AEEendix P. Ri Earian Vgetation Studies

SUMMARY OF RIPARIAN VEGETATION LITERATURE REVIEW
I ntroduction

This section summarizesinformeation obtained from published literature and consultants reports on
the ecology of riparian plantsin Mono Basin. Thisinformation is used in the EIR to support assumptions
for assessing impacts on riparian vegetation and evaduaing the feasibility of potential mitigation measures.

Growth Patterns of Riparian Species

Black Cottonwood

Habitat and Digtribution. Black cottonwood is an obligate riparian species (i.e,, it grows only
aong streams) and requires grester amounts of water than willows (Pezeshki and Hinckley 1988, Patten
and Stromberg-Wilkins 1988). Juvenile black cottonwoods on Rush Creek occur mostly in coarse, rocky
substrates just beyond channel edges or at the edges of floodplains, reflecting their requirements for both
moisture and aeration. On other streams, cottonwood abundance increases with proximity to streams, re-
flecting their high demands for groundwater (Roe 1958, Patten and Stromberg-Wilkins 1988).

Drought StressTolerance. Growth-related indicatorsof drought stressin cottonwoodsinclude
reduced stem radia growth, reduced branch growth and branch or crown dieback, reduced leaf size, in-
creased leaf senescence and loss of leaf area, and reduced seedling abundance (Albertson and Weaver
1945, Smith 1984, Patten and Stromberg-Wilkins 1988, Pezeshki and Hinckley 1988, Rood and M ahoney
1990).

Physologicd responsesto drought stressin cottonwoodsinclude reduced transpiration, higher leaf
temperatures, increased leaf thickness, and reduced size of ssomata (leaf pores). Drought-stressed plants
may adapt physologicaly and morphologicdly to conserve water, but when these adaptations do not fully
offset reduced water availability, leaves lose water potentia and wilt or die (Smith 1984, McBride et dl.
1989). Black cottonwoods in relatively dry Stes may become better adapted to recover from drought
dress than trees in relatively wet Sites (Schulte et d. 1987).
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Made black cottonwoods may more successfully survive periods of drought stress than femdes,
therefore, sex ratios may affect surviva and recovery following stress and may be affected by periods of
stress (Patten and Stromberg-Wilkins 1988).

Stromberg and Patten (1991) concluded that black cottonwood growth rates on Bishop Creek
depended strongly on growing season streamflow volumes.

Root Growth. Although most observations of cottonwood rooting depths and root growth rates
have been in species other than black cottonwood, cottonwoodsin smilar habitats may havesimilar growth
potentials. Fenner et al. (1984) observed Fremont cottonwood root growth up to 6 mm (0.2 inch) per day.
Totd rooting depth of seedlings reached 72 cm (2.4 fet) at the end of the first summer of their sudy and
reportedly could have grown up to 162 cm (5.3 feet). Ware and Penfound (1949) observed roots 3 m
(9.8 feet) deep in 2-year-old cottonwoods in Oklahoma. Dickman and Stuart (1983) observed roots
growing 1 m (3.3 feet) or moreayear in 3- to 5-year-old poplarsin eastern North America. McBrideand
Strahan (1984) found that root growth in Fremont cottonwoods exceeded that in two willow species.

Fenner et al. (1984) determined that a declining water table promoted deepr root growth.
McBride et d. (1989) observed Fremont cottonwood roots following a declining water table. Vertica
growth stopped and lateral growth began when the roots reached a stable water table. Groeneveld and
Griepentrog (1985) found that roots of juvenile black cottonwood that had adapted to a shalow water
table did not €l ongate when the water table dropped; roots that had not adapted to ashdlow water table
grew 5 mm (0.2 inch) per day as the water table moved deeper in the soil. Broadfoot (1973) found that
cottonwood root growth rates peaked when the water table was 58 cm (1.9 feet) below the ground sur-
face. Robinson (1952) reported that cottonwoods and willowsrarely grow where the water tableismore
than 20 feet deep.

Few observations of total root depth or optima water table depth have been made for black
cottonwood or other riparian species. Observations made at a number of wellsin the Owens Valey in
1921 (Ecosat Geobotanical Surveys 1990) suggest that the water table in woody ripariancommunitiesis
typicaly 3.9 £ 1.5 feet below the ground surface (see "Water Table Modd™ below).

Reproduction and Seedling Establishment. Black cottonwood typically reproduces by seed
but can dso reproduce vegetatively (Patten and Stromberg-Wilkins 1988).  Seed maturation, dispersd,
and germination is adapted to the timing of high spring flows (Fenner et d. 1985). Seed dispersd in the
LeeVining areatypicaly occursin June and July. Scouring by floods and ice may promote devel opment
of vegetative suckersin cottonwoods (Rood and Mahoney 1990). Stem segmentsthat break off treesmay
occasiondly root and generate new plantsin black cottonwood (Galoway and Worral 1979).

Recruitment occurs episodicdly following high spring flows, anormaly high summer flows can
destroy seedlings (Stromberg and Patten 1989a). Seedlings do not tolerate prolonged flooding, and root
growth is promoted by receding water levels, therefore, gradua subsidence of high flowsisimportant for
seedling survival and establishment (Fenner et d. 1985). Some cottonwoods require moist conditions a
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the ground surface for least 1 week to ensure germination and establishment (Moss 1938). Seed viahility
is short because of their small size (Fenner et d. 1984, Moss 1938). Conditionsfavoring germination and
establishment are normally episodic, occurring at 2- to 10-year intervals. During such years, cottonwoods
and willows may germinate successfully for periods of only 2-4 weeks (Rood and Mahoney 1990).

Cottonwood seedlings are generally poor competitors with other plants; therefore, recruitment
occurs mostly on open, unvegetated sites with abundant sunlight and congtant moisture for the first few
weeksof growth (Rood and Mahoney 1990). Mortality of seedsand first-year seedlingsmost often results
from drought or late frosts (Rood and Mahoney 1990, Stromberg and Patten 1989a). Northern
cottonwood seedlings survive best on point bars and moist streambanks, where the plants have access to
moisture but flooding is avoided (Bradley and Smith 1986, Noble 1987, Wilson 1970).

Quaking Aspen

Habitat and Distribution. Quaking apen isconsidered an obligate riparian speciesin semi-arid
regions (Rood and Mahoney 1990), but it occurs on hillsdes watered by springs and snowmelt aswell as
aong streams. Quaking aspenisintolerant of shade (Moss 1938). Quaking aspen occurs infrequently in
coarse dluvia habitats below the termina glacid moraines on Mono Lake's tributary streams but is
common on al the tributary sreams within the terminal moraines.

Drought Stress Tolerance. Indicators of drought stress reported in quaking aspen include
reduced growth and reduced seedling abundance (Rood and Mahoney 1990). Quaking aspen may exhibit
other growth-related and physiological drought stressindicatorssmilar to thoselisted abovefor theclosaly
related black cottonwood.

Root Growth. Quaking aspen seedlings develop extensive laterd root systems with limited tap
roots. Extensive clones develop by suckering from laterd roots of a single plant, not by root grafting
between separate plants. Mature stands (of one or more clones) are characterized by shalow, spreading,
interconnected latera roots with vertica sinkers descending from the lateral roots. Latera roots may
extend over 100 feet into adjacent open areas, Sinker roots have been observed 9 feet deep inwell-drained
soils. Sinker roots may develop dense mats of fine roots at their lower extremities (Jones and DeByle
1985).

Reproduction and Seedling Establishment. Quaking aspen reproduces mostly by sprouting
from the widdly soreading laterd roots. Seedling establishment is rare in quaking aspens because seeds
areviablefor only brief periodsand deteriorate rapidly without optimal conditions. Optima conditionsfor
germination and establishment include adequate drainage; moderate temperature; absence of competing
vegetation; and a level, well-watered minerd soil surface. Seedlings are highly sendtive to smal soil
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moisiure deficits, and rapid drying of surface soil is the most common cause of seedling mortdity (Petten
and Stromberg-Wilkins 1988, Moss 1938).

Clond sprouting is stimulated by hest, light, injury (Schier et d. 1985), and increased streamflows
(Peatten and Stromberg-Wilkins 1988).

Willows

Habitat and Distribution. The following willows have been reported to occur below the
diverson points on Rush, Parker, Waker, and Lee Vining Creeks (Taylor 1982, Patten and Stromberg-
Wilkins 1988, Stromberg and Patten 1989d):

# Coyotewillow iscommon aong streambanks and acrossdewatered floodplains. Itisthemost
abundant and most drought-tolerant of the willows on these creeks.

# Arroyo, or white, willow wasformerly abundant and is now uncommon, but it isreestablishing
widely in the rewatered reaches. Arroyowillow is currently the second most common willow
indiverted reaches of the creeks, especidly on point barsin thelower reaches. 1nthe Owens
Vadley, it is often associated with western birch.

# Ydlowwillow occurs mostly dong reacheswith little flow, surrounded by sagebrush and often
found with Pecific willow. It is more common in the lower than the upper reaches of Rush
Creek.

# Padific willow isuncommon, occurring mostly in reecheslittle affected by dewatering. It often
occurs with yellow willow dong reaches with little flow and surrounded by sagebrush.

# Redwillow isuncommon, but mature plantsremain in reecheslittle affected by dewatering and
young plants have established on point bars on lower Rush and Lee Vining Creeks. Red
willow is more common in the Owens Vdley than in Mono Bagin.

Drought Stress Tolerance. Ranking of drought stress tolerance, from most tolerant to least
tolerant, is.

# coyotewillo,

# arroyo willow,

# ydlow willow, and

# red and Pecific willows.

(Patten 1968, Patten and Stromberg-Wilkins 1988.) Coyotewillow's presence on pre-incision floodplain
terraces on Rush and Lee Vining Creeks and its dominance in dewatered sections of Parker and Walker
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Creeks reflect its tolerance of dewatering compared to other willows. Coyote willow may aso be more
tolerant of grazing than other willows (Patten and Stromberg-Wilkins 1988).

Although red willow islesstolerant of stressthan arroyo willow, it is better adapted to water table
decline because it has a more effective root system (Williams and Matthews 1990).

Indicators of drought stressin willowsinclude substantid leaf loss (Smith 1984), low predawn |esf
water potentia, high leaf temperature, and high transpiration rate (Leighton and Risser 1989).

Root Growth. Willows grown in experimental tanks (McBride et al. 1989) grew roots that
followed an artificiadly receding water table. When water table decline ceased, downward growth stopped
and many laterd rootswere produced. Red willow and sandbar willow, closely related to coyote willow)
developed fibrous root systems with many lateral roots (McBride et d. 1989). Root growth rates in
sandbar willow and red willow were less than that in Fremont cottonwood (M cBride and Strahan 1984).

Reproduction and Seedling Establishment. Coyote willow reproduces vigoroudy from both
seeds and sprouts. Coyote willow isregenerating more than other willow species on Rush Creek (Strom-
berg and Patten 1989d). Patten (1986) observed that strong willow surviva and growth was associated
withsandy substrates. McBride and Strahan (1984) found that will ows established best where the surface
sediment size averaged less than 2 mm; cottonwoods established more often where the surface sediment
Sze averaged 2-20 mm.

Arroyo willow requires abundant subsurface moisture throughout summer for seedlingsto survive
and establish. Other willows require at least temporarily saturated soils (Stromberg and Patten 19894).

Mountain Rose

Habitat and Distribution. Mountain rose is a facultative riparian species that tolerates awide
range of soil moisture conditions. It tolerates both full sun and shade (Petten and Stromberg-Wilkins
1988). It grows most vigoroudy on well-watered streambanks with topsoil but dso perssts in former
riparian areas now dominated by sagebrush. Mountain rose dso invades areas where willows or
cottonwoods have died or become decadent from dewatering (Stromberg and Patten 1989d).

