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Conversion Factors

By To obtain
Length
millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft)
kilometer (km) 0.6214 mile (mi)
meter (m) 1.094 yard (yd)
Area
acre 4,047 square meter (m?)
Volume
liter (L) 33.82 ounce, fluid (fl. 0z)
liter (L) 2.113 pint (pt)
liter (L) 1.057 quart (qt)
liter (L) 0.2642 gallon (gal)
Flow rate
cubic meter per second (m®/s) 35.31 cubic foot per second (ft/s)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=("F-32)/1.8.
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Survival and Migration Behavior of Juvenile Coho
Salmon in the Klamath River Relative to Discharge
at Iron Gate Dam, Northern California, 2007

By John W. Beeman and Steve Juhnke, U.S. Geological Survey, Greg Stutzer, and Nicholas
Hetrick, U.S. Fish and Wildlife Service

Abstract

This report describes a study of survival and migration behavior of radio-tagged juvenile
coho salmon (Oncorhynchus kisutch) in the Klamath River, northern California, in 2007. This
was the third year of a multi-year study with the goal of determining the effects of discharge at
Iron Gate Dam (IGD) on survival of juvenile coho salmon downstream. Survival and factors
affecting survival were estimated in 2006 and 2007 after work in 2005 showed radio telemetry
could be used effectively. The study has included collaborative efforts among U.S. Geological
Survey (USGS), U.S. Fish and Wildlife Service (USFWS), the Karuk and Yurok Tribal Fisheries
Departments, and the U.S. Bureau of Reclamation. The objectives of the study included: (1)
estimating the survival of wild and hatchery juvenile coho salmon in the Klamath River
downstream of Iron Gate Dam, determining the effects of discharge and other covariates on
juvenile coho salmon survival (2) and migration (3), and (4) determining if fish from Iron Gate
Hatchery (IGH) could be used as surrogates for the limited source of wild fish.

We have been able to meet the first objective by estimating the survivals of hatchery and
wild fish (when available) downstream of IGD. We have not yet met the second or third
objectives, because we have been unable to separate effects of discharge from other
environmental variables as they pertain to the survival or migration of juvenile coho salmon.
This was foreseen when the study began, as it was known there would likely be no experimental
discharges. A multi-year analysis will be conducted after the data for the third planned year are
available. The fourth objective was initiated in 2006, but wild fish were not available in 2007.
The next year wild fish may be available is in 2009, based on their 3-year cycle of abundance.

River discharges during the 2007 study period (April 10 through July 28, 2007) were
below average compared to the period of record beginning in 1962. Average daily discharge at
IGD was 1,518 cubic feet per second (ft*/s) and ranged from 1,020 to 2,460 ft*/s. Average daily
discharge near the estuary at river kilometer (rkm) 13 was 9,820 ft*/s and ranged from 3,270 to
20,500 ft¥s.

This study was based on hatchery fish taken directly from a holding tank at IGH. Wild
fish were not available in numbers sufficient for use in 2007. Fish tagging began on April 9 and
concluded on May 17, 2007. A total of 246 hatchery coho salmon were tagged and released, split
evenly between releases in the Klamath River near IGH (rkm 309) and near the Tree of Heaven
campground at rkm 280.



The two release sites were used to enable estimation of a relative survival between IGH
and the campground using the paired-release design, because potential effects of tagging and
handling can be cancelled out with this method. However, the assumption that the survival
probabilities of fish from each release site are equal in the reaches they have in common was
violated, preventing its use in 2007. All estimates of survival were therefore calculated using the
single-release design.

The reach-specific estimates of survival were lower in 2007 than in 2006, but a similar
survival pattern was evident among reaches in each year. The survival from IGH to rkm 33 was
0.653 [standard error (SE) 0.039] in 2006 and 0.497 (SE 0.044) in 2007. In each year, the
reaches with the lowest survivals were upstream of the Scott River, which also is the area with
the greatest differences in survivals between years. The reach with the highest survivals were in
the Salmon River-to-Trinity River reach (at or near 1.0 in each year). The cause of the difference
in survivals in each year were not identified, but could be related to differences in discharge or
turbidity, as these are the primary differences between the years. These differences and other
effects will be analyzed when the data from all study years (initially planned for 2006 through
2008) are available. Models of survival with and without a year effect were nearly equally
supported by the data, indicating uncertainty in the importance of the difference between years.
Estimates of survival were lower in fish released near Tree of Heaven campground than those
released near IGH in the reaches they had in common. For example, estimated survival for fish
released near the campground to rkm 33 were 0.301 (SE 0.041) and 0.700 (SE 0.058) for fish
released near IGH. The largest difference in survival between the groups of fish released was in
the reach from the campground to the Scott River, in which the survivals were 0.589 (SE 0.045)
and 0.814 (SE 0.044); the point estimates of survival of fish released near IGH were higher than
fish released near the campground in every reach. The cause of this difference is unknown, but
possible explanations include differences in expression of tagging effects, slower migration of
fish released near the campground, or the potential for a greater exposure to disease in these fish
based on the prevalence of Manayunkia speciosa, a host in the life cycle of Ceratomyxa shasta
and Parvicapsula minibicornis, near the campground.

