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Distribution and Listing Status

Coho salmon (Oncorhynchus kisutch) are distributed throughout the North Pacific Ocean
basin. From west-to-east, coho salmon inhabit watersheds in northern Japan, Russia’s
Kamchatka peninsula, the Bering Sea, Alaska, British Columbia, Washington, Oregon and
California. Coho salmon’s distribution in California is from the Oregon border south Santa Cruz
County, predominantly in coastal watersheds as documented by Atkinson et al. (1967).

Over the past several decades, populations of coho salmon in California have experienced
large declines, which triggered status reviews and listing determinations of the species under
state and federal laws. In California, coho salmon were designated into two evolutionary
significant units (ESUs) by the National Marine Fisheries Service (NMFS) for the purpose of
listing the species under the Endangered Species Act (ESA). These two ESUs are the Southern
Oregon-Northern California Coasts (SONCC) and Central California Coast (CCC), with the ESU
break occurring at Punta Gorda. Both ESUs were originally listed as “threatened” in 1997 and
1996, respectively; however in 2003 the listing status of the CCC was changed to
“endangered”. During the listing process there was wide acknowledgement that
comprehensive population and distribution data were lacking for coho salmon in California.
Two prominent reviews were conducted that attempted to document the historical and
current occupancy of coho salmon in California watersheds, as well as determine missing
information (Brown and Moyle 1991 and Brown et al. 1994). The detailed stream list in Brown
and Moyle (1991) identified 582 streams in California that were suspected as supporting coho
salmon at some time (396 in the SONCC, 182 in the CCC, and four outside the two ESUs). The
subsequent report was comprised mostly of summary statistics of apparent occupancy versus
historic and the authors estimated that 248 of the 582 historic streams no longer supported
coho salmon populations (Brown et al. 1994). A re-analysis of the occupancy of CCC coho
salmon found strong evidence that the fish occurred in 336 watersheds, nearly doubling the
previous assessment (Spence et al. 2005). Increased research and field-level investigations
(post-1995) were credited with this increased value.
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In the Klamath River, early research suggested that coho salmon occurred in relatively small
numbers throughout the watershed, but with higher concentrations in lower tributaries
(Snyder 1931). Brown and Moyle (1991) listed 113 tributary streams in the Klamath-Trinity
watershed that supported runs of coho salmon. Interestingly, Weaver Creek and its tributaries
such as Sidney Gulch and Little Browns Creek were not included in the Brown and Moyle
(1991) report. However, increased field-level investigations during the 2000s lead to increased
documentation of current occupancy in watersheds within the SONCC ESU as well (Garwood
2012).

General Life History

The basic life history pattern for coho salmon starts with adults returning from the ocean and
migrating upstream to spawning areas where eggs are deposited in gravel-to-cobble sized
substrate located in pool-tails and riffles. Each female produces roughly several thousand
eggs, which are reduced in number by high mortality rates during incubation, hatching and
emergence stages of early life history (Salo and Bayliff 1958). After emergence, young coho
salmon spend approximately one year in freshwater before out-migrating to the ocean where
they then spend approximately 18 months in a rapid growth phase (Davidson and Hutchinson
1938). Within this general life history pattern, coho salmon exhibit numerous variations that
have evolved in response to environmental conditions and other factors (Sandercock 1991).

In northern California, coho salmon adults typically enter rivers for spawning during the onset
of winter rains. In some smaller coastal watersheds sufficient rainfall must occur to breach
enclosed lagoons (Briggs 1953; Shapovalov and Taft 1954). However, in the Klamath-Trinity
watershed coho salmon typically enter in the fall, between September and November,
heading up the mainstem channels prior to significant amounts of precipitation. These adults
then hold in mainstem pools until the onset of fall/winter rain raises water levels in smaller
spawning tributaries. Depending on timing of rain, adult coho salmon may spawn in December
through February. Migration rates of adult salmonids are often difficult to estimate; however
Neave (1949) recorded adult coho salmon migrating 32 km in two days — approximately 10
miles per day. The mouth of Weaver Creek is approximately 145 river-miles upstream from
the mouth of the Klamath River.

Throughout their natural range, most coho salmon return to spawn at age-3, having spent
approximately four to six months incubating, 12-15 months rearing in freshwater, and 15-18
months of rapid growth in the ocean (Sandercock 1991). As with other anadromous salmonid
species, coho salmon can exhibit a wide range of variation from this typical pattern including
two or more years of freshwater rearing (Sandercock 1991). Sexually mature males referred to
as “jacks” mature one year earlier than most coho salmon and are often a widely variable part
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of a spawning run. Murphy (1952) reported that jacks comprised 7% to 34% (18% average) of
the adult coho returns at Benbow Dam on the South Fork Eel River between 1939 and 1951.
On Morrison Gulch (tributary to Jacoby Creek in Humboldt Bay) jacks comprised 8% to 74%
(26% average) of the adult coho salmon returns over 12 spawning seasons (Taylor,
unpublished data).

