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SUMMARY 

F.ield st~dies of Mohave ground squirrel (MG5) populations in 
the Coso region were carried out at £ our .permanent study sites from 
.March 30-Apr.il .11, '1993 and :from ·MaY .2.9-June11, 199.3·. Durinq ·the 
March-Apri'l sampling period, 'a .total .of 85 individual MGS and 213 
AGS were captured on the .four study sites • .In May-,June,trapping 
yielded a total o'f 516 .individualMGS and :173AGS over all :four 
studisites. 

More .adultMGS were captured on each study site aur~ng both 
the March-April and May-June sampling periods than in the 
corresponding periods in 1992. The number of juvenileMGS produced 
on all study sites exceeded all previous . Iecord~ '. The increased 
abundance of both adult and juvenile MGS was expected, s'inceMGS 
populations have been successfully recovering since 1~91 from the 
severe drought o£ .1989-1990 , when we found no evidence of MGS 
reproduction in the Coso region.. Of particular interest was the .re
'appearance of .MGSon Study 5i te 1 in Rose VaTley, where none have 
been recorded since 1988. 

The results of 'the 1993 MG5 food habits studies were somewhat 
different ,as compared with earlier years. During March-April 1993, 
.MGS samples at all .study sites contained primarily forb mater.ial, 
rather than the usual, large proportion of shrub leaf found .in 
previous years . Astragalus .leaf comprised a majority of mean· 
relative density at study sites 1, 3 and 4, although this .has not 
.been a major .food item in past years. During the May-June sampling 
period, ·the predominant :foodi temon study sites 2, 3 and 4 was 
shrub leaf ,particularly the -foliage of Krascheninnikovia . At Study 
Site 1., .Eremalche lea-f and seed were the main food items. 9:'he early 
summer results from study sites 2, 3 and 4 were at variance with 
previous years I when 'forb .leaf and seedtlave usually been the 
predominant food :items.. . 

Precipi'tation in 1992-9'3 was 213 lIDIl (8.4 in) at Haiwee 
Reservoir, 38 percent higher than the long-term avera.ge,. There was 
littleprec.ipitation duringei ther the fall or spring .months'; 
:nearly all -fell during December-Marc·h.. . 

Standing crop and species .richnessof annual plants were 
relati velY'high on alI study .sites.. The 1993 :resul ts were generally 
comparable to ·thoserecordedin 1991 and 1992, two previous years 
with :favorable precipitation patterns. 
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BACKGROUND AND JUSTIFICATION 

Development of geothermal' resources -for . electric power 
production :in the Coso Known Geotl'iermalResourceArea (KGRA) .is 
resulting 'in ,habitat loss for ·'theMohave ground squirrel (Spepno
philus mohavensis), a species ~isted by the U.S. Fish and Wildli'fe 
Serv.ice as a candidate species (Category 2 ) and currently ~istedas 
Threatened by the California.Department of Fish and Game (CDFG). 
Under an agreement between the China Lake 'Naval 'Weapons. Center 
(NWC), Bureau of Land Management (BLM), and CDFG (BLM. etal. ~988), 
the Coso Mohave Ground Squirrel HitigationProgram was developed to ' 
'compensate .forloss ofhabi tat fortliis .species. 

The Program: consists ofseverai e'1ements, inc.luding rehab ili:-
tation of degraded vegetation throughout 'approximately 155. sq )cm 
(60sq' mi or 39 , 000 ac) of theKGRA, thereby improving the qUality 
of habitat. for the Mohave ground squirrel (MGS). The Program 
proposes to. accomplish this goaT by eliminati"ng g.r:azingby domestic 
cattle. Cattle may adversely ,itUpact .MGS populations~y. direct 
competi tionw.ith ground squi'rrels Ior .limited : forage, or indirectly 
by modification o.f habitat (Leitner and Le'itner ].989 ) .•. The 
elimination of grazing'>livest,Odk is referred to as the Coso . Grazing 
Exclosure.. In addition to construction ',·of. a~' exc.losure, the 
.Mitigation Programcailsfor a long-term moni toringstudy to 
evaluate the supcess of the mitigation. This study :is referred to 
as the Coso .Grazing ,Exc];osure .Monitor.ing.. Study, which .inc~uded 
annual. trapping of .MGS .and .related fie.ld studies during' 1.988-92 • 

.PURPOSE OF THE . COSO GRAZING' EXCLOSUREANDMONITORING STUDY 

The specific components of the Coso Grazing Exclosure and 
'Monitoring Study elements of the Mitigation .Program are: 

1) 

2) 

3) 

To improve the qua'li ty of .remaining 'habitat :forMGS 
within the geothermal development area; , 

To evaluate the 'effectiveness of the' habitat inlprovement 
program; and 

To developinformatlon aboutMGS habitat .requirements. 

The f.irst objective has been met by the construction of 'fences at 
strategic locations around the perimeter of the Coso Grazing 
.Exclosure (Figure 1). Fencing was built in the 'faT1 of T989, and 
cattle were excluded from the area .beginning in December 1990. 
Since access to water is a limiting factor 'forcattle use of desert 
rangel.and and some water sources wi thin the exclosure area were 
removed, new water sources were installed at sites outside the . 
exclosurein late 1989 to :further discourage cattle :from attempting 
to forage inside the fenced area. 
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The second andthi-rd objectives are being met by documenting 
·the statuso.fbaseline( pre-exc~osure} andpost-exclosure MGS 
pOPl.?-lations, characterizing the environments :in which they are 
~ound, and carrying out food habits studies oftheMGS and its 
:potentialcompetitors •. Baseline studies were carried out in 1988, 
.1989 and 1990 ; the .results of this work were .reported in Leitner 
and 'Leitner (~989 and 1990) and .Leitner .@t al. (1991) .• Limited 
post-exc~osurestudies were carried out in 1:9.91 (Leitner and 
Leitner 1992). The "first full-scale post-exclosureinvestigation 
'was conducted in 1992 (Leitner and Leitner 1993). Additional 
post-exclosuresurveys will .be carried out in 1994, 1996 and, 
contingent on the continued operation of the geothel:'mal £ie~d, in 
the year 2001. 

This report .presents-resultsfrom the second full year of 
,post-exclosure studies .• These stUdies were not required as ,part of 
the Coso Grazing Exc'losure Hitigation Plan ... However, tne benefit of 
'a continuous record of MGS population parameters was :recognlzedby . 
several parties ,whosupported the 19 9 3 studies : the D."S. Navy 
Geothermal ~Progr8lJl Office at NAWS;the Oal·ifornia Department of 
:Fish and Game; and Jean .Hopkins and Associates, Inc. 

SCOPE OF WORK FOR 1993 STUDIES 

The principal elementso.fthe '1993 .studies were.: 1. )·trapping 
"forMGS to establish their distribution and abundance on four study 

• .s.ites, ,two wirthinthe exclosure aIldtwo outside; :2) characteri
'zationofthe;herbaceous vegetationwit.hin the studysi tes~3 ) 
observation of local precipitation at five stations -; and 4) coTlec
tionandanalysisof .. fecal samplesfromMGS. 

DESCRIPTION OF'l'HE STUDY AREA .ANDSTDDY SITES 

The Coso XGRA occupies 294 sg: km(113.5 sqmi} in the Mohave 
Desert in southwestern Inyo County., ,California. The elevation .range 
of theKGRA is "from 8.33 to 1814 m (2730 to 5947 ft) above sea .level 
(Henr.ickson 197.9) '0 The western boundary of theKGRA lies in Rose 
VaTley, a .broadaTluvial valley~ying between the eastern edge of 
the Sierra Nevada and the Coso .Range. "Eastward from Rose Valley 
x.ise the rugged uplands of the Coso Range, a ser.ies of steep-sided 
granitic and metamorphic hills, rhyolitic domes, and rolling plains 
and ,basins composed of pyroc~astic sediments. .In the southwest 
portion of the KGRA are .rough basalt cinder cones. and basalt lava 
:flows. To the east, alluvial .fans extend from the granitic up"lands 
.into a major alluvial 'valley, Coso BasJ.n (WESCO 1980). 

Study sites 1 and :2 are low-elevation sites ,the first outside 
the grazing exclosure and the second inside. Study Site 1. lies on 
the east side of .Rose Valley at an elevation of 1015 m (3350ft) .• 
It is dominated by Desert Saltbush Scrub, a low-growing, "hdmogene-
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ousmixture of two saltbush species Atriplex polycarpa (allscale) 
andA. confertifolia (shadscale). Study Site 2is southeast of Coso 
.Hot Springs in Coso Basin at an e'levation of 1085 1Il (3580ft). The 
.natural community there is 'Kohave ltixed Woody Scrub, 'a diverse 
mixture including Acamptopappus Iphaerocephalus (goldenhead) , 

. Ephedra nevadensis (MOrmon-tea) 'and At.. .conferti£olia, among 
others. ~he western edge of the study site contains a 'narrow strip 
of .Mohave Desert Wash Scrub, a .rich -mixture of deep-rooted 
,perennials ,. 

Study sites 3 and 4 are high-elevation sites , the 'former 
within the grazing' exclosureandthe latter outside. Study Site 3 
is located to the southeast of Cactus Peak in alarge~·itpland .basin 
at an elevation of 1.4'70m (4840ft) " .. Thevegetation consists of the 
baj ada phase of Mohave ~xed Woody Scrub grading i.nto Desert 
Saltbush Scrub .in the lowest portions of 'the basin. IIl!Portant shrub 
species here are Gray-ia spinosa (spinyhopsage), A. canescens 
(fourwingsaltbush) and A.confertifol,ia with ,scattered Yucca 
brevifolia (Joshua tree),. Study Site 4 ~ies in aval1~yto the 
northwe.st of Cactus 'Peakat an elevation of1S00 m (49.20ft) . The 
vegetation there resembles that 'found .atStudy Site 3, but .is 
..richer in species and more strongly dominated by Gra.y:la.: The :reader 
is referred to Leitner and Leitner (1989) for a general description 
ofthesoi1.s andtopogra.phy of the four study sites .• ' 

Appendi:x I presents the scientific names oiplants observed or 
expected to occur in the four study sites .. 

Weather in the XGRA :is 'characterized 'by hot d:r::ysummers ,and 
cool to cold winters. Host precipitation 'falls as rain or snow in 
th~winter.months, from November to April, although irregular 
s~er thundershowers may .be a ,significant source o:f :precipi ta
tian,. The average annual precipitation at Haiwee .Reservoir, 'where 
weather records' .have been maintained :for .2.9 years, ,is about ~-54mm 
(6. ,1 .in) (,Larson and Monahan 1992) '. 

METHODS 

Locat'ion of Study Sites 

Figure 1 shows the location of the' :four· : study sites,. A 
,description 0'£ the location of each site ,is as :fol:lows: 

Study Site 1:: T22SR38E, Sec. 1.'7 (centra'l ,portion) 
Study Site 2: T22S R39E, SE 1/4 Sec. 3 and NE 1/4 Sec . 10 
Study Site 3: T21S R39E, SE :1/4 Sec. .30 
Study Site 4,: T2:1S'R38E, SW 1/4 -Sec .• 24'; aTl :HDB&M. 

Study sites 1 and 4 are .in areas that continue to :receive grazing 
in the same pattern as i.nthe past'; study:sites :2 and :3 .are within 
the area excluded .from grazing. Study sites .2, :3 and -4 :arean lands 



6 

JIlanaged by. the NWC, while Study Site 1 is managed by BLM. A 
discussion of criteria for study site selection and a description 
of the'.'site selection process are presented in Leitner and Leitner 
(,1989) • 

Each study site is a square measuring SOOm (1640 ft) on a 
.side, with an area of 25 ha (61. 8 ac). Corners were marked with 
both a1.8 In (6 .tt) steel £encepostand a 40 cm (.16 in) orange 
plastic stake. A steel fencepost and aplastic stake were also 
placed at the 1Ilidpoint of each side and at the center pOint of the 
study site., This marking sys,tem ~makes it possible to accurately 
:re-establish site boundaries eac1h year. In addition,the locations 
of all 44:1 trap ,stations at each study site wereperIrianently marked 
withwo.oden,stakes. I 

Ground Squirrel' Trapping and Population Estimates 

Live-trapping :Methods 

~~rin.g thetwot.;appingperieds, in .late March-early Apr.iland 
inla,te May-early june 1'9.93 ,the 'abundance of MGS 'and' antelope 
grC):undsqilirrel~" ' lAGS) .' was' ,determined on' each of·ilie .. foui-study 
sites bymark~reca.pture sampling. using 8,:, standard ~ive-trapping 
technique. A trapping grid ,was established on each 500 by 500 m 
(1640 by 1640 ft) study site • Pymatuning and Sherman live traps, 
were deployed in a 21x21 array with .25'm .(82 ft) spacing between 
trap stations . A total of 44.1 traps were used at each./study site, 
wit~ Pymatuningtrapsmaking up 81 :percent. 

