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CHRONIC SINUSITIS IN
DESERT BIGHORN SHEEP
IN NORTHWESTERN
ARIZONA
Thomas D. Bunch
Departments of Animal, Dairy & Veterinary Sciences
and Fisheries and Wildlife
Utah State University
Logan, Utah 84322
George Welsh
1954 Golden Avenue
Kingman, Arizona 86401
Robert L. Glaze
Glaze Veterinary Clinic
Star Rt.. Box 645-8
Kerrvlle, Texas 78028
Abstract. Chronic sinusitis (CS) is a debilitating and often fatal disease
of desert biohorn sheeo. Two of eisht live-captured sheen from the
Black ~ o u n i a i n sof noihwestern Arizona, that were maintained at
the Glaze Veterinaw Clinic. Kerrvlle. Texas, developed CS during
- four
years of captivity. These two sheep died from acute pneumonia. The
orevalence of CS i n free-ransins
of desert bighorn
- - wild populations
. .
i n the Black Mo~ntainswas s'm:lar to the captve sneep. hlneof 38
(0.24) sheep Inat d e o from Jnoetermined caLses between 1980.1984
had CS. Chronlc s l n ~ s . I ' in
s hunter-harvested ramsouring the same
lime oerioo was 0.12. Gro~pinga I sneep (158) Inat duo from vario-s
causes between 1980-1984.24 had typicai CS lesions. Chronic
sinusitis in the Nelson's bighorn of northwestern Arizona continues
to be a problem and should be considered as a major mortality factor affecting the sheep in the Black Mountains.
INTRODUCTION
Chronic sinusitis (CS) is an insidious, debilitating and often fatal
dlsease of desort olgnorn sneep It s i n tlated prlmarl y from oacterlal
oecomposltlon of necrollc nasal bot f y larvae (Oeslrus ovls) tnat ole
from entrapment within the paranasal sinuses (Bunch e l a/. 1978a
B b; Paul and Bunch 1978; Allen and Bunch 1982). CS infections
usuallv result in a ovrooenic
osieomelitis, osleonecmsisand osieolvsis
"
of the'frontal and cornual sinuses (Bunch 1979).
Chronic sinusitis has been identified in populations of desert
bighorn endemic to Arizona. California, Nevada. New Mexico, and
Utah (Bunch and Webb 1979; Allen and Bunch 1982). The prevalence
of CS in ewes and rams from Arizona was 0.45 and 0.25, respectiveIv. its occurrence in the Arizona desert bighorn was higher than in
any other states sampled.
This paper discusses three separate studies on CS that were
carried out on the desert bighorn in the Black Mountains, in Northwestern Arizona.

..

MATERIALS AND METHODS

-

Durina November of 1980. six Nelson's desert bishorn
ewes and
.
two rams were captured by the Arizona Game and Fish Department
to conduct basic research on CS. The sheep were taken from the
B acd Mountams of nonhwessrn Arizona an0 transponeo to a 2 ha
enc osLre at tne Glaze Veter nary Clinc in Kerrv~Ie. Texas. The prtnciple objective of this captive study was to unequivocally determine
the etiologic agent.

The second study was based on the observations of taxidermists
within the vicinity of Phoenix, Arizona. They reported that approximately
of the bighorn heads they received contained a purulent
exudate upon drying. The upper7.6 to 10 cm of the cores from these
sheep were removed, sectioned, and examined for CS lesions.
The third study involved the monitoring of CS in the desert
bighorn of northwestern Arizona between 1980-1984. Observations
were based on aerial SUNeVS, skull pick-ups, hunter-kills, and postmortem diagnoses. Clinical diagnosis of CS was based upon sheep
exhibitins broken horns, siuffins or flakinq away of portions of the
horn sheath, and the presence>f draining fistuias fiom the frontal
and cornual sinuses.

