THE MOKELUMNE RIVER
CHINOOK SALMON AND STEELHEAD
MONITORING PROGRAM
1992-1993

Administered by:

East Bay Municipal Utility District
Watershed and Recreation Division
500 San Pablo Dam Road
Orinda, California 94563

EVALUATION OF THE DOWNSTREAM MIGRATION OF JUVENILE CHINOOK
SALMON AND STEELHEAD IN THE LOWER MOKELUMNE RIVER AND THE
SACRAMENTO-5AN JOAQUIN DELTA
(JANUARY THROUGH JULY 1993)

April 1994

Conducted and Prepared by:

David A. Vogel, Project Manager
Keith R. Marine, Assistant Project Manager
Vogel Environmental Services
21600 Wilcox Road
Red Bluff, California 96080
(9106) 527-9587



TABLE OF CONTENTS

TR B EENES L L s sl st e iR oo e et et iete to oo e e e !
METHEOES .o s s sismimis wosimmeiials N e A e e et e e Sl D 3
Downstream Migrant Fish Traps . . . ..o 3
Elliott ROad "TEaBpig SIE" ... o v o s sirm s e s e g 3
Woodbridge Dam Trapping Site - ... .ooiiniin e 6
Downstream Migrant Fish Trap Monitoring Protocol . ... ... ... ... ... b
Fish Handling and MEaSUrements . . ... cwsssien s sima e s s 8
Trap Maintenance and Debris Management . ... ... ... .. .. ... . .. . . 9
Trap Calibrations for Abundance Estimates ... .................... 9
Abundance and Timing of Bhoigration: ..o . oo ssimie c 0 s 55 e o 11
Fish Sz and  E M O 5500 5 5 5 1o mie  mistiniion ool e e et e 13
Ehysical EnviconmemalTimas e . o o S ek e W I4
Dist Mhiiation PAHern SURVeYS i i o 5 o v et ot see et |4
Water Velocity Profiles near Elliott Road ... ...... .. ... 000, 15
Physical Injury Tests at Woodbridge Dam &.. ooioesiiin i iiinen s S |
Coded-Wire Tagging of Wild Smolts . .. ... . . ... . ... ... ... .. . .. 16
Coded-Wire Tagging of Hatchery Smolts and Delta Survival Experiments . | 17
Coded-Wire Tag Summaries and Assessment . .. ... ........... .. ... 19
BESULES AN ENDESCUSSTON | L L6 ot S SO o, el . sk e 1o 20
Abundance of Downstream Migrant Juvenile Salmonids .. ... .. ... ... ... .. 20
Water Velocity Profiles near Elliott Road ... ..., ... ... ... ... . ... ... .. 2
Timing of the Downstream Migration of Juvenile Salmonids . . ... . ... ... .. 27
Size and Condition of Young-of-Year Downstream Migrant Salmon .. ... ... .. 32
Effects of Physical Environmental Conditions on Downstream Migrants .. . . . . 36
Diel Periodicity of Migration Past Woodbridge Dam .. ... .. .. ... ... 36
Water Temperature, River Flow, Rainfall, Turbidity, and Lunar Phase ... 38
Comparison of Juvenile Salmonid Downstream Migration During 1990-1993 . .. 48
Assessment of Physical Injury of Juvenile Chinook Salmon Passing
ke L34 LETSTs T o LSO O 0 S e 50
Assessment of Survival of Juvenile Chinook Salmon Migrating Through the
Sacramento-San Joaquin Delta During the Spring of 1993. ... ... ..... 54
MEBFH Chinook BallOn. .. wousm s s s o ime s isrm ail e 54
Wild Chinook Salmon Smolts Coded-Wire Tagged at Woodbridge Dam . . 56
ACKNOWEEBGBMENTS . can chiia oe slivs s s o it s i . 57
REBRRENGEN. . oo i v s s i e s bbbt el e 0 B one s ori 58
i w2t e LAY S N TN O S S S | AW o L e T 60



\umber

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10,

Figure 11.

Figure 12.

LIST OF FIGURES

Description Page
Map of the Mokelumne River from Camanche Dam to the confluence 2

of the San Joaguin River.
Map Depicting Detailed Trap Sites (Camanche Dam to Woodbridge Dam). 4

Schematic Perspective View of Rotary Screw Trap System at 5
Elliott Road Trap Site (River Mile 53).

Schematic Perspective View of Downstream Migrant Fish Traps 7
Used at Woodbridge Dam Site (River Mile 39),

Estimated Total Daily Abundance of Young-of-Year Chinook Salmon 25
Passing Woodbridge Dam During January through July 1993

Estimated Total Weekly Abundance of Young-of-Year Chinook Salmon 25
Passing Woodbridge Dam During January through J uly 1993,

Velocity Distribution (in feet per second) at Elliott Road Rotary Fish Trap26
Sampling Site, Data Collected on March 22 (Camanche release of 576 cofs)
and May 26, 1993 (Camanche release of 1,340 cfs).

Timing of Total Estimated Weekly Abundance and Size of 28
Downstream Migrant Young-of-Year Chinook Salmon Passing
Woodbridge Dam During January through July 1993,

Timing and Size of Downstream Migrant Young-of-Year Chinook 29
Salmon Passing Elliott Road and Woodbridge Dam Trap Sites
During January through July 1993,

Weekly Counts of Juvenile Chinook Salmon and Steelhead Trapped 30
at the Woodbridge Dam Site During January through July 1993,

Weekly Counts of Juvenile Chinook Salmon and Steelhead Trapped 31
at the Elliott Road Site During January through July 1993.

Daily Average, Maximum and Minimum Total Lengths of Young- 33
of-Year Chinook Salmon Captured at the Elliott Road and
Woodbridge Dam Trap Sites During January through July 1993,



Number

Figure 13.

Figure 14.

Figure 15.

Figure 16.
Figure 17.

Figure 18.

Figure 19,

Figure 20.

Figure 21.

Figure 22.

Figure 23.

LIST OF FIGURES (continued)

Description

Hourly Counts and Corresponding Water Temperature (in Degrees
Fahrenheit) of Young-of-Year Chinocok Salmon Migrating Past
Woodbridge Dam During Diel Trapping Surveys - May and June 1993,

River Flow Passing Woodbridge Dam, WID Canal Diversions, and
Daily Average Turbidity (as measured by Secchi visibility) at
Woodbridge Dam Trap Site During January through July 1993,

Daily River Flow and Turbidity (measured as Secchi visibility)
at the Elliott Road Trap Site During January through July 1993,

Water Temperatures Recorded at the Woodbridge Dam Site.
Water Temperatures Recorded at the Elliott Road Site.

Average Daily Water Temperatures Recorded at the Woodbridge
Dam and Elliott Road Trap Sites During January through July 1993,

Comparison of Estimated Daily Total Abundance of Young-

of-Year Chinook Salmon Passing Woodbridge Dam with Water Clarity
(measured as Secchi visibility) and Streamflow ( Woodbridge Dam
outflow} During January through July 1993,

Comparison of Estimated Daily Total Abundance of Young-
of-Year Chinook Salmon Passing Woodbridge Dam with

Daily Water Temperatures, Lunar Phase and Rainfall Measured
During January through July 1993,

Comparison of Daily Total Counts of Young-of-Year Chinook
Salmon Passing the Elliott Road Trap Site with Water Clarity and
Streamflow During January through July 1993,

Comparison of Daily Total Counts of Young-of-Year Chinook
Salmon Passing the Elliott Road Trap Site with Daily Water
Temperatures, Lunar Phase and Rainfall Measured During
January through July 1993,

Comparison of Weekly Counts of Downstream Migrant Chinook

Salmon at Woodbridge Dam for 1990, 1991 and 1992 with Weekly
Abundance of Young Chinook Salmon at Woodbridge Dam for 1993,

iii

39

40

41

42

44

45

46

47

44



MNumber

Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table &,

Tahkle 9.

Table 10.

Table 11.

Table 12.

Table 13,

LIST OF TABLES

Description Page
Trapping Efficiency Test Parameters for Woodbridge Dam and 10
Elliott Road Trap Sites - January through July 1993,
Trap Efficiency Test Results for the Elliott Road Trap Site, 12
Trap Efficiency Test Results for the Woodbridge Dam Trap Site, 13
Total Numbers of Juvenile Anadromous Salmonids Trapped at the 20

Woodbridge Dam and Elliott Road Trap Sites - January
through July 1993,

Monthly Capture of Incidental Species at the Woodbridge Dam 21-22
Trap Site.

