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ABSTRACT

The effects of water temperature, turbidity, precipitation,
junar phase, date, time of day, and artificial illumination at night on
intensity and timing of downstream movements of fall-run chinook salmon

(Oncorhynchus tshawytstha) sac fry and fry were studied at Tehama-Colusa

Fish Facilities, Red Bluff, California. A sampling program and sampiing
gear were developed to estimate numbers and sizes of young chinook
salmon as they left the single-purpose spawning channels. Catch data
and environmental data were collected twice daily from January through
March 1984 and January and February 1985, Young chinook salmon were
collected with a fyke net and catch was expressed as the number of fish
caught per hour (CPUE).  Multiple regression analysis showed that
turbidity, time of day, and date accounted for 32% of the variability in
CPUE for 1984, in that order of importance. In 1985, time of day,
turbidity, date, and Tunar phase accounted for 71% of the variation in
CPUE. Under conditions of low turbidity in 1985, artificial
i1lumination and time of day accounted for 66% of the variability. The
fork length of young chinook salmon that migrated at day and night did
not differ significanf1y in 1984, but fish that migrated at night in

1985 were significantly shorter than fish that migrated during daylight.
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INTRODUCTION

The development of water resources in northern California by
the U.S. Bureau of Reclamation {USBOR) has had a significant impact on

the chinook salmon (Oncorhynchus tshawytscha) stocks of the Sacramento

River, The loss of spawning and nursery habitat due to water
development has contributed to the decline of salmonid stocks (Kjelson
et al. 1982). The U.S. Fish and Wildlife Service (USFWS), California
Department of Fish and Game (CFG), USBOR, and others are currently
developing methods to enhance the depressed stocks.  The USFWS's
Tehama-Colusa Fish Facilities (TCFF) near Red Bluff, California, are
designed to mitigate the loss of habitat due to construction of the Red
Bluff Diversion Dam. The USFWS is currently conducting an intensive
evaluation of the operations at TCFF under the Tehama-~Colusa Canal Fish
Probiems Study (USBOR 1985)., A portion of the USFWS evaluation is
concerned with obtaining an accurate assessment of TCFF's salmon
production.

A knowledge of stock production is important to the proper
management of a fishery resource. Measures of stock production can be
made in a number of ways depending on the species and Tife history
stage being studied. lIn Pacific salmon stocks, year class production
is often -estimated through enumeration of young fish during their
seaward migration. Various sampling methods have been employed in an
attempt to estimate abundance of downstream migrants. The most common
method involves use of a net or trapping device operated from a fixed

structure, bridge, or weir. Many studies have successfully used traps
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usually in association with weirs (Wolf 1951; MclLain and Manion 1967;
Mason 1975). Fyke nets and other netting devices have also been used
for enumeration and migratory behavior studies (Acara and Smith 1971;
Smith 1974; Tyler 1979; Davis 1980).

Young fall-run chinook salmon migrate  seaward during their
first year of life, with the bulk of this movement in early spring soon
after fish emerge from the gravel (Bjornn 1978). Usually this period
of emigration occurs 3-4 months after the spawning period when the fish
ﬁre less than 50 mm fork lenagth (FL) (Bjornn 1971; Bell 1973).
Downstream movement of chinook salmon is governed by both environmental
and behavioral factors. Water flow, water temperature, turbidity, time
of day, and precipitation appear to influence migration timing and
intensity (MacKinnon and Hoar 1953; Hoar et al. 1957; Ali 1959; Mains
and Smith 1964; Thomas et al. 1969; Thomas 1975). The movement of
young fish may also be governed by the lunar cycle (Clarke and Smith
1972; Mason 1975). Other studies indicate that aggression and habitat
rearing capacity, among other factors, also play a role in the
downstream movement of salmon (Hoar 1951; 1958; Chapman 1962; Mason and
Chapman 1965; McCart 1967),

Operators of the Tehama-Colusa Fish Facilities have encountered
a number of problems in the enumeration of outmigrant juvenile salmon.
The escape of numerous young chinook salmon passing over and through
the terminal drum screens was of primary concern. Monitoring salmon
produced at the facilities began in 1972 with the use of electronic
counting tubes from January 31 to June 15 (USFWS 1872). Estimates of
the escapement of young chinook salmon with a fyke net at the drum

screens also began in 1972, A live box was added to the fyke net in
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1973 and tests were conducted to determine the rate of catch based on
the recovery of marked fish released upstream (USFWS 1973}, An
inclined screen migrant trap replaced the fyke net and was operated
below the terminal screen structure from December 19, 1973 to March 20,
1974 (USFWS 1974). This trap screened all of the flow and removed the
migrants to a holding box. A fyke net replaced the inclined migrant
trap in 1977 and operated up to the time of this study (USFWS 1977). A
second set of drum screens were added to the terminal screen complex .in
1980 to replace the flat screens (USFWS 1980).  Attempts to measure
fish losses have been continually hindered by excessive amounts of
algae and debris clogging the samp1ing gear, operational problems, and
loss of sampling efficiency. This loss of fish is not a threat to the
fish produced at TCFF, but it does present a serious problem 1in
accurately assessing the production at the facilities.