T~ela"'t;:e Marcl1-e~rlyAprilsampling period was chosen because 
.itis a time in t,heannu'al cycle ·o.fthe !rIGS when all adults are 
'presumedtobe a.c.ti'v'e above-ground (Lei tn~r and Leitner 1990 and 
Rechtunpubl.). 'The second sampling period was sic:::hedliled in late 
May-early JunewhenjuvenileMGS are fbragi~g .ou~.~ide their burrows 
and can be trapped, along with t 1hose.'adultsthat .have :not yet· 
entered estivation. At each study site, traps were pre-baited for) 
two days, followed by five days of trapping. The bait used was a 
connnercially available horse .feedthat includes molasses, .rolled 
oats, cracked corn, wheat, and barley (leruse' sPerfection brand 
horse:feedwithmolasses ,also known local'ly as. "sweet feed"), .. 
Traps were placed beside or under a shrub within 1-3 m of the stake 
marking the trap station. They were opened in the morning between 
0730 and 0930 hours and closed in the afternoon between :1600 and 
1800 hours. The traps were checked two to three times each day on 
a regu1ariJ,schedule. 

Because o£ higher ambient temperatures during the late May
early June sampling period, all traps were shaded with a piece of 
white corrugated cardboard measuring 61 cmby 7_1 cm (24 by 28 in) 
and £o~ded to 'form an A-frame shelter. This shelter was held in 
place by two to four 6-inchnails inserted through the cardboard 
and into the soil and ~y soil :pushed over the edgeso£ the 



cardboard . During the time the traps were open 'each day, the 
internal temperatureo£ a shaded trap was :monitored. :In order to 
avoid heat stress to captured animals, all ·traps on the study site 
would be checked and closedi'fthe temperature in the test trap 
reached 39 degrees C. . 

Captured animals were identified to species, sex, and age 
class (adult/juvenile). Adults were examined to determine 
:reproductive condition. A 300 g (12 oz) capacity Pesola spring 
scale was used to determine body mass o.f all animals upon first 
capture • 

. As in each year since 19.9 0, all captured ground squirrels were 
permanently marked :for individual .identi·f.ication with a passive 
integrated transponder (PIT) tag. Each PIT tag measures2x10 lIIm and 
contains a microprocessor chip and wire antenna encased in glass .. 
. The tags were implanted in the ground squirrels subcutaneously 
between the shoulder blades using a veterinary syringe and 12-gauge 
·needle. When a battery-operated detector emitting a 400kHz 
radio frequency signal is 'passed over an implanted animal, the PI.T 
tag is energized to transmit a unique identification code which.is 
then displayed on a readout unit. This method has been shown to 
cause no observable effect on the health or behavior of tagged 
wildli£e (Fagerstone and Johns .1986 ).PIT tags have been used 
successfully ina live-trapping study of Townsend's ground squirrel 
.in Idaho (Schooley etal. 1993). The technique is of particular 
value in this study because PIT tags are lost at avery ~ow rate 
compared to ear tags, prov.iding an effective permanent record o.f 
individual identity. All data pertaining to a particular capture 
were .recorded on standard field data forms (examples are included 
in Appendix II ) an~ the animal then released unharmed .. 

The study sites are generally located in basins with rather 
loose sandy soil, and it was thought that treading associated with 
trapping activities might disrupt the soil ,resul tin.g in adverse 
effects to the ecosystem. To minimize this potential effect, 
particular ef'fort was made to confine foot traffic to single 
pathways between trapping stations. If pathways needed to be 
defined, powdered dolomite 'was applied to the soil surface .in a 
thin line for a meter or so to indicate the desired .route .• 

Ground Sguirrel Abundance and .Population Estimates 

'l'hetrapping results provided data on the abundance of MGSand 
AGS at each study site,ratio of juveniles to adults, body Eass, 
home range size, and the movement.s of individual animals. Several 
methods were used to express the number of ground squirrels present 
on each study site or to estimate population density. 

In -this report, we present five measures of abundance: .1) the 
total number of animals captured ona study site; 2 ) themmiberof 
resident animals onastudy site; 3) population size as estimated 
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by the Schnabel and Lincoln-Petersen mark-recapture methods; 4) 
'population density based upon the number of :resident animals per 2.5 
ha 'studysite; and 5) population density ·based upon population size 
from the Schnabel or Lincoln~Pete:i:senmethods and effective 
trapping area as estimated by mean distances moved by animals 
between successive captures. 

Number of resident animals. Criteria used to distinguish 
resident from non-resident animals were the same as those used in 
past years .. Resident animals were defined as those that: 1) 'were 
captured on two or more days during ·the .five-daytrapping session'; 

)

'l and either2a) had 50% or more of all captures recorded at trap 
stations not on the periphery of the grid; or 2b) were captured on 

\
' three out of five days at trap stations not on the periphery of the 

grid. The underlying assumptions are ·that animals captured only ,on 
,'- 0" > one. day were' transient (not :resident) and that animals captured 

:~.,,\ > mainly 'On the edge of ':the grid had the grea~er part ,of their home 
. ~(P\ (ranges off the study slote. The number ofreslodentanJ.mals was then 
P; ,-,(, ); \ determined by counting the number of . individuaTe meeting these 
),. oL'>-..Y' c, cr~t~ria andpopulatio~ density was calculated by dividing the 
i')V .. ,"~\? (;t'tj~ number' 6f resident .animals bythesi:ze: of the study site, 25 
(J' (!' !§,'V' ~~ hectares.~ 
, .' \" 0',,\ ' . 
('Ii,V I:li 0 . ' .. 

\ o(}.J ." Population size using mark-recapture methods. The mark-
\»:.t(Jv\" recapture data gathered on each study s.ite was used to estimate 
# population sizes by application of the Li,ncoln"';Petersenand 

Schnabel methods (Seoer ~9B2) • Both methods assume a demograph
ically closed populationithat is, one in which birth, death, 
immigration, arid emigration do not act to change, the ratio of 
.marked an.unals to the total number present during the trapping 
period.. This assumption is reasonable :for our study, given the 
short duration of each trapping period. . 

In the Lincoln-Petersen method, a sample of anima.ls is 
captured, . marked, 'and released. A second sample is taken :from, the 
same population on a later occasion. The population size is 
estimated based upon the assumption that the ratio of :m.arkedto 
unmarked animals in'1::.he second sample reflects the same ratio in 
the population. For example" .suppose that .50 animals, are marked and 
.released in the first sample and that a second sampling occasion 
yields 40, of which one-half' (20) -are marked. A population estimate 
(N-hat) of 100 is derived by assuming that the 50 animals in the 
first sample represented one-half of the total .population .. 

In this study, the Lincoln-Petersen method was used by pooling 
capture data froin different days into an early arid a late sample. 
The five-:-day trapping periods were divided into an initial three
day capture and marking 'period and a two-day recapture session. 
Thus ,the data used in calculating popu-lation estimate.s were.:' (1) 
the total munber ofindi viduals marked during the first -three days; 
(2) the total number of indiv.iduals captured over the last two 



days ; and (3 ) the number of thoseindi viduals that had been marked 
in the initial three-day period. 

The Schnabel model allows -marking andxec'aptu.ring to be 
conducted overseveral trapping occasions, with 'the :number of 
:marked animals in each sample noted and all unmarked animals tagged 
and returned 'to the population. Thus, the total number of marked 
animals in the population increases with time and a series of 
population estimates eN-hat) can be calculated 'for each occasion on 
which .recaptures'are!taken. 

For purposes o£ analysiS using the Schnabel 1Ilethod, multiple 
captures on a given day were ignored. An i~div:idual was counted as 
a new capture on the day ,it was first marked and :released. It was 
not counted asa recapture unti.'l ..it was taken on a subsequent day 
and multiple recaptures on a single day were ~not considered. The 
,number o.f trapping occasions was considered to be eqt;lalto the five 
days on which trapping was conducted on each stud.y site. As a 
,result, there were four trapping occasions c:m which recaptures 
could be 'taken and four success,ive" population estimates of 
increasing reliability could be obtaiIled,. The ,final 'pc»pulation 
estimate for 'the fifth trapping day was considered to be the 
definitive value~ 

Population density Using· a movement-based 'estimator. It is 
not 'valid' to calculate population densi tybysimply dividing a 
popu'lation estimate derived:frommark-recapture data by the area of 
the trapping grid (White et al., :1982). The number of 'individuals 
caught in such a trapping study will include some animals whose 
home ranges extend well beyond the boundary of the ,grief; Thus, 'the 
effective trapping area to which 'the population estimate (N-hat)is 
related will include a boundary strip around all ,f9ursides of the 
grid. l£'t,he width in .meters of the boundary strip (W) can be 
estimated, theef£ect'l:ve trapping area (A{W).)in hE!ctares can be 
determined and a'lIloreaccuratepopulation density est~ate (D-hat) 
obtained :Qy the £ormul~D-hat=N-hatlA(W). 

We selected two measures of movement to estimate the width of 
the boundary strip and thus the effective 'trapping area. They 
are: 1) average distance moved between successive captures (AVDM) 
and 2) one-half o.f the .mean maximum distance moved (MMOM).We used 
movemgru o from resident indi vidua:ls ,and calculated the 
distance .moved using only data loS ancmovedbetween captures 

! 
on successive days; data on distance .moved between captures within 
the same day were not utilized. The AVDM .and MMDM were calculated 
separately for each species on each study site by 'pooling data from 
,res'ident individuals.. Data :from 'ma'lesand :females were always 
pooled, except where di:stance moved differed signi:ficantly between 

IV1Ls males and :females. Separate values. "for ,AVDMand MMDM were 
Ie.. f calculated :for juvenile and adult MGS captured in the .May-June 
, ~ ')nC,l (", samplin,9' period. 

• .J ( lISJ;) ..J.·I",::;. .. -! h .. 1.' r..:-!--. 
-......;~>,lri r~' 

Cki.~ , c,r ir:~, '-:!t ' 
~ c; 0" . ..' r-,,;'>$ :.; 

/ ..... ,.: 
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Herbivore Food Habits 

The diet of the Mohave ground squirrel (MGS) was studied hy 
the microscopic examination of undigested food material found in 
feca-lsamples. 

AlI.fecal samples for MGS were obtained fresh during the two 
live-trapping periods at each study site. Samples -were collected on 
the first occasion that each individual MGS was captured by 
removing three fresh fecal pellets from the live trap. The _pellets 
were placed in a small envelope which was sealed and labeled to 
,indicate the species, sex, age class, PIT tag number, date, study 
site and trap station. After each capture, all fecal pellets were 
cleared from the trap , thus ensuring that a subsequent sample could 
.be accurately attributed to a known individual. 

'Where fewer 'than '10 individual,MGS were captured from a study 
site during a 'trapping period, all fecal samples were analyzed. For 
example, at St\1dy S'ite lin March-Apr.il, only three individuals 
were captured,. but all five samples collected were analyzed. Where 
samples were d()l;iect~d from '10 ito 20 individuals, all .first-capture 
samples were sentfbr' ancElYsis'. If a:hi'ghernumber of samples were 
co;J,.lected, between -20 and 30 samples were analyzed, to allow for 
unusable samples due to high proportions of bait (see section 
following). The samples were selected from the available pool so as 
to inclu(j.elOsamples for each sex and age class (adult and 
juvenile,) and 'to provide coverage of· all par,ts of the study site. 

s~pi~s ,~rom otherherbivores--anteiqp~ ground squirrels, 
jac~rabl?its",C:'attle and -burros..:.-were,collected according to earlier 
:P;,otocq!'s ,(Leit,l1:er a.ndLeitner 1993) •.. If;. and~~en fllndi~g permits, 
these wil:lbe analyzed to determine food items consumed. 