The effects of discharge on migration in 2007 were affected by fish migration behavior.
As in 2006, few hatchery fish released near IGH were detected passing the Shasta River site until
May, despite releases that began in early April. The change in fish behavior from non-migrant to
migrant affects the relation of discharge and migration, because of fish released near IGH those
fish upstream of the Shasta River primarily are non-migrants and those downstream are migrants.
The effects of discharge on passage rate were small at the Scott River site in 2007, and large in
2006—the slowest passage rates occurred during the highest discharges. The results are
consistent with the data: fish migration rate increased with date of release, water temperature
increased with date, and discharge generally decreased with date. The effects of discharge, water
temperature, and date are often confounded.



Analyses prompted by the current results have led to increased knowledge of the factors
affecting migration and survival. Data collected in 2006 and 2007 clearly indicate that hatchery
fish released near IGH early in the study period reside upstream of the Shasta River for much
longer than fish released later, because few fish migrate until about mid-May. Greater time in the
river is often assumed to infer a greater risk of mortality, but the data do not support this
inference. Models with a relation between release week and survival in 2006 and 2007 were not
supported by the data, but the data do support a positive relation between fish weight and
survival upstream of the Scott River. The comparison of release week and survival between
years was based on a subset of the data available to eliminate the potential for seasonal
differences between years, and some results contradict earlier analyses. We hypothesize that
larger fish either out-compete smaller ones for the best cover habitat, spend less time feeding
during periods of high mortality risk than smaller fish (for example, during the day), or both.
These migration behaviors are well-supported in the literature.

We will alter the study design in 2008 based on data from 2006 and 2007. We will not
implement the paired-release design, because (1) an important assumption was violated in 2007,
(2) the design reduces sample sizes in the IGH-to-Shasta River reach by 50 percent, and (3) the
tagging and handling mortality was negligible when the design was used in 2006. We will tag
and release fish from a tank at IGH as well as hatchery fish captured in traps near the 1-5 Bridge.
The purpose of this added activity will be to see if the use of migrant hatchery fish will result in
migration behavior more similar to the behavior of wild fish in 2006. An additional group of
wild fish would improve this design, but wild fish probably will not be available in sufficient
numbers for our use in 2008.

Introduction

Coho salmon (Oncorhynchus kisutch) is a species of Pacific salmon inhabiting most
major river systems of the Pacific Rim from central California to northern Japan (Laufle and
others, 1986). Several investigations have documented extinction of local populations of coho
salmon in Washington, Oregon, Idaho, and California (Nehlsen and others, 1991; Frissell, 1993,;
Brown and others, 1994). A status review of coho salmon populations from Washington,
Oregon, and California (Weitkamp and others, 1995) prompted the National Marine Fisheries
Service (1997) to list coho salmon populations within the Southern Oregon/Northern California
Coast (SONCC) Evolutionary Significant Unit (ESU) as threatened under the Endangered
Species Act (ESA) on May 6, 1997.

The Bureau of Reclamation operates the Klamath Project to provide water to about 971
km?of cropland in three counties in southern Oregon and northern California. The Klamath
Project relies primarily on water stored in Upper Klamath Lake near Klamath Falls, Oregon, but
also includes water from Clear Lake Reservoir, Gerber Reservoir, and the Lost River. Several
dams on the Klamath River between Upper Klamath Lake and the Pacific Ocean are used to
regulate water releases to the Klamath River and generate electricity, though their reservoirs
provide little or no storage capacity (National Research Council, 2001). PacifiCorp currently
owns and operates Link River, Keno, J.C. Boyle, Copco #1, Copco #2, and Iron Gate Dams
subject to Klamath Project rights. Iron Gate Dam (IGD) located at river kilometer (rkm) 310 is
the lowermost dam on the Klamath River.