Monthly Capture of Incidental Species at the Elliott Road Trap Site. 23
Weekly Average Total Length, Weight, and Condition Factor for 34

Y-0-Y Chinook Salmon Captured at Woodbridge Dam During
January through July 1993,

Weekly Average Total Length, Weight, and Condition Factor for 35
Y-0-Y Chinook Salmon Captured near Elliott Road During
January through July 1993,

Results of Physical Injury Tests Conducted on Juvenile Chinook Salmon 51
at Woodbridge Dam During the Spring of 1993.

Statistical Significance of Results from Fish Physical Injury Tests 52
Conducted at Woodbridge Dam.

Parameters Relevant to Physical Injury Tests Conducted on Young 33
Chinook Salmon at Woedbridge Dam During the Spring of 1993.

Release and Recovery Information for Four Groups of Mokelumne River 54
Fish Hatchery Coded-Wire Tagged Juvenile Fall-Run chinook Salmon
Captured at the Chipps Island USFWS Trawling Station, Spring 1993,

Coded-Wire Tag Release Information for Mokelumne River Fall-Run 55
Chinook Salmon, Spring 1993.

iv



TASK OBJECTIVES

This report addresses two related tasks of the 1992-93 Mokelumne River Chinook Salmon
(Oncorhynchus tshawyischa) and Steelhead (Oncorhynchus mykiss) Monitoring Program:

Monitoring of downstream-migrant salmonids within the Mokelumne River

Mark-recapture experiments to determine survival of hatchery-reared chinook
salmon smolts migrating through the Sacramento-San Joaquin Delta ( Delta).

The purpose of these two tasks was to continue the development of information begun during
the years of 1990, 1991, and 1992 on juvenile anadromous salmonids in the lower
Mokelumne River (Figure 1). Task objectives and approaches of this investigation were
modified and refined from those of previous years' to address differences in climatological
and riverine conditions. Specific objectives of this year's program were as follows:

1)

3)

4)

5)

7)

To monitor the daily abundance and movement of naturally produced juvenile
anadromous salmonids passing two locations:

A) Immediately downstream from the major salmon spawning reach
B) Woodbridge Irrigation District's (WD) dam (Woodbridge Dam)

To monitor size and condition of emigrating juvenile anadromous salmonids
and determine the proportions of juvenile salmon emigrating as fry and as
smolt-sized salmon.

To evaluate juvenile anadromous salmonid emigration patterns related to
environmental factors (stream flow, water temperature, lunar phase,
precipitation, water turbidity, and time of day).

To assess the effects of juvenile chinook salmon passage over Woodbridge
Dam.

To coded-wire tag naturally produced chinook salmon smolts for later
assessments of survival and fishery recruitment.

To assess the relative survival of coded-wire tagged Mokelumne River Fish
Hatchery (MRFH)-reared salmon smolts migrating through the Delta under two
water diversion scenarios.

To evaluate the results of the preceding tasks as related to resource monitoring
activities and management recommendations/actions for the lower Mokelumne
River.

1993 Evaluation of Mokelumne River Anadromous Salmonid Downstream Migration
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METHODS
Downstream Migrant Fish Traps

Dramatically higher sustained river flows oceurred during the winter and spring seasons as
compared to previous study years because of above-normal precipitation. The higher flow
conditions required use of downstream migrant fish trapping methodologies different from
those employed in the past. Rotary screw fish traps' were selected for their "state-of-the-art”
design characteristics®. Vogel Environmental Services' (VES) and East Bay Municipal Utility
District’s (EBMUD) biologists identified two trapping sites for deployment of the screw traps
which would address the objectives of this study (Figure 2). California Department of Fish
and Game (CDFG) biologists concurred on the adequacy of these sites (M. Fjeldstad and J.
Melson, CDFG, pers. comm.). One site was located just downstream from the Elliott Road
bridge at river mile 53, which was the downstream limit of the major salmon spawning reach
in 1992 (Hartwell 1993) and 1990 and 1991 (Bianchi er al. 1992). The other trapping site
was located at Woodbridge Dam at river mile 39, which was used for downstream migrant
trapping in previous years (Bianchi ef al. 1992). A fyke trap was used to monitor juvenile
salmonid emigration at Woodbridge Dam during the initial trapping period prior to
deployment of the screw trap.

Elliott Road Trapping Site

The upriver site near Elliott Road (Figure 2) was selected based on several criteria important
for meeting the monitoring program objectives. This site needed to be located near the
downstream-most salmon spawning area to attempt to evaluate timing and abundance of
salmon fry moving from the spawning grounds to downstream areas. The site also needed to
possess stream channel configuration and stream flow characteristics to optimize fish capture
efficiencies. Additionally, the site had to be secure and accessible to field crews seven days a
week and twenty-four hours a day. The Soil Conservation Service's Plant Materials Center
near Lockeford, California, located immediately downstream from the Elliott Road bridge and
fronting the river on the south bank for a distance of about one mile, provided an ideal site
fulfilling these criteria.

A Z.4-meter (m) diameter x 6.7-m long screw trap near Elliott Road was assembled and
deployed by VES and EBMUD crews and was operated from January 29 through July 23,
1993. Figure 3 provides a schematic of the suspension and pulley system used to position the
screw trap at this site. The static-line pulley system allowed the trap to be moved across the

' E.G: Solutions, Inc.; Corvallis, Oregon.

* A rotary trap is self-powered, self-cleaning, captures fast swimning fishes such as juvenile salmonids, operates

effectively in wide ranges of water velocities from one to eight feet per second, and does not injure fish,

1993 Evaluation of Mekelumne River Anadromous Salmonid Downstream Migration
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(River Mile 53).

Schematic perspective view of rotary screw trap system at Elliott Road trap site



entire width of the river channel. The lengths of two bridles running from the static-line
pulleys to the trap could be adjusted to provide for limited longitudinal positioning of the trap
within the channel. The suspension system was designed to allow the trap to be pulled by
hand to the left bank (facing downstream) so it could be easily tended. Highly visible
warning signs notifying river users of the trap's location and directing them to safe passage
were posted 200 m upstream from the trap and on the suspension cable. The suspension
cable was made very visible by attaching brightly colored plastic marking ribbon along its
length.

Woodbridge Dam Trapping Site

Woodbridge Dam has been used as a trapping site for downstream migrant salmonids since
inception of the Mokelumne River Fishery Monitoring Program in 1990, During the previous
study seasons, river flows were low enough that nearly the entire river flow passed through
the fishways and fish bypass system at Woodbridge Dam where traps were installed to
capture most downstream migrant fishes (Bianchi et al. 1992). However during early 1993,
the majority of the flow passing Woodbridge Dam passed over the dam's flashboards because
of the higher sustained river flows. This condition, combined with an anticipated return of a
spring chinook salmon spawning run and the need to maintain the fishways clear for their
passage (M. Fjeldstad, CDFG, pers. comm.), precluded use of the previously used trapping
gystemn in the fishways.

Initial trapping at this site was conducted in the low-stage fishway during the period from
January 19 through March 31, 1993 using a modified fyke trap installed in pool 6a (Figure 4).
This trap utilized a 0.9-m wide x 0.6-m high x 1.8-m long fyke net with a 2 millimeter (mm)
mesh that tapered to a 10.5 centimeter (cm) diameter by 1.8-m long polyvinylchloride (PVC)
reinforced flex hose that terminated in a perforated (1.6-mm diameter holes) and baffled
aluminum live box (0.6-m x 0.6-m x I-m high). This trap was installed so as not to impede
migration of upstream migrant fish in pool 6a but to capture a portion of the flow entering the
pool. The mouth of the trap was positioned about 0.5 m downstream from the orifice
entering pool 6a from pool 7a and 0.3 m from the bottom of the pool, effectively filtering
about half the discharge entering the pool through the 0.6-m x 0.6-m underwater orifice. The
fyke netting and flex hose guided captured fish to the live box which was securely attached to
the downstream comner of the pool away from the orifice entering pool 6a from pool 5a, The
trap was serviced by briefly (5-15 minutes) reducing the flow in the fishway by partially
closing the fishway flow control gate between pools 9a and 8a.

Releases from Camanche Dam were projected to dramatically increase during April 1993
increasing river flows passing Woodbridge Dam. The fyke trap installed in the low-stage
fishway at Woodbridge Dam would be neither effective nor serviceable under those
conditions. Therefore, a 2.4-m diameter screw trap borrowed from CDFG was assembled and
deployed by VES, EBMUD, and CDFG crews on April 1, 1993. Figure 4 shows the location
and a schematic of the suspension and pulley system used to position this trap in the tailwater

1993 Evaluation of Mokelumne River Anadromous Salmonid Downstream Migration
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immediately downstream from the dam. The suspension system was anchored by two 2,270-
kilogram concrete anchors on both sides of the river. The pulley system was operated by two
electric winches powered by a 12-volt deep cycle automotive battery. This suspension system
allowed the trap to be fished across approximately two-thirds of the river channel from the
right bank out beyond mid-channel. This was the most effective sampling location in the
channel because an eddy, in which the trap would not operate, occurred along the left bank
out into the channel for about one-third of its width. The longitudinal position of the screw
trap in the channel could be adjusted to a limited extent by adjusting the lengths of the pulley
cables. The trap was tended by pulling it to the right bank.

