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Appendix A. Mono Lake Monthly Water Balance Model
D

The hydrology of Mono Lake has been analyzed by constructing a monthly water
budget that includes inflow terms, a storage change term, and an outflow term. The
monthly inflows are the gaged and ungaged monthly streamflows, groundwater inflows, and
direct precipitation on the lake surface. Ungaged streamflow and groundwater inflows are
called "unmeasured inflows". The monthly change in storage is calculated from the
measured change in elevation and Mono Lake surface area. The outflow term is the
unmeasured evaporation that is estimated from an assumed monthly evaporation rate and
the lake surface area. The water budget method attempts to estimate each of these terms
to provide a consistent description of Mono Lake hydrology.

Methods for Estimating Terms

~ The basic data needed to calculate an accurate monthly water budget for Mono Lake
are:

bathymetry (lake surface area and volume at each elevation),
monthly water surface elevations,

monthly lakewide average precipitation,

monthly surface water and groundwater inflows, and

monthly lakewide average evaporation.

Bathymetry data for this appendix were obtained from the combination of aerial
photogrammetry by Pacific Western Aerial Surveys and a detailed bathymetric survey of
Mono Lake conducted by Pelagos Corporation for LADWP in summer 1986, when Mono
Lake elevation was approximately 6,380 feet. Raw data were obtained from 60,000 depth
soundings throughout Mono Lake. The depth soundings were converted into 5-foot depth
contours, and the area within each contour interval was estimated. Interpolation methods
were used to obtain measurements of 1-foot area increments.

Monthly Mono Lake surface elevations were obtained from LADWP records of
periodic (but not always end-of-month) elevation measurements, linearly interpolated to
end-of-month estimates. LADWP records were adjusted by adding 0.37 foot (4.5 inches),
so that the elevations are consistent with the U.S. Geological Survey (USGS) 1929 sea level
datum.

Monthly lakewide average precipitation data are estimated from LADWP monthly
Cain Ranch precipitation records. Because Mono Lake is in the "rain shadow" of the Sierra
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Nevada crest, it is reasonable to suppose that the lakewide average precipitation is less than
the Cain Ranch (elevation 6,850 feet) average of 11 inches. A precipitation station at Simis
Ranch on the eastern side of Mono Lake has an estimated (short-term record) average
precipitation of 7.5 inches. Each of the previous water budgets for Mono Lake use Cain
Ranch as an index of lakewide precipitation. Vorster (1985) and LADWP (1990) annual
water balance models each assume an average lakewide precipitation of 8 inches (73% of
Cain Ranch average). The variations in lakewide precipitation are assumed to follow the
Cain Ranch pattern.

Monthly surface water and groundwater inflows can only be partially measured with
streamflow gages on the major tributaries (Mill, Lee Vining, Walker, Parker, and Rush
Creeks). Because of irrigation diversions downstream of the gages on each tributary, the
available flow records are only approximate estimates of the total surface water and
groundwater inflow to Mono Lake. Additional inflow may exist that is proportional to the
measured runoff, or the additional inflow may be a constant term that does not depend on
variations in surface runoff. Each of the previous water budgets for Mono Lake has used
the measured runoff as an index for estimating the total inflow term.

Monthly lakewide evaporation can be estimated from local evaporation pan measure-
ments, observed changes in lake elevation, assumed relationships with meteorological data
(wind and humidity), or heat budget modeling of Mono Lake surface temperatures (Romero
1992). Because the lakewide evaporation cannot be measured directly, any of these methods
can provide only assumed evaporation rates. Favorable comparison between these methods
of estimation increases the confidence in the assumed monthly evaporation pattern for
Mono Lake.

Available Hydrologic Data

The available hydrologic data for 1941-1989 are given in the basic data file
MONOWB. WK1, available from SWRCB consultants. The year and month are followed
by the end-of-month elevation (USGS datum). The surface area and monthly volume
changes are calculated by interpolation of the 1-foot interval bathymetry data that is given
in data file BATHY.WK1. The monthly Cain Ranch precipitation is provided in the next
column. The precipitation volume estimate is calculated from the average lake area and
the precipitation depth.

The available streamflow measurements are given in the next several columns.
Previous water budget models used various sums and adjustments to arrive at an index of
surface runoff into Mono Lake. Because the total runoff from the four diverted tributary
creeks are used as the index of runoff-year types (wet, normal, or dry) for Mono Basin, flow
measurements for these creeks are used for the monthly Mono Lake water budget runoff
index. For the historical period of 1941-1989, LADWP measured the spill at Lee Vining
Creek intake and the releases and spills from Grant Lake reservoir to Rush Creek. The
sum of these values was taken as the surface inflow to Mono Lake from the four diverted
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creeks. Releases from Walker and Parker Creeks were generally used for irrigation and
were not included in the surface inflow estimates, although in wet years some nonirrigation
releases were made.

For a portion of the historical period, LADWP operated streamflow gages on Lee
Vining Creek (1941-1969) and Rush Creek (1952-1967) near their mouths at Mono Lake.
These records provide an indication of the portion of the creek flows that infiltrated or were
evapotranspirated on irrigated pasture or in the riparian corridors. They cannot provide a
better estimate of the inflow to Mono Lake because the infiltrated water would enter as
groundwater flow.

The next column is the difference between the observed monthly change in Mono
Lake volume and the estimated terms for measured inflow and precipitation. The missing
terms, evaporation and unmeasured inflow, are more difficult to identify.

The average monthly evaporation pattern was estimated from the observed loss of
water from Mono Lake. The observed monthly changes in Mono Lake volume are usually
less than the estimated inflows (measured surface flows plus precipitation) and these
differences are greatest in the warm summer months. These average differences were used
to approximate the monthly evaporation rates.

Surface inflow from portions of Mono Basin without streamflow gages and ground-
water inflow cannot be measured. Some reasonable estimate for these unmeasured inflows
must be used; a constant long-term average and/or some fraction of measured precipitation
or gaged runoff can be used.

Because both evaporation and unmeasured inflows must be estimated from the
change in Mono Lake volume that is not explained by measured inflows and direct precipi-
tation, the magnitude of one term must be assumed to calculate the magnitude of the other.
An independent estimate of annual evaporation based on temperature modeling by the
University of California, Santa Barbara (UCSB) (1992) was used to set the magnitude of
annual Mono Lake evaporation at 48 inches. This allowed the magnitude of the
unmeasured inflow to be estimated to complete the monthly Mono Lake water budget
model.

Previous Mono Lake Water Balance Models

SWRCB staff evaluated two annual (runoff year) water budget models and deter-
mined that the historical accuracy of both models, when compared with recorded Mono
Lake volume changes from 1937 to 1989, was essentially equivalent (Rich pers. comm.).
Vorster (1985) had developed a model that included many separate hydrologic terms,
although several could not be measured directly. LADWP (1990) had developed a model
with fewer terms that lumped many measured and unmeasured inflows into a single "runoff
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factor” regression equation. The following review of each model will explain the basic
techniques of constructing a water balance model.

Vorster Model

Vorster (1985) summarized all previous water budgets for Mono Lake and analyzed
all available hydrologic data to estimate terms for an annual water balance for Mono Lake.
LADWP runoff and lake elevation data for 1937-1983 formed the basis for estimates of the
annual water budget terms. Vorster attempted to separate each identifiable hydrologic term
to provide an accurate and reliable water budget and sensitivity analysis. However, because
data were not available for direct estimation of each term, several terms were based on
assumptions and indirect evidence. The accuracy of each individual term is unknown,
although the overall match with the historical Mono Lake elevation record is good.

Vorster’s model is based on the following water budget terms:

m Precipitation at Mono Lake is assumed to average 8 inches and to fluctuate with
Cain Ranch measurements.

s Evaporation is assumed to average 45 inches, to fluctuate with Long Valley
evaporation pan data, and to be reduced slightly (3-5%) by Mono Lake salinity.

m Sierra Nevada runoff as measured at streamflow gages (150 thousand acre-feet
per year [TAF/yr]) is increased by 11% to account for unmeasured Sierra runoff,
with an additional 20 TAF assumed from non-Sierran areas, 9 TAF from precipi-
tation on land around the lake, and 1.5 TAF from Virginia Creek diversions. The
total average inflows are 197.5 TAF and can be estimated as 111% of measured
runoff plus a constant of about 30.5 TAF.

m Several water losses are assumed; bare ground ET around the lake perimeter -
averaged 5.5 TAF, Grant Lake reservoir evaporation averaged 1.5 TAF, phreato-
phytes around the lake account for 3 TAF, riparian ET averaged 1.5 TAF,
irrigated pasture ET averaged 8 TAF, and the export of groundwater in the Mono
Craters Tunnel accounts for about 7 TAF. These relatively constant losses total
26.5 TAF.

m The recorded LADWP exports from West Portal are subtracted from the avail-
able water.

s A final regression of unexplained lake volume changes with evaporation and
runoff is used to correct the average 2.5 TAF/yr error in the modeled estimates
of Mono Lake volume change during 1937-1983. The resulting estimates of
Mono Lake elevation had an average error of 0.25 foot (3 inches).
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The Vorster water balance includes many separate hydrologic terms that can be
evaluated throughout the basin but does not provide validation of the individual estimates
because hydrologic data are not collected for each identified term. The ability of the model
to account accurately for the net water balance for Mono Lake suggests that the relative
magnitude of the assumed inflows and losses is correct.

LADWP Model

LADWP developed a water balance with precipitation, evaporation, and a single net
inflow term that used the available streamflow and diversion data to estimate the total
releases toward Mono Lake. For an assumed evaporation rate, LADWP used a regression
analysis to adjust the estimated inflows to match the historical fluctuations in Mono Lake
volume for 1937-1989.

The LADWP-90RY model is based on the following water balance terms:

s Precipitation at Mono Lake is assumed to average 8 inches and to fluctuate with
Cain Ranch measurements.

s Evaporation is assumed to average 41 inches, to fluctuate with Long Valley
evaporation pan data, and to be reduced slightly (3-5%) by Mono Lake salinity.

m Sierra Nevada runoff as measured at streamflow gages (148 TAF/yr average) is
decreased by irrigation diversions (7.5-12 TAF/yr), storage in Grant Lake
reservoir, and West Portal exports. This is the measured portion of the estimated
net inflow toward Mono Lake.

» A linear regression of unexplained historical lake volume changes with estimated
releases to the lake is used to estimate the total inflow. The regression equation
was estimated to be:

Unmeasured inflow = 18.5 - .0585 x measured releases to Mono Lake

The LADWP formulation recognizes that the only available data are the measured
streamflows, diversions, and lake level fluctuations. However, the regression equation for
the unmeasured inflow could also be formulated in terms of the measured runoff, rather
than the releases toward Mono Lake. Nevertheless, the historical match is comparable to
the Vorster model, with an average error of 0.25 foot (3 inches).

