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DRAFT

ROTARY SCREW TRAP PROTOCOL FOR
ESTIMATING PRODUCTION OF JUVENILE CHINOOK SALMON

BACKGROUND

Monitoring data can provide the foundation for sssful management programs if data are
collected in a systematic, consistent, and comm&ie manner. Too often, data are collected
with methods that are not standardized, are celteduring different time periods, or in a
manner that is not designed to maximize the quahty utility of the data. Many monitoring
programs also experience problems because theirtsefio not adopt standardized reporting
templates, the quality or limitations of the ddtattare collected are not characterized, or reports
are issued years after data were collected. Tter j[sroblem is especially troublesome when the
personnel that collected data are no longer adsacveith the monitoring program and other
staff who were not involved in the data collectedforts are left to develop long-overdue
reports. The ability to successfully address eddthese problems compromises the ability to
monitor trends in species or habitats of interast limits the ability to develop successful
management programs because they lack accessaly,tamcurate, and complete data.

To avoid the abovementioned problems, the Compehessessment and Monitoring
Program (CAMP) developed this protocol with theealive of estimating the production of
juvenile Chinook salmonncorhynchusshawytschpathat emigrate from watersheds in the
Central Valley of California. For the purposegfa protocol, the word “production” refers to
the total number of juvenile Chinook salmon thahswpast a rotary screw trap (RST) during a
particular month or year; this value includes thenber of juvenile salmon caught by the RST
plus the estimated number that swam past the titdyout being caught.

The CAMP Implementation Plan (Montgomery Watsoalefi997) recommends that the
production of juvenile Chinook salmon should be rtamed with a RST. This protocol therefore
is limited to procedures and methods that pertaihé use of those traps. Unlike other RST
protocols, the CAMP protocol provides a seriesaifjplates that: (1) provide standardized
forms, figures, and tables that will make it eatsecompare temporal data within and among
watersheds, and (2) provide an ability to undedsthe quality and limitations of the data that
are collected.

This version of the CAMP RST protocol is considet@the a draft because the program has not
completed a review of the equations that coulddeeluo estimate juvenile fish production.

Until the CAMP identifies the equations it believas best used to estimate juvenile fish
production, the program recommends that produ@sgiimates and confidence intervals are
developed using the equations described by Volktedrdl. (2007). After the CAMP has
finished its review and identifies what it believaae the optimal formulas for estimating juvenile
fish production, it will develop a final version t§ RST protocol.



DATA COLLECTION PROCEDURES
Gear Type

Rotary screw traps (E.G. Solutions®, Corvallis, @R commonly used to monitor the
production of juvenile salmonids (Baranski 1989¢ci@n et al. 1994; Thedinga et al. 1994).
These traps are also being used in some locatioassess the success of restoration activities
(Solazzi et al. 2000; IMW SOC 2004; Johnson e2@05).

Rotary screw traps consist of a funnel-shaped tuatas screened with 3-millimeter (mm)
diameter perforated plate. The trap cone is suigEeabove the water between two aluminum
pontoons. Baffles in the trap cone cause thedose to rotate as water flows past the trap. As
the trap cone rotates, fish that are moving doweastr past the trap are guided into a livebox that
is attached to the rear of the trap cone.

Depending on stream size, a 5-foot or 8-foot di@mBST can be used to collect juvenile
salmon. If a 8-foot diameter trap can successhélypperated at a trap site (i.e., hydraulic
conditions or water depth at a trap site do notaimpone rotation), the CAMP recommends that
this size trap be used to collect juvenile salmecadise it will sample a greater volume of water
than a 5-foot diameter trap. If past samplingvétadis at a trap site have used more than one trap
(e.g., two traps have been fished side-by-side)s#ime number of traps should continue to be
used at the trap site to ensure consistent datctioh.

The CAMP does not recommend that electric motorgdeel to turn a RST during low discharge
conditions. At present, there are insufficientad@t demonstrate that motorized RSTs are able to
accurately quantify the number of juvenile salmioat tmove past a trap.

Rotary screw traps that are used to collect jueesalmon should possess a variety of features.
They should possess a mechanical counter that mesafie number of revolutions the RST
makes each day; this device will provide an indacabf how well the trap is operating. To
reduce fish losses from the livebox, fish refugeickes and debris separators should be installed
within the livebox to dissipate water velocitiegdareduce predation. If fish refuge devices and
debris separators cause size-selective mortality mspect to Chinook salmon, these features
should be modified to reduce their adverse effeBSTs should also possess a variety of safety
features that protect people that work on, or entaruthe traps. These features are described in
the “Safety Measures” section below. If there m#ential that seals on the trap livebox will
allow fish to escape from the trap, the seals shbalreplaced before the trap is deployed at the
beginning of the sampling season.

Trap Placement

Because the CAMP is interested in estimating thmbmr of juvenile salmon that emigrate from
a stream or river, the CAMP recommends that RSTaepdoyed as close as possible to the
mouth of a watershed. If a site with suitable laydic conditions and reliable access cannot be
located near the mouth of a watershed, the traplredgcated further upstream, but it should be
positioned downstream of the area where Chinook@alspawn. Once a suitable trap site has



been found, the trap distance upstream from thelmafithe watershed should remain fixed
each year unless changes in channel configuratibgdraulic conditions warrant adjustments.

