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Ecology and Populat ion Dynamics of  Mule Deer

in the Eastern Sierra Nevada, Cal i fornia

by

Thomas Edward Kucera

Ab st  rac t

MigraEory behavior of  Rocky Mountain mule deer

(Odocoi leus hemionus hemionus) winter ing on the east s ide

of the Sierra Nevadal  Inyo and Mono count iesl  was studied

from January 1984 to November 1987. Radio-telemetry

indicaEed no di f ferences between years in t iming of

migrat ion f rom the winter range r  a l though on average

females preceeded males.  Upon leaving t ,he winter Edng€r

deer moved to spr ing holding areas on the east,  s lope at

higher elevat ions.  There rJere no year or sex di  f  f  erences

in leaving 'spr ing holding areas for summer ranges. Summer

rangeE occurred mainly on the western s lope and extended

over 2500 sq km. Suruner home ranges of  males vrere at ,

h igher elevat ions,  nearer waterr  and on steeper s lopes than

those of  femaleg. Other phyEical  and f lor ist ic habi t .at

character ist ics showed no di f ferences by sex. Timing of

fa l l  migrai ion wag inf luenced by snowstormsr esp€cial ly in

males.

Precipi t ,at ion and forage growth on the winter range

var iedr and this rras ref lected in dietr  condi t ionr ind

reproduct ion.  Fecal  analysis showed that Purshia was most



f requene in laEe fal l  and ear ly spr ing dietsr  and

2

Artemisi .a

was most common in mid-winter in 1984 through 1988. Fecal

ni t rogen and diaminopimel ic acid var ied.-seasonal ly in

relat ion t ,o plant phenologyr and were not c losely

correlated with animal condi t ion or reproduct ion.

Deer numbers decl ined by hal f  between 1985 and 1988.

Pregnancy ratesr fetal  ratesr fetal  s izesr dnd adul t

weights and kidney fat  var ied wi th precipiEat ion and forage

growth on the winter range. The ef fects of  an ant ler less

hunt,  decreasing densi ty of  one of  the two herds studiedr

reduced drought ef fects relat ive to the unhunted control .

Overal l  fetal  sex rat io was uniEy. Females were more

frequent among twinsr dnd males were more frequent,  among

singletonsr than would be expected by chance. Percent male

of f  spr ing i . ras associated wi th increasing mat,ernal  body

weight and kidney fat  r  and not wi th average annual

fecundi ty or age. These resul ts supported the fract ional

of fspr ing hypothesis of  sex rat io al locaEion.

Few opportuni t ies for  habi tat  improvement exist  on

ei ther summer or winter range. Ant ler less harvests of  deer

dur ing per iods of  populat ion growth can dampen f luctuat ions

in animal numbers caused by var iable rainfal l .
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Deer are capi ta l  mount,aineers,  making their  way into
the heart  of  the roughest mountains;  seeking not only
paEturage, but a cool  c l imater and safe hidden places in
which to br ing for th their  young.. . the deer c l imbs al l  the
peaks save the lof ty summits above the glaciersl  crossing
pi les of  angular bouldersl  roar ing swol len streamsr and
sheer-wal led cafrons by fords and passes that would t ry the
nerves of  the hardiest  mountaineersr--c l imbing with
graceful  ease and reserve of  strength that  cannot fa i l  to
arouse admiraEion. .  .  Standing, Iy ing down 1 walk ing r  feed ing r
running eved f  or  i t ,s l i f  e,  i t ,  is  a lways invincibly
gracefulr  and adds beauty and animat ion to every
Iandscape r--a charming animal r  dnd a great credi t  to
nac,ure.

John Muir  1901
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CHAPTER I . BACKGROUND

In his review of  McCul lough ( I979),  Caughley

(1980:1339) wrote that  "whi t ,e- ta i led deer and Drosophi la

were the most studied and least  understood of  animals " .  A

simi lar  descr ipt ion could apply to mule deer (odocoi leus

hemionus).  Al though widely distr ibuted and t .he focus of

much research (  see rev iews in 9, Ia l  lmo 1981a )  ,  many aspec ts

of  the ecologyr behaviorr  and management.  of  these deer

remain obscure.  Some of the larger topics yet  to be ful ly

understood include detai ls r  and even general  conceptual

models r  of  populat , ion regulat , ion r  the role of  predators in

f luctuat ions of  deer numbers,  pat terns of  social  structure

and dispersal  r  and appropr iate tact ics to achieve manage-

ment goals.  Aside from these issues of  a general  naturer

aspects of  the Local  ecology of  deer in many areas fre-

quent ly are poor ly known. Knowledge of  factors such as the

locat ions and distr ibut , ions of  seasonal  ranges and travel

routesr the proximate causes of  migrat ionr dnd the impor-

tance of  c l imate and other factors on populat ion are al l

important to understandingr and managingr deer in a locaI

area. Such knowledge also can provide insight into more

general  quest ions.

The present nork was an at tempt to f i l l  both types of

knowledge gapsr g€o€EaI and local .  I t  was in i t , iated at  the
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suggest ion of  federal  and state land and wi ld l i fe manag€ESr

interested pr imari ly in descr ipt . ive aspects of  1oca1 deer

ecology for managment purposes. With; [ , ;g _lhis contextr  I

sought to design research act iv i t ies to address more gener-

al  issues of  populat ion regulat ion and ecological  d i f feren-

ces between the sexes. Speci f ic  object , ives were (1) eo

descr ibe the extent and qual i ty of  summer and winter ran-

ges 
'  

pat terns of  habi tat  use within them and migratory

routes between them, emphasiz ing di f ferences between the

sexest (2) to descr ibe and evaluate geasonal  d iets of  deer;

(3) to invest igate parameters of  reproduct ion and condi-

t ionr and relate these t ,o other ecological  factors;  and (4)

to evaluate the ef fects of  an exper imental  densi ty reduc-

t ion ef fected by an ant ler less hunt held in the winter of

I984-85. '



I I .  STUDY AREA AND GENERAL METHODS

Mule deer (Odocoi leus hemionus )-  g_cc-ur in western North

America f rom southeast,ern Alaska to north central  Mexico

(wal lmo 1981b).  Cowan (1956) recognized 1t  subspecies;  the

val id i ty of  3 have been quest ioned (wal lmo 1981b; Anderson

and Wal lmo f984 ) .  Two of  these quest ionable forms occur on

is lands of  f  Mexico.  The type local i ty of  t .he th i rd,  O. h.

invoensis r  is  approximately 20 km from the present study

area. Howeverr  I  wi l l  fo l low Wal lmo ( f98fg) and refer to

deer in Ehis study as L h.  hemionusr the Rocky Mountain

mule deer.  This subspecies is the most widely distr ibuted,

and occurs f rom the crest  of  the Sierra Nevada-Cascade

Mountains east to Iowa and Missour i  (WaIImo 198lb).

STUDY AREA

The Sierra Nevada is a massive grani te blockr or iented

in a general ly northwest-southeast direct ionr and t i l ted

toward the west.  I t  extends near ly 600 km from Mt.  Lassen

in the north to Walker Passr e6st of  Bakersf ie ld,  in the

south (Storer and Usinger 1968).  The west s ide of  the

mountain range slopes gradual ly for  75 to 100 km, f rom the

foothi l ls  neatr  sea level  to a crest  that  general ly increas-

es in elevat ion f rom north Lo south and sharply demarcates

the east and west s i .des.



winter scorms from the paci f ic  ocean deposi t  moisture

as they r ise up the western s loper leaving the east s ide

much more ar id.  r t .  is  here that the Great Basin desert

begins.  As wel l  as being dr ierr  the eastern Sierra is much

more narrow and steep than the west s ider dnd is occasion-

al ly precipi tous.  rn Ehe owens var ley arear which extends

from the Sherwin Grade just  north of  the town of  Bishop

south for  about 120 km, elevat ion changes from 42OO m at

the mountain peaks to L22o m on the val ley f loor occur over

hor izontal  d istances of  <10 km.

An extensive area above about 25OO mr.  €xtending from

the Yosemite region south for  several  hundred km to beyond

Mt.  whi tneyr is known as the High sierra.  Extensive glaci-

at ion,  deep winter snowsr mi ld summersr dDd hundreds of

peaks above 4000 m character ize th is area. Routes of

t raver over the High sierra are provided by a ser ies of

passes of  general ly increasing al t i tude from north Eo

south.  From Tioga Pass (3030 m) at  yosemit ,e south for  3ZO

km, only I  road crosses the crest .  This road r  ov€E f ' l inaret

Summit  (  2796 m) near the town of  Mammoth Lakes r  termi.nates

nearby at ,  Devi l 's  Postpi le Nat ional  Monument.  At l  ot .her

passes over the High sierra remain accessible to humans

travel ing only by foot ,  or  horseback.

The present research focused on Rocky Mountain mule

deer winter ing in an area known as Round val leyr som€ 15 km
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r . rest  of  the town of  Bishopr Inyo and Mono count ies,  Cal i -

fornia (Figures 2-I  and 2-2).  Round Val ley is bounded on

the north by Ehe genUly s loping Sherr , r i ,n Grade and Sherwin

Summit  (2134 m),  on the weEt and southwest by Wheeler Ridge

(3640 m) and Mt.  Tom (416I m)r and on the south by Ehe

gent le s lope up to Buttermi lk Country and by the Tungsten

Hi l ls .  The eastern boundary is not as wel l  def ined Eopo-

graphical lyr  8nd for the present purposes wi l l  be noted as

U. S. Highway 395, the main north-south vehicular route

from Renor Nevada t ,o southern Cal i fornia.  Total  area used

by deer in the winter is about 90 sq. km. Elevat ion on

this winter range var ies f rom about 1450 to about 2000 rr7

the upper end of  deer use varying with snow and season.

Soi ls in Round Val ley are mainly sandy-skelet ,a l  r  mixed

mesic and thermic Xer ic Torr ior thents (Vaughn, no date)r

found in al luvium from grani t ic  rock sources. These are

deepr €xc€eeively weI l -drainedr and contain boulders up to

2 m in diameter.  Al l  are youngr wi th l i t , t le hor izon devel-

opment.  Slopes range from near ly f lat  at  the lowest eleva-

t iong to near ly vert ical  on Wheeler Ridge. The soi l  sur-

face can be >501 boulders,  stonesl  cobblesr and f ine gra-

vel  s

Water occurs in several  permanent,  streams and sor inqs.

Rock Creek drains f rom the north,  Pine Creek runs between

Wheeler Ridge and Mt.  Tomr and Horton Creek drains the
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south s ide of  Mt.  Tom. Spr ings at ,  the base of  Wheeler

Ridge and l , l t .  Tom f  orm smal l  creeks thaE usual ly cont inue

to f low through the winter.  p ine creek forms the div id ing

l ine between the sherwin Grade (sG) deer herd to the north

and the Buttermi lk (aM) herd to the south.  one paved road

bisects the winter range along Pine Creek; other paved

roads fol low the eastern edge of  the deer use areas.

Several  4-wheel dr ive roads provide access to the inter ior

port ions of  the winter range.

Precipi tat ion in the area var ies wi th al t i tude r  f rom

an annual  mean of  14.5 cm at the Bishop airport  at  LZ4O m

to 40.6 cm at 2860 m in Pine dreek canyon ( l latr .  oceanic

and Atmos. Adm. L987 i  Vaughnr no date).  The annua. l  total

precipi tat ion is qui te var iabler drd has ranged from 3.8 to

45.8 cm dince I95l  (e igure 2-3).  The coeff ic ient  of  var ia-

t ion (cv) of  annual  precipi tat ion dur ing th is per iod was

611. Within th is annual  var iat ionr precipi tat ion is

strongly seasonal  r  wi th about 75t of  the total  precipi ta-

t ion occurr ing between November and March (eigure 2-4).

The rcnaining precipi tat ion occurs as scattered summer

thundershowers.  Precipi t ,at ion in any month is extremery

var iable over yearE; s ince 1951, the CV's of  monthly preci-

pi tat ion var ied f rom 1r5t  in November to 189t in october.

summers are hotr  wi th dayt ime ternperatures in July of ten

exceeding 37 degrees C. January is the coldest monthl  wi th
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an average temperature of  4 degrees Cr and frequent night-

t ime lows of  <-I5 degrees C. Potent ia l  evapotranspirat ion

is 66.8 crr l r  or  near ly 5 t imes the mean precipi tat ion.

Vegetat ion in Round Val ley is typical  of  the Great

Basin Desertr  and conforms to the Sagebrush Scrub of  Munz

and Keck (1959).  Total  vegetat ive cover is about 20 to 40t

(U. S. Bur.  Land Manage. f i lesr Bishopr CaI i f . ) .  Shrubs

are dominant r  r . r i t ,h blackbrush (Coleoqvne rarnosissima) r  rab-

bi tbrush (Chrvsot lgsnus naugs-gegg.,  L v iscidi f  lorus r  and C.

teret i f  o l ius )  r  b ig sagebrush (Asle_mlqLa tr identata_) r  and

antelope bi t terbrush (Purshia t r identata) most common.

Coleogvne is most f requent at  the lower elevat ionsr com-

pr is ing >80t species composi t , ion in Eome areas. At s l ight-

ly higher elevat, ions and on more mesic s i tes,  lg lg l !  and

Arteqls id become more frequent.  Other shrub species pre-

sent are Ceanothus qreqqi i  and Prunus andersoni .  Grasses

include St ipa speciosar Orvzopsis hvmenoidesr Si tanion

iubatum and S. hist , r ixr  and Bromus tect ,orum. Pinyon pines

(pinus mont icola) and Utah junipers (Juniperus osteosperma)

are present at  the higher elevat ions.  Forbs are fewr es-

pecial ly in winterr  dhd include gj lg.ry kennedvi  and

Lomat,um sp. Sal ix sp.  r  Rosa sp. r  and Betula occidental is

occur J.n some r lpar lan areas.

Summer ranges of  deer occurred on both s ides of  the

crest  (Chapter 4),  and included the Sagebrushr Jef fery
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Piner Lodgepole Pine-Red Firr  and subalpine Berts of  sEorer

and Usinger (1968).  Migrat ion routes and some summer

ranges also included the Alpine Bel t .  _ Most of  the soi ls at

these higher elevat, ions are of  grani t ic  and volcanic or i -

g inr  and most of  the area was subjected to several  per iods

of glaciat ion.  Most precipi t ,at ion fa l ls as snow in wineer;

summers are mi ld wi th occasional  af ternoon thundershowers.

As on the winter range, total  annual  precipi tat ion on the

summer range is qui te var iable.  For exampler at  about 3200

m on Mammoth Mountain r  total  snowfal l  for  the winter of

1982-83 was L44O cm; for  f986-87 i t ,  was 238 cm (u.  S.  For.

Serv.r  Mammoth Lakes Ranger Distr ictr  Mammoth Lakesr

Cal i f . ) .  Total  average precipi tat ion at  the Lake Mary

Store (2722 m) near Mammot,h Lakes from L947 to 1986 vras

74.9 cmr'dod ranged from 43.9 to L42 cm (ci ty of  Los An-

geIesl  Department of  t {ater and Powerr unpubl .  data).

Most of  the winter range is administered by the U. S.

Bureau of  Land Management,r  Bakersf ie ld Distr ictr  Bishop

Resource Area. Some of t ,he Lower areas are owned by the

City of  Los Angelesr and much of  t ,h is is leased f  or  use as

irr igat .ed pasture f  or  cat t le.  Above about 1700 to 2000 rrr

most of  the land is managed by the U. S..  Forest  Servicer

Inyo Nat ional  Forest  r  ! {h i te t tount,ain Ranger Distr i .ct .  The
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for residences occur

range. Summer range

Addit ional  pr ivate lands used

the edges of  the Sherwin Grade

the east s ide*-of  the cresl  is

on

on

largely managed by the Inyo Nat, ionaI Forest  r  l^ lh i te Mountain

and Mammoth Lakes Ranger Dist , r ic ts r  a l though some includes

Iands owned by t ,he Ci ty of  Los Angeles and other pr ivate

ovrners.  Summer range west of  the crest  is  mainly on the

Sierra Nat ional  Forestr  Minaretsr  Piner idger dnd Kings

River Ranger Distr ictsr  and in Kings Canyon Nat, ional  Parkr

Madera and Fresno count ies.

Livestock use of  the winter range at  preEent is l ight  r

and is conf ined to t ,he SG range dur ing winter.  The U. S.

Forest  Service pastures some horses near Wel ls Meadowr drd

Eome catt le graze the area just  to t ,he south as part  of  the

pr ivate al fa l fa ranch operat ion.  L iveEtock use of  summer

areaEr including catt le and sheepr var ies f rom very heavy

t,o none.

IIETEODS

Fieldwork began in January 1984 and cont inued inten-

sively through May of  1987. Addi t ional  d ietary data were

col lected by BLM personnel  in the winter of  1987-88.

Deer were captured on the winter range dur ing January

t ,hrough March 1984 and January and February I985 with

Clover t raps (c lover 1956) bai ted wi th al fa l far  dr ive nets

using a hel icopt,err  remotely- t r iggered drop-netsr net guns
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f i red f rom a hel icopter,  and tranqui l izer darts.  Deer

captured in 1984 in c lover t raps were chemical ly immobi l -

ized with Rompon (xylazine hydrochlor ide)r  the ef fects of

which were reversed with yohimbine af ter  handl ing (Jessup

et al .  1985).  capture ef for ts were distr ibuted Ehroughout

accessible areas of  t ,he winter range to minimize biases in

the marked sample.

On the winter range t  L2I  deer were captured on the BM

range (44 malesr 77 females)r  and 108 on the SG range (qg

males and 59 females).  An addi t , ional  ten females also were

captured dur ing l lay of  1984 and 1985 with t ranqui l izer

darts on a spr ing range near Mammoth Lakes. Eight males

and 9 females f rom the BM ranler 7 maleE and LO females

from the SG ranger ard al l  l0 females f rom the spr ing range

were f i t t 'ed wi th radio col lars (Telonics Inc. ,  Mesar

Ar iz.  ) .  Males were chosen for te lemetry on the basis of

large size and probable relat ively old age; females were

selected with no known bias.

Speci f ic  methods appropr iate to t ! . te var ious components

of the study are presented in the relevant chapter.
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CEAPTER I I I . MIGRATION

That there are no aseasonal  habi !" ts (Sinclair

1983:240) is especial ly evident in temperate,  montane eco-

systems. The eastern Sierra Nevadar temperate and montaner

wit ,h vert ical  extremes in relat ive hor izontal  proximityr

presents animals wi th c l imaEic and ecological  extremes.

The deep sno$r and low temperatures which character ize i ts

high al t i tudes in winter contrast  strongly wi th the hotr

dry condi t ions of  nearby lower areas in summer.  This

si tuat ion changes seasonal lyr  a l lowing favorable ecological

condi t ions at  h igh elevat, ions in sumrner r  dnd mi ld winters

in lower areas. One tact ic al lowing animals Co l ive in

such areas of  predictable f luctuat ions is seasonal  move-

mentr  oE'migrat ion.

Observat, ions of  radioed and otherwise marked animals

provide detai led informat ion on seasonal  movement.s.  These

movements can be relat ,ed t ,o factors external  to the animal ,

such as weather and topographyr to provide understanding of

how animals make a l iv ing in a seasonal ly var iable environ-

ment.  Comparisons of  pat terns and . t iming of  seasonal  move-

ments between years can provide insighe into the proximal

causes of  such movements.

(  saker 1978 )  .
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The concept of  migrat ion to enhance reproduct ive

success by avoiding resource bott lenecks was sharpened by

Sinclair  (19832242) r  who hypothesized _that , . . .migrat ion is

an adapLat, ion Eo f ind greater food resources for breeding".

Al though many studies have descr ibed aspects of  mule deer

migrat ion (Russel l  L932r Leopold et ,  a l .1951r Ashcraf t

196Ir  Gruel l  and Papez 1963r McCul lough 1964t Zalunardo

1965r Bertram and Rempel L977 7 Garrot t  et ,  a l .  1987),  ques-

t ions remain as to the proximate causes of  the t iming of

migrat ionsr and the inf luence of  srex and weat,her on migra-

t ion patterns.

The object ive of  th is study was to examine the migra-

t ior t  of  mule deer in the eastern Sierra Nevadar Cal i fornia,

and to relate i t ,  to other aspects of  the ecology of  these

animals.

IIETHODS

Deer vrere captured and f  i t ted wi t ,h radio col lars

(Chapter 2).  Whi le animals were on t ,he winter ranger ap-

proximate locat ions of  these t ,e lemetered deer were det,er-

mined > 1 t imes per week. The direct ion of  each radio

signal  was determined from at least  2 standard locat ions on

each of  the Buttermi lk (eU) and Sherwin Grade (SC) wineer

rangesr and approximate locat ions were then establ ished by

tr iangulat ion.  The standard locat ions to det,ermine the

direct ion were chosen to al low the determinat ion of  which
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winter range, BM or SG, the animaL was on. These data were

supplemented by addi t ionar radio locat ions as r  moved

through the areas r  and by v isual  s ight in_gs.

During the spr ing and farr  migrat ions r  dnd dur ing

summerr locat, ions of  radioed deer were determined from a

f ixed-wing airplane, 44 telemetry f r ights were taken be-

tween 1984 and 1986. Airspeed was approximatery l60 km/hr,

and elevat ion var ied wi th.safety considerat ionsr but gener-

aI ly l ras between 75 and 200 m above the t ,errain.  These

aer ia l  locaEions were supplemented with radio locat, ions

determined on the ground from a vehic le or on foot and with

visuar observat ions dur ing dai ly f ie ldwork.  rn the case of

animals summering in backcountry areasr observers on back-

pack tr ips v is i ted 38 of  the 42 deer that  reached summer

ranges and prot ted Eheir  locat ions on u.s.c.s.  7.5 or 15

minute maps.

r  expressed summer range si te f  idet i ty as t ,he greatest .

l inear map distance between rocat ions in consecut ive sum-

mers (r  July 7 september) for  the 22 deer tha!  were

radioed for >l  summer.  Twenty-one of  these deer , , rere lo-

cat ,ed on the ground dur ing at  least  1 summer;  I  was located

only f rom the air .  of  these 22 deer,  r0 (45t;  1 maler g

females) were locaEed in 2 consecut ive sutnrn€ESr

malesr 6 females) in 3 consecut ive summersr dnd

maler 2 females) in 4 consecut ive summers.

(41r;

(  l4r ;

3

I

9
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Each year f rom 1984 to 1987, I  determined the dat.es

each radioed

for bot,h the Bt4

westand SG winter ranges. por those deer summering on the

side of  the Sierra crest  r  I  determined the dates they

crossed the crest  in both spr ing and fal l  of  1984 through

1986. The steep eastern s lope of  the Sierra Nevada provi-

ded the opportuni ty to determine the presence or absence of

a radioed animal on the east s ide wi th l i t t le error l  €v€h

i f  precise locat ion could not be determined. In s i tuat ions

in which I  could not determine an exact date of  crossingr I

est imated the dat,e as the mid-point  of  the interval  in

which-I  d id and did not receive a s ignal .  Ju1ian dat,e was

the dependent var iable in analysis of  var iancer wi th years

and sex as factors.  Of the 22 deer in the 1985 sampleT 12

were also radioed in 1984; al l  19 deer in 1986 and 4 in

1987 were used in 1985. The fact  that  r  included the same

indiv iduals in th is analysis for  several  years appears to

violate the assumption of  independence. Howeverr  a lack of

independence would tend t ,o promote uni formity among years,

s ince the Eame indiv iduals mighE tend to do the same Ehing

across years.  Any di f ferences r  found would emphasize that

real  d i f ferences did occur between yearsr despi te the fact

t ,haE I  used the same indiv iduals f  or  >1 year.
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To compare the temporal  pat terns of  migrat , ionr I

calculated the rates of  these 3 types of  movement:  ( I )

leaving the winter range i  (2 )  crossing the sierra crest  in

spr ing;  and (3) crossing the Sierra crest  in t ,he fa11. I

d id th is by div id ing the percent of  radioed deer moving on

a certain day by the days since the last  rnovement of  a

radioed deer r  for  each type of  novement.  I  thus had a rate

measurer t ,he "percent of  radioed deer moving per dayn t  for

each type of  movement,  in each year.  This al lowed the com-

par isonr for  example t  of  a migrat ion in which most animals

moved in a few days from one protracted over weeks. I

began with a Eemswfr6g pe.,;e$tt

w"w
bt'I.,.dffffigfritEtr

Sample s izes ranged from 8 to 26 for any

year/movement type combinat ion.

To determine i f  indiv idual  deer tended to move at  the

same t ime each year relat ive to each other r  r  ranked the

Jur ian date that  te lemetered deer present in 2 consecut ive

year 's samples moved in each of  the yearsr for  each of  the

3 typos of  movement.  r  examined di f ferences between years

with a Spearman rank correlat ionr correct ing for  t ies.

From Apri l  through June of  1985r 1986r and 1987,

commencing as soon as snow condi t ions permit , tedr do obser-

ver counted deer weekly f rom a vehic le along an 1I  km stan-
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dardized rout,e Ehrough a ma j  or  spr ing holding area locat,ed

from about I  to 8 km south of  the town of  Mammoth Lakes.

Surveys began 30 minutes bef ore of  f  ic ia l  sunr i .se r  and the

direct ion was al ternated on consecut ive surveys.

FaI l  precipi tat ion was measured at  the U. S. Forest

Service (USeS) weather stat ion at ,  the Mammoth Lakes Ranger

Distr ictr  Inyo Nat ional  Forestr  Mammoth Lakesl  CaI i f . r  at

an elevat ion of  about 24OO m. Winter snowfal l  totals were

from the USFS weat,her stat . ion on Mammoth MounEainr at  about

2940 m.

RESULTS

Spring Migrat ion
fr,ut tt -P1t I

From 1984 to 1987 r  the f i rst  radi .ood dcer lef t  the

winter range on 1,  l r  9t  and t l  epr l l l  respect ively;  in the

same yearsr the last  radioed deer lef t  on 24,24t L7 and 11

l lay ( f igure 3-f) .  The mean daEes did not di f fer  s igni f i -

cant ly by year (g = 0.34; 31 70 df ;3 = 0.76);  d i f ferences

by sex approached stat ist ical  s igni f icance (g = 2.83; 1,  70

df;  p = 0.09)r  wi th males leaving the winter range an

average of  6.9 days later than females.

The temporal  paEtern of  movement of f  the winter range

was simi lar  among years (eigure 3-2).  The apparent,  peaks

in 1984 and 1985 are largely art i facts of  the need to es-

t imate movement dates because of  absence from the study

area.
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Figure 3-1.  Timing of  migrat , ion of  radioed mule deer
the But, termi lk and Sherwin Grade winter Eanges r  Inyo
Mono Count iesr Cal i f . r  in spr ing of  1984 through 1987
Vert ical  l ines indicate the ear l iestr  m€dhr dnd lates
that radioed deer lef t  the winter range in each lear r
sex.  Numbers of  radioed deer in each sample is indica
above the vert ical  l ineE.
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Deer te lemetered in succesEive

t,he winter range in the same relat i

and 1985 ( Is = 0.841, g -  9,  I  < O.

(gu = O.97, g = 16, 3,  < O.OI) ,  but

1987 (Es = 0.62, g= 8,  E > O.1O).
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years tended t ,o leave

ve sequence between 1984

01I and 1985 and 1986

not,  between 1986 and

t,, /'l

"- l

1\' : -Lt--

l-:.'Lbl-
) / / ;
-:' /

l.  
'aL

however.

For exampler in l9g5r indiv iduals lef t  the winter ranse as

many as L2 days ear l ierr  or  9 days laterr  than in t ,he

previous year (Table 3-1).  In 1987r these di f ferences are

even greaEer,  ranging from 20 days ear l ier  to L7 days laeer

t ,han the same indiv idual  moved the previous year.  These

di f ferences are to an extent masked by the rankings.

Because .of  the north-south or ientat ion of  c l i f fs  and

mountains immediately west of  Round Val leyr wi th the

except ior i  of  Pine creek canyonr deer courd move onry north

or eouth Co leave the winter range.

Of the L7 radioed deer f rom the BM

ranger r0 ( :  of  8 malesr 7 of  9 females) migrated northr

through the SG ranger to reach their  summer range; 5 males

and 2 females moved south.  of  the L7 deer radioed on rhe

SG ranger 15 (S of  7 maIes,  10 of  l0 females) migrated to

the north;  2 males went south.  Thus

G = 3.985; P < 0.05). Smal1 sample

sizes preclude analysis

captured on the spr ing

by sex or herd.  Of t ,he

range I  4 wint ,ered on Ehe

t0

RM

femal es

range 1 5
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Table 3-1.  Di f ferences in number of  days in the
t iming of  migrat , ion by indiv idual ly radioed
mule deer of f  the Buttermi lk and Sherwin Grade
winter rangesr Inyo and Mono Count iesr Cal i f . r
in consecut ive yearsr 1985-8?. Posi t ive numbers
indicate that  tnovement was later than the
previous year;  negat ive numbers mean that
movement was ear l ier .  A blank indicateE that
the anirnal  was not radioed t ,hat  or  the
previous year.

Year
An i  mal

Sex Number 1985 1986 1987

Male 12I 9
7L8

139 2 10 -9
402

5t

A tt
LI

90

Fernale 238 9 3
t t  o

100 -5
.  3 l l  -7

245 -7 7
330 -L2 L2
285 16 -20
424 15
341 10 3
411 8 -2
465 4

31 3
472 3
270 -6
375 -r0
350 -18
391 -9

91 16
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wintered on the SG ranger docl  one died before fa l l  migra-

After leaving the winter ran9e

rcGffi,ffff

remained there f rom

sent in the hundreds

spr ing near Mammoth

deer counted in th is

4 to 6 weeks.

on the f i rst

Lakes (  Figure

holding area

Deer already were pre-

road surveys of  the

3-3).  The pattern of

r , ras s i  mi lar  in al  I  3

years

rdS

the deer cont inued on to summer ranges.

int .er l

eLy ad.iil

in Round 'Val ley f  or  f  eeding.

In areas used by deer in the spr ingl  vegetat ion r , ras

largely Sagebrush Scrub ( fqunz and Keck 1959),  character ized

by stands of  Artemisia t r identatar purshia Lr identatar

Ceanqthus velut inusr and scattered pinus Jef f  reyi ,  &jg

concglorr  oE bothl  f reguent ly wiEh meadows along watercour-

ses.  This iE a common vegetat ion type in the eastern

sierrar and thus spr ing holding areas were not part icurar ly

circumscr ibed or in unusual  or  rare habi tats.  south of  the

winter ranger extensive areas of  th is vegetat ion occur

along the eastern bases of  Mt.  Tom and Basin Mountain and
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Figure 3-3.  NUmber of  m:r le deer counted from a vehic le on

standardized weekly dawn surveys through a spr ing holding

area near the town of  t ' tammoth Lakesr Mono Countyr Cal i f  "
1985 through I987.
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gBcont inue south along t ,he migrat ion route t ,oward Bishop

and Piute Passes. To the northr s imi lar  vegetat ion exists

along the base and extending several  [5tndred mecers up the

escarpment of  the s ierra Nevadar df ld cont inues into and

past the town of  Mammoth Lakes.

