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ABS!fRACT 

This =,tudy of the rebtionshif,>s between desert bighorn sheep 

and feral burros was conducted _ in \\ 'arm Springs Canyon of the Black 

Mounp .ins, Mohave County, Arizona from July 1962. to September 1963. 

Sheep and burros w ere located and observed to determine 

their feeding and watering patterns, their <l.lily movements, and thdr 

seasonal di~tribution. Samples of the cont e nts of eight sheep stom

achs were collected <luring the 1962 and 1963 sheep hunts through the 

cooperation cf the hunters and thtl Arizona Game and Fish Department. 

The Arizona Livestock Sanit.:i.ry l~oard issued the permit nece::asary for 

collecting nine burros for stomach contents samples. These samples 

were analyzed for comparative occurrence of food items. 

Sheep and burros were frequently found near the springs 

during the summer months. · Her e th e y fed on the same plant species, 

drank at the same times of <by, · v.n<l used the same shade to avoid the 

heat. 

Although no clir cct harm to the sh<.!cp could llc attri but<.:d to the 

burros, it is felt th;.it under ti m j ting con di tions they could have a 

negative eff cct. 
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INTRODUCTION 

Since the Europeans came to the Southwest, there has been a 

decline in desert bighorn sheep populations. Many biologists who have 

studied the bigh9rn have cited the feral burro as a major competitor, 

and some believe that the burro seriously int'!rfer~s with th-! welfare 

and increase of bighorn populations. Much has been s.aid for and 

against the burro, but no studies ha.ve been conducted to gather quanti

tative information on its effects on the bighorn. 

Mc Knight (1958) and others have encouraged a stuc.y to deter -

mine more precisely the role of the burro as it affects the bighorn. 

Wells and Welts (1961) made a four month study of the burro in con

junction with their stlldy. of the beath Valley bighorn. They reported 

no acute competition, but encouraged further investigation. 

The objectives of th.is project v,:cre to study the relationships 

between the desert bighorn and the feral bl!.rro regarding food and 

water. Any otht!r effocts of the burro on the sheep, both direct and 

indirect, were also invl.!stigated. 

Field oLservations were made to determine the daily activities 

of both specil."!s. Eight sheep stomachs wert: collected during the 1962 

and 1963 hunts. Arrangements were made with the Livestock Sanitary 

l 
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Board to collect _fpral burros for stomach samples. These samples 

were an.:i.tyz~d to determine if these feral burros and bighorn competed 

for p-3.rticular food plants. Field work began in Jut y, 1962., and was 

terminated in Se ptember, 1963. 
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STUDY AREA 

Warm Springs Canyon of the Black Mountains, Mohave Coun.ty, 

Arizona was used as a study ai:ea {Figure l ). This area li~s within 

T l 7 .and 18 N, and R i 9 and 20 ,N, Gila and Salt R iv er Base and 

Meridian. The Black Mountains p a rallel the Colorado River from 

Hoover Dam to Topock. Russo (1956}, McKnight (1958), and Buechner 

(1960} considered these mountains to have dense populations of both 

bighorn and burros. 

The ·whole range is of vo icanic origin, mostt y basalt. The 

south end is cut off by a rhyolite formation. The 'Warm Springs is 

made up of a series of three artesian springs that are present along 

the contact zone of these two geolosic formations. Except for three 

seeps on the rhyolitc formation there art;! no other springs for 5 miles. 

Th.is distance n early isolates the bighorn an<.l burro populations which 

use the Warm Springs area during the c.lry part of the year. 

Topography 

The basaltic area is char;:icterizc<l by fl:.it me;;a::; cut by deep, 

steep-sided canyons. The surface 1::; cov<:!recl with Lrokcn rubble. The 

rhyolite forms rugged.cliffs and s lopes th.1.t jµt abruptly above tht! deep 

canyons. From the base of the mountain an alluvial fan drops off 

3 
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toward the :.qo(iirado River (Figure 2). This fan is about l l miles wide 

at the narrowest place. 

The elevations of the stucly area range from 1250 to 3853 feet 

above sea level. The springs are at an elevation of 2033 feet. 

Climate 

During the study maximum and minimum temperatures were 

recorded by a U-tubed Taylor thermometer, and precipitation was col

lected in an accumulating rain gauge (Hungcrfor cl, 1960 ). The extreme 

temperatures recorded between October 3, 1962, and September 3, 

1963, were 114 and 26°F. Precipitation totaled 2. 53 inches during 

the period from A ugust, 1962, to September, 1963. There were no 

nearby weather stations that could be used as a source of climatalogi-

cal records. 

Vegetation 

The area incl ud es both S01wran and Mohave Desert vegetation. 

The alluvial fans, canyons, and south facing slopes are in the Sonoran 

Desert. Dominant plant species in the Sonoran desert area are foothill 

palo-ver<le (Cercidium rnicroph y ltum),l creosote-bush (Lar:-ea 

triden: a ta), brittle-bu s h (Ence li2. fa rinos a ), ocotillo (?ou c:t.:.ieri a s p'. en-

dens), and whltt: ratany (Kramer ia Grayi) . The :di)i.lrian communit i es 

1. Scientific names of p L..i.nts in this the s is arc from .Arizona 
Flora, T. H. Kearney and R. H. Pc:::bles, Univeri:;ity of California. 

