AEEendix L. Alkali Flz Productivitx Model

Thedkdi fly productivity mode (Figure L-1) provides an essentid tool for predicting the effects
on the akali fly population of various Mono Lake eevations resulting from dternative management
scenarios.  Using available lake bathymetry and akali fly data for mode input and cdibration, this
populationmodd comparestherd ative seasond abundance of aquatic lifestages at different projected lake
levels. The spreadsheet modd estimates monthly akali fly average biomass and cumulative production at
environmenta conditions corresponding to |ake e evations from 6,350 to 6,420 feet. Summary resultsare
graphicaly displayed to dlow comparison between EIR dterndtives.

MODEL ORGANIZATION AND USE

Thealkali fly production model, POPFLY WK1, was created in LOTUS 1-2-3, Release 2.3, for
use on most persona computers. The spreadsheet is organized as a series of interconnected tables with
progressive caculations as shown in Figure L-2. The first table is an input area, where input parameters
are specified and adjusment factors caculated. The second table conssts of dkdi fly lifestage
development times, Szes, and mortditiesasfunctionsof salinity and temperature. Temperature coefficients
for each lifestage development time dso are found in thistable. The third table contains two-dimensiond
(2D) geometric means of dkal fly lifestage dengity data collected by Dr. David Herbst from six locations
at Mono Lakein 1991. Thesedataprovideinitid vaues of population dengtiesfor input into the modd's
dally caculation table and are used for calibrating the daily estimates of population densities. The fourth
table cdculates dally lifestage dengities, biomass, and production per square meter for a specified lake
elevaion. Monthly and seasond integrated production of total third instars and didodged pupae, and
monthly and seasond average biomass of dl lifestages for the entire lake, are computed and output to a
fifth table, the lake summary table. Input conditions, temperature and sdinity effects, daily estimates a a
particular eevation, and monthly summary vauesfor the range of devations can be displayed with various

graphs.

Ingtructions for using the model are found at the top of the spreadsheet. The modd is run by
pressing the"ALT" and "A" keys Smultaneoudy, which activates an user-interactive macro. The macro
alows the user a choice between daily or summary outputs and enables the user to dter various mode
inputs before running the modd. Experienced users can change input parameters within the input tables
without stepping through the macro.
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MODEL DEVELOPMENT

Thedkadli fly productivity modd wasdeve oped using severd typesof datafor input and cdibration:
Mono Lake bathymetry and hard substrate data, dkali fly density data, and relationships between fly
growthand mortaity for each aquatic lifestage with environmenta factorssuch astemperature, sdinity, food
avallability, and substrate. The above dataare contained within the datafile spreadshestsBATHY WK1
and FLYDATA.WK1. Summarized data necessary for mode input and calibration were copied to the
assessment model spreadshest.

Bathymetry and Hard Substrate Data

BATHY .WKZ1 provides data on lake eevation, areg, volume, sdinity, and avaladle fly habitat.
It combines data from the PEL AGOS Corporation (PELAGQS), Dr. Scott Stine, Dr. David Herbst, and
Jones & Stokes Associates.

PELAGOS provided a bathymetry map of Mono Lake and a computer-generated table of lake
area and volume corresponding to each lake devation. A surface and subsurface topographica survey of
Mono Lake was conducted by PELAGOS in August 1986 for LADWP employing a Mini-Ranger 111
navigationsystem. Thelakewas mapped below 6,370 feet at 5-foot contour intervals. Becausethe water
level at the time of the survey was 6,380.7 feet devation and the survey vessals had to maintain a certain
distancefrom the shore, survey datanear the lake perimeter (between 6,370 and 6,380 feet el evation) had
the lowest accuracy. Contours from 6,375 to 6,330 feet eevation were mapped at 5-foot intervalsusing
photogrammetric mapping compiled by Pacific Western Aerid Surveys (1982). Contours above 6,430
feet devation wereinterpolated from preliminary U.S. Geologica Survey (USGS) 7.5-minute quadrangle
mapping (1982) for visual presentation only and were represented at 20-ft contours. Lake area (acres)
and volume (acre-feet) were computer-generated for each foot of lake elevation based on the
topographica data.