The Klamath River and its watershed encompass more than 40,403 km? in northern
California and southern Oregon. Principal tributaries to the Klamath River include the Trinity,
Salmon, Scott, and Shasta Rivers. Most of the middle and lower watershed is mountainous with
intermittent small valleys. The upper watershed, which contains upper and lower Klamath, Tule,
and Clear Lakes, consists of several large valleys and closed basins bordered by mountains.
Dense coniferous forests along the coast, where annual precipitation values are some of the
highest in the contiguous United States, give way to more Mediterranean conditions and
vegetation in the middle and upper watershed.

Maintenance and restoration of anadromous fish populations requires sufficient
streamflows to provide adequate habitat for spawning and rearing throughout the freshwater
phase of their life cycle, as well as during the downstream migration of juvenile fish to the ocean
(Cada and others, 1997). Coho salmon evolved in free-flowing rivers in which downstream
migration of juveniles was often associated with high streamflows in the spring. In the Klamath
River system, flows are now impeded by water storage reservoirs and reduced by water
diversions, resulting in decreased water velocities. Lower water velocities in the spring may slow
the downstream migration of juveniles and decrease juvenile salmon survival by increasing
exposure to predation and disease (Cada and others, 1997; Clements and Schreck, 2003).
Additionally, delayed migration may impair the osmoregulatory ability of juvenile salmon
entering the marine environment (Berggren and Filardo, 1993).

In May 2001, the National Marine Fisheries Service [now National Oceanic and
Atmospheric Administration (NOAA) Fisheries] issued a Biological Opinion (BIOP) relative to
the effects of the Klamath Project on the viability of Southern Oregon/Northern California Coast
(SONCC) coho salmon in the Klamath River downstream of IGD (National Marine Fisheries
Service, 2002). This evolutionary significant unit of coho salmon was listed as threatened by
NOAA Fisheries in 1997 and by the State of California in 2002 (National Marine Fisheries
Service, 1997; California Department of Fish and Game, 2002). The BIOP determined that the
operation of the Klamath Project jeopardized the existence of threatened SONCC coho salmon in
the Klamath River and set forth a Reasonable and Prudent Alternative (RPA) to avoid
jeopardizing their existence. Among the elements of the RPA were a prescribed regime of
minimum flows at IGD and a water bank of 100,000 acre-feet with implementation to be phased
in over a 10-year period. The premise of these elements was that increased river discharge would
speed migration of juvenile coho salmon through the Klamath River and result in increased
survival. The National Research Council (2001) noted that although this may theoretically be
possible, information to support this conjecture does not exist for Klamath River coho salmon. In
response to the NRC report, the BIOP mandated the Bureau of Reclamation to implement several
studies, including those to determine the extent that spring IGD flow regimes affect survivorship
of juvenile coho salmon during their downstream migration. This study is an outcome of that
mandate.



Factors affecting juvenile coho salmon migration, survival, and habitat preference during
varying flow regimes of the Klamath River are largely unknown. The limited abundance of
juvenile coho salmon within the mainstem Klamath River and its tributaries preclude the use of
traditional mark and recapture methods to study movement and survival (National Marine
Fisheries Service, 2002). However, radio telemetry provides researchers with a powerful method
of evaluating downstream migratory behavior and survival of fish populations where the ability
to capture and mark large numbers of individuals is impaired (Hockersmith and others, 2003),
and has been used to study juvenile salmon migration patterns (McCleave, 1978; Berggren and
Filardo, 1993; Lacroix and McCurdy, 1996; Giorgi and others, 1997; Hockersmith and others,
2003; Miller and Sadro, 2003) and estimate survival (Skalski and others, 2001, 2002) of several
salmonid species.

Studies on various salmonid species on the Columbia and Snake Rivers have provided
evidence that the migration rate of juvenile salmon through impoundments is positively related
to water velocity (Berggren and Filardo, 1993; Giorgi and others, 1997), but little evidence of a
link to survival has been found (Smith and others, 2002). Berggren and Filardo (1993) also
identified water temperature and release date as key factors influencing migration rate. Muir and
others (1994) experimentally demonstrated that the level of smoltification and migration rate
could be influenced by water temperature and photoperiod. Smith and others (2002) did not find
a significant relation between river discharge and survival of yearling Chinook salmon and found
only a weak relation in juvenile steelhead. However, the Klamath River is a much different
system than the mainstem Columbia and Snake Rivers, and different processes may affect
juvenile salmonids in the two river systems.