Press, 1951. 
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Figure 2 . 

,, 

Topog::.-aphy of the study area . 

I n t he foreground can be seen the alluvial fan ; in the 
c e nt e r , 
g ro und , 

the rhyolite formation; and in the far back
the !:)asalt mesas . 
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along the wJ.shes and around the springs arc composed of willow (~ 

Goodd.ingii). velvet mesquite (Prosopis juliflora var. velutina), · screw-

bean mesquite (~. pubcscens ), seep-willow (Bacci1aris sarothroidcs), 

gray-thorn (Condalia lycioides), and desert-willow (Chitopsis linearis). 

The mountai:1 and mesa tops· and the north facing slopes have 

a ·vegetation 1·epresenting the Mohave Desert. Domin.ant species there 

are 11ohave yucca {Yucca schidiger;:,.), ul.J.ck-b1·ueh (Coleogync 

ramosissim2.), bear-grass (N'.Jlina Bigdovii), jointf~r (Ephedra sp. ), 

California buckwhe:it (Erioe>,onum fascic Ltlatum ), and golden-eye . 

(Vigucria deltoidea), Other plants and their rel;,.tivc abundance are 

shown in the Appen.clix. 
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METHODS AND 1,JA TERIALS 

Survey Techniques 

I covered the study area regularly by walking along predeter

mined survey routes. Observation points were used to search large 

areas where animals were likely to be found. When animals had not 

been located by mid-afternoon, I returned to the springs to observe 

animals coming in to water. 

Tracks and sign that indicated recent use were also noted 

along these survey routes. When it was learned that desert mule deer 

used part of the area, a comparison of tracks was made in order to 

distinguish deer from sheep (Figure 3). After some practice clear 

tracks could be identified, hut on rocky and gravelly soil positive 

identifications could not be made. 

Ani mats wer c loca t ed and obs ervcd with the aid of 8 X 50 

binoculars and a 27 X spotting scope. The sho:?:t tripod base of the 

scope was modified by attaching extendible camera tripod legs with 

l inch hose clamps. This modific;ition allowed me to use the scope 

from a sitting rather th.1n a prone po~ition. Dy using the pivot of the 

· spotting sco1Jc base, areas could be searched in a horizontal grid 

pattern. Figure 4 shows the assembly in use. 
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Figure_ 3. 

Desert Mule Deer Buck 
Front Foot 

. . . .. •' . . . · ·. 
·· .. ·.·.·.· ·.··· 

·.·.•:•·•·.· · .. : : . . ' .' 
. . ·_.: · . 

·.-. : ·.-_·,• 
. :_._ .· _·:_•.· .• ·~·: . -:::.··.· ... /·:: . . _.:;::· 

Desert Bi ghorn Sheep Ram 
Front Foot 

, 

Compa:::-ison of de sert mute de e r and desert bighorn 

sheep tracks (a ctWll size). 
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Figu r e 4 . 

-::-.. ~ ;~_,'f ·':::-:-1~ 
.. ~, .~ " ~ .. ~ - ... ? "' ... , ,,•r:~ 
~ -1 , .._·1.,.. .~ -,.~ .. -1. • • , ) .. .... •, .t.,i, J:'l-i, t ~"(•\' _,_..-- .. , . .... ,., .... _: .. : : · ,V.-':';,-...,,-..m~"' 

r~ ,:-:"'!~?,.;_;:,:.:,...;}:j'.,~::' ".: . -.;.' i·:-;-':· -,:.1'--J,..;.rl, .~~-~'l( :, .. e,,,f;•·:l. . .;;-.,..,,:.;-:;;''. :'-3,,:.<:~:: '..\.,~ 

tiif ~~i"C~}±!921~lk~l~t~f.t;t:liff ;~ 
,.;..:.,..%.;..,.,,,_ ...-.:, .... .-~ ~~ ..... ,... ._ ,;.i..-. .,.. _ _ ' -1,. ..,,, .. ~~ .:.v-~ -c..Ji ... i\,,,'. •r •r • .. .... .> t t --~~..: .,._,..~ - •w.& ~ 

The spott in g scope a n d modified tripod used for locating 

and observ in g animals . 

........ .,. ---- ------ ---- ----• ............. ~- .... ·I""'-- .. ·---·-- ..... - ..... _ ..... __ .. ~ - ~---
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When sheep were found, they could easily be approached as 

long as I remained in sight of them. Some animals appeared nervous 

when I was present and would not feed, but after a short period of time 

most animals resumed feeding. If I tried to conceal myself, the sheep 

became curious and approached closely or became frightened and took 

flight. When sheep started moving away, .pursuit only made them move 

faster. 