The objective of this study was to develop a sampling program
to estimate the number and sizes of fall-run chinook salmon sac fry and
fry leaving TCFF's single-purpose spawnihg channels (SPC). Only an
estimated 5-15% of the salmon leaving the SPC pass through the
electronic counting station at the channel's downstream end. The
remaining young “roll over" the rotating drum type fish screens and are
nop_counted. In order to obtain an accurate estimate of TCFF's salmon
production, the number of fish escaping from the facilities by roll
over was estimated by fyke net catch. The catch of young salmon was
investigated in relatfon to water flow, water temperature, turbidity,
precipitation, lunar phase, and diurnal activity. The effect of night

Tighting over the drum screens was also determined.




STUDY AREA

The TCFF are located adjacent to the Sacramento River near Red
Bluff, California (Figure 1). The facilities have approximately 8.2 km
of salmon spawning channe]é and are an integral part of the USBOR's Red
Bluff Diversion Dam (RBDD) and Tehama-Colusa Irrigation Canal. The
TCFF were constructed to mitigate the loss of spawning habitat for
3,000 fall-run chinook salmon spawners displaced by Lake Red Bluff and
RBOD, and as an enhancement facility to provide spawning habitat for an
additional 27,000 chinook spawners (USFWS 1963). |

The facilities inciude a 5.1 km dual-purpose channel (DPC), two
1.6 km single-purpose channels (SPC), and a 1.5 km fish conveyence
channel to Coyote Creek. The DPC was designed for irrigation'f1ows and
to provide spawning habitat for up to 26,000 salmon (Vogel 1982)., The
SPC is used only for salmon production with spawning habitat for 4,000
salmon (USFWS 1981).

Fall-run chinook salmon spawners migrate into the SPC from
October through November (USFWS 1981).  The majority of the young
migrate out of the facilities prior to April. The young are re]eased‘
from the SPC through the terminal fish counting faci}ities and into the
fish conveyance channel for release into Coyote Creek and on to the
Sacramento River. Chinook salmon produced at TCFF are considered to be
wild or naturally produced fish. The estimated mean annual
contribution from the facilities to the ocean fisheries was 11,489
chinook salmon (range 2,367-29,593) and to the spawning escapement

4,575 fish (range 963-11,913) for 1973-1977 (USBOR 1985).
4
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Figure 1. Tehama-Colusa Fish Facilities, Red Bluff, California.
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The study site was located at the downstream end of the SPC
(Figure 2). Four rotating drum screens (1.52 m diameter x 3.66 m long)
and an electronic fish counting station are part of the terminal fish
counting facilities. The sampling station was Tlocated directly
downstream of the drum screens in the fish conveyance channel. The
channel is 8.7 m wide at the top and 3.7 m wide at the bottom. The
maximum water depth is 1.2 m at a flow of 6.51 m3/s. Seasonal flow
requirements for the SPC vary with the time of year (Table 1). Past
sampling of young chinook salmon loss from TCFF has not been adequate
to develop reliable estimates. Annual estimates of this Tloss have
ranged from 2 to 65% of the total juvenile chinook salmon released from
TCFF each year since 1972 (USBOR 1985). Young salmon. captured at the
station are primarily fish produced in the SPC. However, since any
fish leaving TCFF must pass this point, fish produced in the DPC and
those which leak in through the headworks at the Sacramento River may
also be sampled. Future operations at TCFF dinclude provisions to keep

the groups of fish separated to allow for enumeration.




TBLUMOJLIRY T3ynig pay “saLlt[ioey ySiq eSn|oj-eweys| uol3els Bupjdues ysiy 2 sunbiq

SSAvmasvy
il
—
SHELIW
a3 T 9 3
ALINDVS
ONILNNOD

HSI4 IVHIWYEIL

_ X31dHOD
\\\\2mwmom Wnua

SHNOA _HIAO 170H_HOA @
NOLLYLS DNIdRAYS
O —
O

TJANNYHD t T

FINVAIANOD HSI4 WIVMLYD

31aYIAON

x0d IAMIT
T 1IN FNAAL : ST1INHVYHI

FS0dLHNd ~ATONHIS



‘{eues asodund 3 buls = 94$

q

*¥0g pue SM4 u9BM13d uoLieriobau orpotdad aad sfiueyd 03 30a0Qns DUe SMO|S WNULULK * [RURD 3sodand Lena,