Mono Lake Bathymetry

The bathymetric data for Mono Lake are summarized by the surface area and
volume at 1-foot intervals from the lake bottom at elevations of 6,230-6,440 feet. The
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bathymetric data originated from a bottom depth-sounding survey conducted by Pelagos for
LADWP in 1986 (Pelagos 1986) when the lake surface elevation was approximately
6,380 feet. The transects for the sounding equipment required at least 5 feet of depth.
Aerial photogrammetry was used to estimate S-foot elevation contours from 6,372 to
6,430 feet.

These basic data have been modified slightly in the elevation range of 6,365-
6,430 feet and were extended to 6,440 by SWRCB consultants who mapped several contours
based on visible benchmarks on aerial photographs (see Appendix G). The bathymetry data
for elevations 6,300-6,440 feet are given in Table A-1. Estimates of salinity and specific
gravity (density) are given for reference. The surface area of Mono Lake for elevations
between 6,340 feet and 6,440 feet are shown in Figure A-1. The areas mapped by the
SWRCB consultants are shown for comparison with the Pelagos bathymetry. The volume
of Mono Lake for elevations between 6,340 and 6,440 feet is shown in Figure A-2.

The 1-foot incremental areas are the basic building block for the bathymetric data;
the lake surface area is the sum of the incremental areas to that elevation, and the incre-
mental volumes are calculated from the average area at the top and bottom of the
increment. Review of the original Pelagos incremental area data showed that large
incremental areas occurred near the S-foot contour elevations, with much smaller increments
midway between the S-foot contours. This result is attributable to the SURFACE II
graphics interpolation program used by Pelagos. SWRCB staff and consultants determined
that this effect could be eliminated by 11-foot interval linear smoothlng of the incremental
area values (Rich pers. comm.).

Figure A-3 shows the original Pelagos and "smoothed" 1-foot incremental area values
for Mono Lake between elevations of 6,350-6,420 feet. The largest incremental areas (more
than 600 acres per foot of elevation) occur in the range of 6,365-6,375 feet because the
shoreline slope is generally smallest at these elevations. The smallest incremental areas
(about 200 acres per foot of elevation) occur between elevations 6,400 and 6,415 feet where
the shoreline is steepest. The smoothing has relatively small effects on the lake surface and
volume increments used in the water budget.

The bottom of Mono Lake is at about 6,230 feet elevation. At an elevation of
6,370 feet, the lake surface area is approximately 35,820 acres (56 square miles), and the
lake volume is approximately 2.1 million af (MAF). At an elevation of 6,420 feet, the lake
surface area is approximately 55,500 acres (87 square miles), and the lake volume is about
45 MAF. For the August 1989 point of reference for this EIR, Mono Lake surface
elevation was 6,376.3 feet above sea level, with a surface area of about 41,000 acres and a
volume of approximately 2.33 MAF.

In the water balance model, monthly volume changes of the lake were estimated from
the surface areas interpolated from the 1-foot bathymetric data.
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Evaporation and Precipitation

The monthly evaporation rates (inches/month) were assumed to be constants for
each year. The monthly volume change from evaporation was estimated for the 1940-1989
historical period as the assumed evaporation rate multiplied by the surface area of the lake
at the beginning of the month. The monthly precipitation contribution to the lake volume
was estimated using the observed monthly Cain Ranch precipitation multiplied by the lake
area. As previously noted, the average 1940-1989 Cain Ranch annual precipitation was
approximately 11 inches. This is slightly higher than the estimated lakewide average precipi-
tation of 8 inches based on maps of precipitation contours (Vorster 1985, LADWP 1990).
This uncertainty in net evaporation (evaporation minus precipitation) is accounted for in the
residual inflow estimate discussed in the next section.

The available hydrologic data were used to provide the initial estimate of monthly
evaporation for Mono Lake. The monthly measured change in Mono Lake volume was
compared with the estimated inflows from precipitation and measured surface inflows. This
residual volume change was then divided by the surface area to give a residual elevation
change in inches. These monthly estimates were averaged for each calendar month. The
results provide an estimate of the minimum possible monthly average evaporation because
any unmeasured inflows must be balanced by additional evaporation to match the historical
surface elevation changes. Figure A-4 shows all the monthly estimates of "missing water",
sorted by calendar months. These monthly residual estimates are scattered because of data
errors and unmeasured inflows.

The monthly averages of these residual estimates of minimum evaporation rates are
listed in Table A-2. The seasonal pattern is quite reasonable. The annual average sum of
"missing water" is about 38 inches. This can be interpreted as the minimum possible
evaporation because unmeasured inflows must be balanced by increased evaporation. This
initial evaporation pattern can be confirmed with other estimates of evaporation for Mono
Lake.

Two evaporation pan records for Mono Basin are available. A floating pan was
maintained by LADWP in Grant Lake reservoir from 1942 to 1969, and a land pan replaced
the floating pan in 1968 (elevation 7,200 feet). Measurements are only obtained in non-
freezing months, and Cain Ranch precipitation estimates are used to correct the actual pan
data. Nevertheless, the average May-October Grant Lake reservoir evaporation measure-
ments given in Table A-2 suggest a similar, but greater, seasonal pattern when compared
to the residual monthly estimates.

The second evaporation pan record was collected at the Simis Ranch meteorological
station from 1980 to 1983 (Vorster 1985). The monthly average values were higher than
Grant Lake reservoir data but followed a similar seasonal pattern.

Temperature and salinity modeling of Mono Lake by UCSB staff independently
estimated the evaporation for 1990 that provided the best match with biweekly surface
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temperature measurements. The annual value was approximately 48 inches (Romero 1992).
This value was therefore selected for use in the Mono Lake monthly water budget model.
Figure A-5 shows the sensitivity of modeled Mono Lake surface temperatures to the
evaporation coefficient. The resulting annual evaporation rates are shown. The best
estimate was determined to be 0.8 times the base estimate. UCSB staff plan to collect daily
surface temperatures and complete local meteorological data in hopes of determining an
even more accurate estimate of Mono Lake evaporation. However, some uncertainty will
always remain in evaporation and all other terms of the water budget.

Unmeasured Inflows

The monthly water balance model uses the monthly residual water estimates to
determine the monthly fractions of an assumed total annual evaporation (Table A-2). A
linear regression equation was then estimated between unmeasured inflows and monthly
runoff to complete the monthly water budget. Both the constant and the fraction of runoff
increase with the assumed evaporation. For the assumed evaporation of 48 inches, the
constant term is 2,915 af/month (34,992 af/year), and the fraction of runoff is 22.8%. This
22.8% fraction of runoff regression term includes Mill and DeChambeau Creeks because
the runoff term was selected to correspond to the diverted tributary creeks. Because the
Mill and DeChambeau Creeks average 18% of the diverted creeks’ runoff, unmeasured
inflow is about 5% of diverted creeks’ runoff, plus the constant term of about 35 TAF /yr.

This regression of unmeasured inflows is consistent with the assumed evaporation
rate because the runoff from Mill and DeChambeau Creeks is about 18% of the diverted
creeks’ total runoff. If the runoff variable term is assumed to equal runoff from Mill and
DeChambeau Creeks, then at least 44 inches of evaporation are required for an 18% runoff
term in the unmeasured inflow regression. Alternatively, if the total unmeasured inflow
term is assumed to equal runoff from Mill and DeChambeau Creeks, then at least 37 inches
of evaporation are needed. The assumed 48 inches of evaporation are consistent with this
unmeasured inflow regression estimate.

Model Calibration with Observed Lake-Level Fluctuations

The monthly water balance can be summarized as:

= assumed constant annual evaporation of 48 inches, distributed in constant
monthly fractions;

s measured Cain Ranch monthly precipitation;

» monthly releases from Lee Vining, Walker, Parker, and Rush Creeks to Mono
Lake; and
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= additional monthly inflow of 2,916 af plus 22.8% of monthly runoff from the four
diverted creeks; the total additional inflow averages 63,116 af per year.

These monthly estimated evaporation and additional inflow terms, together with the
measured historical releases to Mono Lake from the diverted tributaries, provide an
accurate simulation of the observed variations in lake volume and surface elevation.
Figure A-6 shows the simulated and observed Mono Lake elevations for the 1941-1989
period. The average error for the 49-year period is 0.5 foot. However, the average absolute
error since 1965 when the lake level declined below 6,390 feet is only 0.27 foot.

The calibration using the assumed 48 inches of evaporation and results for a 36 inch
evaporation estimate are shown. Lower evaporation rates are balanced by smaller
unmeasured inflows regressions, so that the resulting match with the historical Mono Lake
elevation pattern is nearly identical. The simulated elevations remain consistently below the
measured elevations from about 1950 to 1983, suggesting an error in the measured inflow
terms.

The monthly water budget terms can be summarized with annual values for the
historical period 1941-1989, as shown in Figure A-7. The terms are shown as cumulative
annual values. The first term is the unmeasured inflows that fluctuate with runoff. The next
term is precipitation on Mono Lake. The third inflow is the measured releases to Mono
Lake from the four diverted creeks. These inflow terms have varied from about 50 TAF
to more than 350 TAF. When the assumed 48 inches of evaporation are subtracted from
these inflows, the final estimated change in Mono Lake volume is given. For calibration
purposes, the actual observed changes in Mono Lake volume also are shown.

This monthly water budget for Mono Lake is considered adequate for purposes of
this EIR and was used in the aqueduct simulation model (Auxiliary Reports S and 18) and,
in modified form, in the extended drought analysis (Appendix H).
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Table A-1. Bathymetry of Mono Lake

Original Pelagos Smoothed Pelagos
Corporation Bathymetry Corporation Bathymetry Jones & Stokes
Associates
Surface Area Lake Volume Surface Area Lake Volume Mapped  Average

Elevation Area Increment Volume Increment Area Increment? Volume Increment Area s-hn?
@ (acres) (acres) (@ . (a0 (acres) (acres) (a0 (a0 (scres)®  (g/1
6,300 14,786 301,744 14,606 14,776 95 302324 14,5 3 1530
6,301 15,150 364 316712 14,968 15,162 386 317,293 14969 661 1506
6,302 15,502 352 332,036 15324 15,536 374 332,642 15349 630 ° 1482
6,303 15,892 390 347,728 15,602 15903 367 348362 15719 602 1461
6,304 16335 443 363,840 16,112 16,259 356 364443 16,081 575 1441
6,305 16,698 363 380,361 16,521 16,609 350 380,877 16434 550 142
6,306 17,027 329 397223 16,862 16952 343 397,657 16,780 527 1404
6,307 17,354 327 414418 17,195 17289 337 414,777 17,121 505 1388
6,308 17,674 320 431923 17,505 17,623 333 432,233 17456 485 1372
6,309 17977 303 449,753 17,830 17949 326 450,019 17,786 466 1357
6310 18,271 294 467871 18,14 18,264 315 468,126 18,106 448 134
6311 18,561 290 486,289 18412 18574 310 486,544 18419 431 1331
6312 18,862 301 504,999 18,710 18,882 308 505,272 18,728 415 1319
6313 19,169 307 524,013 19,014 19,189 307 524,308 19,036 400 1307
6314 19,482 313 543,339 19,326 19498 309 543,651 19344 386 1.296
6315 19,79 317 562978 19,639 19,808 310 563,304 19,653 372 1286
6316 20,106 307 582,929 19951 20,117 309 583,267 19962 39 127
6317 20417 311 603,187 20,258 20424 307 603,537 20,270 347 1267
6318 20,735 318 623,762 20,575 20,727 303 624,113 20,576 336 1259
6319 21,070 335 644,659 20,897 21,025 298 644,989 20,876 325 1250
6,320 21,384 314 665,886 21,227 21319 4 666,161 21,172 21,639 315 1243
6,321 21,672 288 687,420 21,534 21,609 20 687,625 21464 305 1235
6322 21,939 267 709,222 21,802 21,895 286 709378 21,752 25 1228
6323 22,196 257 731,293 207 2,19 p-<J 731415 22,037 287 1221
6324 22449 253 753,614 2321 2485 276 753,732 2317 278 1215
6,325 2,716 267 776,197 22,583 2,73 268 776,321 2,5% 0 1.209
6326 22990 274 799,052 22,855 22986 263 799,175 22,854 262 1203
6,327 23,253 263 822,173 23,121 23,246 261 822,291 23,116 255 1197
6,328 23,534 281 845,564 23,391 23,505 259 845,667 23376 248 1.192
6329 3,774 240 869,221 23,657 23,766 261 869,302 23,635 241 1187
6,330 24,017 43 83,118 23,87 24,029 263 893,199 23,897 24,251 235 1182