A female coho salmon may construct more than one redd during her spawning episode, which
may last up to five days. More than one male may attend an actively spawning female and the
female will defend the redd area against use by other females (Sandercock 1991). Post-
spawned coho salmon all die, with males often leaving post-spawned females in search of
other receptive females, and spawned-out females typically staying near their completed
redds until death four to 14 days later (Sandercock 1991).

Incubation of eggs to hatching is dependent on water temperature, with longer development
time in colder water. Shapovalov and Taft (1954) reported time-to-hatching durations of 48
days at 8.9°C and 38 days at 10.7°C for coho salmon in Scott and Waddell creeks in Santa Cruz
County. After hatching the alevins may spend another four to eight weeks within the
streambed substrate prior to emergence (Sandercock 1991). During this period the alevins
have a tendency to move deeper into the substrate, probably an adaptive mechanism to avoid
being flushed out of the gravel too soon during elevated flows. In Oregon coastal streams,
Koski (1966) reported that the average time from egg deposition to emergence of fry was 110
days (range 104-115 days).

Coho fry are about 30 mm in length when they first emerge in the spring to early summer
months. By the end of the fall, they may range between 70 mm and 90 mm. Juvenile coho
salmon’s preference for pools with abundant wood is well documented, as is their
requirement of cool water temperatures during the summer months (Sandercock 1991). Pools
with more structurally complex habitat can support more juveniles because the cover
elements break a single pool into a multitude of discrete habitats. As the juvenile coho grow,
the sizes of the territories they defend also increase (Allen 1969).

Earlier literature described juvenile coho that moved during fall and winter freshets as
“nomads” or even fish that were starting the process of becoming smolts (Chapman 1962;
Otto and Mclnerney 1970). However, other studies suggested that a common strategy for
over-wintering juvenile coho salmon was to migrate out of larger river systems into smaller
streams during late-fall and early-winter storms to seek refuge from possibly higher flows and
potentially higher turbidity levels in mainstem channels (Cederholm and Scarlett 1981; Tripp
and McCart 1983; Tschaplinski and Hartman 1983; Scarlett and Cederholm 1984). More recent
research has better documented the fall and winter movements of juvenile coho salmon into
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more appropriate winter habitats (Nickelson et al. 1992; Ebersole et al. 2006). Some juvenile
coho move into off-channel sloughs and ponds that provide refuge from high flows (Quinn
and Peterson 1996). Other fish move from larger channels up into smaller tributaries
(Ebersole et al. 2006). Some of these juvenile coho salmon have been documented feeding on
eggs laid by adult salmon and steelhead, as well as feeding on the carcasses of spawned-out
adults (Wipfli et al. 2003). This important source of protein often leads to significant increases
in growth and potentially higher survival rates of coho salmon smolts (Wipfli et al. 2003;
Ebersole et al. 2006).

Out-migration to the ocean typically occurs in the spring and is influenced by a host of factors
including: fish size, streamflow, water temperature, day length, dissolved oxygen, and
availability of food (Shapovalov and Taft 1954). In the Pacific Northwest, out-migration may
occur between February and June, with earlier out-migration in the southern range of coho
salmon distribution. Most downstream movements of coho salmon smolts occur during night-
time hours (Sandercock 1991). The size range of age-1 coho salmon smolts is fairly consistent
throughout their range, between 8 cm - 12 cm (Sandercock 1991). Once smolts reach estuary
portions of rivers, their growth rates increase dramatically, with near-shore age-1+ coho
sampled in the 14 cm -22 cm size range (Fisher et al. 1984).

Ocean migrations of coho salmon from Pacific Northwest watersheds are variable and
influenced by productivity and availability of food (Sandercock 1991). Some researchers found
fish to make wide-ranging migratory loops around the Gulf of Alaska, whereas others noted
schooling coho salmon to remain in near-shore waters when prey items were abundant
(Royce et al. 1968; Hartt and Dell 1986).

Coho Salmon — Passage Requirements

As previously described, the upstream migration of adult coho salmon is often triggered by
increases in streamflow during, and immediately after, precipitation events. Movement into
smaller spawning tributaries often requires that sufficient rains have fallen to “prime” the
system so that ample base-flow is present in addition to higher peak flows that trigger
migration. Reisner and Bjornn (1979) noted that the minimum water depth that adult coho
salmon will move in was 18 cm (approximately seven inches). California Department of Fish
and Wildlife (CDFW) fish passage assessment criteria typically use 0.8 ft (approximately 9.5”)
as a minimum depth for passage of adult anadromous salmonids. Most of the Five Counties
fish passage assessments were completed using a minimum depth of 0.5 ft for adult salmon
and steelhead passage. CDFW fish passage assessment methods also consider streamflow
velocities and provide maximum values for burst and prolonged swimming modes. Migrating
salmon often use a combination of modes while moving upstream based on conditions
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encountered. Ellis (1962) noted that as flow velocities increased, adult Pacific salmon switched
from a steady swimming mode to a resting and darting mode where fish would swim quickly
up a shallow riffle and then rest in a low-velocity area before bursting up the next shallow
channel reach.