Jones & Stokes Associates compiled a map using a geographic information system (GIS)
(ARC-INFO) system by combining contours from the PELAGOS map with data from additiond aerid
and ground surveys. The GISmap, whichwasverified by ground surveys, rangesfrom 6,320 feet elevation
to 6,440 feet elevation and is more accurate than the PELAGOS map at contours above 6,365 feet
elevaion. However, the comparison with PELAGOS resultsis generdly close for tota and incrementa
lake areg; the location of the eevation contoursisthe mgor difference. The Mono Lake bathymetry map
is shown in Figure L-3. Jones & Stokes Associates smoothed the PELAGOS areas and volumes to
eiminate variability in the 1-foot incrementa areas. Sdinity (grams per liter [g/l] of tota dissolved solids
[TDS]) asafunction of lake volume was calculated assuming atota |ake sdt content of 285 milliontons.
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Stine gpproximated locations and dengities of various types of soft and hard substrate on a map
(1:24,000) provided by Jones & Stokes Associates, based on his extensive knowledge of Mono Basin
geology and numerous surveysof thearea. Incremental hard substrate areas of tufa, pumice bedrock, and
beachrocks were planimetered by Jones & Stokes Associates from 6,300 feet elevation to 6,440 feet
elevation. Areasbetween 6,300-6350 feet e evation were planimetered in 10-foot contour incrementsand
areas between 6,350-6375 feet eevation were planimetered in 5-foot contour increments using the
PELAGOS base map. Aress between 6,375-6,420 feet elevation were planimetered in 5-foot contour
incrementsand areas between 6,420-6,440 feet € evation were planimetered in 10-foot contour increments
using the Jones & Stokes Associates base map. In some steep areas, 10- to 20-foot contour increments
were the highest resolution that could be achieved.

The 2D incrementd substrate areas were then caculated by Jones & Stokes Associates with no
congderation of dope. Bedrock and beachrocks are flat substrates covering amost 100% of their
respective areas, and their planimetered areas were considered to betheir 2D areas. Pumice areasconsst
of irregular-szed blocks scattered over areas otherwise covered by mud or sand. Stine provided arough
edimate of the densities of these blocksand their 2D and 3D areas. Jones & Stokes A ssociates computed
the 2D flat pumice areas based on these edtimates.  Although tufa towers are highly variable in height,
width, and coverage, their planimetered areas were considered to be identical with their 2D areas. The
digtributionof hard substrate could be determined only at amoderately low level of accuracy (20%). The
location and extent of planimetered hard substrate types are shown in Figure L-3.

The 2D incrementa hard substrate areaswerefurther divided into 1-foot contour incremental areas
assuming equd area increments.  Incrementa soft substrate areas were caculated as incremental hard
substrate area subtracted from the incremental total lake area a each elevation. A rdationship showing
declining akali fly dengities with increasing depth (Herbst and Bradley 1990) was used to determine
suitable fly habitat to a depth of 32 feet for each foot of elevation. Hard substrate is considered to provide
the maximum akali fly dendties and relates to depth exponentidly as follows:

32
EHA = 3 (IHA x & 00759
d=0

where
EHA isthe effective hard substrate areain acres,

d isthe depth of the water column in feet, and
IHA isthe incrementa hard substrate arealin acres at adepth of d feet.
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Soft substrateiscons dered to provide an assumed fraction (5%) of maximum akali fly denstiesand relates
to depth linearly asfollows:

32
ESA=3  (ISAx(1-d/32)
d=1

where

ESA isthe effective soft substrate areaiin acres,
d isthe depth of the water column in feet, and
| SA isthe incrementa soft substrate arealin acres at adepth of d fedt.

Thetotd effective habitat areaat agiven lake eevation isthe depth-weighted hard substrate areaincreased
by aperimeter of high-quality soft substrate area (assumed to be 10% of the depth-weighted hard substrate
area) and an assumed fraction (5%) of the depth-weighted soft substrate area.  Figure L-4 shows the
pattern of effective habitat areafor eevations between 6,350-6,420 fest.

USGS lake devation; smoothed PELAGOS volume, area, and incrementa area; and Jones &
Stokes Associates sdlinity, incrementa hard substrate area, depth-weighted hard, soft, and total substrate
area, and the percentage of depth-weighted hard to totd substrate area was copied into the
POPFLY .WK1 spreadsheet. These data are part of the summary lake eevation table and provide input
to the mode to locate sdinity and suitable habitat area for a given devation. These values are given in
TableL-1.

