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Merced River Watershed Profile
Listed Species Present in the Watershed
Central Valley steelhead
Species that Historically Occurred
Central Valley spring‐run Chinook salmon (ESU) – Oncorhynchus tshawytscha
Central Valley steelhead
Diversity Group
Southern Sierra Nevada
Watershed Restoration and Potential to Support a Viable Population
Watershed/Ecosystem Restoration Potential
Prior to the arrival of European pioneers and explorers, steelhead trout occurred
throughout the upper Merced River drainage, occupying aquatic habitat as far
upstream as Yosemite Valley on the mainstem, and probably, as far upstream on the
South Fork, beyond Wawona, and most of its lower elevation tributaries (such as
Skeleton Creek) as reported by Miller 2008. Currently, steelhead are present in the
Merced River and spawn between Crocker Huffman Dam (RM52) and Highway J59
Bridge Crossing (RM42). Steelhead populations in the Stanislaus, Tuolumne, Merced,
and Calaveras rivers are the only remaining representatives of the Southern Sierra Nevada
diversity group of the Central Valley steelhead (NMFS 2009). However, none of these
populations are considered to be viable at this time (Lindley et al. 2007). The Merced
River in particular is considered to be the most impacted of these southern rivers in
terms of loss of flow, good gravels for steelhead, as well as poor water quality as a
result of development and agriculture, so much habitat and hydrologic restoration is
needed to ever see viable populations of steelhead again in the lower Merced River.
At this time, there are three obstructions to migrating fish: Crocker Huffman irrigation
diversion near Snelling, Merced Falls Dam, and Exchequer. The direct and cumulative
effect of these dams is that access to greater than 96% of the original historically
available spawning and rearing habitat on the Merced River for O. mykiss (Steelhead
trout) and other anadromous fishes (spring‐run, fall‐run and late fall‐run Chinook
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salmon, lamprey) has been eliminated by impassable barriers and/or inundation.
(Martin 2008, Schick et al 2005). Suitable O. mykiss and O. tshawytscha spawning and
juvenile rearing habitat is now restricted to the Merced River reach between Crocker‐
Huffman Diversion Dam (RM 52) and the Highway J59 Bridge Crossing (RM 42).
Reduction and modification of seasonal flow from the operation of the Project dams has
adversely impacted the restricted O. mykiss accessible spawning and rearing habitat in
this reach through interference with spawning gravel replenishment and armoring of
gravel beds and instream flow regimes.
It is likely that steelhead numbers could be restored to the lower Merced River in better
numbers if temperature and flow standards are established that would provide for juvenile
rearing. Also, not much is known about steelhead numbers and current habitat uses in
the southern sierra diversity group. Lindley et al. (2007) recommend that in order to
assess the risk of extinction or develop effective recovery actions for steelhead in the
Central Valley, determining the distribution of steelhead and assessing the relationship
between resident and anadromous forms of O. mykiss is a fundamental need. Lindley et
al. (2007) stress that any quantitative assessment of population viability would be
inadequate unless the role resident fish play in population maintenance and persistence
of O. mykiss in the Central Valley is known.
Viability Potential for Existing Populations
Central Valley Steelhead below Crocker Hoffman– Low to Moderate
The lower Merced River is characterized as having a Low to Moderate potential to
support a viable independent or persistent population of steelhead. Extensive habitat
restoration has already occurred in the lower Merced. These improvements include
increase in shade and channel complexity, which over time could support better
rearing. Despite these improvements, the lower Merced River does not have the
channel complexity, off channel rearing habitats and the tributary habitats to support a
thriving population of steelhead, thus the chances for this lower system to support a
viable population are tenuous until further flow and gravel augmentation measures are
implemented.
Potential for Historic Habitats to Support Spawning Populations
Above Crocker‐Huffman Dam and New Exchequer system:
Central Valley steelhead – Low to Moderate
Central Valley spring‐run Chinook salmon – Low to Moderate
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The upper Merced River is characterized as having a low to moderate potential to
support a spawning population of spring‐run salmon. Habitat quality above the New
Exchequer system historically was good and supported a population of spring‐run salmon.