Drought Stress Tolerance. Mountain rose is gpparently much more tolerant of drought stress
than willows or cottonwoods because it invades or perssts in areas where obligate riparian plants have
died. Like garden roses, however, mountain rose grows best with an ample water supply. No specific
studies of drought stress tolerance in mountain rose are available.
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Root Growth. No observations of mountain rose root growth are available.

Reproductionand Seedling Establishment. Mountainrosespreadsvegetatively by root sprouts
and aso reproduces by seed. Fruit and seed production is abundant on the tributary streams, where large
numbersof seedsaredispersed by robinsand other birds (Patten and Stromberg-Wilkins 1988, Stromberg
and Patten 1989d).

Mountain roseabundance onthetributary streamsishighly correlated withwoody litter abundance,
indicating that organic matter from woody litter may promote rose germination and establishment (Petten
and Stromberg-Wilkins 1988).

Buffalo Berry

Buffdo berry is a facultative riparian species in Mono Basin, occurring near streams and on the
drier edges of floodplains. On Rush Creek; it tendsto occur on the silty soilsof raised terraces (Petten and
Stromberg-Wilkins 1988, Stromberg and Patten 1989d).

Buffdo berry reproduces by seed and by clona sprouting. Reproduction by both means has been
observed on Rush Creek in response to rewatering (Patten and Stromberg-Wilkins 1988, Stromberg and
Patten 1989d).

Jeffrey Pine

Jeffrey pine is a facultative riparian pecies in Mono Basin; in some aress, it is redtricted to the
streamside riparian strip and in other areas is a widespread upland forest tree. In both settings, it is
intolerant of floods and requires well-drained soils. Its seedlings do not compete well with other species
(Peatten and Stromberg-Wilkins 1988).

Stumps of Jeffrey pines have been observed in the active channd of the West Waker River north

of Pickle Meadows (Stine pers. comm.). These pines evidently established on the riverbanks when flows
were lower and may have died in response to increased flows and drowning of thelr roots.

Conclusions Regarding Growth of Riparian Vegetation

Effectson Individuals

Individud riparian plants respond to drought stress through physiological and morphological
adaptations such as the following:
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somate size (affecting CO, exchange and water 10ss);

trangpiration rate and leaf shape (affecting leaf temperature and water uptake);
leaf orientation, size, thickness, and hairiness (affecting energy gain); and
growth rate (affecting root-shoot ratio and dormancy period).

FHHEH

Individuds of different species and sometimes of different populationsin the same species differ in
their capacity totolerate drought stresswithout substantia dieback, reproductivefallure, or mortdity. Adult
riparian plants are more tolerant of drought stress than young plants.

Roots can grow verticaly to follow areceding water table, but root growth will not keep pacewith
awater table that recedes too rapidly.

Effects on Populations

Although willows and cottonwoods may be severely depleted by prolonged dewatering, they have
srong potentia to recolonize riparian areas. The following conditions are necessary for naturd
recolonization:

overbank flows coinciding with seed dispersd,

gradudly receding flows following seed dispersd,

ble groundwater during periods of high water demand, and
predominantly sandy or gravelly substrates for seedlings.

T HHEHR

The avalahility of these conditionslargdly determinesthe rate and distribution of vegetation recovery from
seeds.

Recruitment of new stands of willows and cottonwoods is intermittent, limited to years when
moisture conditions are optimum. Prolonged periods of stress during which seedlings do not establish,
however, can dter the age digtribution of an exigting population.

Subgtantial changes in channd or floodplain morphology (e.g., incision, laterd erosion, topsoil
removd, or channd abandonment) may localy ater the long-term potentia for riparian vegetation to
reoccupy areas where prediverson riparian vegetation was abundant.

Changes in flow or other factors that reduce sand and gravel bar formation can reduce riparian
vegetation recruitment by retarding development of favorable seedling Stes.
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RIPARIAN VEGETATION MAPPING

M ethods

Vegetation Mapping

Jones & Stokes Associates prepared detailed maps of prediverson (1940) and existing (1989)
riparian vegetation on the diverted segments of Rush, Lee Vining, Parker, and Walker Creeks.
Prediversion vegetation was mapped using black-and-white aerid photographs taken in December 1929
and June 1940. No direct field verification of prediverson vegetation was possible; however, limited
information on vegetative compostion and condition was available from ground-based photographs,
recollections of individuas who lived in the area a the time, written field notes from C. H. Lee, and the
remains of formerly vigorous vegetation. Existing vegetation was mapped using color aerid photographs
taken in August 1987 (Rush Creek only) and July 1990 (al creeks). Fied surveys were conducted in
summer and fall 1990 and 1991 to verify existing vegetative composition and condition.

V egetationwas mapped aspol ygonshaving generdly uniform composition and condition. Compo-
gtion was defined in terms of dominant woody species. Condition was characterized in terms of cover
class, vigor, vegetative layering, and response to rewatering. All riparian vegetation was mapped on
detailed topographic maps (scae = 1:1,200; contour interval = 2 feet) prepared from May 1991 aerid
photographs.

The maps of prediverson and existing riparian vegetation were used to determine how riparian
vegetationhad changed after 50 yearsof diversionsand to determinewhereriparian vegetation wasadready
responding favorably to recent rewatering.

Composition. Dominant speciesand overal composition were characterized using the vegetation
classfication described in Appendix F.

Cover Class. Areaswith less than about 10% vegetative cover (woody or herbaceous) were
mapped as unvegetated. Areas with over 10% cover of herbaceous plants but less than 10% cover of
woody plants were mapped as herbaceous vegetation. Areaswith over 10% cover of woody plantswere
mapped as forest/woodland or scrub vegetation. Cover classes of woody vegetation were mapped as
follows

class 1 = 10-25% cover,
class 2 = 25-50% cover,
class 3 = 50-75% cover, and
class 4 = 75-100% cover.

T HHEHR

Riparian Vigor. Three broad categories were used to describe overal community vigor for
forest/woodland and scrub vegetation types. "Edtablishing” polygons were those in which the cover by
seedlings and saplings of woody plants exceeded cover by mature plants. "Mature' polygons were those
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in which cover by mature plants exceeded cover by woody seedlings and saplings and cover by live tems
and branches exceeded cover by dead wood. "Decadent” polygons were those in which cover by dead
wood (usudly cottonwood and willow) exceeded cover by live branches and stems of the same species.
Vigor was not assessed for herbaceous vegetation types or individua plants.

Vegetative Layering. Four generdized vegetative layers were recognized in vegetated arees.

# layer A = groundcover (herbaceous plants only, mostly under 1 foot tadl);

# layer B = low shrubs and tree saplings (mostly 1-4 feet tall);

# layer C =tdl shrubs and short trees (mostly 4-12 feet tdl); and

# layer D =tal trees (mostly over 12 feet tdl).

V egetation polygonswere characterized in termsof the number of different layerspresent. Layerswithless
than about 10% cover were not counted. Herbaceous vegetation types, by definition, had only one layer
present (layer A). Woody vegetation types could have oneto four layers present, although tall trees (layer
D) were present only in forest/woodland vegetation.

Acreage. Riparianvegetation polygon szeswere measured manualy using an eectronic planime-
ter, except for existing vegetation on Rush Creek below The Narrows, which was measured digitally usng
Arclnfo (GIS software). Minimum polygon sizeswere influenced by patch isolation and dendity. Isolated
patches of dense vegetation were mapped down to about 0.05 acre. Contiguous polygons of sparse to
dense vegetation weregeneraly at least 0.2 acrein size. Measured acreages were compiled in adatabase
from which tables were prepared summarizing acreages by stream, reach, and habitat type.

Tota mapped acreages for each reach varied dightly between the 1989 and 1940 maps. These
discrepancies resulted from minor errors in the manua planimetry process. To diminae these
discrepancies, the mean of the 1940 and 1989 acreageswas cal cul ated for the entire mapped areaon each
stream. Each polygon acreagewas multiplied by acorrection factor (onefor the 1940 data set and another
for the 1989 data set) to obtain the sametota for each year.

The corrected riparian vegetation acreages were considered accurate to approximately +5%. In
evauating differences between 1940 and 1989 acreages, differences of less than 5% were considered
undetectable; differences of 5-10% were considered detectable, but dight; differences greater than 10%
were considered readily detectable.

Responsesto Rewatering
The effect of recent court-ordered streamflows was assessed for each mature woody riparian

vegetation polygon mapped on each stream. Four qualitative level s of response to rewatering were recog-
nized.
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Response level 0 was "no response,” indicated by no establishment of new plants and no
increased growth of mature trees that had survived dewatering.

Response leved 1 was "dight response,” indicated by sparse establishment of new seedlings,
saplings, or suckers (with some searching needed to find them) or increased growth of mature
survivor trees (if present).

Responseleve 2 was"moderate response,” indicated by the presence of numerous new seed-
lings, saplings, and suckers(easily found in moderate numbers) and increased growth of mature
survivor trees (if present).

Responselevel 3was"strong response,” indicated by an abundance of new seedlings, saplings,
and suckers (dominant visudly and in percent cover) and vigorous growth of mature survivor
trees (if present).

These observations were used to develop estimates for minimum responses to dternatives under
which flows would be smilar to or greater than recent actud flows. These observations were adso used
to help evauate the reliability of the riparian width, cottonwood growth, and water table depth modelsfor
predicting prediverson and point-of-reference conditions.

Results

Vegetation Mapping

Figures P-1 through P-8 show the extent and type of prediversion and point-of-reference riparian
vegetation on Rush, Parker, Walker, and Lee Vining Creeks.

Tables P-1 through P-8 list prediverson and point-of-reference riparian vegetation acreages by
habitat type and reach for each creek.

Responsesto Rewatering

Tables P-9 through P-12 summarize observed responses of the riparian vegetation to rewatering
as of summer 1991.
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DESCRIPTIONS OF RIPARIAN VEGETATION BY REACH

Prediverson Conditions

Rush Creek

Reach RO (above Grant L ake Reservoir). Despitehighly varigblewater eevationsduring the
1920s and 1930s (eroded shorelines are visble well above the lake surface in the January 1930 aerid
photograph), some patches of floating or emergent vegetation were present. These"plant beds' described
by Vesta (1990, Court Testimony, Val. I-XV111) most likely occurred in the gently doping shalowsat the
south end of the lake.

Above the spillway eevation of the 1926 dam, the 1929-1930 aerid photographs show riparian
vegetation dominated by willows and cottonwoods, with scattered conifers (probably mostly lodgepole
pines), smdl meadows, and probably some quiaking aspens from the high water level of the lake to about
0.8 mile upstream. From this point to beyond the current south end of the lake, the vegetation gppearsto
have been dominated by quaking aspens with scattered conifers.

Reach Rla (Grant Lake Dam to Mouth of Return Ditch). Prediverson aerid photographs
indicate that the upper third of this reach supported a narrow stand (up to about 50 feet wide) of
cottonwoods, quaking aspens, and willows that was gpparently tdl, dense, and nearly continuous in the
1930s. Quaking aspens occurred dong the Grant Lake reservoir spillway in the uppermost portion of this
reach. The photographsalso indicate awider zone (100-150 feet wide) of sparser vegetationin thisreach,
probably dominated by scattered clumps of willows.

The middle third of the reach appears to have supported narrower and less continuous riparian
vegetation. Thelower third of the reach supported dense strands of cottonwood forest, willow scrub, and
quaking aspens on both sides of the channd and A-Ditch forebay. Riparian vegetation a the bottom of
the reach was about 400 feet wide.

Reach R1b (Return Ditch). Thischannd was constructed shortly before 1940 and supported
Nno riparian vegetation.

