Ageendix |. Natural Historz of the Mono Lake Alkali Flz

This appendix presents adiscussion of thelife history of the Mono Lake dkali fly and the physica
and biologicd congraints that determine the fly's aoundance and digtribution in Mono Lake.

CLASSIFICATION AND TAXONOMY

The Mono Lakedkdi fly (Ephydra hians Say) was first described and classified by Say in 1830
as belonging to the shore and brine fly family Ephydridae, in the true fly order Diptera. Brine flies
(Ephydrids) are often the most abundant benthic and shoreinhabitants of sdlineaguatic habitatsthroughout
the world (Herbst 1986).

The genus Ephydra inhabits extreme environments such as acidic therma springs, dkdine saline
lakes, tidal splash poals, and coasta marshes, but individua species often are adapted to particular habitat
types (Herbst 1990a). For example, Ephydra thermophilia is present only in acidic hot springs in
Y dlowstone Nationa Park, whileEphydra cinereaisfound in the Great Salt Lakein Utah (Herbst 1986).
The Mono Lake dkdi fly, as its common name implies, is specificaly adapted to dkdine habitats. The
gpecies inhabits many other dkaline sdine lakes and ponds in North America (Herbst 1990D).

LIFE HISTORY

The Mono Lake dkali fly has a typicd insect life cycle, developing from egg to larva before
pupating and metamorphosing into an adult reproducing insect (refer to Figure 3E-3 in Chapter 3E,
"Aquaic Productivity"). The life cycle begins as a mated femde fly crawls underwater to lay her eggs
individudly on benthic dgal mats or substrate close to shore. The eggs remain on the bottom mainly
because they are heavier than Mono Lake water, dthough the femade fly may further assst by tucking her
egosintotheaga mat. Theopa escent, non-sticky eggsarefootball-shaped and areapproximately 0.6-1.0
mm long and about 0.2 mm wide (Herbst pers. comm.). Hatching success depends on sdinity and
temperature. The eggs hatch in 1-3 days into tiny larvae (first ingtars) (Herbst 1986).

The larvae undergo aseries of distinct development phases (categorized asfirgt, second, and third
ingtars) and shed, or molt, the old skin (cuticle) between phases. Average Mono Lake akdi fly ingtar dry
weight and Sizeincrease exponentidly: first ingarsweigh 0.02 mg and are 1.0-3.5 mm long, second ingtars
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weigh 0.20 mg and are 3.5-5.5 mm long, and third instars weigh approximately 2.9 mg and are 5.5-12.0
mm long (Herbst 1990b, Herbst pers. comm.). Larval development ranges from 4 weeks to more than
5 months, depending on temperature, sdinity, and food quantity and quality. Laboratory studies show that
the growth and development at 20°C usudly require 4 daysfor first ingars, 7 daysfor second ingars, and
14 daysfor thirdingtars (Herbst pers. comm.) (refer to Figure 3E-4 in Chapter 3E, "Aquatic Productivity™).
In Mono Lake, where water temperatures are often lower than 20°C, development times may be longer.

When ready to pupate, the mature larva attaches itself by means of clamp-like clawed caudal
prolegs to a protected undersde of arock, whereit isrelatively safe from didodgment by turbulent water.
The larvaencasesitsdlf in a puparium, where the nonfeeding, inactive pupa undergoes complete sructura
change and emerges as an adult alkdi fly within 1-3 weeks, depending on temperature (Herbst 1986). At
20°C, pupation timeis 13 days. The pupae range in length from 8 to 10 mm and average 1.95 mg dry
weight. The puparium with the pupa fills with air during pupation and will float if didodged.

When the adult Mono Lake dkdi fly emerges fromthe puparium, it ascends to the water surface
enclosed inanair bubble developed in the puparium. It spendstheremainder of itslife dong thelake shore
grazing on dgd and detrital food sources and procreating (Herbst 1986, Herbst pers. comm.). Norma
adult life span is 10-14 days, but overwintering adults may survive for months. Food is essentia to
successful reproduction, and adult flies are capable of submerging to gain access to high-qudity benthic
adgee. Mating of the densely aggregated adults seems to be random with no precopulatory behaviora
displays (Herbst 1986). Fecund female flies produce a daily average of approximately 10 eggs over a
period of 2 weeks (Herbst 1992). The femaes submerge to deposit their eggs in the benthic dgd mats,
thus completing the life cycle.

