen
conpared MEl anpbng areas.

Test Fisheries

We calculated the total catch of northern squawfish and effort for each
test fishery. We cal cul ated the percent of the catch in John Day Reservoir by
dam angling, by the sport-reward fishery, and by the commercial |ongline
fishery. We summarized the catch of northern sguawfi sh for each fishery by
| ocati on and over tine. W also evaluated the effect of tinme of day on dam
angling catch rates, and the effect of increasing the reward on sport-reward
effort and catch. We conpared the catch of northern sguawfish during the lure
trolling study anong lures and depths. W also sunmarized the incidenta
catch for each test fishery.

Test Fisheries Eval uation

W conpared total catch, CPUE, and size conposition of the northern
sguawfi sh catch anong test fisheries to evaluate the efficacy of the various
fisheries in renoving large, predacious fish fromthe popul ation. Catch of
fish marked during dam angling was conpared anong test fisheries to evaluate
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expl oitation rates. We al so conpared the incidental catch of other fish
species ampong test fisheries to evaluate relative effects on the fish
comuni ty.

We used information collected during abundance index sanpling and the
test fisheries to evaluate baseline information on northern sguawfish
popul ati on characteristics and characteristics of the entire fish conmunity
prior to inplenentation of renmoval fisheries. We used information from scal e
anal yses to determ ne northern squawfi sh gromh rates, survival rates, and
year-cl ass strengths. We used information from gonad anal yses to determn ne
northern squawfi sh fecundity and GSI. Incidental catch during index sanpling
was used to evaluate conmunity structure.

Projected 1991 Fishery Harvest

We used data collected during 1990 to estimate the catch of northern
sguawfi sh by dam angling at Bonneville, The Dalles, John Day, MNary, |ce
Har bor, Lower Mnunental, Little Goose, and Lower Granite danms during each
nmonth from May through Septenber 1991. First, we estinmated the nunber of
angl ers at each dam forebay and tailrace during 1991. Ef fort (angling hours)
was estimated by totaling the nunmber of workdays between May 1 and Septenber
30, 1991 (Monday through Friday, excluding holidays), and nultiplying by six
hours per day for each angler. Mont hly catch of northern sguawfi sh at each
| ocation in 1991 was estimated by multiplying the estinmated nunmber of angling
hours by the catch per angling hour observed at that l|ocation during 1990
(Appendixes B and Q). Catch per angling hour at Lower Mnunental, Little
Goose, and Lower Granite danms were assuned to be equal to that at |ce Harbor
Dam

We used catch and effort totals in John Day Reservoir during 1990 to
estimate the catch of northern sguawfish by sport-reward anglers in
Bonneville, The Dalles, John Day, MNary, |ce Harbor, Lower Mnunental, Little
Goose, and Lower Granite reservoirs, and in the Colunbia River bel ow
Bonnevill e Dam during each nmonth from May through Septenber 1991. First, the
nunber of anglers and the catch of northern sguawfi sh each nonth in John Day
Reservoir during 1990 (Appendix D) were expanded to estinate the nunber of
anglers and catch during the expanded 1991 sport-bounty season. The 1991
sport-bounty season will be open from May 1 through Septenber 30, seven days
per week rather than May 24 through Septenmber 3, four days per week as in
1990. W then estimated the population within 60 mles (about a |-hour drive)
of the md-point of each reservoir, and froma point in the Colunbia Ri ver 60
m |l es bel ow Bonneville Dam (Portland State University 1990, Washington Ofice
of Financial Managenment 1990). We estimated the nunber of anglers in each
reservoir and bel ow Bonneville Dam by assuming that the ratio of anglers to
avail abl e popul ati on for each location was equal to that for John Day
Reservoir. Mont hly catch of northern squawfish at each location in 1991 was

estimated by nultiplying the estimated number of anglers by the catch per
angl er observed in John Day Reservoir during 1990.

W used catch and effort totals in John Day Reservoir during 1990 to
estimate the ninimum and maxi rum catch of northern squawfish in the comerci al
longline fisnery in Bonneville, The Dalles, and John Day reservoirs during
1991. First, the number of longline sets and catch of northern squawfish by
each tribal fisher during 1990 were expanded to estinmate the effort and catch

29



by each tribal fisher during the expanded 1991 commerci al season. The 1991
season will be open from May 1 through Septenber 30 rather than June 11

t hrough August 19 as in 1990. We determined that a maxi num of 473 tri bal
fishers were eligible to participate in the comrercial fishery. W sel ected
20 as the mininum nunber of tribal fishers likely to participate in the
fishery during 1991. We used aerial counts of tribal gillnets (ODFW
unpubl i shed data) to estimate the percent of tribal fishers using each
reservoir. To estimate the mni num and maxi nrum nunber of tribal fishers using
each reservoir in 1991 we nultiplied the estimated total nunber of fishers

(m ni mum and nmaxi munm) by the estimted percent of tribal fishers using each
reservoir. To estimate the mninum and maxi nrum catch of northern sguawfish in
each reservoir during 1991 we nultiplied the estinated nunber of tribal
fishers (mnimm and maxi mum) by the estimated number of longline sets per
fisher, and nultiplied the resulting total nunber of longline sets (mninmm
and maxi mum) by the catch per set observed in John Day Reservoir during 1990

(Appendi x E).

RESULTS

We captured over 20,000 northern sguawfish in the |ower Colunbia and
Snake rivers from 30 April to 30 August 1990. Catch of northern sguawfish in
various conponents of the study included 3,355 by index sanpling, 11,005 by
dam angling, 4,681 by the sport-reward fishery, 1,420 by the commerci al
longline fishery, and 228 by the lure trolling study.