A new, 2.4-m diameter by 6.7-m long screw trap purchased by EBMUD was deployed,
replacing the screw trap on loan from CDFG, on May 11, 1993. This trap was operated
through July 29, 1993,

Downstream Migrant Fish Trap Monitoring Protocol
Fish Handling and Measurements

Rotary screw traps, and the Woodbridge Dam fyke trap when in service, were regularly
tended twice each day. This was generally done early in the morning and late in the
afternoon. During periods of high riverine debris loads and/or large catches of fish, the traps
were attended two to three additional times each day, near mid-day and/or mid-evening.
Fishes captured were transferred from the trap live boxes with dip nets to 20-liter buckets
filled with fresh river water to which tricaine methane sulfonate’ was added at ca. 30-50
milligrams/liter for rapid and short-term induction of moderate sedation for most of the
species captured (Summerfelt and Smith 1990). All fishes were identified to species (when
possible) and enumerated.

Up to 50 of each salmonid species captured during each trapping period were randomly
sampled for measurements of total length (TL) and fork length (FL) (in mm) and weighed (in
grams) on an Ohaus CT1200 portable balance. Weighing was done in tared beakers of fresh
water set on the balance pan. Individual sedated fish netted in a small dip net were gently
blotted on a moist sponge to remove excess water prior to weighing to ensure measurement of
true wet weight. During several short periods (<2 weeks), the electronic scale was not
available and weights were estimated by placing individual fish in a 100 milliliter graduated
cylinder. It was assumed that 1 milliliter of displaced water equaled 1 gram wet weight of
fish. These measurements were recorded along with observations of disease and injury, All
adipose fin-clipped salmon (indicating coded-wire tag implants) and salmon otherwise marked
that were observed among the fish counted or measured were recorded. U pon completion of
counting and measuring fish, fish were gently placed in another 20-liter bucket of fresh river

> "Finquel" formulation, sold by Argent Chemical Laboratories, Redmond, WA,

1993 Evaluation of Mokelumne River Anadromous Salmonid Downstream Migration
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water to recover from sedation prior to being released downstream from the traps. Total
processing time for individual fish from sedation and measurement to recovery and release
was generally 5 to 15 minutes,

Surface water temperature was measured with a mercury filled thermometer and water clarity
was measured with a secchi disk at each trapping site each time the traps were attended. Any
other relevant biological or environmental conditions potentially affectin g trap performance or
fish behavior (e.g., incidence of predators, incidence of poaching, changes in river flow or
spill configurations at Woodbridge Dam) were recorded when observed,

Trap Maintenance and Debris Management

Riverine and urban-generated debris was periodically problematic in the operation of the
downstream migrant traps at both sites. Of particular importance were large tree limbs and
floating lumber. Tree limbs and floating lumber larger than about 40 cm long and 10 em in
diameter entrained into a screw trap usually lodged to stop the rotation of the trap. These
oceurrences required increased trap inspection frequencies and were most common dur; ng the
stormy winter season and during increases in discharges from Camanche Dam.

At the Elliott Road trap site, we experimented with a technique for reducing debris problems
at the trap. Floating debris entrainment was reduced and managed by a floating, inverted V-
shaped log boom (3-m long x 15-cm diameter) installed on the upstream side of the trap with
the apex of the boom pointed upstream. This boom deflected most flotsam away from the
trap entrance. All trap calibration trials with recovery of marked and released fish were
conducted with the boom in place. The boom alsa provided an additional safepuard for
swimmers, canoeists, and other river users to grab if floating toward the trap opening,

Algal growth on the perforated rotating cone of the traps was removed by brushing all
surfaces when growth occurred, which could be as often as twice daily. This algal growth
occurred predominately during the late spring and summer months.

Trap Calibrations for Abundance Estimates

Fish capture efficiencies of the traps at each site were measured several times throughout the
monitoring period. Table 1 provides the dates, river flows, numbers, and mean sizes of
marked fish used to measure trapping efficiencies. All juvenile salmon used for these mark-
recapture tests were obtained from MRFH, except for 272 wild salmon fry captured at Elliott
Road and used at the Woodbridge Dam trap on February 26, 1993. Fish were anesthetized
(ca. 70 to 100 milligrams/liter tricaine methane sulfonate solution) and marked by excision of
either the right or left pelvic fin. These fish were measured for FL and TL, and allowed to
recover in a large live car (1.0 m x 0.8 m x 1.2 m with 2-mm "Nitex" plastic mesh) placed in
the river near Elliott Road for 1 to 2 days prior to their release for the tests.

1993 Evaluation of Mokelumne River Anadromous Salmonid Downstream Migration
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Table 1. Trapping Efficiency Test Parameters for Woodbridge Dam and Elliott Road
Trap Sites - January through July 1993,
Wood- River River
Date of | bridge | Flow at | Elliott Road Flow # Day # Night Mean
Test Dam Wood- Site al Release Helease TL{mm)+
Site bridge Victor S.D.
Dam
2/26/93 test 182 no test -- 189 (w) 83 (w) J6x2 (w)
243 (h) 301 (h) 5345 (h)
3/5/93 no test -- test 590 25] 255 54+12
3/10/93 | no test -- test 595 282 297 5544
4/10/93 test 432 no test -- 181 173 7618
4/28/93 test H6eY tesl 1190 310(WD) | 298(WD) 94+12
317(ER) 315(ER)
5/12/93 | no test -- test 1140 487 392 78+
6/5/93 no test -- test 1250 329 330 100+6
Notations: (w) & (h) - wild & hatchery - Wild fish were used to partially comprise these release
groups. (WD) & (ER) - Woodbridge Dam Site & Elliott Road Site. |

Paired test releases, one during daylight and one during night time, were made on each test
date at the trap sites. Fish releases were made approximately 200 m upstream from the Elliott
Road trap and at the top of the spill bays at the Woodbridge Dam trap site for the screw trap
and approximately 200 m upstream from the dam for the fishway fyke trap. Fish were
released from 20-liter buckets or 25-liter eylindrical PVC live cars (30-cm diameter x 40 cm
long with 2 mm nylon mesh ends). The release groups were divided into three approximately
cqual sublots and released in the right one-third, middle one-third, and left one-third of the
river channel at each site. We assumed that the release distance from the trap and the flow
configuration at each site allowed fish to seek a preferred portion, or natural migration route,
in the channel or to mix to a homogeneous distribution within the channel priar to
encountering the traps.

Live box retention efficiency at each trap site was measured twice during the monitoring
period on May 17-18 and July 13-14, 1993 at the Woodbridge Dam site and on May | and

1993 Evaluation of Mokelumne River Anadromous Salmonid Downstream Migration
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July 12-13, 1993 at the Elliott Road site. For each retention test, a right or left pelvic fin or
upper lobe of caudal fin was excised from each fish (group size = 10-100 per test) as
described for trap efficiency tests. Use of the combinations of fin-clip marks was coordinated
with all other mark-recapture experiments (e.g., trap efficiency releases) to avoid conflicting
purposes between tests. Fish were placed in the live boxes of the traps after 2 w0 24 hours
recovery from the fin removal procedure. Fish were left in the live box until the following
trap check (7-16 hours) when they were counted, measured for FL and TL, and released
downstream from the trap.

Abundance and Timing of Emigration

The numbers of each species and each age class of salmonids captured were compiled on a
daily basis. The age 1+ size criteria for chinook salmon were based on previous years'
juvenile salmonid monitoring results as substantiated by the sizes of adipose-clipped salmon
released at age 1+ during the fall of 1992 and captured during each of the following time
periods;

Time Period Age 1+ Size Criterion
January through April 14, 1993 >100 mm TL
April 15 through April 25, 1993 =110 mm TL
April 25 through April 30, 1993 =120 mm TL
May | through July 29, 1993 =130 mm TL.

Morning and afternoon trap capture numbers were combined to provide daily totals for each
trap site. Daily counts were compiled into weekly totals for several analyses.