Fec:;al samples.were analyzed for botanical cqmposition at the 
CompOSition ,AnalysiS' .Laboratory, Colorado ;Stat:.~ Univ~rsity' (CS:U) , 
Fort Collins , Colorado. The microhistological technique used ,is 
de.scribed _in detail in Hansen ~ ale (1974) and Foppe (in prep. ). 
E~chfeca:;t. sample was prepared and ,processed in the laboratory and 
transferred -to a microscope slide for the identification of 
discernableplant fragments and·· other food materials. Plant 
'fra,gments were identified to genus and species where possible ; seed 
and .leaf mCi:t,erialfrom the same plant could often be differentiated 
by this technique. Twenty fields containing at least three 
identifiable .plant fragments were examined on each slide using a 
phase-contrast microscope at 100X power. The occurrence of 
discernable fragments was recorded for each fie'ld and was used to 
compute the -percent frequency for. all material present in the 
sample. Percentfreguency was then converted to percent relative 
density for each plant species . Relative density for a food item is 
thus considered to be a reasonable estimate of its dry weight 
contribution to the diet. 
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Precipitation Measurements 

Precipitation can vary considerab~y over short distances .in 
the Mohave Desert. Since some differences in vegetation growth at 
the four study lUtes may he attributable to .precipitation, qauges 
were set out to record ~ocal precipitatiollo' Clear plastic 

./ direct-reading rain gauges were 'wired to metal :fenc~poSts at each 
of the .four study sites. Afi'fth gauge was placed near a 

o~ -- continuously-recordingprecipitati:onstation in Section~3 /"T22S 
q" .R38E, which is operated by the Great Basin Air :.Pollution Control 

District .• A few millimeters of mineral oi~was placed. in the 
collection tube to prevent evaporation o.fprecip.i. tationbetween 
read.i.ngs. The gauges were installed on February 6, 19'89, and have 
been serviced, usually monthly, by reading precipitation 'levels, 
empty.i.ng the collection tube, and then cleaning andrecoating with 
mineral oil" 

Vegetation Surveys 

Herbaceous species compos.i.tionand above-ground standing crop 
were .recorded during late May and early June when herbaceous growth 
was presumed to be near its peak • Species composition and standing 
crop were measured on each study .sitein.a .minimum of 100 ,between
shrub and 100 under-shrub square plots each .measur.in.g o. 09 sqm,(~ 
sgft). In addition, 2S between- and under-shrub plots were 
randomly selected .in each pair of Ifmini-exclosures"·at study sites 
1 and 4 .. Since these study s.ites continue to have cattle grazing, 
the mini-exclosures were constructed to allow on-site comparison of 
grazed and unqrazedlands. . 

The between-shrub plots were distributed throughout ,the study 
site in the vicinity of alternating trap :stations on alternating 
rows (e.g., stations B-2,B-4.,B-6 and soon, then 0-2, D-4 I D-:-6 
and so on). The location o.f ·thebetween-shrubplot was .random:L.y 
selected by an observer standing at the station stake and throwing 
the plot .frame into an open area .. The under-shrub plot was selected 
by the convention of placing the frame under ·tp,eshrub nearest the 
between-shrub plot .. Within each plot, all herbaceous plant species 
present were recorded, and annual grasses and .most :forbs were 
clipped at groundleve~ and placed into· a labeled envelo.pe. 
Perellnial grasses and herbs with perennial leaves .andstem§i (e~g ~ , 
Eriogonum inflatum and Sphaeralcea ambigua ) were excluded·'from.the 
clipping procedure because of the difficulty ox .separating cur;ent 
year's growth from previous years' growth and the probabilityo.f 
causing extreme damage to the plant .by clipping the entire above-
ground biomass. -

SpeCies 'frequency was calculated based on the number of plots 
in which the species was recorded .. For ·eachstudy site, the avere(ge 
nUIllber o.f species per plot was calculated as a measure of spec.ies 
richness. In addition, the average standing crop was calculated .for 
.between-shrub plotsandunder-shrubpJ:ots for each ,study site. 
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RESULTS 

Ground Squirrel Abundance 

As described in the methods section, 'five indicators of. ground 
squirrel abundancE! were calculated from the trapping data. The 
results of trappin'g and the indicators of abundance are presented 
in the section that follows. 

Total Number of .Individuals Captured 

. Karch-April 1993. Tables 1-4 show the number of individual 
animals captured on each study site byspecies,se;c,and age class 
during the Karch-April sampling period. Adult MGSandAGS were 
found on al'l'four study sites. The ~ive-trap sampling effort, of 
8,820 trapdays 'resulted .in the capture ofa total of 851ndiviqual 
MGS and 213 AGS over all four study sites. A total of 211 MGS'and 
'378 AGS captures were recorded due ·to recaptures of many 
individuals. . 

Study Site "3 yie'lded by far the largest nUIriber, of. individual 
MGS', more than' doubJJethe .numbers' <taken onst.udy sites 2 . ,.and4 • 
Three .~~ wer~ captured on Study ,~ite 1, marking the first ~ecord 
of ... the . species at this location .since 1988. As an incidental 
observation, we noted' that the one adult femaleMGS. trapped on 
Study SiteJ..,experienced a 60 g drop in body mass' between April 1 
and 3, suggest£ngthatshegavebirth to a litter of YP,ll,I:i9 on ~pril 
2. Although one adult 'femaleMGS 'capturedon Study S1 te 3 was noted 
as lactating , all otherfema'les captured'on studysi tes 2, 3, and 
4 were still ,;pregnant duringtheMarch~April sampling ·period .• 

. . The nuni])er ofindi vidilalAGS captured did· not .' ditfer' greatly 
among the four study sites, ranging .froma low of 44·on Study Site 
4' .to a high 'of .61 on Study Site ,3. I'f the total nl:UDher of 
individual's captured is used as an "index of sp~ciesabundance, AGS 
were substantfallymore abundant than MGS on all four at' the study 
sites during the March-April sampling period .. 

The adult MGS sex ratio was .strongly biased' in favor of 
females, as 'in all previous years of this study. A total of 20 male 
MGSwastaken on all study sites, compared with 65 'females. Among 
AGS'~ the sex ratio favored males on all 'four study sites, with a 
total of 12.9 males'and 84 females captured. ' 

May-June '1993. Tables 5-8 show the number of individual 
animals captured on each study site by species , 'sex and age class 
during the May-June sampling period,. As in April, 'both MGS and AGS 
were captured on all study sites. The sampling effort of 8,82.0 
trap-days resulted in the capture· of a total of 5'16 individual KGS 
and 173 AGS over all four study sites. Since some animals were 
captured two or more times, a total of 16:74 captures of MGS and 216 
captures ofAGSwere recorded. 



,Table ~. Summary- of trapping :results by ,species, sex and age of 
animal ,Study Site ~ CRose 'Valley), during March30-April '3, T99:3. 

MOHAVE GROUND SQUIRREL 

:Male Female· Total 

Juvenile 0 0 0 

,Adult 2 .1 "3 

Tota'l' 2 1 3 

ANTELOPE GROUND SQUIRREL 

Male Female Total 

,Juvenile 0 0 0 

Adult ,28 .22 ,50 

Total - .28 '22 50 

~able 2", Summary- o£ trapping .results by species, sex and age of 
:an~al,Study Site 2 (Coso 'BaSin), during .March 30-Apri1 3, '1993 .• 

MOHAVE GROUND SQUIRREL 

Male Fema'le Total 

Juveni'le 0 0 0 

,Adult 5 15 ,20 

~otal ~ 15 20 

ANTELOPE GROUND ,SQUIRREL 

.Male Female Total 

Juveni'le 0 0 0 

Adult 33 25 58 

Tota1 33 ,25 5"8 



14, , 

'.Table :3. Summaryoftrappingresul:ts,by species, sex and age of 
'animal, Study Site ;3 (Cactus ~eak), during April 7-11, ~993., 

MOHAVE GROUND SQUIRREL 

Male Female Tota'l 

Juven:ile 0 0 0 

Adult 8 '35 43 

Total' 's 35 ~ 

ANTELOPE GROUND SQUIRREL 

Male Female Total 

;Juvenile 0 0 0 

Adult 43 T8 61 

Total 43 . :18 ' "61 

, . 

Table 4. Summary 0:£ trapping resu'lt'sby species, ,sex and age 'of 
animal" Study Site 4 (Pumice Mine), dur.ing April "-11, 1.993. 

MOHAVE GROUND SQUIRREL 

Male Female' Total 

;Juvenile 0 ,0 0 

Adult 5 14 "1'9 

Total 5 .14 1.9 

ANTELOPE GROUND SQUIRREL 

Male Female Tota'l 

Juvenile 0 0 0 

Adult 25 19 44 

. Total 25 .19 '44 
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~able 5 .Summa.z:y of 'trapping xesults by species, sex and age o.f 
animal, :8tu4y Site J. (Rose Val~e'y), during May 29-June2, :1.993. 

MOHAVE GROUND SQUIRREL 

Male 'Female ,.Total 

Juvenile :l:1 :14 '25 

Adult 0 :2 :2 

.Total :11 :16 27 

,ANTELOPE GROUND SQUIRREL 

'Male Female Total 

Juvenile 16 15 3:1 

Adult 12 18 '30 

Total 2i ,33 ' ,6:1 

.Table 6-. Summaz:yof trappingresu'lts by 'species, ,sex and age of 
animal, Study 5.i te ,:2 (Coso :Basin), during Hay .29-June 2,19'93. 

MOHAVE GROUND SQUIRREL 

Male .Fema'le '"Tot-al 

Juvenile '36 6.9 10,5 

Adult ,'3 .12 1'5 

Total 39 8:l :120 

ANTELOPE GROUND SQUIRREL 

Male Female ,Total 

Juvenile '14 :15 29 

,Adult .9 20 29 

Total '23 35 58 
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Table 7. . Summary of trapping 'resul tsby species, sex and age of 
animal, Study Site 3 (Cactus Peak), during June '7-11, 1993. 

MOHAVE GROUND SQUIRREL 

Male Female Total 

Juvenile 83 129 212 

Adult l 20 21 

Total 84 149 233 

ANTELOPE GROUND SQUIRREL 

Male Female Total 

Juvenile 9 9 18 

Adult 1~ 6 17 

Total 20 15 '35 

.TableS. Summary of trapping .. resul ts by species, 'sex and age of 
animal, Study Site 4 (Pumice Mine), during June 8-1"2, 1993. 

.MOHAVE GROUND SQUIRREL 

Male Female Total 

Juvenile '59 61 120 

Adult 3 13 "16 

'~otal 62 74 136 

ANTELOPE GROUND SOUIRREL 

Male Female Total 

Juvenile 5 1 6 

Adult 4 .9 13 

Total -,9 10 19 



Juveniles o£both ground squirreJ.speciea were captured during 
this aamp"lingperiod.A "total of 462 juvenile MGS-'were taken over 
all four study sites. The number of juvenileAGS capt::ured was .much 
smaller ,with atotalo£ 84 :recorded on aTlstudy si tea. 

~ in the March-April sampling period, by .far the greatest 
. number of individual MGS was captured on .Study Site 3.ThenUiDbers 
of .individuals .recorded on study sites ;2 and·4 were onlyS2 and 58 
percent, ·respect.ively, of the total on Study Site 3 • '!I.'henumbers of 
both adult and juvenileMGS were much lower on Study Site .1 than on 
·the other three study sites. This was notunexpected,s.ince the 
species had only just become re-established on Study Site :1 in 
spring 1993 after a .four-year absence. 

The greatest numbers of individualAGS were captured on .stuqy 
sites 1 and 2. The nuinber of AGS .recorded from Study Site 3 was 
alibstantially lesa and, as in the llarch"':April sampling period, 
Study Site 4 had the lowest number 'ofindividualAGS captured. 
Only on Study Site 1 did the total number of AGS captured exceed 
the number of MGS1 on the three other study .si tes I the .numbers of 
individual.AqS capturedweresubstantial'ly.below those of MGS. 

Among both adult and juvenile XGS, the sex ratio was again 
biased toward females. Only 7 of 54 adults and 189 of 46,.2 juveniles 
were males .• The AGS sex .ratiowas .more closely balanced, with a 
total of SO males and .9.3 females captured on all ,study sites. 

Numbiir of Resiq~nt Animals 

. The tota.ln'\nnber of animals captured' .on a study site is umost 
certainly greater than the 'number of .resident ground squi,rrels. 
Some captures .may represent· transientindividua"ls, while some 
animals' cap:turednear the periphery may havehome .. rangesextending 
well outside the study site.. The numberofresidentMGS ana AGS on 
eC:lhch study site was determined 'by use 0:£ the criteJ;:'.ia descrfbedin 

": . .;.,,,~r;v '1 the methods section and population density was calculated by 
)~"'\ \ diViding the number of resident animals by the area ci£ t:hestuqy 

.\!.." .~{"\ site {.25 hectares). 
"0 f',' '--

"1 • c~ r -'>1' L 
;j o.:r.efJ- ' Karch-April 1993. The results £or the March-April sampling 

period are shown in Table 9. Resident adul tMGS and AGSwere 
recorded on all fourstudy.sites. The :number of .resident MGSon 
each study site followed the pattern of abundance shown .for total 
number of .individuals captured. Study Site 3 .had the highest number 
of resident XGS, followed by study si:tes2 and .4, with' only one 
resident MGS recorded on Study .Site 1.. On the other hand, ·t·he 
number ofresidentAGS was highest on Study Site 1, xather than on 
study sites 2 or 3, which were the ~ocations with the greatest 
number of individual AGS captured. Using the standardcr.iteria, 
approximately one-half of the adult MGS captured were classi:fied as 
residents I while only about 35 percent of theAGS captured 
qualif.ied as residents .• 
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.Table ,9. The number of resident adult Mohave and antelope ground 
squirrels (MGS andAGS, respectively) on each study site iIi March
April ,1993 and c::alc.ulated adult population density for each 
species. 