To the extent possible, traps should be positiondocations: (1) where a relatively high
percentage of the total stream or river dischal@ed through the trap cone; (2) where they can
operate effectively over the entire range of disgaaonditions (including floods) that may exist
during a sampling season; (3) directly downstre&mriffle, as opposed to the downstream end
of a pool; and (4) in the thalweg of the river team channel, unless high discharge or flood
conditions dictate the trap should be moved tosatiom with lower water velocities. Water
velocities at a trap site where an 8-foot diamBi8T is operated should not be less than 0.6
meters/second (2.2 feet/second) at the lowest aligelthat will be sampled (Mark Wade, E.G.
Solutions®, pers. comm.). Under optimal conditidhe water velocities at a trap site with an 8-
foot trap should be 1.5 meters/second (4.9 feadfsBc

Low stream gradients and water velocities may eritte lower portions of some streams and
rivers. Under these conditions, a low proportibthe total discharge may be sampled by the
trap, and the trap may not collect juvenile salnman efficient manner. In these locations,
channel modifications to divert more flow into tinep cone may be needed to increase trap
efficiency. If the watershed where the RST is afed is not prone to “flashy” conditions,
sandbag walls, gabion walls, fyke-net guidance |sane hardware fence panels may be used to
divert a greater percentage of the total streammelinto the RST. Permits from state or
federal agencies may be required prior to the lilasian of some of the structures.

Traps should be held in place with 6 millimetemdeder or thicker cable fastened to large,
permanent structures on the bank. If possiblerhemazl cables should be used to secure traps. A
safety cable should be attached to the rear ar#pe such that the trap will swing to shore if the
other cables fail.

Sampling Period

The sampling periods when RSTs are used to mguoienile Chinook salmon will vary
depending on the race of Chinook salmon being tadgier capture. As a general guideline, the
CAMP recommends that RSTs in the Central Valle€alifornia be operated during the
following sampling periods:

In streams that only possess fall-run Chinook salrsampling should occur from
December 1 through July 15.

In streams that possess fall- and spring-run Chisatmon, sampling should occur from
September 1 through July 15.

In the upper Sacramento River where fall-, late,fapring-, and winter-run Chinook
salmon occur, sampling should occur year-round.

The actual dates when sampling begins and end$mayodified to account for a variety of
environmental factors. For example, stream tentpexalata and emergence models can be used



to strategically select the date when trapping kEhba initiated; trapping early in a field season
may not be feasible until sufficient water is pres®e cause trap cone rotation; and trapping at
the end of a field season may be terminated wheerk@mperatures exceed 18 degrees Celsius
(64° F) because relatively few juvenile salmon Ww#l able to survive in waters that exceed this
threshold.

Collecting Fish and Assessing Trap Reliability

Quality assurance/quality control procedures shbeléstablished for each location where a
RST is used to monitor the abundance of juvenilm@k salmon. These procedures should be
designed to ensure that accurate, complete datoobeeted and recorded. For example, new
personnel should be trained to properly collect @odrd data prior to working in the field,
procedures should be developed to ensure datzeueately transferred from raw data sheets to
digital files that are used to analyze data, addament that describes the field names in digital
tables, i.e., a data metafile, should be prepavddtsre users of the data know what the data
represent.

Staff that operate RSTs should assess the potémdidisted fish species may be captured during
trapping activities. If listed fish species coblel captured during trapping activities, personnel
operating a RST should contact staff in the Natidbferine Fisheries Service and California
Department of Fish and Game to determine if a paemequired. If one or more permits are
required, the terms and conditions in each permatrbe followed.

Traps should be fished continuously for a minimurfivee days each week for the duration of
the sampling period. When a relatively large préipa of the season’s total Chinook salmon
catch could be caught, traps should be fished séags a week to avoid the need to extrapolate
data to estimate the number of fish that would Haeen caught during periods when the trap
was not operated. Traps should be checked attie@mst each day they are operated (i.e., in the
morning and evening) to remove debris and procagticed fish. When water velocities or
debris loads are relatively high, traps shouldteecked: (1) several times per day, e.g., every
two hours; (2) monitored continuously; or (3) atdamly selected intervals to reduce the
potential for fish mortality. When staff are neheduled to service traps at least once every 24
hours, the trap cone should be stored in the naunfysposition.

During each trap check, debris and fish insiddittebox should be retrieved using long-handled
nets. To ensure their safety, project personrmllsinot climb or reach into the trap as the
contents are removed from the livebox. Fish shbeldarefully separated from debris and a
special effort should be made to look for smaligh.f As fish are found, they should be placed
in buckets of fresh water for processing. If capdlpiscivorous fish species have the potential
to harass or eat Chinook salmon during the peribenafish are processed, piscivorous fish and
salmon should be held in separate buckets.

As fish are processed, several steps should ba takeduce stress in the fish. During
processing, fish should be anaesthetised using R25QQ, or Tricaine-S. The dosage of the
anaesthetics should be adjusted to avoid fish fitgrtaAnaesthetised fish should be allowed to
recover in fresh water with small amounts of PolyAgprior to release. A battery-operated air



bubbler should be used to oxygenate the watereibtitket used to hold juvenile salmon, and
the water temperature in the bucket should be oatisly monitored with a thermometer. The
water in the bucket should be changed as frequastheeded to prevent stress or mortality of
fish. For example, the water in a bucket shouldhmnged every 30 minutes to prevent the
accumulation of waste products, and it should l@ghkd frequently on days when high air
temperatures or intense sunlight could elevatétioget water temperature above the water
temperature in the stream being sampled.

Each of the captured fish should be counted, salshonld be examined for clips or marks that
indicate they originated at a fish hatchery, arichea should be classified according to one of
four life stages that include fry, parr, smoltsdaearlings. Field staff may elect to classify
salmon according to other life stages (e.g., syiyarr), if desired. Appendices A and B provide
photographs and narratives that can be used iaglisth the four life stages. Under ideal
circumstances and because the external charaict®tisat are used to classify salmon are not
mutually exclusive, the same personnel should kd ts classify salmon to minimize bias on
how salmon are classified. If this is not possiblethe staff that potentially could classify
salmon should be trained to classify fish in a cgiest fashion.