Alkali Fly Data

Alkdli fly dataare contained within the FLY DATA.WK 1 spreadsheet, which providesthe results
of threeinterrel ated projects completed by Herbst in 1991 (Herbst 1992): collection of field density data
on dkadli fly lifestage during the growing season, microcosm experiments to sudy the effects of sdinity on
the fly population, and collection of fidd drift data to determine the timing and extent of drift.

Field Density Data

Methods. Mono Lake field abundance data were gathered by Herbst from April 30 to
October 15, 1991, in 11 sampling excursonsto six selected sitesaround Mono Lake: North Land Bridge,
Black Point Tufa Shoas, Old Maring, Lee Vining Tufa Grove, South Tufa Grove, and Willow Spring
(Fgure L-3). These are generdly hard substrate areas that normaly contain high dengties of akdi flies.
Multiple samples (usudly eight) were collected from various types of soft and hard substrates on each
sampling trip. A tota of 1,052 samples were collected and analyzed. Hard substrate consisted of tufa,
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pumice, gaylussite, mudshae, dluvium, and sandstone beach pavement and was sampled by retrieving a
piece of the subgtrate. Longest length and perimeter of the hard substrate were noted to calculate the 2D
projected surface area. 3D exposed surface areas were found by wrapping the exposed rock areawith
aduminum foil and calculating the area by weighing the foil. Soft substrate congsted of sand and mud in
vicinity of hard subgtrate (considered high-quality soft substrate because the dengity of larvaeis higher on
soft subgtrate close to hard substrate) and was sampled with a 4-centimeter (cm)-diameter corer. The
number of animasfor aguatic lifestages (i.e., eggs, firs ingars, second ingars, third ingtars, full pupae, and
empty pupae) in each sample was recorded.

Jones & Stokes Associates further analyzed Herbst's data to estimate 2D densities of the various
lifestages per square meter (individuals per square meter [ind/n?]) by dividing the individudls per sample
by the 2D surface area of the sample. The geometric and arithmetic means of 2D lifestage densities per
gte were found by averaging the densities ca culated from multiple samples taken on the same date at that
gte.

Results. Both arithmetic and geometric means of 2D lifestage dengities over time are presented
by site and substrate type (Figures L-5 through L-10). Figures L-5A and L-5B show geometric mean
density of each lifestage on hard and soft substrates at site 1 (North Land Bridge). The peak dengty of
pupae occurred on September 24 (day 267) with 97,000 ind/n? on hard substrate, the highest pupae
density measured on any site and more than twice the average pupae density of 40,000 ind/n? on hard
substrate. Almost no pupae were observed on soft substrate at Site 1 or any other Site. The peak density
of third instars occurred during September 4 (day 247) with about 33,000 ind/n? on hard substrate. Third
ingar dendity on the soft substrate was considerably lower but peaked at the same time as the hard
substrate with about 6,000 ind/n?. These third instar densities and pesk periods were typica for most
stes. Dendties of second ingtars on hard substrate climbed steadily and peaked at 10,000 ind/n¥ at the
end of the season, whereas second instars on soft substrate peaked at 6,000 ind/n? on September 4
(day 247). Site 1 had the lowest second ingtar dendities on either soft or hard subgtrate of any site.
Dengities of first instars on hard and soft substrate peaked earlier (day 220) at 10,000 and 1,500 ind/n,
respectively, which islow compared to other Stes. Egg dendties on hard subsirate reached a maximum
of 30,000 ind/m? on August 7 (day 220). On soft substrate, egg densities at Site 1 werelower than at any
other site (less than 1,000 ind/n¥) throughout the season.