66°1¢€ £8°¢ 89°¢ 807/ sInoudny uorjebiadtL Jsylg
99°9 €371 0 01°9 anouany 33Uy Aunis
0 0 0 | 2571 INOUANY HOBA) Seuoy |
A G675 o PO 1T e el nouany }3ad) 930407
FATAN £8°¢ 92°¢ 1579 mxmmgu 930407 03Ul 2dS
140 IN0 MOLS WNWL UL
6% 0¥ At 86791 FARRSS pld@ UL MOLJ WNULULY
Buruealn uoLzeabLwing uorjeabwing pue burumedsg
[3ARUY pue Buraesy bBuraeay ‘uorjegnout uow | eg

G1 “bny - 1 A[np 0f =unp - 1 “JAPY 8¢ "924 - 91 "3=( 61 %30 - 1 130
AM\mEv MO 4

*(GRAT UOLRRWR[DDY JO Neaunyg °SM wWoud)
SOLYL[LOB] YSL4 BSN{O)-BWeYd] pue |eue) uoL}eDLAAT BSN|OD-eWRYDd) 2UJ A0} SMO[J PI3pusuloday

‘T 2Ll49eL



MATERIALS AND METHODS

Young fall-run chinock salmon Teaving the SPC by "rolling over"
the drum screens were sampled with a fyke net and live box combination
located downstream of the drum screens in the fish conveyance chanﬁe1.
The fyke net was 2.06 m long narrowing from a mouth of 58 x 43 cm to
the cod-end of 30 cm square. The net was 3.22 mm stretch mesh of the
Delta type and attached to a metal pipe frame 71 x 58 c¢cm. A wire
harness, floats, and digital flowmeter were attached to the frame. The
cod-end was attached to a live box with a separate harness connected to
a hand winch and pulley system. The system was Tocated on a movahle
catwalk spanning the fish conveyance channel. The net fished
approximately the upper 50 cm of flow at the center of the channel.

Sampling was conducted continuously from January 18 to March
25, 1984 and January 15 to February 20, 1985, Filamentous algae in
channel flows persistently clogged the net and live box by the end of
February reducing sampling efficiency and increasing gear maintenance.
The net and live box were pulled and cleaned of debris and algae and
reset twice daily at éar1y morning and late afterncon. During periods
of high turbidity and debris, the net was puiled more often. The
number of chinook salmon captured per net 1ift were counted and the
fork lengths (FL in mm) of up to 50 fish were measured. The catch per
set was expressed as: CPUE = C/T, where C = number of fish captured
per 1ift and T = hours that the net was fished per set. Thé volume of

water passing through the net was estimated for each set.
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Sampling efficiency, retention of captured fish in the Tive
box, and distribution of fish in the channel profile were measured. A
known number of marked fish were placed in the 1live box and checked
after 2-4 hours of fishing. The number of young remaining in the live
box was used to determine holding efficiency. The distribution of fish
in the channel profile was monitored with a fyke net 30 ¢m square at
the mouth. A digital flowmeter was attached to the mouth of the net to
measure flow. The channel was divided into three equal size sampling
sections and fished for 0.25 hour at the surface and bottom of each
section.

The number of young salmon escaping downstream were estimated
ner net set in proportioﬁ to the fraction of total flow sampled by the
net as follows:

C_
R
V

N
V

N =

where N = total estimated number of downstream migrants, C = actual
number caught, R = average retention of captured fish, VN = flow (cfs)
sampled, and V = total flow (cfs) in channel. Seasonal totals were
obtained by summing the daily estimates.

A mu1tib1e regression program from the Biomedical Computer
Programs (Dixon 1985) was used to analyze relative importance of time
of day, turbidity, water temperature, precipitation, lunar phase, and
night Tlighting of the screens on emigration intensity (Table 2). The
Student-Newman-Keuls Test (Sokal and Rohlf 1969) was used to compare
length of fish caught at day and night. Linear regression was used to

analyze the relationship between water flow and catch in determining
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Table 2. Independent Variables Used in the Regressional Analysis.

Variable Description

Late Progression of days through each study
period beginning at 1 for January 15
and ending at 71 for March 25

Time Day or night

Turbidity Turbidity (NTU) during sampling period
(NTU-Nephelometric Turbidity Unit)

Precipitation Rainfall (cm) during sampling period

Temperature Temperature (°C) during sampling period

Moonphase Lunar phase beginning with new moon

Lights Lighting ‘over drum screens on or off,

only used in 1985
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distribution of salmon in the channel profile. Fish catch per hour was
transformed by log(x+1) where x = catch per hour,

Environmental conditions were measured at the end of each
sampling period on the upstream side of the drum screen complex.
Turbidity was measured with at Hach Turbidimeter Model 2100A. Water
temperature was measured with a thand thermometer. Data on
precipitation was obtained from the National Weather Servicé Office in
Red Bluff, California. Water flow in the SPC was obtained from the
USBOR and the USFWS. Information on Tunar phase was found in the 01d

Farmer's Almanac (Thomas 1984; 1985),



RESULTS

Water temperature in the channels fluctuated slightly in both
years with an upward trend toward the end of the study period (Figures
3 and 4}, In 1984, temperature ranged from 6°C in January to 129¢ in
March (mean 9°C). In 1985, temperature ranged from 6°C in January to
11°C in late February {mean 8°C).