' 6331 24,272 255 917,263 24,145 24,292 263 917,360 24,161 28 1177
6,332 24,538 266 941,668 24405 24,557 265 941,785 24425 23 1171
6,333 24,786 48 966,332 24,664 24,826 268 966476 24,692 27 1168
6,334 25,067 281 991,260 24928 25,004 268 991,436 24,960 21 1164
6,335 25343 276 1,016,469 25,209 25366 2n 1,016,666 25,230 206 1.160
6,336 25,609 266 1,041,941 25472 25,643 n 1,042,171 25,505 201 1.156
6,337 25909 300 1,067,699 25,758 25926 33 1,067,955 25,785 196 1153
6,338 26,206 297 1,093,760 26,061 26,215 288 1,094,026 26,070 192 1149
6,339 26483 2n 1,120,102 26342 26,509 295 1,120,388 26362 187 1.146
6,340 26,767 284 1,146,732 26,630 26,805 296 1,147,045 26,657 26928 183 1.142
6,341 27,068 301 1,173,645 26913 27,101 25 1,173,998 26953 1™ 1.1%
6,342 27382 314 1,200,872 21227 2798 298 1,201,247 27,250 174 1.136
6343 2171 32 1,228422 27,550 27,695 26 1,228,794 27547 m 1133
6344 28,030 319 1,256,294 21872 27987 292 1,256,635 27,841 167 1.130
6,345 28320 290 1,284,467 28,173 28277 21 1,284,767 28,132 28,595 163 1127
6,346 28,592 272 1312923 28,456 28,565 288 1,313,188 28421 160 1125
6,347 28,886 24 1,341,664 28,741 28,848 283 1,341,995 28,707 156 1122
6348 29,166 280 1,370,691 29,027 2,14 276 1,370,881 28986 153 1120
6,349 2420 254 1,399,982 29,291 29,391 267 1,400,138 29,258 150 117
6,350 29,681 261 1,429,532 29,550 29,650 25 1,429,659 29,521 29,880 147 1115
6,351 29931 250 1,459,339 29,807 29904 254 1459436 2,111 14 1113
6352 30,184 253 1,489,396 30,057 30,158 253 1489467 30,031 141 1110
6353 30413 229 1,519,696 30,300 30,409 251 1,519,750 30,283 138 1.108
6,354 30,651 238 1,550,227 30,531 30,662 253 1,550,286 30,536 135 1.106
6,355 30,875 24 1,580,989 30,762 30920 258 1,581,077 30,91 31,080 133 1.104
6,356 31,119 24 1,611984 30,995 31,18 262 1,612,128 31,051 130 1.102
6,357 313 260 1,643,234 31,250 31449 267 1,643443 31315 128 1.100
6358 31,652 m 1,674,745 31,511 31,720 m 1,675,028 31,584 125 1.09
6359 31951 29 1,706,543 31,798 31,998 2 1,706,886 31,8% 13 1.097
6,360 32258 307 1,738,649 32,106 32,283 285 1,739,027 32,141 32340 121 1.095
6,361 32,559 301 1,771,058 32409 32,575 292 1,771,456 32429 118 1.093
6,362 32,864 305 1,803,775 32,17 32873 298 1,804,180 32,74 116 1.092
6363 33,165 301 1,836,790 33,015 33,18 309 1,837,207 33,027 114 1.090
6,364 33478 313 1,870,113 3333 33,517 336 1,870,557 33350 112 1.089
6,365 33,787 309 1,903,745 33,632 33,860 352 1,904,250 33,693 33,81 110 1.087
6,366 34,086 299 1,937,684 3393% 34,224 355 1,938,297 34,047 108 1.086
6,367 34,392 306 1971918 34,234 34,593 3% 1972,705 34,409 106 1.084
6,368 34,777 385 2,006,491 34,573 35,070 477 2,007,537 34,832 104 1.083
6360 35345 568 2,041,538 35,047 35,619 549 2,042,882 35345 103 1.081
6370 35,819 474 2,077,137 35,599 36,266 647 2,078,825 35943 101 1.080
6371 36,165 346 2,113,131 35994 36970 704 2,115443 36,618 9 1.0
6372 36,619 454 2,149,503 36372 37,688 n7 2,152,172 373 36859 97 1077
6373 38,113 14%4 2,186,471 36,968 38,409 721 2,190,820 38,048 37,592 96 1.076
6,374 39,203 1,090 2,225300 38,829 3,127 78 2,229,588 38,768 94 1.07s
6375 40,590 1,387 2,264,835 39,535 39915 7% 2,260,109 39,521 3418 92 1.074
6376 41,535 945 2306,053 41,218 40,74 809 2309428 40,320 40323 91 1072
6377 41976 41 2347827 41,774 41,531 807 2,350,556 41,128 40,876 » 1.071



Table A-1. Continued

Original Pelagos Smoothed Pelagos
Corporation Bathymetry Corporation Bathymetry . Jones & Stokes
Associates
Surface Area Lake Volume Surface Area ’ Lake Volume Mapped  Average
Elevation Area Increment Volume Increment Area Increment? Volume Increment Area Salinif
®* (acres) (acres) (af) (aD (acres) (acres) (G (ap (acres)®  (g/1
6378 42323 347 2,389,985 42,158 42325 4 2,392484 41928 88
6379 42,677 354 2432473 42488 43,012 687 2435,153 42,669 86
6,380 44,021 1344 2475351 42878 43,670 658 2478494 43341 85
6,381 4,715 694 2,519,878 44,527 44,256 585 2522457 43963 43,895 &
6,382 45,039 324 2,564,761 44,883 44,783 527 2,566976 4,519 &
6383 45356 317 2,609.959 45,198 45295 s12 2,612,015 45,039 44,886 80
6,384 45,668 312 2,655465 45,506 45,799 505 2,657,562 45,547 45323 »
6,385 46,445 m 2,701,320 45855 46310 s1 2,703,617 46,055 78
6,386 47,028 583 2,748,135 46,815 46,734 424 2,750,1% 46,522 76
6,387 47335 307 295323 47,188 47,112 3 2,797,062 46923 46,597 s
6,388 47,607 272 2,842,794 4747 47492 380 2,844,364 47302 74
6,38 47873 266 2,890,535 47,741 47,865 3n 2,802,042 47,6 72
6,390 48,294 421 2,938,554 48,019 48245 3» 2,940,097 48,055 48,295 Ut
6,391 48,685 91 2,987,074 48520 48,584 3% 2988512 48414 0
6,392 48,870 185 3,035910 48,836 48,893 309 3,037,250 48,7%9 .Y
6,393 49,24 354 3,085,012 49,102 49,194 301 3,086,294 49,044 49,402 68
6,394 49,461 237 3,134,354 49342 49,491 297 3,135,637 49343 67
6,395 49,841 380 3,183,957 49,603 49,796 304 3,185,280 49,644 66
6,396 50,178 337 3,233,993 50,036 50,093 297 3,235,225 49944 65
6,397 50,426 248 3,284,298 50,305 50,375 282 3,285,459 50,234 64
6,398 50,649 2 3,334,837 50,539 50,660 284 3335976 50,518 [
6399 50,875 226 3,385,597 50,760 50,930 20 3,386,771 50,795 62
6,400 51,220 345 3,436,601 51,004 51,204 274 3,437,838 51,067 51,635 61
6,401 51,566 346 3,488,019 51418 51469 265 34%,175 51,336 60
6402 51,789 223 3,539,608 51,6 51,720 252 3,540,760 51,595 »
6,403 51,999 210 3,591,595 51,807 51,967 246 3,592,613 51,844 58
6,404 52,199 200 3,643,601 52,096 52,208 241 - 3,644,700 52,087 58
6,405 52472 273 3,696,012 52321 52451 23 3,697,030 52329 57
6,406 52,753 281 3,748,642 52,630 52,685 235 3,749,598 52,568 56
6407 52,948 195 3,801,493 52,851 52904 218 3,802,392 52,794 55
6408 53,135 187 3,854,536 53,043 53,117 214 3,855,403 53,011 54
6,409 53,304 169 3,907,754 53,218 53326 208 3,908,624 53,221 54
6,410 53,544 240 3,961,154 53,400 53,534 209 3,962,054 53430 53,626 53
6411 53,800 256 4,014,845 53,601 53,741 207 4,015,602 53,638 52
6412 53968 168 4,068,730 53,885 53939 197 4,060,532 53,840 52
6,413 54,140 172 4,122,788 54,058 54,134 196 4,123,568 54,036 54,115 S1
6,414 54,289 149 4,177,003 54,215 54327 193 4,177,799 54,231 50
6415 54,495 206 4,231,376 54373 54,527 200 4,232,226 54,427 50
6,416 54,751 256 ° 4,286,015 54,639 54,730 203 4,286,854 54,628 49
6417 54922 1M 4,340,854 54,839 54924 194 4,341,681 54,827 54,698 48
6418 55,099 177 4,395,865 55,011 55,120 196 4,396,703 55,022 48
6,419 55,256 157 4,451,041 55,176 55318 19 4451922 55,219 47
6420 55,504 248 4,506,394 55353 55,534 215 4,507,348 55426 46
6,421 55,772 268 4,562,055 55,661 55,756 223 4,562,993 55,645 46
6422 5593 167 4,617912 55857 55976 220 4,618,859 55,866 45
6423 56,13 184 4,673,940 56,028 56,205 229 4,674.950 56,091 45
6424 56324 201 4,730,163 56,23 56450 A5 4,731,278 56,328 4
6,425 56,656 332 4,786,612 56,449 56,760 310 4,787,883 56,605 4
6,426 56945 2% 4,843,440 56,828 57,066 305 4,843,440 55,557 43
6427 57,170 25 4,900,496 57,056 57365 299 4,900,496 57,056 43
6,428 57443 213 4,951,793 57297 57,668 303 4,957,793 57,297 56,433 42
6,429 57,194 351 5,015,397 57,604 51972 304 5,015,397 57\,604 42
6,430 58,662 868 5073424 58,027 58,276 304 5073424 58,027 57,004 41
6431 58,864 202 5,132,187 58,763 58,569 293 5,132,187 58,763 41
6432 59,066 202 5,191,152 58965 58,853 285 5,191,152 58965 40
6433 59,268 202 5,250,319 9,167 9,136 283 5250319 9,167 40
6434 470 202 5,309,688 9,369 9412 276 5,309,688 9369 »
6435 59,672 202 5,360,259 5,571 59,675 263 5369,259 5,571 »
6,436 59,874 202 5,429,032 N,773 59,920 A5 5,429,032 59,7713 »
6437 60,076 202 5489,007 9975 60,150 230 5,489,007 9975 38
6,438 60,278 202 5,549,184 60,177 60,365 215 5,549,184 60,177 38
6439 60,480 202 5,609,563 6037 60,565 200 5,609,563 60,379 37
6440 60,682 202 5,670,144 60,581 60,750 185 5,670,144 60,581 60,674 37
USGS datum.

