Chapter 3E. Environmental Setting, |mpacts, and Mitigation
Measures - Aquatic Productivity of Mono L ake

This chapter concernshiologica production withinthe Mono Lake aquatic ecosystem. A glossary
of technicd termsis presented in Table 3E-1.

GENERAL DESCRIPTION OF THE MONO LAKE
AQUATIC ECOSYSTEM

I ntroduction

Mono Lake has few species, which istypicd of highly sdine waters. The laké's most important
primary producers (see glossary) are coccoid chlorophytes, coccoid cyanobacteria, and diatoms (Jellison
and Mdack 1992). In near-shore areas of the lake (littora zone), where sufficient light reaches the lake
bottom, benthic algae are important primary producers, and the Mono Lake dkdi fly (Ephydra hians) is
the dominant consumer species. Other insects, such as the deer fly (Chrysops sp.), the long-legged fly
(Hydrophorus plumbeus), and the biting midge (Cuciloides occidentalis), a'so occupy the littoral zone,
but these species are much less abundant than theadkali fly. Inopenweter areas (pelagic zone), theMono
L ake brine shrimp (Artemia monica) feeds on phytoplankton and is the only significant consumer (NAS
1987).

The dkali fly and brine shrimp are the mgor food source of the lake's large bird populations
(Winkler 1977). Therefore, this assessment of aquatic productivity in Mono Lake focuses on production
of these species.

Sour ces of Information

The aquatic ecosystem of Mono Lake has been well studied during the past three decades,
paticulaly since about 1980. Mason (1967) documented the physical, chemical, and biologica
characterigics (limnology) of Mono Lake in the mid-1960s, including brief descriptions of plankton
community dynamics and production. Mason's account also provides information on abundance and life
history of the brine shrimp but does not discusstheakali fly. During the summer and early autumn of 1976,
a group of scientists conducted a multidisciplinary study of Mono Lake (Winkler 1977) that examined
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phytoplankton production rates, nutrient limitation, sdinity tolerance, and digtribution; brine shrimp
digtribution, abundance, and sdinity tolerance; and dkali fly digtribution, life history, and sdlinity tolerance.

Since 1979, thelimnology of Mono L ake hasbeen studied intensively by agroup of scientistsunder
direction of John Méelack of the University of California (UC), Santa Barbara and with funding from
LADWP. Lenz (1982, 1984) studied the brine shrimp population from 1979 to 1981, sampling at 1-3
week intervas from late May through July or October, and occasondly in winter and spring. She used
tenwiddy spaced stationsin thelake, but occasiondly sampled additiond stations. Lenz provided detailed
accounts of the life history dynamics, temporal and spatia patterns of abundance, and food-web
relaionships of the brine shrimp.

In 1982, the UC Santa Barbara group began a much broader sampling effort on Mono Lake,
which isongoing. Lakewide surveys are conducted biweekly from March to August and monthly during
the remainder of the year, except that winter monthswere not sampledin 1982-1984 (Jdlison et d. 1990).
Brine shrimp, water temperature, and dissolved oxygen are sampled on every survey; light penetration,
electrical conductivity (a measure of sdinity), concentrations of ammonium and chlorophyll a, and
photosynthetic uptake rates are measured once a month. Two, three, or ten stations are sampled,
depending on the parameter. Dana et d. (1990a) presents a detailed description of the sampling and
andysis methods.

The UC Santa Barbara group has produced a collection of documents that detail many features
of ecosystem structure and function in Mono Lake (Meack 1983, 1985; Jdllison et a. 1986, 1989,
1989Db, 1990; Lenz et a. 1986; Jellison 1987; Jellison and Melack 1988, 1991, 1992; Jdllison, Dana, and
Meack 1991; Jdlison, Dana, Romero, and Meack 1991). Thegroup hasaso provided detailed accounts
of the life history, development, growth, grazing rates, production, and salinity tolerance of brine shrimp
(Danaand Lenz 1986; Jelison 1987; Dana et a. 1988; Dana et a. 1990b, 1992; Jellison et al. 19893,
1989Db, 1992). Edtimates of the numerical abundance of brine shrimp in Mono Lake are presented in
Jallison (1987), Jelison et d. (19893, 1989b, 1990), and Jellison, Dana, Romero, and Melack (1991).

LADWP has carried out limited surveys of phytoplankton and brine shrimp in Mono Lake since
1974 (Thun and Starrett 1982) and has studied factors affecting hatching success of overwintering brine
shrimp cysts (Drinkwater and Crowe 1986, Thun and Starrett 1986).

Herbst (1986, 1988, 1990b) studied the akali fly populations of Mono Lake and Abert Lake,
Oregon, from April 1983 to September 1984 and provided detailed accounts of the natura history,
physiologica ecology, and community ecology of both populations. Herbst and Bradley (1990) used
SCUBA at six gationsin August and September 1989 to examine how adkali fly abundancein Mono Lake
varied with depth. 1n 1991, Herbst (1992) conducted an intensve study of the Mono Lake dkdi fly,
sampling different subsiratesat Sx stationsevery 2 or 3weeksfromlate April to mid-October and sampling
pupae and adultsfloating on the water surface (drift) biweekly from May through October. Hedso carried
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out a series of microcosm experiments to test salinity effects on alkai fly productivity. Herbst (19904,
1990b), Little et al. (1989), and Stine (1992) described the digtribution of the dkdi fly and the different
types of akdi fly habitat in Mono Lake. Herbst (1992) and Little et d. (1989) provided estimates of
numerica abundance of the dkdi fly on different substrate types.

The following description of the agquatic ecosystem in Mono Lake is based on a review of the
sources discussed above.

Important Features of the Aquatic Ecosystem

Because Mono Lake lies in a closed basn, its water surface devation naturadly fluctuates
consderably, ranging from an estimated low of 6,404 feet in 1862 (Vorster 1985) to a high of 6,428 feet
in 1919 before diversions began (Figure 1-7). Severd physica features of the Mono Lake ecosystem
directly related to lake level, such aslake area (Figure 3A-1), volume (Figure 3A-2), and sdinity (Figures
3B-1), strongly affect productivity of the dkdi fly and brine shrimp populations. Lake area and volume
determine the extent of available habitat for thebrine shrimp and dkali fly. The high dinity (currently about
90 gramsper liter [g/l] of totd dissolved solids) and dkainity (currently 35 g/l of carbonate and bicarbonate
ions) of Mono Lake have direct physiologica effects on the dkdi fly and brine shrimp and influence other
important physical and biological festures of their habitats, such as patterns of lake mixing, production and
gpecies composition of agae, and population levels of potentia predators and competitors.

SHinity and dkalinity change seasondly relaively little, decreasing in the spring when large influxes
of fresh water enter the lake, and increasing in the summer when water evaporates from the lake surface
(Herbst 1986). Y ear-to-year sdinity and dkalinity fluctuations are much greater because lake volume,
whichdetermines st concentrations, varies more over severa yearsthan over one season (Figure 3B-1).
Although many lakes support insect and brine shrimp populations a sdinities higher than those found in
Mono Lake, none are as dkaline (NAS 1987).

Sinity, freshwater inflows, and seasond winds and temperature variations control the circulation
patterns of Mono Lake. Largefreshwater inflowsmay lead to periodsof chemica dratification (meromixis)
that areirregular in frequency and duration. (Meromixis occurs because freshwater isless dense than the
lakes sdline water. The fresher water layer, or "mixolimnion”, floats on top of the more sdine water, or
"monimolimnion”, and ressts being mixed with it. The chemicd gradient between the two water layersis
termed the "chemocline’.) A prolonged period of meromixis was observed by UC Santa Barbara
researchers from 1983 to 1988 (Figure 3E-1) (Jdlison, Dana, Romero, and Meack 1991), but thiswas
the firgt recorded ingtance of meromixisin Mono Lake.

Regular seasonal temperature variations in Mono Lake (Figure 3E-2) each year produce one
period of therma grtification (in summer) and oneperiod of lakemixing (inwinter). (Therma dratification
occurs because warm water is less dense than cold water. The upper layer, or epilimnion, which is well
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mixed and generdly euphotic from sunlight, is separated from the lower layer, or hypolimnion, by a
temperature gradient known as the "thermodling’.) When the lake is meromictic, seasond mixing occurs
inthe mixolimnion only. When thelakeis not meromictic, the entire water column mixes during the mixing

season. A circulaion pattern with one period of complete mixing and one period of thermd dratification
each year is termed "monomixis’.  Both meromixis, which occurs irregularly, and seasond thermd

dratification, which is predictable, affect habitat conditionsin the lake, particularly in the pelagic zone,

Thedkal fly and brine shrimp areamong the few speciesthat can tolerate conditions of sdinity and
dkdinity as extreme as those of Mono Lake. Birds are the main predators of the fly and shrimp
populations; nofishinhabit thelake. Neither thedkali fly nor brine shrimp hasimportant competitors under
present conditionsinMono Lake. Both populationsare highly productive (Herbst 1988, Danaet d. 1992).

Because speciesdiversty in Mono Lakeisso low, food webs are relatively smple (Mason 1967,
Lenz 1982, NAS 1987). The food webs of the pelagic and littoral zones in Mono Lake are largely
independent: the akali fly is the primary consumer of the littora food web and the brine shrimp is the
primary consumer of the pelagic food web. These populations havelittle effect on each other and therefore
can be investigated independently.

Littoral Habitat Zone and Alkali Fly Life History

The littora habitat zoneisthe narrow band at the periphery of Mono Lake where sufficient light
reaches the bottom to adlow growth of benthic dgae. Light penetration is dependent on the water's
trangparency. In Mono Lake, the photosynthetically active zone varies seasonally from about 10 feet
vertical depth in winter to amost 60 feet in summer (NAS 1987). Benthic dgae have not been sampled
quantitatively but have been observed throughout the euphatic littora zone (Herbst 1990a). Thedkadi fly
is by far the most abundant animd in benthic-littora habitats.

The dkdi fly has atypicd insect life cycle, developing from egg to larva before pupating and
metamorphosing into a reproducing adult insect (Figure 3E-3). Eggs areladin mats of benthic agae and
hatchin 1-3 days (Herbst 1986). Thelarvae undergo three distinct devel opment phases (firgt, second, and
third indars). Detalls of the life history of the dkdi fly are given in Appendix |, "Natura Higtory of the
Mono Lake Alkdi Hy".

Larvae develop in 4 weeks to more than 5 months, depending on temperature, sdinity, and food
quantity and qudity. Laboratory studiesshow that growth and development at 20°C usudly require4 days
for the fird ingtars, 7 days for the second ingtars, and 36 days for the third instars (Herbst pers. comm.)
(Figure 3E-4). Water temperatures at Mono Lake are often lower than 20°C, 0 larvae may actudly
develop more dowly. Dry weight increases from 0.02 mg for firgt ingtars to 2.85 mg for third indars.
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Emerging adults, however, weigh only 1.31 mg because pupation and metamorphosis consume much
energy (Herbst 1990a).

When the adult Mono Lake dkdi fly emerges fromthe puparium, it ascendsto the water surface.
It spends the remainder of its life along the lake shore grazing on dga and detrital food sources and
reproducing (Herbst 1986). Norma adult life span is 10-14 days, but overwintering adults may survive
for months. Food isessentia to successful reproduction, and adult flies are capable of submerging to gain
access to high qudity benthic dgae. Mating of the densdy aggregated adults ssemsto be random with no
precopulatory behaviora displays (Herbst 1986). The females submerge to deposit their eggs in the
benthic dgd mats, thus completing the life cycle.

Submerged dkdi fly larvae have few predators or competitors. Numbers are limited mainly by
food availability and physica habitat condraints. Thelarvae and pupae use clawed prolegsto cling to hard
surfaces; most deaths probably occur when larvae and pupae are didodged by waves and currents and
swept to the middle of thelake or the shore, where they are exposed to Starvation, predation, or parasitism
(Herbst 1986).

The dkdi fly populaionisthe only important link between the bird populations and the substantia
food resources of thelittora zone of Mono Lake. Birds prey chiefly on pupae and third ingtars, which are
the mogt nutritious and accessible life stages, averaging 11.2 and 12.4 calories per individua,, respectively,
whereasadultscontainonly 7.2 calories (Herbst 1986). Thethird instarsand pupae are easy prey for birds
because they are continudly didodged by waves and ether swept out to the middle of the lake by wind
and currents, where they collect as drift, or washed ashore in windrows (Herbst 1986). Drift and
windrows are important feeding areas for birds, dthough the digtribution of the drift in the lake is patchy
(Herbst 1992).

Eggs and young larvae are too small to attract birds. Adult flies congregated on the shore
sometimes are eaten by birds (Herbst 1986).

Though birds feed heavily on didodged larvae and pupae, the impact of predation on the akdi fly
population is probably minor (Dana and Herbst 1977). The dkdi fly population is regulated mainly by
environmenta congraints such as temperature, sdinity, food, and availability of hard substrate for
attachment and shelter.

Temperature Requirements
Temperature strongly affects tempora and spatid patterns of dkali fly abundance. Inwinter, low
ambient temperatures dow metabolic processes of the akali fly and increase development time and

mortality. If temperatures drop below a certain threshold, devel opment ceases (Herbst 1988).

Alkdi fly ininactive, nonfeeding life sages, such as pupae and eggs, are especidly sendtiveto low
temperatures. Pupae cannot develop or survivelong at water temperaturesat or below 5°C (Figure 3E-5)
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(Herbst 1988). Becausewinter temperaturesin Mono Lakeregularly drop below 5°C, pupae presumably
suffer high winter mortalities. Eggs dso perish in very cold water, but eggs generdly are not exposed to
severe cold because adult flies do not produce eggs during winter. Larvae can survive the near zero
temperatures, however, and overwintering populations consst mainly of dowly growing larvae in the
second and third instar phases (Herbst 1988, 1990a).

Increasing water temperaturesin spring (March-April) cause rapid growth and development of
the overwintering larvae and increase rates of development and surviva of the pupae. Asaresult, theakali
fly population increases exponentialy during spring (Figure 3E-6) (Herbst 1986). The population remains
abundant through summer, until shorter days and declining temperaturesin autumn cause adult fliesto cease
egg laying (Herbst 1988, Herbst pers. comm.). Pupd dengties are highest in early autumn (August-
September) probably because, as development rates dow down when temperatures cool, longer periods
are spent in thislifestage. Population dengty drops rapidly in October when cooling temperatures cause
high mortdities of dl life sages.

The growing season available to the Mono Lake dkdli fly is short due to the lake's high-altitude
location and cool ambient temperature. However, the fly develops and reproduces rapidly, normally
producing 1-3 generations in a season (Herbst 1988).