Turbidity in both years remained relatively Tow except for
periods of high rainfall. In 1984, turbidities ranged from 4 to 52 NTU
(mean 10 NTU). In 1985, turbidity ranged from 2 to 40 NTU (mean 5
NTU).

Precipitation during the study occurred in fhe form of
rainfall. In 1984, it ranged from 0.025 to 1.270 cm per sampling
period (mear 0.397 cm). In 1985, it ranged from 0.025 to 2.083 cm per
sampling period (mean 0.065 cm). Water flow in the fish conveyance
channel was held constant at 2.605 cms in 1984 and 3.501 cms in 1985,

The main factors influencing CPUE in 1984 were turbidity, time,
and date, in that order of dimportance {(Table 3). In 1984, these
factors accounted for 32% of the variability in CPUE and  had the
following relation: CPUE = -0.047+0.006 Turbidity+0.041 Time~0.001
Date. In 1985, time, turbidity, date and moon phase were the main
factors influencing CPUE (Table 3). The factors accounted for 71% of
the variation in CPUE in 1985 and had the following relation: CPUE =
0.136+0.366 Time+0.027‘Turbidity-0,0IS Date-0.007 Moon Phase.

The effect of night lighting over the screens was examined from

January 15 to February 9, 1985. The 1lighting appeared to decrease

13
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migration (CPUE), but seemed to be overshadowed by the effects of high
turbidity (Figures 4, 5). The main factors influencing CPUE when night
lighting was used were time, Tlights, precipitation, and turbidity
(Table 4). These factors accounted for 71% of the variation in CPUE
and had the following relation: CPUE = -0.073+0.473 Time-0.163 Lights-
0.54] Precipitation+0.045 Turbidity.

Daily estimates of the loss of young salmen from the drum
screens during 1984 and 1985 are presented in Figures 5 and 6. Weekly
estimates of Tosses are given in Tables 5 and 6. In 1984, an estimated
8,734 chinook juveniles escaped from the facilities during the sampling
period, and in 1985 the estimated escapement was 82,720 fish. The rol]
over escapement represented 12% of the facilities' production in 1984
and 20% in 1985. It was assumed that the net sampled fish in direct
proportion to the percentage of total flow filtered by the net, and
that fry were uniformly distributed with the current in the area
fished, Thfs appeared to be true based on tests for the distribution
of fry in the current. The center of the channel where the net was set
had the highest flows (CMS} and fish catch (Table 7). However, no
significant difference was found between channel area sampled and fish
catch (r = 0.253, P = 0.05).

Tests on the retention of captured fish by the sampling gear
indicated that some Tosses occurred. Escape of fish from the Tive box
averaged 30%. Escape from the metal live box used during March of 1984
was 55%.

The estimated "roll over"™ loss of young salmon at the drum
screens in 1984 and 1985 indicated a preference for young to emigrate

at night and during periods of high turbidity. Sac fry were caught



18

"G86T Adenuagsq-Auaenuep lauueyy Burumeds asodung albuig
SOLILLLORY ysig esnjo)-eweya] A[Leq burdeasy Auy uowes JOOULY) JO sdaquny pajewrtisy =g a4nb g

l2 ez sl

\ ! 000l
! |
_ S |
bl MF ST B
I ] YR =
| _ | I FOCOE m
b ! | D
! | Lo { Z .,.4u_.
b . ) 4
| f ! w .Ooovm
P | 0p 2
| f Z
|| /
Iapionp puoaag O |m | Y
ucop 1a3 () .M 000G
t3ldoog sug ()
HOOKIMAN @ 916 M
uo siyBjtpooyy v_
6 "ﬁz wzmmz-@ |
uljduibg LoQ-
Buyjdwog Jybjy - — — =~ ° mmwv_m_v o 5 .




19

£91°0 = U044] paepuels

£40°0~ = JUeISUO)

GZ 0 19°1 £00°0- IselY4 UOOY

0570 1071 8€0°0- g4njedadud |

- 0§70 ro°1 v00°0 9%eQ-

10070 22712 62°0 6E°T  B80/L°0D  2¥8°0 G¥0°0 (tx) A3iprqany

10070 £6°G¢ 10070 9t 9 669°0  9£3°0 Tv5°0- (€x%) uotgeiidioaug

10070 6€°GY 100°0 Tr°0T  659°0 218°0 £a10- ANXW sqyb T
10070 16799 10070 G116 I8G°0 2940 €10 (tx) awry G861
SoURILILUDLS q aouedtpLubig 4 2 Y JUILOL L4309 D1QRLJABp ABI)