Like sheep, burros also have well developed eyesight and 

usually detect any movement. Vi hcn they saw me they stopped feeding, 

stood, and watched. For this reason, it was ne _ccssary, \vhen approach-

ing them, to remain hidden or to make observations from established 

stations. Light colored clothing anJ shiny objects seem~d to increase 

the chances of my being detected. Of the l 7 sheep observations made, 

64 percent provided £ceiling minutes, while only 18 percent of the 156 

burro observations produced any results. 

In addition to feeding minutes, notl.!s were taken on di stribu-

tion and movements, daily activities, s ex and age composition of herds, 

and identifying char.:i.cteristics of individuals. Sh e ep could be identi-

fie.cl by their horn characteristics or by body scars (Figure 5). Burr os 

could be iJentificd by color, scars, .:rnd shoulder and leg markings. 

., 
; ·j. . 
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Identifying horn characteristics . 

The ram to the right illustrates the use of h o rn 

characte1·s to identify individuals. 
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Food Habits Deter mi nation 

When animals were found and successfully approached the 

feeding minute technique as described by Buechner (19 50) was used 

with the following modification. The time to the closest • 05 of a min

ute or 3 seconds that an animal fed on each plant species was meas-

ured. A stop watch indicating minutes, tenths, and hundredths of a 

minute was used to facilitate computation. These data were totaJed, 

and the percentages were computed to give the relative importance of 

the food item in the diets of both animals. The relative abundance of 

the plants was also considered. Burro observations were terminated 

. when sheep were encountered because burro sightings were more 

frequent. 

During the 1962 and 1963 sheep hunts, hunte::- s were given 

kits con s istin g of p lastic b;:i,gs and formalin, and were asked to save 

samples of stom.1ch contents from bighorn s h eQp (Fi g ure 6). In 1962, 

hunters in I\!ohave County turnecl in three stomach samples from big-

horn sheep. In 1963, Arizona Ga me and Fish Department per sonnet 

collected five stomo.ch samples for me from successful hunters in this 

same area. A permit to collect fer a l burros for stomach sar.-iplc:s 

was obtai n ed from th e Ari:tona L ivestock Sanitary Doa rd, and nit!e 

stomachs were collected. All of the sheep stomachs were collected 

in December; and burro stomach s were collected in February, April, 

Mar, and July. 
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.. , . 1 

I,: 

, 

> 
• . . ... . l 

.~ . 

., 
~-

' <ii •• - ~·. 

f :( 

. ;l, 
... ·;; 't'.! 
i .. ; 

. ;. '· ...... 
\ 

I · · 

'' '1 

tY'.:t;j 

Kit distributed to hunters for the collection of sheep 
stomach sampLes. 

A. Double plastic bag. 
B. Kit with stomach contents sample. 
C. Complete kit. 

, I 
j 

D. Plastic sareple ba g from Nasco Co. with formali:1. 
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As soon as possible after collection the samples were washed 

and then preserved in 10 p e rcent formalin tiOlution. These were later 

analyzed to determine the percentage of forbs, grasses, and shrubs 

present. The occu=rence of plants that could be identified as to species 

was also recordec!. It was not possi b le to compute the percentages of 

individual species b e cause of the rn ~ sticated condition of the samples. 

Because of rumin a tion the:-e was a ::.oticcablc d.:.fference in particle 

sizes between samples tc1.kcn from sheep killed early in the morning 

and those that had bec:1. killed later i n the day. 

so thoroughly masticate th eir food, stomach samples were hard to 

analyze regardless of th e time of da y they were collected. 

V cget a tion Determ i na tion 

In order to determine the composition oi the spring vegetation, 

three sampling mc.::thods w ere tested. Both th e line intercept and strip 

mupping methods were too time consuming. The method finally adopted 

was a frequency method using a met a l meter square drop frame with a 

one-tenth meter subdivi s ion in on e corn e r , Seven transects, each 50 

chains long, were selected in th e va:::-i ous vcgct a tional types. At each 

chain the frequency of a n nu;.i.l, pe r ~nnia l, a nd shrub and tree growths 

\t.:as recorded within 1/10, 1, and 10 meter squares respectively. All 

unknown plants were collected., pressed, and identified later. The data 

collected from these transects arc p resented in th\.! Appendix. Other 

I .. ~~ ~ 
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plants that did not occur on the transects but that were locally abundant 

were also collected. 

Interviews and Additional Su:-veys 

In addition to the survey~ macle in Warm Springs C..myon, 

several _other areas of sheep range were visited. luter the 1962. sheep 

hunt. trips were ma.de to two areas where sheep had been killed and · 

the stomach samples collected. Plants were collected to aid in 

analysis of the samples. 

In June of 1963 on e week w as spent on the Cabeza Prieta 

Game Range aiding in the annual waterhole survey and obtainin g 

addition.al observations of sheep waterin g . 