,Numb~ 'of Resident Adult 
Study Site Adult Animals popula'tion: Density 

Number ,number Lhectare 1 . 
'MGS, AGS MGS AGS 

:1 1 27 0.04 1.08 

2 ~o 20 0.40 0.80 

3 27 16 ~.08 0.6'4 

4 6 12 0.24 0.48 

. "'j 

,Populatioll- density va'lueswere higher for AGSth~nfor MGS on 
studysites"1'~2 ,and 4. Orily on. Study Site 3 did the population 
density of .MGS exceed that of AGS. 

May-June 1993. Table 10 .presents the total numbe~ of resident 
adult and juvenile ground squirrels .by study site iIi the May-June 
sampling period •. As .in 'the March-April sampling p~~iod,t~enumber 
'of :res~dentMGS on each study .site 'followedthepatterri' of 
abun,dance 'shown,:for' total number of .individuals :captured. Again, 
S:tudy~,~t~, 3 ha?~, the h~ghestnumberof ,resli4~nt :~GS,' ~o]}bwed .by 
study s~tes2 and 4, 'whi.le by far the lowest number, wasre,co,rded on 
:Study Site 1. '$tudy sites",l and :2 were highest:. in number of 
:resii.cient AGS,. jus'tas in 'number of, individuals captured •. However; 
very. £ewAGS' taken' oli; study sites 3 and ,4 met' the residency 
criteria because of a verY low rate of recapture. Over ali study 
sites, 58 percent of MGS were classified as residents, but drilyll 
percent of AGS. ,. 

Because o.f ·the large number o£ juvenile MGS captured in May
June, population densltyvalues were 5-10 tiIileshigher than in the 
March-April sampling period. In contrast, AGS density values were 
,much ,lower. in May-June, reflecting the relatively small number of 
AGS juveniles captured and the low recapture rates, even among 
adult AGS. ' 



:Table ,10. '.The number of resident Hohave and antelope ground 
squirrels (HGSandAGS, :respecti:v.ely)on eadhst,udysite .in .H.ay
June 1993 and calculated total (adult and juvenile) population 
density for each species. 

,Study Site 
Number 

J. 

.2 

3 

4 

Number of Resident 
Animals 

.HGS ~ 

14 .10 

72 7 

132 0 

80 2 

Population Density 
(number/hectare) 

~ 

0.56 

2.88 

5.28 

3.20 

AGS 

0~.'40 

0.28 

0,.08 

Population Size Estimated by Mark-.Recapture :Methods 

Population estimates based upon the Schnabel and Lincoln
Petersen methods are :presentedfor HGS in Table 11. l:ntheMarch
April .sampling 'period, both Schnabel and Lincoln-Petersen estimates 
indicated that the adul tKGSpopulation on Study. Site ;'3. was 
significantly larger than on study sites 2 and 4. There was no 
statistically significant difference in estimated population size 
between study sites 2 and 4. Since only 3 individual KGS were 
captured on Study Site 1 during the March-April ~;ampling period, 
mark-recapture data were insufficient for estimation of pOPlllation 
size,. ' 

In the May-June sampling period, both the Schnabel ,and 
Lincoln-Petersen estimates showed thatSt:Lldy Site '3 supported the 
largest juvenile KGSpopulation. The juvenile population on Study 
Site 4 was second largest, followed closely by Study Site 2 , while 
Study Sitel was by .far the smallest. All comparisonso:f juvenile 
population size between study sites indicated 'that differences were 
statistically significant (p<0.05) • 

.Mark-recapture estimates of adult KGS population size were 
quite similar for study sites 2,3, and 4in the May-J"L+ne sampling 
period. Although Study Site 3 had the ,largest :adult, population 
estimate, comparisons with study sites 2 and 4 were ,statist,ically 
significant only with the Schnabel method .. Because only :2adultMGS 
were taken on Study Site 1, the mark-recapture data were ,not 
adequate for estimation of adult population size. 
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Table 11. Population estimates wi th9 5 % confidence intervals (C. I . ) 
'for Mohave ground squirrels in March-April (adults only) and .in 
May-June 1993 (adults and juveniles), as calculated by the Lincoln-
Petersen (Lincoln) and:Schnabel methods. . 

Study Site 
Number 

1 (Adults) 
(Juveniles) 
(Adu & Juv) 

Population Estimate (N-hat +/-95% C. I.) 

April 
.SchnabelLincoln 

(1) (1) 

20 + 22 + 4 

May-June 
Schnabel Lincoln 

(1) 
25 ±4 
28 ±:5 

(1) 
2.9 ± 6 
.31± 6 

2 . (Adults) 
(Juveniles) 
(Adu & Juv) 

\ \ 

f \J'} .¥c 
':J!r... ,C;'lJ 3 
\C "f 

(Adults) 43 + 4 47 +5 

1'5 ± 2 
101 ± 5 
116± .5 

21 ±:3 
200±6 
221 -+ '7 

'15 + 
112 + 
124 + 

o 
6 
5 

.24 + :5 
229 +.11 
253 ± .12 

\~{ \1'-\' Ie-
f':>- 0\ 

\~(t;( . 
1)\·· ,I:}·I 
\!-" \>\..l 
;..u'I<\i...I 
~?I~ .\ 

\ j'; \\..1"..'" /" r\ .... r \ ')"J\ • 
1.\' 0'-' 

_:::" ) . .-t-
t:)f II C,; 

\ 1\. "'I 

SC!'::~;i:' If':' 

( Juveniles) 
(Adu & Juv) 

4 (Adults) 
(Juveniles) 
(Adu & Juv) 

22 ± 1'~ .26 + 11. 16±:l 
116 + :5 
132 +4 

(1) data insufficient for population estimates 

19 + 
127 -+ 
145 + 

5 
7 
8 

., 

\ '{.J. 

c.~}(;.~,\\) \()~\-\.I\ Ai though 'large numbers o'f individual AGSwere captured on 
{j\.". 6 'vi\l~ all four study sites dur!-ng both 'l993 sampling periods., recapture 

\.,)~""J" rates were generally qu~te low compared to those typ~cal ofMGS 
~populations. The recapture ,rate during the May-June sampling period 

was particularly low on all study s.ites. Population estimates for 
this periOd were not used because of the excessively .broad 95% 
confidence intervals .. The "March-April data did provide useful mark
recapture population: estimates, although the .95'% confidence 
intervals were still relatively wide for study sites 2, :3, and 4 .. 

Table 12 presents the March-April AGS population estimates 
using the Schnabel and Lincoln-Petersen methods. .These estimates 
suggest that during this sampling .period AGS abundance was highest 
on study sites 2 and 3. Few inter-site comparisons of population 
size yielded differences that were stati,sticallysignificant 
(p<O. 05). The Lincoln-Petersen population estimates -for study sites 
2 and 3 were both significantly higher than the estimate for Study 
Site 1, while the Schncl.be'lval.ue .for Study Site 3 was higher than 
the corresponding estimate for Study Site 1. Because of the wide 
confidence intervals ,the AGS population estimates :for study sites 
2, 3, and 4 could not be statistically differentiated. 
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Table 12. "Population estimates -with 95% confidence intervals (C.l.) 
:for antelope ground squirrels in March-April {adults only).and in 
.May~June ~993 (adults and juveniles), as calculated llY ,theLinco~n-
Petersen (Lincoln) and Schnabel methods. . 

Population Est~ate eN-hat +/- 95% c. I. ) 

StuqySite March-:A:eril May-June 
Number Schnabel Lincoln Schnabel Lincoln 

:1 56 ± 7 53 + :5 ( 1) (1) 

.2 8'3 + 29 81 ± 20 (1) (1) 

3 82 ± :19 78 ± :16 (1) (1) 

-4 57 .± :1.5 68 ± 24 (1) (1) 

(1) data insufficient :for population est.iJnates 

Population Densi~y Using ,Movement-Based Estimator.s 

Tables 13-16 present ,population densities -xorMGS and· AGS 
determined by using two' movement-based est'imators: ( 1 ) average 
distance ,moved between successive captures (AVDM) and (2) ong-half 
of ~he ,mean maximum distance moved (MMDM) '. Population estimates (N
hatl~mployed in calculating densities are those der.ivedfrom the 
mark':"xecapture data by the Schnabel method as shown .in tables 11 
and 12 .. " 

During the March...;April sampling period, adul tMGS population 
density estimates were highest on Study 'Site 3,ra.nging from~.30 
to 1.44i:ndividuals per hectare (Table 13). :Adult densities on 
study sites 2 and 4 varied from 0.53 to 0 .. 73 individuals per 
'hectare, about 50% ox that estimated for Study Site 3. In ,May-June, 
denSity estimates :for the adult s.egment of thepopuiat.ion were 
lower than in Xarch--A.pril on all three study sites (Table 14) >. 
Study Site '3 showed the greatest percentage reduction, although 
population density was .still higher here than on study sites '2 and 
4. 

'The ..May-June estimatesoftotalMGSpopulation density were 
much higher 'than in ..March-April because of the addition of large 
numbers of :juveniles to the population (Table 14). Study Site 3 
yielded the highest p~pulation densities, both'for juveniles and 
for .adul ts and juveniles combined . Study sites 2 and 4 showed 
juvenile and total density 'levels about one-half of the comparable 
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Table 13. Population density estimates foradul t Mohave ground 
squirrels in March-April 1993, using two movement-based estimators. 
:Distances moved based on number of animals in parentheses. Mean ± 
SEmaximum distance moved (MMDM), mean ± SE distance moved (AVDM), 
width of boundary strip (W), effective trapping area (A-hat(W», 
population size estimated by Schnabel inethod (N-hat), and density 
reported as number of animals per hectare (O-hat = N/A(W». 

Study Measure Distance N-hat 
Site of Moved+SE W of D-hat A-hat(W) (no. '{Sic)" I." 

. ;"\'\~ No. 
Movement (m) ..Lml (ha) inds .) (inds·Lha) 

.... ".. '" 
'l;:' .':> ~ Data insufficient for population estimates \:.f,' 

"(iT 

"} ... ~ MMDM '70.6 + 15.7 35 32.6 20 0.61 '{'.\) . ""d'. . 
. qX\ • (n-14) AVDM 57.8 + 14.9 58 37 •. 9 20 0.33 
I' ~? . 

~\ t~'" 3 + MMDM 47.0 5 .. 9 23 29 .. 9 43 1.44 N' 
\\)\t' (n='31 ) AVDM 38.2 + 4.2 38 33.2 4.3 1..30 

. ")ft 
J,' 

4 MMDM .48.9 + 17.7 2.4 30.1 22 0.73 
(n=8) AVDM 47.9 + 17.,5 48 35.5 22 0.62 

estimates -for Study Site 3. Juvenile and total. population densities 
could be estimated for Study Site 1 in the May-June sampling period 
and, as expected, were much .lower than those recorded on the other 
three study sites. . 

Adult AGS population densities fo'rthe,March.;.Apri·{ sa:rilplirig 
period are presented in Table 15. On study sites. land .2, density 
estimates are given separately f.or males and females because 
di~tances moved between captures were significantly higher for 
males .. Population density values for males and females re.flect the 
fact that on these two .Study sites the effective trapping area was 
~argerfor males: ~' .... For exampie , the male AGSpopulation sampled on 
Study' Site 1 'was' di'stributed over an area almost ,twice as large as 
.that irihabitedby'the females. As a result, male density estimates 
for Study Site 1 were onlYaPout 55-60 percent of thpseforfemales 
although the male population 'was slightly larger .. On study sites 3 
and 4, male and female movement data were .pooled either because the 
female .samplewas very small (Study Site· 4) or because there 
appeared to be no significant difference in distances moved between 
captures (Study Site 3) ,. 

When the combined male and female population density estimates 
are compared, Study Site 2·was highest, with densities from 1.64 to 
2.21 individuals per hectare. It was followed closely by Study Site 
'3, where densi ties ranged from 1. 47 to 1.9.9 indi vidualsper 
hectare. Population densities at study sites 1 and 4 fell somewhat 
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Table ~4 • population density estimates for adult and juvenile 
Mohave ground squirrel.s·in May-June .19.9,3, using two :movement-based 
estimators. .Distances .moved based on :number of animals in 
parent,heses. Mean ± SE maximum distance 1Doved (MMDM), mean± SE 
distance moved .(AVDM), width of boundary-strip (W), effective 
trapping area (A-hat(W» ,population size estimated _by Schnabel 
method (N-hat), and density :reported as number o£ animals per 
hectare (D-hat = N/A(W). 