FiguresL-6A and L-6B show geometric mean dendity of each lifestage on hard and soft substrates
at site 2 (Black Point). Pupae were observed at densities of 20,000-50,000 ind/n¥ on hard substrate,
which isfairly representative of most gtes. Third instars were less abundant than pupae with dengties of
10,000-20,000 ind/n? throughout the season. The most abundant lifestage on soft substrate was second
ingtars at about 10,000-20,000 ind/n?, the highest densities seen on soft substrate.  Site 2 also had the
highest densities of first instars on soft substrate at 15,000 ind/n?. Soft substrate third instar densities were
only 5,000-10,000 ind/n?, atypica vaue. Egg densitieswere dightly above average, peaking at 23,000
ind/m? for hard substrate and 9,000 ind/n? for soft substrate.
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FiguresL-7A and L-7B show geometric mean dendity of each lifestage on hard and soft substrates
a gte 3 (Old Maring). Dengties of dl lifestages on both soft and hard substrate were consistently among
the highest measured. Pupae on hard substrate peaked in the end of September (on day 267) at about
93,000 ind/n?, with a smaller peak in the end of July (on day 205) of 40,000 ind/n?. Double pesks of
pupae were seen at severd sites. Third ingtars on hard substrate owly increased to 33,000 ind/n? by
September 4 (day 247). Third ingtars on soft substrate reached 25,000 ind/n? on August 7 (day 220), by
far the highest value measured.

FiguresL-8A and L-8B show geometric mean dendity of each lifestage on hard and soft substrates
a ste 4 (Lee Vining Tufa Grove). Lifestage density patterns at Ste 4 were typical. Pupae pesked a
65,000 ind/m?, whilethird instars s owly increased from 20,000 to 35,000 in September on hard substrate.
On soft substrate, third instars pesked in the beginning of August (day 220) at 7,000 ind/n?.

Geometric mean dengty of eachlifestage on hard and soft subgtrates at Site 5 (South TufaGrove)
are shown in Figures L-9A and L-9B. Vadues are smilar to those from other sites. On hard subdtrate,
pupae slowly increased to 55,000 ind/n? in September.  Third ingtars pesked dightly earlier in the
beginning of September at 33,000 ind/m?. On soft substrate, third instars peaked in July at 8,000 ind/n?.

Figures L-10A and L-10B show geometric mean dengity of each lifestage on hard and soft
substrates at Site 6 (Willow Spring). With the exception of egg densities measured at 170,000 ind/n? on
hard subgtrate in the end of July (day 205), this Ste exhibited low to average density vaues. Pupae and
third instars on hard substrate remained at 5,000-15,000 ind/n? throughout the season. Third ingtars on
soft substrate peaked in the end of July (day 205) at 5,000 ind/n?.

Both arithmetic and geometric 2D overd| average dengties from the six siteswere caculated and
graphed for each lifestage and substrate type. Figures L-11a and L-11b show overal geometric mean
dengity of each lifestage on hard and soft substrates. Pupa densities on hard substrate pesked in the end
of September at 40,000 ind/n?, while no pupae were found on soft substrate.  Third instar densities
reached a maximum of 25,000 ind/n? on hard substrate and 7,000 ind/n? on soft substrate. Third instar
denstieson soft substrate peaked at the end of August (day 234), approximately 2 weeksearlier than third
indar dengities on hard substrate, which peaked in early September (day 247). Second instar densitieson
oft substrate reached a maximum of 4,500 ind/n? and persisted at that level for the remainder of the
season. On hard substrate, second ingtar densities increased throughout the season to a peak in October
of approximately 27,000 ind/n?.

Data Application. The2D geometric meansof the hard and soft substrate dengties of thevarious
aguatic lifestages for each of the ax stations, aswell asfor the means of dl sations, were copied into the
POPFLY .WK1 spreadsheet. These data provide initid dengties of the individud lifestages and alow
cdibration of amulated densities with actua observed densties.
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Microcosm Experimentson Salinity Effects

FLYDATA.WK1 dso containsthe results of Herbst's microcosm experiment in which the effects
of varying sdinity on akdi fly abundance and mortdity wasresearched. Microcosms are large aquariums
where the ecological effect of changing environmenta variables such as sdinity can be sudied. Twenty
500-liter tanks werefilled with Mono Lake water adjusted to 50, 75, 100, and 175 g/l sdinity (four tanks
for each sdinity level) and inocul ated with aknown population of dkali flies. Thetankswere covered with
sand (soft substrate) on which concrete blocks (10 x 7 x 4 cm) were placed. The concrete blocks
condtituted artificid hard subgtrate. All tanks were sampled twice; 10 samples of soft and hard substrate
from each tank were collected on day 30 (September 6) and on day 60 (October 6) after theinoculation.
The dengity per lifestage per sample and the number of dead third instars were recorded.