Jones & Stokes Associates smoothed with 11-foot moving average, as described in text.
GIS results using aerial photographs of previous shorelines.
Estimated from lake volume assuming 285 million tons of dissolved salt; TDS (g/1) = 2.096 x 108/Volum: (af).

Estimated from LADWP experiments with Mono Lake water (see Chapter 3B); SG = 1.004 + 0.00072 x Salinity (g/1).




Table A-2. Monthly E\}aporation Estimates for Mono Lake

Monthly Grant Simis
Month Water Budget? Pan® Ranch®
January 1.1 - ' -
February 0.6 -- --
March 1.0 - -
April 1.9 - -
May 32 6.0 8.7
June : 4.7 7.1 9.5
July 55 8.2 10.6
August 6.2 8.0 94
September » 5.1 6.3 7.1
October 3.8 4.6 43
November : 3.1 - -
December | 18 — —
Annual ~ 38.0 - --

? Estimated as residual of lake volume change/area.
® LADWP land pan (1968-1989) and floating pan (1942-1969) data.

¢ Source: Data from 1980-1983 from Vorster 1985.
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Appendix B. Common and Scientific Names of Animal

Species Mentioned in the Report

Common Name

Scientific Name

Invertebrates

Mono brine shrimp

Alkali fly

Mono checkerspot
Apache silverspot butterfly
Mono Lake tick

Salamanders, Toads, and Frogs (Amphibia)

Mount Lyell salamander
Great Basin spadefoot
Yosemite toad

Mountain yellow-legged frog

Turtles, Lizards, and Snakes (Reptilia)

Sagebrush lizard
Western aquatic garter snake

Birds (Aves)

Common loon

Horned grebe

Eared grebe

American white pelican
Double-crested cormorant
Great blue heron

Snowy egret
Black-crowned night-heron
White-faced ibis

Snow goose

Artemia monica

Ephydra hians

Euphydryas editha monoensis

Speyeria nokomis apacheana

Argos monolakensis

Hydromantes platycephalus
Scaphiopus intermontanus
Bufo canorus

Rana muscosa

Sceloporus graciosus
Thamnophis couchi

Gavia immer

Podiceps auritus

Podiceps nigricollis
Pelecanus erythrorhynchos
Phalacrocorax auritus

Ardea herodias

Egretta thula

~ Nycticorax nycticorax

Plegadis chihi
Chen caerulescens

- Mono Basin EIR

549\APPDX-B B-1
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Appendix B. Continued

Common Name

Scientific Name

Ross’ goose

Brant

Canada goose
Wood duck
Green-winged teal
Mallard

Northern pintail
Blue-winged teal
Cinnamon teal
Northern shoveler
Gadwall

American wigeon
Canvasback
Redhead
Bufflehead

Hooded merganser
Common merganser
Red-breasted merganser
Ruddy duck

- Turkey vulture
Osprey

Bald eagle
Northern harrier
Sharp-shinned hawk
Cooper’s hawk
Northern goshawk
Swainson’s hawk
Red-tailed hawk
Rough-legged hawk
Golden eagle
American kestrel
Peregrine falcon
American peregrine falcon
Prairie falcon .
Sage grouse
Mountain quail
Yellow rail

Virginia rail

Sora

Chen rossii
Branta bernicla
Branta canadensis

Aix sponsa

Anas crecca

Anas platyrhynchos
Anas acuta

Anas discors

Anas cyanoptera

Anas clypeata

Anas strepera

Anas americana

Aythya valisineria
Aythya americana
Bucephala albeola
Lophodytes cucullatus
Mergus merganser
Mergus serrator

Oxyura jamaicensis
Cathartes aura

Pandion haliaetus
Haliaeetus leucocephalus
Circus cyaneus

Accipiter striatus
Accipiter cooperii
Accipiter gentilis

Buteo swainsoni

Buteo jamaicensis

Buteo lagopus

Agquila chrysaetos

Falco sparverius

Falco peregrinus

Falco peregrinus anatum
Falco mexicanus
Centrocercus urophasianus
Oreortyx pictus
Coturnicops noveboracensis
Rallus limicola

Porzana carolina

Mono Basin EIR
549\APPDX-B
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Appendix B. Continued

Common Name

Scientific Name

American coot
Black-bellied plover
Snowy plover
Semipalmated plover
Killdeer

Mountain plover
Black-necked stilt
American avocet
Greater yellowlegs
Willet

Spotted sandpiper
Long-billed curlew
Marbled godwit
Ruddy turnstone
Sanderling
Semipalmated sandpiper
Western sandpiper
Least sandpiper
Baird’s sandpiper
Short-billed dowitcher
Long-billed dowitcher
Common snipe
Wilson’s phalarope
Red-necked phalarope
Pomarine jaegar
Bonaparte’s gull
Ring-billed gull
California gull
Western gull

Caspian tern

Black tern

Mourning dove
Long-eared owl
Short-eared owl
Lesser nighthawk
Common nighthawk
Common poorwill
Vaux’s swift

Calliope hummingbird

Fulica americana
Pluvialis squatarola
Charadrius alexandrinus
Charadrius semipalmatus
Charadrius vociferus
Charadrius montanus
Himantopus mexicanus
Recurvirostra americana
Tringa melanoleuca
Catoptrophorus semipalmatus
Actitis macularia
Numenius americanus
Limosa fedoa

Arenaria interpres
Calidris alba

Calidris pusilla

Calidris mauri

Calidris minutilla
Calidris bairdii
Limnodromus griseus
Limnodromus scolopaceus
Gallinago gallinago
Phalaropus tricolor
Phalaropus lobatus
Stercorarius pomarinus
Larus philadelphia
Larus delawarensis
Larus californicus
Larus occidentalis
Sterna caspia
Chlidonias niger
Zenaida macroura

Asio otus

Asio flammeus
Chordeiles acutipennis
Chordeiles minor
Phalaenoptilus nuttallii
Chaetura vauxi

Stellula calliope

Mono Basin EIR
549\APPDX-B
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Appendix B. Continued

Common Name

Scientific Name

Rufous hummingbird
Belted kingfisher
Lewis’ woodpecker
Downy woodpecker
Hairy woodpecker
Northern flicker
Western wood-pewee
Willow flycatcher
Dusky flycatcher

Gray flycatcher
Pacific-slope flycatcher
Say’s phoebe
Ash-throated flycatcher
Cassin’s kingbird
Western kingbird
Horned lark

Tree swallow
Violet-green swallow
Northern rough-winged swallow
Bank swallow

Cliff swallow

Barn swallow

Steller’s jay

Scrub jay

Pinyon jay
Black-billed magpie
Common raven
Mountain chickadee
Plain titmouse

Bushtit
White-breasted nuthatch
Pygmy nuthatch
Brown creeper

Rock wren

Bewick’s wren

House wren

Marsh wren
Ruby-crowned kinglet
Blue-gray gnatcatcher

Selasphorus rufus
Ceryle alcyon
Melanerpes lewis
Picoides pubescens
Picoides villosus
Colaptes auratus
Contopus sordidulus
Empidonax traillii
Empidonax oberholseri
Empidonax wrightii
Empidonax difficilis
Sayornis saya
Myiarchus cinerascens
Tyrannus vociferans
Tyrannus verticalis
Eremophila alpestris
Tachycineta bicolor
Tachycineta thalassina
Stelgidopteryx serripennis
Riparia riparia
Hirundo pyrrhonota
Hirundo rustica
Cyanocitta stelleri
Aphelocoma coerulescens
Gymnorhinus cyanocephalus
Pica pica

Corvus corax

Parus gambeli

Parus inormatus
Psaltriparus minimus
Sitta carolinensis

Sitta pygmaea

Certhia americana
Salpinctes obsoletus
Thryomanes bewickii
Troglodytes aedon
Cistothorus palustris
Regulus calendula
Polioptila caerulea

Mono Basin EIR
549\APPDX-B
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Appendix B. Continued

Common Name

Scientific Name

Black-tailed gnatcatcher
Mountain bluebird
Townsend’s solitaire
Hermit thrush
American robin

Sage thrasher

Brown thrasher
American pipit

Cedar waxwing
Loggerhead shrike
European starling
Solitary vireo

Warbling vireo
Orange-crowned warbler
Nashville warbler
Virginia’s warbler
Yellow warbler
Yellow-rumped warbler
Black-throated gray warbler
Townsend’s warbler
Black-and-white warbler
MacGillivray’s warbler
Common yellowthroat
Wilson’s warbler
Yellow-breasted chat
Western tanager
Black-headed grosbeak
Luzuli bunting
Green-tailed towhee
Rufous-sided towhee
California towhee
Chipping sparrow
Brewer’s sparrow
Vesper sparrow

Sage sparrow

Savannah sparrow

Fox sparrow

Song sparrow

Lincoln’s sparrow

Polioptila melanura
Sialia currucoides
Mpyadestes townsendi
Catharus guttatus
Turdus migratorius
Oreoscoptes montanus
Toxostoma rufum
Anthus rubescens
Bombycilla cedrorum
Lanius ludovicianus
Sturnus vulgaris

Vireo solitarius

Vireo gilvus

Vermivora celata
Vermivora ruficapilla
Vermivora virginiae
Dendroica petechia
Dendroica coronata
Dendroica nigrescens
Dendroica townsendi
Mniotilta varia
Oporornis tolmiei
Geothlypis trichas
Wilsonia pusilla
Icteria virens

Piranga ludoviciana
Pheucticus melanocephalus
Passerina amoena
Pipilo chlorurus

Pipilo erythrophthalmus
Pipilo crissalis
Spizella passerina
Spizella breweri
Pooecetes gramineus
Amphispiza belli
Passerculus sandwichensis
Passerella iliaca
Melospiza melodia