Predat or Abundance | ndex
O 3,355 northern sguawfi sh captured during predator index sanpling, most

(64% were taken in tailrace or upper reservoir areas (Table 3). The greatest
CPUE of northern squawfish occurred downstream from Bonneville Dam (over twi ce

that of Bonneville forebay and the other tailrace areas). O the fish
coll ected by ODFW 69% were collected by electrofishing, 22% were collected in
bottomgillnets, and 9% were collected in surface gillnets. A prelininary

i ndex of relative abundance of northern squawfi sh based on el ectrofi shing,
bottom gillnet, and surface gillnet CPUE scaled to John Day Reservoir CPUE
i ndicates that northern squawfi sh abundance varies anobng reservoirs (Figure
6). The electrofishing and gillnet data from indexing are presented by
sanpling nethod, week, and area in Appendix F.

Mor phoedaphi ¢ | ndex

TDS was generally constant in the |ower Colunbia River reservoirs (Table

4). Mean depth largely determ ned TDS. In Ice Harbor tailrace, however, TDS
was substantially higher, indicating higher potential productivity in the
| ower Snake River. After other |ower Snake and nid-Colunbia river reservoirs

are indexed in 1991 and 1992, Mel will be conpared to CPUE indices of predator
rel ati ve abundance.
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Table 3. Catch of northern sguawfish during predator abundance index
sanpl i ng, 30 April to 30 August 1990. ODFW = Oregon Departnent of Fish

and Wldlife; USFWs = U S. Fish and Wldlife Service. USFWS used
el ectrofishing only.

ODFW
Gllnetting
Reservoir,
ar ea El ectrofi shing Bottom Surface USFWS
Bonnevil |l e
tailrace 216 70 5 399
f or ebay 163 46 6 277
m d-reservoir 88 28 7 89
upper-reservoir 52 22 15 105
The Dal | es
f orebay 29 31 13 99
m d-reservoir 12 24 2 66
upper-reservoir 160 36 32 247
John Day
f or ebay 35 10 10 51
m d-reservoir 13 14 11 13
upper-reservoir 62 14 7 234
McNar y
f or ebay 2 9 7 30
m d-reservoir 5 8 5 22
upper-reservoir 53 13 14 83
| ce Harbor
tailrace 124 3 3 161

Test Fisheries

Dam angling accounted for the |largest proportion (63% of the 17,334
northern squawfish collected in the test fisheries. The sport-reward fishery
took about 27% of the catch and the comrercial longline fishery about 8%

A total of 9,951 northern sguawfi sh were renmoved from John Day Reservoir by

the test fisheries. This was approximtely 12% of the estimated northern
squawfish population in the reservoir (Beanesderfer and R eman 1988). O these
fish, approximtely 47% were caught in the sport reward-fishery, 39% were

caught by dam anglers, and 14% were caught by comrercial |ongliners.

Dam Angl i ng

Dam angling catch varied anong |ocations (Table 5). At Bonneville Dam
power house #, nean CPUE in the tailrace was conparable to that in the
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Table 4. Mean seasonal total dissolved solids (TDS), specific
conductivity, depth, and Morphoedaphic Index (MEl) for | ower
Col unbia and Snake River reservoirs, based on 1990 data.

Specific
Reservoir, TDS conductivity Dept h MEI
area (my/ 1) (m cronhos/cm (z, ft) (TDS 2)
Bonnevill e
tailrace 78.0 123.3 20.0 3.9
m d-reservoir 77.0 123.3 27.7 2.8
The Dall es
m d-reservoir 77.7 120.0 31.7 2.5
John Day
m d-reservoir 78.3 123.3 47. 4 1.7
McNar y
m d-reservoir 82.0 123.3 35.4 2.3
upper-reservoir 71.7 116. 7 20.0 3.6
| ce Harbor
tailrace 100. 0 133.3 48.9 2.0
f or ebay. At other dams, nean CPUE in the tailrace was consistently higher (3
to 12 times) than that in the forebay. CPUE at nost danms was generally
hi ghest during July or August. Dam angling catch data are sunmarized by week

and | ocation in Appendixes B and C. W found no consistent differences
bet ween norning (0600-1430) and evening (1430-2300) CPUE at Bonneville Dam
(Figure 7).

I ncidental catch of non-target fish by dam angling was very |ow except in
the tailrace at |ce Harbor Dam (Appendix Q. Ameri can shad Al ossa sapidi ssim
and white sturgeon Acipenser transnontanus conprised nost of the incidental
catch except at |ce Harbor Dam where channel catfish were abundant.

Sport-Reward Fishery

A total of 2,376 anglers registered in the sport-reward fishery (one or
nore fishermen per registrant); 781 (33% of the registrants (representing
1,481 total anglers) returned to conplete the exit interview O the 4,681
northern sguawfish taken in the sport-reward fishery in John Day Reservoir,
the majority (66.6%) were returned to LePage Park Marina. An additional 1,176
(25.1% were returned to Uratilla Marina, and 389 (8.3% were returned to
Pl ymout h Mari na. The sport-reward fishery data are summarized by week and
access point in Appendix D

Participation in the sport-reward fishery sharply increased follow ng the
increase in bounty from $1.00 to $3.00 (19 July), and then gradually declined
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Tabl e 5. Dam angling catch of northern sguawfi sh by dam area,
30 April to 30 August 1990. CPUE = catch per angler-hour.