Data should be collected to characterize the leafytaptured fish to the nearest millimeter. If
less than 100 juvenile Chinook salmon are likelfpéocaptured during a day, the fork length of
each captured salmon should be measured. If hareltO0 juvenile Chinook salmon are likely
to be captured during a day, at least 50 randoeigcted Chinook salmon should be measured
each time the trap is checked. For non-salmoniepeie fork lengths of a random subsample
of up to 20 individuals of each species should easured each day. After all the fish are
processed, they should be released far enough tl@ansof the RST that they are not likely to
re-enter the trap, e.g., at least 300 meters franrap.

Biologists should attempt to identify which runs@tinook salmon are being captured in
watersheds that possess two or more runs. At fithissmay be difficult because stream-
specific or generic daily length tables may noapglicable and different runs of Chinook
salmon in a stream may have similar emergencegsednd therefore lengths. The following
tools, in decreasing order of reliability, shoukl ised to identify the taxonomic identity of
Chinook salmon in watersheds that possess two o& mios: genetic markers, stream-specific
daily length tables, or generic daily length talitest apply to Chinook salmon from the Central
Valley. If a RST in a watershed is located nearrtiouth of a watershed and multiple salmon
runs could be caught simultaneously, it may ndiglsible to classify Chinook salmon
according to run and it may be more appropriat@rtgly record data in a generic way, i.e.,
number of Chinook salmon caught (as compared todhngber of fall-run Chinook salmon
caught).

In watersheds where hatchery releases occur upsfrean a RST, staff that operate RSTs
should maintain regular contact with hatchery siafbtain data on the timing, magnitude, and
size of salmon released from the hatchery. |de#ily staff that operate RSTs should obtain
information about the release of hatchery-rearbd@abefore these animals are released; this
information may be critical to successfully detarmg if the salmon that are caught in a RST
are wild or have a hatchery origin. If hatcherelease unmarked salmon and substantial size



differences in wild and hatchery-origin salmon acatiaff that operate a RST should attempt to
differentiate wild and hatchery-origin salmon byesdifferences to the extent that is possible.
After fish are processed, debris outside the toagshould be cleared using brushes. Mud and
debris should be swept off pontoons, and all eqemrshould be removed from the trap
platform after each trap check.

Live box retention tests should be conducted ibalwg, significant losses of salmon are
suspected to occur from a rotary screw trap live bBuch losses can occur because of predation
or faulty seals on the live box. The tests areracommended if substantial problems are not
expected to exist. Retention rate tests can béumed by releasing uniquely marked groups of
at least 100 fish of each life stage into the be& and counting the number of recoveries in the
subsequent trap check. If substantial numberalof@n are being lost from the livebox due to
predation, additional refuges should be creatdderbox to provide cover. If salmon are being
lost due to faulty livebox seals, the seals shbeldeplaced.

A rotary screw trap’s ability to generate high dtyadiata, i.e., trap reliability, is affected byeth

(1) orientation of the trap to stream flow, (2)targtaneous rotation rate of the trap cone, (3) tota
number of rotations the trap cone makes each 124-@wour period, (4) velocity of water

moving into the trap cone, and (5) amount of detwitected by the trap. It is therefore
important to document each of these variables gawhthe trap is checked. Ideally, the trap’s
long axis should be parallel to the axis of theatn flow. The instantaneous rotation rate of the
trap cone should be measured each time fish acegsed at the trap; these measurements
should be made before and after the trap cone@eld. Instantaneous rotation rate of the trap
cone should be quantified by measuring the avesiagsunt of time it takes the trap cone to
make three revolutions. The total number of rotaithe trap cone makes during a 12- or 24-
hour period is quantified using a mechanical caumeunted on the RST. The mechanical
counter should be reset each time fish are prodesgelocity of water moving into the trap

cone should be measured using a mechanical oaldigéter. The location where the water
velocity is measured should ideally be in the ceatehe trap cone just below the water surface.
If a measurement at this location is not possibke Jocation where the velocity is measured
should be done at a consistent X, Y, and Z cootdiaad this location should be noted on a
datasheet. The amount of debris collected byrtpeghould be documented in a qualitative, if
not quantitative, way each day. For example, thesigal makeup of the debris could be
described (e.qg., leaves, aquatic vegetation, $tidaly debris) and the amount could be
measured using 10-gallon tubs. This debris datgpvavide insight into whether or not small
fish may have been missed as fish were processed.

Standardized data sheets should be used to doctistenaptures and trap reliability.

Appendices C and D of this document provide exampfalata sheets that could be used to
document fish captures and trap reliability, respety. If trapping or handling operations lead

to the injury or mortality of fish, this should becorded on the data sheets and measures should
be implemented to avoid and minimize similar inggror mortalities in the future.



Conducting Trap Efficiency Tests

To estimate the number of juvenile Chinook salntat butmigrate from each watershed, trap
efficiency tests should be conducted to convertcateh data to estimates of total salmon
production. Trap efficiency tests should not bediacted when water temperature or other
conditions could result in elevated levels of satmuwortality. For the purposes of this report, the
term “test fish” will refer to salmon used to cowrtitrap efficiency tests.

Wild Chinook salmon should be used to the maximuterd practicable when trap efficiency
tests are conducted. In most, if not all casessetiish will be captured with the same RST being
used to develop production estimates. If sufficrimbers of wild salmon can be caught with
the RST to conduct a trap efficiency test, theyusthde caught in the one to four day period

prior to the test; a shorter holding period (eogeg to two days) is preferable. If a RST cannot be
used to capture a sufficient number of wild test fifield staff should attempt to use other gear,
e.g., beach seines or fyke nets, to collect theiseg number of test fish. This approach may
require logistical planning to obtain the necesgmmmits. On streams where wild juvenile
Chinook salmon are relatively scarce and hatcha&man are available, hatchery-reared
Chinook salmon may be used during efficiency teiteatchery salmon are used during
efficiency tests, close coordination with hatchemell be needed to obtain the appropriate
numbers and size classes of test fish. To themmaxi extent possible, the life stage of
hatchery-origin test fish should be the same asviltesalmon that will be caught during an
efficiency test.