Melospiza lincolnii

Mono Basin EIR
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Appendix B. Continued

Common Name

Scientific Name

White-crowned sparrow
Dark-eyed junco
Red-winged blackbird
Western meadowlark
Yellow-headed blackbird
Brewer’s blackbird
Brown-headed cowbird
Cassin’s finch

House finch

Pine siskin

American goldfinch
Northern oriole

Mammals (Mammalia)

Inyo shrew

Water shrew

Vagrant shrew

Spotted bat

Townsend’s big-eared bat
Pygmy rabbit

Nuttall’s cottontail

Western white-tailed hare
Black-tailed hare

Sierra Nevada mountain beaver
Least chipmunk
Yellow-pine chipmunk
Lodgepole chipmunk
Belding’s ground squirrel
California ground squirrel
Golden-mantled ground squirrel
Douglas’ squirrel

Western pocket gopher
Panamint kangaroo rat
Chisel-toothed kangaroo rat
Great Basin pocket mouse
Beaver

Western harvest mouse

Zonotrichia leucophrys
Junco hyemalis

Agelaius phoeniceus
Sturnella neglecta
Xanthocephalus xanthocephalus
Euphagus cyanocephalus
Molothrus ater
Carpodacus cassinii
Carpodacus mexicanus
Carduelis pinus
Carduelis tristis

Icterus galbula

Sorex tenellus

Sorex palustris

Sorex vagrans

Euderma maculatum
Plecotus townsendii
Brachylagus idahoensis
Sylvilagus nuttallii

Lepus townsendii townsendii
Lepus californicus
Aplodontia rufa californica
Tamias minimus

Tamias amoenus

Tamias speciosus
Spermophilus beldingi
Spermophilus beecheyi
Spermophilus lateralis
Tamiasciurus douglasii
Thomomys mazama
Dipdomys panamintinus panamintinus
Dipodomys microps
Perognathus parvus

Castor canadensis
Reithrodontomys megalotis

Mono Basin EIR
549\APPDX-B
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Appendix B. Continued

Common Name

Scientific Name

Deer mouse

Brush mouse

Pinyon mouse
Bushy-tailed woodrat
Montane vole

Peromyscus maniculatus
Peromyscus boylii
Peromyscus truei
Neotoma cinerea
Microtus montanus

Long-tailed vole Microtus longicaudus

Sagebrush vole Lagurus curtatus

Porcupine Erethizon dorsatum

Coyote Canis latrans

Sierra Nevada red fox Vulpes vulpes necator

Ermine Mustela erminea

Wolverine Gulo gulo

American badger Taxidea taxus

Bobcat Lynx rufus

Mule deer Odocoileus hemionus
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Appendix C. California Gulls at Mono Lake since 1900:
Population Trends, Survivorship, and
Reproduction Success

POPULATIONS FROM 1900 TO 1940

Jehl et al. (1984, 1988) and Winkler and Shuford (1988) summarized the available
information on Mono Lake’s nesting California gulls since 1900 (Table C-1). These authors
reviewed most of the same references contained in the incomplete historical record. They
disagreed, however, on the reliability and 1nterpretat10n of historical population estimates,
espec1ally the possible inferences regarding changes in the size and distribution of the gull
colony in this century.

Dixon (1916) was apparently the first ornithologist to make quantitative censuses of
the nesting gulls at Mono Lake. He estimated 1,000 pairs (about 2,000 adults) nesting along
two long obsidian-like ridges on the north side of Paoha Island (Table C-1). Dixon (1916)
also visited Negit Island but did not make reference to gulls nesting there. Based on
Dixon’s field notes, Grinnell and Storer (1924) characterized California gulls as "common
in summer on Mono Lake, nesting on Paoha Island".

Dawson (1923) spent several days observing nesting California gulls on Paoha Island
and estimated 250 pairs at the Lagoon Colony and about 600 pairs at the Black Rocks
Colony (these colonies also were surveyed by Dixon [1916]) for a total of about 850 pairs
(1,700 adults) (Table C-1). Dawson (1923) also visited the main colony on Negit Island, the
largest at the lake at that time, but he did not estimate the number of gulls nesting there.
He also observed an uncounted number of gulls nesting on the "outlying rock”, which Jehl
et al. (1984) identified as Little Tahiti Islet. Nichols (1938) reported that the Mono Lake
colony was confined to Negit Island, and he estimated the total population at 3,000 adults.

Grinnell recorded a secondhand account of 60,000 nesting gulls at Mono Lake in his
1937 field notes (Table C-1). These notes also were reviewed by Winkler and Shuford
(1988), who believed the secondhand nature of the account reduced its reliability because
it was not based on Grinnell’s personal observations. These authors, however, considered
Grinnell’s notes evidence that a sizeable colony probably nested at Mono Lake in the late
1930s.

Despite the few direct counts of the prediversion gull colony, the available observa-
tions provide evidence that at least a few thousand nesting gulls were present on Negit
Island or Paoha Island before 1940 (Table C-1). Although it is much larger than Negit
Island, Paoha Island was probably used less frequently by nesting gulls during this century
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because of the intermittent presence of humans, domestic goats, and coyotes (Jehl et al.
1984, McPherson pers. comm.).

POPULATIONS FROM 1941 TO 1975

The first postdiversion estimates of the California gull colony were made by Young
(1952), who reported approximately 1,500 nesting birds restricted to about 3 acres on the
northeast side of Negit Island (Table C-2). Young (1952), observing that his counts were
lower than those of Dawson (1923), Grinnell and Storer (1924), and Nichols (1938)
(Table C-2), believed that the population was declining. Young’s (1952) comparisons of his
estimates with those of Dawson (1923) have little meaning, however, because Dawson did
not attempt to count the most populous colony on Negit Island.

Johnston (1956) conducted detailed studies of the reproductive physiology of-
California gulls at Negit Island, the only colony in the early 1950s. He did not attempt to
make systematic censuses of their population, and his rough estimates ranged from 3,000 to
10,000 nesting adults during 1952 and 1953. Similarly, Johnston (1956) questioned Young’s
(1952) interpretation of gull population trends and indicated that it was unwise to speculate
about the numbers in this colony until annual census data were available to replace the
sporadic and perhaps inaccurate records that existed at that time.

Although Dawson (1923) reported an uncounted number of gulls on the "outlying
rocks" of Negit Island in 1919, most of the highest Negit Islets emerged from the lake in the
1930s and these were mainly pinnacles. Not until the early 1960s did substantial areas of
substrate suitable for nesting gulls become available (Stine 1992). The Negit Islets were
apparently first colonized by large numbers of nesting gulls during the early or mid-1960s,
but apparently no systematic counts of the California gull colony were made during this
decade (Table C-2). Jurek (1972) made a rough estimate of 10,000 gulls in the vicinity of
the colonies at Negit Island and the Negit Islets and estimated "uncounted thousands around
the lake". He considered his estimate of 1,200 adults at Negit Island conservative because
many birds were not visible, and he did not make a complete count there. Nesting gulls on
the Negit Islets may have outnumbered those on Negit Island, but they were not counted
(Jurek 1972).

Jurek (1973) estimated that 42,500 adult gulls were present during an aerial survey
of Mono Lake in late August 1973. In most years, nesting California gulls depart from
Mono Lake by early August, and Jurek’s (1973) high count indicates an unusual influx of
fall migrants, delayed breeding that year (Jehl et al. 1984), or possibly an overestimate.

Stallcup and Greenberg (1974) estimated 20,000-30,000 adult gulls at Mono Lake but
their count was made from a mainland vantage point more than 4 miles from the nesting
colony where most nesting gulls were not visible (Table C-2). Mangan (1974) also estimated
about 20,000-30,000 breeding gulls, but he did not make separate counts of Negit Island and
the Negit Islets. In 1975, however, Mangan (1975) and Heindel (1975) estimated only about
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2,000 adult gulls on Negit Island; none appeared to be nesting on the Negit Islets
(Table C-2).

POPULATIONS FROM 1976 TO 1988

Winkler et al. (1977) made the first attempts to census the lake’s entire gull
population from the ground and estimated about 51,000 nesting adults in early July 1976
(Table C-3). During this census, about two-thirds of the nesting birds were on Negit Island
and about one-third were on the Negit Islets. With a total of more than 50,000 nesting
gulls, the Mono Lake colony was one of the two largest in the world and supported about
20% of the global population and 95% of the California nesting population of this species
(Winkler 1983a, Dennis M. Power Associates 1980). The world’s largest concentration of
nesting California gulls occurs at the Great Salt Lake, which supported a population of
about 75,000-80,000 adults during most of the 1980s (Paul et al. 1990) and currently holds
about 130,000 nesting gulls (Jehl pers. comm.). '

The Mono Lake colony was not censused in 1977 or 1978, but Winkler estimated that
the gull population was roughly constant from 1976 to 1978 because the density of nesting
gulls and their distribution appeared to be similar in those years (Winkler and Shuford
1988). During this period, the breeding population was estimated at 40,000-50,000 adults
and the population used both Negit Island and the Negit Islets (Winkler 1980a, 1983b).
Negit Island was first land bridged to the mainland around November 1977. Because of
concerns about the potential impacts of coyotes and other terrestrial predators on nesting
gulls, government agencies blasted a channel between Negit Island and the mainland in 1978
(Winkler 1980b, Winkler and Shuford 1988).

In July 1979, nesting gulls were first observed on the Paoha Islets. About one-quarter
of the lake’s population nested there that year (Jehl 1991a; Court Testimony, Vol. XIII)
(Table C-3). Efforts to protect Negit Island, including blasting channels and erecting
predator fences, were unsuccessful, and canids (probably coyotes) crossed the land bridge,
causing abandonment of the Negit Island colony and reducing the number of successfully
reproducing gulls (Winkler 1980b, 1983b). In 1980, the number of nesting gulls remained
about the same as 1979 and the proportions of the total population nesting on the Negit and
Paoha Islets remained about the same (Winkler 1987, Winkler and Shuford 1988).

During 1981-1982, Mono Lake dropped to its lowest historical elevation of 6,372 feet
(NAS 1987, CORI 1988). The major difference between the census results in the 2 years
was the absence of reproduction on Twain and Java Islets in 1982 because of land-bridging
to the mainland at the beginning of the year. Twain Islet was the most densely populated
islet from 1979 until 1981, and Twain and Java Islets had supported an average of 40% of
lakewide breeding population during that period (Winkler 1983b).

In 1983, long-term gull studies were initiated on the Paoha Islets by the Hubbs-Sea
World Research Institute (HSWRI) (Jehl 1983) and on the Negit Islets by the Point Reyes
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Bird Observatory (PRBO) (Shuford et al. 1984). These research teams shared information
and had more comprehensive coverage of the entire Mono Lake gull population, which
improved the overall estimates of breeding adults and their reproductive success. Since
1983, the size of Mono Lake’s gull colony has been estimated by counting the total number
of occupied nests on each island and islet and multiplying by two adults per nest (Jehl 1983,
1984b; Shuford et al. 1984).