Tot al Ef fort Mean

Dam, area Cat ch (angl er-hrs) CPUE
Bonneville #1

tailrace 910 414 2.20

f or ebay 2,463 933 2.64
Bonnevill e #2

tailrace 135 350 0. 39

f or ebay 100 897 0.11
The Dall es

tailrace 999 701 1.43

f or ebay 147 330 0.45
John Day

tailrace 1, 307 811 1.61

f or ebay 31 244 0.13
McNar y

tailrace 3, 819 656 5.82

f or ebay 567 638 0. 89
| ce Harbor

tailrace 527 400 1.32

(Figure 8). Participation changed from a nean of 99 anglers per week at the

three locations before 19 July to a nmean of 227 anglers per week after that
dat e. Total catch was closely correlated with total participation; thus, the

harvest also increased greatly after 19 July. The LePage Park Marina
accounted for the majority of the increased catches during the late season
(Figure 9). In the early season, CPUE peaked on 28 June and was generally

hi ghest at Umatilla Marina (about 4 fish per angler); however, participation
apparently did not respond to increased CPUE since it continued to remain |ow
over the following two weeks. After 19 July, CPUE renmined relatively
constant at Umatilla Marina (2-3 fish per angler) and Plymouth Marina (< 1
fish per angler); however, catch rate at LePage Park Marina increased to 7-12
fish per angler. This dramatic increase was due to the increased catches of
relatively few anglers and possibly could have been due to anglers catching
fish in John Day Dam Tail race.

Conmer ci al Longline Fishery
The commercial longline fishery harvested 1,420 northern squawfish, the
| east of any fishing method. Weekly catch of northern sguawfish averaged

about 250 from 18 June to 12 July, after which catch declined to 50-100 (Table
6). This decrease in catch can be attributed to lower fishing effort and
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Figure 7. Catch per hour of northern squawfish during norning and evening dam
angling at the forebays and tailraces of Bonneville Dam powerhouses #1 and #2,

June 15 to August 27, 1990.
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Tabl e 6. Catch of northern sguawfish in the comercial long~-
line fishery by week, areas and boats conbined, 11 June to 9
August 1990. CPUE = catch per set.

Mont h, date
(Monday of week) Cat ch Nunber of sets CPUE
June
11 151 99 1.53
18 270 105 2.57
25 232 90 2.58
July
2 266 128 2.08
9 235 96 2.45
16 46 46 1.00
23 39 36 1.08
30 103 70 1.47
August
6 78 42 1.86

| ower CPUE. Ef fort decreased from about 100 sets per week in the early period
to about 50 per week after 16 July. Commercial longline fishery data are
summari zed by week and l|ocation in Appendi x E.

Variation also occurred in catch rates and harvest ampbng areas and
fishermen (Table 7). CPUE was higher at the upper reservoir stations
(Umatilla and Irrigon nmarinas) than the lower reservoir station at Arlington
Mari na. The Hoptowit boat accounted for 48% of the total catch, followed by
Blevins (33% and WIllianms (19%.

I ncidental catch of non-target food or gane fish was relatively low in
the longline fishery (Appendix Q. The incidental catch consisted of one
wal | eye, eight smallmouth bass, 182 channel catfish, and 269 white sturgeon.
VWite sturgeon were primarily taken in the upper reservoir (61% from Umatill a,
36% from Irrigon, and 3% from Arlington). Simlarly, 87% of the channe
catfish catch was taken in the Irrigon and Umatill a areas.

Lure Trolling Study

A total of 228 northern squawfish were caught by trolling |ures near
Bonneville Dam The majority (217) were caught in the tailrace (Table 8). W
caught approxi mately one northern sguawfi sh per hour in the tailrace, whereas
mean catch per hour in the forebay was |ess than 0. 1. The majority of fish
caught in the tailrace were caught near the juvenile sal nonid bypasses of
Power houses #1 and #2 These areas contai ned higher concentrations of snall
fish and therefore attracted higher nunbers of actively feeding northern
sguawf i sh. Qur catches were highest when the lures were positioned on the
edge of the turbulent zone caused by the juvenile sal nonid bypass. Al'l fish
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Table 7. Catch of northern squawfish in the Commercial |ong-
line fishery by area and boat, 11 June to 9 August 1990.
CPUE = catch per set.

Area, fisherman Cat ch Nurmber of sets CPUE
Umtilla
Bl evi ns 146 89 1.64
Hopt owi t 332 108 3. 07
WIlians 128 69 1.86
Irrigon
Bl evi ns 178 85 2.09
Hopt owi t 200 63 3.17
WIlianb 118 73 1.61
Arlington
Bl evi ns 158 90 1.76
Hopt owi t 150 109 1.38
WIlianb 10 26 0. 38

Table 8. Catch of 'northern squawfish in the troll fishery
in Bonneville Dam tailrace and forebay, August-Cctober 1990

Catch Effort CPUE

Locati on, date (cl (hr) (c/hr)
Tailrace

08/ 20 to 08/24/90 --

08/ 27 to 08/31/90 --

09/03 to 09/07/90 --

09/10 to 09/14/90 -- -- -

09/17 to 09/21/90 68 63.50 1.07

09/ 24 to 09/28/90 34 48.75 0.70

10/01 to 10/05/90 19 35.40 0.54

10/08 to 10/12/90 96 73.13 1.31
Forebay

08/ 20 to 08/24/90 7 43. 60 0.16

08/ 27 to 08/31/90 2 34.00 0. 06

09/03 to 09/07/90 1 36. 85 0.03

09/ 10 to 09/14/90 1 42.00 0.02

09/17 to 09/21/90 -- -- --

09/ 24 to 09/28/90 0 2.70 0.00

10/01 to 10/05/90 0 34. 60 0.00

10/08 to 10/12/90 -
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caught trolling were northern squawfish with the exception of one scul pin;
thus the incidental catch of lure trolling was the |east of any fishing
nmet hod.

Mean CPUE for lures ranged from 0.05 to 1.22 (Table 9). The four lures
with the highest catch rates (#9517 Luhr Jensen, Speed Trap, Tennessee Shad;
#9512 Luhr Jensen, Kw kfish, Rainbow Trout; #9510 Luhr Jensen, Kw kfish,
Silver Shad; #9515 Luhr Jensen, Hi catch Rai nbow Trout) accounted for 50% of
the total catch while representing only about 26% of the total effort. Each
of these lures sinulated the novenent of a small fish and have either rainbow
trout or silver shad col oration.