Because of its historic importance the upper Merced River should be considered a
candidate area for recovery. A Limitation to the spring‐run and steelhead population is
the series of dams throughout this system that would need to be made passable or
removed. As well, the lack of good off channel and side channel habitat remain a
substantial challenge to steelhead recovery.
How will the Merced River help to buffer the negative effects of climate change for salmonids in
the Central Valley?
Under the expected climate warming of around 5°C, substantial salmonid habitat
would be lost in the Central Valley, with significant amounts of habitat remaining
primarily in the upper Feather and Yuba rivers, and remnants of habitat in the upper
Sacramento, McCloud, and Pit rivers, Battle and Mill creeks, and the Stanislaus River
(Lindley et al. 2007). Under the less likely but still possible scenario of an 8°C warming,
spring‐run Chinook salmon habitat would be found only in the upper‐most reaches of
the north fork Feather River, Battle Creek, and Mill Creek (Lindley et al. 2007).
In addition, while warming may pose as a key threat to spring‐run Chinook salmon in
the Central Valley, suitable water temperature conditions should persist longer in areas
where fish can reach higher altitudes (Williams 2006). Some existing or potential habitat
should also remain for some time below various dams that currently release cool water
through the summer (Williams 2006).
Key Threats and Stressors
Key threats and stressors (i.e., identified as “Very High”) to Central Valley steelhead in
the Merced River include, but are not limited to, the following:
 Passage impediments/barriers at the Crocker Huffman, McSwain, and New
Exchequer dams blocking/impeding adult immigration
 Flow conditions (i.e., low flows) associated with attraction, migratory cues, flood
flows and the attraction of non‐natal fish into the Merced River affecting adult
immigration and holding
 Physical habitat alteration associated with limited supplies of instream gravel,
habitat suitability and spawning habitat availability affecting spawning
 Water temperatures affecting adult immigration and holding, and spawning
 Flow fluctuations affecting spawning and embryo incubation
Public Draft Recovery Plan

227

October 2009

Appendix A

Watershed Profiles

 Changes in hydrology affecting juvenile rearing and outmigration
 Flow dependent habitat availability affecting juvenile rearing and outmigration
 Loss of riparian habitat and instream cover affecting juvenile rearing and
outmigration
Key Watershed Restoration and Recovery Actions
 Improve production of native Steelhead trout by improving adequate
temperature and flow regimes, especially for juvenile rearing
 Improve project operations, outlet modifications, and establishment of minimum
pools for reservoirs so that cool water temperatures could be provided in late‐
summer and fall Install fishways on presently impassable dams to allow access
to tail water habitat
 Improve stock production through hatchery facility supplementation to native
steelhead trout populations
 Maintain, enhance, or restore populations of Steelhead trout in tailwater aquatic
habitats caused by project dams and lack of volitional fish bypass
 Maintain, recover, and restore stream flow regimes sufficient to sustain desired
conditions for populations of Steelhead trout, defined as keeping the tailwater
fishery in ‘good condition’ sensu California Fish and Game Code 5937
 Maintain, enhance, or restore populations of native aquatic biota, including fish,
benthic macroinvertebrates, and riparian species to be viable with adequate
habitat consistent with species’ needs
 Maintain, enhance, or restore all life stages of native aquatic species by ensuring
connectivity between project‐affected stream reaches, between reaches of
mainstem river and their tributaries, and between reservoirs and reaches of
mainstem river
Watershed Description
The Merced River is a tributary to the San Joaquin River in the southern portion of
California’s Central Valley. The Merced River originates in Yosemite National Park and
drains an area of 1,276 square miles as it flows down the western slope of the Sierra
Nevada range into the Central Valley, eventually joining the San Joaquin River about 87
miles south of Sacramento, California (Figure 19). Elevations in the watershed range
from 4,000 m at its headwaters to 15 m at the San Joaquin River confluence (USFWS
2007).