The diminut ion of  deer counted in the holding area

dur ing the spr ing was ref lected by an increase of  deer

crossing the crest  to summer ranges. Of the radioed deer

(r igure 3-4).

p=

B

by

I,

i lTherewerenosigni f icant,di f ferencesinmeanspr ing

cross i  ng

sex ( f '  =

dat,es

2. l9;

year (

59 df ;

0.88; 2r

= 0.14).

59 df ;

Rates

E = 0.5I)  or

of  crossing show

that

Rank correlat , ions between t , iming of

crossing the crest  were s igni f icant between 1984 and 1985

(Es = 0.63, g o 10r g < 0.05) and 1985 and 1986 ( ls = 0.69,

g = 18, P < 0.0),  but  not between 1986 and 1987 ( ls = 0.06,

g = 5t  P < 0.5).

lhe temporal  uni formity over years in leaving the

spr ing holding area for su.mmetr ranges

In the

winters of  1983-4,

total  snowfal ls of

1984-5r and 1985-6,

67L, 767, and fO2i

the USFS recorded

cm on t{ammoth Moun-
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Figure 3-4.  Timing of  migrat ion of  radioed mule deer over
the crest  of  the Sierra Nevada in spr ing of  1984 through
1988 r  Inyo and l . lono Count ies r  CaI i f  .  Vert ical  l ines
indicat ,e the ear l iest ,  meanr aod latest  dates that radioed
deer crossed the crest  in each year,  by sex.  Numbers of
radioed deer in each sampl 'e are shown above the vert ical
l ines.
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tain.  Despi te these di f ferences in snowfal l  and consequent

snowpack at  h igher elevat ionsr oo di f ferences in the t iming

of spr ing migrat ion were evident.  The winter of  I986-7 had

snowfal l  of  only 246 crnr one-fourth o? tn. t ,  of  the previous

year.  ALthough the sample s ize is smal l r  the mean date

that 3 radioed males and 2 radioed females crossed the

crest  in the spr ing of  1987 r , ras the same as the previous

lear r  2 June.

.rih#
As with Ehe t iming of  leaving the wint ,er  ranger the

temporal  uni formity over years in crossing the Sierra crest

in the spr ing masked the behavior of  indiv iduals.  From

1985 to L987 r  indiv idual ly te lemetered deer var ied crossing

date by Es much as 3 weeks laterr  ond 2 weeks ear l ierr  than

in the previous yeer (raUle 3-2).

The passes over the Sierra crest  used by 27 of  the 29

deer captured on t ,he winter range and summering west of  the

crest  r rere determined ( faUle 3-3).  The passes used by 2

deer were unknown. I  excluded animals captured on spr ing

ranges near Mammoth Lakes in th is an.alysis r  because they

const i tuted a sample already biased t ,oward use of  the more

norther ly routes.  The r €lC-

count ing for  hal f  of  the radioed samplel

The latEer route traverses 2 passes:
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Table 3-2.  D1f f  ereuce!r  la nunber of  days lo
i t re t ln lug of  n lgrar loa by ra{!oed nul i  deer
over the crest  of  the Slerra Nevada, Inyo and
l looo Count les,  Cal l f  .  ,  dur lng spr lng in
consecut lve yeers,  I985-87. posl t ive numbers
aeaD that ooveEeE! eas later thao the
prevtous year;  aegat lve nunbers oean that the
EoveDeat was ear1ler.  A blauk oeao8 that the
aolnal  uas oot radloed that or the prevlous
year.

Year

Sex
Anl na 1
Nuobe r 1985 1985 t 987

! la le 7L
l2l
139

51
402

11
129
341
238
245
424
330
350
375
391

3l
211
392
270
462
472

3
-I

5 7
I
2

-7

t0

Fenal e 8
0

-3
-5

-14
-14
-16

4
8

-2
-3

9
T4

I
-3

I
4
8
I

-6
-1
2L

-9
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Table 3-3.  Passes used by radlo-col lared oule deer f ron the
Butternl lk and Sherwln Grade wloter rstrges to cross the
Slerra Nevada, Iayo aod Mooo Count les,  Cal i f .  ,  the nunber
of  radloed deer uslog theo, aad the naJor dralnages used by
the deer ln sutsEer.

Pass
Nuuber of
radloed deer

Suooer ratrge
d ra loage s

Blshop
Laoar ck
Plute
t lo pk las
Sol l tude/

Du ck
l{anno th
San Joaqu 1n

To te1

I
I
7
4
7

2
5

u'4

ta.
j ,j.t,'

l l tddle Fork Ktngs Rlver
North Fork Klngs Rlver
South Fork San Joaqulu Rlver
! loao Creek
Ftsh Creek, ! looo Creek, S. Fk.

San Joagulo,  N. Fk.  Ktngs
l{1dd1e Fork San Joaqula
l{ lddle Fork San Joaquia

27

,l [ ".+ ) >.--  { .  ) '1 i t -  'L<" 4

J-,) ,'1,{'C}4/^T
, / t r
lc . i? V- in, ,**

.l lr

) i
.\< b

t7

vil

57L tY"t

- 8E% :a
I I  t  t -

TL'-"
3710

Dr,t-d- 3u'o
Nor4- zfo'>



gsol i tude Pass crosses a

the sout,hern boundary of

provides access to Duck

farther.

Major drainages

crossed these passes

spur r idge

the town of

Pass at  the

used for summering by

are indicated in Table

aa
11

of  t ,he S ierra Nevada at .

Marnmoth Lakes, and

Sierra crest  some 5 km

;l
a n"a*'r #'ifi :iff'W"ff S1' f,

deer

3- 3.

t ,ha t

The

of the western Sierra

passes. some of the

as the South Fork of

and the North Fork of

r ight  Reservoir .

deer using any other of  the

this pass traveled as far

River r  o€€lE Florence Lake t

Riverr  northwest of  Court-

than did

deer using

t,he Kings

. the x ings

t,hese deer t ravers

s.r*'.f'?tu-ffiM{p
ed 3 or 4 major

drainages to reach summer ranges af ter  crossing the Sierra

crest .  The most complex route recorded crossed Sol i tude

and Duck Passes into the Fish Creek drainager then probably

crossed Si lver Pass into the Mono creek drainager coot inued

down Mono Creek south of  Lake Thomas A. Edison, crossed the

south Fork of  the San Joaquin Riverr  and conE, inued over

Kaiser Ridge into the North Fork of  the tCings River.

Of the 9 does captured on the spr ing range that

reached Eummer aE€asr 6 used Sol i tude and Duck Passes to

reach wegt s ide summer ranges, 2 had summer ranges on the



J.1

ranqes on the

ured

t,hat reached summer ranges, 2A

The summer range

Iocat ions of  these deerr  p lus t .hose of  deer captured on the

spr ing ranger extended f  rom the headwaters of  the I ' l iddle

Fork of  the San Joaquin River south throughout the upper

San . loaquin drainage above about 2L34 m int ,o the North and

Middle Forks of  the Kings River (Figure 3-6).  Two males

and 4 females summered on the east s ide of  the Sierrar f rom

l. lammoth Pass on Ehe north to the North Fork of  Bishop Creek

on the south.  Thusr on area near ly IOO km by 25 frr \

reach west s ide

east s ide r  dnd I

Summer Locat ions

Of t 'he

the crest  that

(811) nigrated

w].nE,er range.

Summer ranges/ 2 had summer

summered on Mammot.h Pass.

26 deer that ,

rdere v is i ted

north and 5 (

The

summered on the west s ide of

on the ground (Chapter 4),  2L

f9t)  migrated south f rom the

f .

Summer Range Fidel i ty

The distances between

cated in consecut ive years

the summer ranges

averaged O.74 km

of deer 1o-

(  range 0.16-4
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5 DEC

25 NOV

15 NOV

5 NOV

26 oCT

16 oCT

6 ocT
26 SEP

16 SEP

6 SEP
I 984 1 985 I 986

Figure 3-7.  Timing of  migrat ion of  radioed mule deer over
the cr€st  of  the Sierra Nevada in fa l l  of  l9B4 through
1986r Inyo and Mono Count ies,  Cal i f .  Vert ical  l ines
indicate the ear l iest ,  mean r  tnd IateEt dates t ,hat  radioed
deer crossed the crest  in each year,  by sex.  Numbers of
radioed deer in each sample are shown above the vert ical
I ines
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tual ly no snow at the recording stat ion did not t r igger

movement.  In 1985, a storm on I l  September resul t ing in

about 2-5 cm of precipi tat ion and 35 g of  snow at 24oo m

resul t ,ed in l i t t le movement.  Folrowing a storm on 7 ec-

tober 1985t 14 of  26 (5at)  radioed deer crossed the cresr.

The rest  appeared gradualry through t3 November r  when the

rast  radioed animar migrated over the crest  subsequent to a

major winter storm. In 1986 there were no major storms.

The migrat ion was gradualr  u[punctuated by any rapidl  rndss

movement,sr  and occurred lafer than in previous years.  rn

no case r  however r  d id a l iv ing indiv idual  f  a i  r  t ,o return to

the winter range.

In al l  yearsr the mean date for  radioedff i

r.y;ffi rhar for

femalesr but the magnitude of  the di f ferences var ied among

years (Figures 3-7 and 3-8).  wi th the storm on 17 october

19841 males migrated an average of  I  day later than

femalesi  in the absence of  storms in 1986r males averaged

27 days rater than femares. Thusr the staEist ical  incerac-

t ion of  sex and year in the t iming of  fa l l  migrat ion was in

real i ty an interact ion of  sex and weather

The rank correlat ions of  the t iming of  the far l  migra-

t ion were not s igni f icant between 1984 and l9B5 (g.  = O.I4l

g = 91 3 > 0.5) or between 1985 and 1986 ( :"  = o.02, g =

16, P > O.5 )  .  As wi t ,h the t iming of  migrat ion of  f  t ,he
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winter range

crossing the

over years (

and over

crest  in

Table 3-4 )

the crest ,

the fa11

in qnr
-F-

var  i  ed

the t iming of

inAirr iArr : l<

J .ngr

amon9

to

1n

by

m,,q.rld S
direcLly the

male thatr  af ter

summer range in

on the slope of

I00O m above the

in ear ly January

DISCUSSION

GarrotL et  a l .  (1987) found that a female mule deer

northwest Colorado var ied Ehe t iming of  spr ing migrat ion

as much as I  month in di f ferent years.  They at t r ibuted

these di f ferences among years to sever i ty of  winters and

conseguent energet ic demands on deer.  They hypoLhesized

that af ter  a severe winterr  deer are in poor condi t ion and

need more t ime to reverse their  negat ive energy balance

before in i t iat ing migrat ion.  After mi lder wint€ESr condi-

t ion is regained faster and migrat ion occurs ear l ier .

Bertram and Rempel (L977 )  reported that,  deer on the west

side of  the Sierra Nevada var ied the t iming of  their  spr ing

migrat ion by 2 weeks r  dod at , t , r ibuted t ,h is to di f  f  erences in

plant phenology.

Deer typical ly moved

winter range. An except ion was one radioed

crossing the crest ,  back f rom his west s ide

the f  a l l  of  1986 r  E€rnBined at  about 3100 m

Basin Mountainr about 7 km south of  and

winter range. He was on t ,he winter range

the day af ter  a snowstorm.
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Table 3-4 Di f ferences in number of  days
in t ,he t iming of  migrat ion by radioed
mule deer over t ,he crest  of  the Sierra
Nevadar Inyo and Mono Count iesr Cal i f . r
dur ing fa l l  in consecut ive !€dte1
1985-86. Posi t ive numbers mean t l fat
movement was lat ,er  than the previous
year i  negat ive numbers mean that,
movement was ear l ier .  A blank means
thaL the animal waE not radioed that or
the previous year.

Year

Sex
Animal
Number I  985 I 986

Males 7L
12r
139

5l
402

l1
L29
34I
238
245
424
330
350
375
391

3l
2l l
392
270
462

-10
-9

15
-9
-9

-22

-9
4

22 3
L7
-8

Females
23
-8
L2
13
22

9
-2
l1

I
-3
l0

t
20
L7
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In the present studyr al though indiv iduals di f fered in

the t iming of  their  migratory movements over !ears 2 r  found

no evidence that,  the overal l  t iming og patEern of  mule deer

migrat ion f rom the winter range di f fered among years (nig-

ures 3-I  and 3-2) .  Furthermo!€ r  deer tended to migrat ,e in

t ,he Eame relat ive sequence in 2 of  the 3 per iods.  This

simi lar i ty occurred despi t ,e the di f ferences in animal

condi t ion and vegetat ion growth measured in these years

(Chapter 6).  one be that the deer in

this study

Even in 1986,

af ter  a

holding

begun (

winter of  very heavy

area in the hundredE

Figure 3-3 )  .

snowfal l  r  deer were on the

as goon as road counts were

As discussed

in Chapter 5 t  t ,he late winter/ear ly spr ing diets expanded

from largely Artemisia and purshia to a mix incruding

Ceanothus when deer reached the spr ing holding area.

Another reason for th is unvarying t , iming could be that deer

.  Aver-

age dayt ime high temperatures in Bishop in Apr i l  are about

22 ct  and in May are 27 Al t ,hough mule deer can tolerate

a wide range of  ambient,  t ,emperatureg (war lmo rgerg) r  pat . -

terns of  preference among temperatures avai lable to in-
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terns of  preference among temperatures avai lable to in-

div iduals are poor ly known.

"S
(wright and swif t  L942). Given the nutr i t ional  demands of

pre$nanc! I i.{::$ir:$p3
and 1 thus r

may tend Lo leave the winter range sooner for  the better

forage condi t ions of  spr ing ranges.

Deer in th is study made extensive use of  holding areas

in the spr ing (nigure 3-3)r  which may provide several

benef i tsr  including nutr i t ional .  (Chapter 5) and t ,hermal

advantagesr due'  to their  h igher elevat ion.  Bertram and

Rempel (L977 )  descr ibed a s imi lar  patt ,ern of  use of  spr ing

ranges in the wegtern Sierrar and emphasized the importance

of these holding areas in providing herbaceous forage.

They also report ,ed t ,hat  spr ing holding areas typical ly

occurred at  the base of  an abrupt elevat ion change, which

$raE also t rue in th is study.

This IaEt point  indicates that I  esp€ciaI ly in the

o*:.T5€ryileastern Sierrar

Cross i  ng

the crest  in th is part  of  t ,he range involves t ravel  of  up
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to 10 km, over elevat ions of  near ly 4000 Irr  before reaching

more favorable habi tat . .  Summer ranges of  indiv idual  deer

were as many as 40 km air l ine distance fart ,her.  The large

aggregat ions of  deer seen on the nofJng area near Mammoth

Lakes (pigure 3-3) indicated that deer may "bunch up" in

these last  areas before cont inuing the migrat ion.  Exten-

sive areas of  s imi lar  habi tat ,  nearby are used only br ief ly

as the deer t ravel  through them on the t tay to the holding

area. Garrot t  et  a l .  ( f987) did not ment ion use of  holding

areas by mule deer in Colorado r  but  d id ment ion use of

agr icul tural  meadows in the spr ing.  A relat ively minor

port ion of  the deer in th is study used agr icul tural

meadows. Another potent ia l ly  important di f ference relates

to the terrain.  The Colorado si tuat ion did not,  present.  such

extreme topography or sharply separated ecological  condi-

t ions as were present in t ,he eastern Sierra.

The t iming and pattern of  movement of f  the holding

area and over the crest  in spr ing Lrere not di f ferent,  among

years or between sexes (r ' igures 3-4 and 3-5),  again sug-

gest ing t ,hat  animal condi t ion or vegetat ion did not,  great ly

af fect  th is movement.  The passes animals used to reach

summer ranges ranged from about 2800 m to 3960 m elevat ion.

Snow was present on al l  passes in al l  years of  study when

the deer crossedr but the amounts di f fered great ly due to

precipi tat ion the previous winter.  That,  these di f ferences



in snow depths did not af fect  the t iming of  migrat ion was

due largely to t ,he fact  that  by spr ing the snov, was con-

sol idated, usual ly enabl ing deer to 
: t*  

over t ,he surface.

They ul t imately descended out of  areas of  snow to summer

ranges.

In his ear ly work on the BM deer,  Jones (1954) stated

that in 1951r deer began moving of f  the winter range about

I  Apr i l r  and began crossing Piute Pass about 15 May. This

agrees wel l  wi th the present observat ions made more than 3

decades later.  Hindered by the lack of  marked or te le-

met,ered animals,  however,  he indicated t ,hat  BM deer did not

summer north of  Pine Creekr dnd that about one-third of  the

populat ion croEsed to western Sierra summer -ranges. My

resul ts indicate that  most BM deer t ravel  north of  Pine

Creek t ,o 'sumner ranges weEt of  the Sierra crest .  Jones

(f954) ment ioned the importance of  Bishop Pass to migracory

deerr  &od br ief ly referred to a minor migrat ion route over

Lamarck Colr  but  said nothing about Hopkinsr Duck,/Sol i tuder

or Mammoth paEsesr oE San Joaquin Ridge. Al l  of  these were

importanE routes in th is study. Archaeological  evidencer

including abor ig inal  ambush si tes near Sol i tude Pass (U. S.

For.  Serv.  Draf t  Environment,al  Impact Statement for  the

Sherwin Ski  Arear Mono Count,yr  Cal i f  .  Inyo Nat l .  For.  r

Bishopr Cal i f .  1988),  and stor ies of  long-t ime residents of

the area support  the conclusion that these pacterns of
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the area support  the conclusion that these patterns of

migrat ion were not recent ly establ ished

That most (74x) of  t ,he radioed sampre of  deer migrat ,ed

to t ,he north f rom the winter range can be explained by the

amount and accessibi l i ty  of  summer habi tat  in each direc-

t ion.  To Ehe southr deer used Bishop (3633 m) and piute

(3482 m) passegr and Lamarck Col  (3gZg m)r to reach summer

ranges averaging 3201 m in elevat ion.  The deer going north

used the lower Hopkins (3463 m)r Duck (3322 m) and Mammoth

(27L9 m)'passes, as wel l  as San Joaquin Ridge north of

Mammoth Mountain (2774-3OOO m) r  t ,o reach summer ranges

averaging 2764 no

fer exten-

sive areas at  e levat ions appropr iate for  deer summer range.

The south Fork of  the san Joaquin Riverr  Goddard creekr dod

the North Fork of  the Kings Riverr  dE€€ls of  summer ranges

of those deer migrat , ing south r  € lE€ largery higher r  rocki€E r

and less vegetat ,ed than the areas Eo the north.  Thus thev

support  fewer deer.

The strong f idel i ty shown by indiv idual  deer to summer

ranges is character ist ic of  mule deer (Ashcraf t  1961,

Robinette 1966r GrueII  and papez 19631 Jordan 1967r BerE,ram

and Rempel 1977, Garrot t  et  a l .  I9B7).  With few excep-

t ionsr both males and females returned to the same summer
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t ions,  boch males and femares returned to t ,he same sumrner

ranges for as many as 4 consecut ive years.

Some of the summer range locat, ions in th is study

over lapped those reported for O. n.  Jt i fornicus f rom the

San Joaquin herd by Jordan (1967).  This l ras part icular ly

evident in the Fish Creek drainage r  dod in the Mono Creek

drainage and around Lake Thomas A. Edison. Al though there

iE Eome ecological  over lap of  the 2 subspecies on the

summer ranger they remain general ly reproduct ively isolated

because breeding occurs on the l r inter range, when they are

separated by high mountains and usual ly by deep snow. The

existence among deer in Round Val Iey of  morphological

character ist ics such as ta i l  pat , tern which over lap those of

O. h.  cal i fornicus (Kucerar unpubl .  data)r  howeverr  indi-

cates that the reproduct ive isolat ion is not complete.

Nel l is  et  aI .  (L974) found evidence of  interbreeding be-

tween O. h.  hemionus and O. h.  columbianus in northern

Washingtonr based on tai l  and rump-patch morphology. These

authors also reLated the distr ibut ion of  the di f ferent

morphologies to habi t ,at  character ist ics.  Habi tat  part i t ion-

ing among eastern and western Sierra Nevada subspecies of

deer on western Sierra summer ranges is unstudied.

The pattern of  the fa l l  migrat , ion is largely deter-

mined by fa l I  weatherr  part icular ly snowstorms. Previous

studies have discussed the importance of  snow Eo fal l
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migrat ion (Russer l  1932, Dixon 1934r Leopord et  a1.  1951,

Richens 1967 r  Gi lbert  et  a l .  L97o),  but  quant i f ied documen-

t ,at ion was of ten lacking. Bertram and Rempel (L977 )  stated

that deer moved in ant ic ipat ion of  fa11 stormsr but I  found

no evidence of  th is.  Garrot t ,  et  a1.  ( f987) argued that in

northwest Colorador deer moved not because of  snowr but to

maximize the qual i ty of  their  d iets pr ior  to winter.  They

did th is in ei ther of  2 ways: by migrat ing wel l  ahead of

snow to take advantage of  agr icul tural  areas t  ot  by remain-

ing on the summer range and taking advantage of  the higher

qual i ty forage there unt i l  snow covered the vegetat ionr in-

creased energet ic costs of  movement t  ot  both.

Deer in th is study did not make extensive use of  faI I

holding areasr ES Bertram and Rempel (L977 )  reported for

western S' ierra deer.  This may be due largely to the fact

that  in th ig part  of  the Sierra Nevada, elevat ion changes

are suff ic ient ly extreme Chat appropr iate areas are not

avai lable.  In the presence of  storms in 1984 and 1985,

deer moved rapidly over the crest  and direct ly back to the

winter range in Round Val ley.  In the absence of  a snovr-

stormg in 1986r the movement was more prot , ractedl  yet  no

use of  anything that could be cal led a holding area was

observedr i r t  least  on the east s ide of  the mountains.

Because of  the renote nature of  most of  the summer range

west of  the crestr  oo informat ion is avai lable regarding
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movements of  animars just  pr ior  to crossing the crest .  r

could not te l l  i f  deer moved nearer the passes as fa l t  pro-

gressedr oE i f  they remained on t ,heia--summer home ranges

unLi l  migrat ing.

I f r  as Bert , ram and Rempel (L977 )  reportedr fa11 hold-

ing areas occur immediately above a rapid drop in elevaEion

and provide cover and forager such combinal ions are not

avai lable for  these deer.  The only possibi l i t ies occur

near the Sierra crestr  where elevat ion restr icts forage

growth and assureE severe weatherr  dnd immediately above

the winter range at  about 2130 m. The lat ter  vraE not usedi

in years wi th stormsr there was snow at,  th is elevat ionr and

in the open yearr  animals showed no delay in movement just

above the winter range. Perhaps the proximity of  the

winter range made delay nearby unattract ive.

The t in ing of  the fa l l  migrat ion of  females in the

present study var ied l i t t le among years (r igure 3-7)p but

did respond to snowfal l  (e igure 3-8).

t ,endency to move over t ,he Sierra crest in ear ly t ,o

f f i  The pattern of  fa l l  migrat ion was di f -

ferent in

ure 7).  Grant ing

t ,hat indiv iduals of  both sexes

survive the winter,  why should

need t ,o gain weight to

there be di f ferences in the



t iming of  their  fa l l  movemenes? One reason is tha

hav ing

been through pregnancy and lactat ion dur ing the summerr iod

t ,hus must,  return to the winter range sooner.  This assumes

that the vegetat ion on the summer range has deter iorated in

qual i ty below that avai lable on the winter range. Addi-

t  ional ly r the pre-

vious summer.  At

to negot iate the

4 months of

loose snow

ager fawns

produced by

are less able

ear ly storms.

3or

deep r

they may be less af fected by lower diet  qual i ty.

inf luencing sexual  d i f feren-

ces in the t iming of  fa l l  migrat ion is tha

'There are at  least  2 ways in which heavy hunt, ing

pressure on males could lead to later migrat ion:  they have

learned to avoid the hunt, ing season by delaying t ,heir

migrat ionr or only those males tending to migrate lat ,er

survivedr ond those were the ones captured for th is study.

I t  is  d i f f icul t  to see how males couLd have learned to

migrate later.  I  consider i t ,  more I ike1y that select ion

for late migrat ion probably has been more important than

Iearning to delay rnigrat ion.  Most interact ions wi th hunt-

ers are l ikely to be fatalr  de evidenced by low buck rat ios

in these herds.  AE an i l lustrat ionr 4 of  the 5 radioed
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mares t ,hat .  crossed the crest  back to the east,  s ide in ear ly

October 1985 hrere k i l led by huntersr and the f i f th was

wounded- onry the 3 mares t ,hat  migra_t_ed af ter  the regular

hunt ing season Eurvived unscathed. Therefore,  mares thaE

tend to migrate laterr  for  whatever reagonr tended to

survive.  An invest igat ion of  sex di f ferences in the t iming

of deer f rom an unhunted populat ion would be necessary to

test  for  the importance of  hunt ing.
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CHAPTER IV. -SUMI' IER HABITATS

Lit t , le detai l  is  known of  the s l&uctural  or  f lor ist ic

character ist ics of  summer habi tats of  mule deer (Odocoi leus

hemionus) in the s ierra Nevada. Ear ly studies descr ibed

summer habi tats in general  termsr dhd al l  were most con-

cerned with t t ie western Sierra subspecies,  the Cal i fornia

mule deer (O. h.  cal i fornicus).  Gr innel l  and Storer

(19242232) descr ibed the general  a l t i tudinal  and seasonal

distr ibut ion of  deer in the yosemite arear 'stat ing that

dur ing summerl  most deer 'were' in the brush country of  the

higher mount,aingr in the TransiEion and canadian r i fe

zones"r  and reported their  h ighest record of  deer as 3r230

m (10r600 f t ) .  Russel f  ( f932:19) descr ibed summer range of

deer in iosemite Nat ional  park as as the.canadian and

Hudsonian Zones (6200 feet to lOr5OO feet")r  and I isted

some of the more conspicuous plants of  those areas. Dixon

(1934) echoed these reports.

Leopold et  aI .  (195I:49) also referred to l i fe

zones to descr ibe summer ranges of  car i fornia mule deer

from the Jawbone/Clavey River area just  north of  yosemite.

These authors stated t ,hat  .  the Transi t ion and Lower canadian

zones ( ' r6000 Eo 7500 feet")  contained Lhe highest summer

deer densi t ies.  They arEo suggested that those Rocky Moun-

tain mule deer (o.  h.  hemionus) f rom the east s ide of  the
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sierra Nevada which summered on the west s ide did so gener-

al ly at  h igher elevat. ions than did the west,  s ide deerr

arthough the summer ranges of  the two did overrap. Jordan

(1967 )  re lated relat , ive deer densiEies on var ious s i t ,es in

the san Joaquin River drainage to several  physical  charac-

ter ist ics such as elevat ionr s loper brush cover l  etc.r  but

in a qual i tat ive manner.

More recent st .udies of  deer in the Sierra Nevada

(Schneegas and Frankl in Lg72, Bertram and Rempel Ig77) have

emphasized nigrat , ion and movements rather than habi tats gg

E. These studies also largely involved deer t rapped on

the summer range, thus precluding the possibir i ty of  making

general  statements about summer habi tatsr  €v€o i f  that  had

been the focus of  the work.

None of  these sEudies provid6d detai ledr quant i f ied

data on summer range character ist , ics f rom a representacive

sample of  deer.  Doing this reguires a sample of  deer cap-

tured away from the summer range. rn the only study which

included indiv idual ly marked deer captured on a winter

range (Jordan L967)t  the animals were marked with bel ls or

other devices that did not al low certain relocat ion af ter

capture.  Recogniz ing this l imi tat ionr Jordan (1967:188)

recommended the use of  radio-telemetry to improve success

in relocat ing marked deer on sierra Nevada summer ranges.
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Given the lack of  speci f ic  data regarding summer range

character isEics of  deer in the s ierra Nevada, i t  is  impos-

sible to make conclusions regarding p-" ib le di f ferences in

summer habi tats between the Eexes. Howeverr  anecdotal

rePorts of  such di f ferences exist  in the l i terature.  Both

Russel l  (1932219 )  and Dixon (1934:59) reported that males,

part icular ly largerr  order onesr typicalry summer aE ereva-

t ions higher than femalesr of ten near or above t imberl ine.

More recent studies using radio-telemetry have been ham-

pered by the absence of  males in the radioed sampre. This

of ten grew from the bel ief  that ,  col lar ing males was impos-

sibre due to the seasonal  swerl ing of  the necks (e.  9. ,

Garrot t  et ,  aI .  1987:635).

spat ia l  segregat ion or habi t ,at ,  d i f ferences bet,ween the

sexea has'been reported for mule deer in utah (nouinecte

et.  aI  L977 r  King and Smith l98O),  Montana (Mackie I1TO),

Ar izona (Scarbrough 1985r Ordway and Krausman l9g6),  Oregon

( t ' t i l ter  I970 )  and elsewhere in Cal i f  ornia (  Dasmann and

Taber 1956r Bowyer I984).  Simi lar  phenomena have been

reportcd for  whi te- ta i led deer (o.  y i rq in ianus) in Michigan

(Hir th L977 I  Mccul lough IgTg),  for  red deer (cervus ela-

phus) in Scot land (CIut ton-Brock et  aI .  l9g2),  and for

moose (Rlces alces) on rs le Royarr  Michigan (Edwards l9g3).

These studies vary widely in the detai l  wi th which habi tat

di f ferences were determined.
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The object ives of  the present study were to guanEify

the summer habi tat  character ist ics of  deer captured and

radioed on a winter range on the east_side of  the s ierra

Nevadar and to examine habi tat  character ist ics for  d i f -

ferences between the Eexes.