Significant nunbers of northern squawfi sh were caught at all depth ranges
except > 30 ft (Table 10). Catch rate was highest at depths of O9 feet;

however, the juvenile salnmonid bypass outfall in powerhouse #1 tailrace is
| ocated in a shallow area and high catches there nay have affected the
apparent relation between CPUE and depth. In general, the variation in CPUE

was | ess between depth ranges than it was between areas or lure types.

Projected 1991 Fishery Harvest
Dam Angli ng

Dam angling during 1991 may renove over 50,000 northern squawfish (Table
11) . Approxi mately one-third of the catch would occur at MNary Dam W
project that CPUE will generally be highest in July, although at sone dans
CPUE may be highest in August and Septemnber.

Sport-Reward Fishery

W estimate that over 170,000 northern sguawfi sh could be removed by
sport-bounty anglers during 1991 (Table 12). More than 60% of the catch would
occur in Bonneville Reservoir and in the Colunbia River below Bonneville Dam
These |ocations are nost easily accessed by the relatively |arge nunber of
people living near Portland, Oegon and Vancouver, Wshi ngton. We proj ect
that nost northern sguawfish will be caught during August and Septenber.

Commer ci al Longline Fishery

W estimte that about 20,000 northern squawfish would be harvested if 20
commercial long-line boats were fished in Bonneville, The Dalles, and John Day
reservoirs (Table 13). If all the Indian fishermen that were contacted
concerning the northern squawfish fishery in 1990 (473) actually fished for
northern sqg-uawfish in 1991, a maxi num of over 480,000 fish could be renopved.
Based on past gill net effort distribution, we project that catch would be
less in The Dalles Reservoir than in Bonneville or John Day reservoirs.
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Table 9. Catch of northern sguawfish by lure type in the
troll fishery in Bonneville Dam tailrace and forbay,
August - Cct ober 1990.

Lure Total Catch Total Effort Mean CPUE
Type (c) (hr) (clhr)
9501 3 29.72 0.10
9502 1 21.57 0. 05
9503 8 27. 27 0.29
9504 10 20. 13 0. 50
9505 4 16. 00 0.25
9506 1 16. 63 0. 06
9507 17 26. 02 0. 65
9508 6 15.73 0. 38
9509 12 29. 90 0.40
9510 17 15.92 1.07
9511 5 12. 45 0. 40
9512 39 32.95 1.18
9513 13 22.20 0.59
9514 8 19. 28 0.41
9515 28 33.98 0.82
9516 19 23.22 0.82
9517 30 24. 65 1.22
9518 3 8.97 0.33
9520 4 18. 45 0.22
DI SCUSSI ON

Predat or Abundance | ndex

Differences in nmean CPUE of northern sguawfi sh anobng reservoirs indicates
t hat abundance of northern squawfish may consistently decrease from | ower
river to upper river reservoirs. However, CPUE may not be the best indicator
of northern squawfish abundance. Vigg and Burley (1991) showed that
differences in the relative frequency of zero catches and the natura
| ogarithm of non-zero catches may be better indices of differences in

abundance. We will conpare differences in these indices anpbng reservoirs and
among areas within reservoirs to conmpare differences in relative abundance
W will also work with the USFW5S to conbi ne our abundance index with their

consunption index and produce a predation index.

Mean CPUE of northern squawfi sh by ODFW and USFWS el ectrofishing crews
showed consistent differences anmong reservoirs. Mean CPUE in Bonneville was
nearly equal for ODFW and USFWS crews, whereas CPUE by USFWS in other
reservoirs exceeded CPUE by ODFW This may be attributed to nonrandom
sampling effort by USFWS. Their effort was concentrated in areas with the
greatest catch. Additionally, USFW5 effort was greater during peak juvenile
salmonid out-nmigration (and presumably peak northern squawfi sh density) to
maxi m ze sanple size for stomach content analysis. In contrast, ODFW effort
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Tabl e 10. Catch of northern squawfish by depth in the trol
fishery in Bonneville Dam tailrace and forebay August
Cct ober  1990.

Locati on, Cat ch Effort CPUE
depth (it) (c) (hr) (c/hr)
Tai l race
0-9 70 55.13 1.27
10-19 81 96. 77 0. 84
20- 29 66 68. 88 0. 96
>30 0 0. 00 0. 00
For ebay
0-9 5 38.75 0.13
10-19 3 83.77 0. 04
20- 29 2 53. 97 0. 04
>30 1 17. 27 0. 06

was stratified over a broader tinme period to yield a nore representative
estimate of predator density in reservoirs.

I ndex sanpling will continue during 1991. W will electrofish and use
gillnets in Ice Harbor, Lower Mnunental, Little Goose, and Lower Ganite
reservoirs to collect initial index data. Sanpling will also continue in John

Day Reservoir as a control by which to conpare data from the other reservoirs.

Test Fisheries
Dam Angl i ng

Including dam angling in the test fishery had two purposes: (1) to enable
realistic conparison of the effectiveness of dam angling conpared to
comrercial and recreational fisheries, and (2) to inplenent northern sguawfish
renoval as soon as possible at high priority areas, while concurrently
provi di ng predator abundance index information. Results indicated that dam
angling can renove a substantial nunber of northern sguawfish, particularly
from tailraces. Based on previous estimates of northern sguawfish abundance
(Beanesderfer and Ri eman 1988), our limted dam angling in 1990 renoved over
four percent of the northern squawfish present in John Day Reservoir. The
i ncreased dam angling effort expected in 1991 should result in a much higher
percent age of northern sguawfi sh renoval

Sport-Reward Fishery
Renovi ng substantial nunmbers of northern sguawfish by offering a reward
to sport anglers also appears feasible. Over five percent of the northern

sguawfish estinmated to reside in John Day Reservoir (Beanmesderfer and Ri eman
1988) were renoved by sport anglers during 1990. Most of these fish were
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Table 11. Projected removals of northern squaufish by dam angling during 1991.
C = projected catch. CPUE = projected catch per angler hour. Projected angler
hours = 132 during May, July, and August; 120 during June and September at each dam.

