
An Auxiliary Report
Prepared for the

M o N o B A S I N WATERRIGHTs EIR

Lake- Fluctuation- Induced Changes in the Size
and Configuration of the Mono Islands

Prepared under the Direction of:

California State Water
Resources Control Board
Division of Water Rights
P.O. Box 2000
Sacramento, CA 95810

Prepared With Funding from:

Los Angeles Department of
Water and Power
Aqueduct Division
P.O. Box 111
Los Angeles, CA 90051

Mono Basin EIR Auxiliary Report No. 22



An Auxiliary Report
Prepared for the

Mono Basin Water Rights EIR Project

This auxiliary report was prepared to support the environmental impact report (EIR)
on the amendment of appropriative water rights for water diversions by the City of Los
Angeles Department of Water and Power (LADWP) in the Mono Lake Basin. Jones &
Stokes Associates is preparing the EIR under the technical direction of the California State
Water Resources Control Board ( SWRCB). EIR preparation is funded by LADWP.

SWRCB is considering revisions to LADWP's appropriative water rights on four
streams tributary to Mono Lake, Lee Vining Creek, Rush Creek, Parker Creek, and Walker
Creek. LADWP has diverted water from these creeks since 1941 for power generation and
municipal water supply. Since the diversions began, the water level in Mono Lake has fallen
by 40 feet.

The Mono Basin water rights EIR examines the environmental effects of maintaining
Mono Lake at various elevations and the effects of possible reduced diversions of water
from Mono Basin to Owens Valley and the City of Los Angeles. Flows in the four tributary
creeks to Mono Lake and water levels in Mono Lake are interrelated. SWRCB's decision
on amendments to LADWP's water rights will consider both minimum streamflows to
maintain fish populations in good condition and minimum lake levels to protect public trust
values.

This report is one of a series of auxiliary reports for the EIR prepared by subcontrac-
tors to Jones & Stokes Associates, the EIR consultant, and contractors to LADWP. Infor-
mation and data presented in these auxiliary reports are used by Jones & Stokes Associates
and SWRCB, the EIR lead agency, in describing environmental conditions and conducting
the impact analyses for the EIR. Information from these reports used in the EIR is subject
to interpretation and integration with other information by Jones & Stokes Associates and
SWRCB in preparing the EIR.

The information and conclusions presented in this auxiliary report are solely the
responsibility of the author.

Copies of this auxiliary report may be obtained at the cost of reproduction by writing
to Jim Canaday, Environmental Specialist, State Water Resources Control Board, Division
of Water Rights, P.O. Box 2000, Sacramento, CA 95810.

J



Lake- Fluctuation- Induced Changes in the
Size  and Configurat ion of  the Mono Is lands

A report  to
Jo nes  and  S t o kes Associates,  Inc Sacramento .  CA

and  t he
Califo rnia Stat e Water Resources Contro l Board

J a nu a r y,  1 9 9 3

Prepared by:
Sco t t  St ine,  Ph.D.

1450 Acton Crescent
Berkeley, CA 94 7 0 2



Lake - Fluctuation- Induced Changes in the
Size and Configurat ion of the Mono Is lands

A report  to
Jo nes  and  S t o kes Associat es,  Inc. Sacramento .  CA

and  t he
California St at e  Water Resources Cont ro l Board

J a nu a r y,  1 9 9 3

Prepared by:
Sco t t  St ine,  Ph.D.

1450 Acton Crescent
Berkeley, CA 94 7 0 2

A copy of this r epor t has been  placed in  the Water  Resources Center  Archives,  U.C.  Berkeley.

Cite thusly. Stine ,  Scot t ,  1993. Lake - Fluctuation- Induced Changes in the Size and Configuration of
the Mono Is lands . Repor t  to Jones and Stokes .  Associa tes,  Sacramento,  and the Cal ifornia  Sta te
Water Resources  Cont rol  Board . 22 pp + appendices



Table of Contents

...............................
1

Introduction......................................................................................................
...............................

2
TheMono Islands ......... ............ ............ ............ ............ ............ ............ ............

...............................
2

Negi t Island..................................................................................................
............................... 2

TheNegit islets ............................................................................................
...............................

3
ThePaoha islets . ........ ........ ........ ........ ......... ........ ........ ........ ........ ........ ........

................
4

methodology
...............................

4
General..........................................................................................................

.............................
5

TheNegit islets ............................................................................................ 5
Negi t Island..................................................................................................

.................................

5
ThePaoha islets . ........ ........ ........ ........ ......... ........ ........ ........ ........ ........ ........

Negit Island
...............................
...............................

6Results -- Nesting Grounds on ........................... ........................... 6
NegitIsland maps ............. ............... ............... ............... ............... .............................................. 6
Changesin  n est ing  area............................................................................................................. 6Results -- Nesting Grounds on the Negit islets.................................................................................
Maps and elevat ions of the Negit  islets.................................................................................... 6

10
Changesin  nest ing area............................................................................................................. 11
Pa n ca kei s le t............................................................................................................................... 11Results -- Nesting Grounds on the Paoha islets...............................................................................
Maps and elevat ions of the Paoha islets...................................................................................11
Changes in  i sland area  due to the modern  lake r egression.....................................................

13
Changes in area and configuration due to l ittoral erosion -- theoretical  background... . . . . . . . . 13
Future changes in  area  and configura t ion  of the Paoha islets...............................................

18

Alternative lake level 6372.7 feet.......................................................................................
18

Alternative lake level 6377 feet..........................................................................................
Alternat ivelake level 6383.5 feet.......................................................................................

2 0

Alternative lake level 6390 feet..........................................................................................
20

Alternativelake level (A 10 feet..........................................................................................
2 0
21

Conclusions...................... ....................................... ............................... ...................22
Footnotes.......................................................................................................................................... 22
Li tera tureci ted....................:............................................................................................................

