Northwest Fishery Resource Bulletin

Use of a Rotary Screwtrap to

Monitor the Out-migration of

Chinook Salmon Smolts from
the Nooksack River: 1994-1998

By
Robert H. Conrad
Northwest Indian Fisheries Commission
and

Michael T. MacKay
Lummi Natural Resources Department

Project Report Series No. 10




Northwest Fishery Resource Bulletin
Project Report Series

The Northwest Fishery Resource Bulletin presentsakbelts of investigations carried out by the
Washington Dept. of Fish and Wildlife, Western Washingfreaty Tribes, and/or the

Northwest Indian Fisheries Commission that are deeaofedufficient interest to be made
available to the scientific community and the public.

The Project Report Series is designed to report ona$iglts of research and data collection
projects or significant work in progress that may have eghiate useful applications.

The contents of this report may be reprinted with #emssion of the authors. Reference to the
source is requested.

This report series sponsored by the:
Washington Department of Fish and Wildlife
Western Washington Treaty Tribes

Northwest Indian Fisheries Commission

Inquiries should be addressed to:

Northwest Indian Fisheries Commission
6730 Martin Way East

Olympia, WA 98516-5540

Phone: (360)-438-1180

QY

%

Printed on recycled paper



Use of a Rotary Screwtrap to Monitor the
Out-migration of Chinook Salmon Smolts
from the Nooksack River: 1994-1998

by

Robert H. Conrad: Northwest Indian Fisheries Commisdsion
and
Michael T. MacKay: Lummi Natural Resources Departfent

Northwest Fishery Resource Bulletin
Project Report Series No. 10

May 2000

! Northwest Indian Fisheries Commission, 6730 Martin Waypmpia WA 98516
2 Lummi Natural Resources Department, 2616 Kwina RBafingham WA 98226



This page left blank intentionally.



ABSTRACT

This report summarizes the first five years of openatd a rotary screwtrap in the lower
mainstem of the Nooksack River. The screwtrap catshasits out-migrating from the
Nooksack River. The study began as a feasibility stud9®# and, over the years, gradually
expanded in operation and design. A primary objectivihisefstudy is to develop an annual
index of relative abundance for the chinook salmon soithe out-migration. A long-range
goal is to annually estimate the number of smolts pratlbgehe two native chinook salmon
stocks. This report presents summaries and analysethdochinook salmon smolt out-
migration data only.

Annual screwtrap effort (hours of sampling) ranged from258urs in 1994 to 476.5 hours in
1996. For the five years of data examined, all occurreat@gekly catch per unit effort
(CPUE) values of about 20 or more chinook salmon smoith@er could be attributed to
releases of hatchery fish into the Nooksack River gystigove the trap. The out-migration of
native chinook salmon smolts occurs at very low legeald does not produce prominent peaks
in CPUE which can be directly associated with natigh.fi There does appear to be a
constant low level of out-migration of chinook salmamod#is from at least early April
through late July. Until there are methods that aatiteb estimate the stock composition of
the non-adclipped catch of chinook salmon smolts, weatatetermine the out-migration
timing of the native stocks.

Capture-efficiency trials were conducted by releasingavknnumber of marked, hatchery-
reared chinook salmon smolts upstream of the trap sitehem enumerating the number of
these marked smolts recaptured at the trap. Fourteeratepdals were conducted during
the study years: six in 1995, five in 1996, one in 1997, and two in 1998veral
environmental parameters were measured and their carelatith capture efficiency
examined. The environmental parameters examined weihi skpth, river discharge, and
river turbidity. The model which best explained theiafaitity in capture efficiency was an
inverse model with secchi depth. This model has the Highealue (84.1%) and the lowest
residual MSE.

A detailed examination of length data of chinook salmon ltsmcaptured at the trap
demonstrated the difficulty in using only fork length to deiee whether a chinook salmon
smolt is age-0 or age-1. During three of the study y@£34, 1995, and 1998), the length
distributions of adclipped fish that were probably age{i digerlapped the distribution of the
non-adclipped fish. We do not feel that the age compasifahe catches can be reliably
estimated using only lengths.

Four indices of relative abundance were calculatedgusatch and effort data from 1996,
1997, and 1998. These were the only years that the screwammperated following a
random sampling schedule and are the data most appropriateveloping an index. There
was a significant and positive relationship between thebeu of chinook smolts migrating
past the trap and CPUE. CPUE provides an index ofdlaive abundance of chinook
salmon in the out-migration and can be used for comparsihs and between years. The
best index of abundance based on CPUE was one whichtlusecatch expanded for the
capture efficiency of the trap estimated from secchildepasured at the time of the set.
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I ntr oduction

The Nooksack River basin covers about 2,139.33dmorthwestern Washington (Williams et
al. 1975) and extends into Canada. The Nooksack Rivemsyete three principal forks, the
North Fork, Middle Fork, and South Fork (Figure 1). Eack fmiginates in the slopes of the
Cascade Mountain Range. The South Fork enters the grain$the Nooksack River at about
river km 59 and the Middle Fork at about river km 65. Md@nt500 km of the river are
accessible to anadromous fish (Williams et al. 197% Nooksack River supports populations
of all five species of Pacific salmoi®iicorhynchus spp.) plus anadromous populations of
steelhead troutd. mykiss), cutthroat trout $almo clarki), and Dolly Varden troutSalveinus
malma).

The Lummi Natural Resources Department has a long-rgogleof annually estimating the
freshwater production of chinool(tshawytscha), coho Q. kisutch), chum Q. keta), and pink
(O. gorbuscha) salmon originating from the Nooksack River. Annual estés of smolt
production will provide an indicator of the health of theshwater rearing habitat in the
watershed relative to salmon production. Smolt productgiimates will also be used to
forecast future adult salmon returns to the river ancelp thetermine appropriate harvest rates
for the stocks. Sampling the smolt out-migration mayigeinsight into hatchery/wild stock
interactions that impact weak populations limited legliwater and estuary habitats.

Three distinct stocks of chinook salmon have been iiehtin the Nooksack River. They
are differentiated by their genetic composition, timesjpdwning, and location of spawning
(SASSI 1994). Two of the stocks are of native origin arelreferred to as the North Fork
Nooksack and South Fork Nooksack stocks. The third stockh@&chery stock originally
introduced from the Green River; this stock is consideriadl aun stock and has a spawning
distribution that partially overlaps that of the Nofbrk and South Fork stocks. Both the
North Fork and South Fork native stocks are consitispeing run stocks and both produce
juveniles that out-migrate as age-0 and age-1 smaltgyuglh most yearlings are thought to
originate from the South Fork.

Annual smolt production by both native stocks is of particintarest since chinook salmon
in Puget Sound have recently been listed as “threatenettiebilational Marine Fisheries
Service under the Endangered Species Act (Fed. Reg. 199@nateés of smolt production

have been identified as one possible method of monitdhegabundance trends of listed
stocks in order to determine whether biological delistiogteria have been met

(NMFS 2000).

This reports summarizes the first five years of openatiba rotary screwtrap in the lower

Nooksack River. The screwtrap catches smolts out-mmgyétom the Nooksack River. The

study began as a feasibility study in 1994 and, over the,ygedually expanded in operation
and design. Currently, a primary objective of this stigd{o develop an annual index of

relative abundance for out-migrating chinook salmon w®noA long-range objective is to

annually estimate the number of smolts produced by thenatige chinook salmon stocks.

This report presents summaries and analyses for thealhsalmon smolt out-migration data
only. A summary of the catches and associated bidbdmta for the other salmon species
will be presented in another report currently being prepared.
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Figure 1. Map of the Nooksack River basin showing the imeatof the smolt trap,
hatcheries, and the off-station release sites fochleay-reared chinook salmon
smolts (map not to scale).



This report is divided into five major sections. Thetfisection of the report describes the
operation of the screwtrap, sampling procedures used dtajmeand the annual period of

operation of the trap. It also summarizes annual sapveffort and the annual catch of out-
migrating chinook salmon smolts by the screwtrap. ys®d which examine the relationship
between catch rates and two environmental factors thdogimtfluence the catch rates of

chinook salmon smolts are presented. A summary oémineial releases of hatchery-reared
chinook salmon juveniles into the Nooksack River systeaise presented.

The second section of the report summarizes the expets conducted to estimate the capture
efficiency of the screwtrap for out-migrating chinook salnsomolts. Capture efficiency is
defined as the percentage of chinook salmon smolts thatatamigiownstream past the
screwtrap and are caught by the screwtrap. This set#&nmibes the methods used to estimate
capture efficiency and the statistical models usedkamee the relationships between capture
efficiency and three environmental variables. Alsscdbed are analyses conducted to
examine the relationship between capture efficienoy the time of day of the capture-
efficiency experiments. Estimates of capture efficy will be used to develop the indices of
relative abundance described in section four of thertep

Fork length data collected from chinook salmon smolts cegtiby the screwtrap are
summarized and presented in the third section of thetrepength data were collected from
samples of chinook smolts captured by the screwtrap andHatchery-reared chinook smolts
used in the capture-efficiency experiments. Therdtle Existing information on the length
composition of the chinook salmon smolt population out-atigg from the Nooksack River.
Length data may be useful in: (1) estimating the age aemign of the out-migrating smolt
population and (2) estimating the native stock andieayereared components in the smolt out-
migration. This report presents an initial examimabbthese possibilities.

The fourth section of the report develops an annual infléhe relative abundance of chinook

salmon smolts out-migrating from the Nooksack River uslhegscrewtrap catch and effort

data. Several methods of estimating an index of velaibundance are examined. Two of the
indices use estimates of capture efficiency based walationship, developed in section two,
with an environmental parameter. The indices areuatedl using the known numbers of
hatchery-reared chinook salmon juveniles released aheveap.

The last section of the report focuses on an inteapoet and discussion of all the data and
analyses presented in the previous sections. It alsoopevalseries of recommendations for
improving the chinook salmon smolt out-migration study @ftiture.



Screwtrap Effort and Chinook Salmon Smoilt
Catch Summary and Analyses

This section of the report describes the operation efrtary screwtrap and the sampling
conducted at the trap. Summaries of the annual efforth@ndatch of out-migrating chinook

salmon smolts by the screwtrap are presented. Alsoibedcare several analyses of the
chinook salmon smolt catch-and-effort data. Summarfigee annual releases of hatchery-
reared chinook salmon juveniles into the Nooksack Rivetiesy are provided.

Sudy Site

The screwtrap was operated at the same location dinenfive years of the study covered by
this report: 1994, 1995, 1996, 1997, and 1998. The trap is located abduh 74.8 river
miles) from the river mouth on the mainstem of the NaokRiver. At this location there is
a large point bar composed of sand and fine silt alongakebank (Figure 2). This section
of the river is constrained by flood control levees orhbmnks. At the location where the
trap was positioned, the distance between the lasesggproximately 101 m. During average
flow conditions, the distance between the wettednpeters on each bank is approximately
66 m. The maximum channel depth at the sampling sifgpi®aimately 3.3 m at a low flow
discharge of 2,850 cfs When operating, the trap is located on the outside efithe river
channel near the west bank (Figure 2). When not in operatie screwtrap is secured to the
sand bar along the east bank where it is protected fronsdiring periods of high water.

When the trap is fishing, it is placed approximately thregens to the east of a row of pilings
near the west bank that are aligned with the curreshtaam parallel to the bank. The pilings
were used many years ago as a mooring site for logaaft provide a convenient reference
to assist in positioning the trap within the channel. A teanyostaff gauge is mounted on
one of the pilings to determine if the river stage igaasing or decreasing during trap
operation. The pilings extend approximately four metersregst of the screwtrap and
provide some protection against large logs which occasionattyddwnstream during high
flows. During some flow conditions, the pilings may asta short “lead” to bring smolts into
the trap opening.

Figure 3 shows the screwtrap site and its proximity toaSUGeological Survey (USGS)
stream gauging station #12213100. Also shown is the locatierewharked chinook salmon
smolts were released during experiments conducted to estithat screwtrap capture
efficiency for out-migrating chinook smolts.

! Cubic feet per second. All flows are reported in Englisits of cubic feet per second (cfs) as this is how the
are reported by the U. S. Geological Survey.
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salmon smolts used in the capture-efficiency experiments



When sampling, the screwtrap is positioned in the chamheie there is the swiftest surface
velocity, as indicated by a visible debris line at highews. This position in the channel
varied by less than three meters during all flow coow&i This location is approximately
four meters east of the thalweg.

The channel cross-section of the river at the scepwgite was measured in 1997. We
calculated the cross-sectional areas for a low flomdiion of 3,000 cfs, a medium flow of
5,000 cfs, and high flow of 8,000 cfs. The percent of tharalacross-section covered by the
screwtrap opening was approximately 3.4%, 2.0%, and 0.8% fomtedium, and high flow
conditions, respectively. Generally, the trap wasopetrational during flows which exceeded
8,000 cfs due to the large amount of debris in the rivertwihiccatened the safety of the trap
and crew.

M ethods

Screwtrap Description

The rotary screwtrap used in this study was a modificatiothe original designed by E. G.
Solutiond. Figure 4 shows the trap in both the raised and opgratinfigurations. The
opening of the screwtrap is 2.43 m in diameter giving it #ecieve sampling depth of
1.23 m. The area of the screwtrap opening is 2.3 m

The cone and live box assembly are unmodified fromrtaaufacturer. They are attached to
a steel frame which allows them to be raised or fedes shown in Figure 4. The frame is
attached to overhead supports which are mounted on pontoocis arei 7.3 m long and
4.6 m wide. The pontoons and overhead supports are faoriraim aluminum and are of
our own design. The pontoons are assembled from foutesrsattions and two crosswalk
members allowing them to be easily transported and &dséron site. Plans are available
from the second author on request.

The trap is positioned near the thalweg as described psdyiand shown in Figure 2 by
using three, 9.5 mm (3)8low-stretch, synthetic “Spectron 12" cablesThese lines are
secured to large trees on either bank approximately thriseiom above ground level. The
“Spectron” cable used in the rigging system has a workirdydaailar to 9.5 mm galvanized
steel cable. Besides being much easier to handle am gtisr synthetic material is light in
weight which is important because it reduces cable sagimizing cable sag is important in
keeping the cable away from other craft navigating ithes.r

Two of the cables are attached to a hand winch mountedanpontoon. The winches are
rated for two tons and have up to a 22:1 mechanical aayantThe winch-lines run through
a snatch block mounted on a stanchion attached to the pomtacmraises the lines crossing
the river to avoid interferencewith boattraffic on the river. A third cable spans the river

% E. G. Solutions, Inc. PO Box 2437, Corvallis, OR 9733%onk: (541) 752-7810.
¥ Samson Ocean Systems, Inc., 2090 Thornton St., Ferilal 98248. Phone: (360) 384-4669
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overhead slightly upstream of the trap. A snatch blet@ched to the trap with a bow bridle
runs free on this cable crossing the river. Using this gaordtion, the trap can be positioned
anywhere in the river channel. There is generally less three meters of movement in the
up or downstream direction when sampling during most flows

An aluminum skiff with a six horsepower motor is usedramsport the crew between the
deployed trap and the stream bank.

An emergency quick-release fitting is installed on tigltrbank so that both cables can be
released from the shore in an emergency. This allibevirap to swing to the sand bar side of
the channel where the river is less swift and rivéridas less abundant.

Fish entering the mouth of the screwtrap can not eseaqmube of internal vanes in the cone
which block their passage as the cone of the trap rotatieshe current. These vanes act as
an Archimedes screw and force fish to the small enthetone and into the live box. The
rotating cone also drives a shaft connected to a rotaisg rack which is attached to the rear
of the live box (Figure 4). This rack automatically resed much of the floating debris from
the downstream end of the live box.

Screwtrap Operation

Prior to the start of a set, the screwtrap is positiarear the thalweg using the hand-winches.
The frame securing the cone and live box assemblers Idwered using small hand winches.
The “start time” is noted on a field form when thefshest contacts the surface of the water. A
sample of our data form is included in Appendix H.

At the start of each set we record the shaft rotatispeéd and the secchi depth of the water.
The secchi depth is a measure of vertical water geaescy. This measurement is taken by
lowering a 21 cm diameter limnological secchi disk &gadcto a pole into the water until it is
not visible. The distance from the water’s surfacénéodisk is then recorded. A headlamp is
used when taking secchi depth measurements during hour&oésiar

Other information recorded at the start of each sdtide water color, water temperature, type
and amount of river debris, wind condition, and sky coowliti

When river debris and/or catches are abundant, thereraains on the trap for the duration of
the set to continuously process the catch and to rest@kes, logs, and other debris from the
cone and live box as needed. Occasionally a stickgaydts stuck in the trap opening; the cone
end is then raised temporarily to remove the obstmetioile leaving the live box in the river.
The time is noted so that this temporary interruptiosampling can be subtracted from the
overall set time.

Prior to the end of each set, another secchi depth nesasor is taken. The frame, cone, and
live box assembly is raised at an angle so that therwapth in the live box is approximately

0.5 m. The time when the shaft leaves the waterairfarks the end of the set which is then
recorded on the data form.



Catch Processing

Before processing the catch, all accumulated debrésnisved from the live box. Salmon are
dipped out of the live box and either (1) individually idked to species, examined for the
presence of an adipose fin élimnd counted or (2) collected in a five-gallon plasticket for
further processing. Some releases of hatchery-rearedoghgalmon smolts upstream of the
screwtrap are marked with an adipose fin clip (see HatdReleases section) so we examine
each chinook salmon smolt for this mark. The adipasstéitus of all chinook salmon smolts
caught is usually determined. However, smolts are somstiallied without determining the
adipose fin status to prevent handling mortalities whetichea are high (for example,
following a hatchery release upriver of the screwt@pylue to problems caused by debris
entering the trap and live box.

Individuals placed in the five-gallon bucket are removesinmaller groups of 5-10 individuals

at at time and placed immediately into a small tuliainimg an anesthetic solution. Normally
the first 20 individuals of each salmonid species are glacehe anesthetic solution. After the
anesthetic takes effect, a fork length measurementagenand recorded from all species.
Beginning in 1997, a DNA tissue sample was taken from sdyineak salmon in this sample

by removing the posterior (distal) margin of the dorsaldea fin lobe with surgical scissors.

All DNA tissue samples are stored in a 20% ethyl alcebdaltion. The DNA tissue samples
are for a pilot project to examine the feasibility ofhgsimicrosatellite DNA analysis to identify

the stock of origin of out-migrating smolts from the Nsaék River (Shaklee and Young
1999).

The anesthetic solution used is a 80-130 mg/l concentrati “Tricaine-S” brand tricaine
methanesulfonate commonly known as “MS-222". Thishe dosage recommended by the
manufacturer (Western Chemicals Inc.). Small adjastmito the MS-222 concentration are
made so that anesthetized fish recover in fresh waB5b minutes. This adjustment in dose is
made using non-critical species whenever possible. Belestd fish are immediately placed in
a recovery tank after processing and allowed to fullywercprior to release back into the river.
Observed mortalities during sampling are rare and tygicaitur only during periods of heavy
debris in the river. All mortalities are recorded.

All catch data are recorded for each set on weather-fooos.

Environmental Data Collected

Weather and river conditions which might affect thigcesfncy of the screwtrap in capturing
out-migrating smolts are recorded at the beginning di sat. Mean hourly river discharge
volume, in cfs, and river stage are recorded at theéG®Sjauging station located
approximately 1.7 km upstream of the trap (Figure 3). AWfttata are taken from tables of
mean daily flow produced by the USGS. River turbidity meaments are taken 0.8 km

* Fish with an adipose fin clip are subsequently referred amalipped fish.
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above the screwtrap at the PUD’ #tater intake facility using a Hach Surface Scatter #6
continuous monitoring device. Measurements are recordetyDByskaff on a daily log six to
nine times per day. We averaged these measurementscfodaga for our analyses. The
values are recorded in nephelometer turbidity units (ntus).

Screwtrap Effort and Annual Sampling Designs

From 1995 to 1998 the screwtrap was operated during the periodl thégugh 31 July. In
1994, the trap was operated from 25 April through 14 July. tfEpewas operational in mid-
March in 1996 and 1997. However, during these two years nethltve were only able to
operate the screwtrap a total of four days during theMaicth through 1 April period because
river flows were too high to operate the trap safépst factors limit the total number of hours
the screwtrap is operated each year.

We refer to a set by the screwtrap as the discretedpef trap operation during which effort

and catch are recorded. A set begins when the cotie difap is lowered into the water and
begins actively fishing and ends when the cone of theisrdéifted from the water. In 1994

and 1995, the screwtrap was generally operated on threeirocdosecutive weekdays each
week. During these years, the trap was typically dpdrirom four to six hours on a sample
day primarily during daylight hours (between 0900 and 1500 hours).