Reach R2a (Mouth of Return Ditch to Base of Moraine). This reach passes through a
narrow ravine (100-500 feet wide at its rim) in the lowest of the Pleistocene moraines on Rush Creek.
Riparian vegetation was confined to narrow strips aong the banks and lower dopes of the channd. The
upper quarter of the channd supported about 1.2 acres of willow scrub, mostly on the right bank of the
stream. One minor overflow channd between thisreach and the mgor overflow channel to the east (reach
R2b below) supported about 1.1 acres of dense mountain rose.
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The lower three-quarters of this reach supported about 6.5 acres of cottonwood forest, willow
scrub, conifer-broadleaf forest with Jeffrey pines, and smdl quaking aspen groves. Theriparian zonewas
mostly 70-150 feet wide.

Reach R2b (A-Ditch Supply Channel). Beginning in the early 1900s, this naturd overflow
channd east of reach R2a was regulated as a supply channd for the A-Ditch. The A-Ditch originated
midway aong this channel at about the 7,010-foot elevation and carried irrigation water eastward to
Pumice Valley from before 1920 (when hydrographic records begin) every year until 1948, then
intermittently until 1970.

In 1940, vegetation above the A-Ditch intake included willows and quaking aspens dong the
channd; quaking aspen groves with scattered willows on the hillside west of the channd; and smdl, linear
meadows. Vegetation below the A-Ditch intake included a dense strip of willow scrub dong the channd
and meadows west of the channel.

Quaking aspens on the hillsde west of the channel were associated with springs, possibly fed by
water from the main channd of Rush Creek. The meadows were dso partidly supported by the springs
but had probably been enlarged by irrigation from the springs and the overflow channel.

Reach R3 (Base of Moraine to Old Highway Bridge). Approximately 23 acres of
cottonwood-willow forest and willow scrub lined the banks and floodplain of thisreach in ariparian zone
maostly 200-400 feet wide. Jeffrey pineswerewidely scattered throughout most of the cottonwood-willow
forest and were locally dominant over about 1.0 acre near the upper end of this reach. Several small
patches of willows or buffalo berry occurred on locally moist sites near but above the floodplain in this
reach. The B-Ditch intake was located on the right side of the creek about 1,400 feet above the old
highway bridge. Riparian vegetation appears to have been absent from about 600 feet above to 400 feet
below the old highway bridge.

Reach R4 (Old Highway Bridgeto M outh of Parker Creek). Riparian vegetation wasabsent
fromone or both sides of the creek from the old highway bridgeto U.S. Highway 395 (U.S. 395). Below
U.S. 395, narrow but nearly continuous stripsof willow scrub and cottonwood woodland occurred on both
sdesof thecreek. Theriparian zonewas mostly 100-150 feet wide, and about 49% of the vegetation had
less than 50% cover. Pines were widdly scattered throughout the reach but were not dominant in any
portion of the reach. One small stand of quaking aspens grew above theright bank of the stream near the
middle of this reech.

Stine (1991) notes that, in the 1930s, Rush Creek was rdatively dry from the B-Ditch intake to
sorings near The Narrows. Irrigation diversions above this reach, particularly during the Dust Bowl
drought, may have caused some decline in riparian vegetation cover and vigor in this reach before 1940.

Reach R5 (Mouth of Parker Creek to The Narrows). Riparian vegetaion was intermittent
aong Rush Creek for about 700 feet below the confluence with Parker Creek, aternating from one sde
of the creek to the other. From about 700 feet below Parker Creek to The Narrows, riparian vegetation
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was mostly continuous on both sides of the creek. Cottonwood-willow woodland and willow scrub were
dominant over about 9.6 acres in ariparian zone averaging about 200-250 feet wide.

Charles Lee, aconsulting hydrologist working for LADWP in the 1930s, visited Rush Creek near
the confluence with Waker Creek on March 23, 1934. His notes record watercress "aong margins of
Walker and Rush Creeks and seepagesentering . . . 6 inchesto 1 foot above stream level.” Leeaso noted
"big seepage flow into Rush Creek from both sides appreciably increasing flow" to 6-8 cubic feet per
second (cfs) a The Narrows (Stine 1991).

Reach R6 (TheNarrowstotheFord). The bottomlands of Rush Creek were characterized by
extensve riparian forests, abundant springs at the bases of cliffs, and extensive wet meadows. Riparian
vegetation and spring-fed vegetation in this reach were more extensve than in any other stream reach of
comparable length in Mono Badin.

The farthest downstream stand of Jeffrey pineson Rush Creek was at the cliff baseon theright sde
of the stream from The Narrows to near the "Big Wash" that enters the bottomlands from Pumice Valey
about 2,500 feet beow The Narrows. These trees were large and old (Vestal 1990, Court Testimony,
Val. I, pp. 251-252; Stine 1991).

From The Narrowsto Big Wash and from the lower meadowsto theford, woody riparian growth
was relatively dense, with extensve patches with over 75% cover on both sdes of the stream. FromBig
Washto thelower meadows, woody riparian vegetation was more patchy, with many small wooded areas
separated by smal meadows or gravel bars, many larger patches of sparse cover, and somelarge patches
of dense cover. Inadl these aress, the vegetation was mostly cottonwood-willow forest and willow scrub.

Three mgjor meadow areas occurred on the left Side of Rush Creek in thisreach. The uppermost
meadows, from about 300 to 2,000 feet below The Narrows, were partidly separated from Rush Creek
by alargeidand of sagebrush scrub and were mostly 10-15 feet above the nearest elevation of the stream.
These meadows appear to have been watered not by groundwater associated with Rush Creek but by
springs fed by groundwater recharge at Cain Ranch and along Walker and Bohler Creeks.

The middle set of meadows, from about 2,000 to 4,000 feet below The Narrows, were adjacent
to Rush Creek and mostly 2-10 feet above the nearest elevation of the stream. These meadows were
probably supported partly by groundwater associated with Rush Creek and partly by groundwater seepage
through the Bohler Creek delta deposits.

The lower meadows, from about 1,700 to 4,300 feet above the ford, were mostly lessthan 5 feet
above the nearest devation of the stream. The lower meadows were described by Charles Lee in his
March 1934 notes as " swampy" with " sorings and seepages dl dong [the stream] margin and cut meander
channels' (Stine 1991). The lower meadow was irrigated during the 1930s with Rush Creek water
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diverted from the middie meadows areainto the "Indian Ditch." This ditch ceased operation shortly after
1940 (Stine 1991).

Patches of meadow fragmented by narrow corridors of cottonwood-willow forest occurred aong
the right Sde of Rush Creek from about 3,000 to 4,800 feet below The Narrows, or just below Big Wash.
These meadows were low on the floodplain and within afew feet of the nearby streambanks.

Additiond springs and seeps occurred near the base of the high bluffs on the right sde of the
bottomlands, mostly from Big Wash to the lower end of the lower meadows (about 1,700 feet abovethe
ford). Some of these springs are identified on a map from the Aitken case of 1931-1933 (Stine 1991).
The springs are evident on the 1930 and 1940 aerid photographs as lines of dense willow thickets above
the edge of thefloodplain. Vesta recdled that the biggest springsissued from "around the downstream end
of the big wash" (Stine 1991). Lee noted watercress aong the margins of Rush Creek wherever he saw
the creek in the bottomlands on his March 23, 1934 vist. A substantia portion of thewater flowing from
these springs originated from Rush Creek water diverted toirrigate PumiceValley viathe A- and B-Ditches
(Stine 1991).

Small, scattered patches of cattail or bulrush probably occurred near the springs on theright Sde
of the creek and along abandoned or subsidiary channels. Remnants of such vegetation are evident today
but were not mentioned in the recollections or notes of persons present in the 1930s.

Reach R7 (the Ford to County Road). Thisreach was dominated by dense thickets of willow
scrub and cottonwood-willow forest. Photographs from the bluffs overlooking the riparian thickets show
severa smdll, interconnected pondsamong patches of willows, cottonwoods, and possibly quaking aspens,
with wide, thick mats of what gppear to be watercress. Few unvegetated or sparsaly vegetated sand or
gravel barsarevisblein prediversion aeria photographs. A meadow of approximately 4.9 acres occurred
immediately below the ford, and another of about 2.3 acres occurred above the Clover Ranch buildings.
The Rush Creek Fish Hatchery was located on the right side of the creek near the middle of this reach.

Reach R8a (County Road to 1940 L akeshor €). Thereach from County Road to thelakeshore
(at elevation 6,417.5) was approximately 2,200 feet long in 1940. Willow scrub characterized the
floodplainfor haf thisdistance, from County Road to about elevation 6,420. Meadows occurred between
the willow scrub and the lakeshore.

Reach R8b (1940 L akeshoreto 1989 L akeshor e). Thisreach (gpproximately 2,200 feet long)
was benegath the surface of the lakein 1940.
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Parker Creek

Reach PO (above Diversion). Riparian vegetation above the present location of the LADWP
diverson pond was smilar to current vegetation in the area. Willow scrub with several scattered pines
(dmilar to that in upper reach P1) occupied the lower 0.2 mile of the reach. The remainder of the reach
was dominated by conifer-broadleaf forest with quaking aspens and pines.

Reach P1 (Diversion to Base of Moraine). Parker Creek occupied two roughly pardlel
channelsin thisreach. The north channd (the main Parker Creek channd) supported approximately 7.5
acres of woody riparian vegetation, of which nearly al waswillow scrub. The south channd (commonly
cdled "South Parker Creek" but incorrectly identified as the main "Parker Creek" on the 1953 and 1986
U.S. Geologicd Survey [USGS] topographic maps) appearsto have been anatura overflow channd and
used as part of theirrigation system.  South Parker Creek supported about 7.0 acres of woody riparian
vegetation, of which about 6.5 acres was willow scrub. All thisvegetation gppearsin the 1929-1930 and
1940 aerid photographs to have rdatively dense, vigorous canopies, however, sheep grazing probably
suppressed establishment of young willows during much of the early 1900s.

Reach P2 (Base of Moraine to Cain Ranch Road). About 61% of al the woody riparian
vegetation in reaches P1-P4 occurred in thisreach. Willow scrub occupied about 35 acres, most or al
of which was not stressed by drought; however, sheep grazing probably suppressed recruitment of young
plantsasin reach P1. Small patchesof conifer-broadleaf woodland, non-native cottonwoods, and mixed
riparian scrub each occupied about 0.5 acre in this reach.

Reach P3 (Cain Ranch Road to U.S. 395). Thisreach supported approximately 2.5 acres of
willow scrub in a narrow, nearly continuous strand similar to that in the middle of reach P2. A few
scattered buffao berries were probably aso present.

Reach P4 (U.S. 395 to Rush Creek). The upper 0.5 mile of this reach supported about 1.6
acres of coyotewillow scrub in anarrow, nearly continuous strand. About 2.6 acres of buffalo berry grew
inalocaly wide portion of thisreach just below U.S. 395. Based on prediversion aerid photographs, the
willows and buffalo berries gppear to have had rdatively dense canopies and predominantly live sems.

Thelowest 0.2 mile of Parker Creek supported about 1.4 acres of willow and 0.3 acre of conifer-
broadleaf forest. Astoday, this vegetation was associated with springs dong lower Parker Creek that
appear to have been fed by groundwater recharge and irrigation on Cain Ranch.

Walker Creek
Reach WO (above Diversion). Immediately above the current aqueduct road, three narrow

grips of willow and mixed riparian scrub converged through the meadow toward the downstream end of
the quaking aspengrove. Themiddle gtrip followed the active main channd of the stream. Thetwo laterd
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stripswere associated with irrigation channd s (which might havefollowed former naturd channels). Above
the present location of the diversion pond, the dense groves of tall quaking aspen and lodgepole pine were
essentialy the same asthey are today.

Reaches W1 and W4 (Diversion to Cain Ranch Road, Main and Secondary Channels).
These reaches supported the mgjority of woody riparian vegetationon Walker Creek, about 19 acreson
the main channd and about 15 acres on the secondary channd. Most was willow scrub dominated by
coyote willow and probably subdominated by mountain rose. Severa patches of mixed riparian scrub
dominated by buffao berry, two smal quaking aspen groves, and afew smdl stands of Jeffrey pinewere
aso present. Based on aeria photographs, al this vegetation appears to have been in good condition, but
willow reproduction may have been limited, as described above for Parker Creek.