Month
May June July August September

Dam?® c CPUE [ CPUE [ CPUE [ CPUE C CPUE
Bonnevi | le

Tailrace 444 0.84 1,046 2.18 2,381 4.51 750 1.42 682 1.42

Forebay 760 1.44 1,382 2.88 2,629 4.98 1,104 2.09 1,103 2.09
The Dalles 327 0.62 259 0.54 766 1.45 1,663 3.15 1,512 3.15
John Day 612 1.16 350 0.73 1,695 3.12 1,177 2.23 1,070 2.23
McNary 1,890 3.58 3,994 8.32 7,535 14.27 1,948 3.69 1,771 3.69
| ce Harbor 158 0.30 240 0.50 919 1.74 1,024 1.94 931 1.94
Lower Monumental 158 0.30 240 0.50 919 1.74 1,024 1.94 931 1.94
Little Goose 158 0.30 240 0.50 919 1.74 1,024 1.94 931 1.94
Lower Granite 158 0.30 240 0.50 919 1.74 1,024 1.94 931 1.94
8 Estimates for dams other than Bonneville are for tailrace only.

caught after the reward was increased from $1.00 to $3.00. I ncreased

publicity about the sport-reward fishery, and the |onger season (1 wmay through
30 Septenber) expected during 1991 should result in increased numbers of
northern sguawfi sh being renoved.

Commerci al Longline Fishery

The commercial longline fishery renpved |less than two percent of the
esti mated nunmbers of northern sguawfish in John Day Reservoir; however, the
ef fectiveness of renmoving northern squawfi sh by comercial |onglining can not
be adequately evaluated based on 1990 results. Constraints on getting started
resulted in a later start date than other fisheries. Additionally,
constraints on times and areas fished, relatively |ow catch rates of northern
squawfi sh (about 2 per long-line set), decreased catch rates and therefore
decreased nmonetary incentive in the second half of the season, and |ack of
interest in extending the season past the start of the salnmon fishery above
Bonneville Dam all affected the catch. An increase in the nunber of
longliners participating and a | onger sanpling season during 1991 should
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Table 12. Projected removal of northern squawfish by the sport-reuard fishery during the 1991
field season. N = projected number of anglers. C = projected catch. Dams are BB = below
Bonneville, BV = Bonneville, TD = The Dalles, JD = John Day, MN = McNary, IH o lIce Harbor, LM o

Louer Monumental, LG = Little Goose, and GR = Louer Granite.
Month
l\fay June July August September
Potential
Dam Population N C N C N C N C N C
BB 1,827,501 12,713 2,644 9,112 4,155 13,450 8,877 15,649 22,926 11,811 28,701
BV 1,036,532 7,211 1,500 5,168 2,356 7,628 5,035 8,876 13,003 6,699 16,279
TD 206,861 1,439 299 1,031 470 1,522 1,005 1,771 2,595 1,337 3,249
JD 332,358 2,312 481 1,657 756 2,446 1,615 2,846 4,170 2,148 5,220
MN 288,502 2,006 417 1,438 656 2,123 1,401 2,470 3,619 1,865 4,531
IH 295,312 2,054 427 1,472 671 2,173 1,434 2,529 3,705 1,909 4,638
LM 285,050 1,983 412 1,421 648 2,101 1,387 2,441 3,576 1,842 4,477
LG 222,356 1,547 322 1,109 506 1,636 1,080 1,904 2,789 1,437 3,492
CR 160,083 1,114 232 798 364 1,178 778 1,371 2,008 1,035 2,514

allow the effectiveness of the comrercial fishery to be conpared to that of
the other test fisheries.

Lure Trolling Study
Catch of northern squawfish by trolling lures can be increased

dramatically by concentrating effort in areas where northern sguawfish are
actively feeding on juvenile salnonids or other snmall fish near juvenile

sal noni d bypasses. During 1991 we will limt the lures to those that have
proven effective, and we will begin sampling earlier in the year to increase
our catch of northern squawfish. W will also draw upon know edge of trolling

techni ques gai ned during 1990 sanpli ng. For exanple, by the end of the 1990
season we | earned how to best position the boat in high catch areas and how to
effectively bring in large nunbers of fish in a short period of tine.
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Table 13.
fishery during the 1991

participating boats estimated at 473 and 20,

Projected removals of northern squaufish by

the commercial longline

field season. Maximum and minanum nunber of

respectively.

Dam % Effort

Minimum Mep<inum

Fishermen Sets Catch Fishermen Sets Catch

Bonneville 41

The Dalles 24

John Day 35

a 4,157 8, 272 194 100,815 191,549

5 2,598 5,171 114 59,242 117,892

7 3,638 7,239 166 86,265 171,667

The predator control

Test Fisheries Eval uation

t hat
Col unmbi a Ri ver

sust ai ned harvest of

has great potential

program is one of

northern squawfish can

to increase the survival
system, especially if the hypothesis is true that

t he salnmonid enhancenment measures
of juvenile salnmonids in the
a 10-20%

reduce predation nortality by 50%

The potential for Endangered Species Act

listing of certain depleted stocks of

Snake River chinook and sockeye sal non has increased the nonentumto take

of

juvenile salmonids. |f

Mari ne Fi sheries Service recommends t hat

endangered, even

i medi ate actions that will increase the survival
in the spring of 1991, the National
any of the stocks be proposed for listing as threatened or
nore inpetus wll exist to maximize the predator
It will

sonmehow conpensate to

control program

be inmportant to determine if northern squawfi sh popul ations
reduce the effects of

the test fisheries. Compensati on

is a density-dependent process which has been defined as the ability of a fish

population to offset, in whole or part, reduction in nunbers caused by the
impacts from natural or artificial stresses, including fishing (Saila et al.
1987) . Conpensat ory mechani sns i nclude growth, reproduction, growth and
predation, density and predation, cannibalism conpetition for spawiing sites,
agoni stic behavior, starvation, parasitism and disease, and enmigration (Saila
et al. 1987). Reproductive nechanisns include individual and popul ation
fecundity, sexual maturity, sex-ratio, size conposition of spawners, egg size,
larval size, life history strategy, spawning nigrations, and spawni ng

behavi or.