RESULTS AND DISCUSSION
The first study was never completed because of excessive mortality In the captive sheep at the Giaze Veterinary clinic. Six of the
eight adult sheep died over a four year period with one of 13 lambs
born within the facility surviving beyond one year of age.
The cause of death of the sheeo at the Glaze Veterinaw Clinic
is worth noting and In some cases, bears out the complexity of CS.
Within an hour aHer the adult sheep were captured in November 1980,
ail were observed with athick mucoid nasal discharge symptomatic
of acute rhinitis or a paranasal infection. The mucus was observed
draining from both nostrais and hung 2-3 inches. This drainage was
most obvious aHer the sheep were treated with Valium, which suggests they have been swallowing the discharge via postnasal
dralnaoe. The first death to occur at the clinic was a Wear-old ram
that died the day the sheep arrived at the Glaze facility. The cause
of death was diaqnosed as conqestive pneumonia due to excessive
amountsof mu& that most likely drained from the sinuses into the
trachea during capture. Approximately 1 liter of mucus was aspirated
from the lungs. scar tiss;;
on the lungs indicated a moderate case
of pneumonia in the animal's past. A ewe died a few days after the
ram from complications associ'ated with capture myopathy. Two more
ewes died in I981 from typical pneumonitis and pleuritis. Mpoplasrna
ovipneumoniae was isolated from the infected lungs and may have
been the agent causing the pneumonia. It is not known whether the
mycoplasm~entered the respiratory tract from the paranasal exudate,
or was incidental to the sinus infection. At their time of death, both
ewes had acute rhinitis or a chronic paranasal sinusitis. No t.v.~ i c a l
CS lesions were observed. In 1984, a ewe and a ram died from
pneumonia. Prior to their death, the ram had a puralent discharge
at the base of one of the horn cores. At necropsy, extensive necrosis
of the frontal and cornual sinuses was detected. The ewe also had
CS, which was not evident until the skin and masculature was
removed from the skull. Chronic sinusitis may have contributed to
the pncumona and tnerelore may nave been lhe indrect cause of
deatn. One ol the two SJN vlng eves sill has acue rninltls or a chronc
paranasal sinsil's. The ewe w l l be carefJlly montored lo delermne
wnether she wi oeve op lypca CS es'ons. A I excepl one lamb that
were born within the laze Facility died from pneumonia prior to one
year of age. The exception was a lamb that was removed from its
mother shortlv after birth and bottle raised. This iamb died as a vearling from undetermined causes. The lambs that died within the
enclosure became exposed to the agent causing the pneumonia from
the adult sheep.
The second studv involved the examination of nine sets of horn
cores from skulls of hunter-harvested rams that contained a purulent
exudate. The exudate probably accumulated within the skull from
drainage into the base of the cornual sinus over a couple of weeks
of drying at the taxidermy shop. The copious exudate was reported
by taxidermists from the Phoenix area (1980) to occur in one-third
of the sheep they prepared for mounting. Sagittalsectionsof the upper
7.6-10 cm of the horn core of these s h i l s b i d not reveal any signs
of CS. The presence of the exudate, however, may be symptomatic
of the earliest stages of CS in the desert bighorn before osteopathologic changes occur, or it may be similar to the nasal discharge
as observed in the captive Nelson's sheep at the Glaze facility.
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The third study involved the monitoring of CS in Nelson's desert
bighorn from northwestern Arizona from 1980-1984.Two of the original
eight sheep (0.25) that were transpotled to the Glaze Veterinary Clinic
developed CS. This is similar to the prevalence in free-ranging wild
populations of sheep in the Black Mountains. (Table 1.) in hinterharvested rams, the prevalence of CS was 0.12. The cumulative
prevalence of CS, taking into accounl all categories of mortality, was
0.15. Five rams were also observed as having CS during aerial
survays. Chronic sinusitis must be in an advanced stage, resulting
in breaking away of the horn or extreme chaffingof thesheath before
it can be detected by aerial surveillance. One of these rams (Figure
4) was observed with CS in October, 1981, and was confirmed dead
in December. 1981.

Table 1. Chronic sinusitis in Nelson's desert bighorn from the
Black Mountains of northwestern Arizona.
Mortality factors
Related to capture
Predation
(confirmed or suspected)
Road kills
Poaching and crippling loss
Drowning
(man-made impoundment)
Accidents (falls)
Pneumonia
Hunter-harvested rams
(1980-19841'
Unknown
Cumulative prevalence

(

Number of
animals
2
9
14
5
2
3
1
84
38
158

Number with
sinusitis
0

(0.00)

Figure 2. Chafing or sluffing of sheath caused by exudate from
cornual sinus infection.

1 (0.11)
2 (0.14)
0 (0.00)
0
1
1

(0.00)
(0.33)
(1.00)

10 (0.12)
g..io.z4j
24

(0.15)

) Relative prevalence

Arizona Fish and Game Deoariment. 1985.
'.Chronic sinusitis was believkd to be ;he primary cause of death
in some of these sheep.

Figure 3. Skeietal lesions (arrows) commonly observed in desert
bighorn sheep with chronic sinusitis.

Figure 1. Chronic cornual sinus infection resulted in right horn
breaking away.