Additiond riparian vegetation (not mapped for this EIR) occurred north of Waker Creek dong
irrigetion channels fed by Bohler Creek and perhaps in lesser part by the secondary channd of Walker
Creek.

Large areas of sagebrush scrub were present in these reaches, particularly adong the secondary
channel at the base of the moraine between Walter and Bohler Creeks. Areas of meadow updope from
and within the sagebrush areas had probably been created through many years of flood irrigation on
sagebrush-covered dopes.

Reaches W2 and W5 (Cain Ranch Road to U.S. 395, Main and Secondary Channels).
These reaches are trangtional between the narrow riparian strand surrounded by sagebrush of the
preceding reach and the larger riparian patches surrounded by meadow of the following reaches. The
upper haves of both channels supported small, scattered strips of willow scrub surrounded by meadow.
The lower halves supported continuous to dightly interrupted strips of willow scrub surrounded by
sagebrush scrub or irrigated pasture. The 3.7 acres of woody vegetation appear to have been in good
condiition.

Reach W3 (U.S. 395 to Rush Creek). The upper 0.7 mile of this reach supported about 5.9
acres of coyote willow scrub in a narrow but nearly continuous strand. Based on prediverson agrid
photographs, the willows appear to have had relatively dense canopies and predominantly live stems.

The lowest quarter mile of Walker Creek supported about 4.6 acres of willow scrub and 0.9 acre
of quaking aspen forest. Astoday, these quaking aspens were associated with springsin and adong lower
Walker Creek that appear to derivetheir flow largely fromirrigation on Cain Ranch. The springsmay aso
have temporarily received water from irrigation on severd acres on the ridge between Walker and Bohler
Creeks, just west of The Narrows.
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LeeVining Creek

Reach L O (aboveDiversion). Thedtelater occupied by the diverson dam and pond supported
the sametype of conifer-broadleaf forest and meadow that was present above and below thediverson site.
Elden Vestd (1990, Court Testimony, Val. |, p. 241) recdled a "grove of lodgepole pines and some of
consderable size, well in excessof 20inches. . . in diameter” a the Ste of the diverson dam. Vegetation
above the diverson pond was probably essentidly the same as it istoday.

Reach L1 (Diversion to Highway 120). Riparian vegetation in this reach was essentidly the
same as that of today, dominated by |odgepole and Jeffrey pines and quaking aspens, with willows along
the streambanks and meadow margins. Vestal (1990, Court Testimony, Val. I, p. 240) described the
vegetation as dense and noted the presence of moss-covered banks in some aress.

Reaches L 2a (Highway 120 to U.S. 395) and L 2b (U.S. 395t0 0.45 Mile below U.S. 395).
These reaches are the steepest portions of Lee Vining Creek below the diverson. In reach 2a, riparian
vegetationwas confined to anarrow zone by canyon walsand moraind bluffs. The vegetation was mostly
conifer-broadleaf forest. White fir and mountain mahogany added to the diversity of riparian vegetation
inthisreach. From the present location of the Highway 120 crossing to about 0.3 mile downstream on the
east Sde of the creek was an overflow channel supporting a moderately dense strand of Jeffrey pine.

In reach 2b, Jeffrey pines were common among the cottonwoods, willows, and quaking aspens.
Quaking aspens watered by hillside seepage occurred on bluffs on both sides of the creek in this reach.
The lower end of reach 2b is at the bottom of the existing (1989) stand of riparian forest below U.S. 395.

ReachesL 3a(0.45Milebelow U.S. 395to BigBend) and L 3b (Big Bend to County Road).
Vegetation on the broad, low-gradient floodplain in this reach was mostly black cottonwood-willow
community, with patches and strands of conifer-broadleaf vegetation where Jeffrey pines grew. Quaking
aspenwas probably common among the cottonwoods. Riparian plants such as creek dogwood and bitter
cherry (which remain only in sites above reach 3) and water birch (no longer present anywhere on Lee
Vining Creek) were probably occasond to localy common in these reaches.

Groundwater seepage supported woody riparian vegetation at severd locations on bluffson elther
sde of the floodplain. Quaking aspen forest and willow scrub occurred at the base of the bluff onthe east
sdeof LeeVining Creek at County Road. A narrow strand of willow scrub occurred aong the west sde
of the floodplain from about 0.1 to 0.5 mile above County Road. About 2.3 acres of riparian vegetation
(mostly willow scrub) occurred on the high bluffs below the present location of the sewage ponds.

Evidence of these conditions is provided by dead wood and remnant vegetetion visbleinthe area
today and by photographs and recollections from prediverson times. Some pines are clearly identifiable
in the winter 1929-1930 aerid photographs, primarily by their shadows, but most are not readily
disinguishable from the deciduoustreesintheseimages. A Burton Frasher photograph of the downstream
reach of Lee Vining Creek taken from the hillsde above Lee Vining in the late 1920s shows amultilayered
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canopy of tall deciduoustreeswith patchesand strands of conifersaong most of thisreach. A moredistant
view of Lee Vining Creek's riparian zone from the Mono Inn area (Frasher Foto No. 8039) aso shows
scattered pinesfrom County Road a least asfar upstream asthe high bluffs. Range vegetation survey data
on an aeria photograph printed in Taylor (1982) indicate that quaking aspen was a dominant species
throughout much of the Lee Vining Creek riparian zone,

Vestd recdled a"good digtribution™ of Jeffrey and lodgepol e pines among cottonwoodsaong Lee
Vining Creek near the town of Lee Vining and continuing aong both sides of the stream to just above
County Road. Vestd dso recdled that quaking aspens were more common along Lee Vining Creek than
Rush Creek and that water birch wasacommon constituent of theriparian vegetation on Lee Vining Creek
(Stine 1991).

Reach L 3c (County Road to 1940 L akeshor e). Thereach from County Road to thelakeshore
(at levation 6,417.5) was gpproximately 0.2 milelong in 1940. Approximately 4.3 acres of cottonwood-
willow woodland and forest existed dong the creek, and anarrow gtrip of willows existed at the base of
the hill east of the County Road crossing. Irrigated pasturesand lake-fringing meadow vegetation occupied
al unwooded ground above the beach. I nthewinter 1929-1930 aerid photographs, three narrow ponds
(totaling about 0.5 acre) are evident behind lakeshore bermsin meadows between the |ake and the down-
stream end of the riparian forest. These ponds are not vigible in the June 1940 photographs.

Little Ste-gpecific information is available on the condition of vegetation in this reech. Available
photographs include the winter 1929-1930 and summer 1940 aerid photographs, a photograph taken at
or near the County Road crossing by Joseph Dixon on July 14, 1916 (photograph no. 2176), and aBurton
Frasher photograph from the late 1920s or early 1930s in which Lee Vining Creek vegetation is vishle
from the Mono Inn area (Frasher Foto No. 8039). All these photographsindicate ardativey tal, multi-
layered, and dense canopy in this reach.

Wayne McAffeerecdled collecting wormsfor sde asfishing bait on aregular basis near the mouth
of Lee Vining Creek inthe late 1920s (M cAffee 1990, Court Testimony, Vol. I1, p. 413). Woody Trihey
interpreted this as indicating "very deep deposits of sandy |oam soil” resulting from abundant lesf litter and
organic materid in the floodplain (McAffee 1990, Court Testimony, Val. II, pp. 678-679). Veda recals
no Jeffrey pines below County Road on Lee Vining Creek (Stine 1991).

Reach L 3d (1940 L akeshoreto 1989 L akeshore). This reach was beneath the surface of the
lake in 1940 and supported no riparian vegetation.
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Point-of-Refer ence Conditions

Rush Creek

Reach RO (aboveGrant LakeReservoir). Abovethe current spillway eevation of Grant Lake
reservoir, the cottonwood-willow, quaking aspen, and conifer-broadlesf vegetation on Rush Creek is
essentialy the same asit wasin 1940.

Woody riparian vegetation that wasto be inundated aong approximately 1.5 miles of Rush Creek
by the enlargement of Grant Lake reservoir was felled and burned by LADWP in summer and fall 1940
(Vestal 1990, Court Testimony, Val. I-X111; Stine1991). Noriparian scrub or forest remainstoday. The
inundated channd is periodicaly exposed when water levelsfal in Grant Lake reservoir. Weedy grasses
and forbshave established in someareas, but thissectionisan eroded and essentialy unvegetated reservoir
drawdown zone. No significant patches or beds of floating or emergent vegetation occur around the
margins of Grant Lake reservoir.

Reach Rla (Grant Lake Dam to Mouth of Return Ditch). The upper third (1,100-1,300
feet) of this reach was diminated by 1940-1941 congruction of the existing Grant Lake Dam. An
estimated 2-3 acres of riparian vegetation were diminated aong the main channd and spillway. The
bottom end of this reach was filled to prevent water flowing out of the return ditch from forming along
backwater up the former stream channel.

Only about 1.6 acres of maturewoody willow and mixed riparian scrub remain, mostly inthe lower
third of the remaining reach. Mogt isin poor condition with little canopy cover, stressed by dewatering,
invaded by upland plants, and without an herbaceous groundcover. Another 1.6 acres of mostly dead or
severdy stressed willow and cottonwood-willow vegetation remains dong the dry channel.

Reach R1b (Return Ditch). The Return Ditchislined by sagebrush and rabbitbrush scrub and
supportsessentialy nowoody riparian vegetation. Only afew smdll, isolated willowsare present. Seepage
isinsufficient to support riparian plants or sgnificant meadow areas outside the ditch.

Reach R2a (Mouth of Return Ditch to Base of Moraine). This rdatively narrow, steep
section of Rush Creek supports about 6.0 acres of willow and mixed riparian scrub, cottonwood-willow,
quaking aspen, and conifer-broadleaf vegetation in relaively good condition. Except where the channd
has been disturbed at the mouth of the Return Ditch, canopy cover, plant vigor, and riparian plant diversity
are reatively highin al vegetation types and are smilar to prediverson conditions. Severd factors have
probably favored surviva of riparian vegetation in this area, including subgtrates that minimize loss of
streamflow, presence of seeps or colluvia aguifers, shading by steep dopes, and inaccesshility for tree
harvesting.
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Reach R2b (A-Ditch Supply Channe). Water was diverted from Rush Creek tothe A-Ditch
every year from before 1920 to 1948. The A-Ditch was again used dmost continuoudy from 1952 to
1959 and intermittently through the 1960s. No water has been diverted to the A-Ditch for irrigation since
October 1969. Naura overflows into the A-Ditch supply channe may have occurred during some
unregulated high runoff events.

Approximately 5.6 acres of mature quaking aspen forest and willow scrub occur aong this channel
or on nearby hillsdes. Most of thisgood-quaity vegetation occursaong the middlethird of thisreach, sup-
ported by springs and soil moisture that are probably fed by seepage from Rush Creek. The adjacent
spring-watered meadows are heavily grazed.

Approximately 1.7 acresof mostly decadent willow and mixed riparian scrub occur dong thelower
third of this channd. Many formerly vigorous willows are now dead or have afew live sems competing
for water with drought-stressed mountain rose.

Reach R3 (Base of Moraine to Old Highway Bridge). Between 1940 and 1989, vegetation
in this reach was affected by logging, irrigation diversons, and severe floods in addition to dewatering.
Many of thelargest and most accessible Jeffrey pineswerelogged by the Inyo Lumber Company in 1940
1942 (Vestd 1990, Court Testimony, Vol. I-XV1I1; Stine 1991). Water was diverted from Rush Creek
viathe B-Ditch to irrigate pasturesin Pumice Valey dmost every year from before 1920to 1967. Severe
floods atered the path of Rush Creek in the lower 1,600 feet of this reach and eroded away the first 500
feet of the B-Ditchin 1967.