2 3
Appen d i x1.......................................................................................................................................

7
Fi gur e1.............................................................................................................................................. 8
Figure2a ............................................................................................................................................
F i gu r e2b............................................................................................................................................12
Fi g ur e3..............................................................................................................................................17
Fi gu r e4..............................................................................................................................................

10
Table 1.............................................................................................................................................. 13
T a b l e 2 .............................................................................................................................................



LAKE- FLUCTUATION - INDUCED CHANGES IN THE

SIZE AND CONFIGURATION OF THE MONO ISLANDS

Int roduct ion

Mono  Lake is  a  hydrographically closed water  body that  abut s t he east ern

front  of the Yosemite Sierra. Because it  lo ses water  only t hough evaporat ion,

the lake fluctuates widely in size,  r ising when inflow exceeds evaporat ive loss,

and falling under  t he converse cond it io ns. These  t r ansg ress io ns  and

regr ess ions r esu lt  in t he expans ion,  co nt r act ion,  emer gence,  submer gence,

insular izat ion,  and peninsular izat ion o f islands and wo uld -be islands at  Mono

Lake. Changes in the size and availabilit y of the Mono  islands are o f biological

and enviro nmenta l int e rest  because  t hey a re  used by lar ge  numbers  o f

Califo rnia gulls Larus californicus) ,  and by le sser  number s o f o ther  bird

species,  fo r  breeding and nes t ing.

The future o f t he gull populat ion t hat  uses t he Mono  islands is  one o f t he

focal po int s of the Environmental Impact  Repor t  (EIR) being prepared fo r the

Califo rnia St ate  Water  Resources Cont rol Board (St at e  Board)  by Jones and

Stokes Associat es,  Sacramento . The two  cent r al quest ions  at  hand are  as

follows: Is there a  co rrespondence between gull-  nest ing area on the Mono

islands and  hist o r ic  t r ends in t he lake 's  gull popu la t io n? And,  what  is  t he size

(o r t he range in size) o f the gull populat ion t hat  can be expect ed t o  occupy the



Mono  islands  at  var ious future lake levels (and t hus at  var ious future island sizes

and configurat ions)  ? The fir st  s t ep in answer ing  t hese quest ions  is  t o  est ablish

the relat ionship between lake level and island -  nest ing area. The object ive of

this repor t  is  t o  provide a  basis fo r  est ablishing t hat  relat ionship.

The Mono Is lands

Negit  Island . Negit  Island,  in the no r thwest ern quadrant  o f Mono  Lake, is

a composit e  vo lcano  composed o f two domes,  a  cinder  cone,  and four  blocky

lava flows. An o lder  "plat fo rm" of phreat ic  explosion debr is lies near t he center

o f t he island. This low- gradient  plat form, and port ions of some of the flows,

are blanket ed  wit h sandy and silt y t ephra (vo lcanic ash)  t hat  was produced

dur ing erupt ions o f t he nearby Mono  Crat ers. These  same  ar eas  have  been

co lonized by a relat ively dense shrub cover  o f greasewood (Sarcobatus

vermiculat us ) . At  t imes dur ing t he past  several decades,  large numbers o f gulls

have used this greasewood-  covered plat form o f Negit  Island fo r nest ing, while

smaller  numbers  have  nes t ed  o n mor e spa rsely veget a t ed (and in so me  cases,

unvegetated)  lava flows.

The Negit  islet s. Histo r ically,  Negit  I sland has been flanked by from 2 (at

high lake levels) t o  22 (at  low levels) volcanic islets which, individually,  range

in size from miniscule (at  high levels) t o  -15 acres (at  low levels). The sp ires,

pinnacles,  and domes t hat  const itut e  t hese " Negit  islet s" are made up o f rock

and pumice,  o ft en coa t ed wit h t ufa. Deposits  of sand ( from lit t oral erosion and

deposit ion,  and from t ephra air falls)  occur  locally on t he islet s. Large number s
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of gulls  have histor ically nest ed on por t ions o f the largest  Negit  islet s,  with

smalle r  number s  o n t he  smalle r  is let s .

The rock t hat  composes Negit  I sland and t he Negit  islet s is  hard enough

to  resist  erosion by waves and lit t o ral current s. Rises and falls  in lake level,

therefore,  result  in relat ively lit t le  geomorphological modificat ion of t he island

and is le t  flanks .

The Paoha is let s . West  of Paoha Island,  near  the cent er  of t he lake,  is  a

small const ellat ion o f islets info rmally called t he Paoha islet s. These fea tur es,

t he highest  po r t ions o f which emer ged dur ing t he ear ly 1960 's,  are  composed

of fine,  unconso lidat ed sed iment s t hat  slid  from the flank o f Paoha Island at  t he

t ime o f it s  format ion (around AD 1660) . While  so ft  sediment s dominat e  t he

surface o f t he Paoha islet s,  a  t ufa crust  occurs locally. This crust  is favored fo r

nest ing  sit es by t he  gulls  t hat  u se t he Paoha islet s ( Jehl,  pers.  comm. ,  1992) .

The non -  resist ant  nature o f t he sediment s t hat  compose t he Paoha islet s

makes  t hem susept ible  t o  e ro sion by waves  and  cu rr ent s ,  pa r t icu la r ly du r ing

rises in lake level. Erosion -  induced changes in t he islet s must  t herefore be

considered in any pro ject ion of future gull-  nest ing area.