In 1996, each day of the week was divided into six, four-time blocks beginning at 0000
on Sunday. This resulted in 42 possible four-hour samplingkdleach week. We then
determined the total number of sets (four-hour sample Blogkswanted to conduct each
week based upon our sampling objectives and the timing ofuthenigration of each species
(determined from the 1994 and 1995 sampling). Four-hour sampiedperere then
randomly selected without replacement from the 42 availabtth week until the target
sample size was obtained.

In 1997 and 1998, each day was divided into four, six-hour blodke possible starting
times for a set on a sample day were 0000, 0600, 1200, or 1800 Marsied to sample
every other day throughout the period that the trap wasated in 1997 and 1998. On each
designated sample day, we randomly selected one oikthew blocks to sample.

There were occasional deviations from the samplingdsdbedue to high water flows (the
most frequent cause) or when the gear was damaged bydlaieforis. Infrequently a set was
canceled or delayed due to human factors. No mechanicdawns of the screwtrap,
except those caused by debris damage, were experienced.

® Public Utility District #1 of Whatcom County, FerndalA.
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Hatchery Releases

Each year there were releases of hatchery-rearedothgadmon juveniles into the Nooksack
River system. Most juvenile chinook salmon releaséal tine Nooksack River system were
reared at Kendall Creek Hatchery, which is operated &y¥hshington Department of Fish
and Wildlife (WDFW). Two chinook salmon stocks have besared at this site: the Green
River Hatchery fall stock and the early-timed, Nortrk=(of the Nooksack) native spring
stock.

It was not possible to identify all hatchery-origin dt®man the catches because they often did
not have a visible mark (e.g., an adipose fin clip) aeg trad overlapping fork lengths with
the native fish. As a result, we could not identi&ive spring chinook salmon in the catches.
We hope the microsatellte DNA analysis technique wilbval us to estimate stock
composition and, ultimately, allow us to estimate démaual production of native chinook
salmon smolts for both the North Fork and South Far&ksack stocks in the future.

Most spring chinook salmon were released directly froemd&all Creek Hatchery located
approximately 67 km upstream of the screwtrap on the NokkB&aeer North Fork.
Additional release sites for spring chinook salmon incluthedfollowing acclimation ponds
on the North Fork: Excelsior Tributary, Excelsiod&iChannel, Deadhorse Creek Pond, and
the Kidney Creek Pond (Figure 1). These sites are %@to 96 km above the trap site.

Releases of non-native, fall chinook salmon of GreereiRorigin have been made into the
Nooksack River since the late 1800s. Large numbers of thikshinook salmon have been
released at Kendall Creek Hatchery in the past severabldedo enhance the commercial
fishery in the river and in Bellingham Bay. In recentnge the number of fall chinook
salmon released has been reduced and their relead@siteeen moved from the Kendall
Creek facility to locations further downriver to avomdtdaractions with the two native stocks
of spring chinook salmon (North Fork Nooksack and South Fork Nwm#ikspring chinook
stocks). This eliminated hatchery-origin fall chinook sainfrom the screwtrap catches in
1997 and 1998 as these fish were released 5.4 km below theltirap96, the fall chinook
salmon were released 1.8 km above the trap (at FerRdalg). In 1994, fall chinook
salmon were released at Nugent’s Corner (49 km aboveapesite). Age-zero fall chinook
salmon were also released at this site in 1995.

During the years encompassed by this report, 1994 through 19%%rihal releases of fall

chinook salmon were reduced from a peak of 5.5 million fist9®bv to 124,046 fish in 1998.

All releases of fall chinook salmon were age-zero. fidfhe native spring chinook salmon
releases varied during this period from a low of 188,600 fisI986 to a high of 1,865,550

fish in 1998. Native spring chinook salmon releases wereaphmage-zero fish but have

also included yearling releases. Yearling spring chinook saleleases have ranged from
185,962 fish in 1998 to 347,540 fish in 1995.
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Analyses of Chinook Salmon Smolt Catch-and-Effort Data

Several analyses of the chinook salmon catch data fremscrewtrap were conducted.
Because the length of fishing time varied from set tpth data were converted to catch
per hour fished (CPUE) for summaries by set, by day, anstajstical weekto facilitate
comparisons among weeks within a year and among years.

Chinook salmon smolts with adipose fin clips were releatede the screwtrap during each
year the trap was operated. Catches of chinook salmoltsswith and without adipose fins
were compiled separately. This was done becausaldipped fish are of hatchery origin
while fish with adipose fins are often a mixture of boitchery and native (“wild”) fish.
Because we sometimes tallied fish, and the adiposeafinssof tallied fish was not determined,
it was necessary to allocate tallied fish to ondnefadipose fin status groups. This was done by
allocating the tallied fish to each group in proportiortheir abundance in the sampled fish
(whose adipose fin status was determined) from the samelf the number of sampled fish
was less than 10, we then used the samples from tloe sets closest in time to the set being
allocated. At least 10 sampled fish were used for theggogiional allocations; for most
allocations 20 or more sampled fish were used. All allons to each group were rounded to
the nearest whole fish.

Daily and Weekly Chinook Salmon CPUE and Percentageloligped Fish:

We compiled both daily and weekly estimates of the ERJout-migrating chinook salmon
smolts. CPUE was calculated separately for smolis adipose fins, adclipped smolts, and
total chinook smolt catch. We also calculated and miatte percent of the chinook salmon
smolt catch with adclips as an indicator of thetredacontribution of hatchery-reared chinook
smolts to the catches. Daily total CPUE values vpéoded to examine trends in abundance
within a year. To emphasize trends in the data, werlinegerpolated values for CPUE and
percent adclipped between sample days when there we® dnrfewer consecutive days
without sampling (i.e., screwtrap operation). No int&pon of values was done when there
were four or more consecutive days without trap operatitie. also plotted the mean hourly
river discharge for each day on the daily CPUE and peexilipped graphs so that we could
visually examine the relationship between peak flow evamisthe CPUE of chinook salmon
smolts.

Weekly CPUE values were plotted because they removed gbthe large variations seen in
the daily data and were more informative when comparirends among years.
Statistical weeks were defined to begin on Sunday at 0880ead on Saturday at 2400.
Weekly CPUE was calculated as the sum of the totahaaf chinook salmon smolts by all
sets during a statistical week divided by the total hourscidwtrap effort during the same
statistical week. CPUE was calculated separatelgdolipped and non-adclipped fish.

® See Appendix Table 1 for a definition of the statistiwaek and correspondence between date and statistical
week.
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Correlation Between River Discharge and CPUE:

We suspected that the out-migration of chinook salmontsmmay be influenced by river
flow, particularly peak flow events. Specifically, waotight there may be a significantly
higher rate of out-migration during periods of peak rivecloarge. Both the linear (Pearson’s
r) and nonparametric (Spearman’s rho) correlation caexfiis (Conover 1980) between total
CPUE for a sample day and the mean hourly river dischargihat day (measured in cfs)
were calculated and examined for significance. Sets aviCPUE of zero (i.e., no chinook
smolts were caught during the set) were potentially a @nolblecause a CPUE of zero could
result from either the influence of an environmental patam@uch as flow) decreasing the
ability of the screwtrap to capture smolts to a vemy level (and hence a catch of zero) or
could occur because there were no chinook smolts avaftabdapture during the time period
the trap was operated. Because we could not determinb whithe case, we calculated the
correlation coefficients with zero CPUE sets botHuded and excluded from the data set.
Also, the CPUE of some sets was obviously influenced byrélease of large numbers of
hatchery-reared fish immediately above the screwataiihve Ferndale Ramp (1.8 km above
the trap). We omitted the data for these days fromatiayses because the CPUE of these
sets was heavily influenced by the hatchery releasecheiat chinook salmon smolts were
released at this site only in 1996. The correlation dat& wlotted for comparisons among
years.

Differences Between Daytime and Nighttime CPUE:

Other researchers have found that catches of out-mmgrahinook salmon smolts are
sometimes different between daylight and nighttimers (Roper and Scarnecchia 1996; Seiler
et al. 1998). Unfortunately, we did not have the reseu@eonduct a designed experiment to
test this hypothesis. Therefore, we examined the exi€IJE data for out-migrating chinook
salmon smolts to determine if there was evidence dalifference between daytime and
nighttime catch rates by the screwtrap. Only setdwcied in 1996, 1997, and 1998 were used
for these analyses since these were the only gearsg which randomized starting times were
assigned to sets. We classified each set during tease &s either a daytime set or a nighttime
set. If more than one-half of the set time ocaldering the hours of civil twilight then the set
was classified as a daytime set. If more than otfeshthe set time occurred outside the hours
of civil twilight then the set was classified as a tighe set. Civil twilight is defined as the
period of time when illumination is sufficient, under goodather conditions, for terrestrial
objects to be clearly distinguished. Before and aftei twilight, artificial illumination is
normally required to carry on ordinary outdoor activitieslimes for civil twilight at
Belingham, WA were obtained from the U. S. Naval s@tvatory webpage
(http://aa.usno.navy.mil/AA/
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The CPUE of daytime and nighttime sets was compared yesarhusing the nonparametric
Mann-Whitney test (Conover 1980). A nonparametric test weed because CPUE data are
ratios and ratios are usually not normally distributeSimilar to the previous correlation
analysis, we omitted the data from the days when BidECof the sets was influenced by the
release of hatchery chinook salmon smolts at thedaéggnRamp (which occurred only in
1996). The CPUE of these sets was more a functiomeairming of the hatchery release and
not the time of day of the set. Total CPUE, cala@datrom combining the catch of both
adclipped and non-adclipped chinook smolts, was used for thesgses. Like the
correlation analyses, these analyses were conduciitd zero catch sets included and
excluded from the data. The frequency of zero catchisetaytime and nighttime sets was
compared each year using t#idest statistic and Fisher’s exact test (Conover 1980).
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Results

Screwtrap Effort

Screwtrap effort (hours of sampling) ranged from 258.1 houi994 to 476.5 hours in 1996
(Table 1). The average number of hours the screwtrafistesl each sample day was fairly
consistent from year to year ranging from 5.9 to 6.8 $10és indicated by the coefficients of
variation and as shown in Figure 5, daily sample effitd fumber of hours the trap was
fished on a sample day) was more consistent durintashéwo years of sampling (1997 and
1998) than in the first three years of the study.

Table 1. Summary of annual effort (number of hours ard éshed) for the
screwtrap operated in the Nooksack River, 1994-1998.

YEAR: 1994 1995 1996 1997 1998

Total hours of effort:  258.09 371.38 476.52 320.00 354.37

Number of days sampled 41 55 76 54 59
Mean daily effort (hrs) 6.3 6.8 6.3 5.9 6.0
Standard Deviation 2.3 3.7 3.0 1.8 1.2

Coef. of Variation®  36.8%  54.7%  47.7%  29.5% 19.9%

First Day of Sampling  25-Apr 31-Mar 25-Mar 17-Mar 3-Apr
Last Day of Sampling 18-Jul 27-Jul  14-Aug 30-Jul 24-Jul

 The coefficient of variation = (standard deviationamex 100%.

Hatchery Releases

A detailed summary of the releases of hatchery-rearatbekisalmon juveniles into the
Nooksack River for the years 1994 through 1998 is presented in Appeadale 2. Table 2
summarizes the annual releases of hatchery yearlingag@aero, spring and fall chinook
salmon_abovehe screwtrap. These fish were available to capturthdyscrewtrap during
their out-migration. The numbers of yearling spring cblknceleased were relatively constant
during the last three years of the study (1996-1998). Théensnof age-zero spring chinook
released above the trap greatly increased during the sameperiod. No age-zero fall
chinook were released above the trap in 1997 or 1998.
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Figure 5. Daily hours of sampling effort for the screptoperated in the Nooksack River,
by year, 1994 through 1998.
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Table 2. Summary of the annual releases of hatchergdegmarling and age-zero, spring
and fall chinook salmon abouwbe screwtrap operated on the Nooksack River,

1994-1998.
Yearling Spring Age-Zero Spring Age-Zero Fall
Year of Number Percent Number Percent Number Percent
Release | Released Adclipped | Released Adclipped | Released Adclipped
1994 292,300 47.8% 1,299,035 44.8% 3,596,702 0.0%
1995 347,540 100.0% 193,145 100.0% 4,229,705 0.0%
1996 185,962 98.7% 2,638 100.0% 3,108,560 0.0%
1997 187,765 100.0% 755,453 23.8% 0
1998 187,636 80.8% 1,677,914 12.1% 0

Analyses of Chinook Salmon Smolt Catch-and-Effort Data

A summary of the trap sampling effort and catch of filee chinook salmon for each
screwtrap set and other pertinent set information is geolvfor the years 1994, 1995, 1996,
1997, and 1998 in Appendix Tables 3, 4, 5, 6, and 7, respectively.

Daily Chinook Salmon CPUE and Percentage of Adclipped Fish:

This section will briefly discuss the daily trends IRUE on a year-by-year basis. We will
identify sample days whose CPUE was influenced by upstrefgases of hatchery-reared
chinook salmon smolts.

1994: Figure 6 summarizes the daily CPUE, percent of @atbradclips, and river flow data
during the period of screwtrap operation in 1994. There watease of 292,300 yearling
fish from Kendall Creek Hatchery in early April, bedothe screwtrap was operational, of
which 48% were adclipped (Table 2 and Appendix Table 2). Thisselevas probably
responsible for the high percentage of adclipped fish caaiho(gh in low numbers) by the
trap from late April though mid-May. There was a seasdigh CPUE of chinook salmon
smolts (185 fish caught per hour) on 13 June and a smaller pedk dune (119 fish per
hour); more than 20% of these fish were adclipped. Tpesks were probably influenced by
the large releases of age-zero smolts in upriver ponds @5 2A8ay (Appendix Table 2).
During the period from 6 June to 23 June, about 20% to 35%eaoddly chinook salmon
catch was composed of adclipped smolts. There was adaegopeak in CPUE on 14 July.
Adclipped fish composed about 20% of this catch.
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1995: Figure 7 summarizes the daily CPUE, percent of @atbradclips, and river flow data
during the period of screwtrap operation in 1995. There wasease of about one million
age-zero fish at Nugent’s Corner on 30 March (Appendix Tabland this release was
probably responsible for the peaks in CPUE in early April1 April). The percentage of
adclipped chinook salmon smolts in the catch was low (<®8t) mid-May (15-17 May);
these fish were from the release of 347,540 adclipped sprimingseon 1 April at Kendall
Creek Hatchery (the only release of adclipped fish ptaorl5 May). Adclipped fish
continued to compose from 10% to 86% of the chinook catclugih 6 June. There was a
seasonal high CPUE of chinook salmon smolts (123 fishntagueg hour) on 3 July; none of
these fish were adclipped. There was a second srpalidrin CPUE on 10 July. Many of
the fish in these peaks were probably from a releaseooé than three million age-zero fall
chinook salmon from Kendall Creek Hatchery on 14 June.

1996: Figure 8 summarizes the daily CPUE, percent of @atbradclips, and river flow data
during the period of screwtrap operation in 1996. There waghapercentage of adclipped
fish in most catches during the first half of April. Toely release of adclipped chinook
salmon smolts prior to this period was the releas&88{545 spring yearlings from Kendall
Creek Hatchery on 1 April (Appendix Table 2). There w&P&JE peak of 202 fish per hour
on 6 April. This peak coincided with a release of almd3d,000 age-zero fall chinook
salmon at the Ferndale Ramp, 1.8 km above the trap, oni4 Ajwere was a seasonal high
CPUE for chinook salmon smolts of 463 fish/hour on 5 JuAgain, this peak coincided with
a release of more than two million age-zero fall abka salmon at the Ferndale Ramp on
3 June.

1997: Figure 9 summarizes the daily CPUE, percent of eatbhadclips, and river flow data
during the period of screwtrap operation in 1997. There watease of 187,765 yearling
fish, all adclipped, from Kendall Creek Hatchery oAgdril (Table 2 and Appendix Table 2).
This release was probably responsible for the high pexgerof adclipped fish caught and
minor peak in CPUE on 2-4 April. There were three seagnpeaks in CPUE of chinook
salmon smolts during May. These peaks were probablyiatsbevith the upstream releases
of age-zero spring chinook smolts on 25 April and 18-19 Maspeively (Appendix
Table 2). There was a seasonal high CPUE for chinookosakmolts of 90 fish/hour on
June 12. The majority (68%) of these fish were adclippedst idf these fish were probably
from the release of 180,014 adclipped, age-zero spring chindmkrsdrom Kendall Creek
Hatchery on 1 June. There were relatively high coutions & 20%) of adclipped chinook
to the catches during the period 6 June through 3 July.
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1998: Figure 10 summarizes the daily CPUE, percent of e@tbhadclips, and river flow
data during the period of screwtrap operation in 1998. Thease avseries of five sharp
increases in CPUE of chinook salmon smolts beginningténAaril and continuing through
mid-June. These peaks were probably influenced by theenows releases (nine separate
releases) of age-zero spring chinook salmon smoltshwdacurred from mid-April through
late May, 60 or more km above the trap (Appendix TableA)clipped fish composed more
than 10% of the daily catch for the first (23 April) arabtl (16 June) peaks. This was
probably a result of the upstream releases of adclipp@mysgmolts on 1 April and 12 June,
respectively (Appendix Table 2).

Summary: We examined the previous set of graphs for obeiotigrences of peak chinook
smolt CPUE with peak flow events. In 1994, the seaspeak in CPUE of chinook salmon
smolts on 13 June preceded a peak flow event, but thexeavgacondary CPUE peak two
days later that coincided with this same peak flow ev@iie two highest peak CPUE values
in 1995 coincided with peaks in flow, however, these peak®wm flere of lesser magnitude
than many during the season. The two CPUE peaks in 1996teemdirect result of the
release of large numbers of hatchery smolts at thedB&r Ramp, 1.8 km above the trap. The
peak CPUE values observed in 1997 did not seem to directlyid®wwith any flow events.
Two of the CPUE peaks in 1998 (the first and third) closelpcided with peak flow events.
There is no clear visual evidence in these graphs of agstirikk between peak CPUE values
and peak discharge events.

Weekly Chinook Salmon CPUE:

The starting and ending dates for the statistical weakh gear are defined in Appendix
Table 1. Figure 11 presents a summary of CPUE of noiipadd and adclipped chinook
smolts by the screwtrap, and the number of hours thews@p was operated, for each
statistical week during the years 1994 through 1998. A diseussieach year follows. A

discussion of common patterns observed over the fivepg@d ends this section.

1994: There were two peaks in CPUE for both groups of fish-&ulclipped and adclipped).
The largest peak for both groups occurred during statisticak v2d in mid-June (12 to
18 June). The second, smaller peak occurred during statisgek 28 in mid-July (10 to
16 July). The CPUE of non-adclipped fish was greater i loases. The first peak is
probably related to the large releases of age-zero sphimpok smolts in upriver ponds
during 23-25 May; 1.3 million fish were released of which 45%ewadipose fin clipped.
The CPUE peak in July was probably influenced by theasel®f 2.5 million age-zero, fall
chinook from Kendall Creek Hatchery on 15 June. Noné¢he$e fish were adipose fin
clipped so these fish were not responsible for thereepeak in CPUE of adclipped fish.
The origin of these adclipped fish is uncertain.
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1995: There were two prominent peaks in CPUE for non-adclippled The first, smaller
peak occurred during statistical weeks 14 and 15 in early athdApril (2 to 15 April).
The second, larger peak occurred during statistical weelen@728 in early and mid July
(2 to 15 July). The first peak in non-adclipped CPUE is g@iobbrelated to the large release
of unmarked, age-zero fall chinook smolts 49 km above #gedn 30 March; more than 1.0
million fish were released. The peak non-adclipped CPUHIM was probably influenced
by the release of 3.1 million age-zero fall chinookrfrendall Creek Hatchery on 14 June.
There was only a single pronounced peak in CPUE of adclippedak smolts. This peak
occurred during statistical week 20 in mid-May (14 through 20)M&yhese adclipped fish
were probably from the release of 347,540 adclipped yearlindtssrab Kendall Creek
Hatchery on 1 April. There was also a large reledsslolipped, age-zero smolts (178,069
fish) at Kendall Creek Hatchery on 15 May. Howeveis itnlikely these fish traveled the 66
km distance to the trap in time to contribute to paak.

1996: There were two prominent peaks in CPUE for non-adclippled The first, smaller
peak occurred during statistical week 14 in early April. $b&eond, larger peak occurred
during statistical week 23 in early June (2 to 8 June)k fiFbt peak in non-adclipped CPUE
was a result of the large release of unmarked, agefaktrohinook smolts at the Ferndale
Ramp, 1.8 km above the trap, on 4 April; about 700,000 fish medéeased. The peak non-
adclipped CPUE in June was a result of the second latgase of unmarked, age-zero fall
chinook smolts at the Ferndale Ramp on 3 June; aboutilighrfish were released. There
was only a single pronounced peak in CPUE of adclipped chinpwiitss This peak
occurred during statistical week 14 in early April (31 Marbhotigh 6 April). These
adclipped fish were probably from the release of 183,545 addligparling smolts from
Kendall Creek Hatchery on 1 April. This was the onlgdarelease of adclipped chinook
salmon smolts into the Nooksack River in 1996.