Jones & Stokes Associates calculated 2D dendties and arithmetic and geometric mean densities
for tanks with identical sdinities per date using the procedure described above for the field data. The
microcosm data were indirectly used in the assessment mode to verify modded sdinity effects
corresponding to various lake elevations.

Field Drift Data

Alkdli fly drift estimates were collected during 1991 by Herbst. Littora drift, conssting of floating
larvae, pupae, and adults, was sampled using aboat-towed floating net with asampling width of 65 cmand
a sampling depth of 55 cm. Digtance and volume sampled were measured with a current meter. Tows
were typicaly 3 minutesin durationand covered a distance of 50-100 meters at UC Santa Barbara brine
ghrimp sampling stations (Figure L-3). One surface tow at each of 10 stations was conducted biweekly
from May through October. Near-shore phaarope feeding areas at the northeast edge of the lake
(Figure L-3) also were transected from August 28 to 30 (days 241-243), when phalaropes were most
NUMeErous.

Open water drift data were analyzed by Jones & Stokes Associates in FLY DATA WK1, with
summary resultsincluded in POPFLY WK1. Thedigtribution of third instars, pupae, and adultsin the drift
isshown in Figure L-12. Drift condgsts mainly of third ingtars until the end of July through the beginning of
September when pupae become the dominant lifestage. Adult flies represent asmadl fraction of the drift
through mogt of the season, except August. Drift was present in patches because of wind and circulaion
patterns. Highest drift densities observed were 5-10 ind/n in foam linesand 30-50 ind/n¥ at near-shore
circulaion convergence areas where phalaropesfeed. Phalarope feeding areas had average drift densities
of 5-8ind/mP. Open water drift densities were much lower. Figure L-13 shows the 2D densitiesof third
ingtars and pupae per square meter (ind/n) in open water drift. Typica averages were 0-0.5 ind/n?
throughout the season, except in August when a peak average of 1-2 ind/m? was found. Adult flieswere
not included in Jones & Stokes Associates analysis of Herbst data because the assessment model does
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not caculate adult fly dengties. The open water drift datawere used in the assessment model to estimate
reasonable vaues for drift throughout the growing season.

Other Data

Daily temperatures used in the modd were measured at Site 3 (Old Maring) by Jones & Stokes
Associatesat adepth of 0.5 meter. Herbst provided mean fully devel oped lifestage dry weights (milligrams
per liter [mg/l]) and mean development times of each lifestage at 50, 100, and 150 g/l sdinity from 1991
|aboratory data(Herbst 1992). Herbst aso furnished mean devel opment timesasafunction of temperature
(Herbst 1990, Court Testimony). Mean fully developed weights of each lifestage were used to calculate
fly biomass and production per square meter of soft and hard substrates.  For first, second, and third
ingtars, mean fully developed weights were multiplied by 0.5 to agpproximate a middle-of-stage weight.
Production of third instars and pupae were calculated from fully developed weights. A table of mean
weights, development time, and mortality for sdected sdinitieswas created using interpolation of the 1991
|aboratory data (Table L-2).

MODEL ASSUMPTIONS AND CALCULATIONS

The modd (POPFLY .WK1) caculates daily density, biomass, and production for eachlifestage
for a sgquare meter of ideal hard substrate between May 1 and October 31. Temperatures are too cold
for Sgnificant growth in other months, and 1991 field data were collected during this period.

Development Rate and Time Estimates

The modedl estimates the development rates for each lifestage as the inverse of the development
times. The development times are estimated as functions of temperature and sdinity at each lifestage.
Table L-2 showsthe estimated devel opment timesfor arange of temperatures. Development timesof each
lifestage is modded as:

DT (lifestage) = ax €™ x SF (lifestage)
where
DT (lifestage) isthe development time in days,
T isthe water temperature on that day,

SF (lifestage) isthe sdinity adjustment factor, and
a and b are coefficients chosen to achieve reasonable devel opment times.
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Fgure L-14 shows development time as afunction of temperature for each lifestage assuming asdinity of
100 g/l. These temperature functions are based on pupa development time experiments conducted by
Herbst. The pupa development time increased from 10 days at 25°C to 29 days at 15°C. Devedopment
isconsidered not to occur at temperaturesbelow 10°C. Development times of al other lifestagesincrease
proportionaly to pupa development times. The development timesat 20°C are assumed to be 3 days for
eggs, 4 daysfor firgt ingars, 7 days for second ingtars, 15 days for third instars, and 15 days for pupae.
Dally temperatures are used to estimate development times for each lifestage.