This pro ject  did no t  include an analysis o f Paoha Island it self. While  it  is

t he largest  island  in Mono  Lake,  Pao ha has suppor t ed only small numbers  o f

gulls histo r ically.
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Methodo logy

Gener a l . Maps of Negit  I sland,  and o f the Negit  and Paoha islets,  were

drawn fr om ae r ial pho to gr aphs. After confer ring with gull biologist s,  mapping

units were defined so as t o  be relevant  t o  gull-  nest ing pat t erns. Contours at  o r

close to  the alternat ive lake levels set  by t he St ate  Board (6372.7 feet ,  6377

feet ,  6383.5 feet ,  6390 feet ,  and 6410 feet )  were t hen super imposed on t he

ma p s . The contours were t aken direct ly from,  o r  int erpolat ed from,  various

sources,  including USGS topographic maps,  and t he Pacific  West ern Aer ial

Sur vey ma ps . Where possible ,  t hese  contours were  checked against  t he

islet  -  margin configurat ion as depict ed on aer ial photos t aken at  var ious t imes

dur ing t he past  40 years (See Appendix A) . The contours can be cons ide red

sufficient ly accurat e  fo r  t he purpo se a t  hand.

A chrono-  car tographic sequence, showing the extent  o f the Mono  islands

in January 1930 ,  June  1940 ,  Sept ember  1956 ,  Ju ly 1964,  Augus t  1973,  Augus t

1975,  Sept ember  1979,  and October  1982 (at  t hese respect ive lake levels:

6420.8 feet ,  6417.9 feet ,  6402.6 feet ,  6391.6 feet ,  6383.4 feet ,  6379.5 feet ,

6373.5 feet ,  and 6372.8 feet )  is  included here as Appendix A. T hes e  maps

were o r iginally produced for  Hubbs -Sea World Research Inst itut e in San Diego ,

and t he Community Organizat io n and Research Inst it ut e  at  t he Unive rsit y o f

Califo rnia  at  Sant a Barbara ( St ine,  1987,  1990) . Inclusio n o f t hese maps here

will fur t her  a id  an unders t anding o f t he changes  in  t he Mono  islands t hat  have

occurr ed since 1930.
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The Negit  islet s. The Negit  islets were visited in t he company o f Mr.

David Shufo rd o f t he Po int  Reyes Bird Observatory,  St inson Beach,  Califo rnia.

Based on our  reconnaissance,  and on int erpret at ion o f large -scale  aer ial

pho tographs,  it  was possible  t o  produce  maps t hat  relat e  a  simple,  generalized

classificat ion o f nest ing densit y (high,  medium, and low)  to  geomorphological

and geo logical unit s  on t he islet s. The nest  -  density classificat ion is  an

approximat ion based o n Mr.  Shufo rd 's  many weeks o n t he  is le t s co unt ing and

obser ving gu lls  dur ing nes t ing  seasons.

Negit  I sland . The greasewood- covered plat form area of Negit  Island was

mapped  fro m aer ia l and gr o und pho t os . Product ion o f t he Negit  I sland map

did no t  involve a  field visit ,  t hough numerous t r ips t o  Negit  have been made in

the past ,  and t hese ea r lier  exper iences were  drawn upon in t he course o f t he

present  wor k. Nest ing areas shown on t he Negit  I sland map were t aken from

Winkler  (1977),  and from Dierks (1991) .

The Pao ha islet s . Fo r  t he Paoha islet s,  t he areas o f "rugose subst rat e"

(creat ed by a broken tufa crust )  were drawn from ae r ial and ground pho tos in

consult at ion with Dr .  Joseph Jehl o f Hubbs -Sea World Research Inst it ut e ,  San

Diego. Here again,  no  field  visit  was included in t his work,  t hough bo th t he

reco llect ions  and  t he pho t ographs from many pas t  visit s  were  used in  t he

prepara t ion o f t he  maps. Dr.  Jehl is  to  depict  areas of relat ive gull-  nest ing

suit abilit ies on Figure 3 fo r  use in t he EIR.
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Results --  Nesting Grounds on Negit Island

Negit  I sland maps . Figure 1 is  a map of Negit  Island, showing the

approximate locations of the 6372.7 -foot , 6377 -foot,  6383.5 -foot,  6390 -foot ,

and 6410 -foot  contours. Also  mapped on Figure 1 are t he pr inciple areas o f

Negit  I sland used histor ically by nest ing gulls  (aft er  Winkler ,  1977,  and Dierks,

1991) ,  and the low-  gradient  areas of dense greasewood cover no t  histor ically

used  by gulls . Append ix A shows car to graphically t he  manner  and  ext ent  t o

which Neg it  I sland  changed ( t hrough bo th peninsular izat ion and  growth)

between 1930 ( lake level 6420 feet )  and 1982 (near  t he t ime of t he histor ic

low stand,  at  6372 feet ) .

Changes  in  nes t ing a r ea . No te on Figure 1 t hat  much o f t he area used by

nest ing gulls  on Negit  Island lies high on the brush - covered plat form, well

above t he histo r ic range o f lake level fluctuat ions. This area,  which histo r ically

suppor ted roughly two- t hirds of t he gulls that  nest ed on Negit  prior  t o

peninsular izat io n,  is  t hus unaffect ed by fluctuat io ns o f t he lake. Some of the

nest ing areas at  lower  elevat ions will be periodically inundat ed under  several o f

the EIR Management  Lake Level Alt ernat ives. More impor tant  t o

underst anding changes in nest ing habit at  on Negit  is  t hat  at  a  lake level o f

6375  fee t  it  becomes  connect ed t o  t he ma inland by a landbr idge. (Coyotes are

known to  wade t o  Negit  Island at  lake levels o f,  and perhaps above,  6376 feet . )

Results --  Nesting Grounds on the Negit Islets

Maps and elevat ions o f t he Neg t  islet s . Figures 2a and 2b are  maps o f t he
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Negit  islets showing the approximate locat ion of the 6372.7 -foot ,  6377 -foot ,

6383.5 -foot,  6390 -foot ,  and 6410 -foot  contours. Also  mapped  there are

nest ing  densit y designat ions ,  a s es t imated by Mr .  Shufo rd and myself in t he

field. Appendix A illust rat es t he manner  and ext ent  t o  which t he Negit  islet s

grew in number  and size between 1930 ( lake level 6420 feet )  and 1982 (near

the t ime o f t he histo r ic  low stand,  at  6372 feet ) . The approximate lake levels

at  which t he individual vo lcanic spires and domes o f the Negit  Archipelago

begin t o  pro t rude from the lake as actual islets are given in Table 1 .