Between 1983 and 1988, the estimated number of adult gulls nesting at Mono Lake
ranged between about 44,000 and 50,000 (Table C-3). Negit Island was recolonized by
nesting gulls in 1985 after resident coyotes were trapped and removed from the island
(Shuford and Page 1985, Winkler and Shuford 1988). A few gulls also nested on Duck Islet
(a peninsula of Paoha Island at lake elevations below 6,379.5 feet) in 1986 but not in subse-
quent years after it again became a peninsula (Table C-3). Numbers of nesting gulls on
Negit Island increased every year between 1985 and 1989, but at their maximum of about
5,500 adults (in 1989), they represented only about 12% of Mono Lake’s nesting population.
During 1983-1988, the majority of gulls nested on the Negit Islets, and almost one-half of
the lake’s population was on Twain Islet; other Negit Islets that supported more than 1,000
nesting gulls in any year included Little Tahiti, Little Norway, Steamboat, Java, Spot, and
Tie (Dierks 1990, 1991).

About one-third of Mono Lake’s gull population nested on the Paoha Islets in 1983,
but from 1984 through 1988 the Paoha Islets never supported more than about 15% of the
total population (Table C-3). During these years, Coyote Islet consistently supported more
than 1,000 nesting gulls; Anderson, Browne, and portions of McPherson Islet supported 500
or more birds in most years (Jehl 1989). Other Paoha Islets, including Brewer, Hoffman,
Gull, Smith, Conway, Dawson, Whitney, Channel, Obsidian, and Winkler, were used
intermittently by nesting gulls because rapidly changing lake levels and related erosional
forces made them unavailable in many years (Jehl 1989).

Despite rapid changes in the lake’s level and the distribution of potential nesting
habitat during 1983-1988, Mono Lake’s adult gull population remained relatively stable (i.e.,
between about 44,000 and 50,000 birds) during this period.

POPULATIONS FROM 1989 THROUGH 1992

Coyotes were present on Negit Island and Pancake Islet in 1989, limiting gull repro-
duction at those sites. Gulls nested without disturbance, however, on other islets and most
were on the Negit Islets with Twain, Java, and Little Tahiti supporting the largest popula-
tions. More than 5,000 gulls also nested in small colonies on the outer "white rocks" areas
on the eastern and southern shoreline of Negit Island (Dierks 1990). Similarly, more than
5,000 gulls nested on the Paoha Islets in 1989 (Jehl 1989).

In 1990, the number of nesting gulls was estimated at 61,500, the highest recorded
at Mono Lake by that time (Dierks 1991, Jehl 1991b). The number of nesting gulls on the
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Paoha Islets almost doubled from an estimated 2,682 in 1989 to. 5,145 in 1990 (Jehl 1991b).
Similarly, numbers of breeding gulls on most of the Negit Islets increased markedly from
an estimated 16,641 in 1989 to 22,765 in 1990.

Gull numbers on Negit Island increased only slightly in 1990 compared to the
previous year; Negit Island and Pancake Islet were the only two islands that were visited by
coyotes that year (Dierks 1991). Pancake Islet was reinvaded by coyotes and other mainland
predators in 1990; it supported 651 nests (down from 1,395 nests in 1989) in late May, when
coyote tracks were first observed on that islet that year. In early July, Pancake Islet was
totally abandoned; damaged eggshells also showed signs of canid predation, suggesting that
coyotes had completely disrupted gull nesting (Dierks 1991).

In 1991, an estimated 43,520 adult gulls nested at Mono Lake and the Negit Islets
and Negit Island supported 80% of the lake’s breeding gulls. As in previous years, Twain
Islet supported about one-half the nesting gulls at Mono Lake; Little Tahiti, Java, and
Steamboat Islets also provided habitat for more than 1,000 adults. More than 1,500 gulls
attempted nesting on land-bridged Negit Island, but they all abandoned the island by late
May (see "Predation” below). Pancake Islet was connected to the mainland in 1991 and was
not used by nesting gulls (Dierks and Shuford 1992). Approximately 8,884 gulls nested on
the Paoha Islets in 1991; as in recent years, the largest colonies were on Browne, Coyote,
and McPherson Islets (Jehl 1991b).

In 1992, the gull colony exceeded its 1990 high and an estimated 64,976 breeding
adults were recorded at Mono Lake (Table C-3). More than 70% of the nesting gulls were
on the Negit Islets; Twain Islet supported 31,792 adults, which represented almost 50% of
the lake’s breeding gulls that year (Shuford pers. comm.). Other Negit Islets supporting
large numbers of nesting gulls included Little Tahiti (7,620), Little Norway (946), Steamboat
(1,724), Java (2,080), and Spot (660) (Dierks and Shuford 1992).

Only four nests were found on Negit Island in 1992, and none was successful. The
land bridge offered coyotes and other mainland predators easy access to the island and
probably reduced its attractiveness to nesting gulls. Evidence of coyotes (i.e., fresh tracks
and several recently preyed upon chick corpses) was found on Java Islet for the first time
since 1982. Probably as a result of coyote predation, chicks on Java Islet had a low post-
banding survival (percent of chicks banded in early July that fledged) and the rates on
various Negit Islets were: Java (78%), Steamboat (95%), Krakatoa (90%), Little Norway
(88%), Spot (88%), Little Tahiti (90%), and Twain (90%) (Shuford pers. comm.).

The Paoha Islets had unprecedented numbers of nesting gulls in 1992, when an
estimated 18,566 adults were reported (Table C-3). This total represented more than 28%
of the lake’s population and included nearly twice as many breeding adults as were reported
in 1990, the next highest yearly count. One pair of gulls tried unsuccessfully to nest on
Paoha Island during the 1992 breeding season (Jehl pers. comm.).
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REPRODUCTIVE SUCCESS FROM 1976 THROUGH 1992

Four techniques have been used to estimate gull reproductive success at Mono Lake,
including the fenced plot, islet-by-islet, Lincoln index, and cooperative interagency census
methods (Winkler 1983a, 1987). Only the fenced plot and islet-by-islet methods, however,
have been widely used to report lakewide reproductive success since 1983 (Shuford pers.
comm.). The fenced plot method involves direct counts of chicks in enclosures. This
method is usually more accurate than the other techniques; however, the only long-term
data set available using this method is from the Negit Islets (Shuford pers. comm.). The
islet-by-islet method relies on the best estimates of reproductive success from each of the
islands and islets derived from one of the three other methods mentioned above.

The first method used to estimate lakewide reproductive success, later known as the
cooperative interagency census, was begun by Winkler in 1976 (Winkler 1983a). This tech-
nique employed censuses of chicks from a boat and had the advantages of rapid, lakewide
coverage of the breeding colony and minimal disturbance of nesting birds (Winkler 1987).
The main limitation of these censuses was the inability of observers to detect all chicks on
islets of differing size and relief, which resulted in underestimates of the breeding adults and
fledglings. Cooperative interagency counts were continued through 1987, however, to
provide continuity with Winkler’s (1983a) estimates of the number of fledged young that
were derived using this method (Shuford pers. comm.). Shuford (1986) compared his
estimates of fledging success in 1983-1986, which were derived from several largely
independent methods of censusing, and found that they generated similar values.

Regardless of which method is used to derive the data, reproductive success is
calculated by dividing the estimated number of fledged young in the entire colony by the
number of breeding adults. The number of breeding adults early in the nesting season (e.g.,
the third week in May) is the most meaningful index of the adult breeding population
(Winkler 1987). Late-season estimates (e.g., early July) of adult populations do not account
for adults that initiated nesting but abandoned the effort (Winkler 1987). Thus, the fledging
success per adult when applied to the entire colony is somewhat inflated because the total
number of fledglings produced should be attributed to a smaller number of adults.

Based on reinterpretation of data originally presented by Winkler et al. (1977),
fledging success of the Mono Lake gull colony was estimated at 0.52 in 1976 (Shuford pers.
comm.). Systematic censuses of the gull colony were not conducted in 1977 and 1978, and
no estimates of reproductive success are available for those years (Table C-3).

In 1979, mainland predators (probably coyotes) invaded Negit Island for the first
time, and reproductive success for the Mono Lake colony was about half its calculated value
in 1976 (Table C-3). Predators caused total reproductive failure on Negit Island that year
but did not destroy the entire Mono Lake colony because many other gulls nested on the
Negit and Paoha Islets (Winkler pers. comm.).
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Winkler (1987) and Winkler and Shuford (1988) estimated the colony at relatively
constant population sizes (i.e., between 40,000 and 50,000) from 1979 until 1982 but
observed major differences in reproductive success in those years. In 1980, fledging success
almost doubled compared to 1979, but 1981 and 1982 had the lowest reproductive success
on record (Table C-3). High temperatures and possibly reduced food supplies were
hypothesized to have caused high chick mortalities in 1981 (Winkler 1987). Twain and Java
Islets were land bridged to the mainland late in 1981, and nesting gulls abandoned them in
1982. Total chick production in 1982 was about 43% lower than it had been the previous
year. When adult gulls abandoned their nesting habitat on Twain and Java Islets, some of
them apparently began preying on gull eggs from nests on other islets; some adult gulls
whose nests had been destroyed also became "marauders” and probably increased overall
nest predation even further (Winkler pers. comm.).

In winter 1982 and 1983, the elevation of Mono Lake increased by more than 8 feet
due to extremely high runoff. In this period of lakewide changes, gull reproductive success
increased from the values observed in the 1981 and 1982 breeding seasons (Table C-3).
Lake levels continued to rise in 1984, but gull reproductive success decreased from the
previous year. From 1985 until 1988, the lake’s elevation remained above 6,378 feet and
gull reproductive success was higher than that observed in the early 1980s (Table C-3).

Despite the presence of coyotes on Negit Island and Pancake Islet late in the season,
gulls continued to reproduce successfully at Mono Lake in 1989 (Dierks 1990, Jehl 1989).
Overall, reproductive success was high compared to the late 1970s and early 1980s
(Table C-3). In 1990, the gull colony had the highest fledging success on record (Dierks
1991, Jehl 1991b). Lakewide reproductive success in 1991 declined from the previous year,
and the three small colonies on Negit Island failed completely (see "Predation” below).

In 1992, fledging success was higher than in any previous year except 1990
(Table C-3). No clear explanation was apparent for the high fledging success reported at
Mono Lake in 1992. Jehl and Shuford (pers. comms.) suspected it could have been due to
the warm spring weather and an early brine shrimp hatch.

SURVIVORSHIP

Winkler (1987) analyzed 136 recoveries of gulls banded at Mono Lake between 1938
and 198S; the final pool included only records of birds that fledged and departed Mono
Lake and that were recovered in reasonably fresh condition. In the past 20 years, sophis-
ticated methods have been developed for estimating survival rates from band recovery data
(Brownie et al. 1985). These new methods assume that large numbers of birds have been
banded in all age classes in the same year and permit estimations of the age-specific survival
and recovery rates of a larger population.