Biologists that are familiar with the desert bighorn were 

interviewed both at their offices and at the annual Desert Big horn 

Council meetings. M uch was gained , from talking to these ex p~ rienced 

men. 
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RESULTS 

Populations 

The Warm Springs area shows signs of having been long 

inhabited by sheep. Petroglyphs of sheep have been carved upon rocks 

near the springs by prehistoric Indians. Arrowh~ads, percussion gun 

parts, and early cartridge cases also give evidence of hunting in the 

past. The latter were iound around rock blinds that were placed in 

strategic passes, such as bdween isolated ridges and the main moun-

tain range. Bill l\fo.sgr ave of Kingman suggests that some hunters hid 

in these blinds while others drove the sheep off the ridges and back 

across the pass es toward the main :nountain range. Fred Harvey of 

Ensinitas, California, who has visited the area regularly for the past 

30 years, states that he has found evidence of po.:i.ching · in recent 

years • . 

Burros also have been red1.:ced on the area. J. G. Waters, 

a retired Oatman mining engineer now living in Kingman, states that 

during the 192.0's and 1930 1 s the burro population in the Black Moun-

tai _ns was almost elin,inated by trap ~)cr s. The1.· e is still a trap ancl 

holding corral at Warm Springs. In more recent yc~rs ranchers, 

hunters, and others have shot large .1umbers of burros in the Black 

17 
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Mountains, and many bleached skeletons were found dm·ing the study. 

While these examples do not give any figures of harvest, they 

do indicate that the area has been at least fair sheep range a.nd that it 

has withstood sorr.e harvest in the past. It is felt that under proper 

management the area could again become a productive sheep range. 

On the Vlarm Springs study area 15 separate individual sheep 

were seen. It seems probable that there were an additional ten animals 

on the area . This gives an estimated population of 25 sheep. The 

observed sex ratio was . 83 ram per ewe, a nd the observed lamb ratio 

after June 1, 1963, was one lamb p e r ewe. 

It was m0re difficult to estimate the burro population. As 

many as 49 'bui·ro s were s e en on one side of the study area in one day. 

' 
I believe that the number of burros using the st-idy area throughout the 

year was about 100 head. The observed sex ratio was t w o jacks for) 

each jenny. The clepartu:.e from a more even sex ratio, which on e 

would expect, may be because of the poly.:inJ.rous matin g habits of the 

burros. When jennies o.rc in breeding condition they .::.re a tte nd ed by a 

herd of jacks, an<l when not they are found ::i.lonc o:::-in 5mall groups 

with their c olts. The lar g e groups a re more obviou s ; t herefor e , th~y · 

arc more frequently found. The observed colt ratio w .:is . 62. col t per 

jenny. 

When comparing sheep and burros, it is necessary to consider 

• biomass to arrive .it valid estimation::,, The stancL'i!.-d method for 
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evaluating range us .e .is the animal unit based on l 000 pounds of body 

weight. Russo (1956) found that sheep he collected averaged 150 

pounds. Nishihawa (1959) found that five to eight year old Mongolian 

asses ranged from 566 to 647 pounds. No references could be found 

19 

for the weights of western feral burros, but I would estimate it to be 

500 pounds. Therefore two burros or six sheep would equal one animal 

unit. 

Movements 

The maximum distance moved by indi v idual sheep was 6. 5 

miles. On February 14 , 196:; a herd of two ewes with lambs and a 

yearling ram was seen bedding down. The next day they were found 

2 miles awa y at 2:25 p. m. Assuming that they had n ot moved from 

their beds until <lawn, they would have covered this distance in about 

seven hours. By 4:10 they had moved anoth e r mile, but this was under 

the stress of being pursued. One month later the sam e herd WJ.S seen 

on the far side of the study ar c o.. They were seen t\ <.:O other times dur-

ing the study within a one-half mile radius of this second location. 

One mat ure ewe was seen six times with i..n a radius of one-half mite. 

Individual burros were ob s erved movin g a maximum distance 

of four mi lcs. This movement. lik e t hat oi the sheep, was al so made ------during the cooler part of the year. Eurros seem to return to the same 

areas sum m er a fter sum:'ner thus indicati ng a se ason a l home ran g e. 

" ~-... , 

'• 
,·, : 

, , . 
·; 

~· . 

' , 
~ ; ' 

i , , 

' 

'"! 
' ' 

; . 

1: I 

t ' 



, 

20 

Several individuals were seen in the same vicinity during both summers . 

Distribution 

The summer rains which come in August and September break 

the annual drought and brii1g a chap.ge to the physical habitat of the 

study ar9a. This p1·ecipitation is not evenly distributed. Narrow 

strips that arc flooded produce new growth on dormant plants. In 

adjacent places which receive only slight precipitation, the plants 

remain dormant. Because of this green feed and cooler tempe::-atures, 

the animals were widely distributed over the area and "verc extremely 

hard to find. 

During the fall and winter sheep were not sc~n. Occasion ally 

fresh sign was found in the mountainous areas although it was not 

nearly as abundant as it had been during the sumr.ier. During this 

same period Simmons {1963 ), studying bighorn on the Cabeza Prieta 

Game Range, found fresh sheep sign along the washes and in the lower 

foothills. Russo (personal communication, /,.pril 6, 1964} said he 

found sheep on the basaltic mesas of the Black Mount.::..ins <luring the 

cooler months. /"' .. -·· .. .. 