Changes  in  nes t ing  a r ea . With fluctuat ions in lake level,  the area o f

nest ing habitat  on t he Negit  islet s changes due t o  emergence (see Table 1) ,

expansion and cont ract ion (see Appendix A) ,  and peninsu lar izat ion. This lat t er

factor  t akes on impor tance at  a lake level of 6372 feet ,  when the Negit  islets o f

Java and  Twain become co nnect ed t o  t he  ma inland . (Coyotes are known to

Table 1
Lake levels at  which t he high po int s o f t he individual domes and spires o f

the Negit  islets begin t o  pro trude from Mono  Lake.

Krakatoa Islet  at  lake level  somewhat above 6420 feet

Little Norway Islet  a t lake level somewhat  above 6420 feet

Little Tahiti Islet  a t lake level somewhat  above 6420 feet

Twain Islet  a t lake level somewhat  above 6420 feet

S t ea m boa t Islet  a t lake level somewhat  above 6420 feet

J a va Emerges a t  lake level  -6418 feet

Ha t Emerges a t lake level 6392 feet

Tie Emerges a t  lake level 6387 feet

La Paz Emerges a t  lake level  -6387 feet

Sa dd le Emerges at  lake level  -6387 feet

Com m a Emerges a t lake level --6387 feet

Muir Emerges a t  lake level 6387 feet

Midget Emerges at  lake level  -6380 feet

Sir en Emerges a t  lake level  -6380 feet
Geograph ic Emerges a t lake level --6380 feet

Winkler Emerges at  lake level  -6375 feet
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wade to  Twain and Java at  lake levels of,  and perhaps above,  6373 feet . )

Pancake islet . A peculiar  islet  t hat  requires special considerat ion is

"Pancake ",  a  small,  fla t t ish mound o f lake bo t tom charact er ized by a small heap

of pumice  blocks. This islet ,  which differs from the t rue Negit  islet s in that  it

is  not  o f direct  vo lcanic o r igin,  nevertheless lies in t he general vicinity o f the

Negit  islets. It  is used by gulls  fo r nest ing, and so  is  relevant  t o  t his repor t .

Pancake islet  emerges from t he lake when the  sho re line drops t o  an

elevat ion of 6384 feet ,  though the islet  does no t  become large enough to

acco moda te nest ing  gulls  unt il t he lake  reaches -6379  to  6380 feet . At  a lake

level o f 6376 feet  Pancake  becomes connect ed t o  t he mainland  by a landbr idge.

Changes in  t he acreage o f Pancake a t  e levat io ns be tween 6376  feet  and 6379

feet  seem to  have lit t le  relevence to  gull nest ing,  since growth and shr inkage

occur  in t hose po r t ions o f the islet  t hat  gulls do  no t  use (Mr.  D. Shufo rd,  pers.

co mm. , 1990). Less  t han 2 acres o f land on Pancake  are  used by nes t ing  gulls .

Results --  Nest ing Grounds on the Paoha Islets

Maps and e levat ions o f t he Pao ha islet s . Figure 3 is  a  map o f t he Paoha

islets showing the approximate locat ion of the 6380.9 -foot ,  and 6382.9 -foot

co nto urs . (As discussed below,  these elevat ions relate  t o  past  and future

erosional modificat ion of t he Paoha islets. ) Also  shown on Figure 3 are t he

areas  o f rugo se subs t r at e . Append ix A shows car tog raphically t he  manner  and

extent  t o  which t he  Paoha  islet s  grew in number  and size between 1930  ( lake

11
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level 6420 feet )  and 1982 (near  t he t ime o f the histo r ic  low st and at  6372

feet). The approximate lake levels at  which t he high po int s o f t he individual

Paoha islet s began to  emerge from the declining lake are list ed in Table 2 .

Table  2
Lake levels at  which t he highest  po int s o f t he individual Paoha islet s

emerged from Mono  Lake dur ing the pre -1982 lake regression.

Br owne Emerged a t  -6395 feet

Coyote Emerged a t 6395 feet

Du ck Emerged a t  -6392 feet

An der son Emerged a t  -6386 feet

McPherson Emerged at  --6384 feet

Brewer Emerged a t 6384 feet

Gul l Emer ged  a t  -6383 feet
Sm i t h Emerged at  --6383 feet

Da wson Emerged at  --6383 feet

Con wa y Emerged a t --6383 feet

Russel l Emer ged  a t  -6383 feet

Whit ney Emer ged  a t  -6375 feet

Hoffman Emerged a t 6375 feet

Cl us ter Emerged a t --6375 feet

Changes  in is land ar ea due t o  t he moder n lake regression. Dur ing t he

middle and lat t e r  st ages  o f t he modern lake regr ession,  t he Paoha islet s

emerged (see Table 2) ,  t hen expanded in area (Appendix 1) . O ne

peninsular izat ion event  -  - t he joining o f Duck islet  with the main body o f Paoha

Island at  a lake level of 6379.5 feet  --  character ized this period. '

Changes in area and configurat ion o f t he Paoha islet s due t o  lit t o ral

erosion -- theoret ical background . Unlike t he hard rock t hat  compo ses t he

Negit  islets,  the so ft  sediment s o f t he Paoha islets are easily eroded by waves

and  lo ngsho r e  cu r r ent s . Lit toral erosion of the islets creates a "wave -cut

1 3



plat form" (plat form)  - -a  low-  gradient  surface that  terminates islandward at  a

"sea cliff' (c liff) ,  and lakeward at  a nickpo int  (a  level at  which t he gradient

increases abrupt ly in t he downslope direct ion) . These plat forms are o f

import ance to  mat t ers o f t he Mono  gull rookery because relat ively few o f the

birds appear  t o  use them fo r nest ing,  at  least  while  the plat fo rms are "act ive ";

rather ,  t he birds appear  t o  use mainly t he "upland" po r t ions o f t he islet s fo r

nest ing (see below).