:o_.mmmimwm H_,MLQ>Q mu:wwu_d_.n_.mou m_.a LY LN :o.rmmm;:wmm

uoLssadbay [etjaeq

G861 ‘6 Adenugay o1
GT Adenuep ©pauuey)y 2oueA9AUO) USL{ SDLIL]LDe ysitq esnjoj-eweys] je pasn seM Buraybry aybiy
USYM Ad4 uOW[BS HOOULY) JO YDIR]) PUR SUDJOR] [RIUSWUOALAUY LO SLsAleuy uolssaabay jo Adewung *y a(qe]




20

"¥861 Yyodew-Adenuep ¢ psuuey) Burumeds asodung oibuig

SALYL|L2RH ySL4 esn|Ooj-ruleys] Wo4 m:_.QMUmm Ad{ UoW]eg A00ULY]) JO SJaquiny pajewl}si g auanbi4
HOHVIA B34 . Nyl
£ 61 Gi ¢ 6l D,_ I L € 0 92 22 8l
AVA
)
\
¥ 100!
+00¢
=
[
oog =
m
m
el
00b
008
J3a0ap pueaag ()
UooW Jng O
Japong asny ()
UDOW maN .
buydwos fogr——e
buyjduiog jybiN+— — —
© O Q (]




21

"Pa3UN0Y 0N,

L9°% 217

g 0 teL 8 0§ 0 0% GT-€ 03 g1-¢
197y 81 2y 0 898 002 0 0s1 8I-¢ 01 21-¢
£9°% g 147 8 8V 8 86 0G1 8y I1-¢ 03 g -¢
L9y S e 22 938" / 582 2€ £62 t -€ 03 yz2-7
L9°% 6 L€ 0 109°¢ 821 0 821 92-2 03 0zZ-2
(9% 61 9¢ 9 VAN vi8°¢ 962 819°¢ 61-2 03 €1-7
(9" 8 9¢ / 66G°¢ T € 91y 21-2 03 9 -7
69" % 8 43 62 I61'¢ 89/ 261 9.6 G -2 0} Qg-1
96"y 01 e e £8ece £66°1 vee 6591 62-1 03 £2-1
LY €1 v e 06€ 06€ 0 06€ 221 03 81-¢

(%) (NLN) Yy (%) L] [e301  Aeq  ybiN LEE]
pa | duwes ALipLgang Yhuaq uoy yorey ui SALTR| NNy
MO 4 uealy ue gy Ad4 odeg

V86T Yddep - Auenuep ‘s [Buueyy butumedg asodungd a1buLg
SSLILLLORY ys14 esn)o)-eweys) Wou4 Apyoap Burdessy Ay UOULeS H00ULy) Jo saaquny PRIRUL]IST  *g 3|qey

| BRI



22

09°9 b4 13 e 02,28 I8 e 4 - 0¢-2 03 81-2
09°¢ 8 LE L 6£9°28 269°¢ 688 €082 [1-2 01 11-¢
09°G 11 9t G L¥6°37 £v0° 82 0/9°T €/£°92 01-2 03 ¥ -2
09°4 £ 9¢ 5 706 “05 99/°1¢ tveE‘2  2eviel £ -2 01 g8¢-1
0974 € %2 61 8E1°62 98%°91 Ev6 £v¥G°a1 Le-T 02 12-1
19°6 € 1723 LE 269° 21 259° 21 098 26L°TT 0¢-T1 03 Gi-1

(%) (NLN) () (%) l®10] Le10] Aeq  ybLN S BRI
padwueg AyipLgang yabuaq yao04 yajen ul JALIRINUNY

MOY 4 ueal ue 3y Ad4 2eg

G861 Adenaqaq - Auenuep “spauuey) Hulumeds asoduang aibuLg
mmﬁurﬁ_umm YSty BsSniog-euleya] wody Adsep burdedsy Aug uow|es joouly) jo sdaquny pajewrisy -9 alqej
A




23

Table 7. Mean Numbers of Young Chinook Salmon Caught in Fyke Net Per
0.25 Hour at the Fish Conveyance Channel. Surface = S, Bottom

= 5_
Channel Area
Side 1 Center Side 2

S B S 8 S B
Flow 0.0? 0.02 (.06 - 0.06 0.03 0.03
{cms)
Mean _
Catch 0 0.6 0.8 1.0 0.4 0.2
Standard
Deviations(+) =- 0.9 1.8 1.4 0.5 0.4
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during January and through mid-February, and during periods of high
turbidity, such as in mid-February the number of sac fry escaping
increased (Figures 7 and 8). Although a few appeared to be diseased,
most sac fry were in healthy condition and many still nad Targe yolk
sacs.