Water temperaturesin Mono Lake d o influencethe spatid didtribution of the dkdi fly. Alkdi fly
larvae and pupae are most abundant in water less than 10 feet deep (Figure 3E-7), and generdly are not
found below the thermocline, where temperatures are too cold for growth and development (Herbst and
Bradley 1990). Littora temperaturesexhibit greater extremesthan pelagic temperatures. Selected littoral-
benthic areas may freeze in winter and warm to 40°C in summer (Herbst 1986, Herbst pers. comm.).
Aress that are sheltered from wind and waves, such as Black Point tufa shoals, have warm water
temperatures and along growing season.

Salinity and Alkalinity Requirements

The dkdi fly iswdl adgpted to high sdinities, but the energy expended to regulate internal sdinity
reduces the energy available for growth and development (Herbst 1986). Increasing sdinities have a
marked negative effect on hatching success, larva growth and development rates, larva survivorship,
pupation success, pupa weight, and successful adult emergence of the akali fly (Bradley 1991). At
inities above 150 g/l (which would correspond to a lake surface eevation of about 6,350 feet), the
detrimentd effects of osmotic stress become insurmountable (Herbst 1986). Larvee in the early ingtar
phases are particularly sengitive to high salinities (Herbst 1990b).

Increased sdinity further harms the dkdli fly by reducing food quantity and, possibly, qudity (see
"Food Requirements' below) (Herbst 1992). As food availability declines, dkali fly growth and
development rates decrease correspondingly, resulting in smaler pupae and adults, higher mortdity, and
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less reproductive success (Herbst 1986, 1992). Increased energy must be spent on foraging, o it
becomes more difficult for the larvae to counter the physiological effects of high sdinity (Herbst 1990b).

The tota akdinity of Mono Lake water is about 40% of the total dissolved solids. Alkalinity in
Mono Lakeis caused primarily by large concentrations of carbonate and bicarbonate ions (Herbst 1986).

Although lakes exist worldwide supporting insect communities at slinities much higher than those
found a Mono Lake, noneisasdkaine (NAS1987). Most specieshave difficulty adapting to high salinity
and high dkdinity, yet Mono Lake dkdli fly larvae survive better in dkaine sdt water than in nonakaline
water of the same sdinity (Herbst 1986). The larvae have a specid gland, the lime gland, for removing
carbonate ions from the blood.

Benefits of high sdinity and akdinity in Mono Lake include less interspecies competition, less
predatory pressure, and less parasitism and diseases, because very few organisms can tolerate such high
levels

Substrate Requirements

Storm-generated waves and undertowsin Mono L ake sweep away dkdi fly larvae and pupae not
firmly attached to or sheltered by rocks. Once adrift in the lake or cast ashore, the larvae and pupae are
vulnerable to predation, desiccation, and parasitism. Wave action aso shifts benthic sands and silts,
potentidly burying larvae and pupae. The dkdi fly, therefore, must have access to rocky surfaces or
vegetation, especidly during pupation, to which it can dling.

The benthic-littord habitat consists of both soft and hard substrates (Table 3E-2, Figure 3E-8).
Sands, gravels, and especidly muds make up the soft substrates. Littora sands and occasiond gravels
encircle Mono L ake above eevations of approximately 6,365 feet (Stine 1992). Tributary creeksarethe
main sources of littord depodits of slts, sands, and gravels, but shordline erosion aso contributes some
materid. Soft subdrates are of limited use to the dkali fly because they offer no shelter from waves and
no firm attachment stes for larvae and pupae.

Hard substrates consist of mudstone, free-standing tufa, tufa-covered pumice blocks, bedrock,
beachrock, and vegetation. Mudstoneisthe most extensive of the hard substratesintermsof total acreage
(Table 3E-2), but is considered a poor habitat because its surface is rdatively soft and does not contain
small crevicesfor shelter (Herbst pers. comm.).

Tufa-covered pumice blocks are the second most extensive hard substrate. Tufa-covered blocks
condtitute a good habitat for the Mono Lake akali fly because their coarse-textured surfaces provide a
foothold and shelter for the larvae and pupae. Most pumice blocks are morethan 3 feet across. They are
found up to an eevation of 6,390 feet in concentrations mainly near the northern and western shorelines
of the lake where they floated after volcanic gection (Figure 3E-8) (Stine 1992).
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Scattered solitary tufa towers, continuous tufa bulwarks, and other free-standing tufa types
conditute a very smal yet important hard substrate type. Free-standing tufa occurs primarily on the
southern portion of the lake at devations ranging from 6,300 to 6,400 feet, and conssts of cdcite and
aragonite (two forms of cacium carbonate) and other mineral deposits precipitated where fresh spring
water from lake bottom orifices mixed with sdine lake water (Stine 1992). Some tufa originates from the
minerd gaylussite (Herbst and Bradley 1990).

Tufaof dl typesisthe most suitable adkali fly habitat. Fidd sudies found third indar larvae and
pupaein far greater dengties on tufa than on any other hard or soft substrate (Little et al. 1989).

The dkdi fly's preference for tufa has severd likely explanations. Tufa provides superior
atachment Stes because its surface is rough and the towers have deep crevices that shelter larvae and
pupae from waves and predation by birds (Littleet d. 1989). Towersare el evated abovethelake bottom,
protecting fliesin early life stagesfrom burid or aorasion by shifting bottom sands (Littleet d. 1989). Tufa
aso serves as agood growth Site for distoms and algae. Findly, the freshwater springs associated with
tufa groveslocdly may lower sdinities, thereby increasing dga abundance and larva growth and develop-
ment (Little et d. 1989).

Bedrock of volcanic originisfound onthe Negit idets, on severd pointson Paohaldand, and dong
earthquake faultson thelakefloor (Stine 1992). It isthe third most abundant type of hard substrate habitat
in terms of tota acreage and provides good habitat for the dkali fly. Dueto the steepness of the bedrock
aress, only asmdl portion of the bedrock in the lake is within the littoral zone (CORI 1988). Generdly,
bedrock is coated with tufa deposits.

Beachrock isarare hard substrate cons sting of tufa-cemented sands, gravel's, and cobbles, found
mainly on the ddltas of Mill and Lee Vining Creeks and other smaller tributaries. Beachrock formswhen
freshwater containing cacium mixes with carbonate- rich lake water and the resulting calcium carbonate
cements rocks and gravelstogether. Today, much of the beachrock habitat is covered with littoral sands.
Although beachrock provides good habitat for the Mono Lake alkdi fly, it is of rdativey little importance
because of its limited extent (Little et d. 1989).

Submerged vegetation al so provides good attachment sitesfor larvaeand pupae. Dengty of larvae
and pupaein areas of submerged vegetationisabout half of that on tufa(Herbst 19904). Studies show that
inundated terrestria vegetation can persist for up to 10 years before deteriorating. At present, this type
of habitat is not extensve because soils near much of the lake are highly akdine.

Changesin the surface devation of Mono Lake that affect the availability of different substratesin
near-surface waters would affect akadi fly abundance. As noted earlier, akai fly abundance is strongly
influenced by depth, with most of the biomass found in water less than 10 feet deep (Figure 3E-7).
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Food Requirements

Benthic dgae and dgd detritus on the |ake bottom are the principd sources of food for dkali fly,
but detrital bacteriaand protozoamay a so beimportant (NAS 1987). On preferred habitatswhere larval
dengtiesarehigh, such astufa, grazing may sgnificantly reduceagd biomass. Thereductioninfood supply
may be partly responsgible for an observed decline in the mean body sizes of pupae and adults from spring
through autumn (Herbst 1986).

Physical factorsaffecting food avail ability are sdinity, substratetype, nutrients, and depth. Biomass
of benthic algae may decrease as sdinity increases (Herbst 1986, 1992). Areas near freshwater inflows
have high dga production. Soft substrates have good dgd food suppliesfor young larvae, but dga mats
on tufa seem to be the preferred food source. Biomass of benthic a gae decreases with depth, so shdlow
waters have better food availahility for the dkdi fly.

Pelagic Habitat Zone and Brine Shrimp Life History

The brineshrimp isthe only animd that presently inhabitsthe pelagic zone of Mono Lake. Severd
bird species feed heavily on adult brine shrimp. The brine shrimp population links the bird populationsto
the large food resources of the pelagic zone of Mono Lake.

Phytoplankton of the pelagic zoneisthe only known source of food for the brine shrimp population
(NAS 1987). Bacteriamay aso be animportant food, but the Mono L ake bacteriahave not been studied.
Phytoplankton abundance in Mono Lakeisdetermined by temperature, light, nutrient supply, and thelevel
of brine shrimp grazing (Jdlison and Mdack 1992). Nitrogen isthelimiting nutrient in the pelagic zoneand
is available to dgae primarily in the form of ammonium (NH,+). During the winter mixing period,
ammonium originates from the sediments and, if the lake is meromictic, from the monimolimnion. When
the lake dratifies in early soring, the epilimnion is largdy cut off from the sediments or monimolimnion.
Increasing temperature and sunlight lead to rapid growth of agae. The growth of algae depletes the
ammonium in the epilimnion and the high biomass reduces light penetration so that by April or May agd
growth islimited (Jellison and Melack 1992).

Increasing temperature in spring leads to growth of the brine shrimp population and increased
grazing (Jdlison and Melack 1992). Although grazing on the phytoplankton increases during spring, it is
never sufficient to suppressaga biomass because the brine shrimp population cannot grow fast enough to
keep pacewiththeagae. Therefore, peak dga abundanceisnot affected by brineshrimp grazing. Shortly
after alga biomass peaks, however, grazing pressure begins to reduce the agae, alowing penetration of
light. This clearing phase occurs over a period of 2-3 weeks in late spring and is accompanied by an
increase in epilimnetic ammonium concentrations because the brine shrimp excrete anmonium. By early
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summer, therefore, brine shrimp grazing, not light or ammonium supply, probably limits phytoplankton
abundance. Alga biomass increases again in autumn as the brine shrimp population declines.

The spatid digtribution of the brine shrimp population across Mono Lake varies seasondly, but it
has been fairly consistent during the yearsfor which it has been reported (1980, 1981, and 1990). Inearly
autumn 1980 and 1981, brine shrimp were more abundant in the western sector of Mono Lakethaninthe
eastern sector, but later in the autumn they were more abundant in the eastern sector or the abundances
in the two sectors were not sgnificantly different (Lenz et d. 1986). In summer and early autumn 1990,
brine shrimp werefairly evenly distributed around Mono Lake, but in early soring and again in late autumn
they were more abundant in the eastern sector of the lake (Jellison, Dana, Romero, and Melack 1991).

A commercid fishery on Mono Lake harvests and markets brine shrimp asfish food. Thefishery
has an annual take of about 500,000 pounds (dry weight) (Danaand Herbst 1977). Estimated peak total
numbers of brine shrimp in Mono Lake in 1982 and 1983 were 12,683 hillion and 14,458 hillion,
respectively (Conte et d. 1988). Assuming a dry weight per individud of 0.55 mg (mean dry weight of
adults) (Jdlison, Mdack, Dana 1992), the fishery's annua harvest is only about 3% of peak abundance.

The life cycle of the Mono Lake brine shrimp is complex (Figure 3E-9). Development proceeds
through seven naupliar (larval) instar phases, four juvenile instar phases, and one or more adult instar
phases. Generdly, two generations develop annudly: a spring generation originating from overwintering
cysts produced during the previous summer and autumn and a summer generation originating
ovoviviparoudy (by live birth) from adults of the spring generation. In someyears, asmdl third generation
appearsin autumn (Jellison et d. 1989a; Jdlison, Dana, Romero, and Meack 1991).

Hatching of the soring generation occurs from January to May and the first adults usudly appear
inMay (Lenz 1984). Thefemaesreproduce ovoviviparoudy for about amonth, giving rise to the second
generation. InJune, adult femaesof thefirst generation begin producing cysts (digpause eggs), which sttle
to the lake bottom until the following year (Jelison et d. 1989b). The second generation matures in July
and August and primarily reproducesoviparoudy (by producing eggsor cysts) (Lenz 1984). Thedeveop-
ment period, which is strongly affected by temperature, is about 2 days at 20°C for each of the preadult
instar phases (Jellison et &. 1989a).

SHinity affects surviva, growth, reproduction, and cyst hatching of Mono Lake brine shrimp
(Starrett and Perry 1985, Dana and Lenz 1986). In bioassay experiments, increasing sainity had direct
negative effects on the shrimp; these effects were continuous over the entire range of sdinities tested
(76-192 g/l tota dissolved solids) (Starrett and Perry 1985, Danaand Lenz 1986). The effect of sdinity
on cyst hatching may be the most important effect with respect to surviva of the Mono Lake population.
The percentage of cysts hatched dropped steadily with increasing sdinity and no cysts hatched a asdinity
of 160 g/l (Danaet d. 1992).
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Detals of the life higtory of the brine shrimp and the effects of sdinity, temperature, dissolved
oxygen concentration, and food supply on brine shrimp production are given in Appendix J, "Natura
Higtory of the Mono Lake Brine Shrimp”.

Habitat conditions for plankton in Mono Lake, including the brine shrimp, are different during
monomictic and meromictic years. The following sections provide descriptions of the pelagic habitat and
brine shrimp population under both types of mixing regimes.

Monomictic Mixing Regime

Before 1982, Mono L ake was probably monomicticin al yearssncethe sart of water diversons
(Jdlison and Melack 1991). The lake was again monomictic after 1988.

Under monomictic conditions, complete mixing (holomixis) of the lake occursin November when
water temperature is about 9°C (Jellison, Dana, Romero, and Mdack 1991). Mixing reoxygenates the
hypolimnion and resupplies nutrients to the epilimnion. The influx of nutrients, particularly ammonium
nitrogen, leads to awinter-spring dga bloom. Despite the abundance of agae, brine shrimp numbersare
low in the winter (Jdlison, Dana, Romero, and Meack 1991).

Temperature of Mono lake is uniform a al depths through winter, but the lake begins stratifying
in March (NAS 1987). Because of itshigh sdinity, Mono Lake does not freeze. Oncethe lake becomes
thermdly gratified, mixing is restricted to upper depths, where light and temperature conditions are most
favorable for growth of dgae. High adga production, however, depletes nutrients in the epilimnion and
primary production is nitrogen-limited in spring (Jellison, Dana, Romero, and Melack 1991).

Brine shrimp hatch from cyssin late winter and early spring. Cysts are produced inthe previous
year and require about 3 months of exposure to cold water temperatures for hatching (Dana 1981, Thun
and Starett 1986). The late-winter, early-spring hatch is the first of two or three generations of brine
shrimp that are produced each year. Thefirgt generation has a superabundant food supply, but it matures
dowly because of low water temperatures. Adultsfirst appear in May.

Heavy grazing by the growing brine shrimp population leads to asharp reduction in dgal biomass
in May and June. Grazing pressurelimitsaga abundance at thistime; nitrogen requirements are probably
satisfied by excretion of ammonium by the brine shrimp. Water transparency increases greatly asthedgae
are removed. Dissolved oxygen levels in summer are low (2-4 mg/l) because of high respiratory
consumption by the shrimp and low production by dgae. Dissolved oxygen concentrations lower than 2
mg/l may lead to increased mortdity (Danaet d. 1992).