A lake surface t hat  is  e it her  receding o r  ho lding st able against  t he islet

flanks is capable o f eroding only a nar row plat fo rm. Width of the plat form is

limit ed because waves moving across it  t oward shore expend their  energy as

fr ict ional drag on it s  sur face. Once t he plat fo rm reaches some cr it ical width,

insufficient  wave  energy remains a t  sho r eline  t o  accomplish fu r ther

backwear ing o f t he cliff,  and widening o f t he plat form ceases. Dur ing  a r ise  in

lake level,  in cont rast ,  t he bases o f t he waves are elevat ed above any exist ing

plat fo rm. This allows t he waves t o  bat ter  and wear  back t he cliff,  t hereby

widening t he plat fo rm. The waves o f a  r ising lake t hus creat e  a  relat ively broad

pla t fo r m that  widens  unt il  t he t r ansg ression ceases.

Once a plat fo rm has  been cut  by a t r ansg ress ing lake,  t he  advance  and

ret reat  o f t he sho reline across it s  sur face will result  in lit t le  fur ther erosional

modificat ion ( the plat fo rm surface is  now in equilibr ium with t he lit t o ral

geomorphic processes,  and so  erosion essent ially ceases) . Only if t he lake r ises

to  a  level higher  t han t he "shoreline angle" ( t he break in slope at  t he junct ion
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of t he plat form and the cliff)  will the plat fo rm be fur ther  widened.

Should t he lake margin fall below the nick po int  at  t he dist al margin o f

the plat form, and t hen re  - r ise ,  t he lake will not  simply regain t he plat fo rm

surface. Rather ,  t he t ransgressing shoreline will cut  a  new plat fo rm at  t he

expense of the o ld one. The old plat fo rm can be said to  be "st randed "; it  will

never  again be react ivat ed. The plat fo rm present ly being cut ,  o r  current ly

being occupied,  by the shoreline is called the "act ive plat form ". A fur ther

dist inct ion is  made between the act ive plat fo rm and the "upland" po r t ions o f an

islet  (all po rt ions o f the islet  t hat  lie  above t he chM.

The degree t o  which the Paoha islet s can be modified by a r ise  in lake

level is  well illust rat ed by event s t hat  occurred dur ing the past  2  decades. In

1974,  when the receding lake reached an elevat ion of 6381 feet ,  t he Paoha

Islet s numbered one dozen and covered over  24 acres. Dur ing  t he ensu ing

years,  t he lake cont inued to  fall,  reaching it s  histor ic  low st and o f 6372 feet

ear ly in 1982. It  t hen rerose. By August  o f 1986 the rising lake had reat tained

its 1974 elevat ion of 6381 feet  (more precisely,  6380.9 feet ). Due t o  erosion

by the  r ising sho reline,  however ,  t he number  o f is let s had diminished t o  just

half t he number  expo sed  in  1974,  and t o t al is let  ar ea had been r educed  t o

approximately 10.6 acres -  -only -40% of the 1974 value. It  is  c lear  from these

figures,  and from observat ions made in 1982,  '83,  and '84 (St ine,  1988) ,  t hat  a

rise in lake level does no t  simply resubnierge islet s composed o f easily erodible

sed iment ; rathe r ,  t he r is ing lake e rodes  t he  isle t s at  wat e r line  in t he manner
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descr ibed above,  t ransfo rming the islet  flanks into  plat fo rms.

Figure 4 is  a  schemat ic  pro file  represent ing hypo thet ically t he present ly

exist ing flank of one of the Paoha islets (solid line). No te t hat  t he sho reline

angle lies at  an elevat ion o f 6380.9 feet ,  reflect ing t he t ransgression t o  that

elevat ion t ha t  o ccu rred between 1982 and  1986. This schemat ic  diagr am

illust rat es  two  essent ial po int s:

1) Present ly,  the (arbit rarily selected) 6385 - foot  contour lies at  Point  A

on Figure 4. But  if t he lake were t o  r ise to  t hat  elevat ion it  would enlarge the

act ive plat fo rm (to  t he posit ion indicated by t he dashed line on Figure 4),  and

effect ively move the 6385 -foot  contour islandward ( thus,  from Point  A,  to  Point

B on Figure 4). This t ype o f modificat ion has been t aken into  considerat ion in

drawing the  conto urs o n Figu re 3.

2) To  complet ely submerge a so ft -  sediment  islet  whose summit  elevat ion

lies at ,  say,  6395 feet ,  does no t  require a  lake t ransgression t o  6395 feet .

Because o f t he beveling t hat  occurs dur ing a t ransgression,  t he lake may have t o

rise t o  only 6392 feet  (o r  6388 feet ,  o r  6393 feet  . . .  depending on t he

topography and configurat ion o f t he islet ,  and the gradient  of t he wave -cut

plat fo rm)  t o  oblit erat e all upland po r t ions of the islet ,  and t hus affect  it s t ot al

inunda t io n . Refer r ing t o  Figure 4,  it  can be seen t hat ,  in t his hypo tht ical

set t ing,  a  lake t ransgression t o  6392 feet  (Po int  Q would effect ively remove

the exist ing upland po rt ion of t he islet ,  t ransforming it  into  a wave -cut

plat form (dot ted line on Figure 4).2 (No te that  in drawing Figure 4,  it  was

assumed that  t he is let  would  be a t t acked from just  one s ide. This  is  an
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Figure 4. Schematic Profile of a Paoha Islet



oversimplificat ion.  In reality,  oblit erat ion of an islet  upland proceeds inwardly

from all direct ions,  with t he sho reline angle converging t owards some inner

po int  on t he islet . This realit y confounds precise predict ion o f

t ransgression -  induced changes in islet  configurat ion,  as well as precise

predict ion o f the t iming o f t ransgression - induced obliterat ion o f islet  uplands. )

