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3 PROBLEM STATEMENT AND
BACKGROUND

3.1  Problem Statement

The Merced River, a major tributary to the San Joaquin River, is located in the southern
portion of California’s Central Valley (Figure 3-1a). The upper and lower segments of
the Merced River and the greater watershed have been affected by a range of human
interventions including dams and flow regulation, flow diversion, gold and aggregate
(sand and gravel) mining, levee construction, land use conversion in the floodplain,
clearing of riparian vegetation, introduction of exotic plant and animal species, and
point and non-point source pollution from abandoned mines. Beyond these, effluent
from wastewater treatment plants, bank protection, and recreational use are also
potential factors affecting the range of biological and physical processes occurring in the
Merced River watershed. Although a number of restoration projects have been
undertaken during the past two decades (Figure 3-2; see also Table A-1, Appendix A),
there is currently a lack of contemporary watershed-scale data to evaluate the effects of
various reach or sub-reach scale projects in either the upper or lower segments of the
Merced River.

This final report encompasses methods and results from a two-year, six-season (Summer
2006 to Spring 2008) biological monitoring and assessment effort for the Merced River.
Methods and a summary of existing data, previously described in the Biological
Monitoring and Assessment Plan (BMAP [Stillwater Sciences 2006a]), are updated and
presented in this final report, as well as a further analysis of the preliminary data given
in the Interim Biological Monitoring and Assessment Report (Stillwater Sciences 2007).
The majority of intended analyses described in the BMAP (Stillwater Sciences 2006a),
along with additional analysis approaches developed during the project tenure, are also
included in this final report.

3.2 Study Rationale

The biological monitoring component of the Merced River Alliance Project (Merced
Alliance) represents the first planned comprehensive assessment of fish, bird, and BMI
(benthic macroinvertebrate) species composition and distribution in the Merced River.
The larger Merced Alliance concatenates two independent management efforts in the
same watershed, creating an umbrella under which the watershed conservation districts
and stakeholder groups for the upper and lower Merced River can work collaboratively
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to address watershed-wide issues. As discussed in Volume I, Section 3.2, of this final
report, during the project tenure, the Merced Alliance was directed by the East Merced
Resource Conservation District (EMRCD) which operates in the lower portion of the
Merced River watershed. At the beginning of the project, the lower river segment was
also represented by the Merced River Stakeholders (MRS). The upper river segment was
represented by the Mariposa County Resource Conservation District (MCRCD) and the
Upper Merced River Watershed Council (UMRWC). Other project partners were
included as the Merced Alliance developed (see Volume I, Section 6).

The biological monitoring component of the Merced Alliance was envisioned as the first
planned comprehensive assessment of fish, bird, and benthic macroinvertebrate (BMI)
species composition and distribution in the Merced River. A river-wide biological
assessment was included in the Merced Alliance for several reasons. First, it was
anticipated that a contemporary baseline data set of this scope would improve
understanding of the general patterns of distribution and relative abundance of fish,
BMI, and birds throughout the river-riparian corridor. Although the baseline
“snapshot” of the Merced River does not represent either pristine or static conditions,
analysis and synthesis of the biological assessment results were designed to increase the
working understanding of interactions between the aquatic-riparian biota and
watershed processes on the Merced River in order to help identify factors potentially
limiting ecosystem health (Volume I, Section 7.2). The contemporary baseline data
provided in this study establish an initial condition against which to compare future
restoration and management actions, and supply information necessary for prioritizing
those actions. Finally, a contemporary biological assessment of the Merced River
increases the scientific evidence available upon which to develop, refine, and strengthen
CALFED Ecosystem Restoration Program goals and objectives (CALFED 2004).

Fish, BMI, and birds were chosen as the focal species of the baseline biological
monitoring task because: 1) they are generally sensitive and readily measurable
indicators of environmental conditions (Temple and Wiens 1989, Klemm et al. 1990,
Barbour et al. 1999, Uliczka and Angelstam 2000, Bryce et al. 2002, Brown et al. 2003); 2)
prior to Merced Alliance efforts, there had been no river-wide comprehensive attempt to
establish an understanding of baseline ecological conditions for these organisms; and 3)
very little is known regarding their composition, distribution, and relative abundance in
the Merced River outside of Yosemite National Park (AMFSTP 2002, Stillwater Sciences
2002). Although a number of studies have been conducted within the Park, many of the
results are not readily available to the scientific community and the public.