The second generation of brine shrimp is produced ovoviviparoudy in May and June and matures
rapidly (about 3 weeks) because of warm water temperatures. Production of brine shrimp islimited at this
time of year by thelow biomass of dgae, which causeslower fecundity of thefirst generation and reduced
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growth and surviva of the second generation. Both generations begin producing cyss in summer, when
the food supply islow. Settling of cystsand feca pellets of the brine shrimp, and sinking of agae, removes
nitrogen from the epilimnion and enriches the hypolimnion. Decomposition of these materias depletes
dissolved oxygen, so the hypolimnion becomes anoxic and unfit for brine shrimp habitation.

In autumn, brine shrimp abundance declines. A third generation, whose origin (i.e., cygsor live
births) is uncertain, gopears in autumn in some year's, but is never abundant (Jellison et a. 1989b; Jdlison,
Dana, Romero, and Melack 1991). The reason for the autumn decline in brine shrimp abundance is
unknown, but predation by grebes, aging of adults, and reduction in birth and survival of nauplii have been
suggested as possible causes (Cooper et d. 1984, Jdlison et a. 1992, Lenz 1982). The decline causes
reduced grazing pressure on the dgae, so dgd biomass increases and the agae become nitrogen-limited
agan. The principa source of nitrogen in autumn is ammonium nitrogen from the hypolimnion, which is
entrained as thermd dratification weskens and the surface mixed layer deepens. The increase in
ammonium leads to further increases in agd biomass.

Meromictic Mixing Regime

Mono Lake was meromictic from 1982 to November 1988. No evidence exists of meromixis at
any other timein the lake's recent history (Jelison and Melack 1991).

Habitat conditions and brine shrimp population dynamics during meromictic yearsdiffer in severd
respects from those during monomictic years. Most important of al, autumn mixing reaches only to the
chemocline; the monimolimnion is unaffected. Less nitrogen is trangported upward to the epilimnion, and
agd production is reduced (Jdlison and Mdack 1992).

If meromixis is not maintained by additiond freshweater inflows, the mixolimnion becomes
increesngly sdine because of evaporative concentration, which weakens the chemica dratification
(Figure 3E-1). At the same time, ammonium becomes increasingly concentrated in the monimolimnion
(Figure 3E-10). As aresult of these processes, the amount of nitrogen entrained by autumn mixing
increases as meromixis weakens, and increased nitrogen results in increased primary production.

In Mono Lake, algd biomass in the mixed layer, measured as chlorophyll a concentration,
increased each year during the meromictic period except 1986, when high freshwater inflow reinforced the
chemicd dratification (Figures 3E-11 and 3E-1) (Jellison and Melack 1992).

The reduction of primary production as a result of meromixis might be expected to lower
productivity of brine shrimp (combined spring and summer generation peeks), but this was not generdly
borne out by the results of sampling. Brine shrimp abundance was relatively low during some of the
meromictic years (e.g., 1983 and 1985), but it was aso low in some of the monomictic years (e.g., 1980
and 1990) (Figure 3E-12) (Jdlison, Dana, Romero, and Meack 1991). As noted previoudy, agd
biomass peaksin spring before brine shrimp numbers and water temperatures are high enough for the brine
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shrimp population to exploit the algee effectively. Only aportion of annud primary production influences
brine shrimp production, and effects of meromixis on agd production are not necessarily propagated up
the food chain to the brine shrimp population.

The ratio of abundance of the soring generation of brine shrimp to that of the summer generation
has varied considerably from year to year (Figure 3E-12). The cause of these variationsis only partialy
understood. The size of the pring generation is probably determined by the number of cysts produced in
the previous year, the hatching success of these cysts, and rates of development and survivd of the nauplii
and juveniles. For example, the soring generation in 1988 was unusudly abundant (Figure 3E-12). Cyst
production was high in 1987, oxygenation of the cysts was good, and spring food supply was relatively
high. In contragt, the spring generation in 1989 was low, probably because surviva of nauplii was low
(Jelisonet d. 1990). The breakdown of meromixis occurred latein 1988, so in early spring 1989 oxygen
levels and temperatures were low and the concentration of toxic compounds, such as hydrogen sulfide or
gaseous ammonia, may have been high (Jellison et d. 1990; Jdllison, Dana, and Melack 1991). Hydrogen
aulfide and ammonia often accumulate to high concentrations in anoxic water layers.

The gze of the summer brine shrimp generation is inversaly relaed to the sSze of the spring
generation. When the pring generation isabundant, it quickly reducesthefood supply. Atlow food levels,
fecundity of the adult femalesand surviva of thesummer generation nauplii arereduced, leading tor aively
low abundance of summer generation adults (Jellison, Dana, Romero, and Melack 1991). Whenthespring
generationissmal, however, food remains plentiful and abundance of the summer generationishigh. Thus,
the size of the summer generation was much larger in 1989 than in 1988 (Figure 3E-12).

The ratio of abundance of the spring and summer generations may have important ecological
consequences. Cyd productionishigher in yearswith alarge summer generation, and high cyst production
should result in alarge spring generation in the following year (Figure 3E-12). A large summer generation,
however, was not necessarily followed by alarge spring generation, perhaps because other factors were
more important (Jelison et d. 19893). Thereative Szesof the spring and summer generations could have
important effects on eared grebe populations. The grebes feed heavily on Mono Lake brine shrimp, but
do not arrive a the lake until late summer or early autumn (Winkler 1977).

PREDIVERSION CONDITIONS

Sour ces of I nformation

Observations of some early visitors to Mono Lake, such as J. R. Browne, Mark Twain, I. C.
Russd, J. M. Aldrich, W. H. Brewer, and W. K. Fisher provide a generd, though limited, picture of the
biota and habitat conditions of the lake before LADWRP began diverting water from the basin in 1941
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(Fisher 1902, Mason 1967, Winkler 1977, Herbst and Bradley 1990). Mason's(1967) study, the earliest
limnologica account of Mono Lake, includes quantitative descriptions of the plankton. According to
LADWP projections, sdinity of Mono Lake, which was about 53 g/l in 1941, had increased to about 70
g/l by 1964 when Mason sampled the lake (Mason 1967, NAS 1987). Thelittoral zone community was
not well studied until recently (Dana and Herbst 1977).

Prediversgon habitat conditions of Mono Lake may be partidly surmised by examining conditions
inlakeswithsmilar salinities. Wurtsbaugh and Berry (1990) described speciescomposition of theplankton
and abundance of a brine shrimp, A. franciscana, in the south arm of the Great Sdlt Lake in 1987, when
sinity was smilar to that in Mono Lakein 1941 (dthough dkainity and pH were much lower).

Littoral Zone Productivity

Early vigtors to Mono Lake noted the presence of many dkali flies (Fisher 1902, Herbst and
Bradley 1990). Fisher's (1902) account includes a photograph showing a dense shoreline concentration
of dkali fliesthat, according to Fisher, surrounded the lake. Wallis McPherson (pers. comm.), aresident
of Mono Basin since 1917, has stated that the flies were much more abundant during the prediversion
period than today. Higtorica accounts also described windrows of pupae and larvae that may have been
larger than those presently found at Mono Lake (Herbst 1990b). Windrowed and nearshore pupae were
traditiondly harvested by Kuzedika Paiute Indians in early summer and late autumn and condtituted an
important part of their diet.

Hinitiesin the prediverson period were lower than today, and productivity of the alkdi fly may
have been higher. Although the dkdi fly iswell adapted to high sdinities, the additionad metabolic energy
required to regulate these high sdt levelsis great and reduces the totd energy available for growth and
development, thus reducing productivity (Herbst 1986). On the other hand, productivity of the dkali fly
might have been lower when thelake was | ess saline becauseinterspecific competition, predatory pressure,
paragitism, and diseasesincrease a lower salinities. Abert Lake in Oregon, which has a sdinity of about
30 g/l, has about twice as many benthic macroinvertebrate species as Mono Lake (Herbst 1986). During
1983-1984, when salt concentrations were reduced 5-10 g/l by large freshwater inflows in both Mono
Lake and Abert Lake, species diverdity increased in both lakes (Herbst 1986). Despite the increase in
speciesdiversty a lower sdinities, however, prediverson sdinitiesa Mono Lake were probably too high
for potentid predatorsand competitorsto survivewel enough to affect productivity of theakdi fly (Herbst
pers. comm.).

The surface area of Mono Lake was greater during the prediversion period because of the higher
lake levels, but suitable habitat for the alkdi fly was not necessarily more prevaent. Stine (1987, 1992)
estimates mogt of the hard substrates were well below depths inhabited by the akali fly during the
prediverson period (Table 3E-2, Figures 3E-7 and 3E-8). However, the relative vaue to dkdi fly
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productivity of hard substrate versus soft substrate may have been less under prediversion conditions than
under current conditions. Furthermore, aleafy adgae may have been present (McPherson pers. comm.),
or submerged vegetation that was drowned during arisein lake leve in the late 19th century or in 1938
after ashort lowstand period may have persisted until 1941 to provide additiona suitable substrate during
the prediversion period.

Pelagic Zone Productivity

Early accounts of Mono Lake suggest that brine shrimp were abundant in the lake long before
LADWP began diverting water from the basin, but quantitative information is lacking (Mason 1967,
Winkler 1977). Asdescribed in Appendix J, increasing sdinity has negative effects on surviva, growth,
and reproduction of brine shrimp, which would tend to reduce brine shrimp productivity. Therefore, brine
ghrimp productivity was probably higher under prediversion conditions than under current conditions.
However, as noted above for the dkali fly, the postdiverson increasesin sdinity may have reduced levels
of predation and competition.

Nothing is known about what species other than brine shrimp inhabited the pelagic zone in
prediverson Mono Lake. Though brine shrimp are the only zooplankton in the lake at present, Mason
(2967) found two planktonic ratifers (Brachionus plicatilus and Hexar thrajenkinae) between 1959 and
1963, when sdlinity was 70 g/l or lower. Therotifers were abundant only in December 1959, when few
brine shrimp were present; however, at the lower sdinities of the prediversion period, rotifers, aswell as
other potential competitors, aso may have been abundant in summer.

Pdlagic zone predators a so may have been present in prediverson Mono Lake. Wurtsbaugh and
Berry (1990) attributed a decline in aundance of A. franciscana in the south arm of the Great SAt Lake
to predation by the insect Trichocorixa verticalis that invaded the |ake between 1963 and 1987 when
sdinity dropped from 250 g/l to 50 g/l. Potential competitors of the zooplankton also invaded the lake
whenthesdinity dropped. T. verticalis cannot live in highly akaine water and thus would not have been
present in Mono Lake, but other predators would be able to live under prediversion conditions (Dana et
a. 1992).

The volume and surface area of Mono Lake were greater under prediversion conditions than at
present, so more brine shrimp habitat would have been available (NAS 1987). However, lake level
changes could affect habitat quality and thus brine shrimp production. Hurlbert (1991), for instance,
observing that shallow lakes tend to be more productive than deep lakes (because more of the water
receives sunlight and is close to sediments), showed that, for a period after water diversions began, total
production may have increased in Mono Lake aslake devation dropped. Totd production would have
increased if gainsin productivity caused by reduced depth outweighed losses resulting from smaler habitat
area.
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ENVIRONMENTAL SETTING

Sour ces of I nformation

Conditions in the pelagic zone of Mono Lakein 1989 aredescribed in Jellison et d. (1990). Little
information is avallable on the littord zone in 1989, but decriptions are given in Little et d. (1989) and
Herbst (1992) of the littord zone in 1988 and 1991, respectively.

Edtimates of productivity of the Mono Lake brine shrimp populationin 1989 are not available, but
Jdlison et a. (1990) provided graphs of numerica denstiesin 1989. The graphs show dendty of brine
ghrimp adults, juveniles, and nauplii in each month of 1989. Similar graphs for 1988 and 1990 are
presented in Jellison et d. (1989b) and Jellison, Dana, Romero, and Melack (1991).

No egtimates of productivity or abundance of the Mono Lake akali fly population in 1989 are
avalable. However, Littleet d. (1989) and Herbst (1992) provided information on mean densitiesof dkali
fly larvae and pupae on different substrate typesin 1988 and 1991.

Littleet al. (1989) sampled the substratesin April, June, and August 1988 at 15 near-shore stations
spaced 3km gpart. All stationswereinwater 30 cmdeep. 1n June and August, the authors a so measured
surface areas of the different substrate types at each station aong 50-m transects. The transectsincluded
areas between water depths of 20 and 40 cm. Littleet a. (1989) presented tables of mean densty of the
three larvd ingtars and pupae on each subdirate type in June and August. Estimates of mean dengties on
al hard substrates and all soft substrates can be derived from estimates of the mean densities and rdative
surface aress of the individua subgtrate types.

Herbst (1992) sampled the hard and soft substrates every 2-3 weeks from late April to mid-
October 1991 at Sx stations. The stations were widely distributed around Mono Lake, but were located
inareaswheretufawas abundant. Sampling depthswere between 25 and 50 cm. Herbst (1992) provided
graphs of mean densties of the three larval instars and pupae on each sampling date.

L ake Condition

Thelargerangein annua precipitation and changesin water diverson schedulesduring recent years
at Mono Lake has resulted in highly variable habitat conditions in the lake. Mot important of dl, high
freshwater inflowsin 1982 and 1983 resulted in chemica dratification, which was sustained, with the hep
of additiond inflowsin 1986, until November 1988 (Figure 3E-1) (Jellisonand Melack 1991). Beforeand
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after this period of meromixis, the lake was monomictic, mixing completely during the winter. Sdinity in
August 1989 was about 89 g/l (Figure 3B-1), and total akainity was about 34 g/l.

The breakdown of chemica dratification in November 1988 produced highly unusud conditions
in Mono Lake in 1989, the point of reference, which may have affected productivity of the brine shrimp
and akali fly populations. The hatching brine shrimp suffered total mortaity in early 1989 asaresult of the
low water temperatures and low oxygen concentrations caused by upwelling monimolimnetic water
(Jlison, Dana, Romero, and Melack 1991). On the other hand, the upwelling water was rich in
ammonium, so nutrient and a gae concentrationsin 1989 were high (Figures 3E-10 and 3E-11). Thereis
no evidence that the dkali fly population experienced unusuadly high mortdity in 1989, but mortdity of the
akai fly may have escaped detection because the population was not sampled in early 1989.