Unfortunately, the Mono Lake sample of band recoveries contained only one indivi-
dual that had been banded as an adult; thus, it was not possible to use the new methods to
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estimate the age-specific survival rate of this population (Winkler 1987). A precise estimate
of the adult and juvenile survival rates for the entire world population of this species was
impossible using the new methods because fewer than 100 gulls banded as adults have been
recovered dead in all the years of banding.

Due to the lack of adequate band recovery data, Winkler (1987) considered the dis-
tribution of the ages at death of all birds in the recovered sample, regardless of the year in
which they were banded. By assuming that the interannual variation in survival rates was
negligible, the population size was approximately stable, and the recovered sample was a
random sample of the larger population, Winkler (1987) calculated a survival rate by
estimating the rate at which the sizes of successive age classes dwindle. The mean survival
rate over all age classes using these methods was 0.57.

Winkler (1987) also estimated survivorship of Mono Lake gulls by observing a popu-
lation of color-banded adult gulls on Little Tahiti Islet from 1980 until 1982. By counting
the number of marked gulls returning each year, he estimated the adult survival rate at 0.79.
Winkler (1987) examined sources of bias to determine which value (e.g., 0.57 or 0.79) was
the best estimate of gull survivorship. The estimate derived from the age structure assumed
a relatively stable population, despite the fact that it was growing at an annual rate of about
5% from the early 1900s until the mid-1970s (Jehl et al. 1984). Population growth would
have the effect of overrepresenting younger age classes in the sample but would be unlikely
to affect the representation of older age classes.

Another source of bias in the life table analysis is the problem of band losses, which
underrepresent older age classes and decrease their apparent survival rate (Winkler 1987).
Recognizing the problems inherent in either approach to estimating survivorship, Winkler
(1987) tentatively recommended survival rates of about 0.8 for adults and 0.6 for juveniles.

ESTIMATION OF POPULATION GROWTH RATE

Winkler (1987) used the estimates of survival rates and fecundity described in the
preceding sections to produce a life table for the Mono Lake gull colony. The fecundity of
this colony has been studied only since 1979, and even during this relatively short time
fledging success has varied significantly (Table C-3). The life table must include a "typical"
estimate of the number of fledglings produced per female in the population = m,.

The Mono Lake colony has an unusually low clutch size, averaging only two eggs,
which limits its potential production of offspring (Winkler 1985). Winkler (1987) used the
4 previous years of record (i.e., 1983 through 1986) and calculated that an individual on
average produced only about 0.3325 offspring per reproductive season (sum of fledged
chicks [61,201] divided by sum of adults early in the breeding season [184,078]). Fledging
success has varied each year at Mono Lake, and average fecundity generally has increased
in this colony since Winkler’s (1987) analysis was conducted (Table C-3).
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Given the uncertainties in the estimations of both fecundity and survivorship, Winkler
(1987) presented his life table as a series of five options that depended on the initial
assumptions. For each option, he tabulated the assumed survivorship and fecundity rates
and calculated an overall population growth rate. A stable population would have a popula-
tion growth rate of 1.0, and populations with growth rates less than 1.0 are shrinking; no
population will persist for a long period with a growth rate of less than 1.0 without being
constantly replenished by immigrants from other populations. Population growth rates for
Winkler’s (1987) five options ranged from a low of 0.661 to a high of 0.905, suggesting that
the Mono Lake gull population was not sustaining itself with local recruits from the popula-
tion.

Winkler (1987) also calculated the population growth rate of the population for a
wide variety of survival rates and fecundities to determine how much these variables must
be changed in order to predict a stable or increasing population. The results of these
simulations suggest that the Mono Lake gull population will decline in the future (unless it
is presently being supplemented by immigrants from other sites), or the values used for
fecundity and survivorship are grossly underestimated (Winkler 1987).

Murray (1988) reviewed Winkler’s (1987) life tables and concluded that an adequate
analysis would require quality data on age-specific mortality and fecundity. Murray (1988)
questioned the use of 0.3325 as an average annual fecundity value because it was calculated
using the cooperative interagency census method. He recalculated fecundity rates using data
gathered by other methods and concluded that the fenced plot method was the most reliable
and yielded the highest m, value (0.3953); those derived by the islet-by-islet method were
closer to the fenced plots than they were to the interagency counts in 2 of 3 sample years.
Murray also pointed out that Jehl and Stewart (1988) estimated 0.85 chicks per pair at nine
fenced plots on the Paoha Islets in 1987; this converts to 0.445 chicks per adult, which may
be a more realistic value of m,

Murray (1988) also questioned other aspects of Winkler’s (1987) life table analysis,
including the assumption of an 8-year life expectancy, the failure to include the effects of
immigration in the model, and the calculations of finite rates of population increase.
Winkler (1987) used an 8-year life expectancy because it was the oldest band recovery
available, but this may be an unrealistically short life span for a bird of this size (Murray
1988). A life table that does not account for the effects of immigration underestimates the
population’s annual rate of growth. Finally, the range of values calculated by Winkler
(1987) (i.e., 0.661 to 0.905) indicates a decline of between 34% and 10% for the Mono Lake
gull colony. As presented by Winkler (1987), the population data from 1983 to 1986
indicated a slight increase, and Murray calculated on the basis of population size a value at
1.0318, representing an increase of about 3% per year.

Winkler’s (1987) life table analysis and Murray’s (1988) commentary received exten-
sive discussion in court (Dodge, Goldsmith, Moskovitz, Court Testimony 1991, Vol. XXVII).
Despite the attention these analyses have received in the literature and in court, important
data are lacking for appropriate use of life tables to evaluate population changes of Mono
Lake’s gull colony. The lack of convincing data on age-specific survival and fecundity rates
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derived from marked populations of known age prevents the calculation of finite rates of
population increase for this population. Even if such data existed, it may not be possible
to calculate an average fecundity rate because fledging success is highly dependent on the
incidence of land bridging and the subsequent invasions of coyotes and other mainland
predators into formerly secure nesting islands.

If life tables are used to analyze population trends of the Mono Lake colony in the
future, they should include fecundity and survivorship data derived from long-term studies
(e.g., more than 10 years) to account for year-to-year variations that appear to be inherent
in this population. If possible, such analyses also should consider the effects of immigration
in overall population growth (Winkler pers. comm.).

FACTORS AFFECTING REPRODUCTIVE SUCCESS

The present status of gull nesting at Mono Lake is a complex interplay between
several factors. Winkler (1987) described six factors that potentially could have major
effects on the breeding productivity of gulls at Mono Lake, including predation, weather,
parasites, food supply, nesting density, and habitat quality.

Predation

Predation and disturbance by great horned owls are known to have caused total
reproductive failure on several small Paoha Islets and parts of larger islets in 1983 and 1984
(Jehl 1983, 1984b, 1991a; Court Testimony, Vol. XIII, p. 12; Court Testimony, Vol. XIV,
pp. 4-7). Similarly, golden eagles and prairie falcons also prey on gulls at Mono Lake, but
these avian predators typically visit colonies infrequently and are unlikely to reduce overall
nesting success of large colonies (Jehl and Chase 1987, Winkler 1987). Although numerous
examples exist of birds of prey disrupting gull nesting efforts, these predators appear to have
had a negligible effect on the overall reproductive success of the Mono Lake colony or the
entire nesting populations on large islets (Shuford 1985, Dierks 1990).

In contrast, mainland predators such as coyotes have had a major impact on the
reproductive success of nesting gulls at Mono Lake, and studies from other areas have
shown that canids can destroy nesting efforts if they gain access to gull colonies (Kadlec
1971). In 1979, coyotes crossed the land bridge to Negit Island and probably caused a
complete nesting failure there. In 1982, Negit Island had already been abandoned and the
coyotes crossed new land bridges to Twain and Java Islets and probably caused these
colonies to fail (Winkler 1983b; Winkler and Shuford 1988; Jehl 1991a; Court Testimony,
Vol. XIII, p. 12). In 1990, coyotes also were implicated in the abandonment of Pancake
Islet (Dierks 1991). Gulls have made limited efforts to colonize Paoha Island in recent
years (Jehl pers. comm.) and have failed, probably because several coyotes are resident on
this island.

Mono Basin EIR Appendix C. California Gulls
549\APPD-C C-10 May 1993



During April 23 and May 18-20, 1991, high coyote activity was observed on Negit
Island, including fresh canid prints near two of three nesting groups and a sighting of an
adult (Dierks and Shuford 1992). Nesting gulls abandoned Negit Island in late May (Shivik
pers. comm.), and nests examined on July 10 contained eggs or downy carcasses of downy
young, but not carcasses of feathered chicks (Dierks and Shuford 1992). The continued
presence of coyotes on the island was suggested as the most likely reason for the
abandonment by nesting gulls in 1991 (Dierks and Shuford 1992, Jehl pers. comm.). The
presence of several decapitated adults, however, indicated that resident great horned owls
probably also preyed on nesting adults (Jehl pers. comm.).

Twelve coyotes were fitted with radio collars in 1991 and monitored during the entire
gull breeding season, including during winter gull arrival (October 20, 1990 to April 23,
1991), nesting and chick rearing (April 23 to July 26, 1991), and fledging and dispersal
(July 26 to September 19, 1991) periods (Shivik and Crabtree 1992). Of the marked
coyotes, three transient and one territorial individual visited the vicinity of Negit Island,
primarily during the gull fledging and dispersal period (Shivik and Crabtree 1992). At least
six adult coyotes (including marked and unmarked individuals) visited the island during the
course of the study.

The high coyote activity in April and May corresponded with an abrupt decline in the
number of crossings by marked individuals over the land bridge. Two or three coyotes
resided on the island from April 23 until July 15 and probably excluded other coyotes during
this period. A resident female was captured on Negit Island on July 3, and she remained
on the island until July 15 before departing for the mainland. Coyote activity was evident
on Negit Island for an additional 2 months after the gull abandonment occurred, suggesting
that food supplies other than gulls could lead coyotes to take up residence there. Evidence
of den digging suggested that coyotes also attempted to breed on the island (Shivik and
Crabtree 1992).

Shivik and Crabtree (1992) found that coyotes in the study area ate many species of
animals and adapted their diets to consume various available food sources. Rabbits were
the primary prey ingested by coyotes during the winter gull arrival period and the fledging
and dispersal period, and gulls were the primary food source during the nesting and chick
rearing period. It should be noted, however, that gull biomass observed in scats does not
directly translate to a predation rate; though gulls were known to have been killed by
coyotes, some gulls may have been a scavenged food source.

Shivik and Crabtree (1992) found three adult gulls that were suspected of being eaten
by coyotes, one of which showed direct evidence of being killed by a canid (e.g., canine
punctures and subcutaneous hemorrhaging). Two eggs were found on Negit Island that
appeared to have been eaten by coyotes (i.e., neat, incisor-like damage to an empty shell).

Egg shell fragments were found in six of 50 coyote scats collected on Negit Island
from late April until early September (Shivik and Crabtree 1992). These eggs were not
identified to species, but the following evidence suggests they were from gulls: no coyote
activity was observed near artificial nests (stocked with chicken eggs) set out on Negit
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Island, nests of territorial passerines in the study area would be difficult to find, and gull
nests are clumped in colonies permitting access to many nests simultaneously. Shivik (pers.
comm.) concluded, however, that data from marked coyotes and direct observations of
predation events would be required to clearly identify the cause of abandonment by Negit
Island’s nesting gulls in 1991.