Figure 4. Aerial photo of ram with chronic sinusitis. Ram was
confirmed dead two months later.
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In summary, CS continues to be a serious mortality factor in
some populations of desert bighorn sheep. The precise etiologic
agent still remains unconfirmed. The disease mainly affects the adult
segment of desert bighorn populations and may, indirectly or directly,
be responsible for as high as 25 percent of the deaths within that
age group. It is not known whether CS goes through cycles with high
and low periods of occurrence. Bcause CS is most often observed
in ewes of breeding age, it has the potential of severely restricting
the growth of some populations of desert bighorn sheep.
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HUMAN ACTIVITY IN
DESERT BIGHORN HABITAT
WHAT DISTURBS SHEEP?
Gary Miller
Dept. of Biology
University of New Mexico
Albuquerque, NM 87131
E. Linwood Smith
E.L. Smith & Assoc.
3030 N. Longhorn Dr.
Tucson, AZ 85749
Abstract. During a 6 year study of desert bighorn sheep in western
Arizona, we observed 1,766 groups of sheep. During many of the
observations (N=1150) sheep were confronted by the presence of
people or other potential disturbances (e.g. trucks, airplanes,
helicopters, or other animal species). Behavioral reactions of sheep,
if any, to the potential disturbances were recorded for each observation. Sheep exhibited stronger reactions to 1 or 2 humans on the
ground than to parked vehicles or a light airplane circling overhead.
The closer sheep were to a disturbance the farther they were likely
to move away. Similarly, large groups tended to move farther away
than small groups when disturbed by a single person. These observations corroborate earlier studies.
INTRODUCTION
Historically there has been a decline in desert bighorn sheep
populations throughout the southwest that has been attributed to hunting, disease, destruction of habitat and competition from domestic
livestock (Beuchner 1960). Desert bighorn sheep's social behavior,
predator evasion strategy, and adaptations to northern climates also
may be contributing factors in their decline (Bailey 1980) though this
view has been disputed (McCutchen 1981, Hansen 1982, Miller et
al. 1984). In addition to the factors cited above, human activity in sheep
habitat appears to have been a contributing factor in the loss of 2
populations of desert bighorn in California (DeForge et al. 1981). In
contrast, some studies indicate that bighorn may not be disturbed
by the presence of people or that they may even be attracted to human
activities (Russo 1956, Geist 1971). Nevertheless, the concern over
the effects of human activities, including non-consumptive recreational activities, prompted specific recommendations concerning the
type and extent of human activity allowable in bighorn habitat (Wilson
et al. 1980). In general, the feeling of bighorn managers is that they
should act conservatively until there is better information on the actual effects of human activity.
Some recent studies have correlated recreational use patterns
with bighorn sheep movements and distribution (Hicks and Elder 1979,
Purdy and Shaw 1980, 1981, Hamilton et al. 1982). These studies concluded that sheep are able to avoid disturbances caused by most
recreational uses (at least at the level of use they observed) and that
such uses do not affect populations. Instead, other circumstances
become important. When human activity is concentrated around an
important localized resource such as a water source (Leslie and
Douglas 1980) or a salt lick (Hamilton et al. 1982) sheep are affected.
From these studies it is apparent that encounters between sheep and
humans are the most important components in determining how
people will affect sheep.
MacArthur et al. (1979, 1982) have shown that the heart rate of
mountain sheep rises with the approach of a human, helicopter, or
canid. Furthermore, this increased heart rate need not be accompanied by an overt behavioral response. Changes in heart rate may
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not signal a noncomitant increase in metabolic rate, so may not be
a good indicator of the metabolic cost of a disturbance, but heart rate
can be useful for scaling the magnitude of a disturbance that causes
no overt behavioral response (MacArthur et al. 1979, 1982). The
distance from approaching vehicles or hikers significantly affects the
magnitude of sheep reactions to these disturbances (Hicks and Elder
1979, MacArthur et al. 1979,1982). In addition, Krausman and Hevert
(1982) specifically looked at responses of desert bighorn to aerial
surveys. They also concluded that distance from the disturbance was
important. The purpose of this study was to investigate the factors
that affect the way bighorn sheep react to specific types of encounters
in order to increase our understanding of what disturbs sheep.
This study was funded by Southern California Edison and Arizona
Public Service utilities with additional funding to G. Miller from the
National Rifle Assoc. and the Boone and Crockett Club. We thank
J. Witham and M. Cochran for their observations on disturbances
of sheep in the study area. We also thank M. Cochran, V. Geist, M.
King, and P Krausman for their helpful comments on the manuscript.

STUDY AREA
The vegetation and topography of the study area have been
described in other accounts (Witham and Smith 1979, Cochran and
Smith 1983). The study area encompassed the Kofa, Plomosa, New
Water, and Dome Rock Mountains of Yuma and La Paz counties in
western Arizona. These mountain ranges support large native populations of bighorn sheep (Monson 1980).
Bighorn sheep in the area are subject to periodic disturbances.
There are mining operations in the area but generally they are small
in scale and only active in the cooler months. There are a few larger
operations that are active year round, but they are scattered in valleys
or on bajadas away from most sheep habitat. Hunting is another important disturbance to these sheep. Permit hunting of desert bighorn
sheep in Arizona began in 1953 (webb 1982) and about 25% of all
the permits in Arizona are for this area (VandenBerge et al. 1984).
Very few permits (0-4) are issued annually for the Dome Rock Mountains (which includes the Trigo Mountains), but more are issued for
the other ranges; 5 permits for the Plomosa and New Water Mountains combined, and 8 permits for the Kofa Mountains. Mule deer
also are hunted and many more hunters are afield during deer season.
Finally, the area around Quartzsite, Arizona, is inundated every winter
with campers, many of whom are rockhounds and drive the roads
and jeep trails sightseeing and collecting firewood. These groups rarely hike in sheep habitat for recreation except for 3 notable exceptions.
Lazarus tank and Catchment 521, waterholes in the Plomosa Mountains, and Dripping Spring in the New Water Mountains are accessible by short hikes from jeep trails and are popular places for people
to observe sheep. Visitation to these 3 important water sources,
however, remains low. Thus most of the bighorn in the study area
have had some encounters with human activities even if only from
a distance.

METHODS
During the 6 year project we compiled many direct observations
on groups of bighorn sheep. Whenever we saw sheep, we recorded
information on group size, group composition, habitat, slope, aspect,
percent distance upslope, and behavior. Frequently groups of sheep
were confronted by people or other extraneous factors such as trucks,
airplanes, helicopters, or other animal species. When a potential
disturbance was witnessed we recorded the distance the animal was
from the disturbance and, when possible, the distance the animal
moved away from the disturbance. In addition, we described the
animals' reactions. From these descriptions we ranked their reactions
on a 5 point scale from no reaction to strong reaction (Table 1). Once
frequency distributions of reactions to different disturbances were
compiled we were able to focus on 4 types of disturbances. The

majority of disturbances were from a solitary person (usually the
observer), 2 humans, a Cessna 172 during relocation flights, and
parked vehicles. Reactions to each of these disturbances were
evaluated for differences based on group composition (ram, ewe, or
mixed groups), presence of lambs in the group, group size, and
distance to the disturbance. The ram-only groups were deleted from
consideration for comparisons between groups with lambs and groups
without lambs. In the case of airplane disturbancesit should be noted
that all the 0bse~ationSwere recorded from the airplane after sheep
had been spotted.