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Figure 19. The Merced River Watershed (Source: Modified from Stillwater Sciences
2001)
The upper Merced River watershed encompasses approximately 700,000 acres from the
headwaters near Triple Divide Peak to the New Exchequer Dam on Lake McClure, the
main storage reservoir on the river (capacity 1 million acre‐ft.). A significant part of the
Merced River headwaters lies within Yosemite National Park (312,334 acres), while
about 272,000 acres lie within the jurisdiction of lands managed by the United States
Forest Service and the Bureau of Land Management. Downstream of New Exchequer
Dam, the floodplain extent and connectivity in the Merced River have been affected by
both flow regulation and levee construction. Flow regulation has reduced flood
magnitude and, thus, reduced the extent and frequency of floodplain inundation. In
addition, in the reach from Crocker‐Huffman Dam to Shaffer Bridge, the river has been
converted from a multiple‐channel system to a single‐channel system, and remnant
sloughs have been converted to irrigation canals and drains.
Geology
The following information on geology in the Merced River is taken directly from the
Merced Wild and Scenic Revised Comprehensive Management Plan and Supplemental EIS
(National Park Service 2005).
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The Merced River gorge begins at the west end of Yosemite Valley where the gradient
of the Merced River abruptly increases and the river enters the gorge. The gorge has
remained an incised, V‐shaped feature because the most recent glacial events did not
extend down the Merced River beyond Yosemite Valley. The transition from the U‐
shaped, glaciated Yosemite Valley to the steep‐gradient, V‐shaped, incised Merced
River gorge, is identified a feature of the geologic Outstandingly Remarkable Value.
The granitic rocks within the Merced River gorge consist primarily of tonalite; the Bass
Lake tonalite is the dominant bedrock feature. Among some of the oldest rocks found in
the Sierra Nevada are those just east of El Portal, in the walls of the Merced River gorge.
These rocks are metamorphic and remnants of ancient sedimentary and volcanic rocks
that were deformed and metamorphosed, in part by granitic intrusions (Huber 1989).
This metamorphosed sedimentary rock (which includes banded chert) was once part of
the ocean floor that covered the region about 200 million years ago (Huber 1989). The
transition from igneous to metasedimentary rocks is identified as a feature of the
geologic Outstandingly Remarkable Value in the El Portal segment of the river.
The soils in relatively flat topographic positions in the Merced River gorge and El Portal
form from glacial and alluvial sediment deposition processes originating in Yosemite
Valley, or by alluvial and colluvial deposition occurring locally within the gorge or near
El Portal. Soils that formed in old river channels consist of alluvial boulders, cobbles,
river wash, and loamy sands.
Hydrology
The overall climate in the Merced River Basin is temperate, with hot, dry summers and
cold, wet winters. The average annual precipitation in Yosemite Valley is 36.5 inches.
Annual precipitation decreases to 25 inches in El Portal (2,000 feet) and increases to 70
inches in the red fir forest at 6,000 to 8,000 feet (Eagan 1998, as cited in National Park
Service 2005). At elevations above 5,000 feet, 80 percent of the annual precipitation falls
as snow.
Similar to other rivers originating from the west side of the Sierra Nevada mountains,
flow in the Merced River is typified by late spring and early summer snowmelt, fall and
winter rainstorm peaks and low summer base flows (Stillwater Sciences 2001).
Snowmelt drives the peak stream flows that occur in May and June, and minimum river
flow is observed in September and October (National Park Service 2005). About 85
percent of precipitation falls between November and April, and the highest average
precipitation generally occurs during December, January, and February (National Park
Service 2005).
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Four mainstem dams affect flow conditions in the lower Merced River. The two largest
dams are New Exchequer Dam (which impounds Lake McClure) and McSwain Dam
(which impounds Lake McSwain) (USFWS 2007; USFWS 1995; Stillwater Sciences 2001).