Efficiency tests should be conducted with the gdakcapturing a sufficient number of fish that
the trap efficiency estimate is not altered by ntben 5% if an additional salmon is captured
during a given test. In many cases, many hundredsew thousand test fish may be required
during an efficiency test to achieve this goal.e Total number of test fish needed during an
efficiency test will depend on trap efficiency, amdy be heavily dependent on the stream or
river discharge during the efficiency test. Pregi®RST efficiency tests in the watershed should
be used to infer how many test fish should be selédo produce an efficiency estimate that
does not change by more than 5% if an additiosaliB captured during a given test.

Trap efficiency tests should be conducted freqyehiting a sampling period, particularly when
changes in fish size or environmental conditiong.(&stream or river discharge, turbidity, etc)
have the potential to significantly affect trapi@incy. To the extent feasible, several trap
efficiency tests should be conducted during higivftonditions because these events frequently
coincide with large numbers of outmigrating juvershlmon. If large numbers of test fish can
be obtained, several (i.e., 10 or more) efficietasts should be conducted during a sampling
period. Replicate trap efficiency tests shouldbeducted on different days with similar
environmental conditions. Similarities (or theldbereof) in the replicate tests will provide a
guantitative basis for understanding how trappungesss is affected by similar environmental
conditions.

Trap efficiency test releases should be condudtddsk and dawn to assess the effect of light
conditions on trap efficiency. If substantial nuerdof test fish are not available to conduct
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trials at dusk and dawn, emphasis should be gwe&onducting trials during evening conditions
because this is when larger numbers of juvenild gélmon tend to move downstream.

The process for marking and holding test fish uhgly are used involves multiple steps. A
variety of techniques are currently available taltast fish, e.g., fish can be marked with fin
clips, tags, photonic guns and dye, or Bismark loraye. One to four days prior to release, test
fish should be marked. Once marked, test fish Ishioel held in pens where they are allowed to
recover at least 24 hours prior to release dunmgfficiency test. Structures that provide a
refuge from high water velocities should be prodi@ethin the pens, and the pens should be
enclosed in a locked cyclone fence enclosure ssiehdmg kennel to prevent vandalism. Prior to
their release, the fork length of at least 100fisktshould be measured so their lengths can be
compared to non-test fish caught during the efficietest.

The site where test fish are released during aci&fty test should generally be 400-800 meters
upstream from the trap site. The optimal distdmeteveen the trap site and the release site must
be great enough that it results in the mixing sififacross the stream channel and within the
water column, but short enough that predation &fdo not result in the loss of fish before they
have an opportunity to arrive at the trap site.déirideal conditions, test fish should be released
in an area with a noticeable current, i.e., in @anctel constriction, that has a greater potential to
disperse test fish in the water column and actusstream channel.

Prior to release, test fish should be examinedhsuie they have a recognizable mark. If they do
not, they should not be used during the efficietesy. During the efficiency test, test fish should
be selected at random and released in small giledj®s20 fish) a few minutes apart until all the
salmon are released. By releasing test fish inlggraups over a period of time, the salmon
should be less likely to behave as a single scaindlfacilitate the mixing of marked and
unmarked fish as they move downstream. If acaebsth sides of the river at the release site is
possible, test fish should be released on randaitdynating sides of the stream or river channel
to aid in uniform mixing of unmarked and markedfis

Rotary screw traps should be checked at two hdanials following the release of test fish to
monitor the timing and number of recaptures andiengroblems with the trap do not invalidate
the efficiency test. Traps should continue to Ihecked several times per day until four
consecutive daily checks do not result in the aaptd a test fish.

The effort to mark test fish, conduct efficiencgte and document the environmental conditions
during an efficiency test should be summarizedtandardized data sheets. Appendix E
provides an example of a datasheet that can betasennmarize these data.

Over the course of a sampling season, the durafiamarks and the effects of marking and
handling mortality on various life stages shoulddsed. Small groups of salmon should be
marked and held in net pens for seven days afégrdhe marked. A matched group of
unmarked salmon should be held as a control graogs of marks and the amount of delayed
mortality should be recorded for each group of sairthat are sequestered.
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Collecting Environmental Data
Several types of environmental data should be cigltbat a site where a RST is operated.

Stream discharge data should be obtained fromttbams gauge closest to, and upstream of, the
RST. These data are routinely collected by the G&blogical Survey or the California
Department of Water Resources.

If feasible, water depth-velocity profiles acroe stream or river channel at the trap site should
be conducted to document the bathymetry and chamagle at the trapping site and assess the
total volume of water moving past the trap. Thesdiles should be conducted: (1) at the
beginning of the trapping season, and (2) afteh eaent that causes a significant change in
channel morphology.

Instantaneous water temperature measurements aaphsite should be quantified with a hand-
held thermometer at least once, and preferablyetvéach day. A recording thermograph should
also be installed at the trap site to monitor wagarperature on a continuous basis. If a
recording thermograph is used to monitor water &naipire, its’ accuracy should be checked at
least once per week using an accurate thermometer.

Turbidity should be measured with a turbidity metach time the trap is serviced. If dissolved
oxygen levels in the stream have the potentiatiteeesely affect salmon, this variable should
also be quantified each time the trap is checked.

