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TABLE 2. Riparian vegetation cover types and distributions within the Merced River corridor.

Cover Type

Description and Habitat

Total Vegetation Coverage in
the Merced River Corridor

Total Area
(acres)

Percent of Total
Vegeta-
tion Area

Herbaceous Cover

Contains herbaceous plant communities, including
grassland terraces, tailing transitional areas, and some
seasonal wetlands.

1,362

35

Mixed Riparian Forest

Riparian hardwood forest often including Oregon ash,
white alder (Alnus rhombifolia), box elder, valley oak, and
willow.

881

22

Cottonwood Forest

Contains >50 percent crown canopy Fremont cottonwood
and various subcanopy species combinations.

439

Mixed Willow

Contains almost exclusively willow, including narrow leaf
willow (S. exigua), Goodding’s black willow (S.
gooddingii), arroyo willow (S. lasiolepis), and red willow
(S. laevigata)

406

Valley Oak Forest

Contains >50 percent crown canopy valley oak, occurs on
terraces, and younger stands have established on former
floodplains that are no longer frequently inundated

342

Riparian Scrub

Contains early seral stage vegetation (shrubs and small
trees) of various species that may indicate some form of
regular disturbance or scour

297

Marsh

Areas with surface water supporting emergent plants;
occurs in some backwater channels and in some dredger
tailing swales

66

Blackberry Scrub

Contains >50 percent crown canopy Himalayan
blackberry (Rubus discolor) or California blackberry (R.
ursinus). Occurs commonly adjacent to disturbed areas.

47

Eucalyptus

Contains >50 percent crown canopy eucalyptus
(Eucalyptus spp). Occurs commonly in monospecific
stands on heavily modified banks

45

Box Elder

Contains >50 percent crown canopy box elder (4cer
negundo). Occurs commonly as monospecific stands in
the lower river corridor.

21

Giant Reed

Contains clonal monospecific stands of giant reed (Arundo
donax). Occurs commonly on revetted or otherwise
disturbed banks

12

<1

Tree of Heaven

Contains >50 percent crown canopy tree of heaven
(Ailanthus altissima), an invasive exotic tree species

10

<1

Tamarisk

Contains almost exclusively tamarisk (Tamarix spp.), an
invasive exotic plant

0.4

<1

Total for Vegetation Cover Types

3,928

100

Dredger Tailings

Dredged floodplain areas, which include bare substrate
and sparse non-native grasslands, isolated cottonwood and
willow, and wetland and pond communities

4,308

N/A

Disturbed Riparian

Contains primarily non-native plants which are associated
with areas of disturbance, such as roadsides and revetted

banks.

N/A

Total for Other Cover Types

4,327

N/A

TOTAL

8,255

N/A

TABLE 3. Summary of current cover types and historical floodplain extent along the Merced River.

Cover Type Total Area (acres) Percent of Historical
Floodplain Area (19,900
acres)
Native vegetation' 3,861 19.4
Non-native woody vegetation 67 0.3
Dredger tailings 4,308 21.6
Other disturbed areas 19 0.1

" Consists of cover types dominated by native woody species. Many non-native
herbaceous and understory species are included within these cover types.

? Includes only the Eucalyptus, Giant Reed, Tree of Heaven, and Tamarisk cover types.
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FIGURE 4. Representative cross section of the current
Merced River riparian zone.
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When the transect was resurveyed in June 2000,
fewer seedlings were documented than in the
previous year. The maximum density was 2.3
seedlings/ft’. Seedling survival from the previous
year was 4 percent or less for Fremont
cottonwood, arroyo willow, and California
button-willow, and 67 percent for silver maple,
which were located farther from the channel

edge (Figure 5). Almost all of the seedlings
documented in the June 2000 survey were less
than one year old (i.e., germinated in spring 2000);
78 percent of the Fremont cottonwoods, 40 percent of
the arroyo willows, and all of the California
button-willows were new recruits (Figure 6).

The pattern of seedling recruitment and mortality
at the Snelling site suggests that Fremont
cottonwood, arroyo willow, and California
button-willow readily germinated on bars in the
active channel but did not survive beyond the
first year. Seedling mortality was likely caused
by scour, sediment deposition, or prolonged
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1999 cohort (< 1yr old)

surviving seedlings
(2 yrs old in 2000)

inundation. The seedling surveys conducted at

the Snelling site support the river-wide

observation that cottonwood and willow seedlings
readily recruit along the Merced River but do not survive
to reproductive maturity. Because of the limited scope of
the pilot surveys, these data should be interpreted as
suggestive, rather than definitive, of conditions elsewhere
on the river.