These dams, which are known collectively as the Merced River Development Project,
are owned by Merced Irrigation District (Merced ID) and are licensed by the Federal
Energy Regulatory Commission. Merced Falls Dam and Crocker‐Huffman Dam are low
diversion dams which divert flow into the Merced ID Northside Canal and Main Canal,
respectively. Merced Falls Dam is owned by Pacific Gas and Electric; Crocker‐Huffman
Dam is owned by Merced ID. Three additional small dams (i.e., MacMahon, Green
Valley, and Metzger) are located on tributaries upstream of the New Exchequer Dam.
These dams have a combined reservoir capacity of 835 acre‐feet. Also, Kelsey Dam
impounds a small (972 acre‐feet) reservoir on Dry Creek, the only major tributary to the
Merced River downstream of the mainstem dams (Stillwater Sciences 2001).
The New Exchequer Dam (located at RM 62.5) controls runoff from 81 percent of the
basin and creates the largest storage reservoir in the system, Lake McClure. The
maximum reservoir storage capacity at Lake McClure is 1,024,600 acre‐feet, equivalent
to 103 percent of the average annual runoff from the basin (as measured below Merced
Falls Dam, near Snelling). The New Exchequer Dam provides agricultural water supply,
power generation, flood control, recreation, and environmental flows including in‐
stream fisheries flows and flows to the Merced National Wildlife Refuge (Stillwater
Sciences 2001).
McSwain Dam (RM 56) is located 6.5 river miles downstream of the New Exchequer
Dam, and is operated as a re‐regulation reservoir and hydroelectric facility. Storage
capacity in Lake McSwain is 9,730 acre‐feet.
The Merced Falls Dam (RM 55) and the Crocker‐Huffman Dam (RM 52) are low‐head
irrigation diversion facilities. The Merced Falls Dam diverts flow into the Merced ID’s
Northside Canal (capacity = 90 cfs) to the north of the river and generates electricity.
The Crocker‐Huffman Dam diverts flow into the Merced IDʹs Main Canal (capacity =
1,900 cfs). In addition to the Merced ID diversions, the Merced River Riparian Water
Users maintain seven riparian diversions between Crocker‐Huffman Dam and Shaffer
Bridge. Between Crocker‐Huffman Dam and Shaffer Bridge, Cowell Agreement and
riparian water users divert up to approximately 94,000 acre‐feet annually and have
maintained seven main channel diversions since about the 1850s (Stillwater Sciences
and EDAW 2001). These diversions are small wing dams consisting of rock and gravel,
which can be transported downstream during high winter river flows. In addition to
these diversions, CDFG has identified a large number of diversions, primarily pumps,
in the 52 river miles between the Crocker‐Huffman Dam and the San Joaquin
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confluence. During field surveys, CDFG recorded 244 diversions, which are
predominantly used to supply water for agricultural use (206 diversions) (Stillwater
Sciences and EDAW 2001).
Land Use
The Merced River Watershed has been significantly modified by dams and flow
regulation, flow diversion, gold and aggregate (sand and gravel) mining, levee
construction, land use conversion in the floodplain, and clearing of riparian vegetation
(Stillwater Sciences 2001). As reported by USFWS (1995), agricultural development
began in the 1850s, and significant changes have been made to the hydrologic system
since that time. As early as the 1870ʹs, large canal systems were built to divert Merced
River water for agricultural uses including, row crops, cattle grazing and orchard crops.
Mining for gold and aggregate downstream of the dams has been extensive, leaving
tailings and numerous pits within the river corridor (USFWS 2001). Today, the lands
within watershed are comprised of rural and privately owned areas, and the primary
land use is agricultural and aggregate mining. Many tracts are under active cultivation
with orchards and vineyards, and several actively grazed annual grassland pastures
abut the river’s edge. There is also an expansive gravel mining plant on the north
section of the lower Merced River (USFWS 2001).