Estimates of young salmon “roll over® at the drum screens
showed two peaks, one in late January and the other 1in mid-February
(Figures 5 and 6). This pattern of downstream migration has been
followed since TCFF has been in operation. Usually peak migration was
concurrent with storms and increased turbidity, but the January 1985
peak occurred without these influences. In 1985, 1lights over the
screen complex were turned on during some nights (Figure 5). It
appears that the lights had a dampening effect on emigration of fry.
However, when turbidity was high, as on February 9 and 19, 1985, lights
had Tittle or no effect on discouraging downstream movement of fry.
Overall, the loss of young fish over the drum screens decreased in
February and into March with a third, smaller peak in March. By this
time, however, fry have reached a size where they no longer tend to
"roll over" drum screens.

In 1984, the fork length (FL) of chinook salmon fry escaping
from the facilities increased during the sampling season (Figure 9).
In 1985, FL of escaped fry did not 1dncrease as much due to the
shortened sampling season. The mean FL of captured fish decreased in
tate-February both years, concurrent with an increase in migration
intensity (Tables 5, 6). |

In general, "roll over" fry were less than 40 mm FL and none

were over 50 mm {Fiqures 10 and 11). A1l fry over 40 mm FL in 1984
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were captured during March, and 1in 1985 fry over 40 mm were
consistently captured in Tow numbers after January. Fry averaged 35.27
mm FL 4n 1984 and 34.89 mm in 1985. Many 1984 and 1985 outmigrants
were still sac fry, but most were button up and larger fry (Figures 7
and 8). Larger fry may have been fish that ”rb11ed over" at a smaller
sizg, but which remained in the pool area below the drum screens and
migrated at a Tater date. There was no significant (P>0.05) difference
between the FL of fish that migrated during the day and those that
migrated at night in 1984. Tne FL of fish that migrated at night (mean
34.79, n=1437) in 1985 were significantly (P<0.05) shorter than those

migrating during daylight (mean 35.62, n=178},



DISCUSSION

Mechanisms influencing the downstream migration of chinook
salmon fry involve density-dependent factors and environmental stimuli.
Young salmon emerge from the gravel as newly hatched sac fry and as fry
with the yolk sac almost totally absorbed. Some fry may migrate
downstream as sac fry shortly after emergence or as fry 3 to 4 months
after the spawning period (Bell 1973). Downstream mighation, or
passive drift, of salmon fry from spawning to feeding areas appears to
be partially density-dependent. The immediate problems of obtaining
food and Tiving space in areas of excessive fish densities are adjusted
through emigration (Chapman 1966; Edmundson et al. 1968). The fry of

coho salmon (Oncorhynchus kisutch) adjust their population to the

rearing capacity through space-related aggressive behavior (Chapman
19621}, Aggressive behavior may also be responsible for the large,
variable downstream movement of fail chinook salmon fry early in the
migratory period in comparison with the small, constant output of Tater
migrants (Lister and Walker 1966; Reimers 1968). In incubation
channels, however, one of the principal factors causing outmiaration
appears to be reduced swimming ability shortly before complete yolk sac
absorption, and the inability of fish to cope with the current (Thomas
et al. 1969). Density-dependent factors may also be responsible for
displacement or movement of fry'into high velocity areas resulting in
passive drift,

Environmental stimuli, such as light, temperature, or current,

also have an important influence on the intensity and timing of salmon

31
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migration. Environmental cues may alter fish orientation acting as a
"director" of migration, or they may serve as a "regulator" of
migration and trigger movement or alter its intensity (Northcote 1984).
Whatever the impact of density-dependent factors on migration, the
daily periodicity and intensity of migration is also influenced by
environmental stimuli. |
Dai]y_ fluctuation of emigration intensity at TCFF was
attributed largely to the diel patterh of downstream movement common in
the young of river-spawning fishes. This movement is mainly nocturnal

and also occurs in young pink (0. gorbuscha), chum (0. keta), coho, and

sockeye (0. nerka) salmon populations (McDonald 1960). Smith (1974)
observed that 92% of the outmigrating chinook salmon from the Snake
River were caught at night.

Nocturnal migrations of salmon fry are due to various facters.
When the yolk sac is almost absorbed, sac fry still in the gravel begin
to exhibit positive rheotaxis (Di11 1968). After yolk absorption is
complete, chinook salmon fry usually emerge from the gravel after dark
as free-swimming fry. Since rheotaxis as a "station-keeping" behavior
is dependent on visual stimuli, this stimulus is reduced or lost at
night. Salmon fry are positively phototactic, and their eyes can adapt
to decreases in light intensity (Hoar 1951; 1954; Hoar et al. 1957).
However, in nature, light decreases at sunset and into the night more
rapidly than their eyes can adapt resulting in a state of partial night
blindness (Ali 1959).

The ability of newly emerged fry to maintain their position in
the stream is reduced due to the loss of visual reference points and

movement towards the water surface {(Hoar 1976). This results in their.
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displacement downstream by the current rather than active downstream
swimming., As soon as fry can attain visual orientation their dfift
downstream is slowed. However, sac fry and some small fry cannot
resist the current and may drift all day and night (Manteifel et al.
1978). fhis passive drift is typical of salmon fry as they emerge from
the gravel,. Thus, the daytime migrants at TCFF are most Tikely
accounted for by this type of drift.