Development times for larvd ingtars are consdered sdinity dependent, whereas eggs and pupae
are assumed to be insulated from sdinity effects. Figure L-15 shows development times of the various
aguatic lifestagesasalinear function of sdinity assuming an ambient temperatureof 20°C. For firg ingtars,
development times increase linearly from 3.6 days at 50 g/l sdinity to 4.7 days at 150 g/l dinity.
Development times for second ingtars are 6.3 days at 50 g/l salinity and 8.2 days at 150 g/l sdinity. For
third ingtars, development times increase from 10 days at 50 ¢/l to 20 daysat 150 g/l. FigureL-16 shows
1991 fidd temperatures measured at Old Marina and the corresponding lifestage development times at
dinity 92 g/l (dlevation 6,375 feet). Very little development occurs at any lifestage at temperatures below
15°C.

Egg Density Estimates

Dally egg density is estimated with an empirica function of temperature to match the observed
average hard substrate egg density pattern during 1991. The equation for egg dendity is given below:

N (eggs) =0.3x (T - 7)™
where

N (eggs) isthe dendty of eggsinind/n? and
T isthe water temperature on that day.

Dally estimated egg, first, second, third, and pupa densties a devation 6,375 feet (92 g/l dinity) are
shown in Figure L-17. Eggs were most abundant in July and August when temperatures were
approximately 20°C. The number of eggs hatching each day to become firgt ingars is smply the egg
density divided by the development time multiplied by percent hatching success.

H (eggs) = N (eggs)/DT (eggs) x (1 - MF (eggs))
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where

H (eggs) isthe number of eggs hatching each day,
MF (eggs) isthe mortdity fraction, and
(1 - MF (eggs)) isthe hatching success.

Egg Hatching Success Estimates

The assessment model version at eevation 6,375 feet (92 g/l sdinity) indicates that a total of
approximately 320,000 eggs/n? were hatched during the year assuming 100% hatching success. Egg
hatching success is assumed to decrease linearly with sdinity from 80% per day a 50 g/l sdinity to 60%
per day at 150 g/l sdinity. At the lowest smulated lake eevation of 6,350 feet (147 g/l dinity),
approximately 190,000 eggs/n? hatched (59% hatching success). At the highest lake devation of 6,420
feet (46.5 g/l sdinity), approximately 256,000 eggs/n? hatched (80% hatching success). The model
assumes that adult dengties and fecundity are not affected by sdinity, so the same empirica egg patternis
used for dl lake levels.

Instar Mortality Rate Estimates

Dally firg ingtar dengty is caculated asthe previous day's densty plusthe hatching eggs minusthe
firg ingtars that develop into second ingtars and minus the firgt ingtars lost to sdinity controlled mortality:

N (firgt ingars);.; = N (firgt ingars); x (1 - /DT (first ingtars);,; -
MF (firgt ingtars)) + H (eggs)

An initid firs indar dengity is obtained from sdected fidd data on April 31. Second, third, and pupa
dengties are calculated amilarly:

N (second ingtars);,; = N (second ingtars); X (1 - /DT (2nd ingtars);,, -
MF (second ingtars)) + N (first ingars); x (UDT (fird indars);.,; -
MF (firdt ingtars))

Mortdlity data are not available. Mortaity was assumed to increase from 1% per day at 50 g/l Hinity to
10% per day at 150 ¢/l dinity for thelarvd lifestages. Pupd mortdity isnot affected by sdinity and is set
at 0% for dl sdinities. Temperature does not affect mortdity ratesin the modd.
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Biomass Estimates

Biomassrepresentsthe total weight of the population standing stock at asingle point intime. Units
areindry weight of the population per area(milligrams per square meter [mg/n¥]). Daily biomass for each
lifestage is estimated as follows.