UBTEODS

The summer rangeE of  deer were v is i ted on the ground,

af ter  approximate locat ions were determined from the air

(Chapter 3).  An animal r , ras observed over a per iod of  up to

24 h,oursr and for the general  area: (1) tne percent s lope

was est imated; (2) the aspect was taken wit ,h a compass

bear ing or recorded from a topographic mapi (3) distance to

the nearest  f ree wat,er and human t , ra i l  or  road was est imat-

ed; and (4) t ,he elevat ion was determined from a topographic

map. A transect was run in a randomly chosen direct ion

t ,hrough what wag judged to be the central  or  a representa-

t , ive part  of ,  the home ranger beginning at  a locat ion deter-

mined by the invest igator throwing a rock over his or her

shoulder.  Ground cover i ras assessed by IOO step-points

(Evanc and Love L957 )  taken along t ,he t ransect.  At  each

pointr  the prant species hi t  was recorded. r f  no prant was

hi t r  e i ther bare ground ( i .e.r  soi l ) r  rockr ot  l i t ter  was

recordedr along with the c losest plant.  The number of  h i ts

on l iv ing plantsr bare groundr rockr oE l i t ter  per Cransect

mul. t ip l ied by I00 y ie lded the percent cover r  bare ground;
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rock, or l iEterr  respect ively.  At  every 10eh step-point :

( I )  the distance t ,o nearest  t reer shrubr aod boulder > I  m3

was measuredi  (2)  cne nearest  species_of t ree and shrub

were recorded; (3) tne diameter at  breast height (OeH) of

the nearest  t ree vras measured; and (4) percent canopy

closure l tas est imated visual ly.  Data were taken betwee n 20

June and 7 Septemberr 1984 and 1985.

Univar iate E tests and l inear discr iminant funct ion

analysis (DFA) wi th stepwise inclusion of  var iables (Noru-

s. is 1988) were -nsed to examine di f ferences in habi tat

components between the sexes. Normal plots of  untrans-

formed var iabres were examined'v isual ly for  departures f rom

normal i ty.  Those that did not appear to meet the assump-

t ion of  normal i ty were t ransformed by several  methodsr and

the transformat ions examined on normal probabi l i t .y  ptots.

The transformat ion that y ie lded the most normal distr ibu-

t ion was used in the analysis.  Distance to waterr  t ra i l  or

roadr boulderr  and the percent bare ground were transformed

using the tog t , ransformat ion.  Distance to shrubr End per-

cent,s canopy, vegetat ive coverr  rockr and l i t ter  were

transformed with the square root,  t ransformat ion.  The cr i -

t ,er ion for  select , ion of  var iables in the DFA was maximiza-

t ion of  Mahalonobis '  d istance between males and femalesr

and only those var iables s igni f icant aC 0.05 (g-to-enter <

0.05) were included. For th is analysis l  s lope was con-
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verted into the fo l lowing categor iesz 0-25t 26-50, 51-75,

and >75tr  numbered 1 through 4,  respect ively.  The rela-

t ively smal l  number of .cases (7 malesa 23 females) preclu-

ded spr i t t ing the data to der ive the model wi th harf  and

t,est ing i t ,s c lassi f  icat ion success with the other hal  f  r  ds

has been recommended (Morr ison 1969r Wi l l iams 1983).

Aspect,  was converted into cat ,egor ies of  316-45, 46-

135, L36-225, and 226-3L5 degrees. A chi-square goodness

of f i t ,  test  was used Eo test  the hypothesis that  the as-

pects of  deer summer ranges were distr ibuted randomly wi t ,h

respect to the 4 categor ies of  compass direct ion.  Smal l

sample s izes precluded analysis by sex.

RESUL.TS

The summer ranges of  30 adul t  ( :2 years old )  deer ( l

males t  23 females) t i t ted wi th radio-col lars (Chapter Z)

nere descr ibed. of  theser dl l  males and 16 females were

captured on the winter range; 7 females rrere captured on

the spr ing range. Arr  males and 19 females summered on the

west s ide of  the Sierra Nevada; 4 females summered on the

eagt s ide.

Univar iate F tests on transformed var iables indicated

3I69 rD r

The mean summer range



58

Table 4-1. Descriptlve statlsticg o? surnEr
mule deer, and univariata F statlstics
lrom the Slerra Nevedal Callfornta.

habitet v€riablgr for rnalE and female

ol  d l l ferences betueen th8 sexest

Varigbla

llaha (tt . ?) Femahc (tt . zl) oll?arenca

Fban 5E rlttn SE
FP

Elevat lm (m) 3168.86
Ol,stance to uater (m) 46.14
Slope category 3.5?
Percent l l t ter  21.14
PErcent canopy 13.14
Percent rock 30.71
DBH (cn) 17.84
Oistance to trell (m) 1124.14
Pucent vegetative covrr 35.86
PercEnt bare ground 10.86
Oictance to shrub (n) 5.05
OistancE to boulder (m) 14.10
Aspect catagory 2.24

160.82 2?40.O9
34.'f 3 212.96

0,50 2.26
?.91 41.13
5.0.0 31.17
6.44 18.48
2.65 2e.37

414.86 780.48
3.95 26.70
2.35 13.65
' t .40 4.31
4.84 1 1.95
0.36 2.30

384.? 8.293 0.008

-155.8 6.644 0.016
1.5 6.428 0.01?

-20.0 5.296 0.029
3.566 0.066
3.594 0.068
3.541 0.070
1.678 0.206
't.238 0.275
0.483 0.493
0.4?5 0.495
0.235 0.632
0.001 0.9?0

58.32
59.2' l

o.22
3.63
4.31
2.62
2.58

208.54
3.80
1.82
0.75
1.91
0.22

Tabla 4-2. Important vcrirbbg di,sttnguishing nelo and fanale mule deer
!urm€! habj.tata ln thr Slrrra l{rvrdl, Celi?ornia, 1984 and 1985,
derived lron llnmr dlscrlninrnt rneycir. All varlabl.es ere
slgnll lcant et thr 0.05 lovrl.

Uarlabb

Stgrdudlzrd
Crnonlcel
Corfl lctrnt Intrrprtatlon

Elavatlon
Dlstsncr to uater
Slope category

0.624

-0.605
0.5?5

flrlle cuturrr et highcr ohvetlons
llah gunnu sang.s lre ncarer uater
Ilrb curmrr ranga! rer ctcaprr
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that of

females r

females. han

There was also a tendency (0.05 < P

< 0.10) r..s-r  esr.r tuE|.  6crt tyg-t  gv vs r l r  qrsqe 
ru

The l inear discr iminant model included 3 var iables

wiEh wi lks '  Lambda = 0.55 (n2 = O.45, Z= O.OOI) ( taUte

4-2).  Group covar iance matr ices were equal  (eox'"  I  =

L2.454, g = 0.13).  wi th pr ior  probabi l i t ies for  males and

females speci f ied as equal  to the proport ion of  each in t ,he

sampler i .€.r  males = 0.23 and females = O.77r En overal l

c lassi f icat ion succeEs of  93.3t  was achieved. Of Ehe 7

malesr 5 (71.4t)  were correct ly c lassi f ied;  a l l  of  the 23

females were correct ly c lassi f ied.  Using pr ior  probabi l i -

t ies approximat ing.  the sex rat io of  adul ts in t ,he popula-

t ionr i .  €.r  males = 0.10 and females = 0.9Or overal l

c lassi f icat ion succeEs waE 90t.  The classi f icat ion success

of males decreased to 4 of  7 (57.1t)  and classi f icaLion

success of  females remained l00t

The standardized discr iminant funct ion coeff ic ients

indicated that

4-2) .

n i  tude r

to the

Al l  of  these coeff ic ients were of

indicat ing comparable importance

discr iminat ionr wi th elevat ion sI

comparable

of each var

ight ly more

Tabl e

ma9-

iabl  e

impor-
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to the discr iminaEionr wi th elevat ion s l ight ly more impor-

tant than the others.

at  the summer

chi-square =

2.267d.f .=3rP>O.25).

The vegeEat ive cover on the summer ranges was diverse.

A t ,otal  of  L62 taxa were recorded on the 30 transects

-( taUle 4-3t  Appendix l ) .  Di f ferences in plant species

composi t ion were evident between the eastern and western

Sierra locat ions (e.g. ,  in presence of  moss),  but  in gen-

eralr  oo c lear patterns were apparent.  The extreme diver-

s i t ,y no .doubt resul t ,ed f rom the large and diverse area

covered by the t ransects.  Of Lhe L62 taxa ident i f iedr L29

(801) were found on <4 transects (Appendix I ) .

DISCUSSION

In the l inear discr iminant analysis of  male and female

summer range charact ,er ist icsr wiEh the pr ior  probabi l i t ies

of group membership speci f ied as approximately equal  to the

adul t  sex rat io in the populat , ion ( f0 males:90 females),  4

of  t ,he 7 males.  were c lassi f  ied correct ly.  F ' rom a str ict ty

descr ipt ive point  of  v iew (wi t f iams 1983),  th is is an

improvement over what one would get by chance alone r  €Veo

given the upward bias inherent in t ,he procedure ( t ' torr ison

1969).  For th is analysis l  howeverr  the abi l i ty  to c lassi fy
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Table 4-3.  Plant species recorded on step-point  t , ransec:s
of 100 points on summetr ranges of  30 mule deer in Ehe
Sierra Nevadar Cal i fornia,  1984-85. Total  h i ts recorded on
each plant are presented by east s ide (n =4) and west s ide
(n = 26) t ransects.

Plant
Group,/ f  ami ly Species

Total  h i ts

East West combined

MOSS:
FERN:

l . loss (  unk.  )
CysEopter is f raqi l is
Fern (unid.  )

o: t
I

I
1

)
I

4I
J

15
' l?

'l

2

069
0l
06
03
OI
01
05
n1
vl

041
L2
03
0 15
2 1r
n1
v-L

026

I
z20

1

U

\J

3

92
3

Cryotoqramna
-

acrost  i  choides
Onvchium densun
Fel laea Br idqesi i
Pter id ium aqui l inum

-CONIFER:Abies concolor
A. maqnif ica
Juniperus occidental is

.  Pinus mont icola
P. Murrayana
P. albicaul is
il ;u;iEffi?r
Tsuqa f ' ter tensiana

Amaryl l idaceae:
Al l ium obtusum
A. val idum

cypraceG: -
Cyperaceae (unk. )
Sgr EP-
C. Rossi i

Granineae:
Grass (unid.  )
Orvzopsig hvmenoides
O. sD.
-Juncacaac:
Juncus Nevadensis

Li l  iaceaF-
Smilacina stel lata

I
43

764

7T

Lu

I
46

5

3
11

' ln

Veratrum Cal i fornicum
Orchidaceae:

t labenar ia di lata
Dicot (unk)

Aceraceae:

1

ct

2
0

0

0
3

z,

I

Acer qlabrum
-



Table 4-3.  Cont inued.

Compos i  t ,ae :
Composi te (unk. )
Achi l lea lanulosa
Antennar ia rosea
A. umm"br inel la
Artemesia sp.
A. Iudovic ian
A. t r identata
A. ludovic iana

Aster alpioenus
Chrvsopsis Breweri
@sp-
C. nauseosus
ETr@p.-
C. Andersoni i

.@.9. sP.
E. Breweri
E. comoosi tus
E. l inear is

H. horr id ium

Eupator ium ocident,ale
Haolopappus suf f  rut , icosus
l le lenium Biqelovi i
l t ieracium qraci le

Senecio sp.
S. aronicoides
S. Clarkianus
--s.  Er lanqurar ls
Solodaqo Canadensis
gg!Eg.@. sp-
T. canescens
Anaphal is marqar i  tacea
laraxacum off ic inale

.+

I4
95
'2,'l

E

I

4
I3
11

'l

1

z
I
n
'l

t3
9
4
f

4

4

: '  Apocvnum pumilum
Cruci ferae:

ArabiE sD.
A. Lval l i i
A.  p latvsperma
Ervsimum perenne
Streptanthus cordat,us
-S. tor tuosus

I

-

2-i

1A
.i ' -

t5

z>
3
2

n

n
A
U
n
v

A
-v

Av

36
U

0
3
2
nU
n
v

-

zz
1

4
''l

I

4
't

8
zd
1?

t

t

'l

I

0
4
0
0

0

27

0
0

0
'l

0

H. horr id
Senecio t t

BetuLaceae:
ALnus

Apocynaceae:
tenui  fo l  ia J.*34

zv
+

'l

1

16 4
04
o 13
21
01
6I



Table 4-3.  Cont inued.

Borag inaceae :
CrvPcantha sP-

E@ sP'
H. netrvosa

PolygonaEaF
Fri aas5 

-vYOnUIn 
SD.

g.  incanum
E. microthecum
6TviTitffii
Rumex pauci fo l ia

Euphorbiaceae:
Euphorbia sD.
-Rubiaceae:
Gal l ium aoar ine

-Eoi lobium anqust i fo lm
E. Oreqonense
E. Pr inqleanum
Gavoohvtum Ep.

Umbel l i ferae:
Heradeum lanatum
Liqust icum Gravi
Osmorhiza occidental is
--Per ider id ia Bolander i
F5TEi?"aTi?iiffi-;FGllatum
--Sax i  f ragaceac :
l leuchera rubeEens

1n
lv

n1
A1
vt

428
42
412
04
04

63

'l

'l

'1

<)

Aq

A

A

'l

1
'I

2
'l

L4

'l

04
0 13
OI
02
1n
J.V

02
A1
\JI

0L4
08
Ai

u l .

2

I2

T3
7
I

4
I
4,

4
zz

7

49

3

4,

9
LZ

5
I5

7
I

4
1

z

3
o
5

0

0
0

Lobbi i

1

22
LZ

1Y

3

@ sP'
R..  cereum
R. lasiant,hum
R. nont iqenum
R. Roezl i i
R.  velut inum

Leguminoseae:
Lotus crassi f ,o l ius
ffi'uG.-
L. Culbertsoni i
- -L.  lat , i  f  o l  ius
L.
L.  Lval l i i
Vlc ia Cal i fornica
-Pr imulacaae:
Dodecatheon alpinum
D. Jef f revi
D. redolens



Table 4-3.  Cont inued.

Er icaceae:
Arctostaphvlos maricosa
A. patuLa
--A. Nevadensis
GsET6Tffiensiana
-Ledun qlandulosum
Phvl lodoce tsreweri
Vaccinium niv ictum
-V. occident,ale
v.  Darvi fo l ium
--Fagaceae:
castanoosis sempervirens
--Quercus vaccini fo l ia
Q. dumoga

Scrophular iaceae:
Cast i l le ia sg.
C. Breweri
--C. AooleqaEei
!@ sP.
M. nagutus
Pedicular is semibarbata
Fai'!E;?f,-=pT
P. Br idqesi i
P.  Davidsoni i

0
0

0
0

48
43
4T

I

L4
J.)O

L4
24

6

L2
79

61

48
43
A1.tr

'l

14

T4
zq

LZ,

t>0
0

Rhamnaceae:

C. velut inus
Rosaceae:

P. heterodoxus
Newberryi
-Rothrocki  i

Col l insia Torreyi

Ceanothus cordulatus
-

066
0r1
0l- I
055
022
n 11 11
rJ Af I I

I  19 20
044

13 0 13
011
05454
077
044

P.
P.

o

z
11

1

I
A

1?

LZ

AA

350

02
11 0

0 35
18
35
03
n'lvr
A!
\JI

04
^tlZ LL

L20

Prunug gp.
P. emarginata
Purshia t r identata

-

pa11 ida
-ledi  fo l  i  us



Table 4-3.  Cont inued.

Labiatae:
Ftonardel la odorat , iss ima
---_-dyoroPnyr laceae:
Phacel ia hastata
--P. mutabi l is

voremonlaceae:
Phlox sD.
ffie tusa
--P. Stansburvi

Sal icaceae:
Populus t remuloides
--Sal ix sD.
ffi olescra

caprirorTidSEeF
Sambucus caerulea
Symohoricarpos ED.
S. Par ishi i
S.  vaccinioides
Lonicera coniuqaLis

-Crassulaceae:
Sedum obtusatum

Ranunculaceae:
Thal ictrum sp.
-T.  Fendler i
Aqui leqia forrnosa
Aconi tum columbianum
-Violaceac:
Viola Durpurea

Unknown hi ts
Unknonn species

I

't

z
L7
)z

4

1

24
3
I

3
)z

3

t
I

T7
zo

4

?

0

0
0

20

L2
0
0

0
0
0

26

11

0

0
0

I
I3

)

I

t ' t

I )
1

5

0
r22
t3

24

2L

15
>z

I

'l 'l

' l (

I

a

134

Total 152 405 2703 ?' l  na
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indiv iduals is less important,  than est ,abl ishing the fact

EhaE summer habi t ,ats of  male and female mule deer do di f fer

in €ne Sierra Nevada. Both univar iate and mulEivar iate

analyses indicated signi f icant di f ferences bet,ween the

sexes in habi tat  component,s.  Elevat ion was the most impor-

tant var iable dist inguishing the habi t ,ats,  wi t ,h distance eo

water and slope category of  a lmost equal  importance. This

gives quant i tat ive support  to the reports by Russel l  ( I932)

and Dixon (1934) tnat  larger l  o lder bucks summer at  h igher

elevat ions than do females.  I  a lso found t ,hat ,  bucks were

nearer to waEerr and on steeper s lopesr than ' , rere does.

Even'recogni  z i ,ng Ehe exploraEory raEher than conf i rm-

atory nature of  th is study ( lukey 1980),  these staEist , ical

resul ts indicate the exist ,ence of  a biological  phenomenon

that should be explored. Darwin ( f873) discussed the di f -

ferences in factors that  contr ibute Eo reproduct ive success

in males and females.  lhese have been explored and great ly

ref ined in more recent years.  In mammaLsr t ,he costs of

reproduct ion to males are much less than t ,he cosEs to

fenal tgr  arrd the two sexes have di f ferent,  nstraEegies' ,  of

maximlzing reproduct ive succesEr i .e.r  the number of  of f -

spr ing an indiv idual  produces in i ts l i fet ime (eisher 1958,

Wil l iams 1966r Tr ivers L972r ! { i Ison 1975).  Male reproduc-

t ive suceess is determined by the abi l i t ,y  co gain access to

and breed with females.  Female reoroduct ive success is
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determined by the number of  of fspr ing a femare can bear and

raise.  These considerat , ions have import ,ant  consequences cn

body sizer physiology and behavior (c lucksman L974r AIexan-

der et  a l .  1979r Clut ton-Brock et  a l .  l9B2).  fn ungulatesr

t ,he di f ferent st , rategies of  each sex for maximizing indi-

v idual  reproduct ive Euccess courd be ref lected in habi tat

di f ferences.

.  In the Sierra Nevadar sumrr€E is the per iod of ,  the most

abundant nutr i t , ional  resourceg. Dur ing summer,  mare and

female deer have di f ferent constraints and responsibi l i t , ies

regarding reproduct ion.  Females are bear ing and rear ing

youngr tasks of  great nutr i t , ional  demands (pond L977r Rob-

bins 1983).  Malesr in contrastr  need Eo gr6w in body and

ant ler  s ize to corapete for  egtrus females dur ing rut

(  Kucera 1978 r  Clut ton-Brock et ,  El .  r  1979 )  .  Bot,h sexes must,

avoid predaEorsr and females also must avoid rosing of f -

spr ing to predat,ors.  That females on average are at  lower

elevat ions and on gent ler  s lopes than are maLesr artd are

possibly in vegetat ively more dense habi tat ,s ( taule 4-r) ,

could resul t  f ron their  h igh summer nutr iEional  require-

mentsr a need for more concearment cover f rom predatorsl  or

both.
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relat ive Posi t ion per se that is import ,ant  in separaLing

males and females is apparent,  f rom t ,he work by Scarbroug; l

(1985) and Ordway and KrauEman (1986) in desert  mounEain

ranges in Ar izona. Therer males u"u" i ty Lrere below fe-

malesr 6nd of ten in f lat  areas away from the nountainous

areas pref  erred by f  emales.  This suggest,s t ,hat  concealment

may be the important factor for  fenales.

Several  authors have descr ibed habiEat,s used by male

ungulates as being of  lower qual i ty than those of  females

(Char1es et  a l .  .1977r Geist  and Petocz 1977 r  Wat,son and

Staines I978r McCuI lough L9791 King and Smith 1980, St,aines

et aI .  1982r Bowyer 1984 )  .  Qual i ty in t ,h is cont,ext  usual ly

neant forage qual i tyr  and i t  has seemed paradoxical  that

mares would abandon areas of ,  good forage for infer ior  ones.

McCul lough ( f979) suggested that the relat ionship between

animal densi ty and resources in the more marginal  areas may

resolve th is paradox. Fol lowing this reasoningr Bowyer

(1984) noted to the Iower animal densi ty in the habi tats of

male deer in southern Cal i forniar and argued that forage

per indiv idual  deer did noE di f fer  in the habiEars used by

males and females.  No studies have yet sat isfactor i ly

addressed the hypothesis that  male deer consume a diet  of

lower qual i ty than femalesr al t ,hough red deer stags did

have1owerrumennitrogenIeve1sinthewinterthandid

hinds (CIut ton-Brock et  a l .  1982).  Beier ( lggZ) reported
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that female whi te-tai led deer had higher fecal  n i t rcAen

than than dj .d malesr but the interpret ,at , ion of  fecal  n icro-

gen remai.ns problemat ic (Chapter 5).

Many of  these studies have loofeJ at ,  habi tat  or

dietary di f ferences bet,ween the sexes dur ing the winterr  or

dur ing t ,he per iod of  seasonal ly least  abundant resources.

Regarding Eummer deer habi t ,at  in the Sierra Nevada r  Bo€cdo-

tal  observat ions support  the content ion that the higher

elevat ion areaE occupied by males are not necessar i ly  in-

fer ior  to those of  the lower elevat ion areas of  females in

providing nutr i t ional  resources. For exampler in Iate

August and Sept,ember 1984r D€tE the end of  the growing

season and dur ing the per iod of  lowest moiEture avai labi l i -

ty,  fecal  pel lets col lected from nale deer aE 3170 m were

moist  and'sof t r  resembl ing those. found in the spr ing when

diets were conposed of  succulent new growth.  These deer

had found an area with a ser ies of  Lerraces with l i t , t le

spr ings and moist  Eoi l  that  provided succulent herbaceous

vegetat ion into the fa l l .

At ,  least ,  in years of  good snowfal l  r  such moist  areas

may be common at  h igher elevat ions.  Wehausen (1980) dis-

cussed the inf luence of  snowpack on the length of  Ehe

growing season in the Sierra Nevada. He reported that the

t iming of  the yel louing of  h igh elevat ion meadows in the

fal l  in the Sierra Nevada var ied wi th snowpack the previous



winter, and suggested !hat,  a$Fff i f f i i id3'" ' tne?

W.4 $Igbn8dntfiroil.'i-Sno"m'eIi6

:..#.t *'*treclrt{el " eifEtnE of @

,+f *6gbtat idS. A1-

though these comments concerned habi tats used by mc : ' t ta in

sheep (  Ovis g5!g!g) ,  they are relevant to summer areas

used by mule deer at  h igher elevat ions.  MaIe deerr  uo€o-

cumbered by-fawnsr may be able to take advanBage of  long-

Iast ingr high qual i ty forage in open, dispersedr high

elevat ion areaE.

Predat ion is another f  actor impl icat ,ed in habi  t ,at

di f ferences between the Eexes in ungulates ( t ' tcCul lough

1979r King and Smit ,h 1980).  The reasoning is thaE f imale

deer and t ,heir  young are much more vulnerable to predat ion

than are the larger malesr df id thus femares are restr icted

t,o habi tats which faci l i tate the avoidance of  predators.

This hiding strategy ( f .ent  L974),  howeverr  may involve a

tradeoff  wi th other E€eouEC€sr part icular ly forage. Ed-

wards (1983) documented the impacts on the diets of  female

moose caused by their  need to move in t ,he spr ing to avoid

areas areas with wolves (Canis luqus).  Cow moose on Is le

Royale moved t ,o snal l  is lands of fshore,  where worves did

not gor pr ior  to partur i t ion.  At  that  t imer the vegetat , ion

on these is lands was phenological ly behind that on the main

is land due to local  c l imat ic factors.  Male moose remained
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on t ,he the main

qual i ty forage.

males occupied

in t ,he summer.

is land

Thus r

areas of

and occupied

due t ,o a need

lower forage

areas wiEh higher

to avoid wolves, fe-

qual  i tY t ,han did males

ffirggsii'g:Eft{ff$
_,q_Q*f

mnt,,S-on$.id.ffiffi84.sgf It may be that females are tradins

off  some nutr i t ional  rewards for the addi t , ional  protect ion

from predat,ors of fered by lower elevat ion habi t ,at ,s wiBh

denser vegetat , ion.  This hypothesis could be test ,ed by a

study comparing male and female diets t ,hrough t ,he summer;

howeverr  an! such work would need to control  for  possible

effects of  animal densi ty.
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CTIAPTER V. DIETS AND NUTRITION

Body size and morphology greatry infruence the cypes

of veget,at ion in the herbivore diet  (J ln is Lg76, parra

1978r Han1ey l982r Demment and Van Soest l9g5).  rn his

classi f icat ion of  cervids by morphophysiologicar feeding

typer Hofmann ( I9e5) placed deer of  the genus Odocoi leus

among the concentrate feeders.  These animalsr typical ly of

relat ively smal l  s izer are adapt,ed to a diet  that  serects

for highly digest ib le plant partsr  i .e.r  those with a high

cel l  content,s/cel . l  wal l  raEio.  Hobbs et  a l .  (  f  9g3 )  f  ound

that mule deer (9.  h.  hemionus) ei t  Hoffman,s caEegory of

concentrate select ,orsr  i f  added to them was t ,he charac-

ter ist ic of  rapid passage t ime of  ingesta.

High'qual i ty forage contains the greatest  soluble

carbohydraEes and proteinr the reast l igninr and is the

Eype most rare in the environment (Demment and van soest

1985 ) .  Al though

( Kleiber

L975),  the relat ively large body size of  Odocoi leus (re1-

at ive tor  for 'exampler capreolus) requires larger absolute

amounts of  energy and nutr ients.  Thisr  combined with

highly seasonal  environments in many parts of  their  ran!e1

in which high qual i ty forage is seasonal ly scarcel  resul t ,s

in per iods of  nutr i t ional  stress r  dur ing which energy is
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der ived from stored faE and a maint ,enance diet .  Dur ing

winter r  t ,he adequacy of  the di .et  and the amount of  stored

faE relat , ive to energy demandsr which are largely deEer-

mined by length and sever i ty of  the wl .nter,  determine the

survival  of  indiv iduals and inf luence reproduct, ion.

Diets of  deer of  the qenus Odocoi leus in North Arner ica

have been studied extendively (see reviews in Klein I97O,

Wal lmo 1981ar and Hal1s 1984).  These deer are able to

exist ,  on a wide var iety of  forage species.  Kufeld et  aI .

(  1973 )  l is ted more than 700 plant,s reported in Ehe diet ,s of

Rocky Mountain mule deer (O. h.  hemionus) throughout their

range. Diets.  vary regional lyr  loca1lyr  and seasonal lyr  buE

some overal l  pat terns are evident.  In the Great Basin

regionr big sagebrush (Artemisia t r idenEata) and antelope

bi t terbrush (Purshla t r identat ,a)  have long been recognized

as major components of  deer diets (ct i f t  I939r Smit ,h 1950,

Hoskins and Dalke 1955r Richens f967).  WaI lmo and Regel in

(1981) reported that in the review by Kufeld et  aI .  (1973),

the second and f i f th most f reguent ly c i ted components of

deer diet ,s were big sagebrush and antelope biCterbrush;

both species were common in the present study area (Cfrapter

2).  Leach ( f  956) demonst,rat ,ed t ,he importance of  both Ar-

teql is ia and Purshia in diets of  deer throughout the Great

I

I

Basin area of  Cal i fornia.

r*Cing
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in northeastern Cal i fornia and nort .hwestern Ne-

vadar and suggested that Purshia can serve as an indicator

species in deer management programs. Burrel l  ( I982) re-

ported that bi t t ,erbrush was highly prelerred by mule deer

in east,ern Washington. However l  i ts  decl ine in t ,he diet  r

both across s i tes as bi t terbrush densi ty decl ined and

within s i tes as winter progressedr did not af fect  herd sur-

v ival  because of  the presence of  a l ternat ive foodr pr ima-

r i ly  buckwheat (Er ioqonum spp.) .

In addi t ion to knowing species composi t ion of  herbi-

vore dietsr  invest igat ,ors have wanted to know the qual i ty

of  the diet .  Diet  qual i ty has proved to be an elusive con-

ceptr  involv ing nutr ient  concentrat ion and accessabi l i tyr

and presence of  compounds such as at t ractants and toxins

(CrawIey 1983).  Given the complexi t ies of  the issuer per-

haps the lack of  a widely recognized measure is not,  sur-

pr is ing.  The ul t imate measure of  food quar i ty is herbivore

f i tness (Crawley 1983).  A diet ,  that  produces a 1argeT

posi t ive value of  r r  or  rat ,e of  populat , ion growth,  is of

high qual i ty.  One thaL produces a smal l  or  s1ight, Iy nega-

t ive r  is  of  low qual iLy,  and one that produces a large,

negat ive g is toxic (Crawley 1983).

The di f f icul t ,y of  measur ing E in wi ld vertebrate popu-

lat ions has lead t ,o at tempts to develop other ways of

measur ing diet  qual i ty.  ,One approach has involved at tempt-



t>

However r  t .he search f  or  a

fecal  indicat .or  of  d ieEary qual i ty that  is  both rel iable

and pract ical  for  f ie ld use has not yEt produced consensus.

'wtt*Stt i&:lr.n*'bf.ogenitfF$! nas been proposed as an appropriate

index of  d iet  qual i ty because i t  has been shown to be

posi t , ively correlat ,ed wi th such measures as f  orage intake r

dietary protein and digest ib i l i tyr  and weight changes

(reviewed in Lesl ie and Starkey 1985 and Beier 1987).

Object , ions to FN have been based on the fact  thaE secondary

plant metabol i t ,es such as tannins can bind with diet ,ary

protein r  and thus produce elevated PN in diets that  other-

wise would be considered of  low.qual i ty (Mould and Robbins

1981r Holechek et  a l .  1982r Robbins et  a l .  1987r Hobbs

1987r but.see Lesl ie and Starkey 1987).

Another chemical  that  has been proposed as an indica-

t ,or  of  d iet ,ary qual  i  ty  is (  Nel-

son, et ,  aI .  1982).  This is an amino acid residue of  rumen

bacter ia l  ferment,at , ion that is not absorbed bv Ehe rumi-

nantr  and passes out in the feces. Because i t ,  is  corre-

Iated with diet  d igest, ib le energy,  i t  may be an appropr iate

indicat ,or  of  the adequacy of  an herbivore's dieE.

ing to ident, i fy

correlated with

The object ives of  the

amine winter diets of  Rocky

eastern Sierra Nevadar CaI i

a chemical  consEituent.  of  feces thaE is

present study \ , rere (  I  )  to ex-

Mountain mule deer f rom t ,he

fornia r  dur ing several  years in
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which cl imate and plant growth var ied,  (  2 )  t ,o present

informat ion on spr ing and summer range dietsr  and (3) to

evaluate suggested indicators of  d ietary qual i t ,y in I ight .

of  d i f ferences in plant species compo$lt ion of  the diet  and

measures of  animal condi t ion and reproduct ion.