Table 1. Reaction categories of desert bighorn sheep to
disturbances.
No reaction

-Animals aware of disturbance but no
noticeable reaction.
Slight reaction
-Some or all of the group noticed, stared, then
ignored the disturbance.
Mild reaction
-Animals moved away at a walk or stayed and
stared but returned to original activity.
Moderate reaction -Immediate reaction, either trotted for a short
distance or walked off with head erect in
alarm posture. Returned to original activity
within 10 min or 100 m.
Strong reaction
-Immediate reaction, ranltrotted. Very startled
and left area without returning to original
activitv.

RESULTS
During the 6 year study we observed 1766 groups of sheep. Of
those, 1150 groups (involving 4696 sheep) were confronted with some
type of potential disturbance. We classified 22 different types of disturbances. The 4 most common disturbances (Table 2) accounted for
95% of the observations and were analyzed separately from other
disturbances. None of the other disturbances had large enough
sample sizes to be analyzed in detail, but some points can be made
from those observations. Passing cars or trucks and highway noise
rarely disturbed animals (12 of 13 occurrences resulted in slight or
no reactions). Most of these encounters involved sheep on slopes
or ridges far above the roads, highways, and jeep trails. In contrast,
in all 6 ground observations of small planes and helicopters, sheep
showed a moderate reaction. Finally, in 6 observations of sheep being
disturbed by other sheep all the reactions were strong. In these cases,
one group would be under observation when another group appeared
running over a ridge. In all cases the running sheep caused the others
to run away. In some cases the 2 groups merged, in others they did
not.
For the 4 most common disturbances there was a significant difference in the severity of the reactions of sheep to different disturbances (X2 = 413.0, d.f. = 12, P = 0.0001) (Table 2). By inspecting
the individual cells in the chi-square contingency table it was determined that sheep reacted severely to the disturbances involving 1
or 2 people more often than was expected and a majority of the
airplane disturbed sheep (71%) showed no overt reaction.

Table 2. Frequencies of reactions of 1093 groups of bighorn sheep
to the 4 most common disturbances. Percent of rows in
parentheses.
Disturbance

None

Slight

Reactions
Mild Moderate

Airplane

7s (14)
3 ( 3)
170 (7l)

Parked

34(19)

114(20) 115 (20)
19 (19) 23 (23)
30 (1.3) 2 ( 1)
72 (40) 29 (16)

285 (26)

235 (22) 169 (161

1 Human
2 Humans

ieeoltruck
Totals

49 (
5(
20 (
11 (

9)
5)
8)
6)

85 f 8)

Strong

Total

220 (38)
49 (49)
16 ( 7)
34 (19)

576
99
238
180

319 (29)

1093

The samples of sheep disturbed by 1 human, the airplane during relocation flights, parked vehicles, or 2 humans were large enough
to analyze in more detail. The most common type of disturbance
witnessed was that of 1 human, usually the observer. When the 576
groups were divided into ram groups, ewe groups, and mixed groups,
there was a significant difference in how the different group types
reacted (X2 = 18.9, d.f. = 8, P = 0.02) (Table 3A). The greatest contribution to the significant chi-square value came from mixed groups.
They were less reactive than expected. Ram-only groups, however,
reacted to 1 human more strongly than expected and contributed to
the significance of the chi-square accordingly. In contrast, when ramonly groups were deleted and the remaining groups were separated
into groups with lambs and groups without lambs, there was no significant difference in the degree of reaction (X2 = 6.5, d.f. = 4, P =
0.17) (Table 38). When the disturbance involved 2 humans there was
no difference in how different types of groups reacted (X2 = 11.9,
d.f. = 8, P = 0.16) (Table 4A). In general, each type of group reacted
strongly. Similarly, groups with lambs did not react more or less strongly than groups without lambs (X2 = 3.5, d.f. = 4, P = 0.47) (Table 48).
When the disturbance was a parked vehicle, ram, ewe, and mixed
groups reacted very differently from one another (X2 = 32.0, d.f. =
8, P = 0.0001) (Table 5A). Thirty-two percent of the ram groups reacted
moderately or strongly compared with 6% of the ewe groups reacting
similarly. There was no significant difference when groups with lambs
were compared with groups without lambs (X2 = 4.6, d.f. = 4, P =
0.33) (Table 5B).
Finally there was no difference in how ram, ewe, or mixed groups
reacted to the airplane during relocation flights (X2 = 6.8, d.f. = 8,
P = 0.55) (Table 6A), but groups with lambs reacted more strongly
than groups without lambs (X2 = 10.2, d.f. = 4, P = 0.04) (Table
6B). Most of the groups disturbed by the airplane (71%), however,
showed no reaction at all.
In addition to group composition, we analyzed distance from the
disturbance and group size to understand how those variables affected the reactions of bighorn sheep to the 4 most common disturbances. Linear regression equations were calculated using the
distance that the sheep moved away as the measure of reaction
strength. The distance at which the sheep became aware of the disturbance had a consistent and significant effect on how far they moved
away from the disturbance (Table 7A). The slopes of the regression
lines were negative for all 4 common disturbances (i.e., the closer
the disturbance the farther away the sheep moved away) and all the
regressions were statistically significant except when ihe disturbance
was 2 humans. The slopes were nearly horizontal, however, and the
r2 values were correspondingly low (Table 7A). There was considerable
scatter around the regression lines so that in some cases animals
did not move away regardless of how close the disturbance was. In
contrast, some animals moved b 1000 m when the disturbance was
still 1000 m away. Notably, the y-intercept for all the ground based
disturbances was greater than 100 m, that is wiih disturbances at
close range, sheep moved 100 m on average.
In contrast to the distance from the disturbance, the regression
for group size and the distance sheep moved away was statistically
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significant only when the disturbance was 1 human (Table 78).In
that case the r2 value was also very low, but the slope was relatively
steep and positive (m = 4.9). Larger groups tended to move farther
when they were disturbed than small groups, but even the smallest
groups moved about 100 m when disturbed (see y-intercepts, Table