Outmigrant abundance estimates were generated from trapping efficiency results. The
abundance estimates should be considered as an index of relative abundance and not as a
population estimate. Only those estimates for the Woodbridge Dam trap site are considered
reasonably reliable indices for the entire season. Several instances of low recovery and no
recovery of marked fished, particularly for smolt-sized salmon (>70 mm TL), at the Elliott
Road trap site made it undesirable for abundance estimations (Table 2). Average trap
efficiency recovery rates for each of the Woodbridge Dam site test dates were computed from
the paired day and night releases (Table 3). This was done because recoveries of marked fish
for cach of the releases occurred over protracted periods, including both daylight and night
time, and thus made it difficult to distinguish any differences between day and night trap
efficiencies. Treatment of the paired day and night releases as replicates allowed estimation
of a trapping variance and generation of a confidence interval for the abundance estimate.
The average trapping efficiency for each test date was applied to each respective period for

1993 Evaluation of Mokelumne River Anadromous Salmonid Downstream Migration
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which it was representative in terms of river flow, fish size, and trap equipment as follows:

Applicable Period Test Date Applied River Flow Tra [+
1/19/93-3/31/93 2/26/93 141-531 ofs Fyke
4/1/93-4/13/93 4/10/93 412-655 cfs Rotary Screw
4/14/93-7/29/93 4/28/93 894-1100 cfs Rotary Screw

Each day’s total trap capture abundance was divided by the average trap efficiency rate
applicable to the period in which it occurred to calculate an estimated index of total fish
passage by Woodbridge Dam. The individual daily abundance estimates were summed to
produce abundance estimates for various time periods.

Table 2. Trap Efficiency Test Results for the Elliott Road Trap Site.
l Date River Flow Trap Efficiency (%) Avg. Trap Avg. Fish Size
] (cfs) (R/M)! Efficiency? (%) (TL in mm)
. D. .D.
Day Release Night (=D ey
Release
3/5/93 540 1.99 3.53 2.76 54 (s=12.0)
(5/251) (9/255) (s=1.09)
3/10/93 595 1.06 1.G68 1.37 35 (s=4.0)
(3/282) (5/297) (s=0.44)
4/28/93 1190 0 0 ] 92 (s=10.5)
(0317) (0/315)
5/12/93 1140 0.21 0.26 0.24 83 (s=7.4)
(1/487) (1/392) (s=0.04)
6/5/93 1250 0 0 0 100 (5=6.0)
(0/329) (0/330)
' The Mark-Recapture notation of Ricker (1958) is used with R = #s marked fish recaptured and M = #'s marked
fish released.
I
* Fish released during daytime and nighttime were recaptured over protracted time periods which precluded making!
definitive inferences regarding differences between day and night trap efficiencies, so, each of the paired day-
night releases are considered as single duplicated trap efficiency tests and the averape result presented,
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Table 3.  Trap Efficiency Test Results for the Woodbridge Dam Trap Site. '

Date River Flow Trap Efficiency (%) Avg. Trap Avg. Fish Size ]
(cfs) (R/M)? Efficiency’ (%) | (TL in mm)
Day Release Night B0 S5
Release
2/26/93" 182 2.55 3.91 3.23 (s=0.96) 36 (s=2.0)w
(11/432) (15/384) 53 (s=5.0)h
4/10/93 432 12.71 9.83 11.27 (s=2.04) 76 (s=8.0)h
(23/181) (17/173)
4/28/93 969 7.74 13.42 10.58 (s=4.02) 94 (s=12.0)h
(24/310) (40/298) !

' The results for the 2/26/93 test are apphied to the time period when a fyke trap was fished in the low-stage
fishway (1/19/93 through 3/31/93).

? The Mark-Recapture notation of Ricker (1958) is used with R = #'s marked fish recaptured and M = #'s marked
fish released,

* Fish released during daytime and nighttime were recaptured over protracted time periods which precluded
making definitive inferences regarding differences between day and night trap efficiencies; so, each of the paired
day-night releases are considered as single duplicated trap efficiency tests and the average result presented

Fish Size and Condition

The size parameters of FL, TL, and weight measured on subsamples of each day's Y-O-Y
salmon catches for samples of up to 100 fish each day at each trap site were compiled on a
daily basis. Fulton's Condition Factor, given as (100 x weight/'TL") by Bagenal and Tesch
(1978), where weight is in grams and TL is in mm, were computed for each fish for which
TL and weight measurements were obtained. Daily and weekl y averages for FL, TL, weight,
and condition factor of Y-0-Y salmon were computed and compiled for analysis.

Observations of injuries on trapped fish were described, recorded, and compiled on a daily
basis, as well as the numbers of dead fish found in the traps during each day. These incidents
of injury and mortality were examined with regard to effects of predaceous species, debris
fouling of the traps, and other conditions which may have contributed to their occurrence.
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Physical Environmental Data

Daily environmental data for the period of January through July 1993 were obtained from the
following sources:

. River Flow at Victor, California; EBMUD gauging station on the Mokelumne River
near River Mile 51,

. River Flow passing Woodbridge Dam: U.S. Geological Survey (USGS) gauging
station (#11325500) on the Mokelumne River located downstream of Woodbridge
Dam near River Mile 37.

. WID's Canal Diversions: USGS pauging station (#11325000) located in the canal near
the point of diversion at Woodbridge, California,

. Local Precipitation: USDA - Soil Conservation Service Plant Materials Center near
Lockeford, California (located about midway between Camanche Dam and
Woodbridge Dam) maintains daily climatological data series.

. River Temperature at Woodbridge Dam: Ryan Model RTM 2000 thermograph (Ryan
Instruments Inc., Redmond, Washington) installed in pool #6a of the low-stage fishway
and surface temperatures generally measured twice dail y during morning and afternoon
with a mercury filled thermometer,

. River Temperature at Elliott Road Site: Ryan Model RTM 2000 thermograph installed
in the live box of rotary screw trap at site and surface temperatures generally measured
twice daily during morning and afternoon with a mercury filled thermometer.

. Water Turbidity Index (Secchi Depth): Generally measured twice daily at each trap
site in the river channel off downstream end of screw traps.

. Lunar Age and Regional Sunrise/Sunset Timing: 1993 Old Farmer's A Imanac, Yankee
Publishing Inc., Dublin, New Hampshire.

. Sacramento-San Joaquin Delta Water Conditions: U.S. Bureay of Reclamation,
Central Valley Operations Coordinating Office, Sacramento, California and California
Department of Water Resources, Sacramento, California.

Diel Migration Pattern Surveys

Diel patterns of the migration behavior of chinook salmon smolts were assessed on three dates
during the height of the emigration period. These diel surveys were conducted at the
Woodbridge Dam trap site on May 19-20, June 2-3, and June 29-30, 1993, On these dates,
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the trap was tended hourly for a full 24-hour cycle using the same previously described fish
handling and trap tending protocols, except that the trap was tended by boating over to its
fishing position in the channel rather than pulling it to share. This trap tending procedure
allowed the trap to operate continuously during the entire diel survey period, Numbers of
Juvenile salmon captured during each of the three djel surveys were compiled on an hourly
basis over the course of the 24 hours of survey for each date.

Water Velocity Profiles near Elliott Road

Water velocity profiles were taken on two occasions at the fish sampling site downstream of
Elliott Road (approximately one-half mile downstream of the bridge). Velocities were
measured to determine flow characteristics in the immediate vicinity of the rotary fish trap
and within the adjacent river channel during Camanche Reservoir releases of approximately
600 cfs and 1300 cfs. Measurements were taken on March 22, 1993 (600 cfs) and May 26,
1993 (1300 cfs). Water velocities were measured with a Price AA flow meter at 20 % and
80 % of the water depth at each of 22 verticals across the river channel on March 22 and at
cach of 26 verticals on May 26.

Physical Injury Tests at Woodbridge Dam

Tests were conducted at Woodbridge Dam to assess the potential for fish mortality attributable
to young chinook salmon passing over the top of Woodbridge Dam, into the dam spill bays,
and through the riprap downstream of the dam. Tests were conducted during two different
flow conditions in the Mokelumne River (Camanche Reservoir releases near 600 cfs and 1300
cfs).

Experimental groups of juvenile chinook salmon (obtained from MRFH) in lots ranging from
approximately 200 to 1000 fish each were released directly into spill bays on top of
Woodbridge Dam. Immediately prior to release, these fish were transferred from an
oxygenated holding tank positioned adjacent to the left abutment of the dam into five S-gallon
buckets for each release group, hand carried to the release location, then poured into a 12-inch
diameter PVC pipe (7 feet long) with its end positioned directly over the lip of the spill
passing over the Woodbridge Dam flashboards. Positioning of the end of the PVC pipe was
critical to ensure released fish did not escape upstream into Lake Lodi but instead passed over
the spill on the dam and into the spill bays.