!IETEODS

FecaL pel lets were col lected from seasonal  ranges of

mule deer winter ing on Ehe B.uEtermi lk (eM) and Sherwin

Grade (Sc) winter rangesl  Inyo and Mono Count iesr Cal i for-

niar and summering throughout some 1200 sg. km of higher

elevat ions in the Sierra Nevada (Chapters 3 and 4).  On the

winter ranger f resh fecal  pel lets erere col lected monthly

from January (BM) or February (SG) to Apr i l  1984 and Novem-

ber through Apr i l  in 1985 through Lg87 (Sc) or tgBB (eM).

Col lect iong were made in t ,he middle of  each monthr usual ly

within a per iod of  I  or  a few days. Addi t ional  col lect ions

were made in ear ly Apr i l  and ear ly May 1985 and LgBTr and

in mid-May 1985. Each composi ted col lect ion consisted of  5

pel lets f rom at least  40 di f ferent defecat ions f rom 4 or 5

areas on each winEer ranqe.

Each composi t ,ed fecal  col lect ion was mixedr stored in

an, indiv idual  paper bagr and air-dr ied.  .  From each com-

posi te sampler 50 pel leEs were removed at  random and sent

to the ComposiEion Analysis Laboratoryr Colorado Stat ,e

UniversiEyr for  determinat ion of  p lant composi t ion by
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microhistological  idenEif icaEion of  p lant f ragments (Sparks

and Malachek 1968).  Plant f ragments were idenEif ied to

genusr and composi t ion was expressed as percent.  re laEive

densi ty (Sparks and Malachek 1968).  i i ra" pel l  ets/compo-

si te sample also were sent to the Wi ld l i fe Habi tat  Labora- '

toryr  Washington State Universi tyr  for  determinat ion of

fecal  crude prot ,e in by the Kjeldahl  method (Assoc. Off .

Ana1. Chem. 1980) and fecal  DAPA (Czerkawski  Ig74).

Addi t ional  pe11et col lect , ions were made less systema-

t ical ly dur ing Apr i l  and May 1984-87 on a spr ing holding

area near the town of  Mammoth Lakesr about 50 krn northwest

of  t ,he winter range at  about 24OO m elevaeion (Chapter 3).

Eresh p'eI lets also were col lect ,ed opportunist ical ly dur ing

June-SepEember 1984-85 on deer summer Edngesl  anq in Oc-

tober 1984-86r dur ing fa l l  migrat , ion on migrat ion routes

over the Sierra crest  (Chapter 3).  These col lect ions con-

sisted of  4 or 5 pel lets f rom each of  I0 to 40 indiv idual

defecat ions;  f rom 20 to 50 pel lets were Eaken from each

composi ted col lect ion for  species composi t , ion and chemical

analyses.

Precipi tat ion data l rere suppl ied by the Nat ional

Weather Service stat , ion at , . the Bishop airportr  soi l€ 24 km

east of  t ,he winter range.

As an index of  forage growt,hr annual  b iEterbrush

leader growth was meaEured by personnel  f rom Ehe U. S.
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Bureau of  Land Management,  and Ehe Cal i fornia Departnent.  o!

Fish and Game in October or November r  h€dr or af ter  Ehe

cessat, ion of  p lant grorr th but before 
T" 

arr ival  of  oeer

onto the winter range. Dur ing 1983-87 on the BM trdf lg€7 t ,he

lengths of  30 new t ,erminal  t ,wigs were measured t ,o the

nearest  L.27 cm (0.5 inch) on 5 plants on each of  6 random-

ly located tranEects.  I  used the average from each plant

in the analysis of  t ,he data.

In discussing diet  composi t ion by forage class r  I  in-

c luded sedges (carex) and rushes (Juncus) in the gramin-

oidsr and trees ($!g,  Juniperus,  Si3l lgr  Quercusr dod

Sal ix)  in the shrubs. Unless stated otherwiser these were

al l  minor :omponent,s of  the diet .  Because the daEa on

species compoEit ion were der ived from single samples com-

posiEed f iom nany indiv idual  defecat ions at  each col lect ion

per iodr no var iances could be calculated. This prohibiEed

stat ist ical  tests of  d i f ferences in relat ive proport ions cf

species in the samples over t ime or between herds.

To evaluate the relat ionship between FN and DAPA and

diet ,ary qual i tyr  I  regressed fresh-ki11 weightsr eviscerat-

ed carcass weightsr 1og kidney-fat  indices (LNKFI),  fetal

hindfoot lengthsr and weights of  adul t  does or their  fetus-

eE col lecteci  dur ing March of  1984 through 1988 on the BI, ' t

range (dependent var iable;  Chapter 6) on mont,hly E'N or DAPA

from the !r inter preceeding the col lect ions (  independent
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I  a lso used nrul t , ip le regression wiEh a sF-epwise

incrusion of  var iables (November ihrough i" larch FN or DAp.\) .

To decrease problems asssociated with rnul t icol l inear i tyr

to lerance was set at  0.01 (Norusius l9B6).  The rat ionale

for the regression'analyses Has that i f  FN and DAPA are

uEeful  indicat ,ors of  d ietary qual i tyr  they should be as-

sociated with body sizer condi t ionr repEoduct ion t  et  some

combinat ion of  these. fn other words,  by knowing FN or

DAPAr oo€ should be able t ,o make predict ions about animal

condi t ion or reproduct ion.  I  a lso examined the correla-

t ions between FN and DAPA and the percent composiEion of

the major species in the winter diel .

RESULTS

Diet Composi t ion

Winter.--Diets of  deer f rom both herds were >93t

dur ing al l  months they were on the winter rdoe€ I

for  the BM March 1988 dietr  which had about B6t

( tables 5-1 and 5-2).  Grasses (Bromus and poa)r

(Carex )  r  i rd a few *df , ,pNp notably Er ioqonum, com-

V or r-qpq$gll€;ntar:I

|p,F, l4gf  smal l  amounts (<2t)  of

mater ia l  f , rom trees occurred in some of the samples f rom

the sherwin Grade deer,  wi th the except ion of  February

1985r when Jun:Lperus was 3.25t of  the Sherwin Grade diet .

The other t ree genera ident i f ied $rere pinus and euercusr

shrubs

except

shrubs

t



f rbh 5-1.  Percent composi t ion ol '  u intar diets of  Rocky

on thr Euttcrrnll.k r. l lnter rang€, Inyo Countyr Cal,iforniat
1984-88' t! deterrnined by microhlstologlcat analysliof
lndlcatoc thet no sample uac takEn that perlod.

llounlaln ttl.lle deer
by 3 forage classes,

fecaJ. pel.lets. A dash

Collectlon perlod
Yeaa

Fomgr clesc 0ec Feb na! 1 Apr 15 Apr 1 flay 1 5 i lay

1984
Grecc
Forb
Shrub

1985
6rags
Forb

- Shrub
1986

Gracc
Forb
Shrub

198?
Gncs
Forb
Shrub

1 98S
Gracs
Forb
Shrub

0.00 0.45
0.00 0.00

't 00. 00 99 . 55

0.00 0.94
0.00 0.00

100.00 99.06

0.58 0.00
0.00 1,29

99.32 98.?2

0.03 2.25
0.32 1.24

99.38 96.51

0.48 1.51
0.79 0.00

98.73 98.49

0.00 0.56
0.29 0.00

99.71 99.44

0.34 0.?6
0.00 0.34

99.66 98.90

2.92 0.00
-0.00 0.43
97.08 99.5?

0.82 0.68
0.49 5.52
98.2 93.8

1.82
2.06

96.12

' t .22 3.93
1.?0 0.29

97.08 95.78

2.17 0.64
1.89 1.73

95.94 9?.63

0.41 1.33
0.00 0.00

99.59 98.6?

4.27
9.28

86.45

0.73
5.46

93.81

4.2? 0.35 0.00
^6aaa4a^6U.UU -t .at  U.UU

95.?3 98.44 100.00

1.53
4.37

94.00

2.55 0.37 ?
0.28 0.00

97.17 99.53

' l  .16
3. ' t5

95. 59
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Tabl,a 5-2. Ptcant cornposltion of sintar dlats of 
-flockytlountcln nuh drtr on tha Shrruln GrEdo ulntEr slnga, Inyo and

tlono Countlrar CeJ,llornle, by 3 ?osage claclra, 1984-8?r ss
drtrrnlnrd by nlcrohlstologlcal enelysts o? fecr.l prllets.
A clash lndlcrtrg thet no sanphs r.nrt tekrn thrt prrlod.

Colfectlon prrlod

Yrar
Foragr cleai Jen Fab llat 1 Apr 15 AprNov 0rc

1 984
Gnas
Forb
Shrub

1 985
6rass
Forb
Sh.rub

1986
Grass
Forb

. Shrub
1987

Geecc
Forb
Shrub

0.00 0.27
0.00 0.00

100.00 99.73

0.00 0.00
0.00 5.56

100.00 94.34

0.00 0.00
0.00 0.00

100.00 100.00

- 0.86

- 1.47

- 97.67

0.74 0.40
0.00 0.32

99.26 99.24

0.?? 0.00
0.00 0.00

99.23 100.00

0.34 0.00
0.00 0.00

99.66 100.00

- 3.S5

- 0.3?

- 95.78

- 3.02
. U.UU

- vo.  l t l

0 .92
0.88

98.20

0.9?
0.00

99.05

1.87 A.62 2.88
o.29 2.49 4.73

yl.g4 96.99 92.39

0.40 0.29 0.36
0.00 0.00 0.00

99.60 99.71 99.64
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The other t ree genera ident, i f ied were ! !g "nd 
Quercus,

the Iat ter  probably f rom nearby resiCent ia l  p lant ings.

f f i  comprised most of  the winter diec:  b ig

ffieurhnGntelopgffiffiiil{} ""*mfrfills n ( coleoqvne

ramosissima) r  and Gregg'sf f i (Ceanothus Greqq i i  )  .

Trace anount,E of  Ephedra nevadensis and Rosa sp. were prd-

sent in some samples.  The relat ive amounts of  each shrub

changed within and between years on.the winter range (nig-

ures 5-1 and 5-2).  t t

'  on the wint ,er

ranger and again in Apr i l .

f f f igM ceanothus and gl=' '*g showed much lower and

more var iable levels in the dietr  a l though Coleoqvne typi-

cal ly Lras most,  common in mid-winter.  An except ion to t ,h is

' raE March'and Apr i l  of  1988; when @9i l !g was 49?. and 3Bt

of  the BM dietr  Eesp€ct ively ( f igure 5- l ) .

There was a strong negat ive relat ionship between t ,he

amounts of  Purqhia and Artemisia in the diet  (Figure 5-3).

The correlat ion between these plants in BM diets was less

than in the SG diets mainly because of  2 extreme points r

March and Apr i l  1988. Excluding those yielded r2 = 0.89;

excluding 1987-88 ent i re ly y ie lded r2 = 0.91. This gen-

eral ly c loser @ erfr

quHt,tifi s,;ffi C*t+a,'.1l f lected a

port ions of  each in the diet  over

shi f t  in the relat , ive pro-

the course of  the
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vt int€ES. The t ,emporal  pat tern of  Ehe shi  f  E cf  the wint ,er

diets f rom Purshia to Artemisia anq back beccnes apparent

when the peicent composi t ion of  each f  
p lot ted monthly for

the years of  study (r igures S-4 and 5-5).  In aI I  !€aEsl

as wint ,er  progressed 7

it was replaced by $!gngig!g.

Sgg[ lg was ref lected in the

growth forms of  p lants common

quent observat ions of  deer on

Purshia leaves.

The intensi ty of  browsing on

columnar and umbrel la-shaped

on both ranges r  and by f re-

their  h ind legs reaching for

Dif ferences within and between years in the t iming and

extent of  t ,h is dieLary shi f t  are apparent f  rom t ,he plot  of

the rat io of  the percent Sg5l lg to the percent,  Arternis i .a

in the diet  by cor lect ion per iod for the years 1984 t ,hrough

1988 on the BM range (  e igure 5-6 )  .  This purshia, /Artemisia

rat io exhibi ts a general ly u-shaped pat, tern throughout the

winter r

;*|ilft

Di  f ferences

among yearsl  howeverr  are apparent.  Most not iceably,  the

diet  of  t ,he deer on the BM range in November of  l9B7 had

near ly as much Artemisia as ggE!51g; the February and March

diets had less Artemisia than in previous years and nuch

more Coleoqvne (  p igure 5-f  )  .  This is l ikeIy related to the

very poor growth of  Lqlehig the previous year (eigure 5-7).
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{f .*ernt  rc lat tonshtp betwein annuaf

(8Wt'a!lon and Purshll Eforrth measuffihs

fOf s !:;,iii.i':(t,ilffiiffI There was also a

r* b' 'bnril'tnf

Iffi;1$trrs f98f

Thusr the extremely low

product ion of  !g! !g in 1987r due to low rainfal l  dur ing

1985-87r madot that  l i t t le Purshia was avai lable for  deer

when they arr ived on the ,r r lJnn. in october and Novem-

ber of  L987. By February 1988r the deer were feeding

heavi ly on Coleogyne, considered a very poor forage

(Provenza et  aI .  1983).

There was a rapid srr iEch of  d iet  back to purshia in

ear ly Apr i l  evident anong t ,he BM deerr  coincident wih the

beginning of  spr ing growth (eigure 5-4).  That th is was an

abrupt switch was.evident in 1985 and 1987, when pel lets

were cor lected bimont,hry dur ing late winter.  rn a 2-week

per iod f , rom ear ly to mid-Apr i l  in boEh those yearsr percent

compog1t ionof@inthediet increasedfrom<1otto

>40t.  In al l  years on the Buttermi lk range, g5$lg was

>4ot of  the diet  by mid-Apr i l .  This was not the case among

the Sc animals;  only in 1984 did Apr i l  d iets of  SG deer

contain >l5t  @!!g.

€.Ei Ig.--On the spr ing rangel  shrubs again were ehe

nost important components of  the diet  ( table 5-3).  pur-
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Trbh 5-3. Prrcrnt compocitlon o? trxe conprlsi*g nors than 1I of the diat
o? Rocky llounteln rnrb drc cr r rpri,ng holdlng !r!e naar llenrnroth Lakes,
llono Conty, Celt?ornle, 1985-8?, rr drtrrnlnrd by ralcrohlstologlcal
rndyrls o? ?rcrl ptllrtr.

Yru end clrtr o? samole

1985 1987

Trxon 13 Apr 3 lhy 15 tlry ' l? Apr 2 flry 15 fley 28 Apr 22 t6,ay

Gnr/crdgr:
Cerx 1.2?
Juncuc 0.00
Por O.42

Totrl graaa 2.08

Forbs:
Ctrrluo ' 0.0q

Totrl forb 1.21

Shrubr:
Artdrrtr
Ccrnothus
Purahie

TotrJ, shrub

2.26 0.00
0.00 0.00
0.00 0.00
2.69 0.59

3.59 0.00
4.05 0.59

20.48 23.04 15.26
33.53 60.08 20.21
42.29 10.14 5t.61
96.71 93.26 9?.08

0.00'  0.35
0.00 0.00
1.59 0.51
1.95 0.85

0.00 0.00
0.34 0.00

0.00 0.00
0.00 0.00
6FF666
9.99 g.UV

. lnnnnn
9a9V 9a9V

0.00 0.00
0.00 0.00

19. ' , t? 2.91
0.00 8.53

80. '11 88.46
100.00 100.00

5.82
?.22
0.00
I .43

0.00
0.66

38.80 28.74 27.2?
22.6? 3.76 43.29
36.24 5:1.6? 19.97
97.7' l  98.52 90.S2
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c:shia,  Artemisiar dnd Ceanothus velut inus comprised >gC3

t,he diet ,  in al l  samples;  each var ied in reracive propor-

t , ion r  but  in no discernable pattern.*
t

*tndiF; c omp on e rt Eff "fnTl

@.--Shrubs appeared less f requent ly in summer

diets r  but  rJere st i l I  common I  conpr is ing beEween 441 and

95* of  the diet  ( taUte 5-€,  More grasses and forbs were

in the summer samplesr dnd relat ive f requencies of  var ious

taxa var ied'widelyr  probably ref lect ing both loca1 and

seagonal ef fects.  Carex and Poa were among the most common

graminoids in any sampler dnd . l$.g,g,  *as the most common

forb.  Among the shrubs, .@.! . !gg \ ras commoni al t ,hough

specieS were not ident i t ied microhisEological lyr  th is was

probabry a mixture of  c.  cordulatus and c.  velut inusr boEh

of which are common in the summer range areas of  t ,he s ierra

Nevada. $i I  was t ,he other shrub present in large

amounts.  Artemisia and @!E were present in smaJ. l

amountsr ref lect ing the low avai labi l i t ,y  of  these plants on

most summer ranges.

FaI1.--Pel1et col lect ions dur ing or immediaEely af ter

faI l  migrat , ion showed var iable f requencies of  several  taxa r

al though shrubs were again Ehe most important forage class

(taule 5-5 ) - Elgglgig, @!.!.g,g', s1E'r and salix were

most prevalent r  but  no pattern rJas evident f  rom the sam-

ples.
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Tablo 5-4. Pcrcgnt comporltion ol taxe cornprlcing nrre than 1fi
o? the dlrt of Rocky llountrln muft decr on rurmat-tmgss ln the
central Slrrrr ft|rvede, Cellfornlr, 198H6, es dettrnined by
nlcrohlstologlcrl rndyrls of lrcel prllrts.

Ylrr end month of sllnplo

1984 1 985

Taxon fuIsrpAugJUIJun Aug

Grrcs/srdgr
Agropyron 0.55
Brorouc !.00
Cerrx 5.83
Elrochrrts 6.62
0ryzopcls 0.55
Por 0.00
St1pr 2.58

Totrl gner 15.13

Forb

0.00
0.49
2.7A
0.00
0.00
0.55
0.00
3.93

0.55 0.00
0.62 1.48
0.00 1.05
2.88 0.00
0.00 0.00
0.00 0.53
0.00 0.00
5.54 3.06

0.00 0.00
3.51 0.55

55.06 ?.29
8.57 ',l .g?
0.00 6.09
0.00 0.00
0.00 0.00
0.00 76.64

77.14 9:1.11

0.00 0.00
1,83 2.O1
2.38 5.12
0.00 0.00
nnnnn6s.9V U.99

666464
UOUU UTUU

0.00 o.o0
4.21 ?.61

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
5.15 28.99
0.00 0.00
6.62 29.99

0.00 0.00
3.08 1.09

@.62 40.12
5.56 7.00
1.83 6.20
0.00 0.00
0.00 0.00

1?.48 5.?8
88.59 60.19

0.39 1.04 3.47
0.00 0.00 4.89
1.78 3.28 24.13
0.00 0.00 1. ' t8
0.00 0.00 1.1 1
f .88 0.5? 11.29
0.00 0.00 0.00
4.05 4.89 46.50

0.00 1.10 0.00
0.00 0.00 1.10
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 4.49
0.00 0.00 1.69
0.58 1.67 2.71
0.58 2.?7 9.99

0.00 1.04 0.52
1 .0? 0.00 1 .1 ' l
3.3? 8.20 1.10
7.80 1.07 0.00
0.58 0.00 0.00
0.4si 2.24 0.59
0.00 6.22 5.01

82.0{l 79.32 55.61
93.27 89.09 4:1.94

Aatrrgrlur
Conporitr
Eptfoblun
Erlogonun
Frrn
Luptnua
Phlox

Totel lorb

Shrub
Ablm
Artrnule
Crrnothur
Punhie
Pinur
Qulrcuo
Roar
Srl1r

Totrl clrrub



Trbh 5-5. Prrcent conpocltlon ol trxe comprtslng nnre
thm 1l o? thr dttt o? Rocky lbunteln rnule drlr durlng
?ell nlgsrtton, fbno Cornty, Crllfornle, 1984-86r as
drtrralnrd by olcrohlstologtcd endyrls o? lecal
prlhtr.

Ymr md nonth olt crmola

1984 1 985 1 985

5rP 0ct

Grlcr/crdgr
Agropyron
Bromrs
Curx
0ryzoprls
Poe

Totd gruc

Forb
Luptnur
flrdtcrgo
0rnothuc
Phlox

Totrl lorb

Shrub

0.52
4.64

0.00
0.00
5.16

4.58
2.00
0.00
0.00
7.29

0.54
0.00

38.33
' l  .15
1.?7

41.89

0.00
0.00
2.97
0.00
3.59

1 0.43
'l .65
1.25
3.64
1.15
?.65
0.00

28.11
0.00

54.52

1.14
0.00
3:eB
1 .91
2.92
9. 95

7.97
0.00
0 .00
' t .93

' t  0.35

51 .62
2.33
0. 00
8.58
2.94
6.79
0.00
4.25
3.08

?9.59

0.00
I .08
nnn

4.95
o. J9

4.45
nnn

0.00
nnn

4.45

5. '14
15.57

0.51
0.00

67.71
0.00
0.00
0.00

88.96

Artautr 15.62
Cmnothur 49.?3
Cohogynr 1.58
Plnur 1.58
Populur 0.00
Purahlr 13.92
Quceur 5.12
S-l lx 0.00
Syophorlcupoe 0.00

Totel chn'tb 87.55
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Fecal  Ni t rogen

FN showed dist inct  seasonal  pat, terns over the years oi

study. Wi Eh the except ion of  t ,he win! ,5rr  of  1987-88 r  Ehe

monthly fecal  n i t rogen levels were Eimi lar  for  both the BM

and SG deer.r  ind showed simi lar  changes over Ehe winEer

(Figures 5-8 and 5-9). on tneff i61*' '1E511

t,hrough I986, I t  subsequent,-

Iy

eras 2.5-3.5t .  In

howeverr  November

in December r  Bhe

and in

the winter of  1987-88

FN was l .3tr  aDd then

Iowest ever measured.

Eo about l .  5*.  fn

Apr i l  and May FN

on the BM Eaole;

decreased Eo 0.91 t

.c, l*88!f

On al"  spr ing range near Mammoth Lakes dur ing Apr i l

and tr layr FN rose f  rom about 2.21 to >3t (eigure 5-I0).

These spr ing valuegr however,  wetre consistent ly lower than

FN from pel let  samples col lected within a few days from

animals st i l l  on t ,he winter range ( taOle 5-6).  For exam-

pler at  t ,he beginning of  May on the BM range i .n 1985, Ige6,

and 1987r FN was 3.531r 2.861, and 2.431, respect ively;  ihe

corresponding values from the spr ing range were 2.30t,

2.26*r dod 2.291.

tcrr,"ffi,*fi|

On the summer ranger FN

values of  about 3.5t  in both

was highest dur ing June r  wi th

1984 and 1985 (nigure 5-10).
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Tebb 5-6. Pcccnt fucal nllrogen (Ftt) rnd concsntratlon
o? ?eed dtenrinopimtllc acict (Onpn, n9/9) fn conrposited
smples o|) frcal, prtlrtc colbctrd contemporeneously
on tlr Buttrrnrllk ulnter rrnEr (gn) end a rprlng
holdJ,ng emr, Inyo rnd tbno Countttrr Crl!,?6tnie,
durtrg rgrtng 1985 through 198?.

OAPA

Sprlng 8n Sgrtng

Ftl

1965 '15 Apr
3 l'lrY

15 fihY

1997 1 l'hy

1986 '15 Apr
1 f,!ey

2.51
3.53
3.05

3.21
2.86

2.43

2.14
2.30
2.93

2.46
2.26

2.29

0.495 0.624
0.921 0.537
0.93? 0.883

0.E66 1.005
1.131 0.906

0.500 0.500
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FN subsequent ly decreased through Seotember7 wit ,h very

simi lar  values observed dur ing bot,h years.  Dur ing migra-

t ion in October of  I984 t ,hrough l986r FN also was not,ably

conslstent, ,  varying between 2.361 and 2.551.

Fecal  DAPA

Th. 'm&##""*A? ,$&r,.,qi, of fgcar ryAPA .tleret$m* to

t,hose of  FNr but somewhat more var iable ( f  igures 5-11 ,  5-

12).  In Novemberr DAPA ranged from 0.415 to 0.600 ng/g.

DAPA prof i les di f fered between wintersr wiEh some fedFSl

€r 9.r  1984-85 and 1986-87, showing decreases through t ,he

winter and the other years remaining approximat,ely con-

ffi.Wffi:ffi#?tither

sranr. ffiN'; DApA r_$.itF'6:'"diifirg,sffflftk,Sffin

y e a ts .'i':q,i'"S$iih' " I'figFmffiHilg{&r,t-hf

The relat ionship bet,ween DAPA from contemporaneous

col lect ions on Ehe wint ,er  and spr ing ranges was not consis-

Eent (Table 5-6 )  .  In mid-Apr i1 of  1985 and 1.986, DAPA f  rom

col lect ions f rom t ,he BM wint ,er  range was lower t ,han that

from t ,he spr ing range. fn ear ly May of  1985 through L987,

DAPA on the wint ,er  range was great.er than or equal  to t ,hat

on Ehe spr ing range.

DAPA showed a gradual  decrease through the summer and

fal l r  a l though again di f  f  erences bet,ween years were ap-

parent (Figure 5-13).  ,



(J
\
(J
=
\-/

o-
E

J

L)
trl
lJ-

1.?

1.0

0.8

0.6

0.4

9.2

0.0

Figure 5-11. Diaminopimel ic acid
m.ul€ deer fecal  samples f rom the
Inyo Countyr Cal i f . r  I984 through
I988.

LVZ

(oaPn; ng/g) in composi ted
Butt .ermi lk winter Eang€ r

NOV DEC JAN FEB MAR 1 15 1 15
APR MAY

DATE

I 984
- 1 984-85

""""  1985-86
'  -  - '1986-87



I  n?

G 1-0
(J

= 0.8

o_ 0.
O

r .2

J0.
(J

Ho.

------

aaaaaaaaa'

- - -

1  984
1 984-85
1 985-86
1 986-87

l,:.:r.rr.........
F -  l \=.  

- - - r" ' -u.  , t
{-  

- /

6

4

2

0.0
NOVDEC JAN FEB MAR 1 1 5 3

APR MAY

'  DATE

Figure 5-L2. Diaminopimel ic acid (DAPA z ng/g) in composi t 'ed

*ui"  deer fecal  sampies f rom the Sherwin

Grade wint ,er  i .ng.1 Inyo countyr cal  Lf  '  t  1984

through 1987.



(-9

(J
=
v

o-
a
J

(J
tJu-

1t\A

1 .2

1.0

0.8

-!----- l \

0 .6

0.4

o.?

0.0
APR I  15 JUN JUL AUG SEP OCT

MAY

DATE

Figure 5-13. Diaminopimel ic acid (oape i  ng/g )  in composi ted
mule deer fecal  samples f rom a spr ing range near Mammoth
Lakes (Apr i l  and t tay),  summer range areas in the centraL
sierra Nevada (June through september)r  and dur ing fa l r
migrat ion (  October )  near l r tammoth Lakes I  CaL i f  orni i ,  1984
Ehrough 1987.

D
t

I
'1.
J

r i
,t

,
,
,

,
J

86

J
I



105

eet8r;r'rie 'u'ftEary 'euar ity4

FN and DAPA concentrat ions in pe1let  samples !Jere

correlaEed (E = O.79, P < 0.00f) .  Simple l inear re-

gressions of  the measures of  condiCion- ana reproduct ion on

monthly FN and DAPA values revealed no clear relat ionships

(taOles 5-7 t  5-8 ) .  Al though several  of  the s lopes vrere

di f ferent f rom zetor in few of  those cases was the amount

of  explained var iance (n2) suf f ic ienE to be of  b io logical

s igni f icance. Uxpl a I n"' iho'i€*'th a n?

or >211 of  the var iance

in KFr. h%1*€'# their Ctosebu"TOral

"  r r t tn fetaL ,hirg ' fo#

d' .  r f6dar ivb;*  h igher FN {

rt*: rffiR*l_er. f€gqee{ .

Mult ip le regressions using monthly FN and DAPA to

predict  condi t ion or reproduct ion revealed mult icol l ine-

ar iEy among the predictor var iablesr indicated informal ly

by the s imple correlat ion coeff ic ient ,s ( table 5-9).  How-

ever r  mult , icol l inear iCy has l i t ,EIe ef  f  ect  on inf  erences

about the predict ive value of  t ,he regression equat ion

( l leter et  a l .  I985).  Using monthly FN in mult ip le re-

gressions to predict  condi t ion (Ooay weight or KFI)  produ-

ced no improvement in R2 over s imple l inear regression

(tab1e 5-10).  A ."r t " l " ion equaEion including March and

January FN, howeverr  d id account for  near ly hal f  the var i -



Table 5-7.  SlmpIe' I lnear !Egressions oF several  m6asuRBs
ol body condl t ton !nd repsoduct lon (v)  on monthly lecal
nl t rogrn ( fH) ( I )  f rom mule deer I 'Ecal  pel lets on the
EuttermlIk ulntar a!n9.,  Inyo County,  Cal l f  .  ! laasu!as ol
condl t ton and r€product lon ue!e l ' rom a{ul t  does col lectad

ln I ' larch of  1984 through 1988. Fl{  L,as l rom monthly
(Januasy through ! t . tch 1984, NovEmber through ! larch 1984
through 1988) composttrd fccel  samplas pr lor  to tha | l  arch
col lect lonc dur lng rrch t rspect lve year.  0nIy r lopec (U)

olgnl l lcent ly (p < 0.10) dl??arent I ' rom z€ro arB shoun.

YX R2 b !( !  ' n

Frash-kLl l
uel9ht

o)

Evlccerated
uel .ght

LNKFI

Fetal
hlndloot

FataI
uel9ht

0.37
0.45
0.34
0.34
0.17

0.054
0.054
0.94
0.5?
o .27

0.002
0.001

<0.001

0.035
0.82

0,046
0.18
0.048

<0.001
<0.001

0.091
o.29
0.032

<0.001
<0.001

l{ov
0ec
Jen
F ab
n rE

t lov
0oc
Jen
Feb
n as

l lov
0ec
Jan
Feb
l l  Er

Nov
0ec
Jan
Feb
| l lar

Nov
0ec
Jcn
Feb
! l  ar

1.
0.
1.
1.

21
88
27
18

66
56
83
83
83

6?
67
84
84
84

67
67
74
?4
74

60
60
67
6?
67

50
50
67
67
67

0.055
0.055

-7 .19

-4.66

0.121
0.166
0.203
0.047

0.067 - ' t5.16

0.059 10.58
0.253 -38.97
0.544 -32.25

0.048 -68.52

0.068 6' t .43
0.200 -193.90
o.270 -152.08



1n ?