To evaluate the effects of
populations in the various reservoirs,

structure,

t est

fecundity, GSI,

fisheries on northern squawfish
northern squawfish population

age and grow h,

and survival before and after

sustained fisheries wll

be conpared.

Comunity structure (relative abundance

of other fish species) before and after sustained fisheries wll

conpared. Pre-treatnent
concurrently during 1990.
conducted after we conple

al so be
basel ine data collection and index sanpling was done

Sunmary and anal ysis of baseline data will be
te scale and gonad analyses. Final conclusions as to
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the efficacy of sustained northern squawfish fisheries in acheiving the goal
of salnonid enhancenent are at |east five years off.

W will also evaluate the efficiency of each test fishery. Si ze
conposition of the northern squawfish catch will be conpared anong fisheries
to conpare catch rates of predator-sized fish. Speci es conposition will also

be conpared anong fisheries to evaluate incidental catch and effects on
comunity structure.

Fi shery exploitation rates and abundance of northern squawfish
popul ations will be estimted, and assunptions necessary for abundance
estimates tested using mark and recapture techniques. During 1991 we will tag
northern squawfish collected during dam angling and index sanpling. Tagged
fish may subsequently be recaptured during the three renoval fisheries and
i ndex sanpling. Exploitation rate will be estinated for each fishery to
determine if the fisheries are achieving desired harvest |evels. Nort hern
squawfi sh popul ation estinates will be nade to enable an independent estimate
of exploitation using abundance estinmates and known nunbers renpved.
Popul ati on abundance estimates will also be used (if assunptions are nmet) to
eval uate annual popul ation changes (in conjunction with CPUE trends), and as
i nput to sinulation nodeling.

Projected 1991 Fishery Harvest

Al t hough many of the projected 1991 catches of northern squawfi sh appear
reasonable, the validity of sone of the estinmmtes are questionable. Sport -
bounty catches for Septenber are based on an extrenely high catch rate
observed during a very limted period (three days) during Septenber 1990, and
are probably over-estimated. Qur method for estimating sport-bounty catch
resulted in catches for a location being directly proportional to the
popul ati on near that |ocation; therefore, projected catches in Bonneville
Reservoir and the Colunbia River bel ow Bonneville Dam nay be over estimated
due to the proximty of these locations to Portland, Oregon. Al'l sport-bounty
catches may be slightly over estimated because npst potential anglers live
within 60 nmiles of nore than one reservoir (and were therefore included in the
potential population of nore than one reservoir) but will fish only in one
reservoir.

Esti mated renovals of northern squawfi sh by dam angling appear
reasonabl e. However, estimates at Snake River dams are based on results from
Ice Harbor Dam only. Al t hough probably reasonably accurate, projected catches
at Lower Monumental, Little Goose, and Lower Granite dans nay be over or under
esti mat ed.

Maxi mum removal of northern squawfish by the commercial | ong-line fishery
in Bonneville, The Dalles, and John Day reservoirs during 1991 is over
esti mat ed. Esti mat es approach or exceed the nunber of northern sguawfish
likely to reside in each reservoir. In addition, if every eligible tribal
fisher participated, catch per long-line set would nost |likely decline to
| evel s bel ow that observed in John Day Reservoir during 1990.
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APPENDI X A Predat or abundance indexing and test fisheries sanpling |ocations
and sanpling |ocation codes, 1990.
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APPENDI X B. Weekly summaries of dam angling effort, northern squawfi sh catch,
and CPUE.
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Table B-1. Weekly summary of effort, northern squawfish catch, and
CPUE at Bonnevill e Dam Power house 2 tailrace.

Week Effort Weekl y
Mont h (Monday) (angl er hours) Cat ch CPUE
Apri | 30 32 0 0. 00
May 7 39 12 0.31
14 o - T
21 o o o
28 36 5 0.14
June 4 30 15 0.50
11 0T T -
18 -- o -
25 42 62 1. 48
July 2 28 2 0. 07
9 - - - - - -
16 - o
23 34 14 0.41
30 18 5 0. 28
August 6 T - -
13 49 15 0.31
20 18 1 0. 06
27 24 4 0.17
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Table B-2. \Weekly summary of effort, northern squawfish catch, and
CPUE at Bonneville Dam Power house 2 forebay.

Week Effort Weekl y

Mont h (Monday) (angl er hours) Cat ch CPUE
May 7 58 0 0.00
14 81 13 0.16

21 98 3 0.03

28 38 0.21

June 4 51 16 0.31
11 145 a 0. 06

18 74 8 0.11

25 48 9 0.19

July 2 52 6 0.12
9 72 5 0.07

16 43 7 0.16

23 20 2 0.10

30 14 1 0.07

August 6 36 2 0. 06
13 47 9 0.19

20 20 3 0.15

27 - - -
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Table B-3. Wekly summary of effort, northern squawfish catch, and
CPUE at the Dalles Dam tailrace.