Most predation events probably occur at night when humans are least likely to
observe them. For example, Emlen et al. (1966) observed that nocturnal visits by a raccoon
were indirectly responsible for extensive egg and chick mortality at a colony of ring-billed
gulls in Michigan. The raccoon caused very little nest destruction but incited panic flights,
which caused breeding adults to leave their nests for up to 4 hours and eventually to aban-
don the nesting area. Thus, coyotes at Mono Lake need not prey on a large number of gulls
to have a disruptive effect on nesting efforts.

Observations made in previous breeding seasons also suggest that coyotes played a
role in the abandonment of the Negit Island nesting populations in 1991 (Dierks 1990, 1991;
Dierks and Shuford 1992). After gulls recolonized Negit Island in 1985, the first coyotes
were not observed until 1989. In 1990, coyotes were again evident during the breeding
season; Negit Island was the only large island that did not experience a large gull population
increase that year. Dierks (1991) considered coyote predation to be a factor in the low
reproductive success on Negit Island in 1989 and 1990. In 1991, the initial breeding
population was lower than in 1990, and the island was abandoned relatively early in the
breeding season. In light of predator-induced abandonment of Negit Island in 1979, Java
and Twain Islets in 1982, Pancake Islet in 1990, and low fledgling survival on Java Islet in
1992, it is probable that coyotes also caused the abandonment of Negit Island in 1991.

Coyotes do not require a physical land bridge to gain entry to a nesting island.
Murphy (pers. comm. in Shivik and Crabtree 1992) observed a coyote swimming between
Negit and Paoha Islands in 1990, and he watched an individual swimming as far as
20 meters to reach Negit Island in 1991. Similarly, a water depth of 1 foot over the

imminent land bridges to Negit Island and Pancake Islet (at lake elevations of about
6,376.5 feet) and Java and Twain Islets (at lake elevations of about 6,373.5 feet) was
insufficient to prevent coyote crossings in 1979 and 1982, respectively (Winkler 1987).
Coyotes have been resident on Paoha Island for years, however, and have apparently not
crossed the relatively narrow channels (e.g., less than 100 yards wide) to the closest Paoha
islets (Jehl pers. comm.).

In studies of canid behavior elsewhere, Getz and Smith (1989) found that distances
of 60-150 meters (200-500 feet) and water depths of 0.6-1 meter (2-3 feet) were required to
reduce canid predation of waterfowl nests. Likewise, Giroux (1981) recommended a
distance of at least 170 meters (560 feet) and a depth of approximately 0.7 meter (2.3 feet)
to ensure a reliable deterrent to coyote crossings of open water.
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- Weather

Heat stress may have caused the extremely high rate of chick mortality observed in
1981 (Jehl and Jehl 1982, Mahoney and Jehl 1982). Winkler (1983b) hypothesized that a
combination of heat stress and food shortages may have been responsible. Heat stress may
also have been a factor in the low reproductive success observed in 1984 (Shuford et al.
1985), and Winkler (1983a) also found statistically significant correlations between chick
mortalities and high temperatures.

Jehl (1983) reported a high rate of gull chick mortality on low-lying portions of the
Paoha Islets following heavy storms; he observed that high waves washed chicks away or
drenched them with saltwater, causing death from exposure. Storm-induced mortality was
negligible on the rocky, steep-sided Negit Islets during 1983 (Shuford et al. 1984). Because
most gulls nest on high, rocky areas where they are protected from waves and high winds
(e.g., Negit Islets or higher terraces of the Paoha Islets), severe storms are unlikely to have
major effects on gull reproductive success at Mono Lake.

Parasites

A tick species (Argas monolakensis) unique to Mono Lake (Schwan et al. 1992)
carries the Kemerovo group virus and was first discovered under gull nests at Mono Lake
in 1966 (Johnson and Casals 1972). High levels of tick infestation have subsequently been
reported on California gull adults and chicks (Schwan and Winkler 1984). Ticks have been
reported on Mono Lake gulls and correlations have been noted between chick mortalities
and levels of tick infestation (Shuford et al. 1984; Shuford 1985, 1986; Dierks 1990).
However, no specific documentation indicates whether ticks (or the virus they carry) have
had a major effect on the reproductive success of the Mono Lake gull population in any year
(Shuford 1985, Dierks 1991).

Food Supply

Invertebrate prey at Mono Lake, including alkali flies and brine shrimp, has
accounted for more than 50% (by volume) of gull chick diets in all sampling years since
1976 (Winkler 1983a, 1983b; Mahoney and Jehl 1982; Jehl 1984b; Shuford et al. 198S;
Shuford 1985, 1986; Strauss 1987; Dierks 1988, 1990, 1991). For example, in a recent PRBO
study the food items that had been fed to chicks just before capture were brine shrimp
(57.4%), alkali flies (36.7%), fish (3.2%), and human garbage (2.7%) (Dierks 1991). Studies
from Great Salt Lake (Winkler 1983a, 1987), however, indicate that brine shrimp are the
least preferred food for gulls. Studies of foraging behavior at Mono Lake suggested that
gulls primarily foraged at nearby dumps (e.g., within 30 miles of the lake) in early spring,
but switched to natural food as soon as it became available (Jehl 1985).
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Preliminary studies of the foraging ecology of juvenile California gulls at Mono Lake
in July and August 1991 suggested that submerged tufa shoals are an important feeding
habitat (Elphick and Rubega pers. comms.). These observers suggest that more than 50%
of all feeding attempts by juvenile gulls in this habitat were either on emerging alkali flies
or floating pupae. Furthermore, foraging success rates were high because emerging adult
and pupal forms of the alkali fly are relatively inactive and easy to capture at the water
surface. A high proportion of juvenile gulls frequent inshore areas while foraging, and it
seems likely that these areas represent an important source of concentrated food. Elphick
and Rubega (pers. comms.) suggest that alkali flies may contribute significantly to the
survival of postfledgling gulls and may constitute gull’s preferred prey during this period.

Dietary studies of California gulls are incomplete, but studies of invertebrate prey
organisms indicate that alkali flies have a higher caloric value and lipid content than brine
shrimp (Herbst et al. 1984) and represent the most nutritionally important food source at
Mono Lake. Boula (1986) and Boula and Jarvis (1984) found that alkali flies were the most
important food source to migratory water birds at Abert Lake, Oregon. Similarly, Rubega
(1992) found that red-necked phalaropes required alkali flies in their diet at Mono Lake and
that they could not survive in laboratory trials when offered an exclusive diet of brine
shrimp. These studies do not discuss the nutritional requirements of California gulls, but
it is likely that the high lipid content and caloric value of alkali flies are important to
developing juvenile gulls.

During 1981, many chick deaths occurred late in the season; Winkler (1987) sug-
gested that heat stress and possibly food shortages may have limited gull reproductive
success. In 1982, the lake remained at low levels and brine shrimp densities were extremely
low during spring and early summer. In this period, the gulls appeared to take other prey
such as cicadas (Okanagana gibbera, O. cruentifera, and O. occidentalis), which are
infrequently abundant in Mono Basin (Winkler 1983b). Brine shrimp densities recovered
by July 1982, and gulls resumed foraging on brine shrimp as their primary food source.
Recovery of brine shrimp numbers this late in the nesting season, however, was of limited
value to the majority of gull chicks that had already passed through the most energy-
demanding period of their growth (Winkler pers. comm.). Thus, at the lowest historical lake
level (6,372 feet), brine shrimp appeared to be sufficiently abundant, at least after early
summer, to sustain the nesting gulls. Cicadas also were extremely abundant that year and
supplemented the food supply during this period of low brine shrimp abundance (Winkler
pers. comm.).

Nesting Substrate

Jehl (1984b) and Jehl et al. (1984) characterized the preferred gull nesting habitat
at Mono Lake as open, rough terrain on relatively flat terraces that are protected from the
highest waves. Jehl (pers. comm.) noted that gulls on the Paoha Islets will first occupy areas
of rough or rugose substrate (e.g., tufa-encrusted areas, logs, and small boulders), which
occur both on and above the wave-cut platforms. Once these areas are occupied, the
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nesting birds will begin using nonrugose substrates (e.g., open sandy areas). With few
exceptions, nesting gulls will not occupy any areas on wave-cut platforms less than
8-12 inches above the water surface or on the windward sides of the islets. They also will
. not occupy the steep wave-cut slopes of these islets.

Jehl (1991a; Court Testimony, Vol. XIII, pp. 3-7) stated that gulls do not select
nesting habitats with regard to temperature or shade. He noted that California gull colonies
at other nesting sites avoid thick, high brush that may impair lateral visibility, and that the
historical colony on Negit Island was an anomalous situation. Further, he feels that there
is little relationship between vegetative density and reproductive success and stated that
nesting gulls tend to select open areas first (Jehl 1991a; Court Testimony, Vol. XII,
pp- 76-79).

Based on observations of gulls in other portions of their range, such as the Great Salt
Lake, Winkler (pers. comm.) believes that gulls colonizing a site for the first time will always
prefer open nesting sites because they feel safer there. He does not regard open nesting
sites as preferable in all circumstances, especially during hot years on islands that are safe
from predators. He feels that gulls selected greasewood habitats on Negit Island prior to
1979 either because they gradually moved there from open areas as they gained a sense of
security or because when gulls first started nesting in the area little open habitat was
available. The gulls probably avoid greasewood habitats now because, like gulls everywhere
that have experienced predation due to recent land bridging, they avoid habitats with limited
visibility.

Until 1979, Negit Island was one of the only stable nesting islands for California gulls
in their entire range (the other major site is Gunnison Island at Great Salt Lake where they
nest in brush) (Winkler pers. comm.). Since 1979, Negit Island has been no more reliably
predator-free than in most other places that this species nests, and it is not reasonable to
expect them to immediately recolonize this area after recent land bridging events. If the
Negit Island land bridge had never formed, Winkler (pers. comm.) would have expected the
gulls to nest at higher numbers in greasewood habitats than in any other area at Mono

‘Lake. He also predicted that they would have higher nesting productivity at Negit Island
greasewood habitats, especially during hot years. '

Shuford believes California gulls have a hierarchical method of habitat choice
(Shuford 1991a; Court Testimony, Vol. XIV, pp. 12-18). The first factor is the selection of
a nesting island that is free of ground predators. Once on the island, Shuford testified that
gulls select shoreline nest sites if appropriate nesting substrates are available because these
sites are typically cooler and more easily defended from other gulls. The disadvantage of
shoreline nest sites is that they are more vulnerable to destruction from high waves.
Preferred nesting substrates appear to be rough surfaces (e.g., rocks, tufa crust, shrubs, or
logs), and the gulls avoid sandy beaches lacking surface debris, even if they are near the
shoreline. Habitat relief probably provides several benefits, including visual screening from
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