DATA ANALYSIS AND REPORTING
Documenting Diel Fish Captures

To the maximum extent practicable, capture datalshime summarized using a standardized 24-
hour diel collection period, e.g., 8:00 AM to 7:BM the following day. When multiple trap
checks are performed in one 24-hour period, captinoen different trap checks should be
combined to produce a daily tally of the numbeinaividuals for each species and Chinook
salmon run, and separate totals should be prestortedch life stage of Chinook salmon.
Appendix F provides a template for summarizingribmber of salmon caught each day.

For days when traps are not operated, daily cdtobld be estimated by averaging the actual
catch on an equal number of days before and dftetidys not fished. For example, if a trap did
not fish for two days, the daily catch for thosgglavould be estimated by averaging the catch
from two days before and two days after the penbédn the trap did not operate.

Developing Fish Production Estimates
Volkhardt et al. (2007) describes procedures antiditas that can be used to develop estimates

of the number of Chinook salmon that are produeeddrate) from a watershed. The text
below summarizes two procedures and a variety oaons described in that document. These
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procedures use a regression model or average npantbeasonal trap efficiency to estimate the
number of Chinook salmon emigrating from a watedshierior to developing salmon production
estimates, project staff that collect data witlR&iT should read and become familiar with the
text in Volkhardt et al. (2007).

Using a regression model to estimate fish prodactiwith this method, trap efficiency estimates
are based on an independent variable such as nadgnlidcharge, and a regression model is
used to estimate trap efficiency over a range afitns pertaining to the independent variable.
If this approach is used to estimate salmon pradicseveral efficiency tests must be conducted
over a range of conditions pertaining to the inaejemt variable, and a significant relationship
must exist between trap efficiency and the varialddata from previous trapping activities in a
given watershed should be analyzed to charactdrezeelationship between trap efficiency, the
independent variable (e.g., stream discharge,ditybaverage water velocity), and length of
migrating salmon to identify the variable most ahie for extrapolating daily catch data to total
production estimates. Draper and Smith (1998) ssigine observed F statistic should exceed
the chosen test statistic by a factor of four orariban efficiency estimate is to be successfully
modeled using an independent variable.

If a regression model is used to estimate tragieficy, migration during dayis calculated
using equations 1 and 2.

U
M. 0
NI M, _ ne™ Equation 1
m
where
U
€ Sl Equation 2
Mi
and where
U
N = Estimated number of downstream migrants dupergodi
M, = Number of salmon marked and released duringgeri
n, = Number of salmon captured during pernod
m = Number of marked salmon captured during period
0
€ = Estimated trap efficiency during period

The variance of this estimate is calculated usongagon 3.

2

V(Igli) :V(Uei) t?_2. +Va£(ni)

2
(SH €

Equation 3
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where:

U

& = Trap efficiency predicted for periady the regression equatid(Xi)
MSE = Mean square error of the regression

k = Number of trap efficiency tests used in thaesgion

Xi = Independent variable during day

If linear regression is used to estimate trap efficy, the variance is estimated using equation 4.

A 1. (X - X)?
V(&) = MSE 1+H+W

i=1

Equation 4

The precision of the production estimate shouldhmeacterized using 95% confidence intervals.
The formula for calculating these confidence inéds\vs provided in equation 5.

v U
N+ 1.964V(N) Equation 5

Using a seasonal or monthly average to estimatepfisduction recaptures of marked salmon
may be pooled from different efficiency tests dgrthe entire trapping season or a given month
to create an average efficiency estimate. Thisaggh should only be used if project staff can
demonstrate that similar recapture rates wereylitebccur during the different efficiency tests.
This may be difficult to demonstrate unless simdavironmental conditions (e.g., stream
discharges) occur during all the efficiency tedtss also important to note that test fish captur
in an RST during an efficiency test must not béuded in the population estimate because they
were either counted as wild unmarked fish befoey tlere collected and marked as test fish or
they were of hatchery origin and should not be phthe migration estimate pertaining to wild
salmon.

If data from different efficiency tests are pooteddevelop an average estimate of trap
efficiency, equation 6 is used to estimate the remaolb unmarked salmon during perigdnd
eqguation 7 is used to calculate its variance.

_uM; +]

U
Ui
m +1

Equation 6
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v (Mi +1)(ui +m +1)(Mi - m)Ui

VUi)= Equation 7
(m +1)*(m +2)
where:
Ui = Number of unmarked salmon migrating during distiperiod
u, = Number of unmarked salmon captured during dexqueriodi
M, = Number of salmon marked and released duringgeri
m = Number of marked salmon captured during period

U U
Total juvenile productiotd and its associated variang¢U i ane estimated by equations 8 and
9, respectively.

U U _
N= U, Equation 8

n

U U
VU)= VQU) Equation 9

i=1

The precision of the production estimate shouldhmeacterized by presenting 95% confidence
intervals. The formula for calculating these cdafice intervals is provided in equation 10.

u U
U+1.964V(U) Equation 10
Report Content

Reports that synthesize and summarize data calledgtb a RST should contain the following
information:

1. An abstract that describes the trapping activdied provides a summary of the data
collected.

2. Anintroduction section describing the precise taraof the trap with Universal
Transverse Mercator coordinates in a WGS-83 datugeneral description of the trap
location and where the trap was installed in theash (e.g., thalweg, right shore, left
shore, etc), the stream habitat type (run, glide gt multiple photographs showing the
trap and environment around the trap, etc.

15



3. A methods section that describes, in detail, hot& deere collected and processed. Staff
that prepare reports should not assume readerbavidl access to other documents that
describe trapping activities or formulas used iopyears or other locations.