B= NxMW
where

B isthe daily biomass of the lifestage,
N isthe population density (ind/n¥) of the lifestage, and
M W isthe mean weight of the lifestage.

The mean weight was assumed to be 50% of the weight of afully developed larvd lifestage. Pupd weight
is assumed congtant throughout this lifestage.

No direct measurements of biomassfrom the 1991 fidd dataexist for cdibration of daily modeed
biomass. Daily biomass estimates of firgt, second, third, and pupd lifestages at elevation 6,375 feet (92
g/l Ainity) areshownin Figure L-18. The biomasses of first and second instars were negligible compared
to the biomasses of third instars and pupae. Third instars peaked in August at 25 mg/n?, while pupae
peaked later in early September at 35 mg/n?. Monthly and seasond average biomass of third ingtars and
pupae are calculated for each lake elevation in the range from 6,350 to 6,420 feet elevation and are shown
in FiguresL-19A and L-19B. At 6,420 feet devation (46.5 g/l sdinity), thetota biomass pesked in early
September at about 100 grams per square meter (g/n?) (monthly average of 110 metric tons[MT]/Lake)
for third instars and 65 g/n? (monthly average of 80 MT/Lake) for pupae. At 6,350 feet elevation (147
o/l sdinity), thetotal biomass peaked in August at about 8 g/n? (monthly average of 12 MT/L ake) for third
ingtarsand 17 g/m? (monthly average of 25 M T/Lake) for pupae. Biomass of both third instars and pupae
reached amaximum at € evations between 6,380 and 6,390 feet of about 40 g/n? (monthly average of 170
MT/Lake) at the end of August.

Production Estimates

Production is a measure of how much biomassis produced over agiveninterval. Unitsareindry
weight of the population per areaper interva (mg/n? per day [mg/mé/day]). Production at each lifestage
is estimated as the product of the mean weight of the fully developed lifestage and the development rate
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of that lifestage. The useable productionisestimated fromthird instar production. Daily production of fully
developed third ingtars is ca culated using the following equation:

P (third ingtars) = N (third ingtars)/DT (third ingtars) x
MFW (third ingtars)

where
MFW isthe mean full weight.

Dally third ingtar productivity estimates at alakeleve of 6,375 (92 g/l sdinity) are graphed in Figure L-20
and show daily productivity pesking at 4 mg/m,/day at the end of August. At 6,350 feet eevation, peak
daly productivity islessthan 2 mg/m,/day, while a 6,420 feet eevation, peak daily productivity reaches

9 mg/m,/day.

The assessment model further caculates the seasond total production for each lake level by
summaizing daily production vaues (units arein mg/n?). Lakewide monthly and seasond production of
third ingars (M T/lake/month) are estimated by multiplying the hard substrate production per square meter
by the effective habitat area for the range of lake elevations from 6,350 to 6,420 feet (Figure L-21). At
low devations, both high salinity and reduced habitat area cause a minimum seasond production. At the
highet smulated sdinity (6,350 feet elevation) the seasond production was only 150 MT/Lake (47.5
mg/n? dry weight) with 49% occurring in August and 19%in September. At intermediate lake evations
of 6,380 to 6,390 feet, the lakewide smulated seasond production is maximum a gpproximately 1,350
MT/lake. Athigher lake€eevations, sainity impactsare reduced, but the effective habitat areaisdecreased.
The tota seasond production at the lowest smulated sdinity of 46.5 g/l (6,420 feet elevation) was
approximately 710 MT/Lake (227 mg/m?. Most production occurred in August (41%) and September
(29%). The mgority of production occursin August for dl lake eevations.