Fish passage design criteria tend to be more conservative than the assessment criteria. For
example, CDFW recommends a minimum depth of one-foot when using the hydraulic design
option for new culvert replacements. Fish passage designs based on the stream simulation
approach do not require minimum depths because the objective of using this method is to
emulate passage conditions similar to the natural channel. Probably the most important
aspect of emulating the natural channel is that the natural channel offers a variety of flow
paths for fish to migrate through. These flow paths also change as flow increases or decreases,
but there is always a diversity of depths and velocities for fish to move through. Natural
channels also provide pools, eddies, cut-banks, and other low-velocity features that provide
important resting areas for fish during their upstream migration.

As previously reviewed, the movement of juvenile coho salmon during the fall and winter is an
important life history strategy. Not all juveniles within a specific population will exhibit this
type of movement, but those that do often experience superior growth rates and higher
survival as out-migrating smolts (Ebersole et al. 2006). Because of their smaller body size, the
swimming and leaping capabilities of juvenile salmonids are much less than adult fish. These
reduced abilities are reflected in CDFW’s fish passage assessment and design criteria. For
example, when assessing passage of resident trout and juveniles (greater than six inches in
length) a maximum burst speed of 5 ft/sec (compared to adults = 10ft/sec) and a prolonged
speed of 4 ft/sec are used. For juvenile salmonids less than six inches in length (typical size of
over-wintering coho), the assessment criteria are a maximum burst speed of 3 ft/sec and a
prolonged speed of only 1.5 ft/sec.

Passage Considerations specific to Sidney Gulch Project

The United States Forest Service (USFS) flood control channel on Sidney Gulch poses a
significant challenge to coho salmon and other native fishes attempting to migrate upstream.
The concrete and gunnite floor and walls of the flood control channel create shallow sheet
flow with excessive velocities. The channelized reach also lacks pools or other types of low
velocity resting areas for migrating fish. Past observations have been made of adult coho
salmon successfully migrating through the flood control channel, but with great effort. The
following excerpt is from a memo written by the USFS fisheries biologist (Loren Everest) that
described observations he made of coho salmon in the Sidney Gulch flood control channel
during December of 2001.
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“On December 3 and 5, 2001 adult Coho salmon were observed ascending Sidney Gulch through the gunnite
channel behind the Forest Service office. On December 3 approximately 10 individual fish were observed in the
channel. Adult fish were present in the channel for most of the day. The fish passed the channel with great
difficulty, swimming 30 to 50 feet then stopping and resting for 10 to 20 minutes before swimming again. On
December 5, six fish were observed in the channel. Individual fish were followed throughout the day to assess
the travel time through the channel. All fish possessed distinguishing characteristics of different sizes and
markings. Five of the six fish passed the channel with times ranging from 2.5 hours for a jack of 19” to 5.5 hours
for a larger fish of approximately 8 pounds. One fish was in the channel for 6.5 hours before tiring and drifting
back down the channel. The mean travel time for channel passage was 3.5 hours”.

In 2005, concrete cylinders were placed in the flood control channel in an attempt to create
resting areas for migrating salmon. Subsequent observations indicated that these cylinders

provided limited benefit to migrating adults and no improvement of passage conditions for

juvenile salmonids.

Modifications to the existing flood control channel are needed to significantly improve
passage conditions for all age classes of salmonids and other native fishes as well (such as
sculpins, suckers, dace, sticklebacks, and lampreys). Alternatives should also consider the
need to efficiently pass high storm flows and not increase the risk of flooding. In regards to
fish passage, options should consider removal of the channel’s floor and replacement with a
natural streambed, a roughened streambed, or a fishway-like series of pools with drops no
greater than six inches. The natural channel or roughened streambed options should also
incorporate pools or other types of roughness elements to create resting areas for migrating
fish. Outside of the winter migration period, these resting areas could also provide rearing
habitat for juvenile salmonids and other resident fish and amphibians.

The feasibility of removing or altering the concrete side walls should also be considered. If
feasible, setting back one or both walls could allow the design of a flood terrace which could
provide flood flow relief and a more naturally-functioning channel. Alternatives should also
strive to reduce seepage during low-flow periods so that surface flow connectivity is
maintained. Because of potentially poor water quality conditions during summer months in
lower Sidney Gulch, upstream passage for juvenile salmonids may be important over the
entire range of migration flows (including low flows) to allow fish to move upstream out of the
urbanized reach through downtown Weaverville.

Any modifications to the USFS flood control channel should also consider potential changes in
channel elevation and profile that could affect other infrastructure. For example, immediately
upstream of the flood control channel there is a culvert underneath Highway 299. All effort
should be made to not worsen passage conditions through this culvert when a project is
implemented within the flood control channel.
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Habitat Considerations specific to Sidney Gulch Project

Modifications to the USFS flood control channel should also consider potential opportunities
to enhance salmonid habitat, such as establishment of native riparian vegetation to increase
shade cover and bank stability. The current flood control channel may affect (increase)
summer water temperatures as low flow sheets across the shallow/flat concrete floor and is
exposed to solar radiation. A denser riparian canopy adjacent to the restored channel section
may improve water temperatures for over-summering juvenile coho salmon and steelhead.

Instream structures to increase the complexity of rearing habitat should also be considered.
These structures could be incorporated into the design of either jump pools or roughened
riffles.
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