Future  changes in  area  and configurat io n o f t he Paoha islet s . Curr ent ly,

each of the Paoha islet s is encircled by an act ive wave -cut  plat fo rm that  r ises

gradually from a dist al margin at  6372 feet  (t he elevat ion o f t he histo r ic  low

st and) t o  a  shoreline angle at  6380.9 feet  (t he level t o  which t he lake rose

bet ween 1982  and 1986) . (This wave -cut  plat form tends to  be of lesser

gradient ,  and t herefore of great er  width,  on the windward (south and west )

flanks o f t he islet s t han it  is  on their  lee (no r th and east )  side. This is  because

the windward flanks bea r  t he br unt  o f t he wave  at t ack,  and t herefo re undergo

greater  erosion. This same asymet ry is  evident  on Paoha  Island. ) Under

several o f t he management  alt e rnat ives being considered in t he EIR,  fur ther

erosional modificat ion o f the islets (and in some cases,  near -  total,  o r to tal

submergence o f t he islet s)  can be expect ed. The modificat ions per  given

alt e rnat ive  are  summar ized  below:

--Alternative lake level6372 . 7feet.According t o  computat ions by Jones

and Stokes Associat es,  Mono  Lake,  managed at  an elevat ion o f 6372.7 feet ,

would no t  drop below 6372 feet ,  and can be expect ed t o  r ise  as high as 6378.8

feet  (Mr.  Ken Casaday, pers.  comm.,  1992) . Because t his elevat ion range is
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within t he elevat ion int erval represented by t he act ive wave -cut  plat form, t his

management  alt ernat ive would have lit t le  effect  on the Paoha islet s. The islet s

in t he fut ure would  have  t he same  configura t ion (mos t  impor t ant ly,  t he same

upland configurat ion)  as t hey do  t oday. This upland co nfigu rat io n is

represent ed on Figure 3 by t he area within t he 6380.9 - foo t  contour .

--Alternative lake level 6377 feet . According t o  computat io ns by Jones

and Stokes Associat es,  Mono  Lake,  managed at  an elevat ion o f 6377 feet ,  can be

expect ed t o  occasionally fall as low as 6376.6 feet ,  and t o  r ise  as high as

6382.9 feet  (Mr.  Ken Casaday,  pers.  comm.,  1992) . The act ive plat forms will

be unaffect ed by regressions t o  t he lowest  o f t hese elevat ions. A t r ansg ress ion

to  t he maximum eleva t ion o f t his management  a lt ernat ive  can be expect ed t o

fur ther  widen t he act ive plat fo rms at  t he expense o f t he upland po r t ions o f t he

islet s. This change wou ld  be  pe r manent . The configurat ion of t he islet

uplands t hat  wou ld exist  fo llowing this t ransgression is  approximated on Figure

3 by the 6382.9 -foot  contour. (For  reasons descr ibed above,  the 6382.9 -foot

contour  on Figure 3 is  shown in t he posit ion that  it  would occupy following a

t ransgression t o  t hat  elevat ion, rather  than it s  present  -day posit ion. ) Because

of their low summit  elevat ions,  several of the Paoha islets -  -Gull,  Smith,  Dawson,

Conway,  Brewer ,  McPherson, and Russell- -  e ither have already been,  o r  would

be,  t ransfo rmed ent irely and permanent ly into act ive wave -cut  plat fo rms by t his

t r ansg r ess io n. "Duck islet " would alt ernat e between being an islet  and a

peninsu la  under  t his  management  a lt e r na t ive .
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--Alternative lake level 6383.5 feet. According t o  computat io ns by Jones

and Stokes Associat es,  Mono  Lake,  managed at  an elevat ion o f 6383.5 feet ,  can

be expected t o  occasionally fall as low as 6383.0 feet ,  and r ise  as high as

6389.5 feet  (Mr.  Ken Casaday, pers.  comm. ,  1992) . A t ransgression t o  t his

maximum lake  level would  pe rmanent ly t r ansfo rm all o f t he exis t ing  upland

por t ions o f all the Paoha islets into an act ive wave -cut  plat form. The  highes t

po rt ions o f these low-  gradient  sur faces would pro trude from the lake as it

fluctuat ed within t he eleva t ional range o f t his management  alt e rnat ive. No

at t empt  has  been made  t o  map the configura t ion o f t he Pao ha is let s t hat  would

exist  fo llowing a t ransgression to  6389.5 feet ,  since,  as low- gradient  plat fo rms,

these ero sional r emnant s would be o f dubious value t o  nest ing gulls .

--Alternative lake level 6390 feet. According t o  computat io ns by Jones

and Stokes Associat es,  Mono Lake,  managed at  an elevat ion o f 6390 feet ,  can be

expected t o  occasionally fall t o  an elevat ion of 6388.5 feet ,  and rise as high as

6395 feet  (Mr.  Ken Casaday,  pers.  comm. , 1992) . This  t r ansg ression wo uld

permanent ly t ransform all po rt ions o f all islet s into act ive wave -cut  plat fo rms.

Only small po r t ions o f the plat fo rms associat ed with Coyo te,  Browne,  and Duck

islet s would ever  emerge from the lake. No  a t t empt  has been made t o  map the

configurat ion o f t he Paoha islet s t hat  would exist  following a t ransgression t o

6389.5 feet ,  since,  as low-  gradient  plat fo rms,  these erosional remnant s would

be o f dubious value t o  nest ing gulls .