Length of adult flies in Mono Lake ranges from 4.2 to 6.3 mm and averages 4.8 mm (Herbst
1990b). Adults from Mono Lake are condstently smdler than adult flies of the same species found in
Abert Lake (Oregon), Pyramid Lake (Nevada), and Carson Sink Ponds (Nevada), which aresdineinland
waters with lower sdinities than Mono Lake (Herbst 1990b). Laboratory rearing of akali flies from
different geographic locations indicates that body Sze is determined by both environmental and genetic
components (Herbst 1990Db).

Pupation and metamorphos's are high energy-consuming processes. The Mono Lake dkali fly
reaches its highest caloric content asathird instar and early pupa; mature larvae contain 12.4 calories per
individud, whereas pupae and adults contain only 11.2 and 7.2 caories per individua,, respectively (Herbst
1986). Dry weight of the emerging adult is only goproximately 1.3 mg, less than hdf the weight of the
pupating larva. Larvae must reach acertain body welght and caloric content to ensure successful pupation
and emergence (Herbst 1986, 1990b). Pupa mortdity increases rapidly at pupd widths (dorso-ventra
width between 3rd and 4th prolegs) below 1.7 mm, and pupae have little chance of surviva at widths
below 1.5 mm (Figure I-1) (Herbst pers. comm.).
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Mono Lake dkdi fly have few predators or competitors, and their numbers are limited mainly by
food availability and physica condraints. Didodgment of larvae and pupae brought on by sorm-generated
waves or currentsare probably the main cause of mortdity. Larvae and pupae use clawed prolegsto cling
to hard surfaces to prevent being swept away to the middle of the lake or the shore, where they are
exposed to Starvation, predation, or parasitism (Herbst 1986).

EFFECTSOF ENVIRONMENTAL FACTORSON DEVELOPMENT,
SURVIVAL, AND REPRODUCTION

Temperature

Ambient temperaturestrongly affectstemporal and spatid patternsof abundanceof theMono Lake
dkdi fly. Temperatureisamaor regulator of many lifecycle processes of thefly, such ashatching, growth,
development, pupation, metamorphosis, and egg laying.

L ow ambient temperaturess ow metabolic processesand increase devel opment timeand mortality.
If temperatures drop below a certain threshold, development ceases dtogether (Herbst 1988). Inactive,
nonfeeding lifestages involving much structura development, such as the pupd and egg lifestages, are
epecidly sendtive to low temperatures. Pupae cannot develop or survive long at water temperatures
below 5°C (refer to Figure 3E-5 in Chapter 3E, "Aquatic Productivity") (Herbst 1988). Because winter
temperaturesin Mono Lake regularly drop below 5°C, pupae presumably suffer high winter mortalities.
Eggs aso perish at these ambient temperatures, but eggs are not generaly exposed to cold water because
adult flies do not produce eggs during winter. All larva ingtars can survive the near zero temperatures,
however, and overwintering populations consgst mainly of dowly growing second and third ingtars (Herbst
1988, 1990a).

Increasing water temperatures in spring (March-April) cause rapid growth and development of
the overwintering larvae and increase rates of development and surviva of the pupae. Development time
of pupae in the laboratory decreased more than five-fold as temperature was raised from 10°C to 25°C
(Fgurel-2). Asaresult of increasing rates of growth and development, the alkdi fly population increases
exponentidly during spring (refer to Figure 3E-6 in Chapter 3E, "Aquatic Productivity") (Herbst 1986).
The population remainsabundant through summer, until declining temperaturesand shortened photo-period
in autumn cause adult flies to cease laying eggs (Herbst 1988). Pupd denstiesare highest in early autumn
(August-September). Population density dropsrapidly in October when cooling temperatures cause high
mortdities of dl lifestages.

Body sze of developing larvae and adult akali flies exhibit seasona cycles. The flies are largest
in early soring and smallest in autumn (Figure 1-3) (Herbst 1988). These seasond variationsin body size
may be due to temperature-induced changes in fly metabolism or to seasondity of food quality (Herbst
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1986). Largeflies havelesslipid reserves than smdler flies, however, so fly cdoric vaue does not vary
much seasondly.

The growing season available to the Mono Lake dkdli fly is short due to the lake's high-altitude
locationand cool ambient temperature. However, thefly devel opsand reproducesrapidly, producing 1-3
generations in a season (Herbst 1988).

Alkdi fly larvae and pupae are most abundant in water less than 3 feet deep and are rarely found
bel ow the thermocline, where temperatures are too cold for growth and development (Herbst and Bradley
1990). Littoral temperatures exhibit grester extremes than pelagic temperatures because shalow depths
respond more quickly to heating and cooling. Selected littord-benthic areas may freeze in winter and hest
up to 40°C in summer (Herbst 1986, Herbst pers. comm.). Did temperature fluctuations dso are higher
inshallow water than inthe middle of thelake. Selected shalow areas of Mono Lake, such asBlack Point
Tufa Shods, are more sheltered from wind and waves, resulting in higher water temperatures and alonger
growing season.