78).

Reactions
Group type
Ram
Ewe
Mixed
Totals

-

Table 3. Frequencies of reactions of 576 groups of bighorn sheep
that were disturbed by 1 human (usually the observer). Percentages of row totals in parentheses.
A. Groups divided into ram, ewe, and mixed groups.

None
10 (13)
11 (17)
13(33)

34 (19)

Slight
21 (27)
37 (58)
14(36)
72 (40)

Mild Moderate
8 (10)
13 (17)
10 (16)
2 ( 3)
6(15) l(3)
29 (16)
11 ( 6)

Strong Total
77
25 (32)
4 ( 6)
64
5(13) 39
34 (19)
180

XZ = 32.0, d.f. = 8, P = 0.0001.

5. Groups with lambs compared with groups without lambs. Ramonly groups deleted.
Reactions

Reactions
Group type
Ram
Ewe
Mixed
Totals

None
25 (16)
35 (11)
lS(l6)

78 (14)

Slight
18 (12)
62 (20)
34(30)
-

Mild Moderate
36 (23)
15 (10)
25 ( 8)
59 (19)
9(8)
20(18) 114 (20) 115 (20)
49 ( 8)

Strong Total
61 (39)
155
308
127 (41)
32(28) 113
220 (38)

Group type
With lambs
Without lambs
Totals

None
16 (31)
8 (16)
24 (23)

Slight
Mild Moderate
23 (44)
6 (11)
2 ( 4)
28
(55) 10
(20)
1 ( 2)
51 (50)

16 (16)

3 ( 3)

Strong Total
5 ( 9)
52
4 ( 8)
51
-9 ( 9)

103

576

X2 = 18.9, d.f. = 8, P = 0.02.

5. Groups with lambs compared with groups without lambs. Ramonly groups deleted.

A. Groups divided into ram, ewe, and mixed groups.
Reactions

Reactions
Group type
With lambs
Without lambs
Totals

None
27 (13)
26 (12)

-

Slight
56 (27)
40 (19)
-

Mild Moderate
19 ( 9)
32 (15)
15 ( 7)
47 (22) 96 (23) 79 (19)
34 ( 8)

53 (13)

Table 6. Frequencies of reactions of 238 groups of bighorn sheep
that were disturbed by the airplane (Cessna 172) during relocation fliahts. Percentaaes of row totals in oarentheses.

Strong Total
209
75 (36)
84 (40) 212
159 (38)

421

Group type
Ram
Ewe
Mixed

None
27 (84)
111 (69)
32 (70)
-

Totals

170 (71)

Slight
Mild Moderate
Strong Total
4 (12)
1 ( 3)
32
0 ( 0)
0 ( 0)
19 (12)
160
13 ( 8)
2 ( 1)
15 ( 9)
7 (15)
46
2 (. 4). 5 (11)
0 (. 0). . .
. . 30 (13)
2 ( 1)
20 ( 8)
16 ( 7)
238

X Z = 8.0, d.f. = 8, P = 0.55.

Table 4. Frequencies of reactions of 99 groups of bighorn sheep
that were disturbed by 2 humans. Percentages of row totals in
[parentheses.

A. Groups divided into ram, ewe, and mixed groups.

B. Groups with lambs compared with groups without lambs. Ramonly groups deleted.

Reactions
Group type
With lambs
Without lambs

Reactions

Totals
Group type
Ram
Ewe
Mixed

None
l(3)
0 ( 0)
2 ( 7)
-

Slight
Mild Moderate
3(10)
3(10)
6(19)
1 ( 3)
6 (16) 10 (26)
10
(33) 7 (23)
1 ( 3)
-

Totals

3 ( 3)

19 (19)

X2

23 (23)

5 ( 5)

49 (49)

99

B. Groups with lambs compared with groups without lambs. Ramonly groups deleted.

Reactions

Totals

None
1 ( 3)
1 ( 3)
2 ( 3)

Slight
7 (21)
9 (26)
-

Mild Moderate
0 ( 0)
7 (21)
2 ( 6)
10 (29) 16 (23) 17 (25)
2 ( 3)

-

143 (69)

Slight
8 ( 9)
18
(16)
26 (13)

Mild Moderate
1 ( 1)
15 (17)
1 ( 1)
5 ( 4)
2 ( 1)
20 00)

Strong Total
7 ( 8)
90
P ( 7)
116
-15 ( 7)
206

Strong Total
l8(58)
31
21 (55)
38
30
10
(33)
--

= 11.9, d.f. = 8. P = 0.16.