Intensity of diurnal and noctural activity increases
dramatically with increased turbidity in TCFF channels. Thomas (1975)
found a similar increase in the number of downstream migrant chinook
salmon associated with increasing turbidity at the Abernathy Salmon
Cultural Development Center, Longview, Washington. Increases in the
rate- of fish entering and leaving the DPC at TCFF has also been
correlated with increased turbidit} {(Vogel 1982). Increased migration
of salmon fry associated with high turbidity is due either to the silt
itself or to a decrease in light penetration, which simulates darkness
(Meehan and Siniff 1962; Clarke and Smith 1972). Increased abundance
of sac fry and an overall decrease in the mean Tength of fish caught
during turbid conditions indicated that turbidity was associated with
emergence and emigration of fall-run chinook salmon from TCFF.

The seasonal timing of emigration of young chinook salmon from
the spawning channels was also an important factor influencing
migration 1ntensjty over a long period of time. However, over a
shorter period of time as in 1985, seasonal timing was not such an
importance influence. Most out migration occurred prior to April.l,
with peaks 1in January and February. This pattern was supported by a

similar occurrence in the upper Sacramento River where 904 of the young
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chinook emigrate from mid-January to mid-March (Beauchamp et al. 1983).
Photoperiod plays a role 1in the seasonal changes in downstream
migration but only at the start and end of the migratory season
(Northcote 1984). Also, as the migration season progresses there is a
shorter time period each night for migration.

The role of the lunar cycle as an influence on animal movements
and activities has been extensively studied. The lunar rhythm referred
to here apprbximates a synodic Tunar month of 29.5 days (Gibson 1978).
Migration of fry from TCFF appeared to be influenced by this cycle, but
its effects seemed to be maskeq by the effects of high turbidity.
Seaward movement of coho salmon fry has been found to be influenced by
the lunar cycle. Peaks in ocutmigration were associated wifh the new
moon and migration declined through the Tunar cycle {Mason 1975).

The Tunar cycle may influence fish migration by the amount of
moonTight and by mediating hormone levels in fish. A sharp reduction
in  the level of downstream movement of young redside shiner

(Richardsonius balteatus) was associated with clear moonlit nights

{Lindsey and Northcote 1963}, Brannon (et al. 1981) observed tnat
newly emerged sockeye fry had a weak directional orientation, but
orientation was highly enhanced by mooniight. Thyroid hormones are
important in the preparation and orientation of migration in fish
(Godin et al. 1974; Hoar 1976; Folmar and Dickhoff 1979:; Scholz 1980).
The Tunar cycle may partially influence the timing of thyroid activity
(Grau 1982).

In this study, the 1nf1uehces of precipitation, water
temperature and night 1lighting on migration intensity were small.

Thomas (1975) observed that the numbers of migrating chinook fry were
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positively correlated with rainfall however, heavy sediment loads were
also present. Thomas also compared fry migration from troughs of
filtered and unfiltered water, and found increased migration from both
troughs after periods of heavy rains. At TCFF, it is most likely that
the physical changes after heavy rainfall (turbidity) and not rainfall
itself influence migration as the flow in the channel does not change.
During periods of rainfall with no subsequent increase in turbidity, no
noticeable change in migration was observed.

Water temperature may act as a stimulus to trigger downstream
movement or as a regulator of migration periodicity (Fried et al.
1978). Fry migration stimulated by rising temperatures and increasing
turbidity has been observed for pink salmon and chinook salmon (Coburn
and McCart 1967; Thomas 1975). Although temperature varied daily with
a general .increase through the study periods, it appeared to have
Tittle or no influence on migration intensity and timing of migration
for chinook salmon at TCFF. Temperature did not account for enough of
the variability in the migration data to make it a reliable predictor
variable.

Light may regulate the intensity of migration as reduced fish
movement has been associated with bright illumination (daylight).
Lighting the drum screens did not significantly contribute to a
reduction in emigration at TCFF over the sampling season. However,
over a short time period of average turbidity in 1985, lighting did
significantly reduce emigration intensity, but when turbidity increased
so did emigration. Perhaps with higher dintensity lighting, migration
could have been significantly affected. The use of artificial

iltumination over a stream area at night greatly decreased the
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intensity of downstream migrations of rainbow trout (Saimo gajrdneri)

and catostomid fry (Northcote 1962; Geen et al. 1966). Downstream
migrating salmon were repelled in both clear and turbid waters from a
300 watt Tlight bulb (Fields et al. 1958). Whether the night lighting
repels the fry or just enables them to maintain stream position and
visual contact with their surroundings was not known.