Experimental fish were recaptured downstream of the dam by positioning the rotary fish trap
(previously described) into the flow emanated from spill bays where experimental fish were
released. After approximately 15 minutes following the experimental fish release, all salmon
captured within the rotary trap were removed. It was assumed that the capture of any wild
fish during the 15-minute sampling period was minimal and would not significantly influence
study results, Recaptured experimental fish were transferred to shore in a live car (12-inch
diameter, 16-inch long PVC pipe with both ends covered with 1/8-inch knotless, nylon Delta
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mesh). All fish remained in water continuously following removal from the rotary trap. Each
live car was placed in the high-stage fishway where fish were monitored daily for mortalitiés
over a seven-day period.

For each experimental group of fish released into a spill bay, a control group of
approximately 100 fish was released into the rotary trap for comparative purposes.. After each
experimental group of fish was released, recaptured, and placed into the high-stage fishway, a
control group of fish was removed from the oxygenated holding tank positioned adjacent to
the left abutment of the dam and placed into a 5-gallon bucket. These fish were then
transferred out to the rotary trap (via a rowboat) where they were released directly into the
rotary trap entrance. The estimated time the fish remained in the transfer bucket was
approximately the same as for the comparable experimental fish group. The control group of
fish remained in the rotary trap for approximately 15 minutes and were removed and
transferred in a live car to the high-stage fishway as previously described for experimental
groups of fish. All attempts were made to freat experimental and control groups of fish the
same, except for the experimental fish group's passage over the spill bays and through the
riprap prior to recapture in the rotary trap. The numbers of fish within each group were
purposefully not individually enumerated prior to release to minimize handling stress and
potential physical injury attributable to handling. The numbers within each group were
visually estimated solely to attempt relative similarities in fish densities between experimental
and control groups after recapture. The intent was to minimize any differences in mortality
that could be attributed to differences in densities of fish held in the same sized live cars
during subsequent monitoring after recapture. Fish were not fed during the seven-day
monitoring period, but they had some limited ability to fed on water-borne natural feed
because riverine water could freely pass through their live car. Any observed differential
mortality between the experimental and control groups over the seven-day monitoring period
was assumed to be primarily attributable to factors affecting fish after release into the dam
spill and recapture in the rotary trap.

Coded-Wire Tagging of Wild Smolts

Tagging of juvenile salmon with coded-wire tags was initiated upon a dramatic increase in the
number and size of juvenile salmon (=75 mm TL) being captured at the Woodbridge Dam
trap. Beginning on May 5, 1993 and continuing through the monitoring season until July 29,
1993, all juvenile chinook salmon captured at the Woodbridge Dam site were tagged by
injecting 1-mm binary coded-wire tags into their head cartilage using a NMT* Mark 1V
tagging machine and marked by excision of the adipese fin with Mitex fine surgical sCissors.
Fish were handled as previously described for fish handling and measurement with the
additional procedures of injecting tag wire, passing fish through a quality control device
(QCD) to insure tag implantation, and excising adipose fins prior to their placement into a

4 Norhwest Marine Technologies, Shaw Island, Washington.
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recovery tank of fresh flowing river water. A single tagging machine with QCD provided by
EBMUD was set up daily on the grate covering pool #15 of the high-stage fishway. Water
was pumped from the fishway to operate the hydraulic controls of the QCD and to provide
cool flowing water to a 120-liter plastic tank used as a recovery bath for the fish. A shade
fabric (60% light reduction) was installed over the entire work area to control sun heating of
equipment and fish. Upon recovery, fish were placed in 20-liter buckets at densities of no
more than about 60 fish per bucket and hauled approximately 100 m downstream from the
trap where they were released. Total time in transit was one to three minutes,

Two tag codes assigned to EBMUD were used for tagging naturally produced chinook salmon
captured at Woodbridge Dam during 1993:

Tag Code Time Period
6-63-45 May 5 through June 7, 1993
6-63-46 June 8 through July 29, 1993.

The use of two codes allocated to these two periods will allow some inferences to be made
regarding the survival and fishery contributions of early and late emigrating naturally
produced smolts when analyzing later tag returns,

The quality of tagging and latent mortality associated with handling during tagging were
assessed at two different times for each tag code. Samples of 25 to 50 tagged fish were
placed in 25-liter PVC live cars (previously described) at densities of about 23 fish per live
car and held in a protected area of high-stage fishway pool #15 for 7 to 10 days®. The live
cars were checked daily for mortalities. And, at the end of the holding period, all fish were
mildly sedated with tricaine methane sulfonate (ca. 30 to 50 milligrams per liter), examined
for quality of the adipose fin clip, and passed through the QCD to detect tag retention. After
this procedure, all fish were released as previously described.

Coded-Wire Tagging of Hatchery Smolts and Delta Survival Experiments

CDFG provided a trailer outfitted with coded-wire tagging equipment for our use in tagging
chinook salmon smolts reared at the MRFH for mark and recapture experiments of smolt
survival in the Sacramento-San Joaquin Delta. The trailer was equipped with six marking
stations each with a NMT Mark IV tagging machine, a QCD, and a stainless steel anesthetic
bath pan. A stainless steel trough running along the length of an interior wall of the trailer
was supplied with continuously flowing water pumped from a hatchery water supply for

* Note: CDFG holds tagged hatchery fish for a minimum of 21 days for quality control assessment; however, this

was not practicable under field conditions at the Woodbridge Dam site.
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loading and holding fish in the trailer prior to being tagged. A PVC return pipe manifold
system that ran the length of the trailer's floor passing beneath each station served to collect
and carry tagged fish back outside to a receiving raceway, Each station was plumbed to
receive water pumped from the hatchery water supply. This plumbing system provided water
to operate the QCD's hydraulic sorting switches, which separated correctly tagged from
untagged fish, and to carry tagged fish through the return pipe system. The trailer was also
equipped with a recirculating anesthetic system consisting of a 120-liter plastic barrel head
tank, copper chilling coil, aerator, and submersible pump for pumping anesthetic solution
through a PVC distribution manifold to each station. Anesthetic solution returned to the head
tank for reconditioning by gravity through a return manifold pipe.

The tagging procedure was as follows. Fish were loaded directly from the hatchery raceway
into the trailer’s holding trough from which workers netted groups of fish to be tagged. In
netted groups of about 50 to 60, the fish were mildly anesthetized in aerated, buffered tricaine
methane sulfonate solutions (ca. 70 to 90 milligrams per liter, with 1:1 sodium bicarbonate as
buffer). The temperature of the anesthetic solution at each station was monitored regularly by
each worker or a supervisor. The anesthetic solution was changed regularly at 2 to 3 hour
intervals or more frequently if the time for induction of anesthesia increased to more than
about 1.5 to 2 minutes. Once the fish were anesthetized, a 1-mm binary coded-wire tag was
injected into the head cartilage of cach fish using the tagging machine, the adipose fin was
excised with a pair of fine-pointed surgical scissors, and the fish was passed through the
QCD. Those fish which the QCD detected as untagged were automatically directed to a
recovery bucket and the QCD issued a warning tone to the operator. These fish were passed
back through the QCD to double check the rejection and re-tagged if necessary. The
cfficiency of tagging, proper operation of QCD's, and tag placement for each operator and
tagging machine was checked two to three times daily during tagging operations. Samples of
25 to 100 fish were collected from each station's QCD outflow and passed back through
another QCD for confirmation of tagging efficiency and QCD operation. A subsample of 3 to
10 of these fish were dissected to confirm proper placement of the tags and the tagging
machines were adjusted if necessary. Machine cleaning and major repair or adjustments were
conducted at the end of each tagging day.

A total of approximately 200,000 smolts at a size of 100 fish per pound were tagged for the
1993 Delta survival study. These fish were Feather River fall chinook salmon transferred and
incubated as eggs, hatched, and reared at MRFH. Four tag codes assigned to EBMUD were
used during April 13 to April 22, 1993 to tag these fish. The tag codes were allocated to four
groups of about 50,000 fish each. It was originally intended that these groups be used in a
fully duplicated release design with two groups paired as replicates in each of two
experimental releases. However, two of three divider screens installed by CDFG to keep all
four tagged groups separate in the hatchery raceway until their scheduled releases in May
1993 failed because of excessive debris loading on the screens. This resulted in mixing of
two tagged groups on both sides of the screen that remained standing which effectively
climinated the replication and created two single groups each composed of two tag codes,
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referred to as sublots of the same release group. The resulting coded-wire tagged release
groups were as follows:

Experimental Group Tag Codes
Early Season Release 6-63-41 & 6-63-42 mixed
Late Season Release 6-63-43 & 6-63-44 mixed

During the pre-release holding period, CDFG maintained records of all mortalities in each of
the two mixed tag code groups. Each of the two mixed tag groups, 6-63-41/42 and 6-63-
43/44, were checked for tag retention 18 days and 13 days, respectively, after being tagged.
Samples of about 1000 fish for each of the two composite groups were mildly sedated in a 50
milligrams per liter solution of tricaine methane sulfonate and singly passed through a QCD
set up alongside the raceway. Then following the procedure outlined by CDFG, the
proportion of fish detected without tags for each sample was used to adjust for total numbers
of fish retaining tags after subtracting mortalities from the composite groups (F. Fisher,
CDFG, Red Bluff, CA, personal communication). Mortalities in each composite group were
assumed to be evenly contributed by each sublot when making computations for cach sublot.
Two days prior to release of each of the composite groups, a sample of 100 to 300 fish were
measured for FL and TL and weighed and their condition factors were calculated.