Burros, also, were not located as frequently i:!.S they h2.d been 

during the dry periods, but a few were seen and fresh sign was found. 

Their observed maximum daily range changed from 2. 1/2 miles to 6 

miles. The most frequent sight~ngs -were .along the alluvial fans and ,......____--------. 
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basaltic mesas. Tht! burros remained dispersed until March, when 

they began moving back into the are a s around the springs. 

21 

-- -----(, - · In the . spring ewes moved back onto the high mountain benches 

/ to have their lambs. Yearlings were with them, but no rams were 

i I found. The she e p bedded and fed during the da y on the open slopes. 

I I As the temperatu .: es rose th e y tended to feed earlier in the mornin g 

! 
1 

and later in the evening. They sought the shz.t.c.1..c of the cliffs 2.!'ld rocks 

I 
1\ during the daytime. 

' ·---· 
The higher temperatures also made the burros seek s hade. 

I 

i : They could be found stan ciing under trees or in the shade of rocks and 

cliffs. It was du::-ing this p eriod t hat the sheep a nd burro ran g es 

seriously overlapped. Dung of both animals in. the shady area s indi-

cated that they used th e same areas. 

During th.is study I saw sheep in the pre se r.cc of b:.lrros on ly 

once. On September 2.1, 1962, a e w e and a ram ap p:i:-0 2.ched ~ h erd 

of nine feedi~g burros in ~he high foothills. When the b-..:.rros r:. oved 

toward the sheep, the sheep m0ved a w ay, thus mainta~r.ing a distance 

of about ten yards. After 20 rn inu t c;;s the sheep mov e d r a p i dly :Ja s t ~he 

burros and on a round the mountain s , While there w a s r:o si gn of od-

ward a ggres s ion, the s h e ep ilid see m sh y in the p r csc::1: ...:.:: o! r::.e bur::.-o s . 

No eviclenc e wa s found of the mule deer's :angc over l a pping 

th;it of the bighorn. The mule deer were never seen more than a few 

hundred yards from the main washes. The burros use this area 
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heavily, and they could compete directly with the deer. No evidence 

of this was collected during this study .. 

Feeding 

22 

During the study a total of 12.5 feeding minutes was recorded 

for sheep and 380 mir.utes for burro. Table 1 indicates the most 

prominent plant species used during each season. The relative abun

dance of the species is also indicated. 

In the fall an<l winter sheep and burros were able to obtain a 

large amount of their water f:r:om the green vegetation , Thi::; allowed 

them to feed in areas that were beyond their ran2e during other seasons. 

Forage was abundant in these areas, and there was no competition for 

food. 

As the daily tempcrc1.tu.res began to rise in the spring, the 

animals were restricted to the vicinity of the springs by their water 

requirement. At this time burros fed largely on wint e r annuals and 

sheep on green shrubs. 

Table 2. lists the percent of time spent feeding on each plant 

that was e~ten <luring the entire study. Those listed as traces were 

either not timed or were recorded as less than one p.3rc~nt. As c a n 

be seen from the table, ocotillo, catclaw, and forbs are important in 

both diets. Scientific and common na m~s of plants mcn ti o:1ecl are given 

in the Appendix. Sheep were never seen feeding on palo-verdc, nor 
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Table l. Comparison of the percent of observed feeding time spent on 
preferred plants by desert bighorn and feral buri·os d1.a·ing 
the four seasons. 

Plant 

Common Name Relative Abundance 

June-August 
Perennial grasses 
Catclaw 
Golden-eye 
Dry forbs 
Brittle-bush 
Ocotillo 
Others 

September -October* 
Palo-verde 
Catclaw 
Brittle-bush 
Ocotil lo 

December-Februar y ~":: 
Brittle-bush 
White bur -sag e 
Perer.nial grasses 
Globe-mallow 

March- May 
Ocotillo 
Green £orbs 
Califor r:.ia buck w he a t 
White bur-sa ge 
Palo-vc.:r de · 
Catclaw 
Others 

L 
M 
M 
H 
H 
M 

H 
M 
H 
M 

H 
H 
L 
M 

M 
H 
}.,,1 

H 
H 
H 

*No feeding was observed for sheep 

Percent of Feeding Time 

Sheep Durro 

22 
17 
13 
12 

5 
0 

31 

Trace 
Trace 
Trace 
Trace 

78 
9 
8 
5 
0 
0 

0 

9 
0 

55 
12 
12 
12 

81 
18 

Txace 
Trace 

7 
64 

Trace 
0 

21 
5 
3 

:."*~o minutes could l>e recorded for 0ither sp e ci _cs, but sheep were 
seen f e edin g on t he ::;~ pl: ::.nts. 

L:: low; l\ 1 = medium; H -= high 
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Table 2. The percent of observed feeding time spent on various plants 
during the entire period of the study. 