Littoral Zone Productivity

The surface area of the benthic-littoral zone of Mono Lake has declined with the reduction in lake
surface area, but the amount of high-quaity hard substrate habitat for the alkai fly has probably increased
because the fdl in lake leve has brought more tufa and pumice into the near-surface water layer
(Figure 3E-8). In 1989, when the lake level was about 6,376 feet, there was about 523 acres of hard
substrateinthetop 10 feet of lake (Table 3E-2). Althoughthisareaislarge compared to that at most other
lake levels, the hard substrate area would be even larger if the lakelevel were5 or 10 feet higher. Ashas
been described, however, available substrate is only one of anumber of factors potentidly affecting akdi
fly production that may be affected by lakelevel changes. A complete analysisof the effect of lake surface
elevation on amount of usable subdtrate is presented in Appendix L, "Alkali Fly Productivity Modd™, and
in the impact section of this chapter.

Edtimates of akdi fly productivity are not available for the August 1989 point of reference, but
dengties can be estimated for August 1988 and August 1991 from information provided in Little et d.
(1989) and Herbst (1992) (Table 3E-3). Mono Lake was meromictic in 1988 and was monomictic in
1991. Edtimates of densties of pupae in August were Smilar inthetwo studies. In both years, the pupae
occupied hard substrates dmost exclusively.

Edtimates of larval density were consistently higher in the 1991 study than in the 1988 study
(Table 3E-3). Thedifferencesin estimates between the sudies may reflect red differencesin dengties of
akdi fly between 1988 and 1991 or may reflect differencesin how the two studies were conducted. For
ingtance, the density estimates for soft substrates, which were higher by an order of magnitude or morein
the 1991 study, in part reflect differences in sampling. As noted above, Herbst (1992) sampled soft
substrates only in areas where tufa was abundant, wheress Little et . (1989) sampled soft substrates
without regard to the distribution of tufa. Little et a. (1989) found that dengities on soft substrates were
ggnificantly higher a gations in tufarrich areas than a sations far removed from tufa.
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Pelagic Zone Productivity

Density of Mono Lake brine shrimp adults was about 70,000 individuals per square meter in
August 1989 and reached more than 90,000 per square meter in September 1989 (Figure 3E-13). These
denstieswerethe highest that the popul ation had achieved since 1982 (Figure 3E-12). On the other hand,
dengtiesin the spring of 1989 were unusudly low (Figure 3E-12). Densties of nauplii and juvenilesaso
werevery low inthespring (Figure 3E-13). Mixing of monimolimnetic water produced unusudly low water
temperatures and low oxygen concentrations in spring 1989 that caused high mortdity of brine shrimp
nauplii (Jellison et a. 1990).

The low abundances of brine shrimp in pring and the high abundancesin autumn resulted from the
breakdown of meromixis at the end of 1988 (Jdllison, Dana, Romero, and Mdack 1991). High autumn
abundances resulted from good feeding conditions because the degp mixing replenished anmonium in the
epilimnion(Figure 3E-10), stimulating growth of dgae, and because grazing pressure on the algae was low
during spring and early summer.

Because conditions in 1989 were so unusua, abundances of brine shrimpin 1989 were compared
with abundances in 1988, a meromictic year, and 1990, a monomictic year (Figures 3E-13, 3E-14, and
3E-15). In August 1988, dendty of adults was about 35,000 individuas per square meter, but in June
1988 the density reached over 70,000 per square meter. In August 1990, density was between 30,000
and 35,000 per square meter, which was the peak abundance for the year.

The breskdown of meromixisin Mono Lake in the autumn of 1988 produced unusua conditions
in 1989, leading to very low abundances of brine shrimp in oring and very high abundances in autumn.
For the year as awhole, however, abundance of the brine shrimp population in 1989 gppears not to have
differed greetly from abundancesin other recent years (Figure 3E-12).

IMPACT ASSESSMENT METHODOL OGY

Impact Prediction Methodology

Alkali Fly Productivity Model

Introduction. Theeffectsof theaternativesondkali fly productionin Mono Lake were assessed
based on results of the field and laboratory studies described above under "Environmenta Setting” and in
Appendix |. These studies suggest that the most important effects of different lake levels are changesin
dinity and areaof high-quality habitat (effective habitat area); therefore, this assessment focused on these
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impacts. Temperature, which controls seasond patterns of dkai fly biomass and production, also was
considered.

The dkdi fly productivity mode, described in detail in Appendix L, predictsthe effects of various
lake surface eevations on the adkdi fly population a Mono Lake. Usng available lake bathymetry and
akali fly fidd and experimentd datafor modd input and cdibration, this population model estimates the
relative seasond abundance of dkdi fly aguatic lifestages for various lake levels. The modd estimates
monthly akali fly average biomass and cumulative production at environmental conditions corresponding
to lake eevations from 6,350 to 6,420 feet. The modd adso smulates effects of sdinity and effective
habitat surface area of different lake levels on the dkai fly population. Sdlinity influences mean dengty,
biomass, and production per unit area of substrate; effective habitat surface area affects |akewide tota
biomass and production.

Figure 3E-16 presents adiagram of the akali fly assessment modd caculations and indicates the
necessary input dataand assumptions. Figure 3E-17 showsthelocationsof sampling stationstheat provided
dengty dataused in the moddl. The modd computes daily mean dendty of individuas per unit area of
avalable high-qudity hard subgtrate for each dkadli fly lifestage. These dendties are then gpplied for each
lake levation to the effective habitat areathat reflectsthe rdative vaue of hard and soft substrates and the
decrease in habitat usability with depth. Depth-weighting for both hard and soft substrates is based on
empirica egquations developed from sample counts at various depths.  Soft substrate areas are weighted
at 5% or 10% (depending on distance from hard substrate) of their actuad areas because mean fly dengties
observed on soft substrates are much lower than on hard substrates. No alowanceis madefor the effects
of submerged vegetation. An important assumption of the modd is thet the rdative densities of dkdi fly
on hard and soft subgtrates do not change with changesin lake level. The vdidity of this assumption is
unknown.

The modd calculates mean daily density, biomass, and production for the May 1 and October 31
growing season. The 1991 field data were collected during this period; temperatures are too cold for
ggnificant growth in other months.

EggPattern. Themodd estimatesof egg density on high-qudity hard substratesusean empiricaly
derived rel ationship with temperature that closely matchesthe observed average hard substrate egg density
pattern during 1991. The number of eggs hatching each day to becomefirg ingarsis determined from the
egg dengty divided by the egg development time multiplied by percent hatching success. Egg hatching
successisassumed to decreaselinearly with increasing sdinity. Themode assumesthat adult denstiesand
fecundity are not affected by sdinity; thus, the same empirica egg pattern is used for dl lake levels.

Development Time. Deveopment times of dkdi fly in the mode depend on temperature and
sdinity (Appendix L). Dally temperatures are used to estimate development times for each lifestage, and
development isconsidered to halt at temperatures below 10°C. Above10°C, development time decreases
with temperatures. At 20°C, development timesare assumed to be 3 daysfor eggs, 4 daysfor first ingars,
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7 daysfor second ingars, 15 daysfor third ingtars, and 15 days for pupae. Development timesfor larva
indarsare assumed to lengthen with increasing sdinity, whereas devel opment timesfor eggsand pupae are
assumed to be unaffected by sdinity.

Density Estimates. Dally first ingar dendty is caculated as the previous day's dengty, plusthe
eggs that hatch, minus the firgt indars that develop into second ingtars, and minus the first indars logt to
mortdity. Aninitid firs instar density was obtained from selected field data on April 31. Second, third,
and pupa dengties are caculated smilarly. Actua data are unavailable, but mortality is assumed to
increase from 1% per day a 50 g/l sdinity to 10% per day a 150 g/l dinity for thelarval lifestages. Pupd
mortdity is not affected by salinity and for modeling purposes is assumed to be 0% for all sdinities.
Temperature does not affect mortaity ratesin the model.

Biomass Estimates. Dally biomass for each lifestage is estimated as the product of population
density (individua s per square meter) and the estimated mean dry weight of thet lifestage. Themeanweight
of larvae was assumed to be 50% of the weight of the fully developed life stage. Pupa weight was
assumed congtant. No direct measurements of biomass from the 1991 field data exist for cdibration of
daily modeled biomass.

Production Estimates. Production at each life stage is estimated as the product of the mean
weight of the fully developed life stage and the development rate of that life tage. The production usable
by foraging birds is estimated from third instar production. The modd caculates the seasond tota
production for each lake level by summing daily production values.

The modd estimatesthe proportion of third instar population that remains attached to the substrate
as pupae and thefraction that islost from the substrate to become open water drift or iswindrowed ashore.
The modd specifies separate lossfractions for hard substrate (10%) and soft substrate (90%). The great
mgority of didodged third ingtarsand pupae are blown ashore aswindrows; an unknown fraction becomes
drift available to water birds.

Brine Shrimp Productivity Mode

Introduction. Assessing effects of the dternatives on production of Mono Lake brine shrimp is
based on results of the field and laboratory studies described above under "Environmenta Setting” and in
Appendix J. These studies suggest that the most important effects of different lake levels are changesin
food production (planktonic agee), sdinity, and tota habitat area (lake surface areq); therefore, this
assessment focused on theseimpacts. Temperature and dissolved oxygen concentration, factorsimportant
in brine shrimp population dynamics, aso were consdered.

The brine shrimp productivity model predicts the effects of various |ake surface elevations on the
brine shrimp population a& Mono Lake. The modd includes separate physical and biologica limnology
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modes to Smulate temperature, light level, verticd mixing, and sdinity changes and their effects on dgae
and brine shrimp production. A complete description of the brine shrimp productivity modd is presented
in Appendix M, supported by reports from the UC Santa Barbara research group (especidly Jellison,
Dana, Romero, and Melack [1991]). The UC Santa Barbararesearch and assessment modelsarelargely
directed toward understanding possible effects of increasing sdinity; lower sdinity conditionshave not been
asintensvely sudied.

Physical Limnology Model. Verticd temperature, sdinity, and mixing patternsin Mono Lake
were smulated with acomputer modd, Dynamic Reservoir Smulation Modd (DY RESM) (Jdlison, Dana,
Romero, Mdack 1991). DYRESM models the lake as a verticd stack of horizonta layers of uniform
temperature and sdinity (as conductivity). The mode uses mass balance equations to caculate changes
inthevolume, temperature, and salinity of each layer. Thelayersfluctuate verticaly with changesinvolume
caused by inflows, rainfall, and evaporation.

DYRESM smulationsfor each lake level dternative were run for a50-year period beginning with
the point-of -reference eevation of 6,376.3 feet. Inflowsand lakelevd fluctuationssmulatedwith LAAMP
(Jones & Stokes Associates 1993) wereused asinput for the DY RESM modd. Daily meteorologica data
for 1990 were used for al 50 years of smulation.

Simulated years with vertical sdinity differences that perssted through the mixing season were
considered meromictic years. Thefrequency of meromictic years during the 50-year Smulations estimates
the probability of producing meromictic conditions in the lake under each dternative. Conditions during
the period of trandtion from the point of reference to the find equilibrium conditions for each lake leve
dternative were smulated; thus, the smulations estimate the probability of meromixis (meromictic
conditions) under acombination of trangtion and find conditions. The probakility of meromixisunder find
conditions was estimated as the frequency of meromictic years during the finad decade of the DY RESM
gmulatiions. Use of the find decade overestimates the probability of meromixis because the hydrologic
inputs used for the find decade are the actua hydrologic conditions that produced the long meromictic
period of the 1980s.

The DYRESM modd dgorithms are described in the model documentation (Imberger and
Patterson 1981), the UC Santa Barbara gpplication to Mono Lake (Jellison et d. 1991; Dana, Jellison,
Romero, and Melack 1992), and Appendix M.

Biological Limnology Model. The biologicd limnology modd contains two linked submodes:
anitrogen submode that smulates the movement of nitrogen in Mono Lake and abrine shrimp submode
that amulates brine shrimp population dynamics (Appendix M). The biologicd mode smulated only 1
year, representing the find condition of each lake leve dterndtive, but the year was smulated for both
monomictic and meromictic conditions. The DYRESM find decade results were then consulted to
determine whether monomixis or meromixiswould be more likely under thefina equilibrium conditionsfor
that dternative.
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Nitrogen Balance Submodel. The nitrogen baance submode smulates nitrogen
movement among pools representing the sediments, the hypolimnion, the epilimnion, the planktonic algee,
and the brine shrimp population (Figure 3E-18). Nitrogen in the hypolimnetic and epilimnetic poalsis
present dmogt entirdly asammonium (NH, "), whilethat in the algae and brine shrimp isbound up in tissues,
feces, or other particulateforms. Only theammonium nitrogen, whichisdissolved, isimmediady available
to agae (see Appendix M, Table M-2, for nitrogen [N] equivaence formulas).

The submode assumes a congtant aredl rate of ammonium release from the sediments. When
Mono Lake is holomictic (not dretified), the released ammonium moves directly into the combined
epilimnetic and hypolimnetic pool. When the lakeis dratified, the ammonium is added to the hypolimnetic
and epilimnetic pools separately, based on the area of sediments within each layer. Verticd movement of
ammonium between the hypolimnion and epilimnion is modeed by moving dabs of water with the
ammonium they contain back and forth between the water layers as the epilimnetic depth changes.
Movement of nitrogen from ammonium to the dgae (nitrogen assmilation) is modeled as a photosynthetic
growth process. The submodel assumes agd growth rate is regulated by temperature, light, ammonium
concentration, and sdinity in the epilimnion.

Nitrogenisremoved from the dgdl pool through grazing by brine shrimp and by sedimentation (the
settling of dgee out of the epilimnion). The maximum grazing rate of a brine shrimp is dependent on its
weight and the water temperature. When the grazing rate is below maximum (because dgd biomassis
bel ow the upper limit), therateis dependent on dgal biomass, aswell asthe weight class and temperature.
Tota daily transfer of nitrogen fromtheadgd pool to the brine shrimp pool isthe sum over dl weight classes
of the weight class grazing rate times the number of brine shrimp in the weight class.

Nitrogen leaves the brine shrimp pool by excretion, defecation, cyst production, and mortality.
Excreted nitrogen (ammonium) is immediately available for reuse by the agae, but the other processes
result in particulate nitrogen that settles to the lake bottom. Nitrogen excretion and defecation rates are
assumed equal to that portion of nitrogen from ingested dgae not used for growth or production of cysts
or nauplii (i.e.,, grazing minus production).

Brine Shrimp Submoded. Thebrineshrimp submodd smulateshatching of cysts, grazing,
growth, development, naupliar production, cyst production, excretion, defecation, and mortality of a
population of brine shrimp (Jellison, Melack, Dana 1992). Growth of the brine shrimp is modeled by
incrementing their weight by afixed proportion (growth efficiency) of the weight of the grazed dgee (i.e,
that not lost to feces and excretion). Grazing and growth are computed in terms of nitrogen content (i.e,
weight of nitrogen consumed and nitrogen weight added to body tissue). The model assumes no growth
occursin the adult stage and that, for ovigerous femaes, a fixed proportion (reproductive efficiency) of
grazed dgee is devoted to production of nauplii (ovoviviparity) or cysts (oviparity). Division of the total
number of nauplii and cysts produced depends on the time of year, water temperature, gal biomass, and
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the number of broods previoudy produced. Theinitid Sze of the brine shrimp population isheld congtant
to smplify comparisons of the different lake levels.