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 moded specifies separate loss fractions for hard substrate (10%) and soft substrate (90%). Theloss
fractionincreases asthefraction of hard substrateto total substrate decreases. The estimated lossfraction
IS 60% at 6,350 and 6,420 feet elevation, where the hard substrate congtitutes 40% of the total habitat.
The estimated loss is 44% at devation 6,380 feet, where the hard subgtrate is 58% of the totd effective
substrate area. Figure L-20 shows the daily production (M T/lake/day) of pupaelost to drift or windrows
a eevation 6,375 feet (92 g/l inity), and Figure L-22 shows the cumulative seasond production
(MT/lake). Cumulative seasond drift production reaches a maximum of 630 MT/lake at eevations
between 6,380 and 6,390 feet. By far, most of these didodged third instars and pupae are blown ashore
as windrows. Some unknown fraction of the generated drift becomes available to the water birds. The
open water drift data collected in 1991 by Herbst was used for confirmation of model results.
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Primary Productivity Estimates

The benthic algae primary production required for the predicted akali fly secondary production
has not yet been investigated. However, the grazing pressure exerted on benthic dgae by dkdi fly larvae
was estimated by the following equation:

GP = P (third)/GF
where
GPisthedally dgd grazing by third instarsin g/m¥/day and

GF isthegrazing efficiency factor, which for the assessment model isset a 0.2, but which for many
ecologicd systemsareaslow as0.1

Although food availahility probably influences dkali fly development rates and mean weights, no
attempt was madein the model to correlatethese. The estimated grazing rate approaches 45 g/nv/day (dry
weight) inthe end of August at an elevation of 6,420 feet, avaue that is near the upper range of possble
aquatic primary production rates.

MODEL CALIBRATION

The 1991 Herbst field data (Herbst 1992) (6,375 feet eevation, 92 g/l salinity) were used to
cdibrate the daily dengdty patterns for each lifestage. The user can select geometric mean dendties from
gx different Stes or an average of adl sites and may further choose between soft or hard substrate. The
assessment modd usesthe mean geometric dengity of dl Steson hard substrate. The selected density data
were graphed and compared to daily smulated dengity patterns and minimum and maximum dengties of
adl dtes.

The empirical egg dendty pattern is shown with the observed egg dendties in Figure L-23.
Figure L-24 showsthe smulated first ingtar dendity at the 6,375 feet elevation (95 g/l sdinity) that occurred
in1991 whenthe Herbst field datawere collected. Both smulated and observed density peaked at 13,000
ind/m? during August. Figure L-25 shows the Smulated second instar density. Simulated and observed
densities reached 15,000 ind/m?in August. However, the Smulated second instar densities decreased in
September and October while the observed second ingtar density continued to increase dramaticaly to
35,000 ind/n? by October. The reason for these persistent second instarsis unknown, and the assessment
mode cannot smulate this feeture of the akai fly population dynamics.

Figure L-26 shows the smulated and observed third ingar densities. Both pesked at
approximately 24,000 ind/n? in early September. Figure L-27 shows the smulated and observed pupa
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densities, both of which reached amaximum of 17,000ind/n?. The model assumesthat al pupae remain
attached, so the model densities should be higher than the observed dengities. The estimated devel opment
time for pupae was increased to equd the third instar development time (30 days at 20°C) to meatch the
observed densties. However, the higher-than-predicted pupa densties might have been due to third
ingarsimmigrating from the surrounding soft substrate onto the hard subsirate. These discrepancies cannot
be resolved with existing information.

The openwater drift data(third instarsand pupae) collected in 1991 by Herbst were used to obtain
reasonable estimates of daily generated drift. Jones & Stokes Associates drift estimates were converted
from drift produced per square meter of effective habitat to drift produced per square meter of lake area
by multiplying the values with the effective habitat areaand dividing with thelake area. Figure L-28 shows
modeled drift dengties a devation 6,375 feet (1991 lake level) compared to the arithmetic mean of the
drift data. Unitsarein ind/n? and are calculated based on the entire lake. The Smulated drift values are
gpproximately tenfold greater than the mean observed drift dengties but follow the same seasond pattern,
peaking at about 15 ind/n? inthe end of August. The observed pattern of drift data generdly confirmsthe
seasond pattern of third instar production.

Asauming that didodged larvae and pupae endure in the open water for severd days would
increase the caculated drift vauesby severd fold. However, most of the generated drift iswashed ashore
rather than swept into the open lake, and some fraction sinks and decays. These unknown daily lossesare
not incorporated into the model and would greatly reduce the smulated vaues. The assessment modd
appearsto give areasonable estimate of drift generation ratesif drift persstence and losses are considered
and the cdlibration is consdered adequate for akali fly impact assessment purposes.
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