From the base of the moraine to about 1,600 feet above the old highway bridge, the riparian zone
remains mostly 200-400 feet wide, but the vegetation has become patchy and varies greatly in condition.
Overdl condition is good, with about 33% of the 25.7 woody riparian acres having over 50% cover and
about 14% having measurable cover of tal shrubsand short trees. Plant dengity and vigor have improved
sgnificantly in thisreach snceminima flowswere restored in 1985 (Patten and Stromberg-Wilkins 1988).

The severely scoured lower 1,600 feet of thisreach is mostly unvegetated floodplain. Only afew
very smal patches of mature or establishing riparian scrub or woodland occur inthisarea. A few patches
of sagebrush scrub, some with dead wood from former riparian forest, occur on idands that were not
stripped of topsoil during the 1967 and 1969 floods. Establishment of new riparian and upland plantsis
severdly suppressed in the lower portions of this reach by herds of sheep crossing Rush Creek.

Reach R4 (Old Highway Bridgeto Mouth of Parker Creek). Riparian vegetation declined
ubgtantidly in this reach during the 1950s, 1960s, and 1970s because of diminishing rel eases from Grant
Lake reservoir and the absence of sgnificant flow from springs.

Riparian vegetation is mostly absent from the old highway bridge to U.S. 395. Below U.S. 395,
scattered smal remnants of the 1940 riparian vegetation persst and narrow strips of willow and
cottonwood seedlings are evident along the channd edges and on afew smal idands in the channdl.
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Reach R5 (Mouth of Parker Creek to The Narrows). Riparian vegetation declined in this
reachduring the same period asinreach R4. Gravel mining began midway between Parker Creek and The
Narrowsin the 1960s, resulting in some localized |oss of woody riparian vegetation. The 1967 and 1969
floods caused severe scouring and channd realignment throughout this reach, resulting in the loss of most
of the remaining cottonwood-willow woodland and willow scrub.

Most of the existing woody riparian vegetationin thisreach cons sts of young, vigorouswillowsand
cottonwoods in intermittent strips 10-20 feet wide dong both sdes of the channd. Severd widely
scattered individuas or smdl clumps of mature cottonwoods survive throughout the cobble- and gravel-
covered floodplain. Most of these trees have afew small suckers nearby but have improved only dightly
gnce rewatering. A few small patches of relatively dense and vigorous willows occur in and around the
quarries, evidently where water seeps from the cliffs. Overdl response to rewatering has been negligible,
except within afew feet of the main channd.

Reach R6(TheNarrowstotheFord). Riparianvegetation perssted with relatively minor losses
in this reach until the early or mid-1960s because springs contributed significantly to surface water and
groundwater in the riparian zone. Thefloods of 1967, 1969, and the early 1980s caused severe scouring
and moderate to deep channe incision throughout thisreach, resulting in the direct loss of much streamside
vegetation and permanently lowered water tablesin most of the remaining vegetated area.

Grazing has continued throughout the periods of dewatering and rewatering inthisreach. Grazing
has been heavier on thewest side of the stream, whichiseasily ble and has more meadows, the east
sdeisless accessible and has less herbaceous forage.

Thisreach dill containsthe largest areas of live riparian vegetation on Rush Creek. Thevegetation
that suffered least from dewatering includesabout 6.8 acres of densewillow scrub and mixed riparian scrub
in good condition on dopes above the creek onthe west side of The Narrows. About 5 acres of dense
willow scrub remain at the cliff-base seegps on the east side of the creek from Big Wash to the lower end
of the lower meadows, much of which appears moderately to severely stressed by reduced springflow.

Mature willow and mixed riparian scrub is scattered throughout another 75 acres of the bottom-
lands. The most vigorous of thisvegetation islocated between the stream and the middle meadows, most
of therest containsabundant dead wood and excessive amounts of rose, indicating severa yearsof drought
gress. Only about 2.0 acres of cottonwood-willow vegetation remain in this reach.

"Decadent" riparian vegetation occupies about 23 acresin thisreach. These areas contain more
dead than live wood (often enough to meke waking difficult), little or no live cottonwood or willow, and
larger amounts of rose and upland vegetation than were present before dewatering.

Mono Basin EIR Appendix P. Riparian Vegetation Studies
1233\APPD-P P-21 May 1993



Egtablishing ri parian vegetation occupies about 6.0 acreson gravel barswetted by the stream aong
the exigting active channel. Mogt areas of willow and cottonwood seedlings of saplings occur inthemiddle
third of thisreach.

The meadows on the west Sde of the creek are still present but have dl declined as a result of
reduced groundwater and continued grazing. The upper meadows cover about 6.8 acres, the middle
meadows about 7.7 acres, and the lower meadows about 10.1 acres. Meadows on the east Sde of the
creek below Big Wash are small and scattered.

Unvegetated floodplains are localy prominent where floods removed topsoil, channd incision and
laterd cutting were severe, and subsdiary channels were abandoned after the main channd incised.

Reach R7 (the Ford to County Road). Riparian vegetation declined in thisreach at the same
time and under the same influences described for reach R6. Riparian vegetation characterigticsin thisreach
are Imilar to those in reach R6, but the incised channel is deeper (8-10 feet in the vicinity of the former
Clover Ranch meadows) and wider (upto 300 feetin severd locations). Maturewoody riparian vegetation
ismostly mixed riparian scrub (6.7 acres), with afew small areasdominated by willows (7.0 acres). Deca:
dent riparian vegetation occupies 12 acres, al severd feet above the exiging low flow channd. Willows
and cottonwoods are establishing on about 1.5 acres of gravel bar near the middle of thereach. Meadows
are no longer present.

ReachesR8a (County Road to 1940 L akeshor e€) and R8b (1940 L akeshoreto 1989 L ake-
shore). Thereach from the lakeshore to County Road is gpproximately 0.8 milelong (August 1989). It
was severely scoured and deeply incised during the floods of the late 1960s and early 1980s.

No mature riparian vegetation is present in this reach. Seedlings and young saplings of coyote
willow have established extensvely over gpproximately 25 acres of gravel bar habitat, mostly from about
400 to 2,200 feet above the lakeshore.

Outside the channd, widely scattered individuas of coyote willow or black cottonwood occur on
some of the higher terraces that were formerly active floodplains. A patch of coyote willows occurs a a
seep on the east Sde of the creek approximately 550-850 feet from the lakeshore. Above the 1940 lake
elevation, severd clumps of dead willows are scattered among sagebrush and rabbitbrush scrub beyond
the edges of the incised channdl.

Parker Creek

Reach PO (aboveDiversion). Willow scrub dominatestheriparian vegetation for about 0.2 mile
above the diversonpond. Severa Jeffrey and lodgepol e pines aso are scattered through thisarea. From
about 0.2 mile above the diverson pond to near the Parker Creek campground, the riparian vegetation is
predominantly conifer-broadleaf forest dominated by quaking aspens and pines.
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Reach P1 (Diversion to Base of Moraine). Parker Creek occupies two roughly paralléel
channdsinthisreach. Combined, they support about 30% of the existing woody riparian vegetation below
the LADWP diverson. The main Parker Creek channd (i.e., the north channdl) supports gpproximately
6.3 acres of woody riparian vegetation, of which nearly al iswillow scrub. South Parker Creek (i.e., the
south channel) supportsabout 8.9 acres of woody riparian vegetation, of which about 90% iswillow scrub.
The riparian zone (both channdls combined) is up to 600 feet wide in the upper haf of this reach.

Some of the vegetation in this reach appears to be moderately stressed by drought, athough
sgnificant amounts of water were conveyed through riparian areas in this reach before being diverted for
meadow irrigation.

Reach P2 (Base of Moraine to Cain Ranch Road). Over 60% of the woody riparian
vegetation on the diverted section of Parker Creek occursin thisreach. Willow scrub occupies about 30
acres, much of which is moderately to severely stressed by dewatering and grazing (thewillowsare mostly
old plantswith much dead wood, sparse canopies, and abundant competing mountainrose). Small patches
of conifer-broadleaf woodland, non-native cottonwoods, and mixed riparian scrub also occur in thisreach
(lessthan 0.5 acre each). The riparian zone varies from 100 to 400 feet widein this reach.

Reach P3 (Cain Ranch Road to U.S. 395). The stream channd inthisreachisbordered dmost
entirdly by meadow and sagebrush scrub.  Only about 0.4 acre of willow scrub persists near the ranch
buildings a the upper end of this reach.

Reach P4 (U.S. 395 to Rush Creek). The upper 0.5 mile of thisreach hasreatively few scat-
tered, drought-stressed coyotewillows. About 0.9 acre of stressed buffalo berry and 1.0 acre of meadow
persst from about 250 to 1,000 feet below U.S. 395.

The lowest 0.2 mile of Parker Creek supports about 1.3 acres of mixed riparian scrub (mostly
rose) and conifer-broadleaf forest (Jeffrey pinesand black cottonwood). This vegetation is moderately
stressed by dewatering but has persisted because of springs fed by groundwater from Parker Creek and
irrigetion on Cain Ranch.

Walker Creek

Reach WO (above Diversion Site). Immediately above the aqueduct road is the LADWP
diversionpond and adjacent disturbed ground that i sunvegetated or supportsweedy upland plants. Above
the diversion pond, Waker Creek supportsalarge and continuous stand of dense quaking aspen woodland
and smal meadows in excellent condition. The forest flora is diverse, the vegetation is multilayered, no
obvious drought stress is evident, and livestock grazing has not been severe. About 0.6 mile above the
diversion pond, the quaking aspen forest shifts to conifer-hardwood forest dominated by quaking aspen
and lodgepole pine.
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ReachesW1 and W4 (Diversion to Cain Ranch Road, Main and Secondary Channels).
These reaches il support the mgority of woody riparian vegetation on Walker Creek, about 19 acres
onthemain (south) channd and about 13 acres on the secondary (north) channel. The coyotewillow scrub
is generdly co-dominated by mountain rose and the mixed riparian scrub is dominated by mountain rose
or buffalo berry. Two small quaking aspen grovesand afew smdl sandsof Jeffrey pinedso perast. Most
of this vegetation is in highly stressed condition, as described for Parker Creek. Additiond riparian
vegetation (not mapped for this EIR) occurs north of Walker Creek aong irrigation channels watered
mostly by Bohler Creek.

Large areas of sagebrush scrub are dtill present inthesereaches. Meadow occursin severa areas
that were dominated by sagebrush in 1940.

Reaches W2 and W5 (Cain Ranch Road to U.S. 395, Main and Secondary Channels). As
noted under "Prediverson Conditions’, these reaches are transitional between the broad, level pastures of
Reaches W1 and W4 and the incised canyon of Reach W3. The main channd supports meadow vegeta-
tion throughout the reach and severd scattered, mostly solitary willows and buffalo berries in stressed
condition. The secondary channd supports remnants of willow shrub in stressed condition, with sparse
canopies and many dead stems.

Reach W3 (U.S. 395 to Rush Creek). From U.S. 395 to the soring-fed quaking aspen and
willow stands, about 4.8 acres of willow and mixed riparian scrub in narrow, fragmented stripsare present.
Many coyote willow and buffalo berry shrubs have sparse canopies and many dead stems resulting from
severd years of drought stress. Little or no reproduction of woody riparian plantsis evident.

The lowest quarter mile of Walker Creek supports about 5.0 acres of mixed riparian and willow
scrub and two small patches of quaking aspen forest. These quaking aspens are supported by springs
aong lower Waker Creek that continued to flow because of groundwater recharge by irrigation on Cain
Ranch, even after the channd was dewatered.