Salinity

High sdinities osmotically desi ccate aquatic organisms because body fluids are less sdline than the
surrounding sdtwater. The osmoregulatory mechanismsemployed by the egg are unknown (NAS 1987).
The larva maintains osmotic homeostasis by excreting sat through speciaized organs in addition to using
unknown mechanisms, whereasthe devel oping pupaisprotected from osmotic desi ccation by the puparium
(Herbst 1986).

The dkdi fly is well adgpted to high sdinities, but the bioenergetic costs of asmotic regulation
reducethetota energy availablefor growth and devel opment (Herbst 1986). High sdinitieshaveamarked
negative effect on larva growth and development rates, larva survivorship, and pupation success (Figures
|-4and 1-5) (Herbst 1986, Bradley 1991). Hatching successand pupa weight aso are negatively affected.
At dinitiesabove 150 gramsper liter (¢/l) the detrimentd effects of osmotic stressbecomeinsurmountable
(Herbst 1986). The early ingtars are particularly senstive to high salinities (Herbst 1990D).

Highdinity further affectstheakali fly by reducing aga primary productivity and, possibly, qudity
(Herbst 1992). As food avallability declines, dkai fly growth and development rates decrease
correspondingly, resulting in smaler pupae and adults, higher mortality, and less reproductive success
(Herbst 1986, 1992). Increased energy must be spent on foraging, and it becomes more difficult for the
larvae to meet the high osmoregulatory costs (Herbst 1990b).
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Alkalinity

Asinmog dkainesdinelakes, dkalinity at Mono Lakeiscaused primarily by large concentrations
of carbonate and bicarbonateions (Herbst 1986). The carbonate and bicarbonateions make up aconstant
40% of the totd dissolved solids of Mono Lake water, so dkdinity islinearly related to sdinity. Although
lakes exist worldwide supporting insect communities & sdinities much higher then those found at Mono
Lake, noneisasdkaline (NAS 1987).

The combination of high sdinity and high akainity isvery difficult for most Speciesto adapt to, yet
Mono Lake dkdi fly larvae survive better in dkaline sdt water than in non-alkaine sdt water of the same
osmoatic concentration (Herbst 1986). Thelarvae have avery unusua physiologica adaptation for degling
with high concentrations of carbonate and bicarbonate ions accumulating in their blood. The lime gland,
akidney-like gland that in other insects commonly removes nitrogen wastes, in Mono lake dkdli fly larvae
aso is used partidly to remove carbonate ions from the blood. Within specidized lime gland tubules,
excess carbonate ions are precipitated with calcium, forming calcium carbonate or limestone, which is
stored indde the lime gland until metamorphos's occurs (Herbst pers. comm.).  Larvae probably have a
dietary need for cacium, as Mono L ake has extremely low calcium concentrations (Herbst pers. comm.).
In Mono Lake, most calcium is bound as calcium carbonate and other minerals because carbonate and
bicarbonate concentrations in the lake are S0 high. Tufaformations conast mostly of precipitated cacium
carbonate.

Subdtrate

Mono Lake's shoreline is open and windswept. Storm-generated waves and undertows easlly
sweep away larvae and pupae not firmly attached to or sheltered by rocks. Onceadrift inthe lake or cast
ashore, thelarvae and pupae arelikdy victims of predators, desiccation, and paragtism. Wave action dso
shiftsbenthic sands and muds, potentialy burying larvae and pupae. To survive these conditions, the akali
fly must have access to rocky surfaces or vegetation to which it can cling, especidly during pupeation.

Thedkal fly'sbenthic-littoral habitat can be classified, based on attachment potentid, asconsisting
of soft or hard subdtrate types (refer to Table 3E-1 and Figure 3E-8 in Chapter 3E, "Aquatic
Productivity"). Mud, sand, and gravel are included in the soft substrate category, with mud predominant.
Littoral sands and occasiona gravels encircle Mono Lake above eevations of gpproximately 6,365 feet
(Stine 1992). Tributary creeks are the main sources of littoral deposdits of st, sands, and gravels, but
shordline erosion aso contributes some materid. Benthic agd and detrital mats covering mud and sands
flourishchiefly wherethe shordineis somewhat sheltered fromwind and waves. Although numerouslarvae
foragein the dgd and detritd mats, soft subdtrate offers less shelter from waves and no firm attachment
gtes.
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Dengtiesof dkali fly larvae and pupae are much higher on hard substrates than on soft substrates
(refer to Table 3E-2 in Chapter 3E, "Aquatic Productivity"). Soft subgtrate close to tufa has been found
to be much more densely populated than soft substrate far removed from tufa areas (Little et a. 1989).
Possible explanations of the higher densities near tufa include grester recruitment, reduced wave action,
more accumulated detritus, and the presence of more nutritious food (Little et d. 1989).