4. A results section that provides:

a)

b)

e)

one or more figures illustrating when the RST begiath ended operations and
when the trap operated with a high degree of rigitigland when it did not, i.e.,
figures that reflects a synthesis of the informaiio Appendix D. See Appendix
| for figure examples;

a tabular summary of efficiency test results. Sppendix J for an example;
if a regression model is used to predict juverdlen®n capture, graphs that plot
capture data and the independent variable, egarstdischarge, and a regression

line with an R value; and

a table providing monthly and annual estimateéletotal production of different
runs of Chinook salmon in the watershed, i.e., Ayoliges G and H.

5. A discussion section that:

a)

b)

describes how the trapping location in the curye@r compares to prior years,
e.g., did the trap location move upstream or dokgast relative to the river
mouth, did the trap move laterally in the river chel, etc.;

describes environmental or operational problemsrtiay affect the production
estimates, e.g., did low water velocities or strelscharges substantially affect
the RST’s reliability and therefore fish productiestimates during a particular
period, did low funding levels preclude the abilibyoperate the trap during the
entire sampling period, were trapping efficiend@ser in the current year
relative to past years, did consistently large neirslof non-native piscivorous
fish in the trap live box affect the ability to acately count the number of
Chinook salmon caught, did the stream or river rholpgy change during the
sampling period, etc.;

describes how trap efficiency tests from the curyear compare with prior
years;

describes how interpretations of the data shoulcdbstrained, given the
operational difficulties, trap efficiencies, or émnmental conditions that
occurred as data were collected; and

explains how the juvenile production estimateshm ¢urrent year compare to
previous years.
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6. A series of appendices that provide:

a) the number of Chinook salmon captured each dayrdicpto the four
aforementioned life stages, i.e., Appendix F;

b) a table that characterizes trap reliability on dydaasis based on instantaneous
trap rotation rates, daily trap rotation rate, watgocity at the trap, and debris
load, i.e., Appendix D;

c) asummary for each efficiency test, i.e., Appertetix

d) figures that compare the number of captured juee@hinook salmon with daily
maximum and minimum water temperatures, streanhdrge, and turbidity at or
near the trap site. See Appendix K for an example;

e) graphs that plot the relationship between timingutimigration and (a) salmon
size and (b) life stage. See Appendix L for ameple; and

f) photographs that show the landscape at and artwendap site.

SAFETY MEASURES

In many cases, sampling sites will be located @aathat receive heavy recreational use for
swimming, angling, and boating (canoes, rafts, istnbes, and float tubes). Since water
velocities around and under the traps are highetisea potential drowning hazard if people
were to get caught on the sides or under the tefopms, between the traps and the platforms,
or on the cables upstream. If someone were ta drgdrap cone, drowning or crushing could
result from the force of the screw mechanism. fBlewing measures should be included at
each sampling site to minimize risks to samplingspenel and the public:

1) Life jackets will be worn at all times by personmeirking on the trap platforms. A
minimum of two people will always be present anthim visual contact while working
on the trap platform.

2) Personnel will wear footgear with non-skid solesle/twvorking on the trap platform.
Personnel will not cross the trap in front of theutin while it is fishing, except when
necessary to raise or lower the trap cone, ortad@surements of environmental data.
If a person enters into the trap cone, the conebgiimmediately raised to stop it from
rotating. A worm gear will be installed on thepreone winch to prevent it from free-
wheeling.

17



3)

4)

5)

6)

7)

8)

9)

10)

Before getting on the trap platform, personnel wahiéck visually for mechanical
problems, such as loose or broken cables or delaiking the trap cone. If needed,
debris will be cleared or the trap re-secured leefmtting on the platform. Personnel
will check all welds, cable attachments, and moyags for excessive wear on a daily
basis.

For crew safety, a catwalk and hand rails will hetalled across the front of the trap. A
metal grate/trash rack will also be installed wnirof the trap cone to prevent large
objects from entering the trap (including swimmersmals, rafts, inner-tubes, etc.).

Personnel will use a net to recover the contentsarivebox. Personnel will not reach
into the live box with their hands or wade in theelbox; hypodermic needles and
rattlesnakes have been found in live boxes.

Every effort will be made to keep the public outlod trap area. To warn boaters
moving downstream of the potential hazard, at leastlarge sign will be suspended
above the river upstream from the trap site warbiogters of the trap location and
potential hazard. For example: “DANGER AHEAD, tiemm Obstacle, Stay Left
(orright ).

Signs will be posted on the shoreline immediateljaeent to a trap warning of the
drowning hazard. Signs will be in English and Sglan If needed and practical, the
shoreline adjacent to a trap will be fenced to kibeppublic from wading or swimming
to a trap platform from the shore.

Battery-operated orange strobe lights (similarnesoused at road construction sites)
will be placed on a trap for increased trap vigipiht night.

All cables at the water surface will be marked vatlght colored buoys along their
length to make them visible to anyone floatingha water.

Traps will be moored such that they can be quicktysieved in case of high water.
Emergency procedures will be developed for retng\traps; appropriate crew training
and frequent monitoring of conditions when highctiErges are imminent will be
emphasized. Crew safety will always be the firginty; however, following standard
emergency procedures may reduce loss of equipment.