CDFG transported and released each of the composite tagged groups of fish, 6-63-41/42 on
May 6, 1993 and 6-63-43/44 on May 20, 1993. Fish were released at New Hope Landing at
the confluence of the Mokelumne River and the central Delta. Subsequent recapture of the
marked experimental release groups was conducted through June 1993 by the U.S. Fish and
Wildlife Service's (USFWS) Sacramento-San Joaquin Estuary Fishery Resource Office using a
standardized, routine trawl sampling program at the western outflow of the Delta near Chipps
Island (P.L. Brandes, USFWS, Stockton, CA, pers. comm.). USFWS processed recaptured
fish and identified coded-wire tag samples.

Coded-Wire Tag Summaries and Assessment

Coded-wire tagging data for both wild and hatchery reared groups were compiled to indicate
initial numbers of fish tagged, tag retention, post-tagging mortality, size of fish at time of
release, and dates of release and release objectives. These data were previously submitted to
CDFG in their reporting format during July and August 1993. Tagging data for both wild and
hatchery release groups are also presented in this report. Tag recovery data for the Delta
survival experimental releases were compiled by USFWS. USFWS provided preliminary
computed survival indices (8;) for each of the tag codes recovered during their surveys.
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RESULTS AND DISCUSSION

Abundance of Downstream Migrant Juvenile Salmonids

Trapping was conducted for a total of 186 days between January 19 and July 29, 1993 at
Woodbridge Dam and for a total of 176 days between January 29 and July 23, 1993 near
Elliott Road. Trapping was essentially continuous at the Elliott Road site, but was suspended
for a total of 6 days during the course of the season at Woodbridge Dam. The reasons for
suspension of trapping were due to repair work on the low-stage fishway in February and due
to trap replacement activities, debris interference, flow changes, and studies of physical injury
to migrating smolts at Woodbridge Dam which required use of the rotary screw trap.
Appendices 1 and 2 pravide complete daily records of trapping effort and capture numbers of
juvenile anadromous salmonids for each trap site. The overall trapping numbers of juvenile
salmonids during the 1993 monitoring season are presented in Table 4. Juvenile chinook
salmon were by far the most abundant species captured at either trap site. The most abundant
nonsalmonid species were comprised of several introduced centrarchid fishes (sunfish family)
and introduced cyprinids (minnow family). The monthly trapping numbers of these species
and others captured at each site are shown in Tables 5 and 6.

Table 4. Total Numbers of Juvenile Anadromous Salmonids Trapped at the
Woodbridge Dam and Elliott Road Trap Sites During January
through July 1993.

Elliott Road Site

Fall-Run Chinook Salmon Steelhead

YOY 1+ YOY 1+

‘[ 8,111 6 8 38

Woodbridge Dam Site

" Fall-Run Chinook Salmon Steelhead

YOY 1+ YOY 1+
l 18,725 135 12 9

The comparatively lower catches of juvenile salmon near Elliott Road was indicative of the
lower capture efficiency of the trap at this site as previously discussed (see Table 2). This
result was contrary to initial expectations for the site because the channcl was comparatively
narrow, the river flow was centered on the trap's location in the channel, and the site was near
the spawning grounds where we expected to catch many juvenile salmon. However, the water
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Table 5. Monthly Capture of Incidental Species at the Woodbridge Dam Trap Site.

Species Jan Feb Mar Apr May Jung July
Pacific Lamprey 3 100 21 98 14 0 o
(Lampelra trideniata)
Sacramento Sucker 8 ' 0 0 0 0 0
(Catostomus occidentalis)
Bluegill 13 ] ] 78 63 30 24
{Lepomis macrochiris)
Largemouth Bass 12 1 3 0 | H 1
(Microplerus salmoides)
Smallmouth Bass ¥ 0 1 2 0 0 0
(Micropterus dolonrieul)
Redear Sunlish 0 0 6 1135 31 23 12
(Lepomis microlophus)
Green Sunfish 0 0 0 0 1 1 0
(Lepomis cyanellus)
Unknown Centrarchid 13 0 4 25 7 g ]
Centrarchidae
Sculpin Cottidae ¥ 0 2 | 66 i 0
White Crappie 0 b 5 12 0 0 0
(Pomoxis annularis)
Black Crappie 0 0 0 2 a 0 0
{Pomoxis nigromaculaius)
Channel Catfish 0 9 | | 0 3 0
" {Iotalurus punctatus)
" Brown Bullhead 0 1 i 2 5 3 1
{Ameiurus nebulosus)
White Catfish o l a 0 0 i il
(Ameiurus calis)
Unknown Catfish letaluridae 3 ] q 0 0 3 0
Striped Bass 0 0 0 0 3 12 5

(Morone saxatifis)




Table 5. (Continued)

Specics Jun Feb Mar Apr May June July |
Carp 27 11 l 7 0 59 ]
(Cyprinus carpio)
Goldfish 0 1 0 0 o ] 0
(Carassius aurois)
Hardhead 1 0 ] ¥ i 0 o
(Mylopharadon conocephalis)
Guolden Shiner 1 20 8 10 1 1 0
(Notemigonus crysoleucas)
Hitch 0 2 v} 2 1 0 0
( Lavinia exilicauda)
Sacramento Squawfish ] a l 12 3 0 [ |
{Ptychocheilus grandis) |
California Roach ] 0 o 2 0 0 0 |
(Hesperoleucus symmelricus)
Unknown Cyprinid 0 4 i 0 0 0 0
Cyprinidae
Topsmelt 0 0 0 1 0 0
(Atherinops affinis)
Shad Clupeidae 0 0 0 2 2 0 [




Table 6. Monthly Capture of Incidental Species at the Elliott Road Trap Site.

(Salvelinus fontinalis)

Species Jan Fely Mar Apr May Jung July
Pacific Lamprey 0 1 I 2 0 0 0
{Lampeira (ridenialea)
Sacramento Sucker ] 2 1] 0 I 0

\ (Catostomus occidentalis)

| Bluegill 1] 14 & l | | 0
{Lepomis macrochirus)

Largemouth Bass 0 0 0 0 12 0
(Micropterus salmaides)
Redear Sunlish 0 4 10 4 0 I 1}

‘\ {Lepamis micralophus)

Green Sunfish 0 2 ] 0 0 ] 0
(Lepomis cyanellus)

Sculpin I 33 3 2 0 0 0
Cottidae

Channel Catfish 0 ] ] ] 0 ] ]
tlctalurus punciatus)

Brown Bullhead 0 i} ) | l 0 1]
(Ameiurus nebulosus) |
Unknown Catfish 0 0 0 0 0 0 4
Ictaluridae

Carp ] ] ] 0 0 520 1
(Cyorinus carpic)

“ Golden Shiner 0 26 5 ¥ i 0 Lt]
(Notemigonus crysolencas) |
Sacramento Squawfish 0 0 0 | 0 1 0
(Prvchocheilus grandis)

Unknown Cyprinid 0 ] 2 0 0 0 0
Cyprinidae

Brown Trout 0 0 { 1 0 0 0
{Salmo trutta)

Brook Trout 0 0 0 0 ] 0 0




velocity was slow, generally less than 1.25 feet per second under all river flow conditions
experienced throughout the season, and this is near the minimum effective velocity of 1 foot
per second for the rotary screw trap (Mark Wade, E.G. Solutions, Inc., pers. comm.). Larger-
sized juvenile salmon (>70 mm TL) were least vulnerable to the trap at this site. This was
probably due to their well developed swimming capability at this size and larger, so they
could avoid the slow turning screw trap. Therefore, it was not possible to generate with any
confidence an estimate for total abundance of juvenile salmon passing this trap site. It may
be desirable to relocate the upstream trap site in future years if a secure site with higher
veloeities can be found, or experiment with guidance devices and wing nets to improve trap
efficiencies in this low gradient reach of the river.