Hard subdtrate types consst of tufa-covered pumice blocks, free-standing tufa, beachrock,
bedrock, and mudstone. Mudstone isthe most extensive of the hard substratesin terms of total acreage
(refer to Table 3E-1in Chapter 3E, " Aquatic Productivity™), but iscons dered apoor-quality hard substrate
habitat because its surface is relatively soft and does not contain sheltering micro-crevices (Herbst pers.
comm.). Most of Paohaldand consists of compacted and uplifted mudstone, as do the Paoha Idets and
submerged dump-blocks to the north, east, and west of Paoha ldand.

Scattered tufa-covered pumice blocks are the second most extensive hard substrate. The tufa
covered blocks are good habitat for the Mono Lake akdi fly larvae and pupae because their roughly
textured surfaces provide good foothold and shelter fromwaves. Most pumice blocksare more than 3 feet
across and are found up to an eevation of 6,390 feet in drifts mainly in northern and western portions of
Mono Lake.

The pumice blocks are evidence of avolcanic eruption occurring when lake eevation was 6,390
feet. The eruption pitched the blocks into Mono Lake, and southeasterly winds and currents carried the
blocks, which were buoyant due to enclosed gas bubbles, to the northern and western shores where they
dowly became waterlogged and sank. The pumice blocks vary in Sze and areal dengity (Stine 1992).

Tufa-coated bedrock of volcanic origin is found on the Negit idets, on severd points on Paoha
Idand, and dong earthquakefaultson the lakefloor (Stine 1992). It isthethird most abundant type of hard
subgtrate in terms of total acreage and providesgood habitat for the Mono Lakedkdi fly. Because of the
steepness of the bedrock areas, only asmdl portion iswithin the littora zone (CORI 1988).

Scattered solitary tufa towers, continuous tufa bulwarks, and other free-standing tufa types
condtitute asmdl but important hard substrate habitat type. These tufa substrates occur primarily on the
southern portion of the lake at eevations ranging from 6,300 to 6,400 feet and consst of cacite 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). Tufa forms dowly everywhere on the lake bottom, and
submerged hard objects such as vegetation often become encrusted with tufa over time. Tufa formation
raes are much more rgpid where springs supply a congtant influx of cacium ions, which is the limiting
ingredient for tufain Mono Lake.

Tufaof dl typesisthe most suitable habitat for aguatic lifestages of the Mono Lakeakdi fly. Field
gudies found third ingtar larvae and pupeae in far grester dengties on tufa than on any other hard or soft
subgtrate (Little et a. 1989, Herbst 1992). The preference of dkdi fly larvae and pupae for tufa has
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severd plausble explanations. Tufa provides superior atachment Sites because of its rough surface.
Vertical towers have deeper crevicesthan any other substrate, sheltering larvae and pupaefromwavesand
bird predators (Little et al. 1989). Towers are devated abovethelake bottom, protecting early lifestages
from burid or abrasion by shifting bottom sands (Little et . 1989). Tufaalso serves asagrowth site for
agee.

Beachrock is a hard substrate habitat consisting of tufa-cemented sands, gravels, and cobbles,
found mainly on the deltas of Mill and Lee Vining Creeksand other smdler tributaries. Beachrock formed
when calcium containing fresh water mixed with carbonate rich lake water, resulting in calcium carbonate
precipitating and cementing rocks and gravelstogether. Today much of the beach rock habitat is covered
withlittord sands. Although beachrock provides good habitat for the Mono Lake akdi fly, it is of little
importance because of its limited didtribution (Little et a. 1939).

Submerged vegetation such as grasses and bushes aso can provide good attachment sites for
larvae and pupae. Dendty of larvae and pupae in areas of submerged vegetation is about haf of that on
tufa (Herbst 1990a). Vegetation can persist for up to 10 years before deteriorating (Herbst 1990b).