The objectives of this study were to: (1) provide estimates of the survival of hatchery and
wild juvenile coho salmon downstream of IGD, (2) determine if there is a relation between flow
and other environmental and physiological variables with survival of juvenile coho salmon, (3)
determine if there is a relation between flow and other environmental and physiological variables
with migration behavior of juvenile coho salmon, and (4) determine if juvenile hatchery coho
salmon can serve as surrogates for wild fish for future survival studies.

Methods

Study Area

The study area encompassed most of the lower 310 rkm of the mainstem Klamath River
from IGD to the estuary at the Pacific Ocean (fig. 1). Automated radio telemetry stations were
installed near the confluences of major tributaries and upstream of the estuary. The reach from
IGD (rkm 310) to the Scott River (rkm 234) is significantly influenced by IGD flow releases and
was the primary focal area studied to address objectives 2-4.
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Figure 1. Map of the Klamath River study area showing tributaries of the five index reaches over
which survival was estimated and locations of automated radio telemetry stations deployed in
2007.

Transmitter Specifications

Pulse-coded radio transmitters (or tags) operating at 164.320, 164.360, and 164.480 MHz
were used. Transmitter dimensions were 5 mm wide by 3 mm high by 13 mm in length and
weighed 0.43 g in air and 0.29 g in water (Lotek Wireless, Newmarket, Ontario, Canada; model
NTC-M-2). The antenna (type S1) measured 0.3 mm wide by 16 cm in length and was covered
in a Teflon® coating. Within each frequency, transmitters were differentiated into five subgroups
based on the burst rate of the uniquely coded radio signal (7.8, 7.9, 8.0, 8.1, and 8.2 s). The
expected life of transmitters using a coded burst rate of 8 s was 45 d.



Stationary Detection Systems

Eight automated radio telemetry stations were established along the mainstem Klamath
River from IGD to rkm 13 (fig. 1). The location and dates of operations of each station are listed
in table 1. Each station consisted of two to four Yagi aerial antennas (using three- or six-element
antennas depending on coverage needed), mounted on a 3 m mast, connected to two data-logging
receivers (fig. 2). Two types of data-logging receivers were deployed at each array (SRX-400,
Lotek Wireless, Newmarket, Ontario, Canada; Orion, Grant Systems Engineering, Newcastle,
Ontario, Canada) because each has unique characteristics that enhance the detection of radio
tags. For example, SRX receivers are more sensitive and are better at detecting weak signals but
have a longer scan cycle.

Each receiver was configured to maximize the potential for detecting tagged fish. The
SRX receivers monitored each frequency for 8.7 s before cycling to the next frequency, so the
SRX receiver requires approximately 26 s to cycle through the three frequencies. However, the
Orion receivers are able to scan all frequencies simultaneously. Each array was supplied power
by a 12 V system (180 amp hour battery) powered by a 170 W photovoltaic bank (solar panel).
Receiver gain level was set to maximize signal reception while avoiding detection of erroneous
signals caused by local interference (for example, power lines and private radio transmissions).
The gain of most SRX receivers was set near 75 on a unitless scale of 0 to 99. The noise floors of
the Orion receivers generally were set near -120 dB. When a signal was detected, transmitter
channel (frequency), code, signal strength, time, and date were recorded. Stations collected data
continuously. Radio telemetry data were downloaded from each site, at a maximum, weekly.

Table 1. Summary of automated radio telemetry stations deployed on the Klamath River,
northern California, 2007.

[Reach designations: (Test) IGD — Tree of Heaven.; (1) IGD - Scott R.; (2) Scott R. — Indian Cr.; (3) Indian Cr. —
Salmon R.; (4) Salmon R. — Trinity R.; (5) Trinity R. — Steelhead Lodge.; (5a) Trinity R. — Blake’s Riffle]

Site location / Flow reach rkm Receiver tvpe Dates of operation
Shasta River / Test 288 SRX-400 & Orion 4/4/07 — 8/08/07
Tree of Heaven / Test 280 SRX-400 & Orion 4/4/07 — 8/08/07
Scott River / 1 234 SRX-400 & Orion 4/4/07 - 8/08/07
Indian Creek / 2 178 SRX-400 & Orion 4/4/07 — 8/08/07
Salmon River /3 107 SRX-400 & Orion 4/4/07 — 8/08/07
Trinity River /4 69 SRX-400 & Orion 4/4/07 — 8/08/07
Steelhead Lodge / 5 33 SRX-400 & Orion 4/5/07 — 8/10/07
Blake’s Riffle / 5a 13 SRX-400 & Orion 4/5/07 — 7/17/07




Figure 2. Photograph showing typical automated radio telemetry detection station. This site is
located approximately 1.5 km upstream of the confluence between the Klamath River and Indian
Creek, northern California.