Group type
With lambs
Without lambs

None
59 (66)
84 (72)

Strong Total
33
18 (55)
35
13 (37) 31 (46)

68

Table 5. Frequencies of reactions of 180 groups of bighorn sheep
that were disturbed by a parked jeepltruck. Percentages of row
totals in parentheses.
A. Groups divided into ram, ewe, and mixed groups.
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Table 7. Statistics for linear regressions of distance from the
disturbance and group
. size as related to distance moved when
disturbed.
A. Distance from disturbance versus distance moved.
Disturbance
1 Human
2 Humans
Parked vehicle
Airplane

N
576
99
180
238

Slope
-0.225
-0.008
-0.130
-0.030

y-intercept
184.6 m
135.0
116.0
12.5

r2
0.050
0.001
0.030
0.050

F-test sig.
0.001 "*
0.940
0.020 '
0.0004 "*

r2
0.010
0.001
0.0004

F-test sig.
0.022
0.730
0.780

B. Group size versus distance moved.
Disturbance
1 Human
2 Humans
Parked vehicle

N
576
99
180

Slope
4.9
2.0
-1.0

y-intercept
120.0
125.0
74.0

DISCUSSION
The effects of stress can be manifold and serious for individual
desert bighorn sheep as well as populations (DeForge 1981). Thus
the level and nature of human activities in sheep habitat should be
an important concern. Desert bighorn in western Arizona are subject to various stresses from human activity. Interstate 10 crosses
through sheep habitat in the Dome Rock and Plomosa Mountains
and bighorn frequent areas that are within sight and hearing of the
nearly constant flow of traffic. Sheep must also contend with mining
operations, hunters, hikers and campers, trucks and jeeps in the back
country, and for the duration of this study, mafiy sheep experienced
a Cessna 172 circling overhead every 5 days.
Bighorn sheep react differently to different types of disturbance.
Their reactions to people on the ground were more pronounced than
reactions to either parked vehicles or a circling airplane, but the picture is more complicated. Group composition, group size, and
distance from the disturbance can be important factors in determining how sheep will react to a given disturbance. Our observations
show that ram groups reacted more strongly than ewe groups or mixed
groups when the disturbance was a parked vehicle or a single human.
In contrast, however, there were no differences among ram, ewe, or
mixed groups when the disturbance was 2 humans or an airplane.
The rams may react more severely to a single human or parked
vehicle because they are frequently in lower country (unpubl. data)
where they get disturbed more, or perhaps because they are hunted.
When ram-only groups were ignored, the presence of lambs increased
the excitability of groups only for the airplane disturbance.
The closer the disturbance the farther the sheep moved to get
away as Hicks and Elder (1979) and MacArthur et al. (1979,1982) also
concluded. Even with our large sample size, however, there was
tremendous variability in how the sheep reacted which made the
distance from the disturbance a poor predictor of the behavioral
response. Similarly, group size was a significant determinant in how
far groups moved only when the disturbance was a single person
hiking, larger groups moved farther. Again, the large amount of
variability made group size a poor predictor of the magnitude of the
behavioral response.
Finally, the reactions of sheep to an airplane used in relocating
radio-collared animals is an important concern for wildlife biologists
and managers. The purpose of our flights was not to determine their
effects on desert bighorn. Consequently, most flights were between
100 m and 300 m from the animals and no flights were 4 5 0 m. Our
data support the conclusions of Krausman and Hevert (1983). There
were no differences in how different types of groups reacted to the
airplane, and flights ,100
m rarely caused sheep to react. Flights
should be flown at ,100
m to avoid disturbing the animals. Disturbing sheep is counter to the purposes of locating and spotting animals
because habitat and behavioral data may be incorrect. Such disturbances also trigger long moves that would invalidate home range
sizes that were determined by aerial relocations. Furthermore, such
disturbances stress individuals and may have repercussionsfor the
health of individuals as well as populations.
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ECONOMIC EVALUATION
OF THE 1984 DESERT
BIGHORN HUNT IN NEVADA
Fenton R. Kay, Robert P. McQuivey
Nevada Department of Wildlife
Kambiz Raffiee, John L. Dobra
Department of Economics
University of Nevada Reno