Brine shrimp mortdity was modeled by removing from the population each day a proportion
(mortdity rate) of the individuds in each age class. Separate mortdity rates were estimated for nauplii,
juveniles, and adults.

The effect of sdinity on the brine shrimp population isincorporated into the submode by adjusting
modd parameters. Growth efficiency, reproductive efficiency, percent ovigerity (i.e., percent ovigerous
females), cyst hatching success, and maximum rate of dga growth increaseinthemodel assdinity declines,
whereas mortdity of juveniles and adults, the peak day of cysts hatching, and percent ovoviviparity (i.e,
percent of broods containing nauplii rather than cysts) decrease. All the changes in model parameters,
except percent ovoviviparity, cause higher brine shrimp production at lower sdinities. However, the
ovoviviparity results are suspect because percent ovoviviparity in the bioassays was consstently much
lower than from field observations (Jdllison, Melack, Dana 1992).

Because of trophic interactions, brine shrimp productivity would probably be much less affected
by sdinity increases than the direct effects of sdinity on the brine shrimp suggest. For instance, because
brine shrimp are food limited much of the year, reductions in brine shrimp growth efficiency because of
higher sdinity would mean more ammonium excretion and aga growth, thereby alowing higher brine
dhrimp grazing and growth rates. The effects of sdinity cannot be properly understood in isolation from
the other factors that affect brine shrimp production.

Factors Not Included in the Modds

Competition and Predation. One possible impact on the dkdi fly and brine shrimp that could
not be smulated is competition or predation from new species invading Mono Lake at lower sdinities.
David Mason (1967) found rotifersin Mono Lake between 1959 and 1963 when the sdinity was about
62 to 70 g/l, but numbers were generally too low to affect the brine shrimp population. Danaet d. 1992
specul ate that the brine shrimp popul ation could experience competition and predation in Mono Lake only
at sdinities below about 50 g/l. At prediverson sdinities, which were about 50 g¢/l, predation and
competition would probably not have had much effect on akali fly productivity (Herbst pers. comm.).

Submer gedV egetation. Lakeshoresubmerged vegetation may beimportant habitat for theakali
fly. Normal fluctuaionsin lake level cause periodic flooding of shoreline vegetation and may persist under
water for up to 10 years and support high dendties of akadi larvae and pupae (Herbst 1990a, 1990b).
Submerged vegetation is likely to be a less important habitet at low lake levels than at high lake levels
because dkdinity of most near-lake soils a low lake levelsis too high to sustain plants, while salt grasses
and other plants are relaively abundant at higher devations. The dkdi fly productivity model does not
incorporate submerged vegetation into effective habitat area because too little is known about its
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importance; consequently the existing modd may underestimate productivity at the higher lake leve
dternatives.

Changesin RelativeValueof Substrate Typeswith LakeL evel. Asnoted earlier, thedkdi
fly model assumesthat densities of alkali fly on soft substrates are 5% or 10% (depending on distance from
hard substrate) of estimated dendities on hard substrates. Although processes may exist that would lead
to changesinreative dengtiesof dkdi fly on hard and soft substrateswith changesin lakelevd, the overdl
effect of these processes cannot be quantified. Therefore, the model assumes that the relative dengties
reman congtant for dl dternative lake levels. If, however, rdative dendty on soft substrate increases at
higher lake levels, then the modd underestimates dkdi fly productivity a higher lake levels.

Vertical Mixing Regime. Thedkdi fly modd does not consider the vertica mixing regime of
Mono Lake (monomixis versus meromixis), but the mixing regime probably has much lessinfluence on the
littoral zone than on the pelagic zone and therefore is unlikely to sgnificantly affect akai fly productivity.

Deter mination of Point-of-Reference and Prediverson Conditions

Point-of-Refer ence Condition. Model smulationsof the point-of-reference scenario were used
to describe point-of -reference conditions for thedkadi fly and the brine shrimp populaions. Thesmulated
point-of-reference va ues were derived in the same way that predictionsfor the dternatives were derived
and therefore provide relatively consgstent comparisons. Recent field dataare presumably more accurate,
but were unavailable for 1989 and would provide less consstency if used as point-of-reference conditions
and compared to model smulation results.

The smulations of thedkadi fly productivity modd, the physical limnology modd (DY RESM), and
biologica limnology modd for brine shrimp productivity used different e ements of the point of reference.
DY RESM used streamflowsat the point of reference, whiletheakdi fly modd and thebiologica limnology
modd used the lake level at the point of reference (6,376 feet).

DYRESM smulations of the first 50 years follow the LAAMP smulated surface devations and
releasesto Mono Lake shown in Chapter 2 for the point of reference. These DY RESM smulations of the
point-of-reference streamflowsindicate that about 20 of the next 50 years would be meromictic, including
al years of thefind decade. However, the DY RESM simulation for the 6,377-Ft Alternative, which has
atarget lakelevd only 1 foot higher than the point-of-reference lake level, indicates that only 1 year of the
find decadeis meromictic (Figure 3E-19). Thefind equilibrium conditionssmulated by DY RESM for the
6,377-Ft Alternative were considered more representative of the point-of-reference lake level conditions
thanthefina equilibrium conditions of the point-of-reference smulations, and the probability of meromixis
at the point-of-referencelake level was consdered low. Therefore, predictionsfor the brine shrimp impact
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assessment variables under the different lake level dternatives were compared with point-of-reference
vaues that assumed monomictic conditions. The dkdli fly impact assessment variables were not affected
by the mixing regime (i.e, MONOMIXiS VErsus meromixis).

Alkali Fly. The akdi fly modd smulation of point-of-reference conditions generaly
matches observed conditions fairly closdy. Simulated and observed values are close for density of eggs,
firgt and third ingtar larvae, and pupae (Appendix L, FiguresL-23, L-24, L-26, and L-27). Thematchis
not as good for second ingtar larvae and drift (Appendix L, Figures L-25 and L-28).

Brine Shrimp. Simulationsof the brineshrimp mode for alake surface devation of 6,375
feet, just 1 foot less than the point-of-reference lake elevation, were also used to describe point-of-
reference conditions in the brine shrimp impact analyses. The smulated point-of-reference va ues were
determined for both monomictic and meromictic conditions; each variable thus hastwo point-of-reference
vaues. However, as noted earlier, monomictic conditions were considered to be more representative of
typicd point-of-reference conditions than meromictic conditions, and predictions for the different
dternatives were compared only with the point-of-reference values for monomictic conditions.
Comparisons with the point-of-reference vaues for meromictic conditions can be made by consulting
Table 3E-4 and Figures 3E-20 through 3E-22. The match between the simulated point-of -referenceva ues
and means of estimatesderived from field datafor meromictic (1983-1988) and monomictic (1989-1990)
yearsis poor in some cases (see Appendix M).

Prediverson Condition. Prediverson conditions in Mono Lake are largely unknown, so
cumuldive impact assessments are necessarily speculative.  Simulation results for the No-Diversion
Alternative should most closdy match prediversion conditions. The DY RESM smulationsindicated that
the probability of meromixisisvery low under find equilibrium conditions above 6,390 feet (Figure 3E-19),
and monomictic conditions were assumed at the prediverson lake leve for the cumulative impact
asessment. DY RESM smulations were not actudly made for the prediversion conditions.

Alkali Fly. Theakali fly mode resultsfor the No-Diverson Alternative (6,420 feet lake
level) should most closely match prediverson conditions. These results, however, show a substantial
decrease in productivity from the point-of-reference level, contradicting many historical accounts of very
high prediversion abundances of akali flies (see "Prediverson Conditions' section). This difference could
not beresolved, but the smulation results should beinterpreted cautioudy, particularly when projecting well
beyond observed conditions, because potentialy important factors (e.g., submerged vegetation habitat
area) that may be missing from the mode could lead to substantial prediction errors.

Brine Shrimp. The No-Diverson and 6,410-Ft Alternatives, which presumably would
most closely match prediversion conditions, were not smulated with the biologica modd. Therefore,
samulation results for the 6,390-Ft Alternative, the highest |ake level smulated, were used as a proxy for
the prediverson conditions. Representing prediversion conditions with the 6,390-Ft Alternative probably
underestimates the cumulative impacts of most dternatives because brine shrimp and cyst production are
presumed to increase at lake levels above 6,390 feet (see impacts and mitigation measures for 6,410-Ft
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and No-Diverson Alternatives). Furthermore, cumulative impacts of the 6,390-Ft, 6,410-Ft, and No-
Diverson Alternatives cannot be estimated, but it is assumed that they would be less than sgnificant.

Criteriafor Determining Impact Significance

Severd impact assessment variables were selected to evaluate the impact of lake levels changes
on the dkali fly and brine shrimp populations, particularly as they affect feeding conditions for birds.
Criteriafor determining impact sgnificance for each variable are discussed below.

Project Impacts

Alkali Fly. Variablessdected to eva uate predicted changesinthe overdl abundance of dkdi flies
and their availability to birdswerelakewidetotal annual (May-October) production of pupeating third instar
larvae (MT/lake), ared mean drift (didodged third instar larvae) density (ind/n), and lakewidetotal annual
production of drift (MT/lake). Actua drift densities are expected to be about 10 times smaller than
predicted drift esimates. Alternativeswere congdered to have significant effectsif third indar larvae, drift
production, or drift dengity ispredicted to differ by morethan 10% from point-of-reference estimates. This
was consdered to be the threshold for measurement of differencesin these dkdi fly productivity variables.

Brine Shrimp. Brine shrimp biomassdensity (mg N/nm?), areal mean (g N/n?) and lakewide total
annud brine shrimp production (MT N/lake), and ared mean and lakewidetotd cyst production (numbers
of cysts) were used to evauate effects of aternatives on brine shrimp availability to birds. Brine shrimp
biomass and production directly estimate feeding conditionsfor birds, whereas cyst production affectsthe
long-term surviva potentia of the brine shrimp population. The biomass dengity of brine shrimp is useful
for analyzing bird food availability because food density, not smply tota amount of food, may beimportant
for birdsfeeding on smdl prey such asbrine shrimp. Birdsmust expend more energy feeding onsmal prey
that are widely dispersed.

Annud brine shrimp production determines the capacity of the pelagic zone to support bird
populations because production represents not Smply the amount (biomass) of food present, but aso the
rate at which thefood isproduced. Area mean production estimatesindicate how much food is produced
each year in agiven area, and the lakewide totals indicate how much food is produced each year in the
entirelake. The lakewide totas reflect effects of dternatives on the total surface area of habitet available
and the effects on food dengty, sdinity, nitrogen cycling, and other factors, while the ared means reflect
the effects on food dengty, sdinity, nitrogen cycdling, and other factors only. Annua production estimates
are expressed in terms of nitrogen to facilitate comparisons with ammonium concentrations and primary
production. Annua cyst production represents the maximum potentid Sze of the following year's
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population. Conversion to dry weight of biomass can be made by assuming nitrogen is about 7% of
biomass (Appendix M).

Determining impact significance for brine shrimp is difficult because dmost nothing isknown about
how declinesin the brine shrimp population might threeten the population's surviva or how changesin brine
shrimp dengity, biomass, or production may affect bird populations using shrimp asfood. For determining
sgnificance, the range of vaues in the 1983-1988 biological mode smulation (Table 3E-5) was used to
represent naturd variability of the variables during meromictic point-of-reference conditions and the range
of vauesin the 1989-1990 s mul ation was used to represent naturd variability during monomictic point-of-
reference conditions. However, 1989-1990 istoo short aperiod to estimate variability reliably, so natural
variability for monomictic conditions was estimated as the range of vaues during meromictic conditions
scaled to the value of the monomictic point of reference (i.e., monomictic range = meromictic rangetimes
[monomictic point of reference divided by meromictic point of reference]). Naturd variability for lakewide
totd's (monomictic and meromictic) was estimated as the range of the areal means scaed to the point-of-
reference values for lakewide totals.

For the impact analyses, predicted values of the impact assessment variables for lake leve
aternatives that exceeded point-of-reference values by more than 25% of the estimated range of naturd
variabilitywere cond deredto represent sgnificant beneficia effects; thosethat fell below point-of-reference
vauesby more than 25% of the range were considered to represent significant adverseimpacts. Predicted
vauesthat were within 25% of the estimated range were determined to have no significant effect (termed
"point-of-reference range for no impacts’). Point-of-reference ranges for no impact for the impact
assessment variables were used to evauate impacts of the dternatives (Table 3E-4). Point-of-reference
edimates for monomictic conditions were used for impact assessments, but estimates for meromictic
conditions are also presented (Table 3E-4, Figures 3E-20 through 3E-22) because, as noted earlier, the
point-of-reference equilibrium lake leve condition has an estimated 10% probability of meromictic
conditions.

Sgnificant impactson dkali fly arejudged based on 10% change from the point-of -reference mean
esimate, while impacts on brine shrimp are judged based on 25% of the estimated naturd variation.

Cumulative | mpacts

Alkali Fly. Andternaivelakelevel wasconsdered to have asgnificant adverseimpact on dkai
fly if the value of any of the dkdi fly impact assessment varidbles (Iakewide totd third indar annua
production, areal mean drift density, and lakewidetotal annual drift production) was morethan 10% below
the projected No-Diversion Alternative vaue.

Brine Shrimp. The impact assessment criteria used for determining significance of cumulative
impacts are the same as those used for the point-of -reference impacts (brine shrimp biomass, mean ared
annuad production, total lakewideannua production, mean aredl annua cyst production, and lakewidetota

Mono Basin EIR Ch 3E. Aguatic Productivity of Mono Lake
546\CH3E 3E-27 May 1993



annua cys production), but the no-impact ranges of naturd variation between years were scaed to the
estimated prediversion values (6,390-Ft Alternative) (Table 3E-4).

SUMMARY COMPARISON OF THE IMPACTSAND
BENEFITSOF THE ALTERNATIVE

Effects of the dternatives on the dkdi fly and brine shrimp populations are listed below and in
Tables 3E-6 and 3E-7. Impacts on and benefits to akali fly are based on predicted changes in annua
production of third ingtar larvae, and annua production and dengty of drift (didodged third ingtar larvae),
while impacts on and benefitsto brine shrimp are based on predicted changesin brine shrimp biomassand
annua production of brine shrimp and cydts.