1997: In 1997 there was a single prolonged period of relatinrgly CPUE for non-adclipped
fish and a single peak for adclipped chinook smolts. Th®ageaf high CPUE began in
statistical week 21 (18 to 24 May) and continued for fiveeks through statistical week 26
(22 to 28 June). This period of elevated CPUE of non-adclippgwok smolts cannot be
attributed to any specific release but was probably infleeiy the release of about 450,000
unmarked, age-zero spring chinook smolts into upriver pondso(9® km above the trap)
between 25 April and 29 May. The single pronounced peak in GRW@Hclipped chinook
smolts occurred during statistical week 24. These adclipphawgse probably from the
release of 180,014 adclipped age-zero smolts from Kendalk CGtatchery on 1 June. The
only other large release of adclipped chinook salmon snmbishe Nooksack River in 1997
was 187,765 yearling spring chinook smolts from Kendall Creekhdatoon 1 April. It is
unlikely that these fish were still out-migrating frone teystem in early June and contributed
to this peak in CPUE.

1998: There were two peaks in CPUE for non-adclipped chinooksim 1998. The first,
smaller peak occurred during statistical week 19 in early [@ato 9 May). The second,
larger peak occurred during statistical week 23 in early BRhdlgy to 6 June). There were
no single, large releases of hatchery-reared juvehiteook salmon into the Nooksack system
in 1998. Instead, there were numerous smaller releasesdrell5 April and 30 May about
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1.2 million age-zero spring chinook were released at &ibes 66 to 96 km above the trap
site. There were two releases of adclipped chinooktsnmub the system in 1998. There
was a release of 151,516 adclipped yearling spring chinook simoits Kendall Creek
Hatchery on 1 April and a release of 202,802 adclipped age+aeng shinook from Kendall
Creek Hatchery on 12 June. There was never a prompeak in CPUE for adclipped
chinook smolts in 1998. Adclipped chinook smolts were presemioist screwtrap sets from
12 through 28 June (Figure 10), however, the catches welarget

Summary: For the five years of data examined, all secaes of weekly CPUE values of
about 20 or more chinook salmon smolts per hour can bbuaédi to releases of hatchery
fish into the Nooksack River system above the trdpis seems to indicate that the out-
migration of native chinook salmon smolts occurs at very low levels and does not produce
prominent peaks in CPUE which can be directly associated with native fish. Also, there may
be a “flushing” phenomena associated with the hatchehyrélative to the native fish that we
cannot detect. That is, when there is a large pulsmibmigrating, hatchery fish moving
down river the native fish might join this migration evh they cannot be distinguished from
the non-adclipped hatchery fish in the catches. Therg dpgear to be a constant low level
of out-migration of chinook salmon smolts from at teaarly April through late July. Until
there are methods that can better estimate the stwmogosition of the non-adclipped catch of
chinook salmon smolts, we cannot determine the out-nugr#tning of the native stocks.

Correlation Between River Discharge and CPUE:

The correlations between total CPUE for a sample daytke mean hourly river discharge
for that day (measured in cfs), and their significaace,summarized for each year in Table 3.
Seven days of data were omitted in 1996 due to the obvioluence of the release of
hatchery smolts at the Ferndale Ramp on CPUE. ®frelation coefficients were generally
higher when the sets with zero catch were includedhenainalysis, but only marginally so.
For Pearson’s r, the only significant correlatioRs<(0.05) were those which included zero-
catch sets in the data for 1994 and 1998. At least one afaimgarametric correlations
coefficients was significant each year and in threaryg1994, 1995, 1998) both were
significant (zero-catch sets included and zero-catck s&tluded). Considering both
coefficients (Pearson’'s and Spearman’s) together, vegpiet the results to indicate that
higher CPUE values generalbecur with higher peak flow values, but the relationshipois
strictly linear. Inspection of the plots of these dad#snonstrates this (Figure 12). While
CPUE values generally increase as flow increases, and Hre fewer zero-catch sets at
higher flows, the highest CPUE values often occur dunteymediate flows.

28



"189K Kq “I0ATY YOBSNOON 2} Ul

denmaIos ay) 10] S)OWS Uowes Joouryd Jo gNdD AJIep SnSIoA MO[J I9AM A[InOY UBdW JO sjo[d 71 dm3I]

0<3NdO ©
0=3Nd0 =
pusaba

(s30) moj4 AunoH uespy

000'9 000°G 000y 000°c 0002 000°}L
- -y P DO
o ) © o o00e® ° Co 0
o o
> _&F o
o © FOL
(=]
o ° - 02
o 8
-0
o
8661 ° [
o
0s
(s§0) mold AunoH ueay
000°04 000'8 0009 000'y 0002
o o o TS T T |0
) o o
o
o = = 00 °
o
(=]
k0S5
1661 _

00l

(anoy sad yoszes) andd

(4noy sad yojes) aNdod

(s§0) moj4 AUnoH ueap

000'8 000°Z 000'9 000G 000'¢ 000'€ 000 000
& o5 oo jtedtesmranr - [ 0
°
(=] i m 00 o
o
o
F G¢
0S
(s30) moj4 AunoH uespy
000°S 000"t 000°c 0002 000°L
.I'nuln‘waglaﬂr@[. 0
S ©
(=} 00 o © OQu
o
o
© k05
o
= 001
G661 °
(s49) mojd Apnoy ueajy 05l
000'9 000°G 000'y Ioco.m 0002
* o Ow%anmua 0
o o
o
° 08
F 004
o
661 .
o
002

(anoy sad yojes) IANAD

(anoy sed yoyeo) 3NdO

(4noy Jad yojes) INdD

29



Table 3. Summary of Pearson’'s r and Spearman’s rho |aiore
coefficients between mean hourly river flow (in cfey a sample
day and CPUE of chinook salmon smolts by the screwtnaghé®

sample day.

Includes Pearson’sr Spearman’s rho
0-Catch | Correl- Sample Signifi- | Correl- Sample  Signifi-
Year Sets ation Size  cance?® ation Size  cance?®
1994 Yes 0.319 41 0.042 0.311 41 0.048
No 0.312 37 0.060 0.353 37 0.032
1995 Yes 0.191 55 0.163 0.583 55 0.000
No 0.175 51 0.220 0.585 51 0.000
1996 Yes 0.138 69 0.260 0.445 69 0.000
No 0.049 46 0.748 0.262 46 0.078
1997 Yes 0.198 54 0.151 0.382 54 0.004
No 0.149 49 0.305 0.251 49 0.082
1998 Yes 0.359 57 0.006 0.624 57 0.000
No 0.250 37 0.136 0.536 37 0.001

& Coefficients which are significanP & 0.05) are in bold.

Differences Between Daytime and Nighttime CPUE:

Data from 1996, 1997, and 1998 were examined for differentesdre daytime and nighttime
CPUE values for the screwtrap. Because the timeaaipbng during these years was
randomized across the entire day, we assume thattbeeentire sample season consistent
differences in CPUE between daytime and nighttime setddabecome evident. There were
no significant differences (aft > 0.54) in the rate of occurrence of zero-catch sets (vhere
no chinook salmon smolts were caught) between daytidenghttime sets during the three
years (Table 4). Although there were fewer sets ndaglig the nighttime period each year,
the nighttime sets are represented roughly in proportidretaumber of nighttime hours during
the period 1 April through 31 Jdly Unfortunately, because of the relatively small bamof
sets used in these tests, they could only detect diffesan the rate of occurrence of zero-catch
sets of 30% to 40% or more with povee80% (Peterman 1990).

" About 70% of the hours during this period fall during ciwillight.
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Table 4. Comparison of the rate of occurrence for zatohcsets between daytime and
nighttime sets, and results of Fisher’'s exact testpawing the rates, for the
screwtrap operated on the Nooksack River.

Time Number of Sets Percent w/ Significance
Year of Day Catch=0 Catch>0 Total 0 catch )(2 test (P)
1996 Day 40 42 82 48.8%

Night 14 20 34 41.2% 0.541 NS*
1997 Day 5 42 47 10.6%

Night 0 14 14 0.0% 0.580 NS
1998 Day 17 31 48 35.4%

Night 5 7 12 41.7% 0.744 NS

%NS = not significant? > 0.05.

Mann-Whitney tests were used to compare the mean rattle (SPUE values for the sets in
each category (daytime or nighttime). Data from éleint sets were omitted in 1996 due to the
obvious influence of the release of hatchery-rearedtsmap the Ferndale Ramp on CPUE.
CPUE values of daytime and nighttime sets were compatkaling and excluding zero-catch
sets. The results are summarized in Table 5. MeanECHthinook salmon smolts for
nighttime sets was nearly twice that of daytime sets997. However, in 1998 daytime sets
had a higher CPUE than nighttime sets. In 1996 the CRillies for the two groups were
about the same. There were no significant differebeeseen mean ranks of the CPUE values
for daytime and nighttime sets, however @ 0.23). Because of the small number of sets
used in these tests, and the variability of the datagthests could only detect differences in the
mean rank of CPUE between the groups of four or morestimth powee 80% (e.g., a mean
CPUE of 0.6 fish per hour compared to a CPUE of 2.4pkesthour).

Summary: There is no strong evidence that theredsfexrence in CPUE of out-migrating
chinook salmon smolts between daytime and nighttime datene year nighttime sets had a
greater mean CPUE than daytime sets, in one ye&RhH= for the two groups was about the
same, and in one year daytime sets had a greater @dBk than nighttime sets. The data
used for these analyses were sufficient for detecting ety large differences between the
groups with adequate power (poweiB0%). The mean CPUE of one group would need to
have been four or more times greater than the otleeipgo be detected with power80%.
Because of the limitations of these data, a definitelogion as to whether there are differences
in CPUE between daytime and nighttime sets is not weda Given this, future sample
designs should continue to sample daytime and nighttimes liproportion to their frequency
of occurrence, i. e., there should be no stratibeatilf a more definitive answer is needed for
this question, experiments designed to examine the issut&l die used.
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Table 5. Comparison of CPUE of chinook salmon smolts byirdayand nighttime sets,
and results of the Mann-Whitney test comparing the groiopshe screwtrap
operated on the Nooksack River.

Time Mean  Standard  Sample Significance
Year of Day CPUE Error Size of Test (P)

Data includes zero-catch sets

1996 Day 1.182 0.417 82

Night 1.285 0.806 34| 0.837 NS*
1997 Day 7.323 1.512 47

Night 15.476 7.481 14 0.289 NS
1998 Day 7.421 1.895 48

Night 4.199 2.199 12 0.346 NS

Data excludes zero-catch sets

1996 Day 2.308 0.780 42

Night 2.184 1.347 20 0.270 NS
1997 Day 8.195 1.643 42

Night 15.476 7.481 14 0.609 NS
1998 Day 11.490 2.674 31

Night 7.198 3.406 7 0.234 NS

%NS = not significant? > 0.05.
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Estimation of Screwtrap Capture Efficiency

Experiments were conducted in 1995, 1996, 1997, and 1998 to estimaspthre efficiency
of the screwtrap for out-migrating chinook salmon smolge define capture efficiency as
the percentage of the chinook salmon smolts migratinghdtyeam past the trap during any
period of time that are captured by the screwtrap. Previessarch has shown that the
efficiency of traps in capturing out-migrating salmon dswahn be affected by: velocity of
the water moving past a trap (Seiler et al. 1995; Roper eath&chia 1996); time of day,
i.e. day or night (Seiler et al. 1995); size of the {Sailer et al. 1995; Roper and Scarnecchia
1996); species, life stage (Thedinga et al. 1994); and origtheofish, hatchery or wild
(Roper and Scarnecchia 1996); as well as river stage gnglereement within the channel
(Thedinga et al. 1994). In addition, we examined theitglaxf the water as a possible
influencing factor.

M ethods

Capture-efficiency trials were conducted by releasingavknnumber of marked, hatchery-
reared chinook salmon smolts upstream of the trap sitehem enumerating the number of
these marked smolts recaptured at the trap. Marked sweits released in two groups so
that we could examine whether smolts were mixing acttosgiver channel prior to being
exposed to capture by the screwtrap. Each release grauppltainto approximately equal
numbers. The upper lobe of the caudal fin of one groupliypgeed and the lower lobe of the
caudal fin was clipped on the other group. The two growgye when released from opposite
banks of the Nooksack River. In addition to the caudatlip, all fish used in the capture-
efficiency trials were marked with Bismark brown to eidhe identification of marked fish.
Fish were dyed following methods similar to previous std@®oldsmith 1993; Rawson
1984).

All chinook salmon used in the capture-efficiency trialmedrom Kendall Creek Hatchery.
Age-zero fish were used in every trial. In 1995 and 1996,geezaro chinook salmon smolts
used in the trials were of Green River Fall stock origin. 1997 and 1998, the age-zero
chinook salmon smolts used in the trials were of NodhkMNooksack spring stock origin.
Fall chinook salmon smolts were used in the earlier ydaesto the lack of surplus native
spring chinook salmon smolts. Generally these smoltg Ve clipped one or two weeks
prior to being used in the capture-efficiency trials. kFl@ngth measurements were taken
from fish released in 10 of the 14 capture-efficiency tredéase groups used from 1995
through 1998. These measurements were taken from approxim@@lyish while they
remained anesthetized during the clipping operation. We choseto measure fish
immediately before the experiment to minimize harglbtress and to reduce mortalities prior
to and during the release.
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Approximately one to two hours prior to the anticipatedasdetime (depending if the holding
site was the Kendall Hatchery or the Lummi MamoyadPtacility), the caudal-fin clipped
fish were transferred to a fish tote containing hatcheater. The two groups of clipped fish
were separated by a net barrier within the tote. Thewagseoxygenated while the fish were
transported to the release site. Prior to leaving theheey, Bismark brown stain was added
to the water at the manufacturer's recommended cortemt of one gram for every 15
gallons of water. When the marked fish arrived at ¢leet river release site they had been
exposed to the stain for approximately 45 to 60 minute® tWwh groups of marked fish (one
with the upper caudal fin clip and one with the lower catidatlip) were then transferred
from the tote to separate 30-gallon plastic garbage fdéaw with river water which were
located in a skiff. The skiff then traveled 0.8 km ugaitn of the screwtrap site to release the
fish for the first five trials in 1995. Subsequent release® made 1.8 km above the trap. At
the release location, the skiff went to a point inrkker near the thalweg and slowly moved
toward one bank of the stream while fish were spilléd the river from the garbage can. For
the second group, the skiff returned to the thalweg amdwisre spilled overboard while
crossing to the opposite bank. The purpose of this procedgdo distribute each marked
group across both sides of the river cross-section.

We deviated somewhat from this procedure for the second eagifimiency trial conducted

in 1996. Fish were released directly from floating net peceted on either bank of the river.
This may have caused delayed migration and/or orientédidhe stream margin, both of
which would reduce recoveries at the trap during the Bagnperiod. In the second, third,
and fourth capture-efficiency trials in 1996, the fish wallewed to acclimate to river

conditions following transport from the hatchery fiagiand prior to release by holding them
in net pens for a period of six to sixteen hours pridransfer to the skiff for release.

In all but the first trial, the screwtrap was in openatbefore the release of the marked fish.
For the first trial, the trap was not fished until 2ihutes after the fish were released. The
screwtrap was always operated for at least 10 consechbives after the release of the
marked fish. Recoveries at the trap were recorded diy fih clip status (upper caudal fin
clip, lower caudal fin clip, no clip). Clipped fish were miiéed by their yellow-gold color
resulting from the Bismark brown stain. Following @hetization with MS-222, all juvenile
chinook salmon caught in the trap during the capture-efigi¢rial were measured for fork
length. This measurement provided an opportunity to cleselynine the caudal fin of every
fish to detect the presence of an upper or lower caudelifin

Several assumptions are required for the capture-effigi@xperiments and the estimates
derived from them. They are:

1. All marked (caudal fin clipped) chinook salmon smolts wedentified in the
screwtrap catches.

2. All marked smolts migrated downstream after release aare @available for capture
by the trap during the period of continuous trap operatfi@n their release (there was
no prolonged residence time of the marked fish in ther above the trap).

3. There was no mortality of marked smolts before theyated past the trap.
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Data Analysis

Analyses were conducted to determine if some of thesemgdions were supported by the
data. We hypothesized that if the marked smolts weteldisng themselves across the river
channel similarly to the naturally-migrating fish, them equal proportion of the right bank
and left bank releases would be captured by the screw&aggnificant difference between
the recapture proportions of the right bank and leikbaleases may indicate that the marked
fish were not distributing themselves in the naturally moigrating population and were
staying oriented to the bank nearest their point efasd. The? statistic and Fisher’s exact
test (Conover 1980) were used to compare the right bankefinoank recapture numbers,
relative to the numbers released at each bank, ébregeriment.

The time required for the marked fish to migrate doveesh and pass the trap site was
examined by constructing a recapture profile for each eled@ke recapture profile plots the

cumulative percentage of the total recoveries of mafisbdrom each release, for each time
the trap was checked, against the number of hours frotimtbeof release. Average time to

first recovery and average time between the lasptaoa and the end of screwtrap operation
were calculated, also. These were used to help deterhmecaptures may have been missed
because trap effort during a particular capture-efficie¢nalywas too short.

Several environmental parameters were measured anddheilation with capture efficiency
examined. The details on how these data were collectedescribed in the first section of
this report. The environmental parameters were:

1. Secchidepth in m.

2. River discharge in cfs.

3. River turbidity measured in ntus.

The relationships between capture efficiency and theetlenvironmental parameters were
examined using both linear and nonlinear regression. fMviebamental parameters were the
independent (explanatoryy variables and capture efficienc§) (was the single, dependeYit
variable. Several models were evaluated to determinehviieist fit the data. The regression
models evaluated for each environmental parameter were:

a linear modelg@ =a -« X + 8.

a logarithmic model@ = a ¢ LN(X) + S.

an inverse model =a ¢ (1/X) + B.

a quadratic mode® = (a1 * X ) + (@2 * X*) + 83

a power modeld =8« X°.

an exponential mode8 = 8« ™.

ok wnhpE

Where @ is capture efficiency andr and £ represent the slope and intercept parameters,
respectively, in the typical regression model. All medexcept the quadratic model were
two-parameter models and had identical degrees of freed®amameters of the regression
models, including standard errors and significance level® e&imated using the linear and
nonlinear regression routines in the SPSS statistaraputing package (Norusis 1994).
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The fit of each regression model to the data was asbessng the coefficient of multiple
determination @) and residual mean square error (MSE) statistics (DraperSmith 1981).
The ¢ statistic is a measure of the amount of variatiooualthe mean of the dependent
variable explained by the fitted equation. The residual i4SEe calculated as(observedy

- predictedY)? divided by the residual degrees of freedom. The model Wiéhhighest T
statistic and the lowest MSE value is generally comsdisuperior (i.e., considered the “best
fit”) when comparing models based on the same dat®sapé¢r and Smith 1981).

Some previous research has found differences in trap eagificiencies between trap effort
during daylight hours compared to trap effort during nighttimers (Seiler et al. 1995). We
examined our capture efficiency estimates for evidend¢ki®phenomenon. The 14 capture-
efficiency trials were classified as either daytimenigttime trials depending upon whether
the majority of the first 10 hours after release ef tmarked smolts was in light or dark. The
hours of sunrise and sunset each day, and the timingilotvalight, were used to determine
the light level for each hour (light or dark). A sifigant difference between these two groups
in the dependent variable (capture efficiency) could be dddfevences between the groups
in one of the independent variables (environmental parafetfetise independent variable
has a significant influence on capture efficiency. Asiglyof variance with a covariate
(Milliken and Johnson 1995) was used to address this problemly#s of variance with a
covariate (ANOVAWOC) is used to test for differenceswmen group means of a dependent
variable controlling for the effect of a concomitantiable (usually called a covariate). The
covariate must be a continuous variable whose effeetin@ar. The effect of the covariate is
controlled for by adjusting the means of the dependeamdbia to account for the difference
between the two groups in the covariate (Milliken arfthdon 1995). Therefore, the possible
confounding effects on the dependent variable, due to diffesandie distributions of the
covariate for the two groups, are removed. ANOVAWC wsed to test for a difference in
mean capture efficiency between daytime and nighttinadstri The model with the most
significant environmental parameter (independent variablentifebel following the
procedures in the previous paragraph was used as the cavaifiatke ANOVAWC was
conducted following the procedures described in Milliken and Johii$885). Two
important requirements of ANOVA tests are that all groopsipared come from normally
distributed populations with equal variances (homogenouanae assumption). While most
ANOVA procedures are robust to departures from normahigy tcan be sensitive to
violations of the homogeneous variance assumption ikl and Johnson 1992).
Levene’s test for homogeneity of variances (Millikerd alohnson 1992) was used to test the
data for this assumption.