Abstract: Desert bighorn (Ovis canadensis nelsoni) hunters were
surveyed following the 1984 hunt to determine the direct costs and
the economic value of hunting sheep. One hundred and two out of
120 hunters responded to the survey. Hunting parties ranged from
one to seven persons (jT = 2). Twenty-three percent (23%) of the
respondents hired a guide (62.5% = nonresidents; 19.6% =
residents). Guide fees averaged $2,660.86 for all hunts ($50-$5,000).
Hunts averaged 12.7 (1-49) days and there was a significant negative
correlation between success and length of hunt (r = -0.472, p =
0.0001). Hunters spent a total of $237,902 for their 1984 desert
bighorn hunt ( y= $2,379.02/hunt). The further respondents traveled
to hunt, the greater the cost of the hunt (r = 0.608, p = 0.0001).
Net willingness to pay (WTP) was used as a measure of economic
value of bighorn sheep hunting. WTP was estimated using the Contingent Value Method (CVM). WTP for all hunters was $140 per day
and $1,638 per permit ($1 16.22lday and $1,539/permit = residents,
$337.33/day and $2,53O/permit = nonresidents). There was a significant correlation between WTP and place of hunter origin (r = 0.419,
p = 0.0009) and between WTP and total cost of the hunt (r = 0.467,
p = 0.0002). There was no correlation between hunter success and
WTP (r = 0.042, p = 0.7115). WTP based on five years' data from
special tags sold at auction provides a value of $35,71O/permit, or
about 21 times the CVM estimate. The economic value of the 1984
desert bighorn hunt in Nevada was $180,460 using the CVM-based
estimate. Net present value of the bighorn sheep hunt using the CVM
estimate, and discounted at 6%, was approximately $3 million.
INTRODUCTION
In the current economic climate of the country, if a resource is
to receive a fair hearing, managers must be able to demonstrate the
economic value of their resource. Indeed, national economic development has become an important objective of planning by several
federal agencies (Sorg and Loomis 1985). This analysis of the
economic value of bighorn sheep hunting was undertaken to begin
to meet these needs and to allow the Nevada Department of Wildlife
(NDOW) to fairly and accurately assess and present the economic
value of Nevada's wildlife resources.
Economic value of any resource is generally derived from the
area beneath the intersection of the supply and demand curves. The
supply curve defines the quantity of goods that a producer is willing
and able to put into the market place in expectation of some return.
In general, the higher the price that consumers are willing to pay,
the greater the quantity that producers are willing to provide. The
demand curve describes quantity that consumers are willing to buy
at various prices. Typical demand curves have negative slopes: e.g.,
the higher the price, the fewer the items purchascd. A supplyldemand equilibrium exists where the two lines cross. Consumer surplus
is the difference between what consumers are paying, and what they
would be willing to pay, as measured by the demand curve. Consumer surplus, or net willingness to pay (WTP) has become a standard measure of the economic value of a non-market resource (Sorg
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and Loomis 1985). Total actual expenditure data is not used to derive
consumer surplus, but is used as a measure of financial input to a
local or regional economy.
The supply-demand relationship implies that a producer surplus
may also exist. If such surplus does exist, then consumer surplus
plus producer surplus would be the appropriate measure of economic
value. Supply of huntable wildlife is regulated by wildlife managers
and carrying capacity of the land (Sorg and Loomis 1985). Bighorn
sheep hunts are held only in areas where a harvestable surplus exists. Demand for sheep far exceeds harvestable supply, therefore,
there is not producer surplus.
There are two methods in common use for estimating WTP
values for recreation-based resources such as wildlife. The first of
these is the Travel Cost Method (TMC), which was developed by
Clawson (1959). The method uses the cost of travel to a resource
use area as a proxy for price. TCM typically assigns zones of distance
around the area(s) of resource use and estimates costs incurred by
users to get to the use-area from each zone. The zone distances
are coupled with several other factors to arrive at a model that will
allow prediction of visitation at a use area(s). The model results are
then used to generate a demand curve which allows an estimation
of WTP (Sorg and Loomis 1985).
The second method is the Contingent Value Method (CVM), or
bidding game method. CVM has been used in several studies of the
economic value of wildlife (Davis 1963, Randall et al. 1974, Hansen
1977) including a study on the black bass fishery at Lake Mead (Martin, et al. 1980). The method consists of soliciting an individual's
estimate of what they would be willing to pay for the resource. The
survey can be an iterative bidding procedure or a non-iterative procedure (Sorg and Loomis 1985). The iterative bidding procedure is
considered to be the more accurate method (Sorg and Loomis 1985).
However, the non-iterative questionnaire may be easier to apply in
some conditions. The present results were obtained using CVM with
a non-iterative procedure.
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METHODS
Tags for hunting desert bighorn in Nevada are issued using a
computerized, random, lottery-type drawing from all applicants. Ten
percent of total tags are issued to nonresidents using the same lotterytype drawing. In addition, each year, one tag is sold at auction to
the highest bidder. NDOW surveyed the 120 persons that received
desert bighorn tags for the 1984 hunt, excluding the bid tag. Each
tag recipient was handed a questionnaire (Fig. 1) with their sheep
tag at the mandatory pre-hunt orientation. The questionnaire was
attatched to an explanatory letter and postage-paid envelope. During the orientation, the purpose of the questionnaire was explained
by NDOW personnel. The questionnaire was to be returned at the
termination of an individual's sheep hunt, or at the end of the season.
The questionnaire (Fig. 1) solicited information on party size, success, costs associated with the hunt, and ended by asking whether
the hunter would be willing to pay more for such a hunt and if so,
how much. The exact wording of the CVM question was, "Knowing
how expensive a special season trophy hunt can be, would you be
willing to expend even more than that listed above to hunt this
species? If so, how much?" (Fig. 1). The name and address of each
hunter was solicited so that we could keep track of who had returned
questionnaires and where hunters originated. Hunters were assured
of the confidentiality of the data provided. About 45 days after the
1984 BIGHORN SHEEP HUNTER QUESTIONNAIRE
Name
Address

Successful Y E S NoNo. of persons in your party No. of days expended on travelNo. of days expended on scouting No. of days expended on huntingTotal No. of days expended-

Date

COSTS
INCURRED
1.
2.
3.
4.
5.
6.

7.
8.
9. A
10.
11.