LeeVining Creek

Reach L0 (aboveL ADWP Diversion Dam). Thediversion pond, dam, and adjacent disturbed
dopes occupy about 2.1 acres of reach LO. For more than 2 miles above the diversion pond, theriparian
vegetation is dominated by quaking aspensand Jeffrey and lodgepole pines, with occasional cottonwoods
and willows. The vigor of the plants and the condition of the riparian community is generdly high in this
reach.

Reach L1 (LADWP Diverson Dam to Highway 120). Vegetaion dong the stream in this
reachisgenerdly ahigh-qudity stand of pinesand quaking aspens (about 13.1 acres), containing many tall
trees, intermittent willow shrubs dong the banks, and awell-devel oped herbaceouslayer. About 5.2 acres
of meadows and 3.7 acres of willow scrub supported by shalow groundwater occur on theleft Sde of the
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streamwithin 1,400 feet of the diverson dam. Additional meadowsirrigated by the O-Ditch occur further
updope, closer to the highway. The vigor of the plantsis high and little grazing occurs in this reach.

Reach L 2a (Highway 120 to U.S. 395). Congtruction of the new Highway 120 partidly filled
and prevented the stream from entering the overflow channe on the right sde of the creek just below the
Highway 120 culvert. Riparian vegetation aong the overflow channel decreased in area and densty,
particularly in its upper haf. Scattered Jeffrey pines remain, but few or no willows perss.

Riparian vegetation (about 14 acres) on the main channd of this steep, narrow reach isessentialy
the same as in prediverson times. It is predominantly conifer-broadleaf forest dominated by quaking
aspens (modtly in the upper haf), cottonwoods (mostly in the lower hdf), and Jeffrey pines. Willows are
scattered dong the reach. Inthe lower hdf of the reach, whitefirs, creek dogwood, and bitter cherry are
locally numerous among the other trees. The vigor of the plantsishigh and no grazing occursinthisresch.

Theriparian zone ismostly 100-150 feet widein Reach L2a, but it widensto about 300 feet from
800 to 1,200 feet upstream from U.S. 395. Jeffrey pine forest with an understory of upland rather than
riparian plants occurs on higher dopes outside the riparian corridor.

Reach L2b (U.S. 395t0 0.45 Mile below U.S. 395). Vegetationinthisreachissmilar to that
inthelower part of reach 2abut hasagreater proportion of cottonwoods and quaking aspensthan conifers
and agreater average width (250-300 feet) because the canyoniswider. Both sdesof the canyon support
intermittent quaking aspen stands in this reach (about 4.4 acres), probably associated with seepage from
the canyon sdes. Thisreach endswhere existing quaking aspen stands on the right Sde of the stream end.

Reach L 3a (0.45 Milebeow U.S. 395 to Big Bend). Woody and herbaceous riparian vege-
tation declined rapidly in this reach during the 1950s and early 1960s. Y oung cottonwoods and willows
occur only in narrow, discontinuous strips dong the banks of the main channd and near the middle of
severa subsdiary channels, including portions of the historica main channel. Older cottonwoodsthat have
survived dewatering despite injuries from drought stress occur in the upper hdf of this reach in subsdiary
channds on the right side of the floodplain. A narrow (4-12 feet wide) but locally vigorous strand of
mountain rose occurs aong both sides of asubsidiary channel just west of the older cottonwoods.

Unscoured surfaces within the floodplain are dominated by sagebrush.  Scattered mountain rose
occurs in some locations, especialy where the trunks (mostly fallen) of long-dead cottonwoods and pines
are present.

The steep bluffs below Lee Vining's wastewater trestment ponds support large stands of
cottonwood and willow. Most of this vegetation is vigorous and clearly supported by seepage from the
ponds. Vegetation immediately below the southernmost pond, which appears to have been unused for
severd years, is stressed from lack of water.
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Reach L 3b (Big Bend to County Road). Woody and herbaceous riparian vegetation declined
rapidly during the 1950s in this reach, especidly in the upper haf. The exising main channd in thisreach
iswide, resulting from severe laterd erosion during the 1969 floods.

Woody riparian vegetation is essentialy absent from the upper half of thisreach. Sagebrush and
scattered rose cover uneroded surfaces in the floodplain, and dead tree trunks are locally common.
Scattered herbaceous vegetation (mostly saponariaand other weeds) isestablishing on gravelly and cobbly
surfaces within the wide channe above the summer flow.

In the lower hdf of this reach, the main channd supports widely scattered individuas and small
clugters of young, vigorous cottonwoods and willows. Most of these plants have probably grown from
seed since 1986, when flows became continuous in this reach. Some may have grown vegetatively from
plants whose roots survived the dewatering and floods or from tree or shrub fragments introduced from
upstream during the 1969 floods. A few Jeffrey pine seedlings have dso established in this area.

Patches of locally dense herbaceous vegetation (mostly lupine, sgponaria, wormwood, rushes, and
grasses) occur on gravel bars in the existing main channd, historica main channd, and other subsdiary
channels wetted by groundwater in this reach.

Portions of the hitorical main channel and other areas not stripped of topsoil during the 1969
floods are vegetated mostly with sagebrush rather than riparian plants. Mountain rose is often common
among the sagebrush where woody riparian vegetation formerly grew. Formerly irrigated meadowsonthe
west Sde of the floodplain have reverted to sagebrush scrub. A few hedthy lodgepole pinesremain at the
former meadow margins.

Outsidethefloodplain, astand of quaking aspens persistsat the base of the bluff east of the County
Road crossing. Mixed riparian scrub (rose) climbs part way up thebluffson theright side of the creek near
the middle of thereach. Theseareasare probably supported more by groundwater seepage and snowmelt
than streamflows.

Reach L3c (County Road to 1940 L akeshore). About 250 feet below County Road, the
channd divides, with the main channd following the right side of the floodplain and a secondary channd
following the Ieft edge of the floodplain.

In the upper hdf of this reach, young cottonwoods and willows are locdly numerous in the
floodplain, asthey arein the lower hdf of reach L3b. Outside the floodplain, several white cottonwoods
and Lombardi poplars (both non-native), black cottonwoods, Jeffrey pines, and thickets of mountain rose
occur on the left side of the creek near County Road.

In the lower half of this reach, a few young black cottonwoods are scattered on the scoured
floodplain between the main and secondary channels, but overal, thefloodplainisonly sparsely vegetated.

Mono Basin EIR Appendix P. Riparian Vegetation Studies
1233\APPD-P P-26 May 1993



Scattered willow and cottonwood seedlings and forbs (mostly lupine, wormwood, and saponaria) occur
in aband mogtly 1-3 feet wide adong the banks of the main channdl.

Reach L 3d 1940 L akeshoreto 1989 L akeshore. This 1,800-foot-long reach emerged asthe
lake level dropped after 1940. The upper hdf of thereachisvery cobbly, without topsoil, and mostly un-
vegetated. Scattered willow and cottonwood seedlings and forbs occupy a strip 1-3 feet wide dong the
banks of themain channel. A few small patches of maturewillow occur at the edge of thefloodplainin stes
not scoured by the 1969 floods.

Densethickets of willow saplingsand forbs mostly sweet-clover occupy about 5 acresintheflood-
plain from 300 to 800 feet above the lakeshore. This vigorous young growth is supported by streamflow
in severd smal channds, abundant shallow groundwater, and one or more small springs. Smadl amounts
of topsoil are developing from trgpping of sediments and organic materids among this vegetation.

Outside the current floodplain, amore mature stand of coyote willow occupies approximately 2
acres on aterrace west of the creek. The oldest of these willows probably date from 1971 or 1972, the
first 2 years after ground occupied by these willows was above the lake levdl.

L akeshore meadow vegetation dominated by sdt grass, rushes, and bulrushes occupies about 3
acres of the wave-cut shoreline at the mouth of the creek.

RIPARIAN VEGETATION WIDTH MODEL

Methods

Taylor (1982) devel oped amodd that relates streamflow to riparian zone width on eastern Sierran
dluvid sreams. The mode isasmplelinear regression equation based on measured riparian strip widths
(from aeria photographs) and stream gage data from severa eastern Sierran streams.

Taylor (1982) found this modd to explain 67% of the variance in riparian strip width and
recommended its use in assessment of the impacts of proposed streamflow diversions on riparian vegeta:
tion. Such use requires an assumption that vegetation impacts of changesin streamflow in agiven stream
system are predictable from study of smdler or larger stream systems. The modd aso makes use of an
"Inddonindex” that is not precisdy defined and might not adequately account for the effects of stream
incison dong Rush and Lee Vining Creeks.

Jones & Stokes Associates used this modd to preliminarily assess the potentia for recovery of
riparian vegetation under different streamflow dternatives on the tributary sreams. Riparian vegetation
widths were cdculated in a Soreadsheet using mean annua streamflows predicted by the Los Angeles
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Aqueduct Monthly Program (LAAMP) operations mode! for each aternative (Chapter 3A, "Hydrology™)
and gradient, incison index, and eevation vaues measured from 7.5-minute USGS topographic maps.
Riparian widths were cdculated for numerous points on each stream and average widths were caculated
for each stream segment.

Results

Table P-13 ligts the results of the modd for selected points on Rush Parker, Waker, and Lee
Vining Creeks. Theapproximate prediversion (1940) and point-of-reference (1989) widths of theriparian
zone a each point are listed for comparison with the results of the modd.

The following limitations of the model were consdered in interpretation of the results of these
anayses.

# Themodd isnot vaid for predicting riparian zone widths a mean annud streamflows higher
than those included in Taylor's (1982) regression anayss, or above gpproximately 60 cfs.

# Topography controls riparian zone width more than streamflow does in most locations aong
al the modded sreams. The modd is most reliable where astream occupiesasingle channd
over rddivey uniform aluvium, isnot gaining flow from springs, and isnot confined in acanyon
or agang bluffs.

# Comparisons of existing or prediversion riparian widths may be mideading because they do
not account for changesin vegetation condition.

Rush Creek

The mode was run for the segment of Rush Creek from the base of the moraine to Mono Lake
(reaches R3-R8). The segment from the dam to the base of the moraine was not modeled because of
geomorphologica conditions that do not fit the mode's assumptions.

The modd predicts riparian widths averaging about 70-80 meters (230-260 feet) under the No-
Redtriction Alternative. These results are inaccurate because flows are actualy 0 cfs throughout most
years. The LAAMP modd's caculation of 25.3 cfs mean annud flow under this dternative results from
averaging of infrequent and very large uncontrolled spills.
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The mode predicts riparian widths of:

# 100-110 meters (330-360 feet) under the 6,372-Ft Alternative;
# 125-130 meters (410-425 feet) under the 6,377-Ft Alternative; and
# 140-145 meters (460-475 feet) under the 6,383.5-Ft Alternative.

Higher flow dternatives could not be modeled becauise the modd is not calibrated for mean annud flows
over about 60 cfs. Had the model been cdlibrated for such flows, the higher dternatives would have
resulted in successvely grester widths.

Above The Narrows, actua widths in 1989 and 1940 were generally narrower than those
predicted under the 6,372-Ft Alternative. Properly calibrated and applied, the model should not predict
widths exceeding actua prediversion widths asfrequently asit does. Possiblereasonsfor theseresultsare
that themodel may not be accurately caibrated for thisarea, it may not adequately account for topographic
and geomorphic influences on riparian vegetation, and the cadculation of mean annud flow may be
excessvey influenced by infrequent high flows.

Below TheNarrows, actud widthsin 1989 were scattered intheir rel ationshipsto widths predicted
under the dternatives because reductions in riparian zone width during the diversion period were highly
vaidble in this area.  Actud widths in 1940 were generdly greater than widths predicted under the
6,383.5-Ft Alternative. Some of the prediversion riparian zone width was sustained by spring runoff, as
well as sreamflow.

Parker Creek

The modd wasrun for all segmentsfrom the LADWP diversion point to Rush Creek (reaches P1-
P4). Themodd wasdifficult to gpply to reaches above U.S. 395, because the flatness of theterrain made
the incison index difficult to messure.