:Measure 
popula- of 
tion Movement 

Study Si.te 1 

D.istance 
Moved+SE 

(m) 
W 

.Lml 

Adults 
(n=1) 

Insufficient .Data 

Juveniles MMDM 
(n=15) AVDM 

Adu. +Juv.. MMDM 
(n=16) AVDM 

Study Site 2 

76.4 ±11.3 38 
62'-3 + 9 • .3 62 

76 .• 6 ± ~0.6 38 
~2~2 + 8~7 62· 

Adults MMDM '77.7 + '8.7 39 
(n=14) AVDM 55 .• 8 + :5.8 56 

-JuvenilesMMDM 105 . ~.+ .9.3 5'3 
(n=81) . AVDM 74.5 + 5 .• 8 7.5 

,Adu.+Juv.. MMDM 101.0+ 8.-0 51 
(n=95) AVDM71,.8 +5.0 72 

Study Site 3 

Adults MMDM 54. 4 ± 14 .• 727 
(n=13) AVDM 38 .• 1 + 6 .• 0 .'38 

Juveniles MMDM 86 .• 9 + 5.9 43 
(n=144) AVDM 67.6 + 4.8 68 

Adu. +Juv.MMDM· 84 .2 + 5.6 4:2 
(n=157.) AVDM 65.2.± 4 .. 5 65 

Study Site 4 

Adults 
(.n=.9 ) 

MMDM 
AVDM 

52.1 + 9.0 26 
40.9 + 5.8 41 

Juveniles MMDM 111 .. 9 + .9 .• 6 .56 
(n=9J.) AVDM 82".1 ± 5 .. 8 82 

Adu.+Juv-. MMDM106 .. 5 + '8..9 53 
(n=100) AVDM 78.4:!: 5.3 78 

A-hat(W) 
(ha) . 

33.:2 
39.0 

.33.'3 
39.0 

33.4 
.37.4 

36.6 
·42 .• :1 

36.:1 
~l.4 

.30.7 
:33.2 

34.5 
40.:4 

34.1 
.3.9.'7 

'30.5 
33.8 

3/.4 
·4·4.1 

.36.8 
·43.1 

N-hat 
(no,. of 
inds. ) 

'25 
25 

28 
28 

15 
1.5 

'101 
~O~ 

:116 
1'16 

2~ 
:21 

200 
200 

221 
:22~ 

.16 
16 

l16 
116 

132 
:132 

'D-hat 
(inds./ha) 

0.75 
0.64 

0.84 
0.72 

0.4:5 
0.40 

.2.76 

.2.40 

3.21 
.2.80 

0.68 
0.6.3 

5.80 
·4.95 

6.48 
5, •. 57 

0.5:2 
0.·47 

3.TO 
:2 •. 63 

3.39 
.3.06 
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Table ~S.Population density est:imatesfor adult antelope ground 
squirre'lsin Marc,h-April ~9 9 3, usingtwomovement-basedestim~t6rs ~ 
Distance.sllloved based on number of a.nimals 'in parentheses~ Mean ± 
SE maximum distance moved (DoM)" lDean±'SE distan~e moved (AVI)~)", 
width o£ bounda~ strip (W), effective trapping area (A-hat (WY1', 
population size estimated by Schnabel method (N-hat), and density 
.reported as number of 'animalsper hectare (D-hat = N/A(W) '. 

Study Measure Distance N-"hat 
Site of Moved+SE W A-hat{W) (n~. of D-hat 

No. ..Movement em) .Lml (hal inds.) {inds./ha} 

StudJ?: Site 1 . rW(~ 
Males MMDM 275.9 ±42.6 :138 60 •. 2 29 0,.48 

~. '\ \(\(\U'-" 

"if! ~it~t (n=:15) ,AVDM .199 .~ ± ,29.1 199 80,.'7 29 0.36 
:/'t" 

I, ,-rtf\(' 
,Females MMDM 72.8 + 11·.1 ,36 32.8 27 0.82 0;;\!\ . 
(n=12) AVDM 70.6 + 1~,.2 71 ,43. .1 27 0.66' ,f'X c 'I,·, " 

Both MMD)f 185.6 + 31. '() 93 4'7.0 56 1..19 I c"f'O (n=27) AVDM .142.0 + 20 •. 9 ~4'2 61.5 56 0.91 ~. (i r:::;t if"! t 
Study Site'2 

~ @". 
Males MMDM '138.2 + ,li . .'7 69 40.7 48 1.18 \0\11'\0 r' 

(n:::!3) AVDM 133.3 ± :16 •. 9 133 58.8 48 0.82 6liJuV'KL \,J(;\I~ 
, /c-"Itl--. "jA_ \,.._1 

Females MMDM 65.6 + 11.8 33 3.2.0 35. 3..09 {f\\"w I 

en = 7) AVDM 52.,9 + .6.1 53 36;7 35 0.95 

Both MMDM 3.12 •. 8 + 14.4 56 37.6 83. 2.21 
(n=20) AVDM J.05.2 + J.4,.3. J.0.5 50.5 83 1.64 

Study Site 3 

.Both MMDM 14:2.6 ± '19.9 71 41.,3 82 1.99 
(n=16) AVDM 123 .1± :18.1 123 '55.7 82 1.47 

Study Site -4 

Both MMDM 137.8 ± 17.9 69 40.7 57 1.40 
(n=12) ,AVDM 129.7 +18.8 130 57,.7 57 0.99 
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Table '16. Population density estimates for adult'"and juvenile 
antelClpe ground squirrels in May-June 1993, using -two :movement
based ~estimators. Distances moved based on number o.fanimalsin 
parentheses • Mean ± ,SE -maximum distance moved (HMDM), mean.± SE 
distance moved (AVDM),width of boundary st-r.ip ''(W'), effective 
tr~pping area (A-hat (W) ), -population size estimated by Schnabe~ 
method (N-hat), and dEmsityreported as numbero.f animals per 
hectare (D-hat= N/A(W». 

,study 
Site 

No. 

1 

:2 

3 

" 

Xeasure 
of 

Movement 

Distance 
Moved+SE 

(m) 

Insufficient Data 

Insufficient Data 

Insufficient Data 

.Insufficient Data 

W 
.(ml 

A-hat{W) 
(ha) 

N-hat 
(no. of D-hat 

inds. ) . Linds . tha) 

below these levels, with estimates .from 0.91 to 1.40 individuals 
per hectare,. In general, thEise results .support 'the conclusions 
based upon mark-recapture population estimates that .indicated 
greatest AGS abundance on.study sites 2 and 3 during the March
April sampling period. 

:It was not possible to calculate .movement-based estimates of 
AGS population densities for the Hay-June sampling period because 
of the very low rate of .recaptures. Lack of adequate recapture data 
resulted in mark-recapture estimates of population size.that had 
such wide confidence limits as to be unusable. Furthermore, there 
wereso£ew data on ciistance moved between captures that values for 
AVON and MMDM were not reliable. 

OVer the course of this study, it has been noted that AGS are 
often less likely to be 'recaptured than MGS. In both 19.92 and 1993, 
rec~ptureratesamong AGS have been at their lowest duringthe.Hay
June -sampling period. 'The general tendency o.f AGS toward a lower 
probability o.f -recapture may be exaggerated at,·a time when the 
juveniles are just beginning to become active above ground. In any 
event, this difference in behavior between the two ground squirrel 
-species suggests that interspecific comparisons of abundance . basedV 
upon numbers of resident animals or upon lIlark-recapture population 
·estimates may not be appropriate.. . J.. 

/1 60 
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Food Habits 

March'-!April '1993. Table '17 presents food habits results for 
MGS in March-April ,1993. In general, the March-April samples were 
composed l'argely of forb leaf , with a much smaller contribution by 
shrub leaf. Arthropod parts and seed contributed very li ttletothe 
mean relative density. 

At Study Sitel, 84 percent of relative density was 
contributed by Astragalus leaf. Flower parts were the only other 
substantial food item. Among the three aninials caught, the sample 
.from one individual was all· Astragalus leaf; ,from another, about 
two-thirds flower parts; .and the three samples from the third 
contained Astragalus ranging from 85 to 10,0 percent of relative 
density. Multiple samples were analyzed at Study Site ~ .since the 
number of individuals was small and it was desirable to obtain as 
much data as possible about the diet of MGS recolonizing this site .. 

At Study Site 2, shrub leaf averaged nearly 30 percent of mean 
relative density, while forb mate;-ial contributed 'a1;>outtwo-thirds . 
The most important food items were flower parts (cibout 40 percent 
of mean relative density), Krascheninnikovia (=Eur,otia) leaf (about 
28 percent), and Eriogonumleaf (about 11 percent). Individual 
animals varied in the principal food items taken. Four of ten 
usable samples contained primarily (that is , over 50 percent 
relative density) flower, parts, three cont,ained mostly 
Krascheninnikovia lea£, and one. ,eac~ primarily Eriogonum .leafand 
Descurainia, leaf ,." . 

Samples from'Study Site 3 were dominated bY-Astragalus leaf, 
which averaged over two-thirds of mean relative density. The 
importance of this food item was fairly consistent among individual 
animals; 12 of the 16 usable samples contained primarily 
Astragalus. One· sample was dominatec;i by Eridgonum, another .by 
Krascheninnikovia, and two samples had no food items contributing 
more than 50 percent relative density. 

Study Site 4 also had a remar~,a:blep;red6A1,:inance of Astragalus 
leaf; this food item averaged 56 perdento'f re'lative density among 
all samples. The othe;-importantfood items were Eriogonum ,leaf, at 
18 percent, and Atr.iplex leaf, at '10 percent. Of -the 17 samples 
analyzed (none had excessive bait), ten contained primarily 
Astragalus leaf, while four were dominated by Eriogonum leaf and 
one each by flower parts and by Gilia/Linanthus l.eaf. 



Table 1.7. :Swmnary of .food hab~tsresults -for Mohave ground 
squirrels at study sites .1-4 .in March-:April ~993 • Results are 
presented as a.verage percent relat'ive density .and £requency • 

. 
Average Percent Relativel>ensity of Food .Item.s "inl'ecal Samples 

(frequenqyo£food item occurrence .inparentheses) 

Site :1 Site :2 .Site ;3 Site 4 Mean .rela-
(Rose (Coso (Cactus (Pumice t:ive density 

Food item Val1e~} Basin} 'Peak} Mine} all sites 

GRASSES AND ALLIES 
Achnatherum (Oz:yzopsi"S) 0.2 (0.1) 
Bromus 0.5 (0.1) 0.3 (0.1) 1 .• 1 (0.4) 
Schismus O.i (O.~) 
Total, grasses 0.0 --o:s (0.1) 0.3 (0.1) ;2.0 (0.5) 0.9 (0.-2) 

SHRUBS 
Atriplex ~ea£ 0.6 (0.2) :1.4 (0.2) 6.2 (0.5) 10.0 (0.6) 
Krascheninnikovi'a leaf_ 27.5 (0.5 ) §..::£ (0.3) 0.5 (0.2) 
Total, shrubs 0.6 (0 .• "2 ) .~8.9 (0. i) 12.4 (0 .• 7) .:10.5 (0.8) 13.9 (0.7) 

FORBS 
Astragalus leaf 84.::1 (1.0) 1.6 (0.2) 69.4 (:1.0) 56.4 (0.9) 
Borage leaf 0.:1 (O.l) 
Chenopod leaf 2.5 (0.2) 
Delphinium .1eaf 0.5 (0.1) 0.2 (0.1) 
Descurainia leaf 7.9 (0.1) 
Eriogonum leaf 1'1.4 ( 0 •. 3) 3.i (O .• ·l) 18.2 (0.4) 
Erodium leaf 0.5 (0 •. 1) 
Flower parts 14.:2 (0.4) 39 •. 5 (0.7) 3.3 (0 •. 2) 6.~ (0.4) 
Gilia/Linan .If. :1 .• 0 (0~2) 8.7 (0.6) 6.0 (0 •. 4) 
Legume seed 0.2 (0 .• 1) 
Lupinus leaf 0.9 (0 •. 2 ) 
Monardella .leaf 0 •. 3 (0.:1 ) 
Plantago leaf 0.:1 (O.l) 
Salvia:).ea£ :1.0 (O.l) 
stephanomeria ~ea£ 0.2 (0 .• 1) 
Unknown' EU!ea' 0.4 (0"1.) O.S (0.2) 
Total, :forbs 98.3 (:1.0) 67.1 fLO) 86.0 040) 87.,5 (1.0) 83.9 (:1.0) 

ANIMAL 
Arthropod .parts l.:l (0.4) 3 .• '4 . (.0.5) 1.:2 (0.3.) 0.0 :1.2 (0.3) 

Total :100.0 99.9 9.9.9 100.0 99.9 
No. samples '5 10 :16 :17 48 
.No. individuals ,3 :10 16 17 46 
Mean items/s~ple .2.4 4.6 ·4.4 4 • .6 4.l 

range (:1-4 ) (2-7) (2-6) (.2":7) (:1-7 ) 
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1'he .importance of forb ~eaf in March-April ~9,9 3 was unusua'lin 
comparison to previous years, when shrub leaf was the prlma,ry 
component of relative density in spring samples. Another 'remarkable 
finding was the dominance of a single food item, Astragalus leaf, 
at study sites 1, 3 and 4. This was especially noteworthy because 
Astragalus has been a fairly frequent perennial on these study 
sites and yet was not a major .' food item in past years . 