Because one goal of this project is to eventually estirtiee total out-migration of chinook
salmon smolts from the Nooksack River, it is importduat the smolts used in the capture-
efficiency trials are representative of those in theroigrating population. For most of the
capture-efficiency trials, we collected length inforraatirom a random sample of the smolts
to be released. We calculated mean and median fagihkerstandard error of the mean, and
coefficient of variation for each group of these fisBox-and-whiskers plots were used to
display their fork length distributions.
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Results

Trap Capture Efficiency Effort and Recovery Summary

The date, time, hours of screwtrap operation, and sel&cation of marked fish for the 14
capture-efficiency trials conducted from 1995 through 1998 are stipatian Appendix
Table 8. The hours of continuous operation of the scrpvéfter the release of the marked
chinook salmon smolts above the trap ranged from 10.4 @ I&urs (mean: 15.3 hours).
The time between release and the first recapture oar&ed chinook salmon smolt at the
screwtrap was recorded for eight of the capture-effigignals (Appendix Table 9). The
average time to the first recovery was 29.5 minuteshiesd trials (range 13 to 37 minutes).
In nine of the 14 trials, all marked fish recovered werggbawithin the first four hours after
release (Appendix Table 10). For these nine trialss¢hewtrap was operated for at least ten
hours (range 10 to 21 hours) after the last recoveryowithny additional recoveries. The
recapture profiles for all but the first capture-efficieneyperiment were very similar
(Appendix Figure 1). The recaptures for the first triadusoed over a more extended period
of time in comparison to the 13 other trials.

Using the Bismark brown as a secondary mark increasedeffectiveness in detecting
marked fish, especially during the first part of a samptiegod. We don’t know how long
the stain remained visually detectable. In 1995, there waboait 18 hours between the
release and recovery of the last smolts during thedapture-efficiency trial and these fish
were still visibly colored. It is possible that rel@e on the stain mark could have negatively
affected our effectiveness during the later part of gremement if the stain faded sufficiently
to avoid detection. The stain was especially usefudatermining the time that the first
marked fish was captured during days when water clarity allaservation of the live box
while the trap was in operation. This helped to ales of the onset of recoveries.

Examination of the occasional mortalities which ocedrwhile transporting the fish from the

hatchery facility indicated that the caudal fin clip eened identifiable, even when fish had
some fungus growth and abrasion of the lower lobe duatthéry rearing.

Capture Efficiency Estimates

The releases of marked chinook salmon smolts ranged 7@#Imto 1,993 fish for the 14
capture-efficiency trials (Table 6). Marked smolts wereaptured at the screwtrap during
every capture-efficiency trial. The total number of kealr fish recaptured ranged from 2 to
72 fish. Estimated capture efficiencies ranged from 0.14%6@2% (Table 6). In four of the
14 trials, there was a significant difference in th@vecy rate between the right and left bank
releases of marked fish (Table 6). There was no trgpdrant in these four trials of one bank
consistently having a higher recapture rate than the other.
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Relationship Between Environmental Parameters and Captiicie fdy

The relationships between capture efficiency and theethenvironmental parameters
examined are shown in Figure 13. The data are summariZgupendix Table 11. Capture
efficiency clearly declined as secchi depth increased (Fitg#g which indicates that as the
water clarity increased capture efficiency decreasecererlis a positive correlation between
river discharge and capture efficiency (Figure 13B); gelyerak flow increases so does
capture efficiency. There is a similar positive catieh between river turbidity and capture
efficiency (Figure 13C). This reflects the same inverdatiomship with water clarity as

secchi depth, as water clarity decreases capture afficiacreases.

The model which best explained the variability in capeffeeiency was the inverse model
with secchi depth (Table 7). This model has the higtfesalue (84.1%) and the lowest
residual MSE. The models with the three highéstaiues (and three lowest residual MSE
values) were models using secchi depth as the indepenferdr{able. None of the models
with river discharge as the independent variable explamee than 43% of the variability in
capture efficiency. The highest value for the models using turbidity as the independent
variable was less than the lowesvalue for the models using secchi depth as the independent
variable. Clearly, secchi depth measured at the screwialains more of the variability in
capture efficiency than the other two environmental ée&m

Based on the’rand MSE statistics, we selected the inverse model usautisgepth as the
“best” model for predicting the capture efficiency o trewtrap. The parameter estimates,
their standard errors, and the significance of the patensfor this model are summarized in
Table 8. Both model parameters (slope and intercept)iginéy significant P < 0.01). The

fit of this model to the observed data is shown in Figite We conclude that the strong
relationship between secchi depth at the trap and capfficierey indicates that it is not
appropriate to characterize capture efficiency witglsimean value.

Table 7. Fit of different regression models, as meashyed and the residual mean
square error (MSE), for the relationship between theetlgrvironmental
parameters examined (independeXt variables) and capture efficiency

(dependeny variable).

Parameter: Secchi Depth River Discharge Turbidity
Model r? MSE x 10° r? MSE x 10° r? MSE x 10°
Linear | 65.4% 11.75 | 42.3% 19.59 | 47.8% 17.72
Logarithmic | 77.5% 7.63 | 41.5% 19.86 | 53.8% 15.69
Inverse | 84.1% 5.41 | 38.8% 20.78 | 48.0% 17.74
Quadratic | 81.2% 6.98 | 42.4% 21.34 | 63.8% 13.39
Power | 65.3% 50,584.20 | 38.7% 89,524.80 | 54.1% 67,030.05
Exponential | 65.4% 50,589.80 | 37.3% 91,548.37 | 45.3% 79,828.13
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Figure 13. Plots of (A) secchi depth (ft) measured atd¢rendrap, (B) river discharge (cfs),

and (C) river turbidity (ntus) versus the estimated capaifieciency of the
screwtrap for chinook salmon smolts for the 14 triadeducted from 1995
through 1998. Data points labeled by year and trial number Appendix
Table 8).
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Table 8. Parameter estimates, their standard errgrsficance of the parameters, and
95% confidence interval for the linear regression modahwdrse secchi depth
(X) and capture efficiencyy].

Model Estimated Standard Signifi-
Parameter Coefficient Error cance 95% Confidence Interval
Intercept -0.01780 0.00486 0.003 -0.02839 - -0.00721
Slope 0.06296 0.00792 0.000 0.04572 - 0.08021

Comparison of Capture Efficiencies Between Daytime Miadhttime Trials

Based on the previous conclusion, it was necessary tmvese secchi depth as a covariate
in the comparison of mean capture efficiencies of dayantenighttime trials. Following the
procedures of Milliken and Johnson (1995), the results ofatiaysis of covariance with
secchi depth as a covariate indicated that:

* Inverse secchi depth was a significaPt(0.01) covariate and must be included in the
analysis model.

* There was not a significant differende £ 0.74) in the response (capture efficiency)
to the covariate between daytime and nighttime tridlserefore, the interaction effect
could be removed from the model.

» Controlling for secchi depth, there was not a significdifterence in capture
efficiency between daytime and nighttime tridbs=0.27).

Levene’s test for the equality of group variances betwibentreatments (daytime and
nighttime trials) was not significant for any of thestge (all P > 0.15) indicating that
ANOVAWC was an appropriate procedure for the analystse gower of these tests was low
(less than 0.20) due to the variability of the data andrttal sample size.

Length Analyses

Length information for the smolts used in the captufieiefncy trials was collected from 10

groups of fish; one of these groups was used in two différedé. The number of days

between when the length measurements were made andhehararked fish were released
varied from O to 25 days. This makes direct comparisossnoft length compositions from

the capture-efficiency trials to the length data of cbk smolts captured during normal
operation of the trap difficult because of the unknowminathat occurred between the time
of measurement and the time of release. Length datatihe groups of capture-efficiency
smolts which were measured are summarized in Appendix Tible Mean lengths of

chinook salmon smolts used in the capture-efficiencistranged from 55.1 mm (SE = 1.43)
to 88.0 mm (SE=0.77). Box-and-whiskers plots comparingethgtth data of the smolts used
in the capture-efficiency experiments to that of fisiptared during normal operation of the
screwtrap are presented in the next section of thisttepor
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Discussion

We chose to use all the capture efficiency estimatesudo examination of the relationship
between environmental parameters and capture efficiembg following factors may have
introduced error into our estimates of capture efficiency.

1. The screwtrap was not operating for relatively briefiques of time when marked

smolts may have been passing the trap. If additional mhanrkelts had been captured
during these periods, then we have underestimated caffticieney. This possibly
affected trial 95(1) (when the trap was not operated 8atininutes after the release
of the marked smolts) and trials 95(1), 95(2), and 95(3) whémisden the trap
required that it be stopped periodically for cleaning (Apipefiable 8).

Fungus on the caudal fin may have obscured the caudal finazigpsaused some
clips to be missed. This possibly affected trial 95(6hisTwould cause capture
efficiency to be underestimated. Any smolts with clippaadal fins that were missed
when the trap catch was examined would result in an ustitesge of capture
efficiency.

Diseased or stressed smolts used for the capture-efficigals may have been more
or less susceptible to capture by the screwtrap thamaddrfish. If diseased or
stressed fish out-migrate immediately after releaseaft®itinable to avoid capture as
well as healthy fish because of a weakened conditiem tapture efficiency will be
overestimated. If diseased or stressed fish eitleemuinediately after release or are
disoriented and do not out-migrate within the same tier@g as “normal” fish (i.e.,
they out-migrate after the trial has ended) then captufieieacy will be
underestimated. This possibly affected trial 95(6).

Water visibility could affect migratory timing. For expla, when water clarity is
high (high secchi disk measurements), some fish in tlease group may orient to
wood or other substrates on the river bottom or riverging, causing a delay in
downstream migration beyond our sampling period. This dvaglsult in an
underestimate of capture efficiency.

Although we acknowledge that the capture-efficiency eg@siof some trials may have been
affected by these factors:

We do not believe there was sufficient evidence ($itdisor otherwise) to identify
the data from any capture-efficiency trial as an oudlieat therefore exclude that data
from the analysis.

We believe the effects of these factors on the cagfii@ency estimates are
relatively small and not sufficient to mask or change enderlying relationship that
we have identified between capture efficiency and setsgttih.

There is a considerable variation in the capture-effigieestimates for secchi depths between
1.60 and 2.80 ft (Figure 14). We suggest that at the extremest@f clarity, water clarity is
the primary factor affecting capture efficiency. Wheater clarity is very poor (reflected by
secchi depths less than 1.5 ft) then the capture efficiehtye screwtrap is high, and when
water clarity is very high (reflected by secchi depthsatgr than 3.0 ft) then the capture
efficiency of the screwtrap is low. At moderate seadpths (between 1.5 and 3.0 ft) there
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are possibly additional factors influencing capture effiyenehich we have not yet
identified.

We examined the capture-efficiency estimates for théstwith secchi depths in the moderate
range (between 1.60 and 2.80 ft) more closely. Six odéitit# capture-efficiency trials in this
range have length data for the smolts used in the ¥iéd.found a strong negative correlation
(r=-0.772,P = 0.072) between the capture efficiency estimates anchélakan length for the
chinook salmon smolts used in the trap capture-efficignals (Figure 15). There is not
sufficient data at this time to determine whether tleigationship is truly significant and
meaningful or an artifact of the small sample sizErom a biological viewpoint, this
relationship supports the hypothesis that larger smoltstamsager swimmers than smaller
smolts and are better able to avoid capture by the segevitan smaller fish. If this
hypothesis is true, under similar environmental condititms,screwtrap is less efficient at
capturing larger smolts compared to smaller smolts. eMiata need to be collected to better
examine this relationship.
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Analysisof Fork Length Data

Length data were collected from chinook salmon smolpsucad at the trap and from those
hatchery-reared smolts used in the capture-efficienalgtriThe analyses that follow examine
these length data. However, the interpretation odettdata must be approached cautiously
because:

1. The lengths of fish captured during a set by the screwtrap met collected from a
random sample. Usually, the lengths of the first 20adknsalmon smolts caught
were measured and these lengths may not be represenfdineefish caught during
the entire set.

2. There was no attempt to weight the length sample®ftect the total number of
chinook salmon smolts in the catch. A sample of 2Qtleywas taken whether the
total catch was 40 chinook salmon smolts or 400 chinook smélor catches of 20
or fewer chinook smolts, the lengths of all fish caugéte usually measured.

Therefore the mean lengths, graphical summaries ofléke, and other summary statistics
reported here may not be representative of the largeratapubf all fish captured. Because
the number of chinook smolts measured for length from seistwas small, we accumulated
the length data for a statistical week and present lengtimaries by statistical week. Since
there was no weighting of samples to reflect the bemof fish in the catch by a set, the
summary data for a statistical week may not be reptagee of the lengths of the chinook
smolts caught during the week.

M ethods

We graphically summarized the data using both box-and-whislassgnd length frequency
histograms. The box-and-whisker plots show the mediagthe the central 50% of the
distribution of the data (the “box”), the lowest dndhest lengths not considered outliers (the
box “whiskers”), and lengths considered outliers (N&u$€94). Lengths more than 1.5 box
lengths from the edge of the box were classified aseositl Length summaries were
presented for adclipped and non-adclipped chinook smolts selganathe plots. In addition,
means and standard errors for the lengths by statisteet were calculated for each group
(adclipped and non-adclipped) separately.

We were interested in identifying by their length yearlifgnook salmon smolts in the
catches, if possible. Length frequency histograms wessl us identify fish which
were much larger than the majority of chinook smoltasneed. We tentatively classified
these fish as yearling (age-1) smolts. Length data werggd by two time periods for these
length frequency histograms: statistical weeks 13 thr@igHate March through late May,
and statistical weeks 22 through 33, late May through Augusp€Adix Table 1). We
divided the data into these two periods because we ausehat typically most of the
yearling-sized smolts were caught before 1 June andvediatiew were caught after that
date.
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We also wanted to compare fork length data among the. y&ardacilitate this comparison,
we defined four temporal strata based upon statisticalsv@edpendix Table 1):

1. Statistical weeks 12 through 17 (roughly March and April);

2. Statistical weeks 18 through 21 (roughly May);

3. Statistical weeks 22 through 26 (roughly June);

4. Statistical weeks 27 through 33 (roughly July and early August).
We then plotted the mean lengths of adclipped and norppddichinook smolts during these
time strata separately for each of the five years.

Finally, we used box-and-whiskers plots to compare thie lEngth data for the hatchery-
reared chinook salmon smolts used in the capture-efficigrady to those of chinook smolts
captured by the screwtrap during approximately the same timedpeas the capture-
efficiency trials.
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Results

Length data summaries are discussed below by year. bdkand-whiskers plots sum-
marizing lengths of sampled chinook salmon smolts by stafisveek are presented first.
This is followed by the length frequency distribution angly® examine the possible
contribution of yearling chinook smolts to the catch&mally, there is a comparison of the
length distributions of the smolts used in the captuiiei@hcy trials to those captured by the
screwtrap.

Length Data Summarized by Statistical Week

1994:

The box-and-whiskers plots summarizing the length dataated from catches during each
statistical week sampled in 1994 are shown in Figure 1&emeral, the median fork length
of non-adclipped chinook salmon smolts increased throughewtampling period. Early in
the sampling period (statistical weeks 19 through 21), thgths of the adclipped chinook
smolts were generally larger than the lengths of theadwhipped smolts. After week 21, the
lengths of the two groups were more similar. Most hef tengths classified as outliers
belonged to non-adclipped fish. Mean lengths of non{aigetl chinook smolts ranged from
66.6 mm during week 19 to 88.3 mm during week 28 (Appendix Table 13). Adtlippe
chinook smolts ranged in mean length (for weeks where hiboe fish were measured) from
76.6 mm during week 23 to 87.5 mm during week 24 (Appendix Table 13).

1995:

The box-and-whiskers plots summarizing the length dataatet from catches during each
statistical week sampled in 1995 are shown in Figure 1 gemeral, the median fork length
of non-adclipped chinook salmon smolts increased throughewtampling period. Most of
the length data were from non-adclipped chinook smoltsetiv@re only six weeks with
length data for adclipped smolts. Statistical weeks 28utir 23 all had sample sizes of ten
or more fish for both non-adclipped and adclipped chinoodlts. The adclipped smolts had
slightly larger median lengths than the non-adclipped fistost of the lengths classified as
outliers belonged to non-adclipped fish. Mean lengthsoofadclipped chinook smolts (for
weeks where 10 or more fish were measured) ranged from 54.8unimy week 15 to 88.9
mm during week 29 (Appendix Table 14). Adclipped chinook smolts camgmean length
from 75.9 mm during week 20 to 83.7 mm during week 23 (Appendix Table 14).
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1996:

The box-and-whiskers plots summarizing the length dataatet from catches during each
statistical week sampled in 1996 are shown in Figure 18relas not a clear increase in the
median fork length throughout the sample period as intwte previous years. This was
probably due to the smaller sample sizes (less thanshOnfeasured) for many of the
statistical weeks during 1996 compared to 1994 and 1995. Most lehtith data were from
non-adclipped chinook salmon smolts; there was only onek weith length data for
adclipped smolts where more than 10 fish were measuredmétian length for this sample
of adclipped fish during week 14 was the largest observedgltirenseason for either group.
Most of the lengths classified as outliers belongeddn-adclipped fish. Mean lengths of
non-adclipped chinook smolts (for weeks where 10 or mehewiere measured) ranged from
59.3 mm during week 15 to 90.1 mm during week 29 (Appendix Table 15)m&ae length
of adclipped chinook smolts during week 14 (the only week whererlfiore fish were
measured) was 187.1 mm (Appendix Table 15). This was the langest length observed
for adclipped fish sampled during any statistical week irfitleeyears of smolt trapping.

1997:

The box-and-whiskers plots summarizing the length dataatet from catches during each
statistical week sampled in 1997 are shown in Figure 1&ilaBly to 1996, there was not a
clear increase in median fork length throughout the samgiiod. All sample sizes for non-
adclipped smolts after week 17 were greater than 10 fisbst Bf the lengths classified as
outliers belonged to non-adclipped fish. Mean lengthsoofadclipped chinook smolts (for
weeks where 10 or more fish were measured) ranged from 79 dunimg week 19 to 103.6

mm during week 18 (Appendix Table 16). This was the largest hesgth observed for

non-adclipped smolts sampled during any statistical weeleifith years of smolt trapping.

There were only three samples of adclipped smolts wher@ hiore fish were measured.
Adclipped chinook smolts ranged in mean length from 83.2 mmglwaek 23 to 138.6 mm

during week 14 (Appendix Table 16).

1998:

The box-and-whiskers plots summarizing the length datlaated from catches during each
statistical week sampled in 1998 are shown in Figure 2@emeral, the median fork length
of non-adclipped chinook salmon smolts increased througheusampling period. Most of
the lengths classified as outliers belonged to non-adclipiged Mean lengths of non-
adclipped chinook smolts (for weeks where 10 or more fistewneasured) ranged from 66.9
mm during week 19 to 85.6 mm during week 25 (Appendix Table 17). TWereeonly two
weeks where 10 or more adclipped smolts were measuredjcthtieeks 24 and 25.
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Length Freqguency Distributions

Figures 21 through 25 present the length frequency distributibnginook salmon smolts
sampled at the screwtrap for the two sample periodeetefstatistical weeks 13 through 21
and statistical weeks 22 through 33) for each year sampla@ examined the length
frequency distributions across all five years to helpestablish rough guidelines for
classifying smolts as yearlings from their lengths. atenowledge that without scale data to
verify our assumptions, this is a very imprecise metbb@stimating the contribution of
yearling smolts to the catches. We view this morenaadex of the contribution of yearlings
to the catches than an absolute estimate of numbeéeswanted to simplify the procedure as
much as possible, therefore we established length guidelimesach period that were
identical across years. Fish greater than the definegthldoreakpoints were considered
yearlings. We selected 92 mm as the breakpoint betweerneageand yearling chinook
smolts during the first period (statistical weeks 1®tlgh 21) and 102 mm as the breakpoint
for the second period (statistical weeks 22 through 33). seThweakpoint lengths are
indicated in Figures 21 through 25 by vertical dotted lines.