--Alternative lake level 6410 feet. According t o  computat ions by Jones
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and Stokes Associat es,  Mono  Lake,  managed at  an elevat ion o f 6410 feet ,  would

occasionally fall as low as 6407.1 feet ,  and rise as high as 6414.7 feet  (Mr.  Ken

Casaday,  pe rs.  comm. ,  1992) . At  even t he lowest  of t hese elevat ions,  a ll

ero sio nal r emnant s o f all  t he Pao ha islet s  would be submer ged  under  more  t han

15 feet  of water.

Conclus ions

The fo regoing provides a  basis fo r  est ablishing t he relat ionship between

the Management  Alt ernat ive Lake Levels being considered in t he EIR,  and

island - nest ing area at  Mono Lake. No  at t empt  has been made t o  calculat e

acreages o f eit her  island area,  no r  nest ing area,  pe r  given management  level.

By p r io r  ag reement ,  t hat  t ask will be under t aken by Jones and Stokes

Associates,  based on the maps presented herein.
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Foo t n ot es

I Cla ims by some that  gul ls used Paoha Island for  breeding and nest ing dur ing the mid -1980s
are incor rect . Rather ,  gul ls colon ized Duck islet when it  was r einsularized by the h igh  lake
stan d between  Decem ber  1983 a nd Jul y 1985 ,  an d between  Ma rch  1986 a nd August  1987. Since
the most  r ecen t  r epen insular iza t ion ,  gul ls have not  used Duck as a  breeding ground.

2 One need not  doubt  that  the efficacy of the l i ttora l processes a t Mono Lake is sufficien t  to
truncate even the largest  and ta llest  of the Paoha islets. Between  1883 a nd 1919 ,  as th e lake
rose 18 feet to i ts histor ic high stand,  the waves that  buffet ted Paoha Island effect ively beat
back a  20- to 50- foot -ta ll cli ff a distance of up to several hundred feet ,  thus creating the
prominan t  st r anded pla t form that  presen t ly enci r cles that  i sland.
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Appendix 1

Chrono  -  car tographic sequence document ing t he histo ry o f changes in t he
size and configurat ion of t he Mono islands,  1930 -1982
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DATE: January, 1930

LAKE SURFACE ELEVATION: 6420 ( ±0.5) feet

DISCUSSION: The earliest aerial photographs of the Mono islands were taken

in January of 1930, when the lake stood somewhere between 6420 and 6421.feet.

In addition to Negit and Paoha Islands, portions of 5 of the Negit islets- -

Krakatoa, Steamboat, Twain, Little Tahiti, and Little Norway -- existed at this

time (see index map on following page). The Paoha islets are not yet visible,. _

and in fact did not begin to emerge until the early 1960's.

AREA OF THE ISLANDS: The areas of the islands and islets are listed below.

Paoha Island 1229.865 acres
Negit Island 154.114 acres
Krakatoa .142 acres
Little Norway <.025 acres, total
Little Tahiti

a• .077 acres
b• .037 acres
C . <.030 acres
d. X.010 acres

Twain <.020 acres
Steamboat .028 acres
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DATE: June 24, 1940

LAKE SURFACE ELEVATION: 6417.86 feet

SIGNIFICANT EVENTS: The 3 -foot drop in lake level that occurred between 1930

and 1940 resulted in the growth of all previously existing islands, and in

the emergence of Java, an islet of the Negit Archipelago (see index map on

following page).

AREA OF THE ISLANDS: Acreage of the islands is presented below.

Paoha Island 1236.382 acres
Negit Island 162.088 acres
Krakatoa .223 acres
Little Norway <.025 acres, total
Little Tahiti

a• .272 acres
b. <.040 acres
C . <.010 acres

Twain `.050 acres, total
Steamboat .058 acres
Java <.050 acres

DISCUSSION: The 1940 photographs depict lake elevation and island configu-

ration essentially as they existed in 1941, when LADh? began to divert water

from the basin. This is also approximately where the lake would stand today

if no diversions had occurred.
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DATE: 1956 (From USGS topographic map of 1958)

LAKE SURFACE ELEVATION: 6402.64 ( ±0.63) feet

SIGNIFICANT EVENTS: Growth of all previously existing islands (see index map

on following page).

AREA OF THE ISLANDS Acreage of the islands is presented below.

Paoha Island Unavailable (see discussion below)

Negit Island 187.550 acres

Krakatoa .940 acres

Little Norway -.100 acres

Little Tahiti

a. 1.630 acres
b• -.120 acres
C . .540 acres

Twain 1.630 acres
Steamboat .271 acres
Java .241 acres

DISCUSSION: Aerial photographs from 1956 are available, but because of the

high obliquity of the photo angle they cannot be used to accurately determine

island area. Planimetering was instead done on the 1958 Bodie Hills Quad-

rangle, which was drawn from aerial photos of 1956. The quadrangle includes

only the northern half of Paoha Island; it was therefore impossible to

derive an area for that island.
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DATE: July, 1964

LAKE SURFACE ELEVATION: 6391.57 ( ±0.15) feet

SIGNIFICANT EVENTS: Growth of previously existing islands; emergence of

Browne and Coyote, two islets of the Paoha island - complex; emergence of Hat,

an islet of the Negit Archipelago.

AREA OF THE ISLANDS: Acreage of the islands is listed below,

Paoha Island

Coyote

Browne

Negit Island

Krakatoa

Little Norway

main island

spires

Little Tahiti

a .

b.

Twain

Steamboat

Java

Hat

1822.968 acres

-2.504 acres, total

.208 acres

222.335 acres

1.510 acres

.451 acres

-.200 acres, total

6.365 acres

.397 acres

7.246 acres

1.251 acres

.908 acres

<.010 acres

DISCUSSION: The subaqueous "ghosts" of 3 islets of the Negit group - -La Paz,

Muir, and Castle Rocks - -and of the Paoha islet Anderson, can be seen on

these photos.
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DATE: June 15, 1972

LAKE SURFACE ELEVATION: 6385.47 feet

SIGNIFICANT EVENTS: Growth of all previously existing islands; emergence of

Anderson; emergence of Tie, La Paz, Saddle, Comma, Muir, Spot, and Castle Rocks

of the Negit Archipelago; emergence of portions of the Negit landbridge.