Food

The feeding niche of the Mono Lake adkali fly can best be described asthat of a scraper-gatherer,
herbivore-detritivore (Herbst 1986). Throughout al lifestages, food sources consst of benthic dgae
composed mainly of diatoms (especidly Nitzschia frustrulum), filamentous green agee (epecidly
Ctenocladus circinnatus), blue-green dgee (especidly Oscillatoria) and perhaps various bacteria and
protozoa associated with detritus (Herbst 1986). No food is required during the egg and pupalifestages,
but food is essentid for the larvae and adult fly. The adult fly is capable of submerging to gain access to
high-qudity benthic agee.

Reduced access to food or poor nutritiona value of food results in high mortdity, dow growth,
prolonged development time, smdler Sze a maturity, and reduced reproductive success in the dkdi fly
(Herbst 1986). Dietary studiesindicatethat variouslifestagesthrive onfood highin distomsand blue-green
agae, and that the green dga, Ctenocladus, is of less nutritiond vaue totheakadi fly (Herbst 1986). No
research has been conducted to investigate the importance of bacteria and protozoain the diet.

Food may well be alimiting factor for the dkdi fly, especidly oncrowded preferred habitat such
as tufa. Pupd and adult body size decrease from spring through autumn (Figure 1-3), possibly due to
limited food resources resulting from an increasing fly population during thistime period (Herbst 1986).

Physical factors affecting food availability during summer are primarily depth and nutrient supply
(Herbst and Bradley 1989). Benthic algae standing crop decreases with depth, as light penetration
decreases, 0 shalow waters have better food availability for the Mono Lake akali fly. Low ammonium
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concentrations limit production of planktonic adgae in spring and summer (see Chapter 3E, "Aquétic
Productivity") and probably aso may limit production of benthic gae (Herbst and Bradley 1989). Some
Mono Lake benthic dgee are nitrogen fixers and therefore contribute nitrogen to the aguatic ecosystem
(Herbst pers. comm.).

I nter specific Competition, Diseases, and Predation

The Mono Lake dkdi fly faces no serious competition from other species and is by far the most
abundant macro-invertebrate present in the benthic-littoral habitat. Potentia insect predators and
competitors of the fly cannot survive in Mono Lake because sdinity and akalinity aretoo high. The high
sdinity and akadinity aso reduce parasitism and diseases

Under low sdinity conditions, mortdity of the dkdi fly from predators and parasites can be quite
high. Beetles, damsdlfly larvae, and tabanid and dolichopodid larvae prey on akdli fly larvaein sdinelakes
with lower sdinities, such as Waker and Pyramid Lakesin Nevada (Herbst 1986).

In Lake Abert, Oregon, 60-70% of dkai fly pupae didodged and swept ashore in heaps
(windrows) were parasitized by asmal wasp, Urolepis rufipes (Herbst 1986). Adult fliesare preyed on
by tiger beetles, damsdflies, robber flies, and other predaceous terrestrid insects, in addition to birds.

Birds, primarily gulls, phaaropes, and grebes, are the primary predators of the Mono Lake akali
fly. Asdiscussed earlier, thelifestage with the greatest caoric value per individud isthe maturethird indar,
followed by the pupa, and it is not surprising that these lifestages are the preferred prey for birds. Pupae
and third instars dso are the most ble lifestages for birds, because large quantities are continualy
didodged by waves and either swept out to the middie of thelake by wind and currents (classified asdrift)
or washed ashorein windrows. In either case, the pupae and larvae arefairly hel pless, exposed, and easy
to detect because of their sze. Some birds eat adult flies congregated on the shore.

Nutritiona value of larvae or pupae in drift and especidly windrows dedlines rgpidly with time
because they quickly become desiccated, parasitized, and decomposed. Birds have constant access to
freshly didodged larvae and pupae during most of the summer because drift and windrowsare continuoudy
generated. Surveys of open water drift indicate that about 1 metric ton of larvae and pupae can befound
floating on the lake in summer (Herbst 1992).

The seasond digtribution of drift follows that of the dkali fly productivity (Figure 1-6) (Herbst
1992). Drift isuncommon in winter, increases in spring through summer, peeks in Augus, then sharply
declines as temperatures drop in autumn (Herbst 1992). Windrow abundance presumably follows the
same seasond pattern as drift. August was the month when Kuzedika Paiute Indians historically gathered
pupae and larvae for food a Mono Lake by seining the nearshore water. This harvest congtituted an
important part of the Kuzedika's diet.
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Drift and windrows are not uniformly distributed in Mono lake. Dirift is concentrated where
currents converge or upwelling occurs, facilitating foraging by birds. The highest larva and pupa dengties
observed in drift samples were 10-20 individuas per square meter. Some water birds can further
concentrate food by paddling around in circles, which creates upwelling currents.
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