1994:

About 140,000 adclipped yearling smolts were released at Kebwdedk Hatchery on 1 April,
1994 (Appendix Table 2). The only other adclipped chinook saknolts released into the
Nooksack River in 1994 were age-zero smolts released on 24 avidy2§statistical week
21). All adclipped chinook salmon smolts caught during thé $asnple period (statistical
weeks 13 through 21) must have been from the 1 April reladevere therefore yearlings.
The length frequency distribution of the adclipped fish snead greatly overlapped that of
the non-adclipped fish (Figure 21). The majority of tdelipped fish measured were less
than 92 mm in length. About 3% (6 out of 182) of the ndclipped chinook smolts
measured had lengths greater than 92 mm during the first spemmd. About 17% (4 out
of 24) of the adclipped chinook smolts measured had length€gtkan 92 mm.

During the second time period (statistical weeks 22 thr@3yhnon-adclipped and adclipped
chinook salmon smolts had similar length distributiongyfe 21). All adclipped chinook

smolts released into the Nooksack River during this pever@ age-zero. About 2% (14 out
of 728) of the non-adclipped chinook smolts measured hadhemgeater than 102 mm
during the second period. About 3% (7 out of 220) of thépgubxd chinook smolts measured
during the second period had lengths greater than 102 mm.
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Figure 21. Length frequency histograms comparing fork lengthsoofadclipped and

adclipped chinook salmon smolts sampled at the screwtrapgdstatistical
weeks 13-21 (pooled) and statistical weeks 22-33 (pooled), 1994 data.
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1995:

About 348,000 adclipped yearling smolts were released at Kebwdedk Hatchery on 1 April,
1995 (Appendix Table 2). There was a large release of abou@0078dclipped, age-zero
smolts from Kendall Creek Hatchery on 15 May (statdtiveek 20). Large numbers of
adclipped chinook smolts were not caught until statistiesdks 20 and 21 (Figure 17). We
believe that the majority of the adclipped chinook smaisasured during the first time
period were yearling fish. The non-adclipped fish measuredglthe first period (statistical
weeks 13 through 21) had a bimodal length distribution watdkp at the 50-52 mm and 72-
74 mm ranges (Figure 22). The length frequency distribufitimecadclipped fish (thought to
be primarily yearling fish) greatly overlapped that of #ssond peak of the non-adclipped
fish. About 6% (19 out of 338) of the non-adclipped chinooklsmoeasured had lengths
greater than 92 mm during the first time period. About 4%uf706 182) of the adclipped
chinook smolts measured during the first time period hagthsrgreater than 92 mm.

During the second time period (statistical weeks 22 thr@3yhnon-adclipped and adclipped
chinook salmon smolts had similar length distributiongyfe 22). Less than 1% (2 out of
495) of the non-adclipped chinook smolts measured had lengtategthan 102 mm and
none of the adclipped smolts had lengths greater than 102 mm.

1996:

About 184,000 adclipped yearling smolts were released at Kebwdedk Hatchery on 1 April,
1996 (Appendix Table 2). Except for a small release of gukedl age-zero chinook smolts
from Kendall Creek Hatchery on 21 June, this was the mglBase of adclipped chinook
salmon smolts into the Nooksack River in 1996. All adclipg@dook smolts caught during
the first sample period (statistical weeks 13 throughn&e from the 1 April release and all
were greater than 92 mm in length (Figure 23). About 5%h@fnon-adclipped chinook
smolts measured had lengths in the range of the adclippatss

Only three adclipped chinook salmon smolts were measuredgdiie second time period
(statistical weeks 22 through 33); two smolts had lengtlsstleen 102 mm and one was
greater than 102 mm in length. About 2% (5 out of 221) ohtdreadclipped chinook smolts
measured had lengths greater than 102 mm during the second period.

1997:

The length frequency distributions for 1997 resembled thds&966. About 188,000
adclipped yearling smolts were released at Kendall Creekhkigt on 1 April, 1997
(Appendix Table 2). There was a release of about 180,000eage-adclipped chinook
smolts from Kendall Creek Hatchery on 1 June. Alligged chinook smolts caught during
the first sample period (statistical weeks 13 through 21@Wwem the 1 April release; all but
four of the adclipped smolts measured were greater than 9 hemgth (Figure 24). About
26% (66 out of 257) of the non-adclipped chinook smolts measucetehgths greater than
92 mm during the first time period.
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Figure 22. Length frequency histograms comparing fork lengthsoofadclipped and

adclipped chinook salmon smolts sampled at the screwtrapgdstatistical
weeks 13-21 (pooled) and statistical weeks 22-33 (pooled), 1995 data.
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Figure 23. Length frequency histograms comparing fork lengthsoonfadclipped and

adclipped chinook salmon smolts sampled at the screwtrapgdstatistical
weeks 13-21 (pooled) and statistical weeks 22-33 (pooled), 1996 data.
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During the second time period (statistical weeks 22 thr@3yhnon-adclipped and adclipped
chinook salmon smolts had similar length distributiongyfe 24). All adclipped chinook
smolts released into the Nooksack River during this pever@ age-zero. About 4% (19 out
of 468) of the non-adclipped chinook smolts measured hadhemgeater than 102 mm
during the second period. Only one of the adclipped chinooktsmeasured during the
second period had a length greater than 102 mm.

1998:

The length frequency distributions in 1998 were similarhwsé in 1994 and 1995. About
152,000 adclipped yearling smolts were released at Kendall Ciagekdfy on 1 April, 1998
(Appendix Table 2). The only other adclipped chinook salmolts released into the
Nooksack River in 1998 were age-zero smolts released framdatleCreek Hatchery on 12
June (statistical week 21). All adclipped chinook smoltgybaduring the first sample period
(statistical weeks 13 through 21) must have been fror theril release and were therefore
yearlings. Only ten adclipped smolts were measured dthandrst period and their lengths
ranged from 57 mm to 120 mm (Figure 25). About 9% (27 out of 2Beanon-adclipped
chinook smolts measured had lengths greater than 92 mm dwifigsthime period.

During the second time period (statistical weeks 22 thr@3yhnon-adclipped and adclipped
chinook salmon smolts had similar length distributiongyfe 25). All adclipped chinook

smolts released into the Nooksack River during this perioe &ge-zero. Less than 1% (2
out of 261) of the non-adclipped chinook smolts measured ngthke greater than 102 mm
during the second period. None of the adclipped chinook smelisured in the second time
period had lengths greater than 102 mm.

Summary:

The previous analyses demonstrate the difficulty in usinty fork length to determine
whether a chinook salmon smolt is age-0 or age-1. Duhireetof the study years (1994,
1995, and 1998), the length distributions of adclipped fish tha¢ alkenost certainly age-1
fish overlapped the distribution of the non-adclipped dishng the first time period. In 1996
and 1997, the adclipped yearlings measured in the first timedoemre in general much
larger than the majority of the non-adclipped chinooklsmoeasured.

During the second time period, an argument could be mati¢hila majority of the fish in the
right-hand tail of the length frequency distributions I&94, 1995, 1996, and 1998 are large
age-0 chinook smolts and not age-1 fish. Only in 1997 is thexgficient spread between
the center of the distribution and the larger fishatgue strongly that these larger fish are
yearlings.

Because of these problems, and the problems with nonrasdmpling discussed at the
beginning of this section, we do not feel that the ageposition of the catches can be
reliably estimated based upon lengths. Therefore, wenaflpursue this any further in this
document. We recommend that scale samples be coliediieel future so that the length-age
relationship can be better determined.
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Figure 25. Length frequency histograms comparing fork lengthsiosfadclipped and
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Comparison of Mean Lengths Among Years

Figure 26 compares the mean fork lengths by year for ndippéd (A) and adclipped (B)
chinook salmon smolts measured during each of the four deferagoral strata. The
increase in the mean lengths of non-adclipped smolts durmgsampling season was
generally similar for all years except 1997. In 1997, thamlengths fluctuated between
about 84 and 86 mm throughout sampling. The mean lengthsasiuneel fish for the first
temporal stratum (statistical weeks 12 through 17) variedlwi@deging from 55.5 mm in
1995 to 86.3 mm in 1997. Except for 1997, the mean lengths otiredafssh for the second
temporal stratum (statistical weeks 18 through 21) werem&hnm of each other (Table 9).
The mean lengths of measured fish for the third temporatush (statistical weeks 22
through 26) were within 6 mm of each other with the excapmiiol997. The mean lengths of
measured non-adclipped fish for the last temporal strattatisigcal weeks 27 through 33)
were all within 5 mm of each other.

There is not the similarity among years for the meagths of the adclipped chinook salmon

smolts (Figure 26B). There are no clear trends in teamiengths evident but this may be
due to the small sample sizes for many statistical wgeksle 10).

Comparison of Capture-Efficiency Trial Smolt Lengthgtap-Captured Smolt Lengths

Figures 27 through 30 compare the lengths of the hatchesdreamook salmon smolts used
in the capture-efficiency experiments to non-adclipped aatipgped chinook smolts caught
by the trap during the same approximate time period axpiegiments.

1995:

Fork lengths were measured for a sample of smolts fraun &f the six trap capture-
efficiency trials conducted in 1995 (Appendix Table 12). Thalstrwith length data
associated with them were conducted during statisticeksv&6, 18, 20, and 21. For three of
the four trials, the length data were collected onsto@e day as the trial. There were four
days between the time of the length measurements aneldase of the fish for the fourth
capture-efficiency trial. Length data for non-trial clokosmolts captured at the trap are
displayed for statistical weeks 16, 18, 20, 21, and 22 (Figure ZRgre were very few
chinook smolts measured during weeks 16 through 19 so thedobpped smolt length data
were pooled for those weeks and are displayed as week 19 data

The length data for the first three capture-efficierr@ld have a distribution similar to that
for the combined weeks 16 through 19 data (Figure 27). Thdeogkhs of smolts used for
the fourth trial in 1995 were generally smaller than thegtles of the non-adclipped and
adclipped smolts measured from screwtrap catches duringtistdtweeks 20, 21, and 22
(Figure 27).
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Table 9. Summary statistics for length data collecteohinon-adclipped chinook salmon

smolts captured by the screwtrap in the Nooksack River,

Summarized by four temporal strata.

Year: 1994 1995 1996 1997 1998
Period 1: Statistical weeks 12 - 17
Mean 72.3 55.5 60.4 86.3 74.4
Stand. Error® 7.86 1.11 1.53 9.09 1.38
Coef. Var.” 10.9% 2.0% 2.5% 10.5% 1.9%
Median 67.0 51.0 56.0 75.0 73.0
Sample Size 4 205 213 16 114
Period 2: Statistical weeks 18 - 21
Mean 70.3 70.6 74.2 84.5 72.2
Stand. Error 0.71 1.03 2.26 1.61 1.07
Coef. Var. 1.0% 1.5% 3.0% 1.9% 1.5%
Median 69.0 71.0 74.0 80.0 70.0
Sample Size 178 133 30 241 180
Period 3: Statistical weeks 22 — 26
Mean 82.3 80.9 76.7 85.7 79.5
Stand. Error 0.35 0.48 0.90 0.69 0.58
Coef. Var. 0.4% 0.6% 1.2% 0.8% 0.7%
Median 82.0 80.5 78.0 85.0 80.0
Sample Size 617 206 128 324 261
Period 4: Statistical weeks 27 - 33
Mean 86.8 84.8 89.3 86.2 86.1
Stand. Error 0.74 0.34 0.81 0.74 0.29
Coef. Var. 0.9% 0.4% 0.9% 0.9% 0.3%
Median 86.0 85.0 89.0 87.0 86.0
Sample Size 111 289 93 144 637

& Standard error of the mean.

b Coefficient of variation = standard error/mean length.
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Table 10. Summary statistics for length data collectech fadclipped chinook salmon

smolts captured by the screwtrap in the Nooksack River,

Summarized by four temporal strata.

Year: 1994 1995 1996 1997 1998
Period 1: Statistical weeks 12 - 17
Mean 67.0 108.4 176.9 138.1 76.8
Stand. Error® 1.57 5.15 3.05 5.20
Coef. Var.” 1.4% 2.9% 2.2% 6.8%
Median 110.0 186.0 127.0 75.0
Sample Size 1 7 57 107 9
Period 2: Statistical weeks 18 - 21
Mean 83.6 76.8 107.8 120.0 78.4
Stand. Error 2.64 0.40 4.78 0.60
Coef. Var. 3.2% 0.5% 4.4% 0.8%
Median 80.0 76.0 107.5 77.0
Sample Size 23 175 4 1 203
Period 3: Statistical weeks 22 - 26
Mean 83.3 81.6 116.0 84.7 85.1
Stand. Error 0.72 1.05 0.83 0.92
Coef. Var. 0.9% 1.3% 1.0% 1.1%
Median 82.0 83.0 84.0 85.0
Sample Size 181 31 1 a7 32
Period 4: Statistical weeks 27 - 33
Mean 86.4 94.0 87.3
Stand. Error 1.03 1.00 3.56
Coef. Var. 1.2% 1.1% 4.1%
Median 85.0 94.0 87.0
Sample Size 39 0 2 6 0

Standard error of the mean.
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1996:

Fork lengths were measured for a sample of smolts foumof the five capture-efficiency
trials conducted in 1996 (Appendix Table 12). Smolts frongtioeip of fish measured for
the third trial were also used in the fourth trial. Tagture-efficiency trials with length data
associated with them were conducted during statisticeksvg2, 23, 24, and 26. For three of
the four trials, the length data were collected witliarfdays of the release of the fish for the
trial. There were 19 days between the time of the lengtasurements and the release of the
fish for the first trial. These fish were measuredirdurstatistical week 19 and released
during week 22. Length data for non-trial chinook smoltswapt at the trap are displayed
for statistical weeks 19, 20, 21, 22, 23, 24, 26, and 28 (Figure P8gre were very few
chinook smolts measured during weeks 24 through 28 so thedobpped smolt length data
were pooled for those weeks and are displayed as week 28 data

The length data for the first capture-efficiency t(i@easured during week 19) are not very
useful because these fish were used in a trial conductexstathree weeks later and would
experience an unknown amount of growth between the dinmeasurement and release. The
length data for the other three trials were roughly simo that for the non-adclipped smolts
measured during weeks 23 and 28 (Figure 28). The lengths afties sneasured for the
trials conducted during weeks 23 and 24 were somewhat largertkie non-adclipped
chinook smolts measured from catches during week 23. There mo length data for
adclipped smolts captured at the trap during this period.

1997:

There was only a single capture-efficiency experimentacted in 1997. Fork lengths were
measured for a sample of smolts for this trial (Appenitable 12). There were 25 days
between the time of the length measurements ancetbéase of the fish for the trial. These
fish were measured during statistical week 17 and releaseddveek 21. Length data for
non-trial chinook smolts captured at the trap are diggldgr statistical weeks 18 through 22
(Figure 29).

The length data for this trial (measured during week 17) areemyp useful because these fish
were used in a trial conducted almost four weeks latérvawuld experience an unknown
amount of growth between the time of measurement dease

There were not sufficient length data for adclipped ssnodtptured at the trap during this
period for display. The distribution of the lengthstbe smolts used in the trial, when
measured, were on the lower end of the range of lemdtbsrved for non-adclipped smolts
measured from catches during weeks 18 through 22 (Figure 29).
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1998:

There were only two capture-efficiency experimentsdooted in 1998. Fork lengths were
measured for a sample of smolts from the first ordl (Appendix Table 12). There were 19
days between the time of the length measurements amdi¢hse of the fish for the first trial.
These fish were measured during statistical week 19 andsedleluring week 22. Length
data for non-trial chinook smolts captured at the trapdaelayed for statistical weeks 19
through 23 (Figure 30).

The length data for the first capture-efficiency t(i@easured during week 19) are not very
useful because these fish were used in a trial conductexstathree weeks later and would

experience an unknown amount of growth between the timhmeasurement and release.
There were not sufficient length data for adclipped ssnodtptured at the trap during this

period for display. The distribution of the lengthstbe smolts used in the trial, when

measured, were similar to the range of lengths obsdoredon-adclipped smolts measured
from catches during weeks 21 through 23 (Figure 30).

Summary:

The length distributions of the chinook salmon used forctygure-efficiency trials did not
always correspond to those of the non-trial chinookltsne@aptured by the trap at the time of
the experiment. Fish length was discussed as a po$siite affecting capture efficiency,
especially for some water clarity conditions, in anlier section of this report. However, we
do not feel the differences in length distributions betwise two groups (capture-efficiency
trial and non-trial chinook smolts) were of sufficiemiagnitude to bias the estimates of
capture-efficiency.
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| ndex of Relative Abundance

The feasibility of developing an annual index of the nsdaabundance of chinook salmon
smolts out-migrating from the Nooksack River using theveitegp catch and effort data is
examined in this section. Several methods of estigan index of relative abundance are
explored. Indices are evaluated by comparing them tauhwers of hatchery-reared chinook
salmon juveniles (both non-adclipped and adclipped fishjsetkin areas above the screwtrap.
Indices for 1996, 1997, and 1998 are developed.

M ethods

Calculation of CPUE Indices

Four indices of relative abundance were calculated wsitglp and effort data from 1996, 1997,
and 1998. These were the only years that the scewtss operated following a random
sampling schedule and provide the data most appropriate fielogegng an index. For each
year, monthly indices were computed for April, May, gluand July. A combined May-June
index was also computed each year as this was typitelyeriod of peak out-migration for
chinook salmon smolts from the Nooksack River (see Fitylixe The first index was:

2catchij
Total CPUE index (TCPU)TCPU, = [1]

> effort,
=

wherecatch;; = the number of chinook salmon smolts caught during scapveef conducted
in monthi, effort; = the effort (in hours) during screwtrap sebnducted in month andn; =
the number of screwtrap sets conducted in mentfThis is equivalent to the ratio of the
means of catch and effort for sets conducted during monthhe variance of TCPU was
approximated using the formula for the ratio of the mezrisvo random variables (Jessen

1978):
V(TCPU,) = (TCPU, ){%H—f@ j + (—f% j - (Zr S5 ﬂ 2
ni Ci q Ci eI

wheren; is defined aboves; = the estimated variance of the catches for setslucted

during monthi, € = the mean catch for sets conducted during monsf) = the estimated
variance of the efforts for sets conducted duringntini, € = the mean effort for sets

conducted during month andr is the correlation between catch and effort fas senducted
during month.
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The second index was calculated as:

S CPUE,
Mean CPUE index (MCPU)MCPU, == [3]

where CPUE;; = the CPUE for chinook salmon smolts caught during dcapwset]
conducted in month. The variance of MCPU was estimated using the fornmodathe
variance of a sample.

The first index essentially weights the CPUE value dach set by the total number of
chinook smolts caught in the set while the second methas @qual weight to the CPUE
value of each set, regardless of the number of chinaaghtan the set.

The other two indices of abundance were based onatssof the expanded catch of smolts.
Expanded catch is the catch of each set expanded to adocoutfite estimated capture
efficiency of the trap at the time of the set. Captffieiency was estimated using the secchi
depth measured at the time of the set and the regrgssiameters relating capture efficiency
to secchi depth from Table 8. Expanded catch was estimated by

catch,
Expanded catchxpcatch): xpcatch; = ( [4]

0.06296/ depth, ) - 0.01780

wheredepth;; = the secchi depth measured at the screwtrap duringesatiucted in month
The estimated expanded catch was then used in the caloudtine other two indices. The
first was:

n;

> xpeatch,
Total expanded CPUE index (TXCPUYXCPU, =& [5]

> effort,

=1

Finally, expanded CPUEXCPUE) was calculated for each set by dividing the expandexh cat
for the set by its effort. The fourth index was tlaltulated as

> XCPUE;

Mean expanded CPUE index (MXCPUMXCPU, == [6]
n

whereXCPUE;; is the expanded CPUE for $&tonducted in month

The variances of both of these indices (TXCPU and XL were estimated using the same
procedures as for TCPU and MCPU but using the expandel estimates in place of the

observed catch values. The additional variation addeexpanding the catch for trap

efficiency was not accounted for in our analyses. é&fbeg, the variances of TXCPU and
MXCPU reported are underestimates of the true variahtteese parameters.
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Evaluation of CPUE Indices

The large numbers of hatchery-reared chinook salmontsmeléased upstream of the trap
offered a unique opportunity to determine whether thereawatationship between CPUE and
abundance, and to evaluate the performance of the fourediff€PUE indices. We assumed
that the number of hatchery-reared juvenile chinook ralealseve the trap during any specific
time period would be related to the catch realized atrdpe during the time those fish out-
migrated. We totaled the number of hatchery-rearecilevehinook released above the trap
that were available to capture by the trap for eadh@index months (April, May, June, and
July). Releases made 80 or more km above the trap duergstheight days of a month were
totaled with the releases in the next month. We asduhat the majority of the fish from such
a release could not migrate past the trap during the eigiatiming days in the month.