May-June 1993. Table 18 presents food habits results for the 
May-June sampling period at study sites 1-4. These samples' 
contained substantial amounts of shrub and forb leaf and seed 
material, but differed widely from site to site in principal food 
items and .in the proportion of shrub and leaf components. 

Samples from Study Site 1 were dominated by a single species, 
Eremalche, which contributed nearly 60 percent of mean relative 
density from leaf and seed material. This species was an important 
,item in 1988 when KGS were last captured on Site 1, but it has .not 
been a significant component at the other study sites. Erema1che 
was a consistent part of the diet at Study Site 1~ of the .22 usable 
samples, 15 contained 50 percent or more Eremalche leaf and se~d. 
Among other samples, two were made up primarily of unknown seeds, 
and one each of Krascheninnikovialeaf and Astragalus leaf. Three 
contained no items comprising over 50 percent relative density. 

Samples -from' Study Site 2 were overwhelmingly dominated by 
Krascheninnikovia leaf, which averaged 93 percent of mean relative 
density. The samples from this site were extraordinary in that a1:l 
24 of the usable.samples contained more than 80 percent .relative 
density of this species. Considering the great diversity of shrubs, 
at this site and the relatively high production of annuals .in1993, 
this consistent preference for a single food item is very unusual,. 

Samples from Study Site 3 had a more equal proportion of shrub 
and forb materials, with .Krascheninnikovia leaf and legume seed 
.being the most important food items, comprising 43 and 36 percent 
of mean relative density, respectively. Individual.samplestended 
to contain a predominance of a single food item, but differed in 
the preferred item consumed. Twelve samples contained 50 percent or 
.more of Krascheninnikovia, while 11 contained primarily 'legume 
seed, one sample contained mainly, Sphaeralcea leaf, and three had 
no single 'predominant item. Unfortunately, the CompOSition Analysis 
Lab could not determine whether the legume seed belonged to the 
genus Lupinus or to Astragalus, both well-represented on the site. 

Study Site 4 samples contained primarily Krascheninnikovia 
.leaf, which averaged over 75 percent of relative density. Only one 
other food item, Astragalus leaf, at 12 percent, contributed 
substantially to mean r.elative density. Of 24 usable samples, 20 
contained 50 percent or more oiKrascheninnikovia, while one each 
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'Table ·lB,. Summary of food habits results i:or 'Mohave 'ground 
squirre'lsat ,study ·sites:1-4o.in May-June. ~9.;9·3 • Resul ts are 
presented as average percent .,relative density:and 'frequency . 

. AveragePeroent Relative .Density of Food Items ion }PeoAl Samples 
(£requen~y of food item oocurrence in parentheses) 

Food 'Item 

Site'l 
(Rose 
Valley) 

GRASSE$ AND ALLIES 
Achnatherwn (O~zopsis) 
Bromus l..:2 
SChismusO.2 

(0.3) 
(0.1. ) 
(0 .•. 3 ) ..Total, grasses 1.4 

SHRUBS 
Atriplexleaf 
Ephedra 'leaf 
Krascheninnikovialf 
Larrea seed 
Opuntia, stem 

seed. 
Total,shr1li?~ 

FORBS 
Astragalus leaf 
Composite ,seed 
Eremalche leaf 

seed 
Eriogonum leaf 
Erodiumleaf 

seed 
Flower parts 
Gilia/Linan .If • 
Legume'seed. 
Lily leaf 
Lupinus leaf 
Mentzelia leaf 
Sphaeralcea leaf 
Unknown seed 
Total,forbs 

OTHER PLANT MATERIAL 
Fungus 

ANIMAL 
Arthropod parts 
Bone . 
Total, other 

Total 
No. samples 
No. individuals 
Mean items/sample 

range 

'2.6 (0 .• 5) 

5.8 (0.3) 

0.4 (0.~1) 
2.'1 (0 .• 2) 

10.9 (0 .• 7) 

5.0 (0 .• 5) 
:2.0 to.3) 

35.7 (0 •. 9) 
23.3 (0.6) 
0.3 (0.1) 
O.~ (0.1.) 
0 .• 3 (0.1.) 
3.B (0.4) 
0.9 (0.'2) 
2 .• 2 (0.2) 

1.S (0.'1) 
0.3 (0.'1) 
L 4 (0,,'1) 
.§..:.1 (0 • .5 ) 

84.1 p.O) 

0.2 (0.'1) 

1.4 (0.3) 
0.9 (0 •. 1) 
2_3 (0.3) 

99.9 
22 
,22 

6.1 
(3-10) 

Site 2 
(Coso 
'Basin) 

0.4 (0.1) 
O.B (0.3) 
Q& (0.2) 
1.8 (0.5) 

'2.:1 (0.:2) 

93.;2 (1.0) 

0.2 (0.:1) 

'94:5 (1.0) 

0.1. (0.1.) .. 
1..5 (0.4) 

0.1. (0.1.) 
0.1. (O.l.) 

0.1 (0.1) 
0.'1 .(0.:1) 
0.'1 (0,.1) 
0.1 (0.1) 

2.2 (0 •. 5) 

'0. 4 ( 0,.:1) 

:1.J. (0.4) 

1..1.(0.4) 

100.0 
24 
24 

:3.7 
(1.-7) 

Site :3 
(Cactus 

Peak) . 

.2.9 (0.4) 

:2.9 (0.4) 

:2.3 (0.3) 

43.5 (0.7) 
0.:1 (O.l.) 

'45.9 (0.9) 

4.J. (0.3) 
2.9 (0.3) 

0.2 (0.1) 
0.'1 (0.:1) 
0.'1 (.0.1) 

3.5 (0.3) 
35.9 (O.B) 

0.6 (0;1) 

2.0 (0;1) 
1h§. (0.1) 

,49.9 (0.:9) 

0 •. 9 (O.:!) 

0.5 (O.J.) 

0.5 (0.:1) 

:100;1 
27 
.27 

4.5 
(:1-B) 

Site 4 
(Pumice 

Mine) 

0.4 (0.'2) 
0.1 (0;1) 
0.5 (0 •. 2) 

:1.0 (O.J.) 
0.2 (0.:1) 

'75.8 (2.0) 
0.3 (0.'1) 
O.l. (0.1) 

rr:i ('1.0) 

12 .3' (0~7) 
.1.:1 (0 .• ,2) 

1..5 (0.3) 
3.4 (0.4.) 

:3.0 (0.:1) 
.21.3 (0 .• 9) 

0.'1 (O.l.) 

0.6 (0.3) 

'0:6 (0.3) 

99.9 
24 
2'4 

Mean sela-
-tlve density 

all sites 
lla+,:,·~tvl'- . 
:sA~s Cit d) f{l (( ,-r.+ 

:1 .. 6 (0.4) 

:s7.B (0.9) 

.39.0 (0.8) 

0.4 (.O.:l) 

99.9 
.97 
97 

3.5 
(.2-6 ) 

-4.4 
(:1--10 ) 
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was domiriatec;l by Astragalus .leaf .and unknown seed, and two 
contained about equal ~ounts of .Astragalus and lfrascheninnikovia 
leaf. 

Overall, these samples were remarkable for their consistency 
within study sites and their high proportion of a single shrub 
species, Krascheninnikovia lanata ,at s"tudy si tes2., 3 ahd 4. 
Preference 'for this shrub has been seen earlier, as in March-April 
samples from ~99 0 and .1992, but in the past the May-June sampJ:es 
have been dominated .by annual forb leaf and seed. Aposs.ible 
explanation for the importance of Krascheninnikovia in the diet in 
early summer 1993 might be that competition from other .herbivores 
was low , permitting MGS to consume the palatable Krascheninnikovia .. 

Precipitation 

Table 19 presents ·the ~raingauge results from the LADWP weather 
station at HaiweeReservoir. (At the time of this writing, data 
collected from the five Coso Grazing Exclos\?-re stations could" not 
.be ver'ified,' and 'so are not presented here.) Altho:ugh many agEpicies 
maintain records for California on a 'precipitation year beginning 
July 1, we used a September ~-August31precipitation year to 
distinguish fall rainsf.rom summerthun(iershowers. Fall rains are 
presumed to be of more importance to the growth of winter annuals 
(.Bowers 19 87 ) '. 

\ 

Table '1.9 •. Average and J.99.2-1993 precipitation records for five 
stations associated with the Coso Grazing Exc:~osure, and a nea;:tby 
station operated by the Los .Angeles Department of Water and Pciwer. 

Precipitation (in 'mm) 
Station and 9/1/92- 12/5/92- 4/6/93~ 
Loca-tion12/4/92 .4/5/9'3 8/31/93 

Cos.o Grazing 
Exclosure 
Site 1 
Site 2 
Site 3 Data Not Verif.ied 
Site 4 
Sec. 13 

LADWP Haiwee 13 . 7 
Reservoir 

197.6 2.0 

Long
Cumul. , term 
1992-93 average 

213.3 154.6 
(~) 

(1) Long-term average based on 1963-92 values (Larson and Monahan 
1992). 
Source of Haiwee Reservoir data:: NAWS Geothermal Program Office 
(fax -from Judy'Sprouse dated December 7, 1993). 
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There was 1ittle 'precipitation during the fall period, 
September-November. One series of storms during October 24-31 
brought all 13. 7mm of the precipitation reported for this period; 
,1I1easurable amounts of rainfall fell on five days. 'l'hewinter season 
(December-March) brought substantial .rain ( 2 Omm or 1I10re) during 
each of the four months. Storms arrived about 2-4 weeks apart 
during the period from December through mid-February, followed by 
'some li.ghtprecipitation in late February, then a final major storm 
in late .M.arch. Essentially no precipitation was recorded during the 
spring and summer months 1 April-August. 

Overall, 'the 213 mm of precipitation recorded £or1992-93 was 
3Bpercenthigher than the long-term average. Of the 30 years for 
which records, are available for HaiweeReservoir, eight had 
precipitation higher than in 1992-93 . The distribution of :storms 
was not unusual; the fall and spring periods received very 1ittle 
rain, and most precipitation fell during the winter months. 

Standing Crop and Species Richness of Annual Plants 

Table 20 presents species frequency , mean standing crop and 
species richne§.s for the four study sites in 1993. Also, 'the reader 
is referred to ,Appendix I .for, a summary of species observed 
throughout the study sites.·' 

Study Site L The most frequently-occurring (frequency above 
40 percent) species at Study Site 1 were the native annual grass 
six-weeks fescue {Vulpiaoctoflora),and the 'non-natives Russian 
thistle (Sa1so'la tragus) and schismus (Schismus arabicus). Also 
occurring frequently were desert-calico, (Loeseliastrum matthewsii) 
in between-shrub plots, and pincushions (Chaenactis stevioides) and·· 
thenon-nati vecheatgrass (Bromus tectorum) in under-shrub plots,_ 

Study Site 2. The most frequently-occurring species at Study 
Site 2 were schismus, six-weeks fescue, purple-rooted cryptantha 
(Cryptantha micrantha), coreopsis (Coreopsis bigelovii) and red 
brome, (Bromus madritensis ssp. rubens). Other frequently-occurring 
species were westerncryptantha (Cryptantha circumscissa) in 
between-shrub plots and pincushions in the under~shrub plots. 

Study Site 3. The most frequently-occurring species :at this 
study site were vinegar weed (Lessingia lemmonniivar.ramosissima) . 
and pincushions. Also present in high frequency were sun-cups 
(Camissonia campestris) , ,Pringle's eriophyllum (Eriophyllum 
pringlei), golden gilia (Linanthus aureus),,, fragrantillpine 
(Lupinus odoratus) and desert-calico in between-shrubplo.ts .. 
Frequently-occurring species in under-shrub plots were wing-nut 
cryptantha (Cryptantha pterocarya), spotted erioqonum (Eriogonum 
maculatum), desert-dandelion (Malacothrix glabrata) 1 wild
lleliotrope (Phacelia distans), and tall' stephanomeria 
(Stephanomeria exigua)_ 
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~allle 20. .I'requency and atanc1ing crop of herbaceous layer plants in bet_en-shrub and unc1er-IIhrub plata in May-June, 
1993. 