3.3 Physical and Biological Setting

The Merced River is the southernmost major tributary to the San Joaquin River in
California’s Central Valley (Figure 3-1a). The river drains an approximately 3,305-km?
(1,276-mi?) watershed that originates in Yosemite National Park and flows southwest
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through the Sierra Nevada range before joining the San Joaquin River 140 km (87 mi)
south of the City of Sacramento. Elevations in the watershed range from 3,960 m (13,000
ft) at the crest to 15 m (49 ft) at the confluence with the San Joaquin River. The Merced
River watershed is bisected into upper and lower segments by New Exchequer Dam
(River Mile [RM]" 62.5), which controls runoff from 81 percent of the basin and creates
Lake McClure.

The upper Merced River contains the mainstem, the North Fork (RM 83.3), and the
South Fork Merced River (RM 99.7). The mainstem and South Fork originate within the
boundaries of Yosemite National Park, beginning in the southern peaks of the park and
draining an area of approximately 1,323-km? (511-mi?) (NPS 2000). From the headwaters
to Lake McClure, the mainstem and South Fork rivers are designated by Congress as
Wild and Scenic River (Figure 3-1b) (NPS 2005). The North Fork originates in the
Stanislaus National Forest and joins the mainstem within lands administered by the
Bureau of Land Management (BLM). The potential for Wild and Scenic river
designation for the North Fork Merced River is currently being studied by BLM (P.
Cranston, pers. comm. 2005). Overall, the National Park Service, U.S. Forest Service, and
Bureau of Land Management administer 242,811 hectares (600,000 acres), or 86%, of the
watershed in the upper segment of the Merced River , while approximately 40,469
hectares (100,000 acres), or 14%, are privately owned and dedicated to ranching and
other agriculture, much of it on the North Fork of the river.

The only major tributary to the lower Merced River is Dry Creek, which drains a 285-
km? (110-mi?) watershed and joins the Merced River at RM 32.7. The lower portion of
the Merced River watershed is almost entirely privately owned and land use is
predominantly agricultural (grazing, dairy, poultry, and orchard). Aggregate mining of
dredger tailings occurs within the Dredger Tailings Reach (DTR), an 11-km (7-mi)
stretch of river between Crocker-Huffman Dam (RM 52) and a point just downstream of
the Snelling Road Bridge (RM 45.2) (Stillwater Sciences 2002). Within the DTR, CDFG
owns the Merced River Ranch (MRR [RM 50 to 51]). The MRR was purchased by CDFG
in 1998 as a source of sand, gravel, and cobble for future restoration projects and as a
floodplain restoration site. Merced Irrigation District (Merced ID) owns the Cuneo
Fishing Access property at the north boundary of the MRR and the Main Canal which
runs through the southern portion of the Ranch. Merced ID also owns land under which
the CDFG operates a Chinook salmon (Oncorhynchus tshawytscha) hatchery, and leases
property to the Calaveras Trout Farm at the north-east boundary of the MRR. Small
parcels of publicly owned land occur throughout the lower Merced River, including
Henderson County Park, Hagaman County Park, McConnell State Park, and George ]J.
Hatfield State Park (Figure 3-1b).

* River Mile (RM), rather than River Kilometer (RK), designations are reported following USGS convention. All RM’s
are derived from the USGS 1:100,000 Digital Line Graph (DLG).
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3.3.1 Geomorphology and Hydrology

The Merced River originates in the high elevations of the western Sierra Nevada. It
flows westward through about 595 km? (230 mi?) of granitic terrain in Yosemite National
Park, where it is confined in bedrock valleys by steep bedrock gorges. Prior to the mid-
19th century, wet meadows were prevalent in Yosemite Valley, particularly in the
western portion of the Valley proximal to a large moraine at the foot of El Capitan. In
1879, a 1.2- to 2.7-m (4- to 9-ft) portion of the moraine was blasted out of the Merced
River channel in order to lower the water table behind the moraine. The intent was to
reduce the amount of wet meadows, thereby reducing mosquito populations in the
Valley. Since the blasting, the Merced River upstream of El Capitan has become more
channelized, with fewer wet meadows in the riparian zone, and an increased erosion
rate of the river base level in adjacent areas between El Capitan Meadow and Yosemite
Lodge (NPS 2000).

After leaving Yosemite National Park, the Merced River flows through roughly 155 km?
(60 mi?) of metamorphic terrain in the western Sierran foothills between El Portal and
the Merced Falls Dam (Stillwater Sciences 2001). Construction and operation of the
Merced Falls Dam (1901), along with that of the original Exchequer Dam (1926), the New
Exchequer Dam (1967) and McSwain Dam (1966), has caused major geomorphic and
hydrologic perturbations to the mainstem Merced River downstream of confluence with
the North Fork Merced River (RM 83.3). Details about these and other, smaller dams on
the Merced River are discussed in Section 3.3.1.1, and the effects of flow regulation and
diversion on hydrology and sediment supply to the lower portion of the Merced River
watershed are discussed in Section 3.3.1.2 .