We then examined the correlation between each mo@RWYE index and the total number of
hatchery-reared juveniles released above the trap dimnghonth. This was done for both:

(1) CPUE calculated using the catch of all juvenile abknsalmon out-migrants and the total
number of hatchery-reared juvenile chinook released albeveap and (2) CPUE calculated
using only the catch of adclipped juvenile chinook salmonnagtants and the number of

adclipped juvenile chinook released above the trap. Botr |{fRearson’s r) and nonparametric
(Spearman’s rho) correlation coefficients (Conover 1986re calculated and examined for
significance. Visual inspections of plots of the relaships were used to identify data points
that may have strongly influenced the correlations. s&hmints were then omitted from the
analysis and the correlations recalculated.

The premise of this evaluation of the indices i$ thare is a direct correspondence between the
number of hatchery-reared juvenile chinook salmon reteabove the trap and the catch of
chinook out-migrants realized at the trap. We feel thigtis a valid assumption since our
previous analyses (see the section: Screwtrap Effadtt @hinook Salmon Smolt Catch
Summary and Analyses) indicate that almost all magaks in chinook CPUE observed during
each year of the study can be related to a releakatdfery-reared fish above the trap. We
hypothesize that there is a low level of out-migratmmnaturally-produced chinook salmon but
the majority of the out-migration during most periodsd@minated by hatchery releases.
Therefore, there should be a high correlation betweerE3#dhinook out-migrants at the trap
and the number of hatchery-reared chinook releasecdbevrap during most time periods.
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Results

Release Data by Month and Monthly CPUE Indices

A summary of the releases of all hatchery-reared okisalmon juveniles above the trap and
each of the monthly CPUE indices is given in Appendix TaBldor screwtrap data collected
in 1996, 1997, and 1998. Appendix Table 19 summarizes the relehsdlsadclipped,
hatchery-reared chinook salmon juveniles above the @mapeach of the monthly CPUE
indices calculated using only the catch of adclipped chinddkreleases of hatchery-reared
chinook occurred 66 or more km above the trap except fordgleases at the Ferndale Ramp
(1.8 km above the trap) in 1996; there were 689,700 non-adclippedeao chinook released
in April and 2,418,860 non-adclipped, age-zero fish released inatuthe Ferndale Ramp.
There were four releases near the end of a montiwéra moved to the next month'’s total
releases: the release of 96,530 age-zero chinook on 25 April th@dglease of 96,470 age-
zero fish on 29 May 1997, the release of 40,000 age-zero chimo2R April 1998, and the
release of 35,000 age-zero chinook on 30 May 1998.

Evaluation of CPUE Indices

The indices were evaluated using: (1) total juvenileadlnsalmon data for the total monthly
releases and monthly CPUE indices and (2) only adclippeshile chinook salmon data for the
monthly releases and monthly CPUE indices.

Indices Using Total Release and Catch Data:

The relationship between the monthly CPUE indices lfahenook out-migrants and the total
number of hatchery-reared chinook salmon released eawsthmpstream of the trap is shown
for the 1996-1998 data collectively in Figure 31. The correlatmefficients for these data,
and their significance, are summarized in Table 11.

Both correlation coefficients (r ang were significant R < 0.02) for the TCPU and MCPU
indices (Table 11, data set 1). However, the June 1996 alatagpfar removed from the rest
of the data and may be strongly influencing the relatigps (Figure 31). Therefore, we
removed this point and recalculated the correlations amare the influence of this single
point. Although the correlations decreased, both remasiggdficant (Table 11 - data set 2
and Figure 32).

For the correlations calculated from the CPUE ingliadich used the expanded catch data
(TXCPU and MXCPU), the Pearson r coefficients wewe significant P > 0.39) while the
nonparametric Spearmam coefficients were significant (Table 11 - data set 1An
examination of Figure 31 explains this as the April 1996 datat pppears to be an obvious
outlier. There is a clear increase in the CPUE indé&h whe number of fish released
upstream for all data points but this one. This singlatgmas a much greater effect on the
Pearson coefficient than the Spearman coefficlRamoving this single point increases r
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above the trap and each of the four monthly CPUE isdice

Table 11. Summary of Pearson’s r and Spearman’sphoofrelation coefficients between
the total number of hatchery-reared chinook salmon juseméleased each month

Coeffi- TCPU MCPU TXCPU MXCPU
Data Set cient | Corr.? Sig.b Corr. Sig. | Corr. Sig. | Corr. Sig.
1. All 1996-1998 r 0.82 0.001| 0.79 0.002| 0.27 0.393( 0.27 0.393
Data (n = 12) p 0.72 0.008| 0.69 0.014| 0.94 0.000| 0.94 0.000
2. All Data w/o June r 0.62 0.043| 0.60 0.049| 0.60 0.051( 0.60 0.050
1996 (n = 11) p 0.63 0.037| 059 0.056| 0.93 0.000| 0.93 0.000
3. All Data w/o April r 0.82 0.002( 0.79 0.004| 0.88 0.000( 0.87 0.000
1996 (n = 11) p 0.74 0.009 | 0.70 0.016 | 0.93 0.000| 0.93 0.000
4. All Data w/o April, r 0.60 0.068 | 0.59 0.071| 0.77 0.009( 0.76 0.010
June 1996 (n = 10) p 0.66 0.039 | 0.60 0.067| 0.91 0.000| 0.91 0.000

@ Value of the correlation coefficient.

b Significance of correlation coefficient. Coeffints which are significant &< 0.05 are in bold.

Table 12. Summary of Pearson’s r and Spearman’sghoofrelation coefficients between
the number of adclipped, hatchery-reared chinook salmon |egemleased each
month above the trap and each of the four monthly CPUiEas.

Coef- TCPU MCPU TXCPU MXCPU
Data Set ficient | Corr.? Sig.b Corr. Sig. | Corr. Sig. | Corr. Sig.
1. All 1996-1998 r 0.53 0.077| 054 0.07v3| 0.73 0.007 | 0.74 0.006
Data (n = 12) p 0.73 0.008 | 0.73 0.008| 0.88 0.000| 0.88 0.000
2. All Data w/o June r 0.85 0.001| 0.88 0.000| 0.71 0.015( 0.72 0.012
1997 (n = 11) p 0.70 0.017| 0.70 0.017| 0.89 0.000| 0.89 0.000
3. All Data w/o April r 0.54 0.084( 055 0.078| 0.89 0.000( 0.90 0.000
1996 (n = 11) p 0.70 0.017| 0.70 0.017| 0.89 0.000| 0.89 0.000
4. Data w/o April '96, r 0.83 0.003| 0.86 0.001| 0.91 0.000( 0.90 0.000
June '97 (n = 10) p 0.62 0.054 | 062 0.054| 0.89 0.001| 0.89 0.001

@ Value of the correlation coefficient.

b Significance of correlation coefficient. Coeffints which are significant &< 0.05 are in bold.
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from 0.27 to 0.88 and 0.87 for TXCPU and MXCPU, respectivBlgth coefficients become
significant ¢ < 0.01) for both indices with the removal of this pomiso (Table 11 - data
set 3). There is virtually no change in the Spearmarficeats with the removal of this data
point.

The April 1996 and June 1996 data points appear to be heavilgnaoing the correlations
between the four CPUE indices and the number of chinelelased above the trap. Both of
these points were associated with releases of hatobargd juvenile chinook at the Ferndale
Ramp, only 1.8 km above the trap. The releases foothlr data points used in the
correlation analyses occurred more than 66 km aboveape The relationship between any
CPUE index and the number of fish released abovedpentay be different when the fish are
released immediately above the trap compared to fishgsetl far above the trap. Therefore,
we omitted both the April and June 1996 data and recadclldie correlations for a
comparison of indices. Using this reduced data set (Tabledala-set 4), the two indices
calculated using the expanded catch data (TXCPU and MXCRUbah greater than the
correlations calculated using the “raw” catch data (TGRY MCPU). Both correlations for
each of the expanded-catch indices are also signifffan0.01).

Indices Using Release and Catch Data for Adclipped Chinobk O

The relationship between the monthly CPUE indicesaftnlipped chinook out-migrants and
the number of adclipped, hatchery-reared chinook salmoasedeeach month upstream of
the trap is shown for the 1996-1998 data collectively in FiggBe The correlation
coefficients for these data, and their significance,sammarized in Table 12.

Both correlation coefficients were significai € 0.01) for the TXCPU and MXCPU indices
(Table 12 - data set 1). However, only the Spearmaniceetf was significant for TCPU
and MCPU. The June 1997 data point is far removed fromesteof the data and may be
strongly influencing the TCPU and MCPU relationshipshergfore, we removed this point
and recalculated the correlations to examine its inflae The Pearson correlation
coefficients increased greatly and both became signifiqTable 12 - data set 2 and
Figure 34). The correlations for the TXCPU and MXCPUidaed remained virtually
unchanged.

For the correlations calculated from the CPUE ingliadich used the expanded catch data
(TXCPU and MXCPU), the April 1996 data point is far renb¥#@m the rest of the data and
may be strongly influencing these relationships. Removiiggpoint increased the Pearson
correlation from about 0.70 to 0.90 but the correlatiorsevsignificant P < 0.01) for both
data sets. It had little effect on the Spearman woeft (Table 12 - data set 3).

There is no apparent explanation for why the values &0 @nd MCPU for June 1997 are
much higher than expected. The April 1996 data point, whileglke potential outlier, does
not greatly effect the correlation coefficients. Babrrelations (r ang) for each of the
expanded-catch indices are significaBt< 0.02) in each of the data sets examined. It is
interesting to note that all adclipped fish were rele&sed the same location (Kendall Creek
Hatchery, 66.6 km above the trap) during all three years.
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Discussion and Recommendations

In many situations, researchers must assume that @PpHaportional to abundance. Often
there is no evidence to support this assumption. Thaseslef hatchery-reared juvenile
chinook salmon above the trap allowed us to examine $hisnaption for the Nooksack River
screwtrap catch and effort data. The assumption He&alCPUE of out-migrating chinook
salmon juveniles at the screwtrap is proportional tanthaber of chinook out-migrating from
the river is supported by the previous analyses. Therefoti@s section we will evaluate the
four indices and determine which index is “best”.

A single annual index is desirable rather than having melifdices each year. Therefore,
we examined using a combined May/June index as the annualohdéxindance. Because
there were only three data points, one for each yeadigvnot feel it was useful to calculate
correlation coefficients for the May/June indicéBable 13 summarizes the annual estimates
of the May/June index of abundance, including standaatsand coefficients of variation,
for the four indices. We plotted each of the May/Jmdkéces against the number of hatchery-
reared chinook released for both: (1) all fish caught drftshlreleased and (2) for adclipped
fish caught and adclipped fish released, similar to théadstused in the previous analyses
(Figure 35). The relationships between abundance and@Rigx for both indices based on
expanded catch were generally more linear in appearaandhose indices based upon “raw”
catch for both sets of data.

The correlations for the monthly indices based upon elgzhoatch were generally as high or
higher than those for the indices base upon “raw” cet¢glardless of the data set examined
(Tables 11 and 12). This, in conjunction with the mlorear appearance of the abundance-
CPUE relationship noted above for the combined May/Jun« insieg expanded catch, leads
us to recommend the indices based upon expanded catch rXCAMXCPU). We
recommend that the combined May/June screwtrap catalbdaised in developing an annual
index of abundance. There is little to recommend onbeoéxpanded catch based indices over
the other at this time (Table 13). We recommend furthatuation of these two indices as
additional data are collected in the future.
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Table 13. Estimated May/June index of abundance, with sthreteor and coefficient of
variation, using total catch data for out-migrating cbiknsalmon smolts in 1996,
1997, and 1998.

Index Index Standard Coefficient
Year Estimate Error? Of Variation
TCPU
1996 12.87 8.05 62.5%
1997 14.93 3.65 24.4%
1998 10.92 2.61 23.9%
MCPU
1996 13.07 7.15 54.7%
1997 15.08 3.41 22.6%
1998 11.11 2.55 22.9%
TXCPU
1996 631.93 377.21 59.7%
1997 243.52 51.94 21.3%
1998 608.73 131.43 21.6%
MXCPU
1996 663.66 344.34 51.9%
1997 259.35 54.57 21.0%
1998 623.66 130.37 20.9%

& Variance estimates for TXCPU and MXCPU do not inclide
additional variation introduced by estimating the catqbaaded for
trap capture efficiency.
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Figure 35. Plots showing the relationships between the BuEdndices and the number of
juvenile chinook salmon released above the trap calculatag May/June data
only. Plots for all juvenile chinook salmon caught agldaised are on the left and
for adclipped chinook juveniles caught and released arecoright.
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Conclusions and Recommendations

The five years of trap operation have demonstrateddaasidility of using a screwtrap to

sample the out-migration of chinook salmon juveniles ftb Nooksack River. We have

shown that chinook salmon out-migrants can be non-lgtbaptured by the trap and released
alive after enumeration and biological sampling. Based upg analyses of the data we
have reached the following conclusions and recommem#atio

Conclusions

1.

2.

Chinook salmon juveniles out-migrate from the Nooksack rRfinem at least late March
and early April through July.

The period of peak out-migration for naturally-produced chinemolts cannot be
identified in the current data set. The large releabbatchery-reared chinook juveniles
upstream of the trap overwhelm the naturally-produced ckisamon smolts and do not
allow them to be identified in the out-migration.

There is no evidence at this time, at this locationdiafnal patterns in the daily out-
migration of chinook salmon juveniles. These fish appareut-migrate throughout the
day and do not consistently exhibit higher rates of catletted to any period of the day.
While high rates of river flow are sometimes assedatith high catch rates of chinook
smolts at the trap, flow is not the critical factdfecting catch rates.

There is a strong relationship between the clarityhef water (as measured by secchi
depth) and the efficiency of the trap in capturing chinodki@a out-migrants. As the
clarity of the water increases (secchi depth gets dgeter efficiency of the trap in
catching out-migrating chinook salmon juveniles decreases.

The size (length) of out-migrating chinook salmon juvenilmay influence their
susceptibility to capture by the trap, also. Currentigré are not sufficient data to
determine whether this relationship is significant.

Length data alone are not sufficient to accuratelymase the proportion of yearling
(age-1) chinook in the out-migration.

There is a significant and positive relationship betwdennumber of chinook smolts
migrating past the trap and catch per unit effort (CPUERUE provides an index of the
relative abundance of chinook salmon in the out-mignatand can be used for
comparisons within and between years.

The best index of abundance that we examined was baseBWE calculated using the
catch expanded for the capture efficiency of the tragmastd from secchi depth
measured at the time of the set.

A long-range goal of this project is to estimate the ahmuoduction of chinook salmon
smolts from the Nooksack River system. There areethmajor problems that must be
addressed before total production estimates are possible:

* The feasibility of using CPUE data to estimate theltotamber of out-migrating
chinook salmon during periods of trap operation and expandirsg thstimates to
unsampled time periods must be examined;
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* A method for differentiating naturally-produced chinook fromatchery-reared
chinook must be developed if the natural smolt production enNboksack river
system is to be estimated; and

* It must be determined if the relationship between capticeeicy of the screwtrap
for hatchery-reared juvenile chinook and secchi deptlsumned at the trap estimated
in this report is the same for naturally-produced juveshieook salmon.

These will require that additional resources be devotédetproject. If CPUE data are to be
expanded to total production estimates, the frequencyngblsay must be increased. Under
the current sampling plan, only six out of every 48 hours5@h2of the hours possible) are
sampled on average. Precise estimates of total prodweifiomost likely require more hours
of trap operation. Secondly, if a method of diffei@mg naturally-produced chinook from
hatchery-reared chinook is developed it may require additi processing costs for the
samples, especially if microsatellite DNA analyssused. If all hatchery-reared chinook
salmon are mass-marked with an adipose fin clip, DNAyaisais no longer needed for
differentiating hatchery from natural chinook salmorolsa This will allow the estimation
of total river production by the natural stocks. HoweveMADanalysis will still be required
to estimate the production by each of the natural chirsadton stocks in the Nooksack
River.

Also, because the naturally-produced smolts appear to bery low abundance relative to
the hatchery-reared fish, additional sampling effortrénbours of trap operation) will be
required to collect sufficient numbers for precise est@® of the contribution of the
naturally-produced fish to the total out-migration. Ideadlgpture efficiency experiments
should be conducted with naturally-produced fish. Howetves unlikely that sufficient
numbers could be collected and marked for a comparatperienent without unacceptable
risks to the native stocks. Future experiments should ptttenuse fish with fork lengths
more similar to those captured in the screwtrap.

Recommendations

1. The trap should be operated following a random samplingdstd¢o provide unbiased
estimates of CPUE.

2. All future length data collected at the screwtrap shoeldrébm a random sample of the
captured chinook salmon. We recommend that a systemsatnpling procedure be
implemented for collecting fish lengths. For exampng a length measurement from
every fifth chinook smolt removed from the trap. Thiswgoensure that mean lengths
and other associated biological statistics are reprasenof the catch.

3. Arandom sample of scale samples with associatedeigiths should be collected. This
will allow the length-age relationship of the out-migngtismolts to be established. This
relationship can then be used to estimate the propasfiyearling (age-1) smolts in the
out-migration and to estimate the catch statistidBUE, etc.) for this group separately.
Estimating the age composition of the out-migrants Wwél important if brood year
production is to be estimated in the future.
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. The feasibility of differentiating hatchery-reared amaturally-produced chinook smolts
should be further examined. Both scale pattern and satetite DNA analysis options
should be explored. Estimates of the production of alytpproduced chinook salmon
smolts from the Nooksack River system will not be pwssuntil there is a method of
estimating (or identifying) the contribution of naturgliseduced chinook salmon smolts
to the trap catches. It is important that the sasmfuethese techniques be collected in a
random manner in proportion to their abundance.

. Additional capture—efficiency experiments should be cortleach year. The length
data for the fish used in the capture-efficiency trialsughdoe collected so that the
relationship between capture efficiency and fish length bmrurther examined. This
requires that the lengths are measured shortly befarefish are released for the
experiment (not two to three weeks prior to release).

. Capture—efficiency experiments should be conducted usingatigtproduced (“native”)
chinook salmon juveniles, if possible, to determinehd turrent capture-efficiency and
secchi depth relationship is appropriate for these fish.

. Estimates of the total production of chinook salmon ogramts from the Nooksack
River should be generated from the 1997 through 1999 data. bDifferethods of
producing these estimates should be examined and compatesl.vaifiance of these
estimates should be generated so the precision of timatss under current sampling
rates is known.
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Appendix Table 3. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1994.

Secchi Chinook Smolt Catch
Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
1 17 4/25 10:15 0.50 1 0 0 1
2 17 4/25 11:00 4.25 2 0 0 2
3 17 4/26 10:53 4.02 2.0 0 0 0 0
4 17 427 8:50 5.92 2.0 0 0 0 0
5 17 4/28 10:16 5.40 15 1 1 0 2
6 17 4/29 9:10 2.33 15 0 0 0 0
7 18 5/2 8:30 8.00 2.0 1 0 0 1
8 18 5/3 8:44 6.98 2.5 2 1 0 3
9 18 5/4 8:50 6.70 2.8 0 0 0 0
10 18 5/5 8:44 6.97 2.8 1 1 0 2
11 19 5/9 8:54 6.95 11 3 0 0 3
12 19 5/10 8:30 4.00 1.2 27 5 0 32
13 19 5/10 13:55 1.67 1.0 6 0 0 6
14 19 5/11 18:07 2.38 13 35 3 0 38
15 19 5/11 21:30 2.25 1.2 9 2 0 11
16 19 5/12 18:45 2.00 1.2 8 0 0 8
17 19 5/12 21:30 2.50 1.2 7 3 0 10
18 20 5/16 8:47 3.87 16 2 0 18
19 20 5/16 13:00 2.92 2.7 16 1 0 17
20 20 5/17 8:37 3.72 3.2 4 1 0 5
21 20 5/17 12:37 3.00 2.8 4 0 0 4
22 20 5/18 19:04 1.85 37 0 0 0 0
23 20 5/18 21:30 1.92 2 1 0 3
24 20 5/19 18:00 2.95 3.2 1 0 0 1
25 20 5/19 21:30 2.00 8 2 0 10
26 21 5/23 9:00 2.95 4.2 5 0 0 5
27 21 5/23 11:57 3.92 5 0 0 5
28 21 5/24 8:25 3.58 3.4 0 0 0 0
29 21 5/24 12:15 3.45 19 0 0 19
30 21 5/25 12:37 2.72 2.7 19 2 0 21
31 23 6/6 9:32 3.47 2.8 11 9 0 20
32 23 6/6 13:30 2.42 20 1 0 21
33 23 6/7 8:25 4.00 17 13 6 95 114
34 23 6/7 13:12 2.63 24 11 54 89
35 23 6/8 8:42 3.63 13 25 13 0 38
36 23 6/8 12:45 2.95 16 5 39 60
37 23 6/9 8:30 3.83 3.2 11 3 0 14
38 23 6/9 12:30 3.25 8 3 0 11
39 24 6/13 8:28 453 18 247 106 0 353
40 24 6/13 13:30 1.92 0 0 838 838
41 24 6/14 8:16 3.78 1.0 89 45 0 134
42 24 6/14 12:45 2.92 48 17 0 65
43 24 6/15 8:30 2.75 1.0 375 116 0 491
44 24 6/15 12:16 2.65 129 20 0 149
45 24 6/16 8:30 3.83 17 38 22 0 60
46 25 6/20 9:25 2.92 2.4 12 2 0 14
47 25 6/20 12:05 3.40 13 4 0 17
48 25 6/21 8:19 3.75 2.6 14 1 0 15
49 25 6/21 12:23 2.87 36 12 0 48
50 25 6/22 8:15 3.83 2.3 18 1 0 19
51 25 6/22 12:20 2.78 2.4 80 18 0 98
52 25 6/23 8:36 3.67 2.1 71 5 0 76
- continued -

96



Appendix Table 3. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1994 (continued).