OVERVIEW OF MODEL PREDICTIONS

Alkali Fly Effects

Alkdli fly impact assessment results are summarized in Table 3E-8. Predicted monthly and annua
(May-October) lakewide dkai fly production estimatesfor third ingtar larvae and drift over arange of lake
levels (6,350-6,420 feet) are shown in Figures 3E-23 and 3E-24. Production is minimized at the lowest
evauated lake level because of high sdinity and reduced habitat aaea  Maximum vaues occur a
intermediate lake eevations of 6,380-6,390 feet where the effective habitat areais greatest and sdinity is
decreased. At higher devations, sdinity impactsarefurther reduced, but the effective habitat dsoissmaller
and drift dendity and productivity decline. Asnoted earlier, effective habitat may be underestimated at the
higher devations because submerged vegetation is not modeled and because relative densities of dkdi fly
on hard and soft substrates may change with changes in lake eevation.

The effects of changing sdinity within the evauated eevation range of 6,350 feet (147 ¢/l sdinity)
to 6,420 feet (46.5 g/l Ainity) without the influence of effective habitat area are indicated by changesin
areal mean density and production estimates. Third instar densitiesincreased from 8,000 to 60,000 ind/n?
as sdinity decreased from 147 to 46.5 g/l, primarily due to reduced mortdities. Pupating third instar
productivity increased from 1.6 to 9 g/n?/day within the identical range of salinities, due to increased
dengities, decreased development times, and higher mean weights.

To evduate the effects of changing effective habitat area without smultaneoudy affecting sdinity,
the assessment mode was run for the evauated devation range with sdinity fixed at 46.5 g/l (the lowest
<inity within the range of evaluated eevations). Tota production of pupating third ingtars reached a
maximum of 2,700 M T/lakein the elevation range of 6,375-6,395 feet, which istwicethat produced when
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sdinity effects are incorporated (Figure 3E-23). At higher |ake eevations, habitat-influenced production
approaches|levels shown in Figure 3E-23 (700 M T/lake at 6,420 feet eevation) because the actud sdinity
gpproaches the modeed congtant sdinity of 46.5 g/l. At lower evations when sdinity is highest a 147
g/, habitat-influenced production (900 MT/lake at 6,350 feet eevation) is more than six times the
production anticipated when sdinity impacts are included. Drift production follows a amilar pattern to
production of pupating third ingtars, with 90% on soft substrate and 10% on hard substrate assumed to
become drift.

Brine Shrimp Effects

Table 3E-9 summarizes predicted vauesfor severa brineshrimp variablesat different Mono Lake
surface devations. The lowest lake level, 6,360 feet, corresponds approximately to the lake level under
the No-Redtriction Alternative, and the highest lake level, 6,390 feet, is lower than the 6,410-F and
No-DiversonAlternaives. The predictionsarederived from 1-year Smulationsof thebiologica limnology
moded using 1984 and 1990 observed daily temperature and salinity profiles as inputs to represent
meromictic and monomictic conditions, respectively.

Areal primary production (i.e., primary production per unit areaof thelake) would vary littleamong
the different lake levels, regardless of whether monomictic or meromictic conditions are assumed, but total
lakewide production would increase 50% from the lowest (6,360 feet) to highest (6,390 feet) smulated
lake levels. Totd lakewide primary production would probably continue to increase a higher lake levels.
Theseincreases of tota production largely reflect the increased habitat area available a higher lakeleves.
Predicted primary production was much lower for meromictic conditions than for monomictic conditions.
This difference may result more from the particular years 1984 and 1990 having been selected for input
data than from any consstent difference in primary production attributable to the mixing regime.

Predicted brine shrimp production differed greetly among lake levels on both an ared and totd
lakewidebasis(Table 3E-9). The predictionsfor monomictic and meromictic conditionsdiffered muchless
than did the primary production predictions.

Three mgor factors would affect brine shrimp production at the dternative lake levels  nitrogen
avalability for growth of dgae, sdinity, and lake surface area. Lake surface areaand dinity arerdaively
condtant a agiven lake levd, while nitrogen availability ishighly varidole. Therefore, a agivenlakelevd,
sdinity and lake surface area limit maximum rates of agae and brine shrimp production, but nitrogen
availability determines the redized rates within these limits
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Nitrogen Availability and Mixing Regime I mpacts

M odel smulationsof annua growth patternsof agaeinameromictic year (1984) and amonomictic
year (1990) demondtrate the importance of nitrogen availability (Figure 3E-25). The smulations show
potentiad growth rates of agae as controlled by temperature aone, light level done, and epilimnetic
dissolved nitrogen (ammonium) concentration alone.  Temperature variations aone would produce a
threefold to fivefold increasein adga growth rate fromwinter to summer. However, the growth ratesbased
ontemperaturewerenever redized because, a dl times, light level or ammonium concentration held growth
rates below those determined by temperature done. In 1984, ammonium concentrations limited growth
a dl times except during summer, when the brine shrimp excrete large amounts of ammonium. 1n 1990,
light conditions limited growth in winter, early spring, and perhaps in late summer, but ammonium
concentrations limited growth most of the year. These patterns of growth limitation are consistent with
findings of other research conducted a Mono Lake (Jellison, Dana, Romero, Melack 1991; Jdllison and
Melack 1992).

The UC Santa Barbarafidd studies found that year-to-year variations in epilimnetic ammonium
concentrations in Mono Lake were strongly influenced by the verticad mixing regime (i.e,, whether thelake
was monomictic or meromictic) (Jelison, Dana, Romero, and Meack 1991; Jdllison, Dana, and Mdack
1991). Much less of the ammonium released from the sediments reached the mixed layer early in the
1983-1988 meromictic period than during monomictic years because the chemocline limits anmonium
transport. However, as ammonium concentrations in the monimolimnion increased and the chemocline
deepened later inthe meromictic period, mixed layer ammonium concentrationsincreased (Figure 3E-10),
leading to increasesin dga biomass (Figure 3E-11). Themost draméticincreasein epilimnetic anmonium
concentration occurred in 1989, following breakdown of meromixis.

Although ammonium availability and dgd production were clearly suppressed immediately after
meromixis became establishedin 1982-1983, devated leve slater inthemeromictic period andimmediady
after meromixisbroke down may have produced long-term averagesthat are no lower than those occurring
under equilibrium monomictic conditions. The fied studies provided no multiyear record of monomictic
conditions with which to test this possibility. Nonethel ess, meromixis does change the nitrogen balance of
Mono Lake, but it may not affect long-term productivity because reduced production early in the
meromictic period may be balanced by devated production late in the period and immediately after
meromixis breaks down.

Meromixis in Mono Lake clearly influenced agd biomass, which was relatively low in 1983
through 1987 and high in 1988 through 1990 (Figure 3E-11), but had little effect on brine shrimp
production. Peak abundances of brine shrimp showed no consistent relationship to presence or absence
of meromixis(Figure 3E-12). Inmost years, ga biomasspeskedin early spring before brine shrimp were
present in sufficient numbers to exploit it effectively, so only a portion of annua primary production
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influenced brine shrimp production. Therefore, effects of meromixis on algae were not necessarily
propagated up the food chain to the brine shrimp population.

Meromixis reduces the proportion of Mono Lake sedimentsthat receive dissolved oxygen during
the winter mixing period and thisfactor, too, could be expected to inhibit brine shrimp production because
brine shrimp cysts do not hatch in anoxic sediments. However, even under meromictic conditions, the
number of cystsin oxygenated sedimentsis more than sufficient to replenish the population.

Many, but not dl, of the effects of meromixis observed in the fidd were successfully smulated by
the computer models. The 1983-1990 smulations (Table 3E-5) successfully smulated year-to-year
increasesin summer epilimnetic anmonium concentrations during meromixis, but falled to smulatethelarge
increase observed in 1989 (Figure 3E-10). Asnoted earlier, the model smulations for 1984 representing
early meromictic conditions overestimated summer epilimnetic ammonium concentrations. Despite these
problems, themodel accurately s mulated brine shrimp biomassfor both 1984 and 1990 and was consistent
withfield observationsinindicating thet mixing regime (i.e., meromixisversusmonomixis) had littleinfluence
on brine shrimp production.

Salinity Impacts

Sdinity in Mono Lake would decrease from about 120 g/l at alakeleve of 6,360 feetto 71 g/l a
6,390 feet. Most of the difference in predicted brine shrimp ared production among the smulated lake
leves (Table 3E-9) reaults from sdinity effects. Sdinity would cause even greater differences if not for
interactions of brine shrimp with the other nitrogen pools(i.e., dgae and ammonium). Predicted ared brine
shrimp production varied morethan 1,000% between lakeleve s of 6,360 and 6,390 feet when smulations
did not include nitrogen exchanges among the brine shrimp, agae, and anmonium (Table 3E-10). When
theseinteractionswereincluded, predicted production increased | essthan 100% between 6,360 and 6,390
feet (Table 3E-9).

The nitrogen interactions ameliorate the influence of sdinity on brine shrimp production by
improving growth conditionsfor the shrimp as production decreases. For example, thereductionin shrimp
production at higher sdinities results partly from reduced growth efficiency (Appendix M). Reduced
growth efficiency increases ammonium excretion per shrimp (because less of the grazed dgeeis used for
growth and more is directed to excretion and defecation), which increases aga production. Reduced
shrimp production reduces grazing, which aso increases dga production.

L ake Surface Area Impacts
The effect ontota primary and brine shrimp production from changesin Mono Lake surface area

was smulated by multiplying the predicted mean ared estimates of production by the projected surface
areas. Because differences in surface area between aternatives were considerable (Table 3E-8), the
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surface area effect was substantia. Totd primary production increased about 50% aslakeleve rosefrom
6,360 feet to 6,390 feet and, as noted earlier, nearly dl this difference was caused by the surface area
effect done (Table 3E-9). Total brine shrimp production increased about 250% between lake levels of
6,360 and 6,390 feet (Table 3E-9), but approximately half of thisincrease was caused by the surface area
effect and half by the salinity effect. At higher lake levels, tota brine shrimp production would probably
continue to increase congderably.

IMPACTSAND MITIGATION MEASURES FOR
THE NO-RESTRICTION ALTERNATIVE

Changesin Resour ce Condition

Long-Term Changes

LAAMP modd results (Jones & Stokes Associates 1993) show that lake levels under the
No-Restriction Alternative would eventudly stabilize at about 6,350 feet, 26 feet below thelakeleve point
of reference. Asaresult, lake surface areawould drop from 40,724 acresto 29,650 acres, and effective
habitat areafor theakali fly would decrease by morethan half from 981 acresto 410 acres. Sdinity would
increase from 90.8 g/l to 147 g/l.

DY RESM smulationsof theNo-Redtriction Alternativewerenot made because UC SantaBarbara
daff determined that the lake sdinity would increase beyond the observed range of vaues so that severd
assumed "equations of state" and the relationship between salinity and conductivity would exceed the
gpplicable range. However, because of increased lake sdinity, it isreasonable to assume that freshwater
inflows would have a strong effect on sdinity dratification and that meromictic events would occur more
frequently and persst for longer periods of time than the point-of-reference smulations indicated.
Therefore, predictions for this dternative assuming meromictic conditions were used to assess impacts.

Alkali Fly Effects. The No-Redtriction Alternative was smulated with theakali fly model based
on alakelevd of 6,350 feet, the dynamic equilibrium lake level predicted for this dternative by LAAMP
(Jones & Stokes Associates 1993).

Third instar |akewide productivity would decrease 84% from 919 metric tons (MT) to 146 MT
(Table 3E-8, Figure 3E-23). Thisreduction is greater than 10% and therefore is consdered a Sgnificant
adverse impact on third ingtar productivity.

Seasonal lakewide drift production would decrease 80% from 409 M T to 82 MT. Drift dengities
would be reduced 66% to 5.6 ind/m? (Table 3E-8, Figure 3E-24). Both reductions are significant adverse

impacts.
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Brine Shrimp Effects. The No-Redriction Alternative was smulated with the biologica
submode by assuming alake leve of 6,360 feet, though the lake would decline to 6,350 feet under this
dternative. Therefore, the 6,360 foot Smulations may underestimate the impacts of this aternative.

Predicted brine shrimp biomass, areal mean production, and |akewide tota production are below
point-of-reference values (Table 3E-9) and are below the point-of-reference ranges for no impacts
(Figures 3E-20 and 3E-21). Predicted areal mean and lakewide tota cyst production for the 6,360-Ft
Alternative are also below the point-of-reference ranges for no impacts (Figure 3E-22). The reductions
in brine shrimp biomass, production, and cyst production are consdered sgnificant adverse impacts
because the predicted vaues are below the point-of -reference ranges for no impacts.

Differences between meromictic and monomictic conditions had little effect on the brine shrimp
(Table 3E-9, Figures 3E-20 and 3E-21) and contributed little to the differences between the predicted
vaues and the point-of-reference range for no impact. The principa cause of the adverse impact of the
6,360-Ft Alternative on the brine shrimp popul ation was increased sdinity, though decreased surface area
aso affected the lakewide totals.

Near-Term Changes

The dkdi fly and brine shrimp modes are designed to eva uate conditions a afixed lake leve and
are not well suited for ng near-term impacts during the period of trangtion to the dternative,
Furthermore, itisdifficult to generdize about near-term impactsbecausethetrangtion tothedternativelake
level would be gradua and continuous. Generaly, near-term conditions for akali fly and brine shrimp are
expected to be intermediate between point-of-reference conditions and find equilibrium conditions under
the No-Redtriction Alternative. Frequency of meromictic events might be somewhat reduced early in the
trangition period because of reduced freshwater inflows but would | ater increase above point-of-reference
vaues.

Drought Effects

Under the No-Redtriction Alternative, adrought would not subgtantidly increase sdinity of Mono
Lake (Chapter 2) and would therefore not reduce dkai fly and brine shrimp production below the levels
predicted for the No-Restriction Alternative. Probability of meromixiswould increase following a period
of drought, but impacts on dkali fly and brine shrimp production from meromixis are uncertain.

Mono Basin EIR Ch 3E. Aguatic Productivity of Mono Lake
546\CH3E 3E-33 May 1993



Summary of Benefitsand Significant | mpacts
and I dentification of Mitigation M easures
(No-Restriction Alternative)

# Sgnificantly decreases lakewide adkali fly production, lakewide drift production, and drift
dengity by 84%, 80%, and 66%, respectively.

Mitigation Measures. Herbst measured dkdi fly dengty on artificia (concrete)
substrates and found dendties smilar to those on tufa (1992). In theory, therefore, impacts of the
No-Redtriction Alternative onthedkali fly population could be mitigated by placing many concrete blocks
inthelittoral zone of thelake. However, this measure would have a substantid adverse visud impact if the
lake level decreased and exposed the blocks (as might occur during drought). Also, the measure would
probably be incompetible with the Mono Basin Nationa Forest Scenic Area Management Plan and be
expengve to implement.

# Sonificantly decreases brine shrimp biomass, area mean and lakewide production, and ared
mean and lakewide cyst production by 40%, 32%, 44%, 52%, and 60%, respectively.