Week Effort Weekl y

Mont h (Monday) (angl er hours) Cat ch CPUE
May 7 15 la 1.20
14 24 13 0.54

21 61 14 0.23

28 48 25 0.52

June 4 48 40 0.83
11 47 37 0.79

I a 40 9 0.23

25 40 12 0.30

July 2 30 22 0.73
9 40 39 0.98

16 46 65 1.41

23 47 55 1.17

30 47 139 2.96

August 6 52 116 2.23
13 49 148 3.02

20 32 115 3.59

27 35 132 3.77
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Table B-4. Weekly summary of effort, northern squawfish catch, and
CPUE at the Dalles Dam forebay.

Week Ef fort Weekl y

Mont h (Monday) (angl er hours) Cat ch CPUE
May 7 2 0 0. 00
14 14 16 1.14

28 28 7 0.25

June 4 12 2 0.17
11 34 0 0. 00

18 32 1 0.03

25 36 F:1 0.50

July 2 32 6 0.19
9 40 15 0. 38

16 24 6 0.25

23 30 30 1.00

30 22 19 0. 86

August 6 a 3 0. 38
13 a 14 1.75

20 a 10 1.25

27 -- -- --
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Table B-5. \Weekly summary of effort, northern sguawfish catch, and
CPUE at John Day Dam tailrace.

Week Ef fort Weekl y

Mont h (Monday) (angl er hours) Cat ch CPUE
May 14 43 60 1.40
21 73 97 1.33

28 24 | a 0.75

June 4 92 35 0. 38
11 97 a 0. 08

18 72 60 0.83

25 56 91 1.63

July 2 28 56 2.00
9 39 142 3.64

16 26 105 4. 04

23 47 116 2. 47

30 38 148 3.89

August 6 36 150 4. 17
13 45 121 2.69

20 51 66 1.29

27 44 34 .

Table B-6. \Weekly summary of effort, northern sguawfish catch, and
CPUE at John Day Dam forebay.

Week Effort Weekl y
Mont h (Monday) (angl er hours) Cat ch CPUE
June 25 16 0 0. 00
July 2 32 1 0.03
9 22 5 0. 23
16 18 3 0.17
23 28 7 0.25
30 30 0 0. 00
August 6 46 1 0.02
13 16 2 0.13
20 36 12 0.33

27 - T T
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Table B-7. Weekly summary of effort, northern squawfish catch, and
CPUE at McNary Dam tailrace

Week Effort Weekl y

Mont h (Monday) (angl er hours) Cat ch CPUE
Apri |l 30 37 94 2.54
May 7 88 75 0. 85
14 42 109 2.60

21 32 159 4.97

28 20 118 5.90

June 4 36 24 0.67
11 34 69 2.03

18 28 391 13. 96

25 30 498 16. 60

July 2 14 274 19. 57
9 25 370 14. 80

16 22 397 18. 05

23 23 238 10. 35

30 32 275 a. 59

August 6 40 236 5.90
13 60 186 3.10

20 60 259 4.32

27 33 47 1.42

86



Table B-8. Weekly sunmary of effort, northern squawfish catch, and
CPUE at McNary Dam forebay.

Week Ef fort Weekl y

Mont h (Monday) (angl er hours) Cat ch CPUE
Apri | 30 86 77 0.90
May 7 93 24 0. 26
14 90 38 0.42

21 57 66 1.16

28 28 23 0.82

June 4 30 a 0. 27
11 32 12 0. 38

18 36 37 1.03

25 16 11 0. 69

July 2 12 I a 1.50
9 26 43 1.65

16 a 10 1.25

23 24 53 2.21

30 32 72 2.25

August 6 14 16 1.14
13 16 4 0. 25

20 24 38 1.58

27 14 17 1.21
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Table B-9. Weekly summary of effort, northern squawfi sh catch, and
CPUE at Ice Harbor Dam tailrace

Week Effort Weekl y

Mont h (Monday) (angl er hours) Cat ch CPUE
May 21 a 3 0. 38
28 28 6 0.21

June 4 32 3 0.09
11 30 3 0.10

F:1 22 a 0. 36

25 28 41 1.46

July 2 34 145 4,26
9 34 32 0.94

16 24 54 2.25

23 32 29 0.91

30 34 12 0.35

August 6 28 110 3.93
13 20 47 2.35

20 26 21 0.81

27 20 13 0. 65
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APPENDI X C. Tenporal trends in CPUE of northern squawfi sh by dam angling at
each forebay and tailrace sanpled.
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Table C-I. Weekly summary of northern squaufish CPUE by location, 1990.

Dam, area
Elonnevi | le Bonnevi lle
Powerhouse 1 Powerhouse 2 The Dalles John Day McNary Ice Harbor
Date
week (Monday) Tai 1 race Forebay Tailrace Forebay Tai | race Forebsy Tai | race Forebay Tailrace Forebay Tailrace
1 30 April -- - 0.00 -- == - -- -- 2.54 0.90 --
2 07 May 0.48 0.05 0.31 0.00 1.20 0.00 -- _ 0.85 0.26 -
3 14 May - 0.36 - 0.16 0.54 1.14 1.40 _ 2.60 0.42 -
4 21 May - 0.28 -- 0.03 0.23 .- 1.30 -- 4.97 1.16 0.38
5 28 May 1.20 5.08 0.14 0.21 0.52 0.25 0.75 .- 5.90 0.82 0.21
6 04 June 0.58 3.11 0.50 0.31 0.83 0.17 0.38 _ 0.67 0.27 0.09
7 11 June -- 0.79 - 0.06 0.79 0.00 0.08 -- 2.03 0.38 0.11
8 18 June - 3.17 - 0.11 0.23 0.03 0.83 -- 13.96 1.03 0.36
9 25 June 3.77 4.45 1.48 0.19 0.30 0.50 1.63 0.00 16.60 0.69 1.46
10 02 July 3.40 5.64 0.07 0.12 0.73 0.19 2.00 0.03 19.57 1.50 4.26
1 09 July - 3.41 -- 0.07 0.98 0.38 3.64 0.23 14.80 1.65 0.94
12 16 July - 3.69 .- 0.16 1.41 0.25 4.04 0.17 18.05 1.25 2.25
13 23 July 6.09 5.66 0.41 0.10 1.17 1.00 2.47 0.25 10.35 2.21 0.91
14 30 July 4.05 6.52 0.28 0.07 2.96 0.86 3.89 0.00 8.59 2.25 0.35
15 06 August 1.35 3.31 - 0.06 2.23 0.36 4.17 0.02 5.90 1.14 3.93
16 13 August 2.50 2.19 0.31 0.19 3.02 1.75 2.69 0.13 3.10 0.25 2.35
17 20 August 0.92 1.98 0.06 0.15 3.59 1.25 1.29 0.33 4.32 1.58 0.81
18 27 August 1.03 0.93 0.17 -- 3.77 _ 0.77 -- 1.42 1.21 0.65