Plant Percent of Feeding Time 

Common Name Relative Abur.dance Sheep Burro 

Ocotillo M 18.5 7.7 
Dry annuals H 17.8 54. 3 
Perennial grasses L 17.0 0 
Catclaw M 13. 1 8.0 
Golden-eye M 10. 0 0 
Bear -grass M 5.4 0 
Brittle~bush H 3. 7 6. 2 
Sandpaper-plant L 3.6 0 
Jointfir H 2.2 0.9 
Bladder-stem L 2. 1 0 
California buckwheat M 2.0 Trace 

White bur - sage H 1. 1 0 
Palo-verde H 0 19.6 
Desert-lavender H 0 o. 9 · 
Experimental ieccing* 

*One male lamb was seen feeding on buzzard feathers and a bird 1 s nest. 

La= low; M:: medium; H = high 

were burros ever seen feeding on grasses; but both plants occurred in 

stomachs that were c ollccted. Russo ( 19 56) found that sheep took palo-

verde, and Er owning (1960) found that grass made up ten percent of the 

burros diet in Death Valley. ---Laboratory analysis of tte n.:.ne feral bu1·ro sto rr. ach samptes 

revealed an ..iveragc composition of 1 percent grasses, l l percent 

shrubs. and 88 percent forbs. Th..:: high occurrence of £orbs may be 

because the burros were collected during the spring and summer when 
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these plants were most plentiful. Indian-wheat was the most abundant 

of these, and it was readily eaten. Collections should be made at other 

times of the year to indicate the seasonal change in diet. 

The analysis of the eight sheep stomachs, collected in Decem

ber, revealed 33 pt!rccnt grasse.s, 39 percent shrubs, and 2.8 percent 

£orbs. Table 3 shows the frequency of plants that occurred in the 

stomachs analyzed. 

Table 3. The frequency of plants in stomach contents samples of eight 
·sheep and nine burros. 

Plant Frequ~ncy 

Scientific Common Sheep Burro 

Acacia Grcggii Cate law 2 0 
Bcbbi2. junc ca Debbia 2 0 
Boerha;;ivia '\\"ri1~htii Spiderlir.g 2 0 

-- "'--
Carnegi12:a ~ -a~tca Saguaro l. 0 
Cercidium micxophyllum Pato-verde 2 l 
Enccli3. fa.rinosa. Brittle• bush 0 5 

Ee_h~dra sp. Jointfir 3 2 

Eriogon'1.m fasciculatum California- buckwheat 3 1 
Fouquieria sple"1dens Ocotillo l 4 
Franseria dumosa. White bur- sage 0 l 

Hrntis Emoryi Desert-lavender 0 l 
Ouuntia sp. Cholla 0 l 
Peu .cephyllum Sc h otti . Pigmy .. ccdar 2 0 

Physalis crassifolia Ground-cherry l 0 
Sphaera lc::.a sp. Globe-mallow 1 0 

Tamarix :i)entandi-a Tamarix l l 

Annual gr2.s scs l 3 
Perennial grasses 5 0 

Forbs 7 9 
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Of the two \yays used to evaluate food habits. I believe that the 

ieecling minutes method is the most reliable once the techniques of 

finding and observing animals are learned. .t....fter the data are collected, 

computations are easily made. It _is impossible to collect an: adequate 

sized sample of sheep stomachs to allow the investigation of the annual 

feeding cycle. Collection and analysis of burro stomachs is laborious 

and time consuming. 
--... 

Dul"ing the summer heat the plants either die or enter a clor -""· ... 

mant state. It is at this time that I believe acute competition fo::: food 

~. 
exists. Both species feed on the same plants on a daily basis, but the 

bu;rros have already removed much of the annual growth from the foot

hills and mountain slopes. These annuals might be necessary for tac-

tating ewes and their lambs to survive the summer in good health. 

The vegetation on areas nea:::- the springs and summer resting 

places showed damage by burro browsing. The palo-verde and mes~-----------
quite trees were hedged to approximately 5 foet. and most branches 

less than l /4 inch in diameter had been re~;:;_ -e-d (F1g~re 7). The 

burros also fed on the terminal buds and bark of the dormant ocotillos. 

' 
This gave the ocotitlos a gnarled and branched aspect rather tha;1 the 

lor..g slender fo'!'m that they usually take (Figure 8). Catclaw and joint-

fir also showed hedging. 
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~1~f~~~~~~}~~~±2¾~~t!f~~~~t ·fa1~~ 

Mesquite tree at Warm Springs sho\ving the browse line . 
Note the size of the twigs that are remaining . 
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Figure 8 . Comparison of ocotillo plants . 

A . A heavily used ocotillo near Warm Spring . 
B . A no:nnal ocotillo away from the springs . 
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Watering 

Burros were often seen coming to water on the study area, 

but sheep were seen only twice. It was, therefore, necessary to ob

tain additional observations from other sources. During the 1963 

waterhole count on the Cabeza Prieta Game Range, I watched 15 sheep 

. . 
come in to water. John Russo of the Arizona Game and Fish Depa.rt-: 

ment, furr:.ished me with times that he had seen sheep coming to water 

on various waterhole counts n1ade throughout the state. These two 

sources were combined for comparison with the burro data collected 

on the study area. 