The U.S. Fish and Wildlife Service has developethapection checklist identifying several
items that should be addressed to ensure that ad&ifely operated. This checklist can be
obtained by contacting Douglas Threloff, the CAM#®dg?tam Manager, at (916) 414-6726.
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APPENDIX A

Morphological Criteria To Determine Chinook SalmonLife Stage

Life stage Criteria

recently emerged with yolk sac absorbed (“buttosiry})

fry pigmentation undeveloped

darkly pigmented with distinct parr marks
parr - no silvery coloration
scales firmly set

parr marks highly faded or absent

bright silver or nearly white coloration

scales easily shed

black trailing edge of caudal fin

more slender body

typically possess a fork length of less than 10imeters

smolt

Similar in appear to a smolt; in rare cases ma lparr marks
yearling - typically possess a fork length greater than 11l0maters prior
to the period when smolts are present
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APPENDIX B

Figures lllustrating Different Chinook Salmon Life Stages

Figures courtesy of Andrea Fuller, FISHBIO Envirental, LLC
and Clark Watry, Cramer Fish Sciences

fry parr smolt

yearling parr (above) and fry (below)
captured on same day
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APPENDIX C

Data Sheet For Documenting Daily Fish Captures

Completion of columns that record weight data isaral.
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DATA SHEET FOR DOCUMENTING DAILY FISH CAPTURES

Watershed: Trap Location: Recorder: w: Cre Pg of
Time: Date: # hoursefish Debris code: Water temp: °C  Weather code: Staff gauge:
Water velocity: m/s Turbidity: NTU Debris code: Total revs: Before RPMs: ARPMSs:
Comments:
1 3 4 5 6 8 10
Spegies FlLlwl]eF wlr| tlwlr| Y lwlr|btlw]lr|btlw]F wlr| Lt lwl|EF FlLlw P'“St
cole 1L ls|T]L Tlo|s|Tt]oelsiTt]oels|iTlLls|T]L Tl ls|T]L L|s | 1| °coun
FL = fork length in mm; LS = Life Stage (SF=sac fry, F=fry, P=parr, SP=silvery parr, S= smolt); WT = weight in grams
Other f 1 | 2| 3| 4| s| | 7| 8| ol 1o 120 14 14 14 1b 1 8 |o Plus
species count
Entered by: On date:
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APPENDIX D

Data Sheet For Documenting Daily Trap Reliability

If one trap check is done per day, enter pertidetd in the
“maximum trap rotation” and “maximum water velo¢igolumns
and leave the “minimum trap rotation” and “minimuvater
velocity” columns blank. If multiple trap checkeadone per day,
enter the minimum and maximum values in each oafg@opriate
columns.

An assessment of the overall trap reliability isdxdhon the
following categories:

good: minimum trap rotations werel.5 RPMs, minimum water
velocities were 1.5 m/sec, no debris problems;

fair:  minimum trap rotations were 0.8-1.5 RPMs, imam water
velocities were 0.9-1.5 m/sec, and debris problexnsted,;

poor: minimum trap rotations were0.8 RPMs, minimum water
velocities were 0.9 m/sec, and debris problems existed;

EF: extreme water flows precluded the operatiotheftrap; and

NF: the trap was not fished due to scheduled dawe (e.qg.,
personnel were not scheduled to work on a weekend).
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DATA SHEET FOR DOCUMENTING DAILY TRAP RELIABILITY

Watershed: | Trap location: | Year:
.Trap. Minimum trap | Maximum trap | Total daily Mlnlmum. MaX|mum' Debris ngral] trap
Date orientation . . . water velocity | water velocity| volume reliability
rotation (RPMs) rotation (RPMs) trap rotations .
to flow (m/sec) (m/sec) (good/fair/poor)
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APPENDIX E

Data Sheet For Summarizing Individual Efficiency Tests

A separate datasheet should be completed for éhciercy test.
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DATA SHEET FOR SUMMARIZING INDIVIDUAL EFFICIENCY TE STS

Watershed: Trap location: Trap UTM coordinates (WGS-83): N E

Fish type: wild / hatchery

Marking method: filpd tagging / photonic marking gun / bismark brodye

Distance between trap & release sites:_m

Turbidity during efficiency test: NTU

Release beginning date: /[
Release beginning time:
Release ending date: N

Release ending time:

Recaptuietiag date: /| /

Recapture bagjtine:

Recaptuieg date: 1
Recapture grdire:

Minimum fish size released: mm
Maximum fish size released: mm
Average fish size released: mm

Life stage: parr / smolt

Minimum fighe recaptured: mm
Maximum figte recaptured: mm
Averagediah recaptured: mm

Total number of fish netceied:

Total number of fish marked:

Estimated trap efficiency: %
Estimated mark retention rate: % ) ]

95 % lower confidence interval: %
# of released test fish:

95% upper confidence interval: %
Minimum stream discharge during efficiency test: CFs Minimum trap rotations during efficieriegt: _ RPM
Maximum stream discharge during efficiency test.  CFS Maximum trap rotations during efficietest:  RPM
Minimum stream velocity during efficiency test: _ m/s
Maximum stream velocity during efficiency test: _ m/s % of river flow sampled during trap dfficcy test;. %
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APPENDIX F
Data Sheet For Summarizing Daily Catches Of ChinoolSalmon
The entries in the cells are for illustrative puses only, and assume

trapping was not done during a two-day weekend.

Shaded cells represent interpolated catch estindarasy days
when trapping was not done.
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DATA SHEET FOR SUMMARIZING DAILY CATCHES OF CHINOOK  SALMON

Watershed: Trap location:
Calendar : , : . : .

date Number of unmarked juvenile Chinook salmon caught Number of marked juvenile Chinook salmon caught

Fry Parr Smolt Yearling Total Fry Parr Smolt Yearling Total

01/01/07 34 12 0 0 46 0 0 0 0 0
01/02/07 45 3 0 0 48 0 0 0 0 0
01/03/07 99 5 0 0 104 0 0 0 0 0
01/04/07 22 4 0 0 26 0 0 0 0 0
01/05/07 44 11 0 0 55 0 0 0 0 0
01/06/07 47 10 0 0 57 0 0 0 0 0
01/07/07 47 10 0 0 57 0 0 0 0 0
01/08/07 88 22 0 0 110 0 0 0 0 0
01/09/07 33 2 0 0 35 0 0 0 0 0
01/10/07 11 10 0 0 21 0 0 0 0 0
01/11/07 34 12 0 0 46 0 0 0 0 0
01/12/07 88 4 0 0 82 0 0 0 0 0
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APPENDIX G
Data Sheet For Summarizing Monthly Chinook Salmon BRoduction Estimates
The table should be expanded to include data fribveranonths if

sampling occurred outside a January 1 to June B6doe

A separate template should be prepared for eachfrGhinook
salmon e captured in a watershed.