APPENDI X D. Weekly sumaries of sport-reward fishery effort, northern
squawfi sh catch, and CPUE.
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Table D-1. Weekly smmaxy of effort, northern squawfish catch, and PCUE at Plymouth Marina.

Nuder of Anglers 2 11" Total length < 11" Total legnth

Hours Total

Week Initial Exit Total in per Angler Fish Fish per Fish Fish per
ending Register Intervieu Group Angler Hours Catch per hr Angler Catch per hr Angler
28 May 57 17 35 4.64 163 11 0.07 0.31 0 0.00 0.00
03 June 19 5 10 5.25 53 10 0.19 1.00 2 0.04 0.20
10 June 22 9 17 2.68 46 1 0.02 0.06 0 0.00 0.00
17 June 26 13 18 4.17 75 0.05 0.22 1 0.01 0.06
24 June 32 14 33 5.23 173 0.05 0.24 0 0.00 0.00
01 July 27 11 26 5.62 146 23 0.16 0.88 0 0.00 0.00
08 July 49 22 38 4.69 178 25 0.14 0.66 3 0.02 0.08
15 July 28 11 20 5.54 111 8 0.07 0.40 0 0.00 0.00
22 July 78 43 95 5.37 511 153 0.30 1.61 6 0.01 0.06
29 July 44 19 49 4.69 230 29 0.13 0.59 1 0.00 0.02
05 August 54 18 39 6.04 236 12 0.05 0.31 0 0.00 0.00
12 August 38 12 24 6.00 144 23 0.16 0.01 0 0.00 0.00
19 August 28 13 24 5.28 127 15 0.12 0.63 0 0.00 0.00
26 August 53 13 22 5.32 117 24 0.21 1.09 0 0.00 0.00
03 September a7 22 55 5.53 304 42 0.14 0.76 0 0.00 0.00
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Table D-2. Weekly summary of effort, northern squaufish catch, and CPUE at Umatilla Marina.

Number of Anglers 2 11" Total length < 11" Total length

Hours Total
Ueek Initial Exit Total in per Angler Fish Fish per Fish Fish per

ending Register Interview Group Angler Hours Catch per hr Angler Catch per hr Angler
28 May 40 24 24 3.63 87 26 0.30 1.08 3 0.03 0.13
03 June 13 7 8 3.38 27 9 0.33 1.13 0 0.00 0.00
10 June 32 12 15 3.18 48 33 0.69 2.20 0 0.00 0.00
17 June 24 18 26 3.62 94 22 0.23 0.85 4 0.04 0.15
24 June 44 19 24 2.97 71 73 1.02 3.04 1 0.01 0.04
01 July 40 25 41 3.64 149 156 1.05 3.80 0 0.00 0.00
08 July 23 14 3.05 43 35 0.82 2.50 1 0.02 0.07
15 July 11 14 2.96 42 20 0.48 1.43 o] 0.00 0.00
22 July 88 30 48 4.57 219 149 0.68 3.10 2 0.01 0.04
29 July 81 18 37 4.72 175 80 0.46 2.16 () 0.03 0.16
05 August 56 13 24 4.23 102 62 0.61 2.58 0 0.00 0.00
12 August 67 27 53 5.57 295 151 0.51 2.85 0 0.00 0.00
19 August 90 30 63 5.33 336 134 0.40 2.13 1 0.00 0.02
26 August 68 17 43 5.31 229 70 0.31 1.63 0 0.00 0.00
03 September 75 41 79 5.25 415 151 0.36 1.91 0 0.00 0.00
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Table D-3. Weekly s mm&Ey of effort, northern squawfish catch, and CPUE at Arlington Marina.
Nunber of Anglers 2 11" Total length < 11" Total length
Hours Total
Ueek Initial Exit Total per Angler Fish Fish per Fish Fish per
ending Register Intervieu Group Angler Hours Catch per hr Angler Catch per hr Angler
28 Hay 21 5 10 2.68 27 0 0.00 0.00 0 0.00 0.00
03 June 11 1 2 7.00 14 1 0.07 0.50 0 0.00 0.00
10 June 4 2 5 5.00 25 0 0.00 0.00 0 0.00 0.00
17 June 5 1 1 3.00 3 0 0.00 0.00 0 0.00 0.00
24 June 10 10 15 4.00 60 0 0.00 0.00 0 0.00 0.00
01 July 6 4 4 2.50 10 0 0.00 0.00 0 0.00 0.00
08 July 5 2 2 4.00 8 0 0.00 0.00 0.00 0.00
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Table D-4. Weekly summary of effort, northern squsufish catch, and CPUE at Le Page Marina (John Day Dam forebay).

Number of Anglers 2 11" Total Length < 11" Total length
Hours Total

week Initial Exit Total in per Angler Fish Fish per Fish Fish per

ending Register Interview Group Angler Hours Catch per hr Angler Catch per hr Angler
28 May 74 10 24 4.15 99 35 0.35 1.46 1 0.01 0.04
03 June 37 4 14 7.54 