Mitigation M easures. None are available because there are no practical methods to
manage the brine shrimp populaionsin Mono Lake.

IMPACTSAND MITIGATION MEASURESFOR
THE 6,372-FT ALTERNATIVE

Changesin Resour ce Condition

Long-Term Changes

Lakelevelsunder the 6,372-Ft Alternative would reach adynamic equilibrium at about 6,375 feet,
about 1 foot below the point-of-reference eevation. Lakesurfaceares, effectiveakai fly habitat area, and
inity would therefore change only dightly from the point-of-reference condition (Table 3E-8). LAAMP
amulations of lake leve fluctuations under the 6,372-Ft Alternative indicate that the lake level would vary
between 6,372 feet and 6,379 feet.

Meromictic conditions are predicted by DYRESM model for a few years (1956, 1969, and
1982-1986), but the sdinity differences between the surface and bottom layerswererdatively smal (2-8
g/l); the meromictic conditions did not persst for many years. A tota of 6 years (out of 50) are predicted
to be meromictic under the 6,372-Ft Alternative, but 4 of these years would occur in the find decade
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(Figure 3E-19). Because both monomictic and meromictic conditions appear to be likely under this
dternative, predictions were made for both conditions.

Alkali Fly Effects. The6,372-Ft Alternative was smulated with theakai fly mode by assuming
alakeleve of 6,375 feet, the dynamic equilibrium lake level predicted for this dternative by LAAMP.

Third ingtar lakewide productivity would decrease 9%, from 919 MT to 832 MT (Table 3E-8).
This reduction is conddered a less-than-significant impact.

Seasond |akewide drift production would fal 9%, from 409 MT to 373 MT (Table 3E-8). Drift
dendties would decrease 6%, to 15.5 ind/n?. Both reductions are less than 10% and therefore are less
than sgnificant.

Brine Shrimp Effects. Regardlessof whether monomictic or meromictic conditionsare assumed
for thisdternative, the predicted va ues of brine shrimp biomass, ared mean production, and lakewidetota
productionfor the 6,372-Ft Alternativefal within the point-of -referencerangesfor noimpacts (Figures 3E-
20 and 3E-21), and thus impacts on brine shrimp productivity are considered to be less than sgnificant.

Predicted ared mean and lakewidetota brine shrimp cyst production for the 6,372-Ft Alternative
under monomictic conditions are 86% and 79% of the point-of-reference vaues (Table 3E-9) and are
below the point-of-reference ranges for no impacts. The predicted vaues for cyst production under
meromictic conditions are within the no-impact ranges (Figure 3E-22). Under monomictic conditions,
implementation of the 6,372-Ft Alternative would have a Sgnificant adverse impact on cyst production;
under meromictic conditions, implementation would have aless-than-significant impact on cyst production.
However, the point-of-reference ranges for no impacts on cyst production are quite narrow and the
monomictic predictionslie close to the range boundaries (Figure 3E-22), so the Sgnificant adverse impact
predicted under monomictic conditions probably would be rlively minor.

Near-Term Changes
Becausethedifferencein lakelevel betweenthisdternative and the point of referenceisonly 4 fet,
near-term changesare unlikely to have any sgnificant impactsonthedkai fly and brine shrimp populations.

Drought Effects

Under the 6,372-Ft Alternative, drought would have minor effectson theakdi fly and brineshrimp
populations.
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Summary of Benefits and Significant | mpacts
and I dentification of Mitigation M easures
(6,372-Ft Alternative)

# Sgnificantly decreases lakewide and area mean brine shrimp cyst production by 21% and
14%, respectively, during monomictic conditionsthat are estimated to occur about 60% of the
time.

Mitigation Measures. None are available.

IMPACTSAND MITIGATION MEASURESFOR
THE 6,377-FT ALTERNATIVE

Changesin Resource Condition

Long-Term Changes

The lake level dynamic equilibrium for the 6,377-Ft Alterndtive is about 6,380 feet, 4 feet above
the lake level point of reference. Lake surface areawould increase dightly from 40,724 acresto 43,670
acres, and effective dkdi fly habitat areawould increase from 981 acresto 1,173 acres. Thisdternative
has the grestest estimate of effective dkdi fly habitat area. Sdinity would fal from 90.8 g/l to 84.6 gl.
LAAMP smulations of lake leve fluctuations under the 6,377-Ft Alterndtive indicate that the lake level
would vary between 6,377 feet and 6,383 fest.

V ery weak meromictic conditionsaresmulated for afew years, but the sdinity differencesbetween
the surface and bottom layersare so smdl (1-2 g/l) that meromictic conditions do not persist for more than
asgngleyear. A tota of 7 years (out of 50) are Smulated as meromictic under the 6,377-Ft Alternative
(Figure 3E-19). Only 1 year of the fina decade was meromictic, so predictions were examined for
monomictic conditions only.

Alkali Fly Effects. The6,377-Ft Alternative was smulated with theakali fly mode by assuming
alakeleve of 6,380 feet, the dynamic equilibrium lake level predicted for this dternative by LAAMP.

Thirdinstar productivity would increase 32%, from 919 MT at the point of referenceto 1,210 MT
(Table 3E-6). Theseincreases are beneficia effects.

Seasonal lakewide drift production would increase 29%, from 409 MT at the point of reference
to 526 MT. Drift densities would increase 15%, from 16.5 to 19 ind/n?. These increases are beneficial
effects.
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Brine Shrimp Effects. Predicted brine shrimp biomass, ared mean production, and lakewide
total production are about 10% higher than point-of-reference vaues (Table 3E-9) and within point-of-
reference ranges for no impacts (Figures 3E-20 and 3E-21). Sight benefitsto brine shrimp would occur.

Predicted areal mean and lakewide total brine shrimp cyst production are 10% and 14% higher,
respectively, than point-of-reference values (Table 3E-9). Mean cyst production is within the point-of-
reference range for no impacts (Figure 3E-21a), but total cyst production is dightly above the range
(Figure 3E-21b). Implementation of this aternative would benefit |akewide total cyst production.
Near-Term Changes

Because the differencein lake level between this dternative and the point-of-referenceisonly 2-3
feet, near-term changes are unlikely to have any measurable benefits or sgnificant impacts on the dkdi fly
and brine shrimp populations.

Drought Effects
Under the6,377-Ft Alternative, drought might reducethelakelevel to 6,373 feet (Chapter 2). The

effects of drought on akai fly and brine shrimp would therefore probably be dightly adverse under the
6,377-Ft Alternative.

Summary of Benefits and Significant | mpacts
and I dentification of Mitigation M easures
(6,377-Ft Alternative)

# Causes beneficid increases in lakewide akali fly production, lakewide drift production, and
areal mean drift dengity of 32%, 29%, and 15%, respectively.
# Causes beneficid increases in lakewide brine shrimp cyst production of 14%.

IMPACTSAND MITIGATION MEASURES FOR
THE 6,383.5-FT ALTERNATIVE

Changesin Resour ce Condition

Long-Term Changes

The lakeleve dynamic equilibrium for the 6,383.5-Ft Alternativeis about 6,385 feet, 9 feet above
the lake levd point of reference. Lake surface areawould increase dightly from 40,724 acresto 46,310
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acres, and effective dkali fly habitat area would increase from 981 acresto 1,163 acres. Sdinity would
decrease from 90.8 g/l to 77.5 g/l. LAAMP smulations of lake level fluctuations under the 6,383.5-Ft
Alternative indicate that the lake level would risefrom theinitid eevation of 6,376 to 6,383 feet during the
first 6 years, then vary between 6,383 and 6,389 fest.

Weak meromictic conditions are predicted by DY RESM for afew yearswith higher than average
runoff, but the salinity differences between the surface and bottom layers are so smal (2-4 g/l) that
meromictic conditionswould not persist for morethan asingle year, except during theinitid risefrom 6,376
to 6,383 feet. A tota of 9 years (out of 50) are predicted to be meromictic under the 6,383.5-Ft
Alterndtive (Figure 3E-19). Because only 1 year of the find decade was meromictic, predictions were
examined only for monomictic conditions.

Alkali Fly Effects. The 6,383.5-Ft Alternative was smulated with the dkdi fly modd by
assuming a lake leve of 6,385 feet, the dynamic equilibrium lake level predicted for this dternative by
LAAMP.

Third ingtar productivity would increase 47%, from 919 MT to 1,353 MT (Table 3E-8). This
dternative would have a very high lakewide dkdi fly productivity due to alarge effective dkdi fly habitat
area combined with alow dinity.

Seasonal lakewidedrift production would increase 47%, from 409 MT to 601 MT. Drift dengties
would increase 19%, from 16.5t0 19.6 ind/n. Thisdternative hasthe highest drift densities because drift
production is high relative to the lake surface area.

Brine Shrimp Effects. Predicted brine shrimp biomass, ared mean production, and lakewide
total production lie 26%, 12%, and 25%, respectively, above point-of-reference vaues (Table 3E-7).
M ean production iswithin the point-of-reference ranges for no impacts (Figure 3E-21a), but biomassand
total production exceed these ranges for no impacts (Figures 3E-20 and 3E-21b). Lakewide total
production is only dightly abovetherange. The 6,383.5-Ft Alternative would have substantia benefitsto
total brine shrimp production and brine shrimp biomass and would have minor benefits to mean brine
shrimp production. The benefits to tota brine shrimp production are greater than those for mean produc-
tionbecausetotal productionisaffected by both reduced salinity and increased surface area, whereasmean
production is affected by reduced sdinity only.

Predicted areal mean and lakewide totd brine shrimp cyst production are 40% and 58% higher,
respectively, than point-of-reference vaues (Table 3E-9), and both values exceed point-of-reference
ranges for no impacts (Figure 3E-22). The 6,383.5-Ft Alternative would have significant benefits on cyst
production.
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Near-Term Changs

Hooding of grasses and other shordline vegetation during lake filling would temporarily increase
suitable subgtrate for akadi fly larvae and pupae and therefore would probably be asubstantial near-term
benefit.

DYRESM smulations for this dternative predict anearly period of meromixis caused by the high
volume of fresh water entering the lake. Meromixis may be an important near-term impact of this
dternative, but its effects are difficult to assess because the effects of meromixis on productivity are
uncertain. Any impacts of meromixis during the early filling phase for this dternative could be monitored,
and mitigated if necessary, by filling the lake more dowly than presently assumed by LAAMP for this
dterndtive.

Drought Effects

Under the 6,383.5-Ft Alternative, drought might reducethelakelevel to about 6,378 feet (Chapter
2). Theeffectson dkai fly and brine shrimp would therefore probably be smilar to theimpacts predicted
for the 6,377-Ft Alternative. Substantia benefits to dkali fly and drift production and to brine shrimp cyst
production were predicted for the 6,377-Ft Alternative, but the effects were less than predicted for the
6,383.5-Ft Alternative. Therefore, dkdi fly and brine shrimp would still benefit under drought conditions
withthe 6,383.5-Ft Alternative, compared to the point-of-reference, but would not benefit as substantialy
under drought conditions as under normal conditions for the 6,383.5-Ft Alternative.

Summary of Benefits and Significant | mpacts
and I dentification of Mitigation M easures
(6,383.5-Ft Alternative)

# Causesbendficid increasesin lakewide dkdi fly production, lakewide drift production, and
ared mean drift dendty of 47%, 47%, and 19%, respectively.

# Causes beneficia increases in brine shrimp biomass, lakewide production, and mean and
lakewide cyst production of 26%, 25%, 40%, and 58%, respectively.
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IMPACTSAND MITIGATION MEASURES FOR
THE 6,390-FT ALTERNATIVE

Changesin Resour ce Condition

Long-Term Changes

Under the 6,390-Ft Alternative, lakelevel sstabilize at approximately 6,390 feet, 14 feet abovethe
point of reference. Lake surface areawould increase from 40,724 acres to 48,245 acres, and effective
habitat area would increase very dightly from 981 acresto 993 acres. Salinity would decrease from 90.8
glto 71.3 g/ll. LAAMP smulaions of lake levd fluctuations under the 6,390-Ft Alternative indicate that
30 years will berequired for the lakeleve torisefromtheinitid eevation of 6,376t0 6,390 feet. Thelake
level will then fluctuate between 6,389 and 6,385 fet.

Weak meromictic conditions are smulated by DYRESM only for the first few years during the
initid rise from 6,376 feet. The sdinity drops from an initid vaue of about 90 g/l to about 70 g/l, and the
differences between the surface and bottom layers arerdatively smal (2-5 g/l). Only thefirst 6 years (out
of 50) are smulated as meromictic under the 6,390-Ft Alternative (Figure 3E-19). Because dl yearsin
the final decade were monomictic, predictions were examined for monomictic conditions only.

Alkali Fly Effects. Thirdinstar lakewide production wouldincrease46%, from919MT to 1,341
MT (Table 3E-8).

Seasonal lakewide production of drift would increase 55%, from 409 MT to 635 MT. The
6,390-Ft Alternative hasagreeter total drift production than other dternativesbecause of ahighthirdingtar
production in combination with high didodgement rates. Drift densities would increase 15%, from 16.5
to 19 ind/n?.

Brine Shrimp Effects. Predicted brine shrimp biomass, ared mean production, and lakewide
total production lie 45%, 34%, and 49%, respectively, above point-of-reference vaues (Table 3E-9).
Mean production is within the point-of-reference range for no impacts (Figure 3E-214), but biomassand
total production well exceed their ranges (Figures 3E-20 and 3E-21b). Mean production is only dightly
below the upper boundary of the range for no impacts (Figure 3E-21a8). Predicted ared mean and
lakewidetotal brine shrimp cyst production are about twice the point-of -reference val ues (Table 3E-8) and
greetly exceed point-of-reference ranges for no impacts (Figure 3E-22). Substantia benefits to brine
shrimp for this dternative are Smilar to those previoudy described for the 6,383.5-Ft Alternative.
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Near-Term Changes

Mono Basin EIR Ch 3E. Aguatic Productivity of Mono Lake
546\CH3E 3E-41 May 1993



Predicted near-term impacts and mitigation for this dterndtive are the same as those previoudy
described for the 6,383.5-Ft Alternative. Hooding of shoreline vegetation would benefit dkai fly
production. Meromixis during lake filling might affect brine shrimp production.

Drought Effects

Under the 6,390-Ft Alternative, drought might reduce the lake level to about 6,383 feet
(Chapter 2). Subgtantia benefitsto dkali fly and drift production and to brine shrimp cyst production were
predicted for the 6,385.5-Ft Alternative. Therefore, akdi fly and brine shrimp would ill benefit
substantialy under drought conditions with the 6,390-Ft Alternative compared to the point of reference.

Summary of Benefits and Significant | mpacts
and I dentification of Mitigation M easures
(6,390-Ft Alternative)

# Causes bendficid increases in lakewide dkdi fly production, lakewide drift production, and
ared mean drift dendty of 46%, 55%, and 15%, respectively.