The river leaves the upland landscape near Merced Falls Dam (RM 55) and enters the
broad, unconfined eastern California Central Valley. The river valley broadens near
Crocker-Huffman Dam (RM 52) and the river enters into what was historically a highly
dynamic, multiple channel (anastomosing) river system (Figure 3-3a). Review of maps
and aerial photographs from 1937 to 1990 indicates that these channels, which included
the current mainstem channel as well as Ingalsbe, Dana and Hopeton sloughs, once
occupied the entire width of the valley floor (up to 7.2 km [4.5 mi] wide) in the Snelling
vicinity. The combined effects of valley-scale gold dredging, flow regulation,
elimination of coarse sediment supply, reduction of fine sediment supply, and land-use
development have converted the lower Merced River in this reach from a complex,
multiple-channel system (Figure 3-3a) to a single-thread system with a narrow
floodplain adjacent to the confined channel (Figure 3-3b,c). Downstream of the Dry
Creek confluence (RM 32.7), the valley width narrows again.

Similar to other rivers originating from the west side of the Sierra Nevada, flow in the
Merced River is typified by late spring and early summer snowmelt, fall and winter
rainstorm peaks, and low summer baseflows. Annual water yield from the Merced
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River averages 996,500 acre-feet * (for the period 1903-1999). With the exception of that
portion of the river that is now Lake McClure, the upper Merced River experiences a
natural hydrograph (Figure 3-4). In contrast, the lower river is regulated by four
mainstem dams developed for hydroelectric power, flood control, and agricultural
water supply.

3.3.1.1 Dams and Flow Diversions on the Merced River

Although flow is unregulated on the upper Merced River, there are four jurisdictional
dams located along this reach (Table 3-1). The New Exchequer Dam is located on the
mainstem, while McMahon, Green Valley, and Metzger dams are located on tributaries
upstream of Lake McClure. The latter dams are relatively small, non-regulating dams
with a combined reservoir capacity of 835 acre-feet.t The Cascades Diversion Dam, a
timber crib dam constructed in 1917, was removed in 2004 from the mainstem Merced
River east of Yosemite Valley. The Wawona Impoundment, located on the South Fork
Merced River approximately 1.6 km (1 mi) east of Wawona, is a small water supply
dam. This dam is below the California jurisdictional threshold (50 acre-ft or 20 ft dam
height) and is therefore not a regulated facility (NPS 2000). In addition, eleven bridges
cross the Merced River in Yosemite Valley, influencing the width, location, and velocity
of the upper river at these locations (NPS 2000).

Flow in the lower Merced River is regulated by New Exchequer Dam (RM 62.5) and
McSwain Dam (RM 56). These dams, which are known collectively as the Merced River
Development Project, are owned by Merced ID and are licensed by the Federal Energy
Regulatory Commission (FERC) through 2014. McSwain dam is operated as a re-
regulation reservoir and hydroelectric facility. Merced Falls Dam and Crocker-Huffman
Dam are low-head diversion dams that divert flow into the Merced ID Northside Canal
(capacity = 2.5 m3s?, 90 cfs) and Main Canal, respectively. Both dams’ primary function
is to provide for irrigation water. However the Merced Falls Dam also has a
hydroelectric facility. Merced Falls Dam is owned by Pacific Gas and Electric; Crocker-
Huffman Dam is owned by Merced ID.

In addition to the Merced ID diversions, the Merced River Riparian Water Users
maintain seven riparian diversions between Crocker-Huffman Dam and Shaffer Bridge
(Oakdale Road) (RM 32.5). At these diversions, flow is directed into diversion channels
by small gravel wing dams that are constructed each year. Downstream of Shaffer
Bridge, the CDFG has identified 238 diversions, typically small pumps, used to supply
water for agricultural use (G. Hatler, pers. comm. 1999).

* Hydrologic and related data are commonly presented in English units and is a convention followed in the BMAP.
tAn acre-foot is the volume of water that would inundate one acre of land to a depth of one foot and is equivalent to
approximately 326,000 gallons.
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Table 3-1. Dams regulated by the California Division of the Safety
of Dams in the Merced River watershed.