Table 5-8.  Stmplc l tnrar tsgr!sslons oL severaf  measuEEs

ol body condl t ton rnd r .psoduct lon (V) on monthly
dlamtnoplrngl lc ecld (Onpl)  ( l )  ?rorn rnute deer on the
Butterrnt l ,k utnter t .ngs,  r lnyo County,  Cal l l .  F leasutss ol
condl t lon and reproduct lon u!a€ l ron adul t  doEs coI lEcted
ln f lerch ol  1984 through 1988. DAPA uas f  rom nonthly
( :anuary through tr tEsch 1984, November through I ' larch 1984

through 1988) compo{r l ted l rcr l  semples pr lor  to the I ' larch

col lect lons dur lng'each rBspe ct lve yBaR. 0nly s lopes (u)

clgnl l lcant ly (P < 0.10) dt l ferant l rom zoro ar6 shoun.

b p(! no)R2IY

Fsesh-k1l l
uel9ht

Evlccetated

ual9ht

LNKFI

Fe!aI

hlndloot

FetaI
uel9ht

-30.5
-8 8.2

-3' t .3

-102.9
-6.9

-109.1
-76.7
-52.5

<0.00' t
0.097

<0.001
0.002

<0.001

<0.001
0. ' t40

<0.001
n nn' t

<0.001

Nov
0ec
Jan
Fcb
f lsr

Nov
Dec
Jan
Feb
l l  ar

Nov
0ec
Jan
Fcb
f l  ar

Nov
0ec
JEn
Fcb
f lar

l lov
0ec
Jsn
Feb
t l  ar

0.071
0.053

0.084

0.260
0.?95
n anq

0.149
0.391

v.ua>

0.033
6 a na

0.007
0.970

o.779
0.001
0.045
0.069
U. U'U

0.199 17.0
0.041 -2.9
0.045 -2.7
0.025 -36.2

66
66
83
a't

83

6i l

67

84

84

84

A'I

67
74
74
74

60
67

67
67

60
60
67
4.,

67

0.210
0.047
0.245
0.137
0.392

0.245 -585.8

0. ' f  99 -523.7
0.126 -390.6
0.334 -258.0



Table 5-9.  Corralat lon natr ix ol  var iables uced tn mult ip le regrassion of
neasuaas of condli l,on and reproductlon on dlaminoplmelic scid (0APA) end
fecal, nltrogen (fn) irom rnrle dEer lecal pellets col.lectad rnonthly m the
Butternll,k ulntsr aango, Inyo County, Callfornlc:'Flealulas of condltlon
and reproductlon ucrr lrom adult doec collected ln flarch of 1985 through
'1988. Ftl r.les lron monttrly (November through f'larcfr) comporlted lecal
campJ,ec prior to the llarch collectlons during eech recpectlva year.

Varlables are: LWT, frech-kll l , uetght; EWT eviscerated carcsss ureight;
LNKFIT lo9 KFI; FTHF, lstal hindfoot length; FTly'T, latal r.relght.

I'IONTH OF PELLET COLLECTION
FN OR
OAPA NOV OEC JAN FEB t'lAR LVUT EWT LNKFI r tnt r  t !J l

OAPA
N0v
nta

JAN
FEB
f'IAR
LVl,/T
EWT
LNKFI
FTHF
FTl.,T

FN
N0v
0Ec
JAN
FEB
NAR
LVIJT
EWT
LNKFI
FTHF
FT!'T

1 0.132 0.198 0. ' t  03
1 -0.814 -0.94?

1 0.952
I

0.989 0.625 0.820
1 0.728 0.734

1 0.146
1

0.522 -0.140 -0.281
-0.581 -0.033 -0.211

0.928 -0.043 0.149
0.812 -0.013 0.202

' t  -o.094 0.012
1 0.560

I

0.680 -{1.108 -0.241
0.574 -0.095 -0.240

-0.044 0.009 -0.107
0.977 -0.122 -0.135

I -{1.116 -0.084
1 0.660

1

0.038 -0.449 -0.482
0.468 0.240 0.215

-0.3 ' f9 -0.531 4.472

-0.417 -0.421 -0.383
-o.209 -0.551 -0.602
-0.054 0.139 0.219

0.105 0.1 3? 0.222
1 0.213 0.959

1 0.180
,|

U.J/U -U.ZJZ -U.Zl l

0 .410 -0.156 -0,129
0.444 0.264 0.294
0.119 -0.548 -0.485
0.016 -0.613 -0.548

-0.054 0.1 39 0.219
0.106 0.1 37 0.222

1 0.213 0.959
0.180

I



TabIe 5-10. Mult ip le regressions of  several  measures
of body condi t ion and reproduct ion (Y.;J on fecal
ni t rogin (FN) (xr)  f rom mule deer reEi l  pel lets on the
Butteimi lk wintEf E€ro!€1 Inyo County,  Cai i fornia.
Measures of  condi t ion and reproduct ion were f rom adul t
does col lected in t ' larch of  1985 through 1988. FN was
from monthly (November through Harch) composi ted fecal
samples pr ior  to the March col lect ions dur ing each
respect ive year.  Only s lopes (bi)  s igni f icant ly
(p < 0.05) di f ferent f rom zero 5re shown.

X.:
Mul t  i  p le

p2- P(br= 0)bi n

9resh-ki  11
weight

Eviscerated
weight

LNKFI

Fetal
hi  nd foo t

Fet al
wei  ght

N.S.

N.S.

Jan

I'lar
Jan

Mar
Jan

0.r8

0.45

0.36

1.I

-32.7
1' l  q

- r55.4
68 .2

<0.001

<0.001
<0.001

< 0.  001
<0.001

65

f,u

58
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ance in f  etal  h indf  ooC Ieng th.  Using monthly DAP.\  ,  42? of

the var iance in hindfoot length was explained by a regres-

sion that included only March ( fable 5-11).  This was only

a s l ight  increase over the 39t explained by the s imple

l inear regression uslng t ' larch DAPA to predict  fetal  h ind-

f  oot ,  lengt,h (  table 5-8 )  .  StaEist ical ly s igni  f  icant rela-

t ionships between monthly FN and DAPA and several  of  the

other measures also existed. Howeverr  the

:iri'ft:$'wT
t' Yt'ft.+,rquel

One might also expett  a correlat ion between major spe-

cies in E,he diet  and nut,r i t ional  indicators.  f  n the 34

composi ted fecal  samples f rom the BM range bet.ween 1984 and

1988r there was .  ' :6dlW

s,i fr i'€##..-,:':4'ffii0s ?!I r ffi,|r

.! &iE'qHq*#,$SF€6t r ep -

9.

Thuer the associat ions between the chemical  indicat .ors of

diet  qual i ty and diet  composi t ionr al though not especial ly

closer vr€E€ in the direcEion predicted from knowledge of

feeding preferences.

On a more gross scale r  the winters of  1985-86 and

1987-88 were the worst  for  these deer.  Measures of  condi-

t j .on and reproduct ionr ds wel l  as populat ion s ize,  dropped
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Table 5-11. Mult ip le regressions of  several  measures of
body condi t ion and reproduct ion (Y{ )  on diaminopimel ic acid
( oapal  ( I i  )  f  rom mule deer f  ecal  p6f  f  ecs on the But r .ermi lk
winter Eaog€ r  Inyo Countyr CaI i f  ornia.-- l ' leasures of
condi t ion and reproduct ion uere f rom adul t  does col lected
in t larch of  1985 through 1988. DAPA was f  rom mont.hly
(November t ,hrough March) composi t ,ed fecal  samples pr ior  to
the March col lect ions dur ing each respect, ive year.  Only
slopes ( ! i )  s igni f icant ly (p < O.O5) di f ferenr f rom zeco
are snown.

ei P(b. := 0) n

r , tulr  i  p1e
X; RZ
-r

si
Fresh-ki  I  I

weight

Eviscerated
wei g ht

LNK.F I

Fe ta1
hindfoot

FetaI
wei  ght

N.S.

Nov
Dec

Dec

Mar

Mar

I

0.rr

0.21

o.42

0.36

-29.1
-8I .2

L7 .4

-52 .5

o.o22
n nIn

<0.001

< 0.00I

65

66

59

-259.6 <0.001 59
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(ChapCer 6).  This is the k ind of  s i tuat ion that,  should be

ref lected by an index of  nutr i t , ional  wel l -being. FN did

ref lect  t ,he poor condi t ion of  t ,he deer in Ehe wint ,er  of

1987-88r but not,  in 1985-86 (eigure S]e).  DApA in 1985-86

was as high or higher than. in any other yearr  and in 1987-

88 i t  r ras intermediate (  f  igure 5-11 )  .  Thus r  there was no

consistent relat ionship bet,ween these chemicals and other

indicators of  herd stat ,us.

DrscussloN

The accuracy of  the microhistological  t ,echnique for

deEermining herbivore diets has been quest ioned (Ci f f  et

a1. 1983 )  .  The cr i t ic ism mosL relevant,  t ,o t ,he present,

descr ipt , ions of  winter diets involves error resul t ing f rom

a large proport ion of  shrub gtems rerat , ive to reaves in Ehe

diet .  st ,€m mat,er iar  has a lower rat io of  ident, i f iabre t ,o

unident i f iable f ragmentsl  and thus would be underrepresen-

ted in fecal  analysisr  which necessar i ly  quant, i f ies onry

what is ident i f iabla (Holochek I982).  Al though this is

doubt,ress a val id cr iEic ism in some circumstances, i t  is

less relevant here.  whether the measured di f ferences in

relat ive proport ions of  var ious components of  Ehe winter

diets uere produced by qeal  changes in species r  f rom pur-

shia t ,o Artenis ia and backr otr  by changes in p1ant,  parts

consumedr f rom leaves to stemsr is less important than the

fact  that  such changes occurred at  a l l .  whether the ani-
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mals were eat ing mainly Purshia stems in mid-rv inter l  which

were not ident i f ied microscopical lyr  or  mainly Artemisial

an evergreen plant wi th parts of  constant ident i f iabi l i tyr

i t  means thaE a diet  shi i t  occurred. 
-This 

shi f t  was from

the leaves of  a favoredr highly nutr i t ious plant species Eo

ei ther a less nutr i t , ious part  of  the same species,  or  to a

di f ferent specieg.

Furtherr  i t  is  most l ikely that  the measured diet

shi f t  was in fact ,  produced by a shi f t  between forage

species.  such has been reported from other areas using

di f ferent techniques to determine diet .  Leach ( I956) ex-

amined stomach samples f rom deer f rom several  areas in

eastern car i fornia and found that bi t terbrush was common

onry in the earry winter and spr ingr and sagebrush was most

heavi ly us 'ed in the winter.  rn Montanar wirk ins (rosz1

examined .rumen cont,ents and observed deer feedingr and

reported a s imi lar  patt ,ern of  decreasing use of  b i tEerbrush

and increasing use of  sagebrush over the winter.  He re-

lated t ,h is t ,o the heavy use of  b i t terbrush in the fa l1;

when i t  became less avai labler animals used sagebrush.

Tuel ler  (1979) reported a s imi lar  pat, tern in Nevada evidenC

from rumen samples.  rn colorador using .a bi t ,e-count tech-

nique wit ,h tame deer l  carpent,er eE al .  (  1979 )  f  ound heavier

use of  Artemisia as winter progressed. Thusr r  do not

think the diet  switches meaEured with the fecal  meEhod
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rat ,her ref lect  real  changes in the
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of the technique r  but

diet ,  which ref lect

changes in avai labi l i t ,y  of  PuLshia.

Ot,her sources of  error in the fecal  technique 1 e.S. r

. t ,hose associated with large forb components in the diet

(Gi l l  et ,  a l .  1983 )  ,  are less important in the present,  c.rs€ r

because of  the low avai labi l i ty  of  forbs dur ing wint ,er  in

this area. l?J,e,'$

Large within- and between-year di f ferences in species

composi t ion in t ,he diet  $rere seen r  p6Et icurar ly involv ing

Purshia and Aglgigjg.  Al though no stat , is t ical  tesEs of

these di f ferences could be performedT Anthony and Smith

(I974) report ,ed that peI let  col lect ions f rom 15 deer were

suf f ic ient '  t ,o descr ibe seasonal  d iets of  deer in Ar izona.

The present dat,a are U"s!A on at  least  40 pel let  groups per

composi ted sampler dod thus l ikely refrect  real  changes is

species composi t ion in t ,he diet .

Bissel l  et  a l .  ( f955) suggested that sagebrush may

have a delet ,er ious ef fect ,  on ruminant digest ion t ,hrough t ,he

effect ,  of ,  o i ls  on rumen microbes; th is phenomenon was

subsequent ly conf i rmed by Nagy et  a1.  (1964).  Bissel l  et

aL. (r955) and carpenter et ,  a l .  ( r979) relaEed heavy (ca.

30t)  use of  sagebrush to weight loss in deerr  dnd Longhurst

et  aI .  ( f968) and Wal lmo and Gi11 (1971, in Carpenter et .
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a1. L979 )  re lat ,ed heavy use of  sagebrush to heavy mortal i ty

in populat , ions of  wi ld deer.  This deleter ious ef fect

exists despiEe the otherwise favorable nutr ienE coneent of

sagebrush (Snort  et  aI .  1966). Rel iance on sagebrush by

deer in the present study was associated with poor body

condi t ionr poor reproduct ionr and a decl in ing deer popula-

t ion (Chapter 6).  In the winter of  1987-88r fo l lowing t ,he

year wi t ,h the lowest precipi  Eat ion and least  Purshia

growthl  Coleogvne consEituted 49* and 38t of  t ,he t ' , larch and

Apri l  d ietsr  respect ively (nigure 5-1).  This emphasizes

the extreme nutr i t , ional  stress of  that  year.  Coleoqyne is

regarded as.a poor forage due to i ts low proteinr high

f iberr  and spinescent growth form (Provenza et  a l .  1983);

in the present s i tuat ion I  i t  represent,s a scarvat ion diet , .

Qffryau*trtFffiffiryffit'"€

w,riluElrout the:'y'e'drFe From a mid-winr,er 10w, rhey rose

t,hrough the spr ing to maxima in May or Juner and t ,hen

decl ined through the summer and fal l  to low winEer values.

Kie and Burton (19e4) found simi lar  patterns of  FN and DAPA

in 2 herds of  migraEory black-t ,a i Ied deer (O. h.  colum-

bianus).  They reported simi lar  summer maximum FN values of

3.0-3-5t .  Howeverr  the lowest FN they reported for winter

(2.11) was above the typical  values of  1.6-2.0t  measured in

the presenE studyr dnd much higher than the minimum of 0.9t .

recorded here.  El l ioEt (1982) also reported seasonal
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f luct ,uat ions of  FN in corumbian black-tai led deer (o.  h.

columbianus) in coastal  Cal i fornia r  but  FN (  t  protein

div ided by 6.25) was much higher than_in the present study,

varying bet,ween 2.90t in August,  and 5.65t in March. The

t iming of  th is f luct ,uaEion also ref lect ,ed the local  condi-

t ions of  summer drought and wint ,er  p lant growth.

The DAPA values reported by Kie and Burton (1984) were

consistent, ly higher than t ,hose in Lhis study. For examplel

they reported typical  DeEember through Apr i l  DApA concen-

t , rat ions of  about,  O.7 ng/g;  I  f  ound winler DAPA t ,o be

between o.42 and o.52 ngjg.  GoldsmiEh (r9BB) reported

seasonal  var iat ions in FN and DAPA from severar pronghorn

(Rnt i locapr.a americana) populat ions. .  summer maximum FN for

pronghorn ranged from 2.42 to 2.69\,  somewhat lower than

for the deer in the present,  studyr and winter minima were

I.32 to 1.45t,  a lso s l ight ly 1ower.  DAPA from pronghorn

ranged from 0.58 t ,o o.82 ng/g in summer and o.3o to o.4o in

winter,  comparable to t ,he present observat, ions.

Kie and Burton ( f984) related FN to animal condi t , ion

in a general  walr  stat ing that I  herd wi  t ,h lower FN in

November and December was in somewhat poorer condiEion than

the other.  DAPA values showed no di f ferences. poor nutr i -

t ion was not,  thought to be a factor in the pronghorn popu-

lat ions examined by Goldsmith ( l9BB).  I  found that the

lowest FNr in 1987-88r occuEEed in the winter fo l lowinq t ,he
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year wi th the lowest precipiCat. ion and forage growth (aig-

ures 5-7 and 5-8)r  and dur ing which the deer had the lowest

KFI (Chapter 6).  Howeverr  in Ehe winter 1985-86, also

fol lowing a dry year and dur ing which the deer were in very

poor condi t ionr FN was not,  obviously di f ferent f rom Ehe

other years of  bet , ter  precipi tat ion and condi t ion.

elat  ionshlps bet,weeE. 'U'G

The strongest associa-

t ions were between both FN and DAPA in March and fetal

hindfoot,  length.  These relat , ionships were negaEive r  Ehe

opposi te of  what would be predict ,ed i f  h igher fecal  concen-

trat ions of  these chemicals indicate a higher qual i ty diet .

one would predict  that ,  animals on a good dietr  being better

nour ishedr 'wouLd have larger of fspr ingr ei t .her rror ear l ier

onset of  estrus in wel l -nour ished does, more rapid fetal

growthr oE both (Verme 1963, Mansel I  L974, Burrel f  l9e2).

l ' lu l t ip1e regression including bot.h March and Janu-

ary FN revealed a somewhat stronger reraEionship between FN

and fet ,a l  s ize,  wi th these 2 var iables account ing for

near ly hal f  t ,he var iat ioh in fetal  h indfoot rength (rabre

10).  Mult ip le regression analysis revealed a somewhat less

st , rong relat ionship between March f  ecal  DApA and f  e t ,a1

hindfoot.  (TabIe 5-I l ) .  Using several  monEhs of  d ietary

informat ion is reasonable bio1ogica1ly,  because fat  re-
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serves rate in winter are cert ,a in ly a funcEion of  E,he

condi t ions the animaLs efper ienced in the preceeding

months.  Regression coeff ic ient ,s in . . ju1t ip le regression

depend upon var iables not in the eguat. ionr ds wer l  as those

present.  Thusr a straightforward inEerpretat ion of  Lhe

regression coeff ic ientsr  pdrt icularry in the presence of

mult icol l inear i ty among the independent var iables,  is

impossible.  Some of the more. obvious independent,  var iables

not in the equat ion that may have had an inf luence on Ehe

dependent var iables in th is case incrude wint ,er  weatherr

summer and migratory range condi t ions,  deer populaE. ion s ize

and resul t ing intraspeci f ic  compet i t . ionr and perhaps cumu-

lat ive ef fects of  previous years.

r t  is  evident that  FN and DAPA do have some relat ion-

ship to diet .  The correlat ions between FN and DAPA and the

percents of  Purshia and Artemisia in the diet ,sr  a lbei t  not

part icular ly high, were in the expected direct ion to indi-

cate diet  qual i ty,  i .e.r  posi t ive for  purshia and negaEive

for Artemisia.  Dur ing the wint ,er  of  1987-Bgr in which the

deer r , rere under the greatest  nutr i t ional  stress r  pN revers

were the lowest observed. The seasonar paEt,erns evident in

FN and DAPA concentrat ions also indicated a rerat , ionship

between these chemicars and diets.  Lowest in winterr  in-

creasing in spr ing to their  h ighest levels in ear ly summer,

and then gradual ly decreasing through the far l r  FN and DAPA
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concentrat , ions mirrored patt ,erns of  p lant growth and t ,hus

dieEary qual i ty.  In addi t , ionr th is seasonal  pattern also

argues against  FN being merely a ref  l -ect ion of  the con-

centrat ions phenol ic compounds in the diet , .  I f  th is were

the cager FN should be lower in the spr ing and summerr and

higher in winter.  That the present winter FN and DAPA

values were lower than those report ,ed by Ki .e and Burt ,on

( lgga) also is consist ,ent  wi th what is known about,  about

populat ion t rend. The dat,a reported here were f  rom a popu-

lat , ion in st ,eep decl ine (Chapter 6 )  .  Kie and Burton (  Igea )

do not,  report  t rend for the populat ions t ,hey studiedr but,

l t  is  l ikely that  i t ,  was stable or s lowly decl in ing (r ie er

aI .  1982).

Howeverr  the absence of  c lose relat , ionsh. ips of  FN and

DAPA t ,o direct  measureE of  animal condi t ion and reproduc-

t ion r  aod the weak associat , ions among FN and DAPA and diet

componentsr suggest t ,hat ,  they wi l l  not  serve as quick and

easy indicators of  nutr i t , ional  wel l -being. Al though there

There are several  approaches that might be helpful  to

erucidate fur ther the relat ionships among FN and DAPA and

animal dietsr  condi t ionr dnd reproduct ive output.  Because
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the present,  dat ,a were f  rom a populat ion in ser ious decl ine,

observed FN and DAPA relaEionships may ref lecE only th is.

Knowing what,  happens with FN and DAPA when the populat ion

increases would provide comparat, ive Ai ta to those from the

decLiner and could put the present data int ,o perspect ive.

Cont, inued st ,udy of  the present populat , ion dur ing iEs cur-

rent,  crash Ehrough eventual  recoveryr Ehen; is recommended.

Presumablyr populat ion growth wi I I  occur fo l lowing a per iod

of wet years.

Calculat ion of  var iance in FN and DAPA among indi-

v iduals or sampl ing per iods was not possible in the present

study due to the composiEe nat,ure of  the pel leE samples.

This in turn was due Eo the study designr dt tempt ing t ,o

assess a composi te index of  d iet  qual i tyr  as wel l  as to

economic and logist , ic  constraints.  'Al though analyzing

indiv idual  defecat ions would rapidly inf laEe the cosE,sr

this should be done to enable a determinat ion of  var iat ion

across indiv idualsr  and across t ime.

Var iance in condi t ion and reproduct ion indicaEed Ehat,

alL deer were not,  equalr  and thaE indiv idual  d i f ferences

did exist .  Knowing var iat ions in fecal  chemistry f rom a

sample of  knownr pEasumably capt ive deer on di f ferent

qual i ty diets could provide another means of  understanding

these rel .at , ionships.
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CHAPTER VI.  PRODUCTIVITY AND POPULATION DYNAMICS

Macnab (1983r 1985) recommended that issues in wi ld-

l i fe management be resolved by exper i . "ntaEion to test

hypotheses. one of  the issues they discussed l ras that  of  2

a}tbfit*u*"€'' inuders 'ifff"tr8 "'lrintrrittg"\$f*' pdpu.r *r*onejo f I a rg e

herbivoresr nam€d the*{{tm,ffi,; 'ff iodgr and Ehe "rcc

The form,er holds that  harvest ing does not

reduce a populat ion f rom iEs maximum sustainable level  or  K

carry ing capaci ty (Kcc; Mccul lough I979);  ratherr  harvest-

ing s imply subst i tutes for  natural  mortal i ty.  rn concrast , r

!he, . .^ I#tr I t rcarry ingcapaci ty) f f i .q[ . f i6deI, ; , :sbidigf f i t 'hat

,  and increase

*f f tne remaining

population.. rhe *#S&airf l

These ideasr . founded on the work of  pear l  ( rgz4) and

going back at  least  to Malthusr stem from the observat, ion

that populat ions produce new members in a geomet,r ic pro-

gression. concepts ar is ing f rom this have been presented

with varying degrees of  formal i ty in the wi ld l i fe manage-

ment f ie ld for  decades. Chapman (1929) developed the con_

cept of  'b iot ic potent, ia ln act ing against  nenvironmental

resist ,ance'  to det,ermine populat , ion s ize.  Leopold (  1933 )

discussed the "harvestable surprusn produced by wi ld l i fe
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populat , ions.  Scott  (  1954 )  d iscussed t ,he s igmoid or log is-

t ic  curve as a model f  or  the growth of  animal populat . ioFrs,

and. emphasized that the abscissa on s-ujh a curve can prop-

er ly be relat ive animaf densiey as wel l  as t . ime. His

observat ion that ' . . . there seems to be an unfortunaEe and

growing lag between_ the signi f icant advances in knowledge

of populat , ion phenornena r  and their  pract , ical  appl icat , ion in

the f ie ld of  game management '  (Scott  19542482) has been

ver i f ied repeatedly in the subsequent,  decades. Gross

(f969).discussed the relaEionship between maximum harvesE

and maximum populat ion s ize,  based on a logist ic or

densi ty-dependent pattern of  growth.  Caughley ( I976, LgT7)

developed the topic in a laCAely theoreEical  wayr dnd

McCul lough (1979) aia the same empir ical ly.  Yet,  among

contemporary wi ld l i fe manag€rsr the not ion of  carry ing

capaci ty and i ts related concept,s such as y ie ld and harves-

table surplus remain nsl ippery shibboleths" (Macnab 1985).

fgnor ing immigraEion and emigraEionr the.  s ize of  a

populat ion at ,  any t ime is a f  unct ion of  nat ,aI  i ty  and mor-

' ta l i ty .  ,sp€fd"Le" Lo'rEbu} i t l  I

lcf , -€5==::=---  ==:== -- :=--  : -=-=i

Thus r proximal mechanisms regulat ing

reproduct ive output r  €.  9.  t

and fetal  s izes.  The ul t imate

in relat  ion t .o resources.

*-

populat ion s ize can

pregnancy and fetal

causer howeverr  is

involve

Edt €s I

dens i ty
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changes in reproduct ive output wi t ,h changes in animal
I

dens. i ty or resources have of ten been reporEed. cheatum and

Sever inghaus (  1950: 184 )  observed t ,hat  "  a l  terat , ion of  deer

densi t ies in relat , ion to avai lable ror lg" appears to f ind

expression in alEered rates of  deer reproduct ion, ,  in whi te-

ta i led deer (o.  v i rq in ianus).  Leopold eE aI .  ( lgSl : l2O)

asked n.  .  .  how does hunt ing or removar of  part  of  t ,he ani-

mals induce higher product ion of  fawns in the surviv ing

breeding herd?" r  and stressed densi ty in relat ion to re-

sources ("carry ing capaci tyn) in their  response. This was

echoed by Longhurst  et  a1.  ( I952).  Robinette eE a1. ( f955)

reported higher fer t , i r i ty  among mule deer does from areas

of better summer range. Julander et  a l .  (  196f )  report ,ed

that mule deer f rom poor habi tats had lower ovulat ion rates

and body wbights than deer f rom areas of  bet ter summer

range .  Teer et  a l  .  (  1965 )  f i thsh t  p

beqg-e.9_S_"*g1'1s*$ ve

PeFf"of$af i f f i .  Gross (  f  969 )  a iscussed data f  rom several

studies indicat ing a negat ive relat ionship bet,ween repro-

duct ive output and densi ty in deer and elk (cervus

elaphus t milflffi;ffi** lg0f;llAp:,Feque;err

nutritf*ffiffiffi: " d.eer. 4r
A1 I of rhese srudieffi:g|{*rffigi*lfrr},..&r?rva_

t lonal  !n,naluEt;  none included any. exper imental  manipula-

t ion to test  hypotheses. rn contrastr  Mccul lough (1979)
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manipulated the densi ty of  a wi ld populat , icn of  whi t ,e-

tai led deer in a 464-ha reserve t .o test  densi ty ef fects on

populat , ion parameters.  His conclusion (ucCul lough

1979:190 ) ,  t ,hat  ' . . .  reproducEive 
" f  

f  or t  in the George

Reserve deer herd is a funct ion of  avai lable resources as

expressed through the physiological  condiEion of  the

femal€s'r  mirrored those of  the previously c i ted workers.

This part  of  the present study was an at tempt to

extend the exper imental  approach of  McCul lough (1979) to a

.  Iarger wi ld populat , ion of  migratory mule deer.  The objec-

t ive was Eo test  t ,he ef fects of  a reduct ion in animal

densiEy on reproduct ive output.  The exper imental  densi Iy

.  manipulat , ion was achieved Ehrough a publ ic ant ler less hunt,

on one segment,  of  the poiuLat ion.  The predict ion was that,

in t ,he years fo l lowing the ant ler less hunt,  measures of

reproduct ion and condi t ion would be greater in t ,he hunted

segment than in the unhunted cont,rol .  Add i  t ional  re lat .ed

object ives were to measure precipi tat ionr growth of  favored

f orage r  and diets in both herds r  ond to relate t ,hese t ,o the

demographic response of  the animals.

!{ETEODS

Study Area

The populat ion of  st ,udy was composed of  t ,he Buttermi lk

(eM) and Sherwin Grade (SC) deer herdsr which winter on

adjacent ranges at ,  the base of  the estern escarpment of  the



Sierra Nevada approximately

nia (cnapter 2).

Ant ler less Hunt,

r24

20 km west of  Bishop, Cal i for-

Bet,ween 20 December 1984 and t3 January I985 r  €rr

ant ler less hunt was held on the sherwin Grade range dur ing

3 4-day hunt per iods. were issued to

publ ic hunters.  Al l  deer reported ki l led in the hunt,  were

examinedr dod dat,a on agar condiEion and reproduct ion were

taken. The BM deer were lef t  as an unhunted control .  The

sG herd was chosen because i t ,  was smal ler  than the BM herd,

thus the removal  of  a f ixed number of  animars would more

l ikely have a not iceabre ef fect  on per capi ta ' resources of

the herd.  Dur ing t ,h is studyr 'both herds were hunted under

bucks-on1y regulat , ions as usual  dur ing October.

CoI lec t ,  ions

To assess reproduct ion and condi t ion 1 deer f rom boCh

BM and SG winter ranges were shot,  by personnel  of  the

Cal i fornia Department of  Fish and Game (COFC) dur ing L4-ZO

March 1984, L2-2O March 1985r 11-13 March 1986, 23-30 March

1987r dnd 2L-22 March 1988. Some deer also Lrere t ,aken on

24-25 Apr i l  1984 on the BM range. Number of  adurt ,s t ,aken

in any year, /herd sample ranged from 9-2O. To promot,e un-

biased sampl ingr the col lect ing teams were instructed to

take the f i rst  k i l l ing shot at  ident i f iable adul t  females,

disregarding apparent copdi t ionr ag€r presence of  fawnsr



etc.  This r  combined wi t .h the large

mixing of  the animals caused by the

col lecEing teamsr gave conf idence to

col lected samples.  Taking of  female

sible also $ras instructed.

r25

amount of  movement and

act iv i t ies of  the

t ,he randomness of  Ehe

year l ings when pos-

A11 deer were brought,  t ,o a f  ie ld processing stat ion,

measuredr and weighed wit ,h a spr ing scale t ,o the nearest

pound. Reproduct ive t racts (uterus wiCh any fetuses and

ovar ies) and r ight  k idneys were removedl  label Ied,  p laced

in indiv idual  p last ic bagsr and refr igeraCed; t ,hose not ex-

amined within a few days were stored at  - I7 deg C. Man-

dibles vrere removed for age est imat ion by t ,ooth wear and

replacement.  (Larson aird Taber I98O);  some also were aged by-

molar (Ransom 1966) and incisor ( tow and Cowan 1963) cemen-

tum analysis.