A total abundance index for Y-O-Y chinook salmon passing Woodbridge Dam was possible
based on the results of trap efficiency tests previously described for this site (see Table 3).
From January 19 through July 29, 1993 an estimated 183,448 naturally produced Y-O-Y
chinook salmon passed the Woodbridge Dam trap site. A 95% confidence interval for the
estimate 1s 120,835 - 382,738, The week-by-week estimates of abundance, associated mean
trap efficiencies and standard deviations, and the periods of estimation used to construct the
95% confidence interval are provided in Appendix 3. Figures 5 and 6 display the temporal
distribution of daily estimated abundance and aggregated weckly estimates of abundance for
Y-0-Y salmon passing the Woodbridge Dam trap site.

Water Velocity Profiles near Elliott Road

Figure 7 shows the water velocity measurements taken in the immediate vicinity of the Elliott
Road fish sampling site during Camanche Reservoir releases of 600 cfs and 1300 cfs. Water
depth increased substantially with the increased reservoir releases (=7 feet maximum to =11
feet maximum). The maximum observed water velocity increased from 2.2 fi/s to 2.92 fi/s.
Water velocities in front of the rotary fish trap increased by approximately | fi/s.
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Figure 5. Estimated Total Daily Abundance of Young-of-Year Chinook Salmon Passing
Woodbridge Dam During January through July 1993,
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Figure 6. Estimated Total Weekly Abundance of Young-of-Year Chinook Salmon Passing
Woodbridge Dam During January through July 1993,
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Figure 7. Velocity distribution (in feet per second) at Elliott Road rotary fish trap sampling site. Data
collected on March 22 (Camanche release of 576 cfs) and May 26, 1993 (Camanche release
of 1,340 cfs).



Timing of the Downstream Migration of Juvenile Salmonids

As Figures 5 and 6 show, the majority of the 1992 brood of fall chinook salmon emigrated
from the lower Mokelumne River during the months of May through June in 1993. Dramatic
increases in daily counts at Woodbridge Dam were observed beginning in the second week of
May when daily captures of Y-O-Y salmon doubled from those of previous weeks'. In fact,
successive daily counts nearly doubled each day during that week. This obviously signalled
the beginning of a purposeful downstream smolt migration. This conclusion is substantiated
by the rapid increase in the mean size of juvenile salmon captured at the Woodbridge Dam
trap site just preceding and during this same time interval (Figure 8),

A comparison of the timing of Y-O-Y salmon migration at the Woodbridge Dam and Elliott
Road trap sites is of interest, but must be made with caution given the previously described
inadequacies in trap efficiency near Elliott Road. Figure 9 shows the timing of weekly trap
counts of migrating juvenile salmonids at the two sites. The most significant apparent
difference is the relatively greater passage of juvenile salmon by the Elliott Road site early in
the season compared to that at Woodbridge Dam. It is difficult to make comparisons later in
the season due to the trap's reduced efficiency for larger sized juvenile salmon at the Elliott
Road site. However, an increase in Y-O-Y salmon migration, as measured by a slight
increase in trap catches, was detected at the Elliott Road site which corresponded with
increased passage at Woodbridge Dam during late May and June. This bimodal movement
pattern detected at the upstream trap site is typical of most populations of chinook salmon in
the Central Valley and elsewhere throughout their range where there is an extensive
downstream dispersal of fry from the spawning grounds soon after emergence; a portion of
the population takes up residence on or near the spawning grounds where they rear until
smolting then emigrate to the river's estuary (Healey 1991, Kjelson et al. 1982). However,
the destiny of these early migrating fry varies among populations, according to Healey {1991);
while some migrate directly to estuaries, others may simply relocate to other suitable
freshwater rearing habitat along the river's length. From the estimates of the weekly
abundance of Y-O-Y salmon passing Woodbridge Dam shown in Figure 8, it can be seen that
only a small proportion of the annual natural production (6% through the week of April 11)
moved below Woodbridge Dam and potentially to the estuary during this early fry migration,
Therefore, a considerable number of Y-O-Y salmon likely reared in the river reach between
Elliott Road and Woodbridge Dam.

Figures 10 and 11 also provide the weekly counts of age 1+ chinook salmon and both V-0-Y
and age I+ steelhead at the two trap sites. No estimates of total abundance for age 1+
salmon were made because no age 1+ salmon were available at this time of year for
conducting trap efficiency tests. Observations on yearling salmon occurrence in the traps
were possible and they were present at both trap sites through the week of May 2; however,
not in great numbers. Steelhead were not numerous at either trap site. Yearling and some
potentially age 2+ steelhead (=200 mm TL) were captured early in the season at both sites.
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v-0-Y steelhead were first observed during the end of March near Elliott Road and at both
sites occasionally during the remainder of the monitoring season.

Size and Condition of Young-of-Year Downstream Migrant Salmon

Daily records of average TL, FL, weight, and condition factor, as well as the range in size
measurements of Y-0-Y salmon captured at Woodbridge Dam and Elliott Road are provided
in Appendices 4 and 5. Figure 12 shows that the majority of juvenile salmon captured near
Elliott Road were captured as fry (=50 mm TL) while the majority at Woodbridge Dam were
captured as smolt-sized salmon (=50 mm TL). These size criteria are based on size at
smoltification data for chinook salmon reviewed by Healey (1991); none exists specifically for
the Mokelumne River fall chinook salmon stock. Based on the abundance estimates for
downstream migrants passing Woodbridge Dam, approximately 6% emigrated as fry and 94%
as smolts. Recently emerged chinock salmen fry, those less than about 40 mm TL,
dominated the catch near Elliott Road until May (Figure 12). Figure 12 also shows that
recently emerged fry dominated in the daily catches at Woodbridge Dam until the first week
in April when larger-sized fish began appearing in the daily caiches and the average size
began increasing rapidly on a daily basis. The small, recently emerged fry were observed at
both sites through the second week in May, after which the size of the smallest fish in the
daily catches increased rapidly (Figure 12). The observation of fry migrating well into May
indicates that the emergence period was quite protracted, especially since the last observations
of salmon spawning by EBMUD biologists occurred during the first or second week in
January (Hartwell 1993). Investigations by Fisher (1976) at the WID fish screens during
1974 also noted the presence of chinook fry late in the season (i.e., early to mid-May).

The size of captured downstream migrant salmon increased abruptly at both sites, during the
latter half of April at Woodbridge Dam and during the first half of May near Elliott Road.
The change is revealed in Figure 12 by the increases in average size during these respective
periods. However, this change in average size was a result of an increase in capture of
relatively large smolt-sized fish with fry in the traps rather than a uniform increase in fish size
over this period (Figure 12). Tables 7 and 8 also reveal this phenomenon based on the
increased standard deviations of the average TL's during these same time periods, This abrupt
change in the size and numbers of migrating juvenile salmon signalled the beginning of a
smolt migration in the lower Mokelumne River (Figure 12).

The weight and condition factor of migrating juvenile salmon captured at both trap sites
followed a similar pattern to that of changes in TL (Tables 7 and 8). Weight and condition
factor increased slightly during the fry migration ranging from 0.2 to 0.6 grams in average
weight with average condition factors ranging from 4.4 x 10" to 6.9 x 10", The abrupt
occurrence of smolts in the traps affected increases in averages and standard deviations for
weight and condition factor as it did for TL. The weight and condition factor of smolts
migrating by Woodbridge Dam generally increased throughout the smolt migration, except for
a two-week period (May 24 to June 6) at the beginning of the smolt migration when average
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Table 7.  Weekly Average Total Length, Weight and Condition Factor for Y-O-Y Chinook
Salmon Captured at Woodbridge Dam During January through July 1993,