31



DATA SHEET FOR SUMMARIZING MONTHLY CHINOOK SALMON P RODUCTION ESTIMATES

Watershed:

Trap location name:

BroodYear:

Salmon fall late fall spring winter

Life stage/
date

Number of days trap
operated

Catch per unit

Actual catch effort

Fish production estimate

95% CI For
Fish production estimate

WILD FRY

Jan. 1-Jan. 31

Feb. 1 - Feb. 28

March 1 - March 30

April 1 - April 30

May 1 - May 30

June 1 - June 30

total

WILD PARR

Jan. 1-Jan. 31

Feb. 1 - Feb. 28

March 1 - March 30

April 1 - April 30

May 1 - May 30

June 1 - June 30

total

WILD SMOLTS

Jan.1-Jan. 31

Feb. 1 - Feb. 28

March 1 - March 30

April 1 - April 30

May 1 - May 30

June 1 - June 30

total

WILD YEARLINGS

Jan.1-Jan. 31

Feb. 1 - Feb. 28

March 1 - March 30

April 1 - April 30

May 1 - May 30

June 1 - June 30

total

GRAND TOTAL




APPENDIX H

Data Sheet For Summarizing Annual Chinook Salmon Ryduction Estimates
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DATA SHEET FOR SUMMARIZING ANNUAL CHINOOK SALMON PR ODUCTION ESTIMATES

Watershed:

Trap location name:

BroodYear:

Datapefation:

Number of days traj

operated

D

Actual catch

Catch per unit
effort

Fish production estimate

95% CI For
Fish production estimate

FALL-RUN

Wild Fry

Wild Parr

Wild Smolts

Wild Yearlings

Total

LATE FALL-RUN

Wild Fry

Wild Parr

Wild Smolts

Wild Yearlings

Total

WINTER-RUN

Wild Fry

Wild Parr

Wild Smolts

Wild Yearlings

Total

SPRING-RUN

Wild Fry

Wild Parr

Wild Smolts

Wild Yearlings

Total

ALL SALMON

Wild Fry

Wild Parr

Wild Smolts

Wild Yearlings

Total

34




APPENDIX |

Example Of Figures That Illustrate When Trapping Operations With A Rotary Screw
Trap Began And Ended, And When The Trap Operated Omid Not Operate Reliably
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Figure from: Whitton, K.S., J.M. Newton, D.J. Cgland M.R. Brown. 2006. Juvenile
salmonid monitoring in Battle Creek, Californiagiin September 1998 to February 2001.
USFWS Data Summary Report. U.S. Fish and Wil@iéevice, Red Bluff Fish and Wildlife

Office, Red Bluff, California.
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Figure from: Gaines, P.D., R.E. Null and M.R. Bron2003. Estimating the abundance of
Clear Creek juvenile Chinook salmon and steelhead by use of a rotary-screw trap. U.S.
Fish and Wildlife Service, Red Bluff Fish and Wifdl Office. Progress Report (Vol.1),
February 2003.
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APPENDIX J

Example Of A Tabular Summary Of Efficiency Test Resllts
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Summary of efficiency releases of marked, naturatpile Chinook salmon in the Merced River, 2007ap efficiency estimates and
corresponding upper (UCI) and lower (LCI) 95% cdgfice intervals (based on binomial distributionjerealculated for each experimental
release, along with the estimated proportion okfsampled by both traps.

Mean Flow Proportion
Life . Adjusted at Flow P
Release | Release Fish length Number Flow
: stage number . Cressy | Sampled
Date time stock | released Recaptured Trap Efficiency Sampled
released released gage | (CFS)
(mm) (CFS)
(cfs)
Estimate | LCI uUcCl

4/24/2007| 08:15 fry wild 35 2,025 18 0.89% | 0.49%1.33%| 378 33.8 8.9%
5/1/2007 | 08:30 parr hatchery 40 2,037 9 0.44% | 0.20%0.74%| 619 40.1 6.5%
5/7/2007 | 07:45 parr hatchery 43 2,010 13 0.65% | 0.30%1.00%| 988 48.0 4.9%
5/15/2007| 08:00 smolt wild 75 2,014 5 0.25% | 0.05%0.50%| 679 39.6 5.8%

Table adopted from: Montgomery, J., A. Gray, GAgatry, and B. Pyper. 2007. Using Rotary Screwp$ia Determine Juvenile Chinook
Salmon Out-migration Abundance, Size and Timinthanlower Merced River, California 2007 Annual DRteport. Unpublished report
prepared for the U.S. Fish and Wildlife Servicegr@mento, California. Text in italics is for denstration purposes only.
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APPENDIX K

Example Of A Figure That Compares The Number Of Capured
Juvenile Chinook Salmon With Daily Water Temperatures
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Figure from: Workman, M.L. 2006. Downstream Fidigration Monitoring at
Woodbridge Irrigation District Dam Lower MokelumRever, December 2005 through

July 2006. Unpublished report prepared for the Bay Municipal Utility District, Lodi,
California.
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APPENDIX L

Example Of A Figure Plotting The Relationship Betwen Timing Of Fish Outmigration
And (A) Fish Size And (B) Life Stage
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Figure from: Watry, C.B., A. Gray, R. Cuthbert,Byper, and K. Arendt. 2007. Out-migrant
abundance estimates and coded wire tagging pudigor juvenile salmonids at Caswell State
Park in the lower Stanislaus River, California 2@dnual data report. Unpublished report
prepared for the U.S. Fish and Wildlife Service.
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