Secchi Chinook Smolt Catch

Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
53 25 6/23 12:40 2.48 116 34 0 150
54 26 6127 8:27 6.72 2.7 4 0 0 4
55 26 6/28 8:26 3.98 3.4 1 0 0 1
56 26 6/28 12:33 2.78 5 0 0 5
57 26 6/29 15:28 3.78 18 18 5 0 23
58 26 6/29 19:30 3.75 116 18 0 134
59 26 6/30 23:55 5.05 1.9 59 6 0 65
60 26 6/30 5:43 5.55 2.4 10 0 0 10
61 26 6/30 11:30 3.42 11 2 0 13
62 27 7/5 9:45 6.00 1.9 4 1 0 5
63 27 716 8:23 5.18 2.2 10 0 0 10
64 27 7/6 8:23 5.33 18 7 2 0 9
65 27 716 19:20 417 17 23 3 0 26
66 28 7/111 0:30 3.78 2.3 0 0 0 0
67 28 7/111 8:23 3.25 2.0 5 0 0 5
68 28 7114 16:02 4.85 0.9 221 36 0 257
69 28 7114 21:43 2.32 11 27 9 132 168
70 29 7/18 10:30 2.25 1.6 2 2 0 4
TOTALS 258.09 2,139 563 1,158 3,860
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Appendix Table 4. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1995.

Secchi Chinook Smolt Catch
Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
1 13 3/31 1012 3.60 3.4 7 0 0 7
2 14 4/3 1105 2.73 3.2 3 0 0 3
3 14 4/3 1349 2.22 8 0 0 8
4 14 4/4 1021 2.98 3.1 2 0 0 2
5 14 4/4 1320 2.37 9 0 0 9
6 14 4/5 950 3.37 16 74 7 0 81
7 14 4/5 1312 2.55 23 1 178 202
8 15 4/10 931 3.00 2.5 21 0 30 51
9 15 4/10 1245 3.12 21 0 23 44
10 15 4/11 940 3.50 1.9 43 0 104 147
11 15 4/11 1330 2.38 42 0 24 66
12 15 4/12 912 2.55 2.1 6 0 0 6
13 15 4/12 1150 3.67 2 0 0 2
14 16 4/17 935 2.43 3.3 1 0 0 1
15 16 4/17 1201 3.58 1 0 0 1
16 16 4/18 2220 2.17 2.1 2 0 0 2
17 16 4/19 2430 2.00 2.1 5 0 0 5
18 16 4/19 230 2.00 1.9 2 0 0 2
19 16 4/19 430 2.00 2.7 2 0 0 2
20 16 4/19 630 2.00 2.5 3 0 0 3
21 16 4/19 830 0.92 2.5 2 0 0 2
22 16 4/19 1032 1.97 3.0 3 0 0 3
23 16 4/19 1230 2.17 2.6 1 0 0 1
24 16 4/19 1440 1.83 2.6 2 0 0 2
25 16 4/19 1630 2.08 2.8 0 0 0 0
26 16 4/19 1835 2.00 2.3 0 0 0 0
27 16 4/19 2035 1.75 2.0 1 0 0 1
28 16 4/19 2220 1.67 2.0 0 0 0 0
29 17 4/24 940 3.08 4.0 0 0 0 0
30 17 4/24 1250 2.33 4.0 0 0 0 0
31 17 4/26 915 3.50 3.4 1 0 0 1
32 17 4/26 1245 3.97 0 0 0 0
33 17 4/28 918 2.95 3.0 0 0 0 0
34 17 4/28 1234 3.18 2.9 1 0 0 1
35 18 5/1 935 1.08 3.3 0 0 0 0
36 18 5/1 1155 1.88 3.2 0 0 0 0
37 18 5/2 1910 4.67 3.1 1 0 0 1
38 18 5/3 2350 1.17 2.2 4 0 0 4
39 18 5/3 130 1.25 2.2 0 0 0 0
40 18 5/3 315 2.25 16 3 1 0 4
41 18 5/3 620 2.25 16 2 0 0 2
42 18 5/3 935 1.75 1.4 3 0 0 3
43 18 5/3 1150 4.42 13 4 0 0 4
44 18 5/3 1615 1.00 1.2 0 0 0 0
45 18 5/5 922 3.38 3.1 2 0 0 2
46 18 5/5 1300 3.33 2.8 1 0 0 1
47 19 5/8 945 0.50 2.7 12 0 0 12
48 19 5/9 912 2.05 2.1 0 0 0 0
49 19 5/9 1250 3.17 2.2 5 0 0 5
50 19 5/10 942 0.23 1 0 0 1
51 19 5/10 1035 1.03 1.2 11 0 0 11
52 20 5/15 945 3.00 2.0 9 23 0 32
- continued -
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Appendix Table 4. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1995 (continued).

Secchi Chinook Smolt Catch
Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
53 20 5/15 1325 2.25 17 11 32 0 43
54 20 5/16 1937 3.97 0.9 15 56 3 74
55 20 5/17 2335 1.58 13 0 104 0 104
56 20 5/17 110 2.92 1.4 9 27 0 36
57 20 5/17 435 3.67 15 9 25 0 34
58 20 5/17 835 3.67 1.4 8 11 0 19
59 21 5/22 855 3.33 3.0 1 0 0 1
60 21 5/22 1225 3.17 3.1 4 1 0 5
61 21 5/23 1931 3.75 2.1 14 14 0 28
62 21 5/24 2316 1.98 1.9 1 0 0 1
63 21 5/24 115 2.12 1 0 0 1
64 21 5/24 322 1.72 2.4 2 0 0 2
65 21 5/24 505 2.25 2.4 2 2 0 4
66 21 5/24 720 3.92 2.4 3 5 0 8
67 21 5/24 1115 4.92 2.5 25 24 0 49
68 22 5/31 748 1.00 1.2 0 0 0 0
69 22 5/31 854 0.10 2 0 1 3
70 22 5/31 900 0.27 3 0 0 3
71 22 5/31 916 0.23 0 0 0 0
72 22 5/31 930 5.55 11 12 0 0 12
73 22 5/31 1503 6.87 15 46 7 1 54
74 22 6/2 912 4.25 18 13 0 0 13
75 22 6/2 1429 2.10 16 9 3 0 12
76 23 6/5 930 3.83 18 6 0 0 6
77 23 6/5 1320 2.28 17 5 3 0 8
78 23 6/6 908 3.37 2.3 1 1 0 2
79 23 6/6 1230 4.00 2.2 4 1 0 5
80 23 6/7 845 1.17 2.5 3 0 0 3
81 23 6/7 955 0.42 0 0 0 0
82 23 6/7 1020 0.50 2.5 0 0 0 0
83 23 6/7 1050 1.03 0 0 0 0
84 23 6/7 1152 1.67 0 0 0 0
85 23 6/7 1332 2.03 2.6 1 0 0 1
86 23 6/7 1534 2.60 2.8 0 0 0 0
87 23 6/7 1810 2.90 0 0 0 0
88 23 6/9 908 3.28 2.1 1 1 0 2
89 23 6/9 1240 2.62 1.9 13 4 0 17
90 24 6/12 905 2.72 17 26 0 0 26
91 24 6/12 1200 3.00 17 17 2 0 19
92 24 6/13 908 3.37 2.5 1 0 0 1
93 24 6/13 1230 3.08 2.5 1 0 0 1
94 24 6/14 835 3.50 2.5 0 0 0 0
95 24 6/14 1205 3.50 2.5 0 0 0 0
96 24 6/15 853 3.62 3.1 0 0 0 0
97 24 6/15 1230 3.13 3.0 1 0 0 1
98 25 6/19 858 3.37 2.5 1 0 0 1
99 25 6/19 1220 4.03 3.0 2 0 0 2
100 25 6/20 1220 413 3.6 0 0 0 0
101 25 6/21 858 4.03 3.3 3 0 0 3
102 25 6/21 1300 3.35 1 0 0 1
103 25 6/22 810 8.47 3.4 1 0 0 1
104 25 6/23 900 2.75 3.0 0 0 0 0
- continued -
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Appendix Table 4. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1995 (continued).

Secchi Chinook Smolt Catch

Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
105 25 6/23 1145 458 2.6 1 0 0 1
106 26 6/26 831 5.02 27 0 0 27
107 26 6/26 1332 2.42 18 0 0 18
108 26 6/27 845 2.92 2 0 0 2
109 26 6/27 1140 2.67 2 0 0 2
110 26 6/29 940 3.17 2.0 25 0 0 25
111 26 6/29 1325 2.33 16 33 0 0 33
112 27 713 815 3.92 11 40 0 591 631
113 27 713 1247 3.32 1.0 40 0 219 259
114 27 7/5 820 3.63 17 17 0 0 17
115 27 7/5 1158 3.58 16 18 0 0 18
116 27 716 926 2.78 1.9 10 0 0 10
117 27 716 1213 3.53 1.9 23 0 0 23
118 28 7/10 736 4.68 1.2 40 0 202 242
119 28 7/10 1220 427 16 41 0 365 406
120 28 7/111 824 5.85 11 57 0 0 57
121 28 7/111 1429 1.63 11 10 0 0 10
122 28 7112 825 3.62 17 4 0 0 4
123 28 7112 1202 418 1.4 1 0 0 1
124 28 7/113 834 6.43 15 1 0 0 1
125 28 7/113 1500 1.33 0 0 0 0
126 29 7117 908 5.12 17 7 0 0 7
127 29 7117 1530 0.83 15 5 0 0 5
128 30 7124 1045 4.87 1 0 0 1
129 30 7126 914 2.47 0.3 1 0 0 1
130 30 7126 1202 2.68 0.4 17 0 0 17
131 30 7127 1004 0.18 0.3 2 0 0 2
TOTALS  371.38 1,067 355 1,741 3,163
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Appendix Table 5. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1996.

Secchi Chinook Smolt Catch

Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
1 13 3/25 12:02 4.00 3.0 0 0 0 0
2 13 3/27 7:46 418 3.3 0 0 0 0
3 13 3/27 20:10 3.88 35 0 0 0 0
4 13 3/30 4:10 4.00 35 0 0 0 0
5 13 3/30 12:00 417 4.0 0 0 0 0
6 14 4/1 4:14 3.78 2.9 0 0 0 0
7 14 412 8:12 4.08 0.9 4 127 0 131
8 14 412 12:27 4.08 0.8 0 20 0 20
9 14 4/3 4:10 4.00 15 1 11 0 12
10 14 4/4 15:59 4.00 3.2 20 3 135 158
11 14 4/4 20:20 4.03 20 0 62 82
12 14 4/5 8:00 4.03 35 20 0 186 206
13 14 4/6 16:00 4.00 3.2 20 1 788 809
14 15 4/7 23:57 4.67 11 42 0 1 43
15 15 4/7 12:07 4.02 0.9 9 0 0 9
16 15 4/7 16:10 4.03 0.7 12 2 0 14
17 15 4/9 12:00 4.02 16 10 0 0 10
18 15 4/10 4:27 3.70 1.2 24 1 0 25
19 15 4/10 8:43 1.22 11 4 1 0 5
20 15 4/11 4:00 4.00 0.9 7 1 0 8
21 15 4/12 16:00 4.00 16 12 2 0 14
22 15 4/13 20:00 4.00 2.4 2 0 0 2
23 16 4/14 4:03 4.00 2.1 1 1 0 2
24 16 4/14 20:00 4.08 2.2 1 0 0 1
25 16 4/15 0:16 4.07 3.1 1 0 0 1
26 16 4/15 16:15 3.53 3.3 0 0 0 0
27 16 4/15 20:04 3.85 3.3 1 0 0 1
28 16 4/16 0:05 3.82 3.1 0 0 0 0
29 16 4/16 4:14 3.70 2.9 1 0 0 1
30 16 4/17 4:10 4.03 13 0 1 0 1
31 16 4/18 4:15 4.00 17 2 0 0 2
32 16 4/18 12:00 4.00 16 2 0 0 2
33 16 4/19 16:40 4.00 17 0 1 0 1
34 17 4/22 0:03 4.00 2.8 1 0 0 1
35 17 4/22 4:03 4.00 3.3 0 0 0 0
36 18 4/28 12:10 4.00 1.2 0 0 0 0
37 18 4/28 16:17 4.00 15 1 0 0 1
38 18 4/28 20:23 4.05 15 0 0 0 0
39 18 4/29 4:30 4.00 1.4 0 0 0 0
40 18 4/30 0:30 4.08 1.9 0 0 0 0
41 18 4/30 16:00 4.00 1.9 0 0 0 0
42 18 5/2 11:59 4.00 2.0 0 0 0 0
43 18 5/3 8:05 413 18 0 0 0 0
44 18 5/4 0:26 3.97 17 0 0 0 0
45 18 5/4 16:05 4.00 2.5 1 0 0 1
46 19 5/5 20:05 4.00 3.2 0 0 0 0
47 19 5/6 0:12 4.08 2.7 0 0 0 0
48 19 5/6 7:58 4.00 2.9 0 0 0 0
49 19 5/7 8:00 4.00 2.9 0 0 0 0
50 19 5/7 0:00 3.97 2.6 0 0 0 0
51 19 5/8 12:09 413 1.9 0 0 0 0
52 19 5/8 16:45 4.00 1.8 1 0 0 1

- continued -
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Appendix Table 5. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1996 (continued).

Secchi Chinook Smolt Catch
Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
53 19 5/10 20:15 412 4.0 0 0 0 0
54 20 5/11 20:00 4.00 3.0 0 0 0 0
55 20 5/12 0:02 4.15 3.1 2 0 0 2
56 20 5/12 4:15 3.97 0.9 0 0 0 0
57 20 5/13 12:15 2.95 15 7 0 0 7
58 20 5/15 13:34 2.85 1.0 2 0 0 2
59 20 5/16 8:10 4.00 15 1 0 0 1
60 21 5/22 12:05 3.92 1.4 7 0 0 7
61 21 5/24 12:20 4.00 0.6 4 0 0 4
62 21 5/24 16:25 418 11 4 0 0 4
63 22 527 0:00 4.00 17 1 0 0 1
64 22 527 16:10 4.00 18 2 0 0 2
65 22 5/28 14:22 1.63 16 1 0 0 1
66 22 5/28 16:00 2.00 17 0 0 0 0
67 22 5/28 18:00 2.00 17 0 0 0 0
68 22 5/28 20:00 2.00 16 1 0 0 1
69 22 5/28 22:00 2.00 1.2 1 0 0 1
70 22 5/29 0:00 4.00 1.2 2 0 0 2
71 22 5/29 4:00 4.10 18 2 0 0 2
72 22 5/29 8:06 6.95 1.9 3 0 0 3
73 22 5/30 3:58 4.25 1.4 1 0 0 1
74 22 6/1 0:00 3.95 2.3 0 0 0 0
75 23 6/3 0:00 4.00 2.7 1 0 0 1
76 23 6/3 4:00 4.00 2.7 0 0 0 0
77 23 6/5 20:14 4.00 16 20 0 1830 1,850
78 23 6/6 9:00 4.37 18 0 0 323 323
79 23 6/7 4:41 1.45 1.9 194 0 0 194
80 23 6/7 6:09 1.93 18 58 0 0 58
81 23 6/7 8:06 1.97 18 23 1 37 61
82 23 6/7 10:05 1.98 16 21 0 69 90
83 23 6/7 12:05 3.92 1.4 0 0 105 105
84 23 6/7 16:08 4.02 1.4 137 0 0 137
85 23 6/8 4:15 3.78 13 0 0 136 136
86 24 6/11 16:00 412 3.0 1 0 0 1
87 24 6/11 20:07 4.03 2.5 2 0 0 2
88 24 6/12 8:00 4.00 3.1 2 0 0 2
89 24 6/12 12:05 4.00 2.8 1 0 0 1
90 24 6/14 8:06 2.00 35 0 0 0 0
91 24 6/14 10:06 1.90 3.4 0 0 0 0
92 24 6/14 12:02 1.97 35 0 0 0 0
93 24 6/14 14:00 2.05 3.2 0 0 0 0
94 24 6/14 16:06 4.00 3.6 0 0 0 0
95 25 6/17 20:00 2.00 3.3 0 0 0 0
96 25 6/17 22:00 1.95 2.0 1 0 0 1
97 25 6/18 23:57 2.22 2.5 1 0 0 1
98 25 6/18 2:10 2.00 2.5 0 0 0 0
99 25 6/18 4:10 4.00 2.5 0 0 0 0
100 25 6/18 8:10 4.00 3.6 0 0 0 0
101 25 6/20 16:07 5.83 3.8 0 0 0 0
102 25 6/21 8:30 417 3.8 0 0 0 0
103 26 6/24 20:00 4.00 3.8 1 1 0 2
104 26 6/26 8:13 4.33 3.8 0 0 0 0
- continued -
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Appendix Table 5. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1996 (continued).

Secchi Chinook Smolt Catch

Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
105 26 6/27 4:.07 2.22 32 0 0 0 0
106 26 6/27 6:20 2.00 3.8 0 0 0 0
107 26 6/27 8:20 2.00 3.8 0 0 0 0
108 26 6/27 10:20 2.00 3.8 0 0 0 0
109 26 6/27 12:20 4.20 3.8 0 0 0 0
110 28 7112 0:30 417 3.1 3 0 0 3
111 29 7/115 4:00 417 15 18 1 0 19
112 29 7/116 0:00 417 0.4 18 3 89 110
113 29 7/116 16:05 4.00 0.8 20 0 0 20
114 29 7/119 8:17 4.00 16 1 0 0 1
115 30 7123 20:00 4.25 15 3 0 0 3
116 30 7124 20:07 4.00 13 4 0 0 4
117 30 7125 8:12 4.00 16 0 0 0 0
118 30 7125 16:15 4.00 11 1 0 0 1
119 31 7129 12:04 4.00 1.0 4 2 0 6
120 31 7/30 16:07 4.00 0.7 26 0 0 26
121 31 8/1 8:15 4.20 1.4 0 0 0 0
122 32 8/5 11:53 4.00 2.7 0 0 0 0
123 32 8/5 15:53 4.00 2.2 0 0 0 0
124 32 8/7 0:08 4.20 2.2 0 0 0 0
125 32 8/8 20:05 4.00 18 0 0 0 0
126 33 8/12 4:13 4.07 1.2 1 0 0 1
127 33 8/12 11:47 4.08 1.2 0 0 0 0
128 33 8/13 19:45 4.25 13 1 0 0 1
129 33 8/14 4:08 4.15 1.3 1 0 0 1
TOTALS  476.52 825 180 3,761 4,766
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Appendix Table 6. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1997.