Fisheries and Aquatic Habitat
Historically, the Merced River supported spring and fall‐run Chinook salmon, and
occasionally steelhead trout. Over time, the manipulation of the Merced River has led to
loss and degradation of native habitat. With the building of dams, access to spawning
grounds upstream has been lost and gravel recruitment is greatly reduced in reaches
below the dams. The large in‐stream ponds left by mining create habitat for introduced
predator fish species that prey upon juvenile salmon (USFWS 2005). Despite this loss
and degradation of riverine habitat, the Merced River has supported a large population
of fall‐run Chinook salmon in the San Joaquin Valley. Steelhead have been largely
extirpated from the project area, but sporadically use the Merced River for spawning
and rearing (USFWS 2000).
Both the Merced Falls Dam and the Crocker‐Huffman Dam are equipped with fish
ladders, but the ladders were blocked by CDFG in the early 1970s in association with
the Merced ID’s construction of an artificial salmon spawning channel immediately
downstream of Crocker‐Huffman Dam. As reported in Stillwater Sciences (2001),
anadromous fish generally do not pass upstream of Crocker‐Huffman Dam, although
some fall Chinook salmon may surmount the dam during high flows. Thus, the
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Crocker‐Huffman Dam presents an impassable barrier to upstream migration, and
demarcates the upstream extent of currently accessible steelhead habitat. Salmon spawn
in the 24‐mile reach between Crocker‐Huffman Dam and the town of Cressy (USFWS
1995), with the primary spawning reach occurring between RM 32 and RM52)
(Stillwater Science 2001). Rearing habitat extends downstream of the designated
spawning reach, requiring the protection of the entire tributary from Crocker‐Huffman
Dam to its mouth (USFWS 1995).
Thermographs are used by CDFG to record temperature at several points along the
river. Downstream of Crocker‐Huffman dam substrate is dominated by gravel and
cobble with downstream fining to eventual sand and silt below the lowest spawning
area (USFWS 2007.)
Water resource demands and flood control issues on the Merced River will largely
determine the extent and types of restoration implemented in the corridor (Stillwater
Sciences and EDAW 2001). The Merced River is heavily allocated for agricultural water
use. The Merced ID holds pre‐1914 appropriative water rights to divert flow from the
river. In addition, riparian water users divert flows through seven diversion channels
between Crocker‐Huffman Dam and Shaffer Bridge and numerous riparian pumps
throughout the river. Minimum instream flow requirements in the river are defined
under Merced ID’s current licenses and agreements and are intended to provide
adequate flows for Chinook salmon and for the Merced River Riparian Water Users
Association diversions. In addition, under current U.S. Army Corps of Engineers flood
control operations rules, the maximum allowable release to the Merced River from New
Exchequer Dam is 6,000 cfs. For the above reasons, restoration projects developed
within the Merced River Corridor Restoration Plan must, therefore, be designed to
function within the current minimum flow requirements and this 6,000 cfs flood control
limitation (Stillwater Sciences and EDAW 2001).
There are many opportunities for improving geomorphic and riparian ecosystem
conditions in the Merced River. As reported in the Geomorphic and Riparian
Vegetation Investigations Report for the Merced River Corridor Restoration Plan
(Stillwater Sciences 2001), the major constraints to restoring geomorphic and riparian
ecological processes and attributes in the Merced River include: (1) drastic reduction in
the flood magnitude, frequency, and duration and the resulting reduction in bedload
transport under current dam operations; (2) elimination of floods exceeding 6,000 cfs
that will likely continue due to the Corps of Engineers limit to flood releases; (3) the
presence of vulnerable structures (such as the City of Livingston sewage treatment
plant) and vulnerable land uses in the floodplain; (4) lack of coarse sediment supply
due interception of bedload by the large dams; (5) limits to channel migration caused by
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reduced flows, bank revetment, and development in the floodplain; (6) the extent of
bedload impedance reaches throughout the Gravel Mining 1 and Gravel Mining 2
reaches; and (7) chronic fragmentation and clearing of riparian vegetation for floodplain
development. To date, numerous projects to restore and protect floodplain function, as
well as channel and riparian habitat have been initiated or completed on the Merced
River as a result of the CVPIA and the Merced River Corridor Restoration Plan;
however, consistent monitoring of juvenile Chinook salmon and steelhead emigration
has been lacking (Stillwater Sciences 2001; USFWS 2007).