The modd predicts riparian widths ranging from 0-6 meters (0-20 feet) under the 6,372-Ft
Alternative to 20-29 meters (66-95 feet) under the No-Diverson Alternative. The greatest widths are
predicted in reach P2, where the terrain is flattest and actua widthsin 1940 and 1989 were greatest.

Actud widthsin 1940 and 1989 were closest to those predicted for the No-Diversion Alternative.

Walker Creek

Themode wasrunfor al ssgmentsfromthe LADWPdiversion point to Rush Creek (reachesW1-
WS5). Theincison index was difficult to measure above U.S. 395, as described for Parker Creek.

Mono Basin EIR Appendix P. Riparian Vegetation Studies
1233\APPD-P P-29 May 1993



Themode predictsno riparian vegetation under the No-Restriction Alternative through the 6,410
Ft Alternative and only 3-8 meters (10-26 feet) of riparian width under the No-Diverson Alternative.
Theseresultsareclearly inaccurate, because actua widthsin 1940 and 1989 were substantialy greater than
those predicted for the No-Diversion Alternative. Reasons for the model'sinaccuracy on Walker Creek
are not readily apparent.

LeeVining Creek

The mode was run for the segment of Lee Vining Creek from U.S. 395 to Mono L ake (reaches
L2b-L3d). The segment from the diverson dam to U.S. 395 was not modeled because of
geomorphologica conditions that do not fit the mode's assumptions. The segment fromU.S. 395 to 0.5
mile below the highway (reach L2b) may only marginally meet the model's geomorphol ogical assumptions.

The modd predicts riparian widths averaging about 45-55 meters (150-180 feet) under the No-
Redtriction Alternative. Asin the modeling of Rush Creek, these resullts are inaccurate because flows are
actudly O cfsthroughout most years. The LAAMP mode'scdculation of 19.0 cfsmean annud flow under
this dternative results from averaging of large, infrequent, uncontrolled spills.

Themodd predictsriparian widthsranging from 100-110 meters (330-360 feet) under the 6,372-
Ft Alternative to 140-150 meters (460-490 feet) under the 6,410-Ft Alternative. The No-Diversion
Alternative was not modeled because of limits on modd cdibration.

Actuad widths in 1989 were generdly closest to those predicted under the No-Restriction
Alternative. Although a mean annud flow of 19 cfs does not accurately represent conditions that would
occur under that dternative, 19 cfs does gpproximate flows that have occurred in Lee Vining Creek since
the mid-1980s. Actua widthsin 1940 were generdly between those predi cted for the No-Restriction and
6,372-Ft Alternatives.

Conclusions

The results of the riparian width model appear to be generally plausible for scattered locations on
Rush Creek below The Narrows, and possibly Lee Vining Creek. In these areas, the modd predicted
widths generaly within or near the range of prediverson conditions.

On Rush Creek, the model predictsriparian width increases of about 19% between the 6,372-Ft
Alterndtive and the 6,377-Ft Alternative, and increases of about 11% between the 6,377-Ft Alternative
and the 6,383.5-Ft Alternative. These comparisonsappear to bewithin reason, but probably overestimate
the actual potential for the riparian zone to widen in many areas, because of topographic factors (see
"Groundwater Depth Modd™).
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On Lee Vining Creek, the mode predicts increases of about 15%, 10%, 4%, and 8%,
repectively, for the intervals between the 6,372-Ft, 6,377-Ft, 6,383.5-Ft, 6,390-Ft, and 6,410-Ft
Alternatives. These comparisons aso appear to be within reason. Whether they represent high or low
edimates of the potentia for change is uncertain.

The results of the modd appear to be implausible (i.e., substantialy wider or narrower than under
prediversion conditions) for adl of Rush Creek above The Narrows, scattered locations on Rush Creek
below The Narrows, al of Parker and Walker Creeks, and possibly Lee Vining Creek. Thereasonsfor
implaugible results may include influences from groundwater from sources other than the stream channels,
the presence of multiple channels, inaccurate input data, or ingpplicability of conditions on measured
streams to these particular streams.

COTTONWOOD GROWTH MODEL

M ethods

Strombergand Patten (1990, 1992) devel oped regress on equationsthat rel ate streamflow to black
cottonwood growth rates on Rush and Lee Vining Creeks. Six different regresson equations (nonlinear
univariate, linear univariate, and bivariate equations based on annud flows and summer flows) were devel -
oped from stream gage records and tree ring analysis for each of seven cottonwood populations.

Jones & Stokes Associates used the nonlinear univariate models based on annud flow to predict
potential cottonwood growth ratesunder different streamflow dternativesonthetributary streams. (Annua
flows generdly explained more variance than summer flows, nonlinear equations generdly explained more
variance than linear equations; and univariate equations are more reliable than bivariate equations for
predicting growthin future years, athough bivariate equations sometimes explained more variance for past
years)

Thesemode sarevdid over therange of streamflow va uesused to derivethe model s (0-222 cubic
hectometers[hm?] for Rush Creek and 0-80 hm? for Lee Vining Creek). Cottonwood growth rates were
caculated in a spreadsheet usng mean annua streamflows predicted by LAAMP for each dternative
(Chapter 3A, "Hydrology").

Vigor was assessed usng the assumption that growth rates less than 1 mm/year reflect declining
vigor leading to tree desth, growth rates of 1-2 mm/year reflect low vigor, and growth rates above
2 mm/year reflect high vigor (Stromberg and Petten 1992). Potentia growth rates and vigor levels were
caculated and graphed for each sample Site.

Mono Basin EIR Appendix P. Riparian Vegetation Studies
1233\APPD-P P-31 May 1993



Results

Table P-14 ligts the results of the mode for selected points on Rush and Lee Vining Creeks.
Models were not devel oped for Parker and Walker Creeks, where cottonwoods are nearly absent.

The modd predicts annud radid growth increments (i.e., tree ring widths) based on streamflow.
Average growth rates were correlated with canopy vigor as follows (Stromberg and Patten 19924):

# >2.0 mmlyear: high canopy vigor (no sgnificant drought stress and no harm to the trees);
# 1520 mmlyr: lower canopy vigor (drought stress evident, but not lethd to the trees); and

# <15mmlyr. severe dressor tree desth (from sublethd to letha drought stress).

Rush Creek

For both channd-side Sites, the modd predicts high canopy vigor (2.0-3.2 mm average growth)
under al dternatives, even under the No-Redtriction Alternative.  Growth rates would increase
proportionately with higher flows. These results suggest that any of the dternatives would provide
favorable conditions for riparian vegetation; however, channel-side trees may not reliably indicate the
effects of the aternativesthroughout theriparian zone. Although channd-sidetreesmay survive and grow
under any dternative that provides water consstently, floodplain trees may require higher than average
flowsto ensure vigor.

For thefloodplain site, the modd predicts|ower canopy vigor (1.6-1.8 mm average growth) under
the 6,383.5-Ft through No-Diversion Alternatives and severe stress or tree death (1.1-1.5 mm average
growth) under the No-Restriction through 6,377-Ft Alternatives.

LeeVining Creek

For thetwo channd-sde sites, themodel predictshigh canopy vigor (3.4-9.3 mm average growth)
under dl dternatives, including the No-Redtriction Alternative. At Site LV 1c, the mode predicts that
growthrateswould increase proportionately with higher flows. At SiteLV2c, themodd predictsdeclining
growthat higher flows. Two of these predictions, high canopy vigor under the No-Redtriction Alternative,
and declining growth at Site LV 2c under mean annud flows higher than 42 cfs, are counterintuitive and
probably inaccurate. These predictions suggest that growth ratesin theredlatively young treesat SiteLV 2c,
which grew mostly under point-of-reference conditions, cannot be reliably extrapolated to the full range
of dternativesin the EIR.
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For thefloodplain site above U.S. 395 (Site LV Of), the modd predicts severe stress or tree death
(0.8-1.3 mm average growth) under al dternatives, with tree desth most likely under the No-Redtriction
and 6,372-Ft Alternatives. The prediction of near-lethd conditionsfor al aternatives ppearsincons stent
with the presence of mature cottonwoods in a Ste where the channel was not incised and where colluvia
groundwater may have buffered the effects of streamflow diversons. The predicted growth rates may be
reliable, but they are not accurately correlated with canopy vigor for this group of trees.

For thefloodplain steabove County Road (Site LV 2f), themodel predictshigh canopy vigor (2.1-
2.7 mm average growth) under al dternatives, including the No-Restriction Alternative. Theresult for the
No-Redtriction Alternativeisagain counterintuitive and suggeststhe same unreliability described for the Site
LV2c modd.

Conclusions

On Rush Creek, the model for the floodplain Site is probably the best of the three models for
predicting the effects of each aternative on vegetation throughout theriparian zone. On LeeVining Creek,
none of the modelsis clearly reliable for predicting both the range of expected growth rates and the
asociated levels of canopy vigor under the full range of dternatives.

While the models may be useful for predicting the effects of some dternatives at the specific Stes
sampled, the results cannot be extrapolated to sites without live, mature cottonwoods. Sites where the
forest had died were not modeled. Cottonwoodsthat had survived many years of stream dewatering have
in some cases been sustained by unmeasured sources of groundwater other than the stream. Many factors
have caused geographica and tempord variations in streamflows on Rush Creek so that correations
betweenrel easeflows and tree growth ratesmay beinaccuratefor some periods, particularly at Stesbelow
The Narrows.

The mode s cannot predict the distribution of woody riparian vegetation under the dternatives and
are limited in ther ability to predict vigor; therefore, they are not used quantitatively in the impact

assessment. The evidencetha mean annua streamflow can subgtantialy influence cottonwood growth and
vigor was assumed to be valid and was consdered quditatively in the impact assessment.

WATER TABLE MODEL

Introduction

A site-specific water table depth model was developed by SWRCB consultantsfor Rush, Parker,
Waker, and Lee Vining Creeks to predict the extent of primary woody riparian habitat for various levels
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of summer sreamflow. The modd was made possble by the acquidition of detailed topographic
information and severd groundwater profiles ong these streams.

The mode has the advantage of employing the actua spatia relationships from section to section
adong these particular stream systems, allowing direct estimation of water table depths and riparian
suitability rather than relying upon streamflow-habitat corrdationsinvolving other streams. Accuracy of the
mode, consdered good overdl, can beimproved principally through acquisition of additiond water table
profile data but aso through increase of the density of topographic sampling.

The results of the model are relative increases or decreases of primary riparian habitat for various
sreamflows. The modd neglects the presence of any zones of shalow groundwater flow derived from
sources other than streamflow.

Mode Elements

The modd hasfive key dements

detailed topographic mapping,

water table profiles and streamflow responses,

water table boundary conditions,

gtage discharge relationships, and

water table depth requirements of woody riparian vegetation.

FHHFHH

Themodel combinesobservationsof water table profileswith channd lossinferencesfrom synoptic
flow studiesto estimate the configuration of the continuoudy varying water table dong each stream. 1t uses
observed relationships between streamflow releases and stream stage, and between changes in stream
stage and water table depths, to alow depiction of water table devationsfor various summer streamflows
under the dterndtives.

Thiswater table elevation modd is then compared to the detailed topographic eevation data to
yidd water table depths for each streamflow. After sdection of the maximum depth of water table
generdly needed for the vigorous growth of woody riparian vegetation, an acreage of "primary riparian
habitat" isthen estimated for each stream reach under each dternative. Thesefive key dements and their
information sources are described in the following sections.

Fluvial Topography

Detaled topographic mapping of the stream corridors using a contour interval of 2 feet was
developed from agrid photography and ground reference-point surveys performed in 1991 (Aerid
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Photometrics 1991). Coverage dso included distributary channels and floodchannds. The photos were
takenafter loca snowmelt and beforeleafing on May 6, 1991. For thisproject, photogrammetric contours
were used in the form of CAD-generated maps at a scae of 1 inch = 100 feet; because they exist in
electronic digita format they can aso be processed numericaly or printed at any map scae.