The frequency of sheep and burros coming in .to water during 

each daylight hour is shown in Figure 9. Sheep tend to water early in 

the morning or late b. the afternoon, but they always return to t he 

mountains befo -re dark. Burros also come in to water later in the 

afternoon, but they rem~n in the vicinity of the springs until the follow-

ing morning unless they are disturbed. They occasionally passed by -------my camp on dark moonless nights on their way to the springs. This 

watering schedule placed the sheep ·and burros at the watering areas 

du.ring the same times of day. 
----- -- ·-· 

Sheep were seen gofr:.g l l / 2 miles across rugged mountain 

terrain to a seep in the mountains rather than cros. sbg a 1 / 2 mile flat 

to a sp ring in the open. The sheep came into the seep at a full run. 

Univ. of Arizona Library. 
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They covered 1 / 3 mile and dropped 1000 feet in elevation less fr.an 5 

minutes. 

Several seeps were found where burros had pawed out the 

sand to form pools of water (Figure 10). Since one seep was less 

than 100 yards from a large spring, there appears to be some reason 

for their pawing other than a need for watei-. 
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Figure l O. Digging for water by burros. 

The dark burro in the background is standing 111 a hole 
pawed in the sand to collect water . Photo by Arthur 
C. Risse::-, 
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CONCLUSIONS 

In general it can be said that sheep inhabited the rocky moun

tainous areas and that the burros inhabited the · flats and foothit ls. 

Burros were found, however, in all bu~ the most inaccessible areas 

that were isolated by sheer bluffs. The area of highest overlap was iri 

t_he upper foothills. During the summer months both sheep and burros 

stood in the shade of cliffs and large rocks to avoid the dir cct heat of 

the sun. 

The browse plants in these areas were heavily hedged from 

Both species fed here during the summer, but durin _g the 

rest of the year they were dispersed, and forage was abundant enou_;h 

. so that no competition existed. 
'-------

In the \Varm Springs area water was abundant, and there was 

no serious c onftict for it. It was found foat both s pecies came to 

water most frequently during the same tirr:es of day . In areas where 

water is scarce, the burros could usurp the reserve that •is necessary 

for the sheep to su.rviv"'e the droi.:ght periods. 

There are two methods of controlling the burro in bighorn 

habitat. One would b~ to restrict their use of water, and the other 

would be direct control. · If ne,v water sources were developed in 

33 
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that were inaccessible to the burros, the sheep could use the 

developments for summer range while the burro 

could not. Present waterholes that receive use by both species could 

.• 
be enclosed by burro-proof fences or some other mechanical method 

to eliminate the burro from that area. Th i s sort of e cological control 

would be more permanen t than direct control. 

Direct control is not advisable unless sufficient evidence of 

competition has been collected to convince the public of its need~ 

Public sentiment is easily arous e d, and laws completely protecting 

the burro could result. It is possible for burros to be controlled 

on special areas such a s p.::i.rks and game ran g es. If such programs 

arc carried out, studies sh ould be made to measure the effect on the 

sheep populations. Such information could a id in more widespread 

control programs in the i ut ure. 

/ 
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APPENDIX 

RELATIVE ABUNDANCE OF PLANTS ON THE WARM SPRINGS 

STUDY AREA DURING THE SPRING OF 1963 

Mesa and Foothill Community 

Acacia Gre g£?ii 
--- - -- -··· ""-
Ascle ;)ias subu lata 
Astragalus Nuttaliianus 
Dror nu s rubens 
Carn~ .c;iea gigar.tea 
Ca::;sio. Cov esii 
C er ciclium microphyl tum 
Chorizantht! l·igida 
Cryptanth a sp . 
C use ut;i dcnticulata 
D.1.lc~ J.:7'rernontii 
Del phin ium scaposum 
Enceli2. fari:1osa 
Ephcdra sp. 
Erio ~onum £':i.sciculatum 

' Eriogonum i nflz.i..tum 
Ericp hy ltu:-11 lanos Ltm 
Eroclium cicutarium 
Escr1schot tzia g lyptos r1crma 
Festuca octo flora 
Fouquieria sp~cndcns 

Fun astrur:1 hir tell um 
Cilia fit iior mi s 
I·!yptis Emoryi 
Janusi a. gro.ci li s 
Krame!'i a Grayi 
Larrc:a. tri c.cnta ta 
Lepiclium lasi ocarpum 
Lycium caliio 1·nicum 

Cate law 
Arizona milkweed 
Peavine 
Foxtail brome 
Saguaro 
Rattle-weed 
Palo-ver<lc 
Rigid spiny-herb 
Cryptantha 
Dodder 
Fremont dalea 
Larkspur 
Brittle-bush 
Jointfir 
California buck\vheat 
Bladder - stem 
Woolly eriophyll um 
Filar ee 
California poppy 
Six-weeks fescue 
Ocotillo 
CUmbing-m i lkwced 
Star flower 
Desert-lavender 
Janusia 
White ratany 
C:- co3ote-bus i1 
Pepper -weed 
Desert-thorn 

H = high; M = medium; L = low; VL =. very low 
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Abundance 

L 
L 
l, 

L 
VL 
L 
).1 

L 
H 
L 
M 
L 
H 
M 
M 
L 
M 
L 
L 
M 
~/. 