Steelhead
Steelhead populations in the Stanislaus, Tuolumne, Merced, and Calaveras rivers are
the only remaining representatives of the Southern Sierra Nevada diversity group of the
Central Valley steelhead (NMFS 2009). However, none of these populations are
considered to be viable at this time (Lindley et al. 2007).
The Merced River Fish Hatchery (RM 52), operated by CDFG, is located immediately
downstream of Crocker‐Huffman dam. Crocker‐Huffman Dam is the upstream
terminus of fish migration on the Merced River. (USFWS 2007).
Prior to 2007, incidental catches and observations of steelhead juveniles have occurred
on the Merced (and Tuolumne) rivers during fall‐run Chinook salmon monitoring
activities (Good et al. 2005). Zimmerman et al. (2008) also has documented Central
Valley steelhead in the Merced River based on otilith microchemistry.
During 2007, Cramer Fish Sciences began juvenile Chinook salmon and O. mykiss
population monitoring on the Merced River at George Hatfield State Park (RM 2) under
contract with Anadromous Fish Restoration Program. The monitoring effort continues
previous work by CDFG at Hagaman State Park (RM 12), and uses rotary screw traps,
an established method for measuring juvenile out‐migration abundance, to capture
juvenile salmonid species while monitoring environmental variables (USFWS 2007). The
new site was established to obtain a more accurate estimate of fish contribution to the
San Joaquin River. Result from surveys conducted during 2007 indicate that out‐
migration timing of natural fish strongly coincided with hatchery releases upstream,
and weaker associations were observed with temperature and lunar cycle (USFWS
2007). Observations during the 2007 appear to indicate poor natural production of
Chinook salmon, however subsequent monitoring of population trends over several
seasons is required before conclusions or management decisions can be made (USFWS
2007). No O. mykiss were captured during the 2007 sampling season. A more thorough
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understanding of O. mykiss populations on the Merced River may by necessary to
explain the lack of out‐migration observed during the 2007 season (USFWS 2007).

Upper San Joaquin River Watershed Profile
Listed Species Present in the Watershed
Currently unoccupied
Species that Historically Occurred
Central Valley spring‐run Chinook salmon (ESU) – Oncorhynchus tshawytscha
Central Valley steelhead
Watershed Restoration and Potential to Support a Viable Population
Watershed/Ecosystem Restoration
CV spring‐run Chinook salmon and CV steelhead no longer occur in the San Joaquin
River south the of the Merced River. According to DFG (1998), the San Joaquin River
once supported a very large population. Clark (1929) wrote that in the late 1800s,
salmon were very numerous, and Fry (1961) estimated a run of 56,000 spring‐run in
1945. The extent of steelhead presence in the San Joaquin River is not well known.
The upper San Joaquin River, a 153‐mile stretch of river from the Merced confluence
upstream to Friant Dam, has been significantly altered over the past century due to
changes in land and water use. The historical populations of Central valley spring‐run
salmon were extirpated due to several changes caused by development including the
building of Friant dam that blocked fish passage to upper San Joaquin River habitats.
As well, major agricultural water diversions were built in the last 150 years which
lowered the water quality and quantity and caused areas of entrainment, further
reducing the population of spring‐run salmon and steelhead to the level of extirpation.
Because of these developments, which caused the extinction of the San Joaquin spring‐
run salmon population, several legal actions were taken which resulted in a Settlement
in October of 2006 that was reached in the case of NRDC et al. v. Kirk Rodgers et al., and
was termed: the San Joaquin River Restoration Program (SJRRP). The following
restoration goals were produced from this settlement:
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