Year Capacity
Dam Stream Closed (acre-feet)
Upper Merced River
New Exchequer ! Merced River 1967 1,024,600
McMahon 2 Maxwell Creek 1957 519
Green Valley ? Smith Creek 1957 243
Metzger 3 Dutch Creek 1956 73
Lower Merced River
McSwain Merced River 1966 9,730
Merced Falls Merced River 1901 900
Crocker-Huffman Merced River 19104 200
Kelsey Dry Creek 1929 972
Total: 1,037,237

Sources: CDWR 1984, Kondolf and Matthews 1993

1 New Exchequer Dam bisects the Merced River into two segments, the upper segment and the
lower segment.

2 Located upstream of the New Exchequer Dam.

3 Located on the North Fork.

¢ A diversion dam has been operated at this location since the 1870s.

3.3.1.2  Effects of Flow Regulation and Diversion on Hydrology in the Lower Merced
River
Since the completion of New Exchequer Dam in 1967, mean annual flood discharge in
the lower river has been reduced by 80% (based on records from WY 1968 to 2000 at the
Snelling gage, CDWR [http://cdec.water.ca.gov/]) (Stillwater Sciences 2002). Operating
rules for the Merced ID imposed by the U.S. Army Corps of Engineers currently limit
releases from New Exchequer Dam to 170 m3s (6,000 cfs), which reduce the incidence of
flow events believed to be geomorphically effective for maintaining properly
functioning stream channels and associated riparian and floodplain habitats in the lower
reach of the Merced River. Since 2000, the highest flows occurring on the lower Merced
River during drier years (e.g., WY2001 to WY2004) have related to spring flows released
annually by Merced ID as part of the Vernalis Adaptive Management Program (VAMP)
to enhance conditions for outmigrating Chinook salmon smolts. The flow magnitude is
determined in conjunction with flow releases from the Tuolumne and Stanislaus rivers.
As an example, in 2004, VAMP outmigration flows commenced in mid-April, reached a
maximum of 53 m3s (1,870 cfs) in the first week of May, and were returned to baseflow
levels by mid-May. It has been estimated that incipient motion of the channel bed
occurs at approximately 136 m3s (4,800 cfs) under current conditions. This flow relates
to the post-dam Qs event and illustrates how infrequently geomorphically-effective
events occur under present conditions.
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3.3.2 Habitat and Biota

A compilation and synthesis of existing fish, bird, and BMI data for the upper and lower
Merced River was undertaken as a component of the Merced River biological
assessment monitoring, and is discussed in more detail in Volume I, Section 5.3.2. The
following section represents a basic overview of general habitat and biota conditions.

Habitat along the Merced River corridor varies with topography and elevation as the
river flows through mountains, foothills, and the valley floor to its confluence with the
San Joaquin River. Three ecoregions are represented: the Central California Valley, the
Southern and Central California chaparral and woodlands, and the Sierra Nevada
(Omernik and Bailey 1997, Miles and Goudey 1997). The upper portion of the Merced
River, located in the Sierra Nevada and upper foothills, contains large blocks of high-
quality mature forest, relatively diverse and abundant wildlife communities, and high
water quality. While habitat fragmentation affects wildlife species in the upper portion
of the Merced River watershed (NPS 2000), the majority of land in Yosemite National
Park is designated Wilderness under the California Wilderness Act of 1984 (Public Law
98-425), not including the developed Valley areas where the majority of park
infrastructure and facilities are located (NPS 2005). Five major vegetation zones are
supported in Yosemite National Park: chaparral/oak woodland, lower montane, upper
montane, subalpine, and alpine (NPS 2000). El Portal, just outside the Park, is in the
chaparral/oak woodland zone. Distributions of vegetation cover types in Yosemite
National Park and El Portal have been mapped by the National Park Service (Aerial
Information Systems 1997). Other areas outside of Yosemite Valley are in the lower
montane, upper montane, and subalpine zones (NPS 2000). Non-native plant species
occur to some extent throughout the upper portion of the Merced River watershed. A
number of state-listed rare vegetation types are sustained in the El Portal area (NPS
2000). Fire suppression and changing land-use practices have altered natural fire
regimes of the Sierra Nevada dramatically, affecting ecological structures and functions
in associated plant communities (UC Davis 1996).

The lower Merced River segment is located in the valley floor and lower foothills.
Along this segment of the river, land use activities including gold dredging, gravel
mining, and agricultural development have significantly reduced the extent of riparian
vegetation. While there are no pre-colonial estimates of riparian forest extent specific to
the Merced River, the remaining riparian landscape in the lower portion of the
watershed (approximately 1,619 ha [4,000 ac]), represents roughly 20% of the pre-dam
floodplain area (Stillwater Sciences 2001). A wide range of vegetation conditions
currently occurs in the Merced River corridor, from a thin band of trees one tree canopy
wide in developed reaches to large patches of relatively intact floodplain forest near the
confluence with the San Joaquin River. In general however, widespread encroachment
of riparian vegetation into the former active river channel in recent decades has
generally prevented establishment o