Fall-run chinook salmon fry emigrating from TCFF over the drum
screens were generally ]eés than 40 mm FL and all were less than 50 mm.
Oownstream chinook migrants from the Sacramento River have been caught
in the Sacramento-San Joaquin Estuary when they were 41 mm long and may
have entered the.Sacramento-San Joaquin Delta when they were only 35 mm
Tong (Beauchamp et al. 1983). Young chinook salmon caught in midwater
trawls in Carquinez Strait, California averaged 39 mm FL in February
(California Department of Fish and Game 1962). Some chinook fry
migrate seaward within the first month after emergence when about 30 mm
Tong (Beauchamp et al. 1983). The abundance of sac fry and the small
size of emigrants from TCFF also appear to be a common occurrence for
fall-run chinook salmon in the Sacramento River.

In 1985, the night-time migrants were a smaller average size
than those migrating during daylight. This may be attributed to the
large differences in sample sizes. Another possible explanation is
that smaller fry emigrated at night due to their emergence from the
gravel at night, and their inability to maintain stream position due to
the loss of visual stimuli and lack of swimming ability. Accofding to
Manteifel et al. (1978) fry of fish species that exhibit passive drift,
such as salmon, were able to orjent themselves at TJower 1light

intensities against the flow in darkness once they reached a defined



37
size. The Tlarger fry migrated Tater at night and at lower Tlight
intensities. This resulted in a reduced time period in which drifting
migration was pbssibTe, and fewer large fish would be expected to be
captured. As fry grow, the threshold value of light intensity becomes
lower for the visual mechanism of rheotaxis. Similariy, the tactile
mechanism of rheotaxis begins to function and may account for the
sudden decrease in mass emigration by passive drift in late February
and early March at TCFF.

The downstream migration of fall-run chinook salmon fry is
influenced by environmental stimuli and density-dependent factors.
However, this does not explain why fry "roll over" the rotating drum
screens at TCFF. The "roll over" of fry appeared to be associated with
screen design and operation, velocity of water in the channel, and
developmental stage of the young. An inherent weakness in the design
and operation of drum screens is that the screens cannot be efficiently
operated without providing an "escalator" effect that transports fish
up the screens (Clay 1961). Under proper operating conditions, a drum
screen is submerged at a depth of 67% to 75% of its,diamefer. The drum
screen carries debris on its surface as it rotates. When the drums are
submerged at operating depth, the screen surface where it Teaves the
water is at a small enough angle to the horizontal that sac fry and fry
tend to lie against the screen and are carried on the screen surface
into the fish conveyancé channel, bypassing the fish counting facility.

The developmental stage of young salmon affects its swimming
ability which 1is crucial to avoiding impingement on the screens., As
chinook salmon develop there is a period of reduced swimming ability

that occurs when the yolk sac is nearly absorbed to a point at or
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shortly after total absorption (Thomas et al. 1969). Prior to this
period, swimming ability increases as the fish becomes more fusiform.
At the Abernathy Cultural Center incubation channel there was a close
correlation between the period of reduced swimming ability and
outmigration (Thomas et al. 1969). Chinook fry in the Abernathy
Cuttural Center channel did not regain their original level of swimming
pérformance until 22 days after total yolk absorption, At that point,
95% of the migrants had already left the channel. The fry maintained
their swimming performance through the time of yolk sac absorption at a
maximum water velocity of 18.3 cm/s. Fisher (1981) evaluated swimming
performance of juvenile chinook salmon for 6 hour periods at velocities
of 6.1-30.5 cm/s. He found that juveniles were impinged at 18.3 cm/s
and concluded that juveniles should not be exposed for long perijods to
velocities greater than 12.2 ecm/s. Sasaki et al. (1972} found that
swimming performance of juveniles 36-38 mm FL decreased as velocity
exceeded 12.2 cm/s. The criterion used at TCFF was a maximum water
velocity of 24.4 cm/s (Pollock 1969). Greenland and Thomas (1972)
recommended that screening facilities for the Tehama-Colusa Canal be
designed to provide water velocities for fall-run chinook fry with a
swimming speed of 18.3 cm/s when the fry were 33.0-34.9 mm FL. Thus
the “roll over” fry at TCFF were mostly fry which had nearly absorbed
their yolk sacs and averaged 35 mm.

I recommend the following for the operation of the TCFF: (1)
That sampling young chinook salmon in the fish conveyénce channel with
a fyke net be discontinued for the season when the algae in channel
flows persistantly clog the net. This occurs by the end of February

and at that time most of the fry remaining in the channel are too large
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to "roll over" the drum screens.  The Toss of sampling efficiency and
high majntenance due to the filamentous algae justify this
recommendation.  (2) The Tive box be modified to reduce fish Joss. A
smaller version of the 1ive box used at the OPC velocity barrier would
probably work well. (3) The net should be cleaned at least once a day
and preferably twice. A jet of water from a hose works well to remove
debris and algae. (4) The drum screens be modifiedlto reduce "roll
over". (5) The water velocity in the SPC be reduced to a maximum of 18

cm/s with consideration for 12-13 cm/s.
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