This topographic data provides adetailed picture of the configuration of thefluvia system. Based
onspot checksby SWRCB consultants, it gppearsto accurately depict therelative devations of floodplain
areas with respect to adjacent stream elevations. (Floodchannd eevations arelessrdiable, however, and
require fidd evaluation.) The mapped terrain configuration, if compared to a modd of groundwater
eevaion, is sufficiently detalled to distinguish smdl changes in shdlow groundwater zones for different
water table elevations.

Water Table Profilesand Streamflow Responses

Observations. In the spring of 1991, five piezometer arrays were ingtaled aong the tributary
sreams by SWRCB subcontractors for purposes of characterizing water table profiles and identifying
responses to changing streamflow. Water table eevations and some stream surface eevaions were
monitored continuoudy with dataloggers, and the changes over the 1991 snowmelt period were observed
(Balance Hydrologics 1993).

Observations of water table responsesto changesin streamflow |ead to the conclusion that changes
in sreamflow water surface eevation are dmost awaysrapidly followed by smilar changesin water table
elevation (Figures P-9, P-10, and P-11). These observations underscore the highly permegble nature of
the fluvid subgtrates and the overriding importance of stream stage to nearby water table elevations. This
relationship aso dlows a smple geometric gpproach to modding the dternatives.

Water table elevation observations aso corroborate earlier conclusions of synoptic flow studies
that the tributary streams are generdly losing flow to a deeper water table. The profiles for Parker and
Waker Creeks where they pass over dluvid fan and Pleistocene delta materid show downward doping
water tables perpendicular to the streams of about 2-3% dope when corrected for loca stream geometry
(Figures P-12 and P-13). Readings of piezometers on Rush Creek above U.S. 395 aso indicate
sreamflow loss, but gpparently with much less water table dope.

Observations in the Rush Creek bottomlands, however, indicate only a very dowly losing or
equilibrium condition, with water table profiles amost level away from the stream (Figure P-14). Both
bottomland profiles show this condition, but one of them appears to have had an amplified response to
changesin stream stage (Figure P-15). Thisapparent phenomenon is probably the result of the piezometer
beinglocated just downstream of amgjor stream bend, where site-specific factors mask typical responses.
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Extrapolations. The sample Sze of this water table depth information is obvioudy smadl.
Gathering smilar information at severd other locations would greetly enhance the predictive capability of
thismodd.

Extrapolation of these observationsto water table profilesthrough al stream reachesis somewhat
subjective, but it can be guided by results of synoptic flow measurements by DFG contractors (California
Department of Fish and Game 1991, 1992a, 1992b, 1993). Rdative rates of streamflow loss should be
proportiona to groundwater dopes, according to D'Arcy'slaw. Based onthe piezometer profilesand this
information, water table dopes for particular stream reaches were estimated for model use (Table P-15).

Water Table Boundary Conditions

Andyss of stream configuration and piezometer data shown in Figures P-12, P-13, and P-14
demonstratesthe complexity of water table surfaces near the meandering streams. The observationscould
be reconciled, however, with a smple geometric modd of the water table at greater distances from the
sreams, doping uniformly away (and down-profile) from the stream as shown.

In the modd, asin most groundwater flow models, the downward-doping water tableisimposed
as aboundary condition, requiring aspecific water table depth at aspecific, reatively-large distance from
the generd trend of thewatercourse, corresponding to theestimated perpendicular water tabledope(Table
P-15). Thewater table depthsin the near-stream |l ocations as di ctated by the sequence of stream centerline
eevdions are required to trandition smoothly to the boundary conditions (as shown, for example, on
Figures P-12, P-13, and P-14).

The process to establish the "stream trend” and therefore the locations to impose the boundary
conditions required the use of averaging agorithmsto remove the meander of the actud stream. The steps
to accomplish this using an appropriate visud approach are described in the "Methods' section below.

Stage-Dischar ge Relationships

Stream stagein relation to flow releasesfrom the diversion structures provides an essentid tiefrom
flow releases of the dternatives to water table depths. Stage-discharge data were obtained directly or
derived from reports of DFG contractors cited above. In some cases, the derivation required use of
Manning's law to estimate streamflow from cross-sectiona area and shape, channe dope, and roughness
characteristics. Indl cases, averaging of datafrom severd sectionswasrequired, but Sgnificant differences
between distinct reaches were retained.

The stage-discharge datafor each creek were compiled in such amanner asto facilitate assessment
of particular reamflows (the July-August average streamflow release projected for each dternative by the
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LAAMP modd). Fortunatey, most of the published stage-discharge datais in terms of release flows at
the diversons.

To represent therange of alternativesbut to keep the task manageabl e, two reference flow rel eases
for each stream were established for evauation (Table P-16). They were chosen to encompass the range
of sreamflows of interest. The mode results for these two reference conditions were then linearly
interpolated to the intermediate July-August flows of the dternatives. Some loss of accuracy occurs with
this interpolation gpproach, but the increased accuracy obtained by employing more mode runs is not
needed for the purposes of this assessment.

Water Table Depth Requirements of Woody Riparian Vegetation

To employ the modd, it is necessary to make a generd estimate of the maximum depth of
groundwater needed to sustain woodly riparian vegetation during the growing season, but thisneed not be
a precise estimate. The modd is intended to estimate relative changes in riparian habitat from point-of-
reference conditions, which it can do adequatdly if the same depth estimateisapplied to dl dternativesand
scenarios.

Information about direct observations of groundwater depths under various plant communitiesis
scarce. Fortunately, such data was collected in the OwensVdley in 1921 (Ecosat Geobotanica Surveys
1990) from anarray of observationwellsdrilled for thispurpose. Woody riparian communities had awater
table at an average depth of 3.9 feet. The standard deviation of the observations was 1.5 feet. This
suggests that a "primary riparian habitat” can be assumed to have a shadlow water table throughout the
growing season at a depth of up to 3.9 + 1.5 feet, or about 5 1/2 feet.

Methods

The methods used to construct and execute the model were a combination of computerized and
manud techniques, athough the entire modd could be computerized. Stream trends in plan view were
established manualy, and manua topographic cross-sections were used as abass for manua generation
of water table profiles. The development of the profile of the stream trend and the model output
ca culations were accomplished using computerized spreadsheets. The steps of the entire procedure can
be summarized as follows:

1. Manualy draw stream centerlines dong the photogrammetricaly-derived topographic maps.

2. Manudly draw smooth curve in plan view to gpproximate a smooth stream trend, changing
directions dowly.
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10.

11.

12.

Identify points dong the stream centerlines at 2-foot elevation increments from contour crossngs.

Project each of these stream centerline points onto the verticad surface aong the stream trend a
the same devation. Measure horizontal distances between each projected point and enter
elevations and stream-trend distances into a database.

Develop a stream trend profile point corresponding to each projected stream centerline point by
computing the vertical coordinate of a point on aline representing aleast-squares fit of the seven
nearest projected stream centerline points.

Manually generate topographic cross-sections every 500 feet in the Rush and Lee Vining Creek
bottomlands and every 1,000 feet elsewhere.

L ocate each corresponding stream trend point in each cross-section, using both the offset distance
fromthe stream centerlineand the e evation obtained initem 5 above. From thistrend point, drawn
linesusing the selected groundwater d opes(TableP-15) to represent thetrend groundwater profile
at each location.

Beginning at the stream, superimpose an estimated groundwater profile on the section beginning
at the specified stage offset above or below the stream centerline (Table P-16) and, through
smooth trangtions, becoming asymptotic with the trend groundwater profile severd hundred feet
from the stream. Repest for two stream stages corresponding to the evauation streamflows.

L ocate and measure al portions of the section where the estimated groundwater profileislessthan
5 1/2 feet from the topographic profile. Repesat for the two evaluation streamflows.

Multiply the section lengths of this primary riparian habitat by the intersectiond distance and
combine dl sectionsin areach to estimate acreages of habitat for the two eva uation streamflows.

Using linear interpolation, estimate from the reference data the primary riparian habitat acreages
corresponding to the average growing season streamflow for each of the dternatives.

For the higher lake level aternatives, subtract acreages in the lower reaches of Rush and Lee
Vining Creeks to account for submergence of point-of-reference vegetation by the normal
highstands of the lake:

6,372-Ft Alternative: 6,378 feet, O acres submerged.
6,377-Ft Alternative: 6,383 feet, 9 acres submerged.
6,383.5-Ft Alternative: 6,389 feet, 18.5 acres submerged.
6,390-Ft Alternative: 6,397 feet, 29 acres submerged.

FHHEH
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# 6,410-Ft Alternative: 6,415 feet, 36 acres submerged.
# No-Diverson Alternative: 6,436 feet, 42 acres submerged.

13.  Compare derived primary habitat acreagesfor each stream reach with prediversion and point-of-
reference acreages from the mapping program. Screen the modd results againgt the known
acreages according to the following criteria

# where the model acreage lies between prediversion and point-of-reference acreages (which
was the case for most of the reaches), accept the model acreage;

# where the mode acreage exceed the prediverson acreage (which occurred only where the
water table profile was not directly observed), use the prediversion acreage; and

# where the modd acreage is less than the point-of-reference acreage (which occurred in one
reach), use the point-of-reference acreage.

Treat the results as the maximum potential acreages of riparian habitat over the long term if
streamflowsremained at the point-of -referencelevel s. Theseacreagescould remain vegetated with
xeric plant communities (i.e., sagebrush scrub) for long periods of time until optimum conditions
for recruitment occurred or intervention (through overflow channel watering or planting and
irrigating) occurred.

14. For minimum potentid acreages, generdly use the point-of-reference condition.

15.  Apply the percentage increases in riparian habitat for each reach under each dternative, as
obtained in step 11, to both the maximum and minimum point-of-reference scenario acreages.
Allocate increases to both woody riparian and meadow/ wetland acreages according to the point-
of-reference ratio of these types.

Table P-17 shows acreages of the important parameters in steps 13-15 by stream reach for each
dternative except the No-Redtriction Alternative.

Results

The range of estimated riparian vegetation increases dueto stage effectsfrom the point of reference
under the dternatives (except the No-Restriction Alternative, which cannot be modeled) for Rushand Lee
Vining Creeks combined is 8 acres (for the 6,372-Ft Alternative) to 30 acres (for the 6,410-Ft
Alternative). These acreage increases are not substantial, being 2-8% of the point-of-reference acreages
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along these streams. Based on stage effects done, an estimated difference of 31 acres of primary riparian
habitat separates the lowest streamflow (6,372-Ft) dternative and the No-Diverson Alternaive:

12 acres on Rush Creek,

7 acreson Lee Vining Creek,
8 acres on Parker Creek, and
4 acres on Walker Creek.

T HHEHR

These increases in riparian acreage resulting from streamflow changes are more than offset by
decreases caused by newly established willow-covered floodplainsnear the mouthsof Rushand LeeVining
Creeks being submerged by therising lake. If the lake rose to the levd of the No-Diverson Alternative,
about 30 acres of riparian vegetation on Rush Creek and 12 acres on Lee Vining Creek would be lost.

No estimates have been made of the extent of shallow water table associated with the north
(overflow) channd of Walker Creek. It isassumed that with continued blockage of thischannd inlet and
substantia reduction of irrigation below the Lee Vining conduit ashalow water table supporting the existing
riparian vegetation dong this channd will belost. In the modd context, this loss would be compensated
by expansion of woody riparian vegetation dong the entire main channels of Waker and Parker Creeks
once meadow irrigation and grazing were largely curtailed.

The combined effects of these factors, as represented by the results of the water table modd, are
presented in Table 3C-14 and Figure 3C-11 of Chapter 3C.
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