Prequency of occurrence ,by percent 
S'l'tJDY SID ·bclos. :1 Site 1 Site 2 Site :3 Site 4 bcloa. 4 

. set. Undo 'Bet. ·Und. Bet. Undo 'Bet. Undo Bet. Undo Bet. Undo 
SPBCIBS* 

Abronia pogonantha 1 
Achnatherum apeciosum .1 ,1 5 7 1 8 " 40 

(-Stipa a.) 
Ambroaia acanthicarpa 2 
Amsinckia tessellata 1 6 25 .1 
Anisocoma acaulis 1 :2 ,2 
Astragalus lentiginosuB 18 9 3 11 6 16 4 
B~leya pleniradiata 5 8 1 
BrOlllulI mac1ritensill lisp. 16 19 35 64 88 22 73 10 45 4 40 

rubens (-Bromull rubenB) 
Bromull tectorum 4 48 37 49 13 3 9 1 5 
BromuB trinii 6 .2 3 24 "3 29 32 
CalycoaeriB parryi 1 
Cal yptriclium monanc1rum :1 
CamisBonia boothii :12 24 11 16 1 2 2 3 20 '30 .24 ,40 
Camillllonia campelltrill at al.28 8 14 11 32 .17 ·47 .25 12 9 12 .4 
Camillsonia claviformiB 1 1 
CaulanthuB cooperi 1 J. 35 8 12 
Centro.tegia thurberi '1 .1"' 9 4 35 34 13 16 -4 

(-Chorizanthe t.) 
Chaenactis frem./stev. 12 36 33 59 22 64 58 83 9 35 4 32 
Chamaellyce albomarginata 4 8 "3 :1 10 5 .1 12 

(-Euphorbia a.) 
Chamaesyce micromeria :2 1 2 

(-Euphorbia m.) 
Chorizanthe brevicornu 1 1 1 
Chorizanthe watsonii 3 .1- 2 5 4 4 
Coreopsis bigelovii 60 36 35 18 43 45 35 26 
Cryptantha barbigera 3 
Cryptantha clecipiens 2 :3 :25 
Cryptantha circumscissa 4 7 1 48 21 '3 18 39 42 16 28 
Cryptantha clumetorum :32 18 :1 22 1 2 4 
Cryptantha intermeclia .1 
Cryptantha micrantha '12 12 6 :1 84 64 1 1 1 1 
Cryptanthanevadensis 4 4 :1 18 5 1 9 

., 
4 

Cryptanthapterocarya 12 24 6 21 3 10 8 50 5 60 52 
Cryptantha lIP. 1 2 1 1 1 
Cuscuta sp •. 1 ,2 
Pescurainia pinnatil 

"' 4 8 6 19 .3 .39 4 56 
Pescurainia sophia :2 
Elymus elymoicles :2 8 

(-Sitanion hystri%) 
Emmenanthe pencluliflora 1 
Eremalche exilis· " '8 3 9 1 
Eriastrum eremicum 2 1 ""2 1 1'3 5 
Eriogonum brachyanthum 6 10 :3 ,4 4 8 
.Eriogonwn deflexwn' 2 :2 1 
Eriogonum gracill~um :1 1. 
Eriogonum maculatum 44 20 37 .34 18 ,21 34 ,48 28 42 .16 '32 
Eriogonum niclularium :1 '" 8 36 47 ,8 
Eriogonum pusillum .1 5 :2 ,1 :7 1 3 4 
Eriogonum &p. :2 .:1 :'1 :3 .1 ,1 
Eriophyllum pringlei '4 16 :11 18 8 .50 .23 70 57 84 44 
Eriophyllum wallacei 68 '8 24 4 37 16 .1 
Erodium cicutarium 16 13 

. Bschscholzia minutiflora . ·4 
Gilia leptomeria/G. uu.cro- ·4 " 3 11 23 9 19 n 40 12 44 

meria 
Gilia latiflora 1 " " 22 12 1 26 8 
Gilia oChroleuca 
Gilia sinuata 
Gilia sp. -4 
Glyptopleura marginata :2 2 :2 .1 1 

(-G. setulosa) 
Langloisia punctata ,4 
Layia glandulosa i 
Lepidiwn flavum var. flavum 4 3 7 8 U 4 :1 . .4 .5 
Lepidiwn lasiocarpum 1 1 2' 
Lessingia lemmonii var. r. 60 40 35 20 1 J. 87 77 85 82 100 80 
pectocarya recurvata (continued on next page) 



33 

~e 20 (contd. ) 

Frequency of occurrence, by percent 
S'l'D'DY SID 'lbtclOB. 1 Site .1 Site.2 Site :3 Site '4 3%cl08.4 

.Bet. Undo Bet. Undo Bet. Undo Bet. Undo .Bet. Undo Bet. 'Dnd. 
SPECIES " 

Linanthua aureua :2 .16 51 32 86 72 190 88 
LinanthuB dichotomulii 4 12 9 1 '2 ." " Linanthus puryi 1. .1 
Loeaeliaatrum matthewsii 84 .16 74 :2 28 '9 ·43 16 8 4 24 

(-x.angloiilia III.) 
28 Lupinua odoratuB '" 33 12 .1 .2 59 .20 4 7 :28 1'2 

Lupinus ap. .~ 
Kalacothrixcoulteri 1 
Nalacothrix qlabrata ·4 .2 12 IS ,39 .l'2 oil :l .16 :12 
Mentzelia albicaulia 12 5 32 1 .5 5 '28 .2 32 48 
Monardella.exiliB "' '" 19 5 13 .2 " 2 -4 ·4 
Monoptilonbellidiforme ",0 8 6 
Hama demisaum ' 12 '8 :15 :3 4 .2 
Bemacladu6 Bp.: 36 1 1 
Oenothera primiveris .-4 
Oxythecaper~oliata :1 .1 2 
Pectocarya heterocarpa 9 14 
Pectocarya ~ineariB .1 .1 
Pectocarya penicillate .2 
Pectocarya platycarpa 8 
Pectocarya recurveta .2 
Pectocarya seto.a .1. 1 7 .:10 
Phacelia distana/p. tenaceti- 4 :1 .3 4 .3 43 24 .60 

-folia 
Phacelia fremontii 8 20 :9 '9 :1 :s .25 .1 19 4 20 
Poa secunda :l :l 
SalBola tragus 32 36 69 68 .1 1 2 

(-S. iberica) 
Salvia carduaceae .1 
Schismus arabicuB 80 100 51 7:1 89 97 7 1'9 2 13 4 
Sphaeralcea' ambigua -4 .1 
Stephanomeria'exigua " 16 .5 13 '2 6 8 52 '8 55 ,4 84 
StephanOIner iaparryi " Stillinqia paucidentata 1 
Streptanthella .longiroBtrilii ,1 
Stylocline ~cropoides 1 '4 3 .l .2 2 
syntrichopappus''fremonti.i '9 7 :l :1 '1 1 
~iquilia nuttllllii 52 -4 22 ,4 

(-COldenia n.) . 
,Thelypodium lasiophyllum 1 
Vulpia lIlicrostachys VUe 'pauci- :2 2 

"flora (-Festuca reflexa) 
Vulpia lllyuros var .• hirsuta 1. ,2 " 2 14 36 

(-Festuca megalura) 
Vulpia octoflora 68 <44 87 77 65 48 6 10 20 20 8 16 

(-Festuca 0.) 
--unknown forb :l .2 
'Dnknownforb t2 1 
lJIlknown lIIustard 1 

SP.!CIESRICBNRSS 
species/smupie '7.84 6.12 7.46 6.88 6.98 8.07 7.44 9.82 5.69 9.77 5.1'2 '9.84 
range .2-1:1 .2-10 '2-.13 1-14 0-15 2-15 .2-.13 3-19 '1-1.2 2-17 3-9 5-18 

.n- 25 .25 .100 .100 .100 100 100 .100 :190 :l00 25 25 

STANDING CROP 
grl!lllB/square foot :2.19 6.77 5.'3 6.5 .1.36 .5.:14 4.73 6.'55 '1.41 3.24 2.08 5.66 
n- 25 :25 99 '100 UO 100 90 92 100 UO .25 25 

-.1. .slash indicates two ,s~lar species combined ~orthe purposes of this .summary. 
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Study Site 4. The most frequently-occurring species at this 
study site were Pringle's eriophyllum, vinegar weed, and golden 
gilia.Frequently-occurring species in under-shrub plots were red 
brome,western cryptantha, wing-nutcryptantha, spotted eriogonum, 
bird's-nest eriogonum (Eriogonum nidularium), smallgilia (Gilia 
leptomeria), and tall stephanomeria. 

Standing crop. In 1993, standing crop was highest at study 
sites':l and 3 •. At both sites, standing crop was about .5 g/sgft in 
between-shrub plots and 6.6 glsgft in under-shrub plots. Standing 
crop at study sites 2 and 4 was somewhat lower; both had between
shrub standing crop of 1.4 glsg ft, while under-shrub standing crop 
was 5.1 9/sg ft at Study Site 2 and 3.2 glsg ft at Study Site 4. At 
~any sites, a large amount of standing crop was contributed by non
natives--Russian thistle,schismus, and cheatgrass at S.ite 1, 
schismus and red brome at Site 2., and red bromeat Site 3 • ' 

In comparison with past years, overall primary production of 
annual plants was good in 1993. Standing crop was on a par with 
results from 1991 and 1992; although Site 1 had a substantially 
higher standing crop in between-shrub plots than in any past year .• 
As noted above, non-native grasses and Russian thistle were major 
contributors there. 

Species richness in 1993 was highest at Study Site 3, sl~ghtly 
~ess at Study Site 4, and lowest at sites 1 and .2. The dif£e:rence 
between the study sites was not as pronounced as in some . past 
years,pr.l.marily because Study Site 1, which has usually had the 
lowest species richness, was higher in 1993, both among between
and under-shrub plots. 
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.1\PPENDIXI.PLANTS OBSERVED OR 'EXPECTED :IN !rHE COSO GRAZING 
EXCLOSURE MONITORING STUDY SITES 

(P=perennial species 1 93=annua'l species observed in ~9931 X=annual 
species observed on study site, but not in ~9931 e=s.peciesexpected 
·to occur on or near study :site) 

PLANT SPECIES 

AGAVACEAE 
Yucca brevifolia 

APIACEAE 
Lomatium mohavense 

'ASCLEPIADACEAE 
Asclepias fascicularis 

ASTERACEAE 
Acamptopappus sphaerocephalus 
Ambrosia acanthicarpa 
Ambrosia dumosa 
Anisocoma acaulis 
Artemisia spinescens 
Artemisia tridentata 

,Baileya pleniradiata 
Calycoseris parryi 
Chaenactis carphoclinia 
Chaenactis fremontii 
,Chaenactis stevioides 
Chaenactis xantiana 
Chrysothamnus nauseosus 
Chrysothamnusteretifolius 
Chrysothamnus viscidiflorus 

ssp. puberulus 
Coreopsis bigelovii 
Encelia actonii (=E.. virginensis 

ssp. a.) 
Ericameria cooperi var.. cooperi 

(=HapJ.opappus c.) 
Eriophyllum pringJ.ei 
Eriophyllum wallacei 
Glyptopleura marginata (=G. 

setulosa) 
Gutierrezia microcephala 
Hymenoclea salsola var. salsola 
Layia glandulosa 
Lepidospartum squamatum 
Lessingia lemmonii var. 'ramu-

losissima 
Malacothrix coulteri 
~lacothrix glabrata 
Monoptilon bellidi£orme 

STUDYS~TE WHERE OBSERVED 
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.1-2 

PLANT SPECIES 

AS'l'ERACEAE ( contd. ) 
Niccoletia occidentali~ 
Psathyrotes .annua 
Rafinesquia neomexicana 
.Stephanomeria exigua 
Stephanomeriaparryi 
Stylocline micropoides 
Syntrichopappus fremontii 
Tetradymia axillaris var .• 

longispina 
Tetradymia stenolepis 
Xylorhizatortifolia var .• torti

folia (=Machaeranthera t. ) 

BORAGINACEAE 
Amsinckia tessellata 
Cryptantha barbigera 
Cryptant~a circumscissa 
Cryptantha decipiens 
.Cryptantha dumetorum 
Cryptantha inter.media 
Cryptantha micrantha 
Cryptantha nevadensis 
Cryptantha pterocarya 
Pectocarya heterocarpa 
Pectocarya linearis 
Pectocarya penicillata 
.Pectocarya platycarpa 
Pectocarya recur'vata 
Pectocarya setosa 
Plagiobqthrys arizonicus 
Tiquilia nuttallii (=Coldenia 

n. ) 
Tiquilia plicata (=Coldenia p.) 