In Ehe laboratoryr ovar ies were sect ioned by hand and

examined macroscopical ly for  the presence of  corpora luLea

(Cheatum 1949r Kirkpatr ick I980).  Fetuses were countedr

sexed r  and weighed to the nearest  0.1 9;  lef  t  f  et ,aI  h ind-

f  oot  was measured af  ter  Cheatum and l ' lor ton (  1946 )  and

Chatt in (1948).  For Ehe analyses of  fetal  s izer I  used

only t ,hose f  etuses f  rom does ki I led in l {arch;  in the cases

of l i t t ,er  s izes of  2t  I  used measurements only f rom the

larger f  etus.  In t ,he analyses of  pregnancy rat ,es r  I  used

animals f r6m March andr in ]984r Apr i l .  For analyses of
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condiEion r  I  used t ,he f  resh-ki11 and eviscerat ,ed carcass

weight,s and kidney f  at  index (  ret ;  Riney 1955 )  only f  rom

those adul ts taken in t ' larch.

Populat ion Size

The CDFG made total  counts of  boEh herds f rom a Bel l

Jet  Ranger hel icopter on 27 January 1985, I  January 1986, 6

January 1987r ond t l  January 1988. A11 f t ights were made

short ly af t ,er  snowfal l  to enhance vis ib i l i ty  of  the animals

from the air  and to enable t ,he outer l imi t ,s of  the deer

range t ,o be establ ished by t ,he qbsence of  deer t racks.  In

addi t , ion to the pi lot  r  t ,here were 2 observers and I  dat ,a

recorder.  The ranges vrere f lown in successionr at  speeds

of about 30-60 km/hrr  dnd an at tempt,  was made to count

every indiv idual .  As indicat ,ed by radio-t ,e lemeEryr al l

deer had r6ached their  respect ive winter ranges by the t ime

t,he censuses were conducted (Chapter 3).  Rates of  popula-

t ion growth,  l t  vrere calculated as the s lope of  the regres-

sion of  the natural  log of  populat ion s ize on t ime in years

(Caughley 1977).  I

Precipi tat ion and Vegetat ion

CDFG and BLM personnel  measured new twig growth of

antelope bi t terbrush (Purphia t r identata) in October or

November r  : tear or af  ter  the cessat, ion of  p lant g rowth but

before the arr ival  of  deer onto the winter range. Dur ing

1983-87 on the Btr t  range r  the Iengths of  30 nee, Eerminal
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twigs were measured to the nearest  L.27 cm (0.5 inch) on 5

plants on each of  6 randomly located transects.  Dur ing

1983-5 and in 1987 on the SG range, E!-e leng t .hs of  15 new

twigs on 5 plant,s on each of  5 randomly located transects

were simi lar ly measured; no data were taken in I986 on the

SG range. f  used the average from each plant in the analy-

s is of  Bt ' l  data r  dnd the average f  rom each t , ransect in the

analysis of  SG data.

The Nat ional  Weather Service suppl ied precipi tat ion

data f rom the weat,her stat ion at  the Bishop airportr  some

24 km east of  and 3OO m lower Ehan the winter ranges. I

assume that these data are strongly correlat .ed wiEhr a1-

though l ikely somewhat,  lower than r  E€r inf  aI l  on t .he winter

ranges. I  present precipi tat ion by ' ra in year" l  1 July

t ,hrough 30 June of  the f  o l lowing calendar year.

RESULTS

Condit , ion

There were no signi f icant di f ferences in

deer in the col lect ions as est imated by tooth

replacementr  e i ther by year (E = 1.8I1;  4t  L4

0.13O ) or herd (E = O.I25; I r  145 df  ;  I  = O.7

there a s igni f icant,  herd by year int ,eract ion

145 df ;  3 = 0.995).  Al though fresh-ki l led ca

of adul t  does were not s igni f icant ly di f feren

herds (E = 1.994; l ,  150 df ;  p = 0.160),  the

ages of  adulc

wear and

df;g=

24),  nor was

(g = Q-o52; 4 '

rcass weights

t ,  between

dif ferences
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among years Lrere s igni f icant (F = 4.695;4,  151 df ;  P =

0.001) ,  as was the herd by year int ,eract ion ( f  = 2.724t 1,

151 df ;  3 = 0.032) (eigure 6-1).  To-remove the ef fects

pregnancy may have had on body weight,sr  I  compared evis-

cerated carcass weights of  a l l  does (r igure 6-?).  Again,

di f ferences among years were s igni f icane (F = 7.745; 4r 151

df ;  P < 0.001) r  but ,  d i f  f  erences between herds were not,  ( r '  =

0.529: '  Lt  l5 l  df ;  p = 0.468),  nor r , tas the year by herd

int ,eract , ion (E = L.527t 4,  15I  df ;  3 = 0. I97).

KFI showed large di f ferences over years (r igure 6-3).

Var iances of  KFI were het,erogeneous over years (Bart IeEt-

Box F = 24.6AA, p < O.OOl;  Norusius f986).  The distr ibu-
I

t ions of  KFIr  especial ly in 19841'u€Ee posi t ively skewed;

most deer had relat ively low KFT'sr and a few had high

KFI 's.  Log-transformat, ion of  KFI y ie lded homogeneous

var iances (Bart let t , -Box g = 1.460, E = 0.212;) ,  and the

1og-t , ransformed KFI ( f .nXf ' f  )  was used in the subsequent

analyses. Two-way analysis of  var iance indicated that

tNKFIdi f feredoveryears(E=L4.5o9;4t139df;e<.

0.001) and bet,ween herds (E = 4.24Qt Lt  139 df  ;  3.= 0.041) ,

wi th no signi f  icant herd by year int ,eract ion (g = 0.319; 4 
'

139df;P=0.865).

Reproduct ion

when l8 of  19 were pregnant (Pigure
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6-4).  Among BM adul tsr  the pregnancy rate dropped from

10Ot in 1984 to 71t in I986, then increased to 100t in

1988. The proport ions of  BM and SG does pregnant in 1986,

L2 of  L7 and tB of  18,  respect ivelyr  
" . ie 

s igni f icant ly

di f ferent (p < 0.01, Rohl f  and sokal  I98lr  Table 23).  BoEh

year l ing r" f" t ""  in the 1984 BM sampler and 1 of  3 in the

1988 BM samplel  were pregnant r  aI1 wi th s inglet ,s.  In I986

and 1987r Doo€ of  th.e 3 and 2 BM year l ingsr E€spect ivelyr

was pregnantr  DoE wds any of  t ,he 3r 2,  or  I  SG year l ings

pregnant I985r 1986r dnd 1988. No year l ing was present.  in

any ot ,her sample col lect ion.

Mean fetaL rat ,e among aduLt BM does decl ined from an

average of  1.88 fetuses/doe in 1984 to I .06 in 1986, in-

creased to L.42 in 1987 r  then decreased t ,o I .29 in 1988

(f igure 6-5).  Var iances over years in Bt l  fetal  rates were

not homogeneous (gart let t , -Box g = 3.32I,  I  = 0.010);  fur-

t ,hermorer counts of  fet ,uses probably were not normal ly

distr ibut ,ed at  the sample s izes used. I  therefore t ,ested

di f ferences over years wi tn the Kruskal-Wal l is  Eest (Sokal

and Rohlf  I981),  which indicat ,ed stat ist ical ly s igni f icant

di f ferences over years in the BM deer (g = L2.I4,  4 df ,  g =

0.016),  but  not among sG deer (E = 6.09,,  4 dfr  I  = 0.19).

The fet ,a1 rat ,es among Bl ' t  deer in 1984 and 1986 were di f -

ferent (Mann-Whitney U = 226, I  = O.005).
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Excluding does that did not,  breed, l i tEer s izes of

pregnant does var ied over years in the BM deer (KruskaI-

Wal l is  E = 9.56, 4 df t  B = 0.049) but 
1ot 

in the SG deer (H

= 5.42, 4 df t  3 = 0.247 )  (e igure 6-6).  Thusr does var ied

their  reproduct ive output,  in 2 ways: by breeding or not r

and by varying I i t ter  s ize.

Two-way analysis of  var iance indicated thaE fetal

hindfoot length var ied s igni f icant, ly over years ( f  =

I2.788t 4t  133 df ;  g < 0.QOf) and between herds (g = 5.515;

Lt  I33 df ;  3 = 0.O20) (eigure 6-7).  There also was'a s ig-

ni f icant herd by year interact ion (F = 2.746; 4,  I32 df ;  p

= 0.031 )  .

Census

Total  numbers counted in the BM and SG herds dropped

about 5Ot and 6Ot,  respect ivelyr  between 19g5 and 1988

(r igure 6-8).  But, termi lk deer decl ined from 3657 in 1985

Eo 1879 in I988r wi th the decl ine evident in the last  two

years.  Sherwin Grade totals decreased from 232L to 931,

with decl ines in alL years.  This represents a mean ob-

served g of  -0.23 on the BM range and -O.30 on the SG range

dur ing January 1984 Eo January 1988.

Precipi t ,at ion and VegetaEion

Two-way analysis of  var iance indicated no di f ference

between twig growth of  b iEterbrush on BM and SG ranges in

1983-85 and l9B7 (e = 0.Ol;  I r  L25 df ;  P = 0.95).  In
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subsequent,  analyses I  used

the BM range. Di f ferences

were highly s igni f icant (F

( r igure 5-7 )  .

Simple l inear regression indicat

of  the var iat ion in annual  growth of

r39

nn' l  v Fho mrlro 
- .m.1e 

Fe r iaF.3 f  f  omvrr4I  Lrr= r . rvLs 
"" , . ,y

in  b i t terbrush growth over Years

= 75,01; df  = 4t  140; P < 0.001)

ed that more than hal f

b i  t terbrush in t .he

Mean annual  precipi taEion at  the Bishop airport  dur ing

the years 1982 through 1987 was 16.9 cm (range 5.3-25.4 cITr,

standard error .3.0;  Figure 5-7),  very c lose to the mean

(14.5 cm) r  range (3.8-45.8) r  and standard error (3.0 cm)

measured in 195I through 1987 (Chapter 2).  Annual  precipi-

tat ion for  the years 1951 through L987 was not,  autocorre-

lated (Durban-Watson D = 2.4I t  n = 37, P < 0.01).

Annual  b i t , t ,erbrush growth Iargely mirrored t ,he precip-

i t ,at ion total  in the year preceeding plant growth (  Figure

5-7).  Heavy precipi tat ion in 1982-3 $tas fo l lowed by a

large growth of  f  orage in 1983 r  dvdi  lable t ,o deer in t ,he

winter of  I983-4.  The same occurred in 1985-86. Between

these years was a per iod of  decl in ing forage product, ion.

The drought year of  1986-87 resul t ,ed in almost no new t .wig

growth of  Purshia.  The only measurable r  i  .  e.  ,  >L crnr twig

growth in the fa l1 of  1987 was on 3 plants t .hat  occurred

near perennial  spr ings.

Relat ionships between Precipi tat ion

Deer Reproduct ion and Condit ion

and Purshia Growth r  dnd
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years 1983 t ,o 1987 was explained by the previous year 's

precipi tat , ion (n2 = O.52t P < O.OoI ) .  The direct  re lat ion-

ships among ei ther of  t ,hese var iables.-and measures of

condi t ion and reproductfonl  however;  were much weaker.

s i rnpre l inear regressions of  f  resh-ki11 weight,s r  eviscerat , -

ed carcass weightsr fetal  h indfoot lengths and l i t ter  s izes

on mean annual  Purshia growth and Eotal  annual  precipi ta-

t , ion t ,he previous year were ei ther non-signi f icant or

resul ted in R2 < 0.O9. LNKFI was related to both purshia

growt,h and prectpi tat ion (82 = O.26 and O.25r dnd I  < O.OOI

and P = 0.006r Eespect ively) .

?'sffiECIgffi

Both deer herds decl ined dur ing the t ime of  th is

studyr wi th numbers in January 1988 being about hal f  of

what they were in January 1985. This e/as presaged by t ,he

decrease in KFI 's bet,ween March of  1984 and 1985 (  n igure 6-

3).  Due to the connect ive t issue around the kidney, a KFr

below about l5t  indicates essent ia l ly  no k idney fatr  and is

approximately the level  aE which deer begin to deplete

femur marrow fat  for  energy (Harr is 19451 Riney 1955r Hanks

1981r Kie et  a l .1984).  fn March of  1985r 1986r dnd lgBB

both BM and SG deer had mean KFI 'g of  between tOt and 27t,

which indicated t ,he extremery poor condic ion of  both herds.

Furtherr  these samples were necessar i ly  b iased toward those.

deer expected to be in better condi t ion r  i  .  e.  r  those t ,hat
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survived the winter.  The deer in worst  condi t ion no doubt

were already dead when the col lect ions were made in March.

Asynchronic i ty in nutr i t , ional  status has been observed in

deer dur ing starvat ion exper iments . r rJ n."  been suspected

in wi ld populat , ions (deCalesta eE aI .  1977).  Such asynchro-

nic i ty may be inferred from a large var iance in KFI,  such

as seen in 1984. In subequent years,  both means and var i -

ances l tere Iowl indicat ing thaE most deer were near the

edge of  starvat, ion.

The trend in KFI was also seen in pregnancy raE,esr

f  et ,a l  rates r  dnd f  et ,aI  s izes I  especial ly among BM deer

(eigures 6-4,  6-5,  6-6,  6-7).  The importance of  maternal

nutr i t ion to reproduct ion has been demonstraEed repeatedly

.(Verme 1965 t  L977 i  Julander et  aI .  196I;  Robinette et  aI .

1973; Ozaja and Verme 1982).  The high values of  Ehe mea-

sures of  reproduct ion in March of  1984 fol lowed a wet,  year

with high forage product ion in 1982-83, which iEsel f  was

preceeded by several  years of  average or above average

precipi tat ion (Chapter I ) .  Speci f ical ly regarding fetal

s izes,  maternal  nutr i t , ion can inf luence the onseE of

est , rusr thus af fect ing age and size of  feEuses measured at

a given t ime (Verme 1955 r  Mansel l -  L974) . .  Mat,ernaI nuEri-

t ion can also af fect  the rate of  fetal  growth.  Al though

Verme (1963) found ef fects of  maternal  condiCion on the

size of  fet ,uses of  penned white-tai led deer (O. v i rq in-
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ianus) only in the rast  th i rd of  gestat ion,  Bartmann (19g6)

found that fetal  growth rates of  wi ld mule deer di f fered

according Lo winter sever i ty.  Thusr the di f ferences in

sizes of  fetuses measured in March of  the years of  Ehis

study were related to maternal  condiEion Ehrough t iming of

breedingr di f ferent ia l  fetal  growthr or both.

AnoEher possible explanat ion of  Ehe year ly di f ferences

in ietal  s izer especial ly in the BM I9g6 sampleT is that

1ow buck rat ios caused delayed breeding. CDF.G herd com-

posi t ion counts indicated 7 bucks:roo does on t ,he BM winter

range in the fa l l  of  19g5. one hypothesized cause of  smal l

f  et ,a l  s ize in 1986 was that so f  ew mares in the popur.at  ion

might be unable to impregnate the females wi th in a short

per iod of  t ime- This wourd resul t  in smal lerr  i .e. ,

foun$€Er fetuses in Marchr aod fewer pregnancies.  presence

of males also may induce ear ly estrus in deer (verme et  ar .

1987) '  Howeverr  the same buck rat , io occurred the subse-

quent yearr  when pregnancy ratesr fetal  rates.r  and feEal

sizes al l  increased. This makes i t  unl i .kely that  too few

bucks in the popurat ion caused the poor reproduct ion ob-

served in the BM 19g6 sample.

My or ig inar.  hypothesis was that,  the deer populat ions

were at  ecol0gical  carry ing capaci ty,  and that a densi t .y

reduct ion in one would lead to an increase in reproduct ive .

out 'put '  and condi t ion relat ive to the other.  An underry ing
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assumption of  th is hypothesis was t ,he presence of  a reLa-

t ively stabre environment .  r , I i th in th is environmen t  /  the

deer populat ion was assumed t ,o interact  wi th relat ivery

stable food resources to determine deer numbers and repro-

duct ive output,  around some kind of  densi ty-dependent.  equi-

l ibr ium. In other wordsr the assumption was of  f ixed re_

sources determining a f ixed carry ing capaciEy.

This assumption was fa1se. precipi tat , ion in the study

area was extremely var iabler and Ehe growth of  a major

forage species of  deer was correlated with precipi tat ion.

KF'r  was the onry measure of  reproduct ion or condiEion that

was related to precipi tat ion or forage {rowth r  dnd even

these relat ionships were weak. Howeverr  the abser ice of

c lose relat ionships between precipi taEion or vegetat ion and

condi t ion and reproduct ion courd have been because the

populat , ion was decl in ing so rapidly.  A reversal  of  popura-

t ion t rend may be necessary to der ive predict ions of  popu-

lat ion performance from knowledge of  precipi tat ion or prant

growth.

Regarding the di f ferences bet,ween the BM and sc herds

in 1984 to 1986r part icurar ly in pregnancy rates (r igure

6-4)r  fetal  rates (eigure 6-5)r  dod fetal  s ize ( f . igure 6-

8),  i t  is  r ikely that  the drought-caused reproduct ive crash

seen in the BM deer was avoided by the sG deer because of

the densi ty reduct ion.  of  the rat ter  in 19g5. This is con-
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sistent wi th Ehe populat ion decrease from I9B5 to 1985 in

the SG herdr in contrast  to the stable BM populat ion s ize

dur ing the same per iod ( f igure 6-8).  . rsubsequent lyr  numbers

of both herds decreased through 1988, when bot,h were s imi-

lar  in reproduct ion and condi t , ion.  Al though assigning

causal i ty is weakened by the absence of  repl icates of  the

n treatments n r  i .  e.  r  densi ty reduced and not reduced r  the

di f ferences seen in the BM and SG herds in the year fo l low-
I

ing the ant ler less hunt were consistent wi th predict ions.

Fol lowing several  years of  decreasing precipi tat ion and

forager the BM deer showed decreases in body weightr  preg-

nancy rat ,e r  f  etal  rate r  dod f  etal  s ize in 1986. The SG

deerl  under the same .rrr i ronmental  condi t ionsr but having'

been reduced in _number the previous year r  showed lesser or

no such changes. In subsequent yearsr both herds were

idenEical .  Thusr the ef fects of  the droughtr  evidenE in

the BM animals,  were amel iorat ,ed in Ehe SG herd.

The conf idence with which one can be sure that,  a

modest,  reduct ion in numbers resurEed in no change in repro-

duct ive output in the presence of  decl in ing nutr ic ional

resources, howeverr  S€€lnS less important to understanding

the workings of  th is th is system Ehan the fact  Ehat there

was such a dramat, ic decl ine in deer numbers over the course

of th is study. The concept of  densi t .y dependef lc€r wi th in

which the hypothesis was framedr may be insuff ic ient  for  a



I45

complete understanding of  the dynamics of  extremely var i -

able systems. In such sicuat ions r  an equi l ibr ium may never

be achieved and KCC may be more a stat isEical  abstract ion

than a real i ty.  Wehausen et  a l .  ( i98;)  demonstrated the

contr ibut , ion of  several  factorsr including precipi tat ion

and disease as wel l  as animal densi tyr  to var iat ion in lamb

recrui tment in a mountain sheep (ovis Canadensis)  popula-

t ion in the Cal i fornia desert .  rn Austral iar  Caughley et

aI .  (1987) st ,udied rainfal l r  p lantr  kangaroo (Macropus

rufus and M. $J}!S. i !gSg),  and domest ic sheep dynamics in

ar id rangelands. Caughley (1987) argued that when the

coeff ic ient  of  var iat ion (standard deviat ion div ided by the

mean; CV) of  annual 'precipi tat ion exceeds 301, the concept

of  ecological  carry ing capaci t ,yr  against  which changes in

herbivore'densiEy are evaluated to examine densi t ,y depen-

dence r  loses i ts usefulness and inhibi t ,s understanding of

the dynamics of  the system.

There are many ecological  d i f ferences between the

precipi tat , ion-vegetat ion-herbivore systems of  Austral ia and

Ehe eastern Sierra Nevada of  Cal i fornia.  Rainfa1I in Aus-

t , ra l ia was unpredictaUl l  by month and year i  in the present

study arear anrruaI t ,otaI  precipi tat ion was unpredictabler

but highly geasonalr  wi th most occurr ing in winter (Chapter

1).  The vegetat , ion in Austral ia was composed mainly of

ephemeralsr  annualsr  and short- I ived perennials.  In the
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east,ern Sierra Nevada r  the ma jor  wint ,er  f  orage species were

Iong- l ived perennials.  Kangaroos were sedentaryr and

aseasonal  or  mi ld ly 
"" ."oi . .1 

breeders.  Deer in the Sierra

are emphat ical ly migratory (Chapter 3)r-and strongly sea-

sonal  breeders.

In bot,h areas r  however r  Ehe important,  common f  actor

was low and var iable precipi tat , ion and i ts ef fect  on pLanE

growth. In Austral iar  average annual  precipi tat ion was 236

rnmr wi th a CV' of  45t .  Bishopr CaI i f  ornia r  averaged L45

annual precipi tat ionr wi th a CV of  61t.  In nei ther area

was the amount of  precipi tat , ion correlat .ed wi  th that  of

previous years.  The CV of plant,  b iomass in Austral ia was

lOOti  the CV of annual  mean Purshia Ewig growth on the BM

range between 1983 and L987 was 751. Furtherr  some aspects

of the Great Basin Desert  Shrub-migratory mule deer system

in the east,ern Sierra may enhance i ts var iabi l i ty .  precip-

iEat ionr al though seasonal l  wEls lower and more var iable

than t ,hat  in Austral ia.  Mule deerr  because of  their  sea-

sonal  breedingl  c6noot respond as rapidly to favorable

condi t ions as kangaroosl  wi th their  aseasonal  or  less

seasonal  breedingr post-partum estrus;  shorter estrous

cyclesl  and delayed implantat ion (Shepherd I987).  This

var iable precipi tat ionl  and the probable lag in reproduc-.

t ive response to favorable condi t ionsr may serve to in-

crease the var iabi l i ty  of  the systern and make the concept
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of ecological  carry ing capaciEy even less meaning fu1 in the

eastern Sierra Nevada than in ar id Austral ia.  However,

there are management strateg ies appropr iate t ,o such a

var iable systemr and which may a.*p.n Ln. character is-

Eical ly large fLuctuat ions in herbivore numbers (chapter

g).

Caughley ( IggZ) referred Eo t ,he 'centr ipetal i ty"  of

the Austral ian syst ,emr to avoid confusion ar is ing f rom the

term "stabi I i t ,y" .  In a centr ipet ,a l  system, " .  .  .  t ,he f  orces

causing temporal  var iat ion may be so powerful  r  cont inual

and mult id i rect ional  that  the'"g ' r i t ibr ium' is seldom or

never occupied. .  .  a cent,r ipetal  system is one t ,hat  wou Id

come to equi l ibr ium i f  i t ,  were not buffeted cont inual ly ' ,

(  Caughley 1987: 161 )  .  
,

Centr ipet ,a l i ty in Austral ia was maintained by 2 nega-

t ive feedback loopsr wi thout which the system would break

down. one involved plant biomass and prant growth:  above a

certain biomassr plant growth s lowsr then stopsr The other

feedback loop invorved kangaroo biomass and prant biomass:

as kangaroo numbers increasedr they ate morer plant biomass

decreasedr and kangaroo numbers decreased. A third poten-

t ia l  feedback loopr between. kangaroos and natural  preda-

t ,ors,  was el iminated by European set!1ers.

Centr ipetal i ty in t ,he present populat , ion of  deer is yeE

t,o be establ ished. There are no direct  measurement,s of
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feedback between plant biomass and plant,  growthr nor be-

tween aninal  densi ty and plant,  growth.  The presence of  a

third feedback loopr between deer and predaCorsr esp€cial ly

mount,ain l ions (r 'e l is  concolor)  and possibly coyotes (Canis

latrans)r  and i t ,s ef fect  on centr ipetal i tyr  are also un-

knownr but potent ia l ly  important (Chapter 8).  The present

study covered only a per iod of  negat ive growthr so t ,here is

no way to determine i f  th is systern is centr ipet ,a l  r  chaot ic r

or moving toward the loss of  i ts  largest,  herbivore.  One

would predict  that  fo l lowing several  wet yearsr t ,he popula-

t , ion rr i l l  increaser.  t racking forage suppl iesr unt i l  the

next,  drought reduces the populat , ion again.  Given the

var iabi l i ty  in precipi tat ionr another drought seems a cer-

ta intyr  Bnd any management,  pol ic ies need t ,o recognize t ,h is.

Tracking the populat ion dur ing a recovery may al low evalua-

t ion of  the system's centr ipet ,a l i t ,yr  a l low understanding of

i ts dynamics dur ing a per iod of  growthr and guide manage-

ment pol ic ies and act ions.
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CHAPTER VTI. FETAL SEX RATIOS

Trivers and Wil lard ( f  973 )  predict_ed that f  emales

could adjust  of fspr ing sex rat ios to maximize their  own

genet ic representat ion in future generat ions.  Speci f i -

cal lyr  they suggested that,  in ,polygynous mammals in which

male reproduct ive success var ieE more Ehan that of  females r

in which parental  investment can inf luence condi t ion of

youngr and in which such ear ly condi t ion advantage confers

later breeding successr females in good condi t ion should

have more ma1es. This fo l lows because in such polygynous

speciesr males of  larger body or r . reapon size or greater

strength wi l l 'be motre successful  in reproduct ion than

smal ler  compet i tors.  Thugr a female wi th the abi l i tyr

i .€.r  oo€ with suf f ic ient  resources or "condi t , ion",  to make

a larger investment in of fspr ing relat , ive to other females

in the populat ion should tend to produce males.  Because

most females breedr Datern6l  investment in female of fspr ing

has relat ively less inf luence on female of fspr ing reproduc-

t , ive success.

Tr ivers and Wil lard ( f973) used car ibou (Ranqi fer

tarandus) in the formulat , iof l  of  their  modelr  and cervids

seem part icular ly appropr iat ,e animals in which to look for

adapt ive sex rat io var iat ion.  Their  polygynous breeding

systemsr their  dependence on vegetat ion which may vary
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widely in quant i t ,y and qual iEyr ani  t ,he weal th of  informa-

t ion about them make cervids l ikely candidates t ,o display

such a phenomenon. This model of  
"dTt ive 

var iat ion of

of fspr ing sex rat io has been chal lengedr ref ined and

modif  ied s ince i t ,s proposal .  Verme ( I965r 1969, 1985 )

examined reproduct ive data f rom penned white-tai led deer

(odocoi leus v i rq in ianus) and found a relat ionship opposi t .e

t ,o that  predicted by Tr ivers and Wil tard:  malnour ished fe-

males produced an excess of  malesr dnd those in better

condi t ion produced an even sex rat io or an excess of  fe-

males.  Verme (1983) examined rest i l ts  f rom the l i t ,erature

on the genus Odocoi leus'and found a negat ive correlat , ion

between fecundi ty rate ( fawns/adul t  doe)r  ds an indicator

of  mat,ernal  condl t ionr dod proport ion of  male fawns. He

also found that anong breeding fawnsr and in l i t ters of  1,

males were more frequent;  which he interpreted as being

counter to the Tr ivers and Wil lard hypothesis.

McCul lough (1979) found that sex rat , io var ied wi th

populat , ion densi tyr  and presumably mat,ernal  condi t ion r  in a

wi ld populat ion of  whi te-Eai led deerr  but also in a direcf
I

t ion opposi te f rom that,  predicted by the Tr ivers and Wil-

lard mode1. At low densi t iesr these deer produced more

females;  at  h igh densi t ies,  more males.  McCuI lough ( I979)

posi ted a model to explain th is based upon the di f ferent ia l

t iming of  of fspr ing product ion dur ing the l ives of  males
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and females.  Because females begin reproducing ac a youn-

ger age t ,han do males r  a f  emale that  produced a f  emale ai  a

Low populat , ion densi tyr  at  the beginniag of  a per ioc :  f

populat ion growth r  would already have many descendents by

the t ime a Eon born at  the Eame t ime would achieve dominan-

ce status and begin to reproduce.

DeGayner and Jordan ( f987) examined fetal  sex raEios

in wel l -nour ished white-tai led deer and reported a negat ive

relat ionship between proport ion of  male fetuses and age of

mother.  They negated nutr i t ional  causresr ind invoked a

social  explanat ion.  Assuming that ( f )  age is related to

dominancer (2) dominant females control  favorable patches

of fawning habi tat  and can inf luence a daughter 's

acquis i t ion of  suchr and (31 males disperse from natal

areasr older females can increase their  f i tness by

producing more f ,emalesr which wi l l  inher i t  their  own

favorable habi tat .  Ioung females have no such control  over

habi tat  inher i tancer dod thus should favor male of fspr ing.

These authors found no relat ionship between maternal  age

and proport ion of  males in s ingle l i t ters.

In wi ld reindeer (R. t .  EEg!98) ,  Skogland (1986)

found that smal ler  mothers f rom poor range produced more

males and larger mothers f rom good range produced more

f emales I  a l f  a in counter to Tr ivers and 9{ i11ard's (  1973 )

model.
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Clut ton-Brock et ,  a1.  (1986) invest igat ,ed of fspr ing sex

rat io relat ionships in red deer (Cervus elaphus) r  and founc

that th is species does conform to the *predict ions of

Tr ivers and Wil lard (1973).  l l igh-ranking mothers were more

I ikely t ,o produce maleE. The males born to dominant fe-

males were more reproduct ively successful  than females r  and

females of  subordinate mothers were more successful  Ehan

ma1es. High mat,ernal  rank-was also associated with larger

body Eizer dnd larger body size was associated with larger

of  f  spr ing weight, .  Addi t ional  support  for  t ,he Tr ivers and

Wil lard ( f973) predict ions comes from studies on bison

(gison bison; Rutberg 1986),  wood rats (Neotoma f lor idana;

t t lcClure 1981) r  and coypus (Mvoc?st,er coypus; Gosl ing

19859) .  .

wi l l iams ( fg7g) proposed a model for  the opt imizat ion

of of fspr ing sex rat io for  a species in which l i t t ,er  s ize

is usual ly 2t  but  which can vary f rom I  to 3,  and in which

males are s l ight ly nore expensive to produce. According to

t ,h is modelr  i ts .  the abi l i ty  to provide maternal  invest,ment,

increagegr the sex rat , io and I i t ter  s ize should go from I

female to I  male to twin females to mixed sex twins to maLe

twins.  McGinley ( I984) and Gosl ing (1986b) discussed this

" f ract ional  of fspr ing hypothesiE",  and Gosl ing (1996b:895)

stressed the need for precise informat ion about parent,al

investment abi l i ty  !o avoid a "Panglossian interpretat ion
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investment abi l i ty  to avoi . -  a "Panglossian inEerprecaEicn

of every of fspr ing sex-rat io resu1t," .