Secchi Chinook Smolt Catch
Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
1 12 3/17 11:57 4.82 11 0 0 0 0
2 14 412 12:05 6.03 1.9 4 35 0 39
3 14 4/3 18:04 6.00 1.9 1 36 0 37
4 14 4/4 0:06 6.07 1.4 0 37 1 38
5 14 4/5 22:57 5.67 2.3 2 0 0 2
6 15 4/8 11:52 6.00 2.8 0 0 0 0
7 15 4/10 7:45 6.00 3.0 0 0 0 0
8 15 4/12 10:50 6.00 3.6 0 0 0 0
9 16 4/14 11:55 6.00 1.4 1 0 0 1
10 16 4/16 6:20 2.85 17 0 0 0 0
11 16 4/18 10:45 5.67 0.8 1 1 0 2
12 17 4/22 12:00 6.00 0.6 1 0 3 4
13 17 4/24 17:44 477 0.9 2 0 0 2
14 17 4/26 11:55 6.08 1.2 4 0 0 4
15 18 4/30 0:05 5.95 22 0 0 22
16 18 5/2 6:02 5.97 11 10 0 0 10
17 19 5/4 11:52 6.17 15 13 3 0 16
18 19 5/6 5:57 0.88 0.9 21 1 0 22
19 19 5/8 12:05 5.92 1.0 23 0 0 23
20 19 5/10 23:56 5.82 11 15 0 1 16
21 20 5/12 18:06 2.07 0.7 7 0 0 7
22 20 5/14 12:25 5.58 0.4 1 0 0 1
23 20 5/16 10:05 6.08 0.4 9 0 0 9
24 21 5/19 11:07 3.95 0.8 11 0 0 11
25 21 5/20 12:04 2.05 0.8 15 0 0 15
26 21 5/20 14:12 2.05 0.8 1 0 0 1
27 21 5/20 16:15 2.25 1.2 15 0 0 15
28 21 5/20 18:30 1.92 0.9 0 0 10 10
29 21 5/20 20:25 2.00 1.2 7 0 1 8
30 21 5/21 22:25 4.00 0.9 27 0 53 80
31 21 5/21 2:25 3.08 0.8 0 0 217 217
32 21 5/22 12:10 3.08 1.2 44 0 72 116
33 22 5/27 12:45 5.33 15 21 0 65 86
34 22 5/28 12:00 6.00 11 29 0 159 188
35 22 5/30 6:00 6.00 0.4 29 0 128 157
36 23 6/5 14:00 6.00 0.4 28 8 12 48
37 23 6/6 6:00 6.00 0.5 20 2 54 76
38 23 6/6 12:00 6.00 0.5 18 9 16 43
39 24 6/10 17:45 6.25 0.8 23 54 133 210
40 24 6/12 0:00 6.00 0.5 29 62 446 537
41 24 6/13 18:00 6.08 0.8 17 22 137 176
42 25 6/16 6:35 4.33 0.8 20 7 95 122
43 25 6/20 6:00 6.17 0.6 14 2 3 19
44 25 6/20 12:10 5.83 0.7 14 1 0 15
45 26 6/23 12:00 6.08 0.8 18 4 48 70
46 26 6/24 11:45 6.25 0.4 17 6 10 33
47 26 6/25 12:10 6.08 0.7 21 1 5 27
48 26 6/27 0:05 5.92 0.9 21 0 0 21
49 27 6/29 0:00 6.00 11 17 3 11 31
50 27 711 12:00 6.00 1.2 9 1 0 10
51 27 713 0:00 6.25 13 6 3 1 10
52 27 7/4 12:00 6.00 1.3 9 0 0 9
- continued -
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Appendix Table 6. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1997 (continued).

Secchi Chinook Smolt Catch

Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
53 28 717 0:01 5.98 0.7 11 0 0 11
54 29 7/14 18:00 6.17 0.5 14 0 0 14
55 29 7/16 0:00 6.00 0.8 24 0 2 26
56 29 7/19 18:00 6.00 0.5 5 0 0 5
57 30 7121 6:00 6.25 0.5 5 0 0 5
58 30 7/23 0:00 6.00 0.8 6 0 0 6
59 30 7125 18:00 6.00 1.2 15 1 0 16
60 31 7/28 10:00 6.00 1.7 19 0 3 22
61 31 7/30 12:30 6.25 1.0 4 0 0 4
TOTALS  320.00 740 299 1686 2725
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Appendix Table 7. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1998

Secchi Chinook Smolt Catch
Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
1 14 4/3 10:15 5.75 4.0 0 0 0 0
2 15 4/5 12:05 5.92 45 0 0 0 0
3 15 47 18:05 5.50 4.8 2 0 0 2
4 15 4/9 0:05 5.92 4.0 0 0 0 0
5 15 4/11 6:00 6.00 4.0 0 0 0 0
6 16 4/13 18:23 6.10 4.0 0 0 0 0
7 16 4/15 0:07 6.08 4.0 0 0 0 0
8 16 4/17 6:00 6.28 4.0 15 0 0 15
9 17 4/19 11:52 6.08 4.0 0 0 0 0
10 17 4/21 0:02 6.17 4.0 8 1 0 9
11 17 4/23 18:09 5.18 13 46 7 75 128
12 17 4/25 6:21 5.90 15 19 1 1 21
13 18 4/28 9:56 6.22 3.6 7 0 0 7
14 18 4/29 0:15 6.25 4.0 20 0 20 40
15 19 5/4 12:05 4.92 0.9 19 0 0 19
16 19 5/5 17:03 2.78 0.8 18 0 0 18
17 19 5/7 6:00 6.00 11 25 0 37 62
18 19 5/9 12:00 6.17 1.4 20 1 193 214
19 20 5/11 8:03 3.52 2.4 18 0 0 18
20 20 5/13 18:06 6.15 13 20 0 31 51
21 20 5/15 6:00 7.50 15 20 0 35 55
22 21 5/17 12:00 6.00 2.0 20 0 27 47
23 21 5/19 6:05 6.35 47 0 0 0 0
24 21 5/21 18:00 6.17 3.2 0 0 0 0
25 21 5/23 11:57 6.05 3.2 2 0 0 2
26 22 5/25 18:00 6.00 15 10 0 66 76
27 22 5/27 6:05 5.92 13 10 0 230 240
28 22 5/28 17:40 6.08 16 2 0 15 17
29 22 5/29 23:45 6.25 17 6 0 0 6
30 23 5/31 12:00 6.58 49 4 0 0 4
31 23 6/2 11:50 4.63 2.1 46 0 0 46
32 23 6/4 9:00 6.00 2.3 20 0 101 121
33 23 6/4 15:00 6.00 17 20 0 391 411
34 23 6/6 0:00 6.00 17 20 0 95 115
35 24 6/8 0:05 6.17 1.2 21 0 108 129
36 24 6/10 18:26 6.15 18 11 0 0 11
37 24 6/12 18:05 5.92 2.2 20 30 0 50
38 24 6/13 10:16 6.23 2.5 20 0 25 45
39 25 6/14 6:00 6.00 2.3 14 6 2 22
40 25 6/15 13:00 3.00 1.9 14 6 57 77
41 25 6/16 9:00 6.00 1.9 138 20 0 158
42 25 6/18 12:15 6.02 2.8 3 1 0 4
43 25 6/20 12:00 6.00 2.5 8 2 0 10
44 26 6/22 0:09 7.10 2.1 6 2 0 8
45 26 6/24 17:55 6.08 2.3 10 3 0 13
46 26 6/26 6:05 5.92 15 15 5 3 23
47 27 6/28 11:55 6.08 18 17 3 1 21
48 27 712 12:00 6.00 1.2 0 0 0 0
49 27 713 6:05 6.42 0.5 0 0 0 0
50 27 7/4 12:04 6.35 0.4 0 0 0 0
51 28 716 18:00 6.00 11 0 0 0 0
52 28 7/8 0:00 6.00 1.1 0 0 0 0
- continued -
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Appendix Table 7. Summary of the chinook salmon smolt hcatata, by set, for the
screwtrap operated in the Nooksack River, 1998 (continued).

Secchi Chinook Smolt Catch

Set Stat. Start  Effort Depth Adipose Fin Tally Total
Number Week Date Time (hours) (feet) Present Absent Count Catch
53 28 7/10 0:05 7.17 0.9 0 0 0 0
54 29 7112 6:15 6.27 1.1 0 0 0 0
55 29 7/14 12:00 6.00 15 0 0 0 0
56 29 7/16 14:56 3.07 0.4 0 0 0 0
57 29 7/18 10:15 7.50 0.9 0 0 0 0
58 30 7/20 18:00 6.00 1.2 0 0 0 0
59 30 7/23 18:00 6.00 0.8 0 0 0 0
60 30 7124 12:00 6.50 0.9 0 0 0 0
TOTALS  354.37 714 88 1513 2,315
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Appendix Table 9. Number of chinook salmon smolts reledsmmh each bank for the
capture-efficiency trials conducted from 1995 through 1998.

Trial Release Smolt | Right Bank Release. | Left Bank Release | Minutes to
Code® Date Type |Number Mark Number Mark 1* Recap.
95(1) 18-Apr Fall 995 UpClip 998 Bismark
95(2) 2-May  Fall 986 Up Clip 984 Low Clip
95(3) 16-May  Fall 564 Low Clip 628 Up Clip
95(4) 23-May  Fall 981 Up Clip 952 Low Clip 22
95(5) 31-May  Fall 468 Up Clip 468 Low Clip 13
95(6) 7-Jun Fall 451 Low Clip 281 Up Clip
96(1) 28-May  Fall 799 Low Clip 800 Up Clip
96(2) 7-Jun Fall 789 Low Clip 785 Up Clip 32
96(3) 14-Jun Fall 777 Low Clip 709 Up Clip 35
96(4) 17-Jun Fall 782 Low Clip 764 Up Clip 37
96(5) 27-Jun Fall 784 Low Clip 785 Up Clip 30
97 20-May Spring 826 LowClip 819 UpClip
98(1) 28-May Spring 899 LowClip 899 UpClip 35
98(2) 4-Jun  Spring 893 UpClip 896 LowClip 32
% Trials coded by year (trial number Mean: 29.5
for the year). Standard Deviation: 8.1
Coefficient of Variation:  27.4%
Median: 32
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Appendix Table 11. Values for environmental variables measuueohgd each capture-

efficiency trial.

Trial Number Number Capture River Average Turbidity

Year Code Released Recaptured Efficiency Discharge (CFS) Secchi (ft) (Ntus)
95 95(1) 1,993 19 0.953% 2,520 2.425 14.0
95 95(2) 1,970 41 2.081% 3,410 2.275 14.0
95 95(3) 1,192 67 5.621% 4,100 0.900 41.0
95 95(4) 1,933 29 1.500% 3,310 2.100 13.5
95 95(5) 936 40 4.274% 4,180 1.200 34.5
95 95(6) 732 10 1.366% 2,750 2.500 11.5
96 96(1) 1,599 7 0.438% 3,850 1.650 17.5
96 96(2) 1,574 10 0.635% 3,920 1.900 17.0
96 96(3) 1,486 2 0.135% 2,780 3.500 9.0
96 96(4) 1,546 3 0.194% 2,400 2.650 8.0
96 96(5) 1,569 7 0.446% 2,400 3.200 8.0
97 97 1,645 72 4.377% 6,060 0.967 51.0
98 98(1) 1,798 38 2.113% 4,000 1.633 62.0
98 98(2) 1,789 8 0.447% 4,000 2.300 25.0
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Appendix Table 13. Summary of fork length data by statistiesgk
for chinook salmon smolts captured by the
screwtrap and measured during 1994.

Statistical Mean Stand. Coef. Median  Sample
Week Length Error® var.? Length Size

Non-adclipped Smolts

17 72.3 7.85 10.9% 67.0 4
18 79.5 10.99 13.8% 73.0 4
19 66.6 0.98 1.5% 66.0 80
20 71.0 1.36 1.9% 69.0 47
21 75.2 0.93 1.2% 75.0 47
23 75.9 0.70 0.9% 75.0 126
24 83.0 0.73 0.9% 82.0 180
25 84.0 0.55 0.7% 84.0 177
26 84.0 0.52 0.6% 85.0 134
27 84.6 0.87 1.0% 83.5 44
28 88.3 1.08 1.2% 89.0 65
29 87.5 2.50 2.9% 87.5 2
Statistical Mean Stand. Coef. Median  Sample
Week Length Error Var. Length Size

Adclipped Smolts

17 67.0 1
18 75.0 1
19 87.1 4.23 4.9% 82.0 13
20 78.6 2.62 3.3% 77.0 7
21 82.5 4.50 5.5% 82.5 2
23 76.6 0.85 1.1% 76.0 51
24 87.5 1.25 1.4% 87.0 69
25 84.4 1.39 1.6% 83.0 44
26 83.2 1.05 1.3% 83.0 17
27 87.8 1.89 2.2% 88.0 6
28 86.2 1.19 1.4% 85.0 31
29 84.5 7.50 8.9% 84.5 2

a

Standard error of the mean.

P Coefficient of variation = standard error/mean length
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Appendix Table 14. Summary of fork length data by statistiesgk
for chinook salmon smolts captured by the
screwtrap and measured during 1995.

Statistical Mean Stand. Coef. Median  Sample
Week Length Error® Var.” Length Size
Non-adclipped Smolts
13 51.0 1.60 3.1% 53.0 7
14 56.0 1.92 3.4% 50.0 96
15 54.5 1.25 2.3% 52.0 94
16 67.8 9.69 14.3% 55.0 6
17 57.0 15.00 26.3% 57.0 2
18 72.2 6.95 9.6% 63.0 13
19 59.9 1.83 3.1% 61.5 28
20 73.4 1.12 1.5% 72.0 43
21 73.8 0.92 1.2% 73.0 49
22 77.4 0.65 0.8% 78.0 75
23 81.0 1.32 1.6% 80.0 33
24 83.1 1.05 1.3% 84.0 20
25 77.8 2.26 2.9% 76.0 9
26 84.6 0.74 0.9% 85.0 69
27 82.8 0.42 0.5% 83.0 142
28 86.4 0.53 0.6% 87.0 123
29 88.9 1.52 1.7% 89.5 10
30 88.1 1.85 2.1% 89.0 14
Statistical Mean Stand. Coef. Median  Sample
Week Length Error Var. Length Size
Adclipped Smolts
13
14 108.4 1.57 1.4% 110.0 7
15
16
17
18
19
20 75.9 0.42 0.6% 75.0 132
21 79.6 0.85 1.1% 79.0 43
22 80.8 1.26 1.6% 81.0 19
23 83.7 212 2.5% 85.0 10
24 78.5 1.50 1.9% 78.5 2
25
26
27
28
29
30

a

Standard error of the mean.

P Coefficient of variation = standard error/mean length
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Appendix Table 15. Summary of fork length data by statistiesgk
for chinook salmon smolts captured by the
screwtrap and measured during 1996.

Statistical Mean Stand. Coef. Median  Sample
Week Length Error® var.” Length Size
Non-adclipped Smolts
14 60.8 3.09 5.1% 54.0 86
15 59.3 1.45 2.4% 57.0 119
16 72.8 8.75 12.0% 63.0 8
18 89.5 27.50 30.7% 89.5 2
19 73.0 1
20 75.5 2.49 3.3% 75.0 12
21 71.3 2.66 3.7% 73.0 15
22 74.6 1.62 2.2% 74.5 14
23 76.3 1.03 1.3% 78.0 105
24 83.5 2.62 3.1% 86.0 6
25 87.5 2.50 2.9% 87.5 2
26 88.0 1
28 90.3 3.28 3.6% 92.0 3
29 90.1 1.05 1.2% 90.0 56
30 90.3 2.20 2.4% 90.0 7
31 86.1 1.63 1.9% 84.0 24
33 96.7 1.67 1.7% 95.0 3
Statistical Mean Stand. Coef. Median  Sample
Week Length Error Var. Length Size
Adclipped Smolts
14 187.1 4.66 2.5% 192.0 49
15 133.7 13.00 9.7% 1245 6
16 109.7 0.33 0.3% 110.0 3
18
19
20
21
22
23 116.0 1
24
25
26
28
29
30
31 94.0 1.00 1.1% 94.0 2
33

a

Standard error of the mean.

P Coefficient of variation = standard error/mean length
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Appendix Table 16. Summary of fork length data by statistiesgk
for chinook salmon smolts captured by the
screwtrap and measured during 1997.

Statistical Mean Stand. Coef. Median  Sample
Week Length Error® var.” Length Size
Non-adclipped Smolts
14 116.3 12.57 10.8% 109.0 7
16 58.0 5.00 8.6% 58.0 2
17 64.4 6.70 10.4% 58.0 7
18 103.6 5.29 5.1% 106.5 32
19 79.4 3.06 3.9% 71.5 72
20 100.7 8.20 8.1% 115.0 17
21 80.1 1.59 2.0% 79.5 120
22 92.8 2.55 2.7% 85.0 65
23 83.1 1.13 1.4% 84.0 66
24 84.2 0.91 1.1% 84.0 69
25 81.1 1.30 1.6% 84.0 48
26 86.3 0.89 1.0% 86.0 76
27 85.7 1.56 1.8% 89.0 41
28 89.7 1.20 1.3% 89.0 11
29 84.8 1.39 1.6% 86.0 43
30 86.4 1.35 1.6% 86.0 26
31 87.5 2.11 2.4% 85.0 23
Statistical Mean Stand. Coef. Median  Sample
Week Length Error Var. Length Size
Adclipped Smolts
14 138.6 3.04 2.2% 127.0 106
16 89.0 1
17
18
19 107.8 4.78 4.4% 107.5 4
20
21
22
23 83.2 0.98 1.2% 83.0 19
24 84.9 1.35 1.6% 84.0 16
25 89.3 7.88 8.8% 83.0 3
26 85.8 1.74 2.0% 85.0 9
27 84.6 2.79 3.3% 83.0 5
28
29
30 101.0 1
31

a

Standard error of the mean.

P Coefficient of variation = standard error/mean length
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Appendix Table 17. Summary of fork length data by statistiesgk
for chinook salmon smolts captured by the
screwtrap and measured during 1998.

Statistical Mean Stand. Coef. Median  Sample
Week Length Error® var.” Length Size

Non-adclipped Smolts

14 99.5 4.50 4.5% 99.5 2
15 72.2 1.11 1.5% 73.0 15
16 73.1 1.75 2.4% 73.0 72
17 77.5 3.35 4.3% 72.0 25
18 75.6 2.29 3.0% 70.0 72
19 66.9 1.00 1.5% 67.0 58
20 69.0 1.82 2.6% 69.5 22
21 77.2 1.64 2.1% 78.5 28
22 79.9 1.10 1.4% 80.0 86
23 78.4 0.98 1.3% 80.0 72
24 75.3 1.16 1.5% 75.0 55
25 85.6 1.30 1.5% 85.0 31
26 84.3 2.10 2.5% 86.0 17
Statistical Mean Stand. Coef. Median  Sample
Week Length Error Var. Length Size

Adclipped Smolts
14
15
16 76.8 5.20 6.8% 75.0 9
17
18 120.0 1
19
20
21
22
23
24 83.2 1.10 1.3% 82.0 19
25 86.8 1.51 1.7% 85.0 10
26 91.3 1.33 1.5% 90.0 3

a

Standard error of the mean.

P Coefficient of variation = standard error/mean length
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Appendix Table 18. Summary of the monthly releases of bataleared chinook salmon
juveniles above the trap and the four monthly CPUE esl@alculated
using all chinook out-migrant catch data for the years 1996-1998.

Month - Number Release Index of Abundance for All Chinook Caught
Year Released Location® TCPU MCPU TXCPU MXCPU
April-96 875,662 1.8 (79%), 11.09 10.86 11,792.90 11,479.03

66.6 (21%)

May-96 0 0.36 0.38 20.67 20.43
June-96 2,421,498 1.8 25.93 24.35 1,269.85 1,235.43
July-96 0 4.31 4.26 87.52 86.30
April-97 187,765 66.6 1.91 1.80 92.54 87.11
May-97 353,961 89.5-96.1 12.57 13.46 269.48 285.06
June-97 401,492 66.6 —89.5 17.21 17.40 218.43 222.62
July-97 0 1.89 1.90 48.05 48.35
April-98 540,237 66.6 2.66 2.86 711.25 690.95
May-98 797,336 89.5-96.1 8.97 8.86 381.26 377.68
June-98 527,977 66.6 —96.1 12.73 13.22 820.48 855.16
July-98 0 0.00 0.00 0.00 0.00
May/June-96 2,421,498 1.8 12.87 13.07 631.93 663.66
May/June-97 755,453 66.6 —96.1 14.93 15.08 243.52 259.35
May/June-98 1,325,313 66.6 — 96.1 10.92 11.11 608.73 623.66

% Release location in km above the trap.
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Appendix Table 19. Summary of the monthly releases othbayereared and adipose fin
clipped chinook salmon juveniles above the trap and thenfmunthly
CPUE indices calculated using adclipped chinook out-migcatth
data for the years 1996-1998.

Month - Number  Release Index of Abundance for Adclipped Chinook Only
Year Released Location® TCPU MCPU TXCPU MXCPU
April-96 183,545 66.6 1.62 1.58 252.57 247.12
May-96 0 0.00 0.00 0.00 0.00
June-96 2,638 66.6 0.03 0.05 8.02 7.62
July-96 0 0.42 0.42 4.47 4.41
April-97 187,765 66.6 1.39 1.30 76.42 71.64
May-97 0 0.05 0.08 1.79 2.10
June-97 180,014 66.6 8.52 8.47 104.57 104.25
July-97 0 0.07 0.07 2.13 211
April-98 151,516 66.6 0.23 0.26 16.07 16.76
May-98 0 0.11 0.10 3.98 3.73
June-98 202,802 66.6 0.98 1.18 77.47 90.20
July-98 0 0.00 0.00 0.00 0.00
May/June-96 2,638 66.6 0.02 0.03 3.83 4.40
May/June-97 180,014 66.6 4.36 3.54 54.06 44.16
May/June-98 202,802 66.6 0.56 0.66 42.04 48.28

% Release location in km above the trap.
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