BRASSICACEAE 
Arabis pulchravar.. gracilis 
Caulanthus cooperi 
Descurainia pinnata 
Descurainia sophia 
Dithyrea californica 
Lepidium :flavum 
Lepidiumfremontii 
Lepidium lasiocarpum . 
Stanleya pinnata ssp.pinnata 
Streptanthella longirostris 
Thelypodium lasiophyllum 
Thysanocarpus curvipes 
Tropidocarpum gracile 

STUDY SITE WHERE OBSERVED 
.1 2 3 _4=--_ 
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.PLANT SPECIES 

CACTACEAE 
Opuntia basilarisvax.basilaxis 
Opuntia echinocarpa var. echino

carpa 

CAMPANULACEAE 
Bemac1adussp. 

CHENOPODIACEAE 
Atriplex canescens 
Atriplex eonfertifo'lia 
Atxiplex,polycarpa 
Chenopodiumrubrum 
Chenopodium sp. 
Grayia .spinosa 
Kraseheninnikovialanata 

(=Eurotia 1.) 
Sal sola tragus (=S •. 'kali var·. 

tenuifolia) 

CUCURBITACEAE 
Cueurbitapalmata 

CUSCUTACEAE 
Cuscuta ex. denticulata 

.EPHEDRACEAE 
Ephedranevadensis 
Ephedra viridis. 

EUPHORBIACEAE 
Eremocarpussetigeru~ 
Chamaesyce albomarginata 

(=Euphorhia a.) 
Chamaesyce micromera 

( =Euphorbiam. ) 
Stillingia paucidentata 

.FABACEAE 
A. .lentiginosusvar. variahilis 
Lupinus hico.lor 
Lupinus brevicaulis 
Lupinus concinnus 
Lupinus odoratus 
Lupinus shockleyi 
Lupinus subvexus 
Lupinus sp. 
Psorothamnus arborescens vax,. 

.minuti:folius 
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"1-4 

PLANT SPECIES 

GERANIACEAE· 
Erodium cicutarium 

HYDROPHYLLACEAE 
.Nama aretioides 
Nama demissum 
Nama depressum 
Phacelia dis tans 
Phacelia fremontii 
.Phaceliatanacetifolia 
Tricardia.watsonii 

LAMIACEAE 
Monardella exilis 
Salaz aria mexicana 
Salvia carduacea 
Salvia columbariae 

LILIACEAE 
Calochortus kennedyi 
Dichelostemma pulchella 
Muilla sp. 
Zigadenus brevibracteatus 

LOASACEAE 
Mentzelia'albicaulis 
Mentzelia veatchiana 
Petal onyx thurberi 

.MALVACEAE 
.Eremalche exilis 
Sphaeralcea ambigua ssp,. ambigua 

NYC TAG I NACEAE 
Abronia pogonantha 
Mirabilisbigelovii 

ONAGRACEAE 
Camissonia boothii ssp,. deser

torum 
Camissonia campestris 
Camissonia claviformis ssp .. 

claviformis 
Camissonia pterosperma 
Oenothera primiveris ssp.primi-, 

veris 

PAPAVERACEAE 
Eschscholzia minutiflora 

STUDY SITE WHERE OBSERVED 
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PLANT SPECIES 

.PLANTAGlNACEAE 
.Plantagopurshii yare oblonga 

POACEAE 
Achnatherum hymenoides 

(=Oryzopsis h.) 
Achnatherum speciosum 

(=Stipa s.) 
:Bromus madri tens is ssp. -rubens 

(=B. rubens) 
Bromus tectorum 
Bromus trinii. 
Elymus elymoides (=Sit'anion 

hystrix) 
Poa secunda (=1'. scabrella) 
Schismus arabicus 
Vulpia microstachys yare 

p9-:uciflora (=Festucareflexa) 
Vulpia cctoflora (=.Festuca ·c.) 

POLEMONIACEAE 
Eriastrum eremicum 
Eriastrum sapphirinum 
Gilia cana ssp. cana (=G. 

latiflora ssp. ccsana) 
Gilia leptomeria 
Gilia micromeria 
Gilia cchroleuca 
Gilia sinuata 
Langloisia setosissima ssp .• 

punctata (=L. punctata) 
Lceseliastrum matthewsii 

(=Langloisia m.) 
Linanthus aureus 
Linanthus dichotomus 
Linanthus parry-ae 

POLYGONACEAE 
Centrcstegia thurberi 

(=Chorizanthet.) 
Chorizanthe brevicornu 
Chorizanthe rigida 
Chorizanthe watsonii 
.Eriogonum brachyanthum 
Eriogonum deflexum 
Eriogonumfasciculatumssp .. 

polifolium 
Erioginum gracill±mum 
Eriogonum inflatum 

STUDY SITE WHERE OBSERVED 
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APPENDIX II,!-FIELD SURVEY FORMS .FORCOSO GRAZING EXCLOSURE 
MONITORI~G STUDY 



, ·INOIVIDUAlRECORD 

{lOSQ GRAZING EXCLOSURE STUDY 

COllECTOR: .. ______ _ EAR TAG NO: ___ _ PIT TAG NO: ______ _ 

MIUTARYTIME: . ___ _ GnlD/51AiION: __ 1. ___ _ 

(e.g., 2:15 pm =14:15) 

SPECIES: MGS AGS SEX: MF AGE: . AOU JUV 
(circle one) (circle one) 

BODY MASS: g ----g ----g 
(squirrel + bag) (bag) (body mass) 

REPRO. CONDITION (female): LACTAT~NG . - PREV.LACT. NON·LACT. 
(circle one) 

.PREGNANT 

REPRO. CONDITION (male): TESTES SCnOTAl TESTES NON·scnOTAl 
(circle one) 

RECAF'TURES: 

DATE: TIME: 51 A1ION: DATE: TIME: . 'Sl ATlorJ: 

1-1 



I CAlLY SUMMARY RECORD 

COSO GRAZING EXCLOSURE STUDY 

GRID: _~/ ___ _ COLLECTOR:, ______ _ 
(no.) (name) 

SI!IIQ~ SEE~IES E6BI!~~Q, JrXF Al'lfF.lW 
BEC!E ~~I!~ EITI6G ~Q, 
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coso GRAZINGEXCLOS.'C'RB1993 BBUACEOtrS FREQ'OENCY ANDS'lARDING CROP DATA.SHEET 
, . ;.' 

''DAD S~YS:rD~I.OCATION. _____ _ OBSERVERS. ________________ ~ ____ ~ ___ 
(write 1n a44t'~. 
species below!) PLO'l' PLO'1' PLO'l' PLO'l' PLO'l' 'PLQ'1' PLO'l' 'PLO'l' PLOT 
"-name 'ehange II tr ~ 11 r II '0 . II '0 B tr II '0 II ·tJ II '0 II tr :8 tr 
. SPECIES STOO CROP •. _. "':'""' - _1

1
,_ ':-

, 
_ <,- ,."]' -- -- -.- - - - - :7"" -'- " " 

*Achnatherum 8pecioBwn [S~ili '0 ," 

Ams1nekia te8aellata ".::. i :':' 

Ani8ocoma acaulis 1 . 
llStraguu8 lentiginosus ; .,. 

."'.' 
" 

*Bromus maGritensis ~ns " ,> . 

Bromua tectorwn I I·' -; 
, .'. ...'::', . 

Camissonia eamp8stris+al !. e: "v'," .\ '" ',' 
camiaaonia elaviformis '.' . -::- ."C,_ : >. ,I·,' 
caulanthu8 eooperi " " .le: 

'llrCentroategiathurh.(Chor " 

Chaenactis £remont/atev :' 

*Chamaeayee albomarg.(Euph)' ',:" ,Jl 

*Chamaeayce micromera,(Euph) .,.'.-,,:-.:;' : 

Chorizanthe hrevicornu :"i 
Chorizanthe watsonii i ",.A ,.:. ' .. ,'I 

COreopsis bigelovii ' ... : : 

cryptantha eircumscissa ,,,. , .. 
Cryptantha decipiens 
Cryptantha dwnetorum :.' 

Cryptantha micrantha , 

Cryptantha nevadensis 
Cryptanthapterocarya ,h I I 

Descurainia pinnata I 

Eremalche exilis - .. 
" , I 

Eriastrum eremicum " '-,,-
Eriogonum macul.brachy .• /.," '" . . " 
Eriogonum nidularium ' I" , 

Eriogonumpusillum 
Eriophy~lum pringlei I· I· ,. 

Eriophy1:1um wallacei ' , 
" 

Erodium cicutarium I i· 

Gilia'leptomeria/micro. 1 : :,1' 

Gilia latiflora/cana 
, 

*Glyptopleuramarginata r 
.Lepidium ~lavum v. .f~. 'i 
Lessingia lemmonii v.r. I I I 
-Linanthus aureUB II I 
Linanthus dichotomus II 
'Linanthus parryi I If ! 
*Loeseliastrum matthewsii I r I I 

Lupinus odoratus \ \ 

Malacothrix glabrata , I : , 
Mentzelia albicaulis I I i 
Monardella exilis , t! , 
'Nama demissum ; I! il 

. Pectocarya heterocarpa • I , '! I , 

.Pectocarya,linearis I II ! I 

Pectocarya setosa I H I' ; , 
Phacelia distans/tanac. I I d I 

Phacelia fremontii ! I I !i , ; 

*Salsola tragus {=S. iberica I I' !I ! I 

Schismus arabicus , r. d I I 

Sphaeralcea ambigua i L ;j ! I 

Stephanomeria exigua I i II • Stillingia paucidentata ! Ii .. i 

stylocline micro~ides II I !I 
Syntrichopappus fremon. I : Ii q 
*Tiquilianuttallii(Cold) II I tl I 

*Vulpi'a octof~ora (Fest) : i, 
': 1 

'. I 
I I 

I I I 
, 

I t I i 1 i I , 
I 

I 
I 

11 
: 

! • . 



ADDITIONAL SPBCIBSKNOWN OR EXPBCTED .TO OCCUR ~N STUDY .SITES--KAY APPBARIN PLOTS1 
Abronia poqonantha " '. 
*Achnatherum hymenoideB (-oryzopBia h.) LUpinUB bicolor 
Ambroaia .canthicarpa· .Lupinus brevic.ulis 
Arabis 'pulchra var. gracilis 'Lupinus concinnus :ssp.orcuttii 
Baileya .pleniradiata - Lup~~s shockleyi 
Bramus trinii HalacothriX coulter~ 
calycoasria parry!. Mentzelia veatchiana 
C&lyptridium monandrum Microaeria Linearifolia 
C&miBaonia,boothii ssp cSeaertorum Mi.mulua bigelovii 
*Castilleja angustifolia (-C. chromoaa) Mirabilia bigeLovii 
*castillej'a exserta asp~ venusta XOnoptilon belLidi.forme 

(-orth~&rpua purpurascena var. ornatuB) Muilla mari'tima 
Chaenaeti. carphoclinia .. Nama aretioides 
Chaenaetia xantiana Nemacladusap. 
Chor~zanthe rigidaNicolletia occidental is 
cryptanthabarbigera 08nothera pr~iveri'a 
Cryptantha intermedia Oxytheca perfoliata 
CUscuta ap. ' PEietocarya platycarpa 
DelpM.niumparlahii Pectocarya recurvata 
Descurainia aophia Pectocarya penicillata 
.Dicheloatemma pulchellaPhacelia' tanaceti:foli'a 
*Blymua elyuioides ssp. elymoides *Plantago patagonica 

(-Sitanion hystrix) . (-P. pUrshii var. oblonga) 
Brioqonumgracill~um Poa secunda 
'Eriogonum reniforme P~talonyxthurberi 
Eschacholzia.mln1itiflora 'Psathyrotes annua 
Gilia Ochroleuca· Rafinesq\iia neomexicana 
Gilia a inti'it a , , Salvia columbariae 
*Guillellia laSi'ophyllum .. SiEiyiIibritimal tissimum 

(-ThelypOdiunr 1.) Streptan~he'llalongirostris 
*Langl.oisiaaetosissima ssp .• 'punctata Th~sancicarpus curvipes 

(-Langloisiap.) Trl.cardia watsonii 
"Layia glandulcisa .' *Vtilpia re'flexa' 
:Lepid:i:~ la~iocarpum 
Linanthus ,dichotomus 
Lomatium mohavense 