Myers (  1978 )  reviewed the dat,a c i ted by Tr ivers and

!{ i l lard (1973) in support  of  their  hypothesis and found

them want ing.  For exampler Ehe di f ference in sex rat ios of

deer produced af ter  mi ld and harsh winters (RobineLte et

al .  L957 )  d iscussed by t r iverE and !{ i l lard was not stat is-

t , ica1ly s igni f icant.  Myers (1978) proposed an al t ,ernat, ive

hypothesis based upon di f ferent, ia l  mortal i t ,y of  the s€x€sr

and predicted that animals in poor condic ion wi l l  produce

more of  the cheaper s€xr in order to maximize number of

of fspr ing.

Caley and Nudds ( I987) hypothesized that,  local

source conpet i t ion better explains the male bias of sex

rat ios produced by nutr i t ional ly stressed Odocoi leus

mothers.  According to th is reasoningr the overal l  cosF.s of

producing females,  which remain on the maternal  range for

several  yearsr i lE€ greater than the cost,s of  producing

ma1es, which disperse as year l ings.  These authors also

speculated that the Odocoi leus and $gg!!g sex rat io data

do not f i t  the Tr ivers and Wil lard model because of  Ehe

lower var iance in reproduct ive succesE bet,ween t ,he sexes in

t ,hese species relat ive t ,o Cervus and Blson ( f .ot t  1981,

Rutberg 1986 ) .





The object ive of  the presenc paper is ic

sex raBios in a larger wi ld populat icn of  mule

hemionus) and test  the predict ions of  Tr ivers

;J-

exami:re fetal

deer (o.

and Wil lard

with respect to the inf luence of  rnaternal  condi t , ion on sex

rat io of  of fspr ing.

l.tEtBODS

Deer f rom the Buttermi lk and Sherwin Grade deer herds,

Inyo and Mono Count iesr Cal i fornia (see Chapt,er 2),  were

col lected by personnel  of  the Cal i fornia Department of  Fish

and Game each year dur ing March, 1984 through 1988r dhd

Apri l r  1984. The pr imary purpose of  the col lect ions was to

assess condi t , ion and reproduct ion in t ,hese animals.  To

minimize bias in the sampl ing r  shooters were instructed t ,o

t ,ake females wi thout regard t ,o apparent condi t ionr pE€sence

of f ,awnsr €tc.  Only l i t t ,ers f rom adul t  femalesr i .e.  ,  Zz

yrs oldr tJere used in the present analysis.  Fetuses were

approxirnately 2-3 months oldr and were readi ly sexed by

external  geni ta l ia.  The total  sample included 163 l i t ters

and 233 fetuses. Number of  l i t ters var ied between years

from 26 t ,o 36. Eight females were not pregnant.  Fresh-

ki l l  weight rdas deterrnined in the f ie ldr  dnd r ight ,  k idnys

removed to determine kidney fat  index ( f f f ;  Riney 1955).

Mandibles were renovedr and age was est imated by tooth wear

and replacement (Larson and Taber 1980).
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In analyses involv ing fet ,a l  s iz€sr only March col Iec-

t ions (g = I5f)  were used. I  used analysis of  var iance tc

examine di f  f  erences in f resh-kj .11 weigJi t  r  €viscerat ,ed

carcass weightr  KFIr  and age among groups def ined by I i t ter

s ize and sex rat , io.  I  examined group var iances for

homogeneityr  and used log t ransformacionE on any data where

the assumption of  homogeneiEy of  var iances was not met wi th

untransformed data.  I  used the Newman-Keuls test  in

mult ip le comparisons of  group means.

RBSULTS

There were 117 males and 116 females anong t ,he 233

fetuses sampled. Among the 78 l i t ters of  2 (47.9t) ,  the

frequencies of  sex rat io categor ies di f fered from binomial

expectat ion (c '  8.304, 2 df t  ! ,  < 0.O25t Figure 7-1).

Among l i t ters of  2t  twin females occurred more of ten than

would be expected by chancer dnd twin maleg and mixed sex

l i t ters ocurred less of ten.  Among t ,he 77 single l iEters

(47.21) t  males were s igni f icant ly more frequent than fe-

maLes (c a 5.80, I  df ,  g < 0.025).

Average annual  fetal  sex rat io was uncorrelaEed with

average annual  fetal  rate over the 5 years of  study (B =

O.80).  There was no reLat ionship between fetal  sex rat , io

and nat,ernal  ager consider ing al l  l i t ters t ,oget,herr  oE wiEh

twin and single l i t ters considered separately (nigure 7-2).
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Fresh-ki . I l  weights of  does di f  f  ered among l i t , ter  s i  ze

and sex rat , io categor ies (E = 6.90; 5r 153 df  ;  g < C.0001) .

Females wi th twin l i t ters were heavier_(!  < 0.05) than fe-

males wi th s ingle l i t ters or non-breeding females.  Among

fernales wi th twin l i t tersr  there were no signi f icant

di f ferenceE among the var ious sex-rat io caE,egor ies.  There

trere no signi f icant di f ferences among fresh-ki l l  weight,s of

females wi th s ingle malesr s ingle femalesr or those not

breeding.

Arranging l i t ter  categor ies according to the scheme of

!{ i l l iams (1979) revealed that t ,he relat ionship bet,ween

maternal  weight and of fspr ing number and sex rat , io rras what

worJld be predicted (Figure 7-3).  The heaviest  mothers

tended to produce male-biased l i t ters.

KFI also was asociated with l iLter category (g = 4.48;

3t  152 df t  p = O.OOO8).  Females wi th twin males had

signi f icant ly higher log KFI 's than any ot ,her category

except,  non-breeding femalesr and this was l ikely a resul t

of  saruple s ize (pigure 7-4).  Femaleg with the greatest

KFf 's tended to have l i t t ,ers of  2 males;  females wi t ,h mixed

l i t tersr  oE those with 2 femalesr had lower and approx-

imately equal  KFI 's.  Femaies wi t ,h s ingle l i t ters and those

not pregnant had the lonest,  KFI 's.

.  
Twin male l i t ters were heavier than l i t ters of  twin

females ( t= 2.L6, P =0.0361 2-tai led)r  wi th mixed I icrers
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f ,emale? l l t  s ingle nale;  FFr twin femalest  MFr mixed t te ins;
l l} l  r  tsin mal es .

M
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being inEermediaEe ( f  igure 7-5).  ' , { i t ,h in mixed l i tC€FS r

males and females did not di f fer  in weight,  (g = I . I0r  P =

0.28r 2-tai led).  SingIe male l i t ters nrere not s igni f icant-

'y heavier than single female l i t ters (E = O.8lr  P = 0.423t

2-tai led )  .

DISCUSSION

Berman (1988) suggested that a populat ion under nutr i -

t ional  stress may be necessary to exhibi t ,  condi t , ion-reIat ,ed

sex-rat , io var iat ion.  The present data were f rom a popula-

t ion in rapid decl ine (Chapter 6),  in which most of  the

deer were in very poor condi t ion when col lected for studyr

and thus would be appropr iate Lo examine for adapt, ive

var iat ion in of fspr ing sex'  raEio. .

Al though the sex rat io of  a l l  fetuses in the present

study was uni t ,y (r17 males:115 fernales) I  pat terns were evi-

dent when Eex raEios of  fetuses were plot t ,ed against

measures of  naternal  condi t ion.  These measures may be

closely related Eo maternal  investment,  abi l i t ,y  ( t ' t r ) ,  a l -

though i t  must be remembered that fetal  sex is determined

at,  the t ime of  concept ion.  I t  is  t ,hen that,  any inf  luence

of nat,ernal  condi t ion on of f ,spr ing sex rat io is exerted.

In the present,  case r  conc€pt ion was several  winter months

before sexes were ident i f iedr which is suf f ic ient  t ime for

changes in weight and fat  deposi ts t ,o occur.  However l

weight and fat  in December or January and in March l ikely
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tui .n females;  MFr mixed tnins;  l tMr twin males.
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are correlat ,edr and t ,hus weighE and fat  measured in i , larcn

should ref lect  condi t ions ear l ier .

Across al l  indiv iduals r  t ,he heavi-="t  and f  aEeest

mothers tended to have l i t t ,ers of  2 (r igures 7-3 and 7-4).

Within th is l i t ter  s ize category,  fetal  sex rat , ios were

female-biased (pigure 7-L).  L ighter and thinner mothers

t ,ended to have l i t ters of  Lt  and t ,hese were biased toward

males.  The l ightest ,  does did not breed.

According to the Wi l l iams ( f979) modelr  which assumes

a higher cost  of  male of fspr ingr rnale s inglets should be

nore f requent than female s inglets in a species wi th a

usual  l i t ter  s ize of  2.  Among l i t ters of  2,  twin females

shouLd be most,  common r  f ,o l lowed by mixed l i t ters and twin

males.  This fo l lows the dist , r ibut ion of  (ur1,  wi t ,h a mode

at the level  of  MI that  can produce twin females.  This

pattern is exact ly what I  observedr in a species that

conf,orms to the requirement of  the ! { i l l iams model (Figure

7-r) .  That s ingle males were the most common r i t t ,er  cat ,e-

gory overal l  easi ly accords wi th the f ract ional  of fspr ing

hypothesis.  The necegsary assumpt, ion is that  the mode of

the dist , r ibut ion of  Mr was shi f ted to a lower level  in th is

nutr i t ional ly stressed popir lat ionl  corresponding to that

level  suf f , ic ient  to produce male s inglets r  but  insuff ic ient

to produce t ,win females ( f igure 7-6).
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Figure 7-6.  Conceptual  model of  the distr ibut ion of
maternaL investment capabi l i ty  in a species wi th a usual
l i t ter  s ize of  2 (sol id l ine) and in the presentr
nutr i t ional ly stressed populat ion (broken l ine)r  af ter
Wi l l iams (1979).  Vert ical  l ines separaEe categor ies of
maternal  investnent suf f ic ient  to produce l i t ters of  the
fol lowing categor ies:  O, not pregnant;  Fr s ingle female;  t t r
s ingle nale;  FFr twin females;  MFr mixed twins;  i lMr twin
malest  FFFr female t , r ip lets.  A female of fspr ing is assumed
to cost 1.Or and a male 1.1r uni ts.
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The assumption of  the t ' t i1 l iams (L979) model EhaE malas

are more expensive than females eo produce seems reason-

able r  Et  least  t ,hrough bir th.  That,  males were more expen-

sive was apparent in t ,h is study from the weights of  l i t t ,ers

of  twin females and twin malesr al though sex di f ferences in

single I i t ters t rere not stat ist ical ly s igni f  icant,  (  e igure

7-3).  On averager in Marcht et  af ter  approximately 2-3

rnonths of  gestat , ion r  l iEters of  twi .n males weighed about

100 gt  or  33tr  more Ehan l i t ters of  twin females.  Single

male fetuses weighed approximately l4.1gr oE about 8tr  more

than f  emal.es.  At  b i r th I  mule deer male far . rns erere reported

to be signi f icant ly heavier than females (RobineBte et  a l .

1973).  Di f ferences in post-natal  and post-weaning costs

between Eexes of  of fspr ing in nule deer are unknownr but

invorve consideraEions cf  sex di f ferences in nursing fre-

quencies and durat , ion r  met.abol  ismr growth rat ,es ,  d ispersal

pat, ternsr aod mortal i ty.

McCul lough's (1979) explanat ion of  observed patt ,erns

of sex rat io var iat ion in whi te- ta i led deer involved Ehe

t iming and pattern of  reproduct, ion in males and females.

According t ,o th is ndi f  f  erent ia l  t iming of  reproduct ion "

hypothesisr  at  lon popurat ion densiByr i .  €.r  under rela-

t ively good nutr i t ional  condi t ions r  of fspr ing Eex rat ios

should favor females.  Under such good condi t ionsr female

offspr ing would be nore reproduct, ively successful  because
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they would begin breeding immediately;  males are excludec

social ly f rom breeding unt i l  Chey aE,tain suf f ic iene domin-

ance. At high densi tyr  under poor nuLr i t ional  condi t ionsr

males shouLd be favored. They would be more reproduct ively

successful  t ,han femaleE i f  a nat,ural  d isturbance (e.  9.  r

f i re or storms) r  retarded Euccession and improved habiEat

for th is subcl imax species by the t ime a male achieved

suff ic ient  s ize and status to begin breeding.

The nutr i t ional  condi t ions dur ing th is study can only

be descr ibed as badr yet  the overal l  fet ,a l  sex rat io was

uni ty.  Howeverr  among l i t , ters of  2,  associated wit ,h heav-

ier  and fat ter  mot,hersr t ,he sex rat io was biased t ,oward fe-

males ( f igure 7-f) .  Among single I i t , tersr  produced'by the

l ightest  
1nd 

thinnest,  mot,hersr males predominated. Thusr

whi le t ,he populat ion-wide fetal  sex rat , io was evenr female

offspr ing predominated anong t ,he rnost fecund deer.  WiEhin

this category of  twin l i t ters r  there t ras a non-signi  f  icant

tendency for males to be produced by heavier and fat ter

mothers.  Thusr the present resul ts conform both t ,o the

fract ional  of f ,spr ing and to the di f ferent ia l  t iming of

reproduct, ion hypotheses. These need not be mutual ly ex-

clusive.  The former may involve how reproduct ive ef for t  is

al located among l i t ter  s ize and Eex rat io categoryi  the

lat t ,er  involves an ecological  context  wi th in which selec-

t ive forces operate.
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caley and Nudds (1997) proposed Ehe local  resource

comPeti t ion hypothesis to explain the lack of  conformi--y of

data f rom white-t ,a i led deer to the predict ions of  Tr ivers

and wi l lard (1973).  They speculated Ehat males are uIEi-

mat,ely t ,he cheaper sex to produce r  because they disperse as

year l ingsr and thus total  rnaternal  investment in them is

less;  €v€rr  i f  pre-weaning investment is greater.  This

assumes that the animals in quest ion are year-round resi-

dents of  natr i l inear ly inher i t ,ed hone ranges. Within these

home rangesr the potent ia l  for  compet i t ion dur ing per iods

of resource scarci ty woul ,d be reduced for a female Ehat had

produced malesr which dispers€r Ealot , ive to a female wi th

female of fspr ing residing near her.  This s i tuaEion does

not exist .wi th roigratory mule deer in the mount,ainous west.

For these animalsr the t ime of  resource scarci t ,y occurs

dur ing per iods when animals are concentrated on winter

ranges. Any possibi l i ty  of  d i f , ferent ia l  compet, i t ion ar is-

ing f rom the existence of  raale vso female of fspr ing wourd

be overwhelmed due to the number of  unrelated anirnals

shar ing the range. on sunmer (natal)  rangesr f rom which

male of fspr ing would disperse and on which femares presum-

ably remainr the potent iar  for  compet i t ion would seem t ,o be

much lessr because of  great ly lower animal densiBy and

greater vegetat ive resources. Thus, l0cal  resource com-

pet iEi .on is unl ikely to play an important,  ro le in the
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adapt, ive var iat ion of  of fspr ing sex FaEiosr at  least  in

migraEory mui.e deer.

I  f  ound no relat , ionship between m.aeernal  age and f  eta I  -

Eex rat io.  lhusr the present dat,a are in accord wi th t ,he

condi t ion-based model of  Wi l l iams ( I979),  and conform to

the di f ferent ia l  t , iming of  reproduct ion model of  McCul lough

(1979).  They also supportr  i f  non-signi f icant lyr  the pre-

dict ion of  Tr ivers and Wil lard ( I973):  wiEhin th is nutr i -

t ional ly stressed populat ion of  mule deerr  of fspr ing of

l ighter females tended to be femaler and of fspr ing of

heavier females t ,ended to be male r  bot ,h in s ingle and twin

I  i  t ters .
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CHAPTER VII I .  MANAGMENT CONSIDERATIONS

Deer in the east,ern Si .erra Nevada- exist  in an unPre-

dictably var iable environmentr  paEt icular ly on the wint ,er

range. Wet years wi th coPious forage growth are inter-

spersed with drought r  in no obvious pat, t ,ern.  L i t t Ie is

known about,  the var iat ion in qual i ty of  summer habi taE,s.

Because these .  occur in higher and wetter areas where ani-

mals are much lese concentrat ,edr howeverr  f luctuat ions in

summer range qual i ty are probably of  less importance to the

dyna'rnics of  deer populat ions than Lhose on t ,he winter

range. the resul t ,s of  t ,he densi ty reduct ion on Ehe Sherwin

Grade (SG) herd supported the coht,ent, ion t ,hat , r  wi th in th is

var iable environment,r  densi ty can inf luence reproduct ion

and condi t ion.  The impacts of  the drought were less severe

on the SG than the Buttermi lk (BM) deer.  Thusr there are

opportuni t ies for  rnanagement to lessen the great f luctua-

t ions in populat ion s ize and decrease the chances of  long-

lerm vegetat , ion damage caused by severe overgrazing.

POPULATIOII UANAGEITIENT

There are several  a l ternat, iveE for managing these

deer.  None wi l l  sat isfy al l  interested groups. The cur-

rent programr under bucks-only harvest,  regulat ions r  dt-

tempt,s t ,o maintain a minirnum proport ion of  males in the

post-hunt populat ion by restr ict ing tag sales and t iming
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Ehe season to preceed the fa11 migraEion. This strategy

largely al locateE populat , ion regulaEion by defaul t  t ,o the

weatherr  dnd ensures a low harvest,  f rdm a 1arge, female-

biased populat ion subject  to large f luctuaEions in number

including per iodic die-of fs.

l loweverr  g iven the unpredictable nature of  precipi ta-

t ion and vegetaEion growth in t ,he eastern Sierra Nevada r

deer management based upon an assumption of  densi ty depen-

dence in a stable environment is c lear ly inappropr iate.

Many of  the fo l lowing comnents are baserJ on ideas expressed

in McCul lough ( f987r 1988).  i ; ln a strategyr seeking a

f ixed annual  k i l I  regardless of  e€xr could resul t  in over-

harvestr  and i f ,  conEinued wouLd dr ive the popuraBion Ecward

ext inct , ion (  i .e. ,  a long the lef  t  s ide,  of  the product iv i t ,y

parabola in McCul lough I f987:541]) .  Howeverr  both theory

and the present empir ical  resul ts support  Ehe content ion

that densi ty does have an ef fect ,  in t ,hese herds.  Theory

predicts that  i f  a populat , ion at  h igh densiEy shows a large

effect  of  environmental  var iat ionr i .€.  t  fLuctuaces with

environmental  condi t ionsr at ,  Iower densi tyr  wi t ,h fewer

indiv iduals in better condi t ionr such ef fects shourd be

less.  Empir ical lyr  €v€rr  the rnodest,  reduct ion in deer num-

bers on the SG range was fol loned by a di f ferent ia l  re-

sponse in reproduct ion and condi t ion in the SG and Bt ' l

herds.
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This Presents an opportuni ty Eo manage these herds on

an opportunist ic or ad hoc basis (  l , tcCuIIough 1988 )  co

lessen the the pattern of  populat ion 56om-and-bust.  t i i th

increased precipi tat , ionr the deer populat ion should grow

again.  r f  a suf f ic ient  number of  indiv iduals of  both sexes

were taken at ,  t ,he beginning t  ot  in the middle r  of  the

growth curve, i t  would decrease the residual  populat ion

sizer maintain better condi t ion in lhe survivorsr and

dampen populat ion f luctuat ions in the future.  In addiEionr

i t ,  would al low addi t ional  people an opportuni ty to hunt r

and would permit  human harvest,  of ,  deer that  would otherwise.

die of  malnutr i t ion-related causes in a future populat ion

crash. '

Further r  € lnd of  g_reat importance i f  one is t ,o f  o1low

t,he phi losophy of  'adapt ive managemento (wal ters I9g6),  the

Round val ley s i tuat , ion presents an opportuni ty to evaluate

such a program, conpar ing the SG t ,o the BM herd.

The existe.nce of  a t , i rne lag between precipi t ,at ion r

vegetaEion responser ond deer popurat ion growth al Iows

managment act iv i t ies to be planned ahead. For example;

assume the winters of  1988-89 and 1989-90 are wet and

produce good forage condi t ions.  The census in January l99o

should show an increase in the deer populat ion.  Managers

could then plan a hunt for  January 1991. This wourd neces-

sar i ly  be an ant ler less hunt.  Bucks-only regulat ions
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cannot resul t  in the removal  of  suf f ic ient  animals t ,o

demonstrate densiEy ef fectsr  and in the Round Val ley s i tua-

t ionI  most males remaining in the popr l lat ion af t ,er  the

regular season could be el iminated from the populat ion

under such regulat , ions.  As in. the the hunE in the winter

of  1984-85, future ant ler less hunts should occur on the

wlnter ranger to avoid Ehe possibi l i ty  of  ext i rpat ion of

local ,  deer populat ions on the most,  accessible areas of

summer ranger dnd before males begin t ,o cast  ant l€ESr so

thaL sex can be readi ly determined in the f ie1d. '

To have an ef fect  r  a hunt must resul t  in a substanLial

reduct ion in numbers.  The hunt in 1984-85 took <IOt of  the

SG deer.  In Lhe futurer I  suggest an in i t ia l  removal  of

about 30tr .  which would have a greater ef fect , r  and yet would

be suff ic ient ly conservat ive so as not to dr ive the popula-

t ion t ,o ex Einct ion.  Again r  Ehe best way Eo measure the

effect ,  would be to reave t ,he BM deer as an unmanipulaLed

control  r  sub j  ect  t ,o ongoing regulat , ions r  and Eo moni tor

numbersr condi t ionr aod reproduct ive output in both herds.

The hunt could cont inue annual ly for  as long as favor-

able precipi t ,aEion and forage occur.  Numbers of  Eags

issued could be deEermined as a resul t  of  censuses in

January.  upon Ehe next droughf l  t ,he harvest can be suspen-

ded i f  populat ion s ize reaches some minimum number.  Guide-.

l ines for  Ehis number can come from populat ion s ize in Ehe
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current decl iner e.  g. ,  1000 deer on the SG range, t ' lhen

this cr iEer ion is reached r  t ,he hunt,  is  suspended unt i l

condiEions again are reversed. EvaLuaEion of  such a pro-

gram necessi t .at ,es a long-Eerm commit t ,ment to monitor i ts

ef  f  ect ,s on animal numbers r  cor id i t ion r  dnd reproduct ior l  r .  ds

wel l  as on veget,at , ion.

There are obstacles to overcome in the management.

program out l ined above. One is a reluctance by many hunt-

ers to k i l l  ant ler less deerr  and the desire by them and

animal proEect ionist ,s to prevent others f rom doing so. In

Cal i forniar the former is expressed in local  county vet ,o

power over ant, ler less proposalsT and in Round Val ley is

compl icated by the fact  thaE the SG range straddles Inyo

and Mono count ies.  This socio-pol i t ical  hurdl .e can only be

overcome by educaEing the var ious interest  groups r  dod

local  pol i t ic iansr about the issues involved. This in-

c ludes emphasiz ing the fact  that ,  t ,he currenc management

pol icy necessar i ly  produces st ,arv ing deer and heavy die-

of fs dur ing drought.
I

AnoLher obstacle may be the 5- or lO-year planning

hor izon necessary in such a schemel which contrasts wi th

t ,he current year by year decis ionmaking;process on harvest

regulaE. ions.  Such a medium-t ,erm approach is o€c€asar l r

however r  i f  a goal  is  t ,o reduce the occasional  large die-

of fs seen in these herds.
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HAB ITAT I ' lANAGEI' lENT

WinEer habi tat

An al ternat, ive to the managementr-pol icy of  manipu- : '

lat ing the populat , ion is manipulat , ing i ts resources r  e i t ,her

by improving habi tat ,  or  by providing supplementary food in

poor years.  Howeverr  in environment,s wi th low and var iable

precipi tat , ion r  the opport ,uni t ies f  or  act ive habi tat  im-

provement are l imi ted. The sr iccessful  use of  f i re Eo en-

hance biEterbrush (Purshia) stands is complexl  involv ing

considerat ions of  soi l  moisture and typer s€osof l  of  burn-

ingr plant agesl  browsing preesuE€1 and possible genet ic

di f ferences among plants in di f ferent areas ( l lord 1965,

Mart in and Driver 1983r Rice 1983).  Seeding and trans-

plant, ing biCEerbrush are also complex and di f f icul t r  and

success var ies widely (see reviews in Tiedemann and Johnson

1983).  Nord (1965) used gurshia on the BM range Eo ex-

empl i fy the importance of  precipi tat ion t ,o seedr ing estab-

l ishment.  Therer dt ,  e levat, ions below about 2133 m (70OO

f t )  r  he found few seedl ings.  Above Ehisr  up to 3OOO rrr

where moisture was greaterr  seedl ings were abundant.  How-

ever,  most deer wint ,er  at  Lhe lower elevat ions.  seeding or

transprant ing in Round val ley would be f ,ur ther compricated

by the lack of  roadsr the rockyr al luvial  soi lsr  and in-

t ,ense herbivory by high populat ions of  large and smal l

mammals.
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Supplementary feeding has been frequent ly suggested

a tact ic for  saving starving deerr  and has been evaluated

as successful ,  i f  expensive,  in avoi* ing morEal i t ies f rom

severe winter weather in Colorado (gaker and Hobbs 1985).

In t ,he presenE, case, however r  occaslonal  heavy snowf al l

causing acute problems of  access to covered forage is noE

the prob.Iem. Chronic malnutr i t ionr caused by t ,housands of

animals feeding on veget,aEion, l imi ted by droughtr  is  more

common. A program to feed thousands of  deer for  several

months over winters fo l lowing poor forage producEion would

be enormously expensive and logist ical , ly  d i f f icul t r  a l -

though not impossible given suff ic ient  resources. I f  i t .

worked, howeverr  and t ,hereby reduced mortal i ty and in-

creased recrui tmentr  i t  would just  postpone t ,he problem for

another year,  when even more deer might,  need to be fed.

Anot,her suggest ion local ly has been Lo convert  an

al fa l fa ranch on Ehe SG range to product ion largely for

deer.  This would supply a predictabler high qual i ty addi-

t ion to the winter dietr  and could mit igate ef fects of  a

droughtr  i .  €.r  stabi l ize K. This would lessen populat ion

f luctuat ionsr but unless harvest regulat ions $rere changed;

the evenEual resul t  sould be the same: a larger female-

biased popul-at ion near or at .Kr €xhibi t ing heavy mortal i ty

in t ,he occasional  year wiE,h deep snows or extreme tempera-

tures.  I t  would also do l i t t le or nothing for the larger
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Bl, l  herd.  Alsor est 'het . ic  object , ions t ,o such an arE, i f ic ia l ly

maintained populaE, ion could be raised.

Spr ing r  summer r  and migrat  ion habi  tat , r

Concerns regarding migrat ,ory and summer habi tats are

di f ferent f rom those relevant to winter habi t ,atr  and pre-

sent di f  f  erent opportuni t , ies and consEraint ,s.  Radio-t ,e le-

met.ry indicated t ,hat  most of  the Round Val1ey deer summered

on the west,  s ide of  the Sierra Nevada. Most of  these areas

were in the Ansel  Adams and John Muir  wi ldernesses on Ehe

Sierra Nat ional  Forestr  and in 'Kings Canyon NaE.ionaI Park.

Thus there is r i t t le opportuni ty for  act ive habi tat  manage-

ment on Ehese west s ide summer ranges.

Eastern Sierra sumer rangesi ,  a l though more restr icted

in extent by topography and cl imaEer have more poEent ia l

f  or  habi  tat  improvemen t ,s .  The rnost 1ike1y techniques in-

volve management of  l ivestock grazing and the use of  f i re.

There is I i t t le t imber harvest ing in the arear and few

other rand management act iv i t ies occur that  could be de-

signed to produce desired ef fects on deer habiEat.  Fire is

understandably controversiar in such an ar id areal  but  an

opportuniEy exists to study the ef fects of  at  least  one

uncontrol led burn in spr ing and summer'habi tat .  rn the

fal l  of  I987r a f i re burned some 3OOO ha at  Ehe base of

LaureI  Mount,ain r  aod rernoved much of  the shrub cover in the.

spr ing hotding area jusE south of  Mammoth Lakes. Conse-
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quences of  t ,h is burn on vegeEat ion and herbivores should be

evaluaEed over the next few years to deEermine Ehe desira-

bi l i ty  of  current f i re suppression pdic ies and to guide

future pract ices.

Probably of  greaEest Iong-t ,erm concern Eo the deer

populaEion is the increment,al  loss of  migrat ion habi tat ,  due

t,o human developments in Ehe area (Kucera.and l4cCarEhy

1988).  Exist ing and planned resident ia l r  comrn€Ecialr  t r€c-

reat ional  r  dnd energy development,s,  many of  which over lap

restr icted travel  rout ,es of  deerr  may al ter  or  e l iminate

migrat ion patterns of  deer. .  The long-t ,erm consequences of

these developments and increased human presence and vehicu-

lar  t raf f ic  couta be greater than droughtr  I ivestockr or

predator ef fect ,s combinedr but are much more di f f icul t  to

predict  or  manage.

LIVESTOCK

One of  the interesLs of  the Bureau of  Land Management

(BLM) in th is study $ras to 'determine opportuni t ies for

l ivestock use of  the winter ranger which is targely managed

by BLM. Given the fact  that  the deer are at  or  exceeding

maximum numbers Dowr wiEh consequent heavy impacts to the

vegetat ion and populat ion crashesr addiEion of  l ivestock

would mean a decrease in forage avai labre for  deer.  r t ,  has

been3u99e9t,edEhat,cat t lecana1tertheco1umnargrowth

form of bi t , terbrush heavi ly browsed by deer to a more
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compact form which improves seed product, ion and makes more

of the plant avai lable to deer (Hormay I943).  Howeverr

heavy st ,ocking rates are necessary to-accompl ish th isr  and

i t ,  has already been tr ied unsuccessful ly on the sout,hern

port ion of  the sG range (ef ,M f  i lesr Bishopr CaI i f  .  ) .  I f

a lEerat ion of  b icterbrush growth form is desirabler a work

crew from the local  Conservat ion Campr wi th pruning shears

and chain saqrs r  could accompl ish t .he task more quickly and

precisely than could cat , t le.  Thus r  g iven t ,he importance of

Round Val ley as a winter range for deer f rom a large area

of the Sierra Nevadar the current s i tuat ion of  the deer

populat ions f  luct ,uat . ing wi th precipi tat ion and forage r  and

the possibi l i ty  of  modulat ing those f lucLuat ions only by

increasing forage resources per capi ta through .densi ty

reducLions of  deerr  addi t ion of  I ivestock to the winter

range seems unwise.