Recruitment Box Model Analysis

Riparian tree recruitment depends on local
hydrologic conditions during the seed release
period. Early successional species, such as
cottonwood and willow, release many seeds that
are viable for a short time, typically 2-3 weeks
(Braatne et al. 1996) and require bare, moist
substrates to germinate. Seedling recruitment,
therefore, occurs on the surfaces that happen to
be moist and bare during the seed release period.
Mahoney and Rood (1993, 1998) describe this
window of optimal conditions as the
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not have survived desiccation because the bank
dewatering rate exceeded seedling root growth
rates. Finally, flows in winter/spring 2000 were
high enough to submerge the 1999 seedling
cohort for several months and may explain the
high seedling mortality from 1999 to 2000. It is
also possible that the high water table during
summer 1999 prevented seedlings from
developing deep root systems, thus making them
vulnerable to being uprooted by subsequent
winter flows. Recruitment conditions in 2000
were similar to those in 1999. The river stage
decline was very rapid during the seed release
period and leveled out near summer baseflow
levels, resulting in seedlings germinating at low
bank elevations.

The recruitment box concept may also be used to
develop hypotheses of linkages between river
regulation, vegetation encroachment, and species
composition shifts. Reduction in peak flows
during the spring seed-release period caused by
flow regulation may facilitate encroachment by
shrub species that form thickets on formerly
active channel bars and banks. The reduction in
spring peak flows, which began after
construction of Exchequer Dam in 1926, are not
conducive to establishment of trees such as
Fremont cottonwood and Goodding’s black
willow because seed release for these species
coincides with spring snowmelt floods, which
provide suitable germination sites and water
table conditions. Smaller spring peak flows
combined with elevated summer baseflow may
promote establishment of shrub species such as
narrow-leaf willow, which release seeds later in
the summer and propagate vigorously through
vegetative growth.

FIGURE 8. ‘Recruitment Box’ analysis of the Snelling
site. Flow data is from the Merced River at
Crocker-Huffman gage, WY 1999-2000 (Merced
Irrigation District)
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CONCLUSION

These investigations indicate that riparian
processes in the Merced River corridor are
impaired in several ways. Riparian vegetation is
confined by land uses and current flow
conditions to only 19 percent of the pre-dam
floodplain. Encroachment of riparian vegetation
into the former active channel is widespread
throughout the river corridor and has resulted in
a confined and simplified channel. In
conjunction with a lack of large floods, channel
migration, and alluvial bar formation, this
vegetation encroachment onto formerly active
bars prevents establishment of pioneer riparian
species and arrests natural vegetation
successional patterns.

Flow regulation induces cottonwood seedlings to
recruit lower on banks than occurred historically,
leading to high mortality from prolonged
inundation or scour later in the year. Currently,
spring peak flows are insufficient for cottonwood
cohorts to establish on sites such as high-flow
channels and high floodplains that are safe from
subsequent winter scour and flooding. These
conditions contribute to the decline of
cottonwood-dominated forest stands throughout
the river corridor.

Despite these impaired processes, some
conditions provide key opportunities for
restoration in the Merced River corridor. Natural
recruitment of cottonwoods has been observed
on riparian sites that have been artificially
graded or mined for gravel (Stella, personal
observations), and these sites can provide data on
edaphic and hydrologic requirements for
vegetation reestablishment on reconstructed
floodplains. Also, seed source and dispersal

¢ cottonwood seed release period

water table

mature cottonwood
elevation range

elevation of 1999
and 2000 seedling
cohorts
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ability for most tree species within the Merced

River corridor do not appear to limit

regeneration of riparian forest stands. For winddispersed
species, such as willows and Fremont cottonwood,
seed source is abundant and dispersal appears to be
widespread throughout the river corridor. Valley oak,
box elder, and Oregon ash, which have larger seeds
and more limited dispersal ability, are well-distributed
throughout the river corridor and are currently
establishing naturally on post-dam floodplains.
However, good seed source alone does not

ensure that a desired species mix will occur

naturally on restoration sites; many projects may
require active revegetation.

These opportunities and constraints suggest
certain implications for restoration. Restoration
strategies in which stream flow processes are
manipulated to stimulate germination and
establishment of riparian vegetation on
floodplains through natural seedfall would
require channel meandering with formation of
new alluvial surfaces to re-establish successional
processes for pioneer species (Figure 1). In this
approach, the river system would be essentially
‘scaled down,” with a flow regime and channel
morphology that mimic pre-dam conditions, but
with reduced flow magnitude and bankfull
channel size. In combination with this river-wide
approach, site-specific interventions can be
conducted in which floodplains are reconstructed
or graded to favor desired riparian vegetation
types, which can be planted directly or allowed
to establish through natural recruitment. For all
restoration efforts, monitoring and adaptive
management would be required to ensure that
restoration objectives are ultimately achieved.
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