# Causes beneficia increases in brine shrimp biomass, lakewide production, and mean and
lakewide cyst production of 45%, 49%, 82%, and 118%, respectively.

IMPACTSAND MITIGATION MEASURESFOR
THE 6,410-FT ALTERNATIVE

Changesin Resour ce Condition

Long-Term Changes

Lake levels under the 6,410-Ft Alternative would eventudly stabilize at about 6,410 feet, 34 feet
above the lake leve point of reference. Lake surface areawould increase from 40,724 acres to 53,534
acres. Effective dkali fly habitat areawould be reduced by more than haf, from 981 acresto 427 acres,
and sainity would decrease from 90.8 g/l to 52.9 g/l. LAAMP smulations of lake level fluctuations under
the 6,410-Ft Alterndtive indicate that 80 years will be required for the lake leve to rise from the initid
elevation of 6,376 to 6,410 feet.

Meromictic conditions are sSmulated by DY RESM for the first 10 yearsduring theinitid risefrom
6,376 feet. The sdinity drops from an initid vaue of about 90 g/l to about 80 g/l, and the differences
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betweenthe surface and bottom layersare moderate (5-10 g/l), amilar to that actualy observed during the
1982-1988 period. Based ontheDY RESM smulationsof the6,390-Ft Alternative, additional meromictic
eventswould be expected for annua inflowsof greater than 150 thousand acre-feet (TAF), which occurred
in 5 years during the second 25 years of the historical 1940-1989 sequence (not smulated with
DYRESM). A totd of perhaps 15 years might be meromictic for the 6,410-Ft Alternative because of the
large and prolonged inflows required to raise the surface elevation of the lake (Figure 3E-19). Meromixis
would be unlikdly &fter find equilibrium conditions were attained.

Alkali Fly Effects. Third instar production would decrease 7%, from 919 MT/lake to 855
MT/lake, because of areduced effective dkali fly habitat area (Table 3E-8). The decreaseis considered
to be less than sgnificant.

Lakewidetotd production of drift would increase 15%, from 409 M T to 470 MT. Drift dengities
would decrease by athird, from 16.5to 11 ind/n?. Theincreasein tota drift production is considered a
subgtantiad benefit, but the decrease in drift dendity, which is greater than 10%, would be consdered a
sgnificant adverse impact, except that modd estimates for the highest lake levels may underestimate
productivity.

Brine Shrimp Effects. No biologicd modd smulations were made for this dternative, but
benefits are assumed to be somewhat greater than those previoudy described for the 6,390-Ft Alternative.
Because predicted ared mean brine shrimp production for the 6,390-Ft Alternative fdls very near the
boundary of the no-impact range (Figure 3E-21a) and would likely be greater at 6,410 feet than at 6,390
feet, it is concluded that the 6,410-Ft Alternative would have a substantial benefit to ared mean brine
shrimp production.

Near-Term Changes

The predicted near-term impacts (flooding shoreline vegetation and meromixis) and mitigation for
this dternative are the same as those previoudy described for the 6,383.5-Ft Alternative.

Drought Effects

Under the 6,410-Ft Alternative, drought might reducethe lakelevel to about 6,400 feet (Chapter
2). Effects of drought under the 6,410-Ft Alternative would generaly be beneficid in comparison to the
point of reference, but probably would be reduced in comparison to norma conditions for the 6,410-Ft
Alternative.

Summary of Benefitsand Significant | mpacts
and Identification of Mitigation M easures
(6,410-Ft Alternative)
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# Causes unknown changesin dkadli fly drift production and drift dengty.

# Causesbeneficia increasesin brine shrimp biomass, lakewide production, and mean and | ake-
wide cyst production.

IMPACTSAND MITIGATION MEASURESFOR
THE NO-DIVERSION ALTERNATIVE

Changesin Resource Condition

Long-Term Changes

Lake leves under the No-Diverson Alternative would eventudly reach a dynamic equilibrium at
about 6,420 feet, 44 feet above point-of-reference elevations. Lake surface areais the most extensive
under thisalternative, increasing 36% from 40,724 acresto 55,534 acres. Effective akdi fly habitat area,
however, is smallest, decreasing from 981 acres to 307 acres under this dternative, because of the
presence of steep rimswith unsuitable habitat. Salinity would decreasefrom 90.8 g/l to 46.5 g/l, the lowest
dinity estimated for any dternative. DYRESM smulations were not made for the No-Diversion
Alternative. Meromictic conditions would be expected during the initid lake rise, which would require 50
yearswith no diversonsto reach eevation 6,410 feet. Meromixiswould be unlikely after fina equilibrium
conditions were attained.

Alkali Fly Effects. The No-Diversgon Alternative was Smulated with the akdi fly modd by
assuming a lake leve of 6,420 feet, the dynamic equilibrium lake level predicted for this dternative by
LAAMP.

Lakewide total third instar productivity would decrease 33%, from 919 MT to 708 MT, due to
areduced effective habitat area (Table 3E-8). This decrease is condgdered a significant adverse impact.

Lakewidetota production of drift would increaseonly 2%, from409MT to 419 MT. Drift densty
would decrease 46%, from 16.5 to 8.9 ind/n?, and would be a significant adverse impact except that
model estimates for the highest lake levels may underestimate productivity.

Brine Shrimp Effects. No biologicd mode smulations were made for the No-Diverson

Alternative, but benefits are assumed to be greater than those predicted for the 6,390-Ft Alternative.

Near-Term Changes
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The predicted near-term impacts (flooded vegetation and meromixis) and mitigation for this
dternative are the same as those previoudy described for the 6,385.5-Ft Alternative.

Drought Effects

Under the No-Diversion Alternative, drought would reduce the lake level to about 6,416 feet
(Chapter 2). Effects of drought under the No-Diversion Alternative would be beneficid for brine shrimp
but uncertain for dkai fly in comparison to the point of reference.

Summary of Benefits and Significant | mpacts
and I dentification of Mitigation M easures
(No-Diversion Alternative)

# Causes unknown changesin dkadi fly drift production and drift dengty.

# Causes beneficid increases in brine shrimp biomass, lakewide production, and mean and
lakewide cyst production.

CUMULATIVE IMPACTSOF THE ALTERNATIVES

Related Impacts of Earlier Stream Diversionsby LADWP

Alkali Fly

Effective Habitat Area and Salinity. Effective habitat surface areaand sainity of Mono Lake
grongly affect dkali fly production. At the prediversion lakelevd, effective dkdi fly habitat areawas only
about 307 acres because inshore areas are steeply doping and include little hard substrate habitat.
However, as noted previoudy, effective habitat area estimates of the dkali fly productivity mode do not
include submerged vegetation, assume congtant relative dendties of dkai fly on hard and soft substrates,
and may therefore underestimate suitable habitat areafor dkali fly at higher lake devations. Prediverson
sdinity was about 46.5 g/l
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Third Instar Productivity. Monthly and seasond third instar |akewide production estimatesfor
the 6,350-6,420 feet range of lake eevations are shown in Figure 3E-23, which dlows direct comparison
between the EIR dternatives and the No-Diverson Alternative. As discussed, the prediversion condition
is unknown.

Drift. Monthly and seasond |akewide drift production estimates for the 6,350-6,420 feet range
of lakeeevationsare shownin Figure 3E-24, which dlowsdirect comparison between the EIR dternatives
and the No-Diverson Alternative. As discussed, the prediversion condition is unknown.

Brine Shrimp

Lake Surface Area, Salinity, and Probability of Meromixis. Surface area and sdinity of
Mono Lake strongly affect brine shrimp production. Based on estimatesfor the No-Diverson Alternative,
the prediversion lakeleve wasabout 6,420 feet, thelake surface areawas about 55,534 acres, and sdinity
was about 46.5 g/l. Surface area decreased about 27% and sdinity increased about twofold asthe lake
leve dropped to the point-of -reference e evation (Table 3E-8). Under the No-Redtriction Alternative, the
lake surface areawould be just over hdf of the prediversion surface areaand sdinity would be more than
three times as high.

Brine Shrimp Biomass and Production. Smulated cumulétive impacts on the brine shrimp
populationwere generdly large because the popul ation was affected by both the increased sdinity and the
decreased lake surface area accompanying the decrease in lake level from the prediverson leve.
However, asnoted in the section, " Criteriafor Determining Impact Significance”, littleis known about how
changesin brine shrimp biomass or production affect bird populationsthat feed on shrimp. The cumulative
impacts were not generdly affected by whether the lake was monomictic or meromictic (Table 3E-9).

Asnoted in the section, " Determination of Point-of-Reference and Prediversion Conditions', brine
grimp model smulations were not run for lake levels above 6,390 feet, so results for the 6,390-Ft
Alternative smulation were used as a proxy for prediverson conditions. Results of smulations for lake
levels below 6,390 feet (Table 3E-9) were cond dered to indicate Sgnificant impactsif thevaluesfell below
the lower bound of the no-impact range for prediversion conditions (i.e., 6,390 feet) (Table 3E-4). Thus,
for example, brine shrimp biomass for all dternatives except the 6,383.5-Ft Alternative were considered
to represent significant impacts because the smulated vaues (Table 3E-9) were below the lower bound
of the prediversion no-impact range for brine shrimp biomass (i.e., 58 mg N/n¥) (Table 3E-4). Estimated
ared and lakewide cyst production of the brine shrimp under dl the dternatives were below prediverson
no-impact ranges and therefore dl the dternatives were consdered to have a sgnificant impact on cyst
production.

Results for tota lakewide production and areal mean production, probably the two brine shrimp
impect variables most directly related to bird production, lead to somewhat inconsstent conclusons
regarding impacts. Totd lakewide production for dl aternatives except the 6,383.5-Ft Alternative were
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below the prediverson no-impact range, while areal mean production was below the prediverson range
under the No-Redtriction Alternative only (compare Tables 3E-4 and 3E-9). This inconsstency
complicates effortsto determine how changesin brine shrimp production affect the bird populaions. Given
that the impact assessment variables other than areal mean brine shrimp production were below prediver-
sion no-impact ranges a most dternatives, and given that cumulative impacts were probably under-
estimated because estimates for the 6,390-Ft Alternative were used to represent prediversion conditions,
dl [akelevd dternativesbe ow the 6,390-Ft Alternative had asignificant cumulativeimpact on brine shrimp
productivity.

Cumulative Adver se Impacts

No-Restriction Alternative

Predicted values of the dkali fly impact assessment variables for the No-Redtriction Alternative
(lakewide totd third ingtar annua production, ared mean drift dengity, and lakewide total annua drift
production) ranged from 37% to 80% below edtimated values for the No-Diverson Alternative
(Table 3E-8). The rdationship to prediverison conditions, however, is unknown.

Predicted va uesof the brine shrimp impact assessment variablesfor theNo-Redriction Alternative
(brine shrimp biomass, areal mean and lakewidetotd brineshrimp production and cystsproduction) ranged
from 46% to 82% below estimated prediverson values. All these predicted vaues were below the
prediversion ranges for no impacts (compare Tables 3E-9 and 3E-4). This dternative is considered to
have a sgnificant cumulative adverse impact on the brine shrimp population.

6,372-Ft Alternative

Predicted values of the dkdi fly impact assessment variables for the 6,372-Ft Alternative ranged
from 11% below to 74% above estimated va ues for the No-Diverson Alternative (Table 3E-8), but the
relationship to prediverson conditions is unknown.

Predicted vaues of the brine shrimp impact assessment variables for the 6,372-Ft Alternative
ranged from 22% to 64% below estimated prediverson vaues, assuming monomictic conditions for the
dternative, and from 30% to 57% below the prediverson vaues, assuming meromictic conditions.
Predicted brine shrimp biomass, brine shrimp lakewide production, cyst area production, and cyst
lakewide production were below the prediversion ranges for no impacts. Predicted brine shrimp aredl
productionwas below the no-impact range for smulations assuming meromictic conditions, but waswithin
the no-impact range for smulations assuming monomictic conditions (compare Tables 3E-9 and 3E-4).
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The 6,372-Ft Alternativeis congdered to have asignificant cumulative adverseimpact on the brine shrimp
population.

6,377-Ft Alternative

Predicted vaues of the dkali fly impact assessment variables for the 6,377-Ft Alternative ranged
from 26% above to more than twice estimated values for the No-Diversion Alternative (Table 3E-8), but
the relationship to the prediversgon condition is unknown.

Predicted vaues of the brine shrimp impact assessment variables for the 6,377-Ft Alternative
ranged from 15% to 48% below estimated prediverson vaues. Predicted brine shrimp biomass, brine
drimp lakewide production, cyst ared production, and cyst lakewide production were below the
prediversion ranges for no impacts, but predicted brine shrimp aredl production was within the no-impact
range (compare Tables 3E-9 and 3E-4). The 6,377-Ft Alternative is considered to have a significant
cumulative adverse impact on the brine shrimp population.

6,383.5-Ft Alternative

Predicted valuesof thedkali fly impact assessment variablesfor the 6,383.5-Ft Alternativeranged
from 43% above to more than twice estimated vaues for the No-Diverson Alternative (Table 3E-8), but
the relationship to the prediversgon condition is unknown.

Predicted vaues of the brine shrimp impact assessment variables for the 6,383.5-Ft Alternative
ranged from 10% to 28% below estimated prediverson values. Predicted brine shrimp lakewide
production, cyst aredl production, and cyst lakewide production were below the prediversion ranges for
no impacts, but predicted brine shrimp biomass and areal production were within the no-impact range
(compare Tables 3E-9 and 3E-4). The 6,383.5-Ft Alternative is consdered to have a significant
cumulative adverse impact on the brine shrimp population.

6,390-Ft Alternative

Predicted values of the dkali fly impact assessment variables for the 6,390-Ft Alternative ranged
from 52% above to more than twice estimated vauesfor the No-Diverson Alternative (Table 3E-8), but
the relationship to the prediversgon condition is unknown.

Cumulative impacts of the 6,390-Ft Alternative were not smulated with the biological modd for
brine shrimp. It is assumed that cumulative impacts of the 6,390-Ft Alternative would be less than
ggnificant.
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6,410-Ft Alternative

Predicted values of the dkali fly impact assessment variables for the 6,410-Ft Alternative ranged
from 12% to 24% above estimated vaues for the No-Diverson Alternative (Table 3E-8), but the
relaionship to the prediverson condition is unknown.

Cumulative impacts of the 6,410-Ft Alternative were not smulated with the biologica model for
brine shrimp. It is assumed that cumulative impacts of the 6,410-Ft Alternative would be less than
sgnificant.

No-Diversion Alternative

Conditions under the No-Diverson Alternaive would probably be smilar to prediverson
conditions. The cumulative impact of the No-Diverson Alternative on akdi fly and brine shrimp
populations would therefore be practically nonexistent.
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