Mobile Detection Systems

Mobile tracking was conducted to collect data from tags between the stationary detection
arrays to aid in determining tag fate. This task was important because data from mobile tracking
were used as an aid in proofing data from automated receiving systems and recovered tags were
censored during migration analyses (see section, “Migration Analyses” for a further description
of censoring).

Mobile tracking surveys were made from automobiles and inflatable rafts using a Lotek
SRX-400 receiver connected to a three-element Yagi antenna. Mobile tracking occurred 4 days a
week throughout the season beginning on April 11, 2007 until no radio signals were detected
between IGH and the Scott River (last detection was June 22, 2007). Information about the
location, habitat, and migration behavior were recorded when radio-tagged fish were located. A
Global Positioning System (GPS) receiver (Garmin model GPSMap 76S) was used to record
spatial coordinates. Fish positions were then assigned the nearest river kilometer and Meso-
Habitat Type unit (MHT) using aerial photographs of the river with this information



superimposed over the image. Other information recorded each time a fish was located included:
date, time, channel code (unique fish identifier), and scaled ratings of movement, and position
relative to previous known position. Assignment of movement ratings were based on a minimum
5-min observation period at a maximum distance of approximately 5 m to the fish position.
Additional information was collected from radio-tagged fish when the expected
remaining tag life was less than 10 d (that is, greater than 35 d since activation). Crews were
provided instructions that included protocols for diving and use of underwater antennas (coaxial
cable with terminal 10 cm of insulator removed) to determine exact location and recover
transmitters that were no longer in fish. All surveys were conducted during daylight hours.

Fish Handling and Tagging

Collection

Hatchery fish used in this study were obtained from Iron Gate Hatchery (IGH). On April
2, 2007, 500 hatchery fish were transferred from an outdoor raceway into a large rectangular
tank (2,256 L; 1.4 m width, 4.5 m length, 0.4 m depth). Fish held in this tank were either used in
(1) the radio telemetry study, (2) a gill ATPase experiment to determine the relation between in-
river exposure time and gill ATPase activity, or (3) sampling to determine the prevalence of
bacterial kidney disease (BKD).

Transport

Transporting fish was required to accomplish a paired-release design, which required two
release sites. Because transportation was required to move fish to the control site, we subjected
the treatment fish to similar conditions by handling and transporting the fish an equal distance
before returning them to the treatment site for tagging. All fish were transported by vehicle in a
115 L oval-shaped tank with a battery powered re-circulating pump. Stress Coat® (Aquarium
Pharmaceuticals Inc., Chalfont, Pennsylvania) was added to the tank (1 mL/10 L) prior to
transport to reduce electrolyte loss and damage to skin tissue. Water temperature and dissolved
oxygen were recorded (YSI Model 55 YSI Incorporated, Yellow Springs, Ohio) at collection
sites, and at pre-transport, post-transport, and at holding sites to ensure that proper water-quality
conditions were maintained for holding and transporting fish. Prior to and during transport,
dissolved oxygen in the transport tank was maintained at a minimum level of 80 percent
saturation using oxygen supplied through an air stone at 10 Ibs/in®. Water temperature was
maintained within 2°C of the collection source temperature during transport using dechlorinated
ice when needed. If transport tank water (upon arrival at holding site) and holding site water
(river water) temperatures differed by more than 2°C, the transport tank water was tempered to
within 2°C at a rate of 0.5°C/15 min. Following transport, fish were held at tagging sites in
floating net pens (dimensions were 1.2 x0.6x0.6 m, lined with 5x5 mm bar mesh) before being
tagged that day (fig. 3).



Figure 3. Photograph of holding pens at Iron Gate Hatchery, located at the entrance to the adult
fish ladder. Photograph on right shows the bucket layout within each net pen.

Surgical Procedures

Procedures for surgical implantation of radio transmitters were similar to those described
by Adams and others (1998). A foam support with a center groove shaped to fit the dorsal
surface of a small salmonid was lined with a chamois soaked in Poly Aqua® (Novalek, Inc.,
Hayward, California) to support the fish’s body during surgery. Fish were placed into a pri