Many of  the migratory and spr ing holding areas of  deer

are grazed by l ivestock i .n the summerr af ter  deer have

moved through. The fact  that  deer popurat ions can reach

highi  leve1s concurrent wi th such grazing argues against  a

major deleter ious ef fectr  at  least  on migratory deer.

Effects of  l ivest ,ock on deer summering on the east srope of

Ehe sierra Nevada r  aod those on Ehe west s ide in r ivestock

areasr moy be more ser ious.  Heavy grazlng by caEt le can

reduce cover needed to hide fawns ( tot t  et  a l .1987),  as
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wel l  as reduce forage. Domest ic sheep can have a s imi lar

impactr  oF in concentrat ,ed areas such as bedding groundsr

even greater impacEs. Livestock impact,s on summering deer

is another f ru i t fu l  area of  management-or iented research.

PREDAIORS

It ,  is  unl ikely that  predat,ors r  especial ly mountain

l ions (pel is concolor)  r  p layed an important role in the

decl ine of  t ,he BM and SG herds.  The much more l ikely cause

was drought,  expressed through poor forage grow'th and mal-

nutr i t , ion.  L i t t le is known of  mountain l ion numbers in t ,he

arear al though frequent s ight ings in the Swal l  Meadows area

imnediately adjacent to the SG range (Lt .  Mike Woltersr

CDFGr Bishopr p€rs.  commun.)  and t ,he fact  that  l ions k i l led

several  deer.  in t raps at test  to their  presence.

A more legi t imate concern involves a potent ia l  for

predators to inhibi t ,  or  prevenE growth of  the deer popula-

t ion when vegetat ion condi t ions become favorable.  In Alas-

kar predat ion by wolves (Canis lupis)  was impt icat ,ed in

prevent ing a recovery of  moose ( l lces alces) and car ibou

(Ranqifer tarandus) populat , ions which were reduced by

causes ot ,her than predat ion (Gasaway et ,  a1.  1983).  The

r ikel ihood of  a s imi lar  phenomenon in the Eastern s ierra

Nevada cannot be known before the fact , .  Howevetrr  one ap-

proach to the s i tuat ion would be Eo reduce the rocal  moun-.

ta in l ion populat ion and el iminate the possibi l i ty  t ,hat
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they could restr ict  deer populat , ion recovery,  Aside frcn

being pot iEical ly and social ly object ionabler Ehis approacn

would el iminate the possibi l i ty  of  kno;r ing l f ,  in factr

mountain l ions can af fect  deer populat , ion recovery.  Such

knowledge would be important local lyr  because environmental

condi t ionEr and vegetat ion and herbivore populat , ionsr wi I l

cont, inue to f luct ,uate.  Knowledge of  the role of  predators

in dampening or al ter ing the herbivore f luctuat ionsr and

cont,r ibut ing t ,o the system's ncentr ipetal iEy" (Caughley

1987 ) ,  would be helpful  in guiding management,  of  both

herbivores and predators.  such an understanding wourd also

have impl icat , ions through much of  t ,he ar id west,  where

environments and deer populat ions f luctuate.

A better approach would be to study the predat,or

populat ion through t ,he expected herbivore recovery.  Know-

ledge of  how many mountain r ions are present r  how often

they ki l . l  deerr  how long t ,hey are present on the winEer

rangef to what extent they fo l low the deer in migrat , ionr

and where they go in summerr combined with knowledge of

deer nunbers and populat ion growth rater would al low

evaluat, ion the role of  predators in th is f luctuat ing envi-

ronment.  Round val ley is an ideal  s iEuat ion for  such work

because i t  is  compactr  re lat ively accessiblel  and has a

werr known deer populat ion present ly at  row numbers.  such

sork would have important impl icat ions for  deer and moun-
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ta in l ion management in many areas ot  car i fornia and the

west, .

A FINAL COUUENT

The cohsequence of  fa i l ing to 
"or iAu"t  

these studies r

and maintaining current pract icesr is to enter the 21st

century wi th wi ld l i fe nanagers and t ,he publ ic st i l l  unsure

of Ehy there are so few2 or so manyr deerr  arrd cont inuing

to argue t ,he relat , ive roles of  predat,orsl  hunt ing,  and

weather.  lo be a prof ,essionr the f ie ld of  wi ld l i fe manage-

ment should do bett ,er .
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tl. dumse 0 0 0 0 .0 0 0 0 O O



Lta

looendix I .  Conc.

: l l I l lAL IUI"SER: 411 2AS 1C0 39 221 45' l  424 : i3 l : :  : :  :
ScrophularlacaaCastj, l leJa sp. O 0 ! 3 0 ! 0 : : --

C. Srer.reri 0 0 0 0 0 1 : : I :
C.Applegatei  0 O O tr  C O C :  , l  :
f l lmulucsg. 0 0 0 0 0 0 0 0 3 3
|1. nrcutuc 0 0 0 0 0 0 0 C 3. t

.  Prdlcuhsi !s.nib.rbat.  0 0 0 0 0 0 0 0 3 0
Pcnstrnonso. 0 1 0 0 0 0 0 0 0 c
P.Er ldgrst l  0 0 0 g 2 0 0 0 0 !
P. 0evidsonii 'l 3 0 0 0 0 0 0 C 0 0
P.trr t r rodoxua 0 0 0 0 0 0 0 0 C t
P.N.ub.ssyi  0 0 0 0 0 1 16 0 C 1
P.Rothsockl l  0 0 0 0 O 2 0 5 0 0
Col l tn l i . fomyi 0 0 0 0 0 0 0 0 0 0

Rhunrc...Canothurcosdulatus 0 0 0 0 0 1 0 0 0 C
C.vr lut lnua 0 5 30 0 0 0 0 0 0 0

RoarcurAndrnchtrrpell l,de 0 0 0 0 0 0 0 0 0 0
Ctcocrrguhdl lo l lur  0 3 0 I  I  0 0 0 0 0
Fsrgulrpletyprtele 0 0 0 0 0 0 0 0 I 2
HolodtscuEounlrri 0 ' l  0 0 0 0 1 0 0 0
H.m!,crophyl lw 0 0 0 3 0 0 0 0 0 0
Prtrophytuac!|tpIlosun 0 0 0 0 0 0 0 1 0 0
Potmtt l .hcp. 0 0 0 0 0 0 0 0 0 0
P.Orurrondl t  0 0 0 0 0 0 0 0 0 0
Prunurso. 0 0 0 0 0 0 0 0 0 0
P.rauglnrtr  0 0 2 O 0 0 0 0 0 0
Pr.rschlrtsldrntrtr O 12 0 0 0 0 0 0 0 0

Eorrglnrcn Cryptrnthr sp. '0 0 0 1 0 0 0 0 0 0
Heckr l l rsp.  0 0 0 0 0 ' l  0 0 0 0
l l rn.rvo! .  0 0 0 0 0 0 0 0 0 0

PolygonrcmEriogonwg. 0 0 0 4 0 0 0 0 O O
E. lnclrrn 4 0 0 0 0 0 0 0 0 0
E.nlcrothtcrn 0 0 4 0 0 0 0 0 0 0
0xyrlrdtgynr 0 0 0 0 0 0 0 0 0 0
Rucupatc!,foltr 0 0 0 0 0 0 0 0 0 0

EuphorbtrcrEuphorbtr f .  0 0 0 0 0 1 0 O 0 0
RubtrccrGdtlurputn. 0 0 0 0 0 0 0 0 0 0

Epllobtr.ornguetJ,follun 0 0 0 0 0 0 0 0 1 0
E.0slgonrnel  0 0 0 0 0 0 0 0 O 0
E.PrlngJ,Inrn 0 0 0 0 0 0 0 O 0 O
Gryophytung. 0 0 1 0 0 0 0 0 0 0

Unbrll l lrrHtndlrl lrnrtr.ro 0 0 0 0 0 0 0 0 0 0
Llgurttcr.nGreyt 0 0 0 0 0 0 0 0 0 0
0coorht:roccldrntelta 0 0 0 0 0 0 0 0 0 0
Pcl,dtrldlrEolandrsi 0 0 0 0 0 0 0 0 0 0
Sghuoaclrdllncepitrlletun 0 0 0 0 1 0 0 0 0 0



Asg€ndix I .  Cont.

Saxif ragacaat Hruchera lubesens
Ribes sp.
R. cereum
R. lastanthurn
R. nontlgtnr,ur
R. Rorztlt
R. vrlutl,nr,n

Leguninocur Loluc crrrsilollus
Luginus rp.
L. ful,butsontl
L. letllollus
L. Lobbtt
L. Lydltt
Vtctr CetLlornicr

Prlnulacur Dodrcrthrqr rlptnun
D. l l lrryl
D. rrdohnr

Lrblrter lbnrrdrlh odoratlcrl.nr
Hyclrogfryllecrr Phrcrltr hotrt.

p. rrutrbUlc
Folmonlecrtr Phtor ca.

P. dll lusr
P. Stlrrbusyl

S.llcrc.t Pogulur trrcrloldu
Sellr sp.
Srllr orrrtrr

Cagrl?oltrcrl Srdusur crrrslre'
Symghortcrrpor !F.
S. prrtahlt

S. vcclntoldrt
Lonlctr conJugdtr

Crrrulrcrtr Srdun obturtr,l
Rcnsncul.cmr Thrllctrrr rg.

T. Frndbrl
Agutlqtr ?orrrr
Aconttur cclrdl,rntra

Utohcrrr Ulob Fuspusn
Unkrsl

UUTJJ.JJJ)

nnnnn.n'1

6.
u lU. l -UUtJg!g

000000001t
000020019a
000003c00c
0000000000
0000010130
0000000003
0000000000
00000100cJ
0000100011
000000000c
0000010000
0000000000
0000000000
0000000000
10014000000
30000'00000
0000010000
0000000000
0000000000
0 6 ' t4 0 0 1 0 0 0 0
000'12010000
0000000000
0000300000
0000010000
0000000000
0000080000
082160' t0000
0000000000
0000010000
0000000000
0000000000
0000000000
0000000000
8000000000
05080100212
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Agprndix I .  Cont.

Ai l I i t lAL N0.:  245 31 1 ' l  1 129 350 175 .62 211 1 : i1

SEX: t  F r  I  i  ? i  ;  
-  

i

EAST or T.JEST SIDE: U r.J U U Ll U ! ! ') i

ELEVATToN (o):  2682 2347 2714 2692.2499 2?13 234? 1109 31C9 2195

fanng: 5 I  0 19 21 14 11 19 1 2

I Ltt tgR: 71 45 45 73 67 12 32 34 13 56

Plent t  R0CK: 12 ?9 43 1 3 40 16 29 6 30

Group/?anlly specles tr PLAi{T: ' l l  18 12 7 a 34 41 18 79 2

IttOSS: i t loss (unk.)

FERN: Cystopterls lragiJ. ls

Fcrn

0nychium densun

Prl lere Bridgeri l
'Ptutdlun aqullinun

COIUFER: Abirs concolor
A. orgnlllca

Juntorrus occidental lc

P!.nuc rmntl,cola

P. lhmayana 
-

P. alblceul la
P. gonduosa

fsugr llrrtenslana
Anrryllldecu AII!.n obtusun

A. vrll,dtn

Cyprrcr Cyprracear (unk.)

Cttlx sp.

C. Rorci l

Grenlnrer Grrrc (untd)

0ryzogcis hynenoldrs

0o lpo

Juncrcmr Juncuc l'bvadanals
Ll,ltrcru Srtleclnr stsl.l.ctr

Var.tlur trl I fqln{su6
0rchldrcnr Htbrneri.a dllatt

Otcot (rnk)
Acrsacraa Acrr glabrun

Coaporitt Coragocite (unk.)
Achlll,ca lanulosa
Antrnatl,e rosea
A. r.mbrlntlla
Artuirla rp.
A. ludoviclane
A. trl,drntats

0000=21 052.:
0000000000

aa
UUgUUUUUUU

000000000J
0000000000
0000000000
0000000000
00002400000
0000002000
0000000000
' f000220' !00

0000000000
0000000000
0000000000
0000000000
0 0 0 0 0 0 0 0 19 0
0000000000
000000010s0
000000000c

3?33440201014173054
000000000c
0 0 0 0 0 13 0 10 2 0
0000000000
0000000000
0000000000
0000000020
0000000000
0000000000
0000000000
0' t  00032000
o200040000
0000000000
0000000000
012500000000
o230039000

Cryptograrrnaactocticholdes 0 0 0 0 0 Z 0 0 0 0



Apprndlx I .  Cont.

Actrr alplgtnur
Chryaopclc Ercr.lesl
Chryaothanrnu! sp.
C. mualogu! -
Ctmlul sp.
C. Andnsonll
Erlgrron sp.
E. Erorrrl
E. cqrporltus
E. tlnnrls
Euortorllc ocld.ntale

lldrnlun 8lgrtovlt
Hturctur grcllr
H. horrtdtur
Srnrclo cA.
5. contcotdu
S. Clrrktrru
S. triengulerlr
Solodrgo Crnrdrncls
Trtrrdyltr rp.
T. cattltcmc
Anrphrt rr nrrgcttecr
Trsurcrr o??lclnrtr

Erttrlecar Alnur tmu!,?ollr
Apocynrcccr lpocynrr *lrtlrn
Cruclfcre. Arabla rp.

A'  LYr l rg
A. pletyrprrna
Eryrlnr frrnna
Stnptenthur cordatur
9. tortuoa,r

Ertcrcto Arctocttghylor nutpor

^., 
prtt,tlr

l. tlarrdsrri,r
Crnlogra*rtrnslrne
Lrdu ghndulorun
Phyllodocr Brrr,rcrt
Ucclntr.l nlvlctul
U. cctdmte.h
U. prrrrt?oltun

Frgrcur Cutrnoprtr glnpuvlnnr

Quccur rtcclnlfolh
Q. d.nn

t^ 1

ANIiIAL NU|IIEER: 245 31 I 'l 1 129 350 3?5 462 211 '1 :;1

200000cc,1 :
16 0 O g 2 c 0 c c l
000000000J
000000000c
0000000000
0430000000
I 0 15 0 0 0 0 0 0 0
010000000c
0000000003
0000000000
0000000000

Hrgloprppuosq?frutlcorur ' l  0 0 0 0 0 0 0 0 0
0000000000
0000000000
0000000000
0000000000
0000300000
0000000040
0000000000
0000000000
6000000000
0000000000
0000000400
0006000000
03000090190
0000000000
0000022000
0000400000
0101000000
0000100000
0000000000
0000100000
0600000000
0000000000
0 0 0 0 0 15 0 0 o 0
0000000000
0000000000
00000002900
0000000000
0000000000
0000000005
6000000000
0000000000
0000000000
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Apprndlx I. Cont.

ANIfiAL i lUFlSER: 245 511 '11 12g 350 3?5 462 211 1 391
Scrophululrc[Cilt l l leJasp. 0 4 0 0 0 0 0 0 0 3

C. Errr,rrt 0 o 0 o 0 o 0 o o o
C.Appbgrtr l  0 0 ' l  F.  0 0 0 0 0 o
l l lmqlurso. O 0 0 0 0 0 0 0 0 0
| l .nt lutul  0 0 0 0 0 0 0 C 2 0
hdtculclrs.rlbrsb.t 0 0 0 0 I 0 0 3 0 0
Pcnrtmrrp.  0 0 0 0 I  0 0 0 0 0
P.Br ldgrr l l  0 0 0 0 0 0 0 0 0 0
P.Orvtdronll 0 0 0 0 0 0 0 0 0 0
P.h.trsodorur 0 0 0 0 0 0 0 0 0 0
P. lbnbrsryi 0 7 O 0 0 3 5 0 0 0
P.RoUrtoaklt 0 0 0 0 0 0 0 0 0 0
CotttnrtrTomyi 0 0 0 0 4 0 0 0 0 0

RhurecurCrlnotlrrcordslrtur 0 0 0 0 0 0 0 0 0 0
C.vr lut lnw 0 0 0 0 0 0 0 0 0 0

Roucnrlmlrnchtrrprllldr 0 0 0 0 0 0 0 0 0 0
CGcocspurlrdl?otluc 0 0 0 0 0 0 0 0 0 0
Frrgrslrplrtyprtrh l0 0 0 15 0 0 0 0 0 0
lblodlrcu.Eorisrtrrl 0 1 0 0 0 3 2 O 0 0
H.nlcrophyllur 0 0 0 0 0 0 0 0 0 0
Prtrophytucrrrpttorrr 0 2 O 0 0 0 0 0 0 0
Potmttl lrsp. 0 0 0 0 0 0 0 0 0 0
P.On-rat t  0 0 0 0 0 0 0 0 0 0
Pnrnrlrg. 0 0 0 0 0 0 0 0 0 0
P.nrglnrtr  0 0 0 0 0 0 0 0 0 0
Pur$lrtstd..rtdr 0 0 0 0 0 0 0 0 0 0

BonglnrcrrCryptnthrrg. 0 0 0 0 0 0 0 0 0 0
Hrd<rllrre. 0 0 0 0 0 0 0 0 0 0
H. n.no.. 0 0 0 0 0 0 ? O 0 0

PolygonrcooErlogonrp.  0 0 0 11 15 0 0 0 0 0
E. lnclu 0 0 0 0 0 0 0 0 0 0
E.nlarottrctr 0 0 0 0 0 0 0 0 O 12
0ryrl,edlgynr 0 0 0 0 0 0 0 0 2 0
Rrynrt?ottr 0 0 0 0 0 0 0 4 0 0

EuphorblrcnEuglulblrrp. 0 0 0 0 0 0 0 0 0 0
RutstreuGrllhrgrslnr 0 4 0 0 0 0 0 0 0 0

Eplobfurqurt!.loll,un 0 0 0 0 0 0 ? 5 0 0
E.0rrgcrrrrr 0 0 0 0 0 0 0 0 1 0
E.Prlnglrm.r 0 0 0 0 0 0 0 0 0 O
Gryoglryhra. 0 0 0 0 0 0 O 0 0 0

thb.ltlf.srHrrrdubnrt..r O 2 0 0 0 0 0 0 0 O
LJ,gtltlcr.rGrtyl 0 O O O O O 0 O 0 0
0crnEroccldrntrltr 0 0 0 0 0 O 2 0 O 0
Prrldrrldtrbllrdrrt 0 0 0 0 1 0 0 0 2' 0
Sphnorclrdl,uc+ltrtlrtu 0 0 0 0 0 0 0 0 0 0



2C3

Apprndtx I. Cont.

AilInAL ilUnEER: 245 311 11 129 350 375 462 211 I lt l
Saxl l ragrcrerHtuchtr l rubis.n!  O i  O 0 O Z O t  C I

Rtbrrsp.  o o o _o o o 11 o o o
R.crr .un o o s o o o o o c o
R.lerlrnthua 0 0 1 o o o 0 o o o
R. noatlgrnu S O 0 ,l .l O O O O O 0
R.Rorzt l t  0 0 O O O O O O 0 C
R.vr lut lnqn 0 0 0 0 0 0 0 0 O O

LcaunlnourLotugcrtrttfollur 0 0 0 O O O O O O O
Lupl,nursp. 0 0 0 0 1 0 0 1 O 0
L.CuJ,.btrtronll 0 0 0 0 0 0 0 0 0 0
L.Lrt t fo l lur  0 0 0 0 0 0 0 0 0 0
L.Lobbl t  3 0 0 0 0 0 0 0 0 J
L.Lyr l l t l  0 0 0 0 0 0 A 7 O 0
VlcteCell losnler 0 0 0 0 0 0 0 0 0 0

Prlnulecmroodrctthtqrrlplnul 0 0 0 0 0 O O O O 0
o.Jr?frry l ,  0 0 0 O 0 0 O O . t  0
0. lldohnr 0 0 O O O 0 0 O 0 0

lrbletfrfloncdr.Lleodorrttrdnt 1 0 0 O I 0 0 O 0 O
HydrophyllrcttPhrcrllrhutrtr O O O O O O O O O 0

p.nrtrbl l l , .  0 O 0 O O 0 O 0 O 0
PotnnlrcruPhlorsp. O O 0 6 O Z O O O 16

P.dt??ur 0 Z O O O O O O 0 0
' P. Strnaburyt. 0 0 O 0 O O 0 0 0 0
SeltcrcrtrPopulr.ntnrrloldn 0 O 0 O 0 0 O O O 0

Sdtrrp.  0 O I  O O O Z 1 O O
Sdlnortttrr O 0 O O 0 O 0 O O 0

Crgrt?ollrc...Srducutcr.tuL. 0 0 O 0 O 0 O O 0 O
Sy@hoslcrsgorrp. O 0 0 0 O O Z o 0 O
S.P.stJrg 6 3 O O O O 0 O O O
S.vrcclnloldm O 0 9 O O 0 i4 o o 0
Lonlc.srconJugrltt 0 0 O O 0 0 0 0 0 O

CrrrrukcrrrSrdrlolturtlr O Z O O O 5 O 0 O 0
Rrnursl.croThrltctnrrp. 1 o ,10 0 o o 0 0 o o

T.FndLsl  o 6 o 1 o , t  z o 2 o
Aqurrrglr?ornrr O O O O 0 O O o 1 O
Aconltucolt$lrnr,n O O O 0 O O O 0 S 0

Vlola[Vlolrpurpunr (l 0 0 O 0 0 0 O 0 0
Unknosn21o9737z,t  

12



Aooendlx I .  Cont.

PIent
Group/?enlly Sprci,ac

ll0SS: ftosa (unf .;
FERltl: Cyrtoptorls lragil ls

F€sn

(hychlun drnsu!
Prllec Bridgarii
Ptuldlun quiltnun

C0IIIFER: Abbc concolor
A. |lqnlltc!
JunlPcuc occldentells
Ptnur nnntl,cola
P. lirss.y&r
P. dbtcslla
F. ponduoar
Tcugr flrrtrnslana

Anuyllldrcr AlLlua obtucuil
A. vrltdul

Cyprrcrr Cyprrrcrr (unr.)

_ Cfaar rp.
C. Rocrll

Grulnrlr Greca (unld)
0ryzoprta hynrnoldro
0. !p.

Juncrcur Juncur Nrvrdrnsl,s
Ltllrcur llhclnr strll,ate

Vrrrtrur Crl!?ornl,cua
0sehldr.o Hrbrnrslr dllata

0l,cst (unr)
' Acrrlcrer lcrr glrbrrn

Corgorttr Cqorttr (unk.)
Achlllrl lrnuloss
Antmnrtll rogae
A. rdrlnrllr
Artnlrtr !9.
A. Ludovlclenr
A. trldrntrtr

2C4

ANIML N0.:  472 32 271 121 51 31 139 120 7i  31
sEX: F f F t it'l l1 ll ll ,r t'l

EASTOT' i iESTSIOE: U U U U U U U " . ,J . ,J
ELEVAIION (m):  26SZ 295? 3018 2804 3018 3170 2316 3010 33sl  l2!0

t renne: 23 11 s -1s 11 z 3 19 13 13
f,u:rrEn: s4 a zs f l  21 1 62 34 5 3

f,Rocr:  I  3 1? 19 39 32 12 9 39 45

f, puRnt: ?2 7a ss 49 zs € 23 39 43 2a

nna
AAA
UUU
a^iguv

1231100?
0000010
0006000
0000100
nnnnnnn
9gg9vv

0010000
0000000
0000000
0000000
0000000
0000000
0100201
4200009
0001000

11 0 0 0 2 0 0
0000000
0000000
0000010
40000212
0000000

29165022?3311
0000000
4 14 0 0 I  1 13
0000000
0000000
0000200
0000000
0000000
0000000
0000000
aaA6
ULUUUUU

15 0 5 0 0 0 2
0000000
0 0 0 14 0 0 0
0000000
o200000

Cryptogremaacrort lchoides 0 0 0
000
000
000
000

1700
000
001
210
000
000
009
000
000
000
0010
000

t6 4ri 19
000
050
000
000
060
000
000
000
000
000
034
000
000
000
080



Aoocndlx I. Cont.

Astrr elplgenus
Cheysopr& Ercuerl
Chryrothannus sp.
C. urglogut
Clnlln sp.
C. Anducontl
Erlgrron sg.
E. Errurrt
E. congorltus
E. Llnurla
Eupetsrltr ocldrntale

Hrlrnlln Blgrlovt t
Hlcrctu grrctlr
H. horrtdtua
Srnrclo op.
S. uonlcoldu
S. Cllrklenta
S. trlrngutrrtr
Solodrgo Crltldanll!
Trtrrdynlr sg.
T. clrrlgctnl

Turncr.l of?i,ctnrb
Ertukcn Alnur trnulfollr

Apocynrcu Apocynr.n trrllt.l
Ceucllrrr As.btr rg.

A. Lyrllll
A. plrtyrprrnr
Eryrln,rr p.stnna
Strtgtrnthr,t csrdrtus
3. tottuorur

tlulrcu vrccinlfotlr
Q. d.nre

'rn<

ANIf1AL NUnEER: 472 32 ?70 121 51 31 139 320 71 31

Hrploprppuacullrutleoaus 0 I 0 0 0 0 0 0 0 0

nnnndnnaJSUUUUgV

2A0000a200
000q-000000
0000000000
4000000000
0000000100

.2 0 0 2 a 0 0 0 0 0
0010000100
0000000000
0000000000
oooo000oo0

0000000000
0000000000
0000000100
o?00060000
0 0 5 1 0 0.  0 0 0 0
0000000000
0020000100
0000000000
0000000000
0000000000

0000000000
0000000000
0000000000
0000000000
oooooo00o0
0000010000
0000000000
0000010000
0000000000

. Anrghrl{r613915'ttrcra 0 0 0 0 0 0 0 0 0 0

ErlcrarArctortrphylorrurlpoce 0 O O 0 O O 0 0 0 0
A. prtub
A. llavrdmatr
Csloga ltbatanllua
Ldu gtrnduloaln
Fhytlodocr &tursl
UGclntl.r ntvlctun
U. ccldmtrlt
U. prrvllolln

FrgrcuCrfbrcprtrr4uvl,renr O 0 O 0 O 0 O 0 0 0

3000000000
00002600000
0000000000
0050100000
002113560251811
00040000010
00000007150
0000000000

00000029000
0000003000



Apprndix t. Cont.

ScrophulerlacrtCastl l l ,rJa sp.
C. Brerrtrt
C. Applqrtrt.
fllmrl,uc so.
!1. ntlutul
Prdlculrrlr s.mlbrsb.tr
Prnatm rp.
P. Ertdgrrll
P. Drvtdronll
P. hrtuodoxttc
P. Nrubrrryl
P. Rothcocktl
Colllntlr TorrrYl

ilrurrcur Curothur coedulrtur
C. vrlutlnqr

Rorcur Aorfuchtrr P.fltdt
Crecoccpur bdtloltur
Frrgulr plrtyprtrlr
Holodtrcur 8ourrtrrl
H. n!,csophytlllr
PrtsoFhytr.! cupl,torul
Pot.nttLlr !9.
P. Onnndll
Prunua sp.
P. orsglnttr
ftrcrhlr trldmtrtr

Borrglnrctt Cryptlrthr tg.
Hrr{<rllr rg.
H. natvoaa

Polygonrcro Erlogonrr g.
E. tncru
E. n&rothsr
Oryrll dtgynr
Rlr pr.el?ottr

Euphosbtrcr Euphorbtr rF.
Rubtrcu GrlUur t.sln

Epttobtrr mgurtt,?oltur
E. 0srgorur
E. Pllngbn.r
Gryofitll g.

ljnb.lll?!s.. Hrrrdrrr lautur
Ltgurtlal Gnyl
0lErlrlzr occldrntrltr
Prrldrrtdlr Eohndrrl

2C5

ANI|IAL tlUflEER: 4?2 32 270 121 51 31 139 120 71 31
nA66annnni
UUgU19

000_0000001
000000000c
0300010100
0000000000
0000000000
0 I  0 0 0 17 0 0 0 0
0000020000
0000000000
000000001a
0000' t300'r53
0000000000
0000000000
0000005000
0000000000
?o00000000
0000000000
0000000000
0000000100
0000401000
0000000000
0000000100
0000000001
0000004000
4000007000
0000000000
0000000000
0000000000
0000000000
0000010100
0000000020
0000000000
00000000a2
0000000000
0000000000
0000000000
0000000000
0000000000
o200000000
0000000000
0000000000
1000000000

12000000000
0'r40000000

Sphnorclrdlr.rcrpltt.Lletr.l 0 0 0 0 0 0 0 0 0 0



Aporndk I. Cont.

Sexllrrgrcmr Hruchrn rublglns
Rlbrc sp.
R. ctlaue
R. hrlenthun
R. nontlgrnr,n
R. Rorztll
R. vrluttnr.l

Ltgr,tllnot.a. Lotur csullollur
Luplnur rp.
L. fulbrrtsonll
L. tetllotlur
L. Lobblt
L. Lyrllll

- Ulctr Cetllotntcr
prtnlrc.r 

'odrcrthrn 
rlplnu!

0. l??rrYl
0. rrdolmr

L.btrto ftnrsdrlle odorrtlrlar
Hydrophylbrr Phrcrtlr hotrtt

P. tlltrltllr
Polnnlrcru Phlor rg.

p. dl?fun
P. Strrtbrryt

Srltcrclr PoFrlttt trcrlotdo
Srt[ rg.
9rllr onrtn

Crprl?ollrctr llducur cunltn
Synflrorlcrsgor rp.
5. Prstrhll
9. vrslnlctd..
Lontcur conJuqrtti

Cnrrulrcrr Srd.r Oturrtrr
Rnqrubcro Thrllctnr Tr.

T. Fndlrrt
A$r[.gf. iorrrl
|gonlttr aoLtl,nc

Ulolso Utob purpurrl
tirkrur

ANIf'IAL NU|'IBER: 4?2 32 2?A 121 5'l 31 139 72O 71 31
an
UUUUSUUI!J

102001500c
0006-000000
0000000000
2342000400
0000000000
0000000300
0000000000
0400005000

12000000000
0000000000
0500030000
0000000000
0000000000
0000000040
0000000000
0000020000
0000000000
0000000000
0000000000
0 0 0 0 0- 0 0 0 0 0
0000000010
0000000000
2 g g 0 o 0 -0 o o 0
o 2 4 0 |  1 2 Z 16 I
0000000000
0000000000
0000000000
0000000000
2000000000
4000000000
0000000000
0000.000000
t000000000
0000000000
0oooo0000o
0000000000

t1 2 1 5 4 1 17 10 0 10