Date TL(mm) SD WT(qg) SD K SD N*
1/31 36 0.5 0.2 0.15 4.38E-04 2.90E-04 3(2)
2107 35 1.3 0.3 0.16 6.92E-04 2.15E-05 18(11)
214 35 2.0 25 (0)
2121 37 1.4 0.3 0.00 5892E-04 0.00E+00 33 (4)
2128 36 2.0 0.3 0.07 6.12E-04 1.14E-04 63 (54)
307 35 2.5 0.3 0.08 626E-04 6.37E-05 16
314 37 2.3 0.3 0.07 B6.1BE-D4 7.2BE-05 21
3/21 38 2.3 0.3 0.07 6.13E-04 B.47E-05 16
3128 39 1.2 0.4 0.04 6.50E-04 5.5BE-05 53
4/04 40 3.0 0.4 0.17 6.35E-04 6.10E-05 96
4/11 44 6.3 0.6 0.40 58BE-04 1.24E-04 a6
4/18 63 14.7 2.1 125 7.11E-04 1.36E-04 78
4/25 T2 19.0 3.8 205 T7.45E-04 1.35E-04 60
5102 100 1356 8.0 279 T90E-04 1.54E-04 105
5/09 104 8.0 9.1 190 7.85E-04 648E-05 309 (308)
516 102 7.8 8.3 167 T7T.71E-04 1.17E-04 437 (438)
5123 104 7.0 86 1.75 7.60E-04 B77E-05 1070
5/30 105 6.9 7.8 1.70 6.74E-04 7.02E-05 647
6/06 106 7.0 6.8 1.76 5.67E-04 B8.83E-05 1088 (888)
6/13 106 378 9.6 323 854E-04 1.70E-04 600 (200)
6/20 107 8.0 10.1 241 T.93E-04 3.44E-04 691
6/27 104 8.3 9.7 237 8.54E-04 551E-05 380
7104 105 7.9 10.1 239 8.55E-04 515E-05 368
7M1 106 6.5 10.2 192 8.56E-04 5.12E-05 290
718 108 7.5 T 236 B874E-04 545E-05 126
7125 113 T3 13.0 231 8.99E-04 B6.80E-05 1=
8i01 118 2.5 147 1.45 9Y.00E-04 320E-05 2

* Differing sample sizes for length and weight data are indicated Dy placing sample sizes
for weight and condition factors in parentheses.



Table 8. Weekly Average Total Length, Weight, and Condition Factor for Y-O-Y Chinook
Salmon Captured Near Elliott Road During January through July 1993,

Date TL[_mm}_ SD WT(q) SD K SO N*
1131 of 2.0 0.3 0.06 6.39E-04 1.24E-04 102
2107 36 2.3 0.3 0.10 6.89E-04 1.87E-04 392
214 36 3.0 0.3 0.08 5392E-04 1.15E-04 557
2121 38 2.7 0.3 0.08 584E-04 1.11E-04 588
2128 36 2.5 0.3 0.08 6.08E-04 9.78E-05 574
3/07 38 2.8 0.3 0.08 6.10E-04 7.45E-05 354
3114 38 4.7 0.4 0.26 6.28E-04 B.BBE-05 519
321 38 2.4 0.4 008 624E-04 B72E-05 406
3/28 38 26 0.3 008 B6.32E-04 9.23E-05 400
4/04 40 4.4 0.5 027 ©642E-04 B.08E-05 178
4/11 42 4.1 0.5 044 BB1E-04 1.38E-04 131
4/18 38 2.1 0.3 0.06 b5B1E-04 4.32E-05 27
4125 36 1.0 0.3 0.07 6.20E-04 1.42E-04 53
502 53 216 1.8 243 T.OTE-04 B9.81E-05 20
5/09 T 24.3 5.1 327 T7.BOE-D4 1.80E-04 27
5186 87 181 59 262 T.83E-04 113E-04 61
5/23 96 7.8 T.3 142 B 33E-04 14BE-04 42
5/30 g6 8.8 6.4 1.57 7.15E-04 B.186E-05 185
B/06 a5 9.8 L 097 T11E-04 1.02E-04 141 (27)
6/13 o7 7.7 225 (0)
6/20 100 8.9 7.7 195 7. 78E-04 1.16E-04 141
6/27 99 i 8.7 200 8.75E-04 B.B0E-05 70
7104 G 7.9 8.2 1.70 9.08E-04 9.55E-05 40
7111 96 B.O 8.1 1.80 B.84E-04 9.9BE-05 15
718 106 8.9 9.8 284 TBBE-04 1.43E-04 9
7125 87 10.0 6.0 0.10 9.80E-04 3.12E-04 i

* Differing sample sizes for length and weight data are indicated by placing sample sizes
for weight and condition factors in parentheses,



weight and condition factor declined (Table 7). This may have corresponded to
morphological changes and loss of weight, which can affect condition factor, and have been
observed during smoltification for several species of anadromous salmonids (Hoar 1988,
McKeown 1984, Woo ef al. 1978), Otherwise condition factors increased throughout the
season indicating gains in "plumpness” or robustness of the fish.

Effects of Physical Environmental Conditions on Downstream Migrants
Diel Periodicity of Migration Past Woodbridge Dam

The effects of photoperiod (day length) on the physiology of salmonid smeltification and
salmonid migration behavior, particularly at passage obstacles such as dams, are well
documented (Banks 1969, Greenstrest 1992, Hoar 1988, Long 1959, McKeown 1984, Vogel
et al. 1988). The diel patterns of migration of smolt-sized chinook salmon passing
Woodbridge Dam were documented on three occasions during the height of the smolt
emigration. These results are shown in Figure 13. The temporal patterns of diel migration
were similar during the May and early June dates, During these times, the greatest
movements of chinook salmon smolts oceurred in the morning daylight hours with smaller but
distinct peaks in movement occurring during the two erepuscular periods (twilight hours of
dawn and dusk) of cach day. The crepuscular movement was similarly observed during the
late June date but a greater proportion of the smolts migrated by the dam at night.

The difference in diel movement patterns may be partially explained by differences in water
temperature during these times. Average daily temperature was higher in late June than
earlier in the month and in May. Daily water temperatures during the periods ranged as
follows: May 19-20 (14°-17°C), June 2-3 (14°-16°C), and June 29-30 (15°-17°C). Generally,
the coolest temperatures were experienced near sunrise and early daylight morning hours on
the first two dates and during the night time hours on the late June date. So, the magnitude
and temporal distribution of temperature fluctuations may partly explain the differences in
observed patterns between these two periods.
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Water Temperature, River Flow, Rainfall, Turbidity, and Lunar Phase

Daily average river flow, water turbidity, and surface water temperatures are provided in
Appendices 6 and 7 for Woodbridge Dam and Elliott Road trap sites. Daily rainfall was
measured near the Elliott Road trap site and is included in Appendix 7.

Figures 14 and 15 show the daily river flow and turbidity at each trap site. Changes in river
flow were primarily related to increased releases from Camanche Dam. The resulting
hydrograph exhibited periods of relatively constant flows punctuated by large, rapid increases
in flow occurring over the course of one or two days. Rainfall caused transient, low
magnitude increases in river flow at both sites generally lasting less than three days. The
effects of rainfall were more noticeable at Woodbridge Dam due to accretions caused by
urban drainage from the city of Lodi (Jim Burgess, EBMUD, personal communication).
Turbidity fluctuated over the season at both sites. Periods of rainfall and subsequent runoff
caused transient increases in turbidity as did the pulsed, increased releases from Camanche
Dam. Turbidity also could have been a function of algal production in Camanche Reservoir
and Lake Lodi that subsequently moves in river discharges at their outlets.

Figures 16, 17, and 18 show the water temperatures recorded at the fish sampling sites. It
was interesting to note that diel changes in water temperatures were very noticeable from the
hourly reading recorded at each site, but was particularly pronounced at Woodbridge Dam
(Figures 16 and 17). We converted hourly readings or early morning and late afternoon
readings to mean daily water temperatures to allow for graphical comparisons between sites
(Figure 18} and comparisons to the daily numbers of outmigrant salmon. In nearly all
instances, the mean daily water temperatures observed at Woodbridge Dam were higher than
that recorded near Elliott Road. The water temperature differences between the sites became
considerably more pronounced later in the season (Figure 18).

Researchers elsewhere have noted that salmon emigrations tend to oceur in groups and pulses:
these pulses may correspond to increased flow events. For example, USFWS salmon research
by Kjelson er al. (1982) and Vogel (1989) reported increased downstream movements of fry
chinook corresponding to increase river flows and turbidity, respectively. We examined
potential migratory responses to these environmental parameters and the potential influence of
water temperature, lunar phase, and precipitation. In each case, no cause and effect
relationship was apparent (Figures 19 through 22).
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Figurc 19.  Comparison of Estimated Daily Total Abundance of Young-of-Year
Chinook Salmon Passing Woodbridge Dam with Water Clarity
(measurcd as Sccchi visibility) and Streamflow (Woodbridge Dam
outflow) Duning January through July 1993.
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Figure 20, Comparison of Estimated Daily Total Abundance of Young-of-Year
Chinook Salmon Passing Woodbridge Dam with Daily Water
Temperatures, Lunar Phase and Rainfall Measured During January
through July 1993.
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Figurc 21,  Comparison of Daily Total Counts of Young-of-Year Chinook

Salmon Passing the Elliott Road Trap Site (not expanded for
estimated abundance) with Water Clarity (measured as
Sccchi visibility) and Streamf{low (Camanche Dam out[low)
During January through July 1993,