DISCUSSION: These high - altitude oblique photos are unsuitable for determination

of island area.

DATE: August 11, 1973

LAKE SURFACE ELEVATION: 6383.41 feet

SIGNIFICANT EVENTS: Continued growth of all previously existing islands;

emergence of McPherson and Brewer, 2 islets of the Paoha island - complex (see

index map on following page).

AREA OF THE ISLANDS: Acreage of the islands is presented below,

Paoha Island 1923.858 acresCoyote

a• 11.023 acres
b. .779 acresBrowne 1.792 acresAnderson 2.025 acres?McPherson -.500 acresBrewer -.300 acresUnnamed 7.089 acresNegit Island 242.619 acresKrakatoa 1.870 acresLittle Norway 3.661 acresLittle Tahiti

a• 7.673 acresb. .874 acresTwain 11.218 acresSteamboat 1.714 acresJava 1.558 acresHat <.100 acresTie <.100 acresSpot <.300 acresCastle Rocks <.050 acresMuir <.OSO acresLa Paz <.OSO acresSaddle <.050 acresComma <.OSO acres
DISCUSSION: The following Paoha islets are just beginning to emerge on these

photographs: Gull, Smith, Conway, Dawson.
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DATE: August 29, 1975

LAKE SURFACE ELEVATION: 6379.5 feet

SIGNIFICANT EVENTS: Growth of all previously existing islands; emergence of

Midget, Siren and Geographic, 3 islets of the Negit Archipelago; emergence of

Gull, Smith, Conway, and Dawson of the Paoha island - complex.

AREA OF THE ISLANDS: Area of the islands is presented below.

Paoha Island 2004.111 acres Negit Island 251.576 acres
Coyote 13.229 acres Krakatoa 2.027 acres
Browne 1.801 acres Little Norway 3.941 acres

(see discussion below) Little .Tahiti 10.189 acres
Twain 12.103 acres
Steamboat 1.914 acres

Java 1.576 acres

Hat <.100 acres

Tie <.225 acres

Spot .225 acres
Castle Rocks <.100 acres

Muir <.100 acres

La Paz <.100 acres
Saddle <.100 acres

Comma <.100 acres

Midget <.100 acres
Siren <.100 acres
Geographic <.100 acres

DISCUSSION: Glare reflected from the lake surface precludes accurate plani-

metering of most of the Paoha islets.
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DATE: September 30, 1979

LAKE SURFACE ELEVATION: 6373.46 feet

SIGNIFICANT EVENTS: Peninsularization of Negit Island; growth of previously

existing islands; emergence of the following Paoha Islets; Russell, Whitney

Hoffman, Cluster, and an unnamed islet off the northwest coast of Paoha;

emergence of Winkler, an islet west - southwest of Negit Island (see index map

on following page).

AREA OF THE ISLANDS: Island areas are listed below,

Paoha Island 2059.522 acres Negit Island 257.408 acresCoyote 14.752 acres (at fenceline)
Browne 2.440 acres Krakatoa 2.417 acresAnderson 3.088 acres Little Norway 4.215 acresMcPherson 3.320 acres Little Tahiti 10.914 acresBrewer .174 acres ga i n 14.728 acresRussell Steamboat 2.516 acresa• 2.914 acres Java 7.364 acresb• .125 acres Hat .059 acres

C . .050 acres Tie .277 acresRussell South .055 acres Spot .540 acresWhitney Castle Rocks <.050 acres, totala• .864 acres Muir .079 acresb• .181 acres La Paz .184 acresGull Saddle .151 acresa• 1.645 acres Comma <.010 acresb• .265 acres Midget <.010 acres
C . .216 acres Siren <.010 acresConway .293 acres Geographic .092 acresSmith Winkler .279 acresa• .237 acresb• .081 acres

Dawson .160 acres
Unnamed .627 acres
Cluster .150 acres, total
Hoffman <.100 acres

DISCUSSION: The area of Negit, which on the 1979 photographs is a peninsula,

was measured using the fenceline (see map on following page) as the north-

western boundary. This accounts for the unexpectedly slight increase in the

size of that feature between 1975 and 1979.
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1

DATE: October 1, 1982

LAKE SURFACE ELEVATION: 6372.77 feet

SIGNIFICANT EVENTS: Lake reaches its historical lowstand; growth of all islands

of the Negit Archipelago, and many of the islets of the Paoha island - complex;

shrinkage, or unexpectedly small growth, of certain islets of the Paoha island -

complex.

AREA OF THE ISLANDS: Acreage of the islands is listed below.

Paoha Island 2130.074 acres Negit Island 263.474 acres
Coyote 14.981 acres (at fenceline)
Browne .2.486 acres Krakatoa 2.464 acres
Anderson 2.300 acres Little Norway 4.476 acres
McPherson 3.214 acres Little Tahiti 11.013 acres
Brewer ..205 acres Twain 14.837 acres
Russell Steamboat 2.664 acres

a. 4.247 acres Java 9.535 acres
b. .158 acres Hat .074 acres
C . .062 acres Tie .526 acres

Russell South .116 acres Spot .638 acres
Whitney Castle Rocks -.040 acres, total

a. 1.138 acres Muir .100 acres
b. ADS acres La Paz .207 acres

Gull Saddle .165 acres
a. 1.634 acres Comma <.100 acres
b. .431 acres Midget <.100 acres
C . .300 acres Siren <.100 acres

Conway .435 acres Geographic .112 acres
Smith Winkler .803 acres

a. .126 acres
b. .325 acres

Dawson ..200 acres
Unnamed :745 acres
Cluster

a. .154 acres
b. .223 acres
C . .188 acres

Hoffman <.050 acres
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