L 
M 
L 
L 

I-l 
M 
L 



Mesa and Foothill Community (Continued) 

Mentzelia tricuspis 
Oenothera sp. 
Opuntia sp; · 
Petalonyx niti<lus 
Plantar::o insularis 
Salvia Columbariae 
Sphaeralcia sp. 
Viguieria deltoicea 
Cactaceae 

Riparian and Spring Community 

Acacia Gre£di 
Baccharis sa:::-othroides 
Bocrhaavia \Vrightii 
Bromus rub...:ns 
Carex sp. 
Cerciclium microphyll'..:.m 
Chilopsis line a~ is 
Condalia lvcioides 
Cryptantha sp. · 
Cynoclon dactylon 
Datura meteloides 
Encelia fa.rinosa 
Ephedra sp. 
Erio e onum deflexum 
Erio <::onum fasci<:Libtum 
Festuc3. octoftor a 
Hymenoclea. Salsola 
Hyptis Ernoryi 
I<rameria Grayi 
Lycium californicum 
OenotheriG. sp. 
Phacclia sp. 
Pbntac:o in~utaris 
Prosopis juliilo~·:i. vcl:.itina 
Prosopis pubescens 
Salazaria r.1 c:dcana 
Salix Gooddin gii 
Salvia Columb.1riac 
Scnicio monocn sis 

Stick- leaf 
Evening-primrose 
Cholla 
Sandpaper -plant 
Indian-wheat 
Chia 
Globe-mallow 
Golden-eye 
Cactus 

Catclaw 
Seep-willow 
Spider ting 
Foxtail brome 
Sedge 
Palo-vcrde 
Desert-willow 
Gray-thorn 
Cryptantha 
Bermuda grass 
Indian-apple 
Brittle-bush 
Jointfir 
Skel~ton-weed 
California buckwheat 
Six-weeks fcscue 
Burro-brush 
Desert - lavender · 
White ratany 
Desert-thorn 
Evcning-pri r:,:r os e 
Scorpion-weed 
Indi ar: -whc2.t 
Velvet mesquite 
Ser ewbean mesquite 
Bladder -pod · 
Du<ll~y willov .. · 
Chia 
Groundsel 
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Abundance 

L 
M 
H 
L 
H 
H 
L 
L 
M 

H 
H 
L 
L 
M 
H 
~1 
M 

H 
M 
L 
M 
L 
L 
L 
H 
H 
II 
L 
H 
L 
L 
L 
f.1 

L 
L 

L 
L 
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Riparian and Spring Community (Continued) 

Sphaeralci a sp. 
Wislizenia rcfracta 

Mountain Co::nmunity 

Acacia Greggii 
Agave dcscrtii 
Bromus ruben s 

Colcogyne ra m osissima 
Cryptantha sp. 
Encel ia fa .rino s a 
Ephedra sp. 

Eriogonum fa scicu.l a tum 
Eriogonum in .ftatu m 
Erodium cicu tar iurn 
Festuca octoitora 
Fouqui c ri a splen dens 
Franseri a d urno s a 
Gutierr c z i a lucida 
Hyptis E mor yi 
Kram e ri a Gr a s,'i 
Larrea tri dcnt2. t a 
Lepidi u rn la si oc a r pu :n 
Lycium c a li fo r ,1icu m 
Nolina E i ge lo vi i 
Opuntia s p . 
Pctolo n yx niti <lt~s 
Pcuc e phyltu m .Schottii 
Phaceli a s p. 
Pl a nt a rvo i nsu l.a ris 
Quercu~ t ur bi :lc lt a 
.Salvia C ol u rr.b.J.ria. e 
Sphaer a lci a s p. 
Tridcns p ulcl : e il u s 
Viguierb d ct toidea 

· Yucca s c hid.ge r a 
Grarnin e ae 

Globe-mallow 
Jackass-clover 

Catclaw 
Desert agave 
Foxtail brome 
Black-brush 
Cryptantha 
Brittle-bush 
Jointfir 

California-buckwh e at 
Dladder-st c m 
Filaree 
Six-we e ks f escue 
OcotiUo 
\-Vhi te bur - s a ge 
Snake-weed 
Dese r t-lavender 
White r a tany 
Creosot e-b u sh 
Pepper -weed 
Desert-tho r n 
Bear- g rass 
Challa 
S.::i.ndpc'.l.pcr - plant 
Pygmy cedar 
Scorpion-\ vecd 
Indian- w heat 
Shrub live oak 
C_hia 

Globe - mall ow 
.Fluff gr as s 
Golde n :.e ye 
lvfoh a vc yucca 

Perenni a l grasses 
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Abundance 

L 
M 

L 
M 
H 
H 
H 
L 
H 
M 
L 
L 
L 
L 
M 
L 
L 
M 
M 
M 
L 
M 
H 
L 
L 
L 
M 
L 
L 
M 
L 
!vl 

M 
L 
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