T

l

O

T

ACTIVITY DESCRIPTION
License, tag, and application fees
Guide fees
Total vehicle mileage associated with hunt
Equipment fees (new equipment only)
Public transportation fees such as airfares, taxis,
ect.
Equipment rental such as boats, vehicles, spotting scope, etc.
Long distance calls to coordinate hunt activities
Food costs including commercial and camping
l costs associated with taxidermy
Lodging costs such as motels
Miscellaneous costs
Explanation:

A

L - Total costs associated with the hunt

Knowing how expensive a special season trophy hunt can be, would
you be willing to expend even more than that listed above to hunt
this species? If so, how much?
PLEASE RETURN THE QUESTIONNAIRE IN THE ENCLOSED
POSTAGE-PAID ENVELOPE TO THE NEVADA DEPARTMENT OF
WILDLIFE, RENO BY THE END OF THE SHEEP SEASON -THANK
YOU!
Figure 1: Questionnaire used for economic survey of 1984 bighorn
sheep hunters i n Nevada.
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close of the season, follow-up letters were mailed to those individuals
that had not yet returned their questionnaires.
Data from each hunter, excluding name and address, but including distance from point of origin to hunt area, were entered into
a database management system (Rbase 4000)on an IBM 3270PC
microcomputer. During analysis, data from resident and nonresident
hunters was separated on the basis of tag and license costs. One
hunter provided data on hunt effort, but declined to provide any data
on costs. As a result, totals on Tables 1 and 2 associated with the
effort of all hunters does not equal the sum of the totals for residents
and nonresident. The database system allowed the data to be easily handled and summary information to be extracted. The data was
subsequently transferred to an IBM 370 mainframe computer to allow
for multivariate statistical analysis. Correlation analysis and simple
descriptive statistics were derived for the CVM analysis using a combination of the microcomputer database system and SAS (Statistical
Analysis System) on the mainframe computer. A WTP value was
calculated from the responses to the CVM question. The calculation consisted of dividing the average willingness-to-pay value by the

average total number of days expended by hunters, for the appropriate hunter category (e.g., resident, nonresident, all).
Data are presented as means, minima, maxima and total, where
appropriate. Pearson Product-Moment Correlation Coeffiecients (r)
are presented along with the calculated probability that the correlation equaled zero, and degrees of freedom (df). Because of missing
data fields, sample sizes are unequal. The SAS routine eliminated
missing data and did correlations and probability calculations only
on existing data pairs. Sample sizes, therefore, varied from one correlation to another.

Table 1: summary of hunter expenditure data during the 1984 desert bighorn sheep hunt in Nevada. Values were derived from costs reported by
the hunters on a survey questionnaire.

COST
COST
FACTOR

AVE
TRIP

ALL HUNTERS = 101
MIN
MAX
TRlP
TRlP
TOTAL

AVE
TRlP

RESIDENTS = 91
MIN
MAX
TRIP
TRlP

TOTAL

NONRESIDENTS = 9
AVE
MIN
MAX
TRlP
TRlP
TRlP

TOTAL

Party Size
Days of Travel
Days of Scouting
Days Hunting
Total Days
Tag Cost
Guide Fee
Mileage Cost
Equipment Cost
Public Trans.
Rental Cost
Phone Cost
Food Cost
Taxidermy
Lodging
Misc. Expenses

2
2
2
7
12
127.27
2,660.86
285.91
305.04
69.22
44.12
19.64
243.03
585.63
44.96
221.06

Total Costs

2,345.68 215.00 9,282.00 232,223.20 2,106.39 21 5.00 7,813.00 191,682.20 5,067.621,628.009,282.00 40,541.OO

2
1
7
271
1
7
2
2
0
17
253
2
0
5
2
0
1
0
14
229
3
7
0
29
730
1
14
4
13
1
49
1,203
9
2
18
89.14
58.00 131 .OO 8,201.OO 565.75 500.00 578.00
2,316.66 50.00 4,500.00 41,700.00 3,900.003,500.005,000.00
278.91
0
1,160.00 25,381.20 365.50 50.00 1,200.00
320.85
0
2,000.00 29,512.00 123.12
0
470.00
36.38
0
682.00 3,347.00 446.87
0
1,800.00
44.42
0
1,198.00 4,087.00 40.62
0
300.00
18.25
0
200.00 1,679.00 35.62
0
160.00
246.85
0
870.00 22,711.00 199.00
0
500.00
604.44 200.00 2,000.00 38,080.00 437.50 350.00 650.00
40.20
250.00 3,699.00 99.62
0
220.00
212.76
0
2,522.00 19,574.00 316.50
0
1,000.00

22
21
12
39
81
4,526.00
19,500.00
2,924.00
985.00
3,575.00
325.00
285.00
1,592.00
3,500.00
797.00
2,532.00

Table 2: Summary of economic value of the 1984 desert bighorn sheep hunt in Nevada. Values were derived from willinghness-to-pay responses
on a survey questionnaire.

HUNTER
STATUS

HUNTER
DAYS2

All Hunters

1,289

$1,637.90

$140.00

$180,460.00 $3,007,666.60

10

85

$1,400.00

1,203

$1,538.78

$1 16.22

$1 40,858.64 $2,347,644.00

10

74

$1 ,I62.20

$2,530.00

$337.33

9

11

$3,035.97

(n

=

2
3

4

NET WTP
PER DAY

101)

Resident
Hunters
(n = 91)
Nonresident
Hunters
(n = 9)
1

NET WTP
PER TAG

AVE TOTAL
TOTAL
NETPRESENT DAYS PER
TOTAL
CONSUMPTIVE
CONSUMPTIVE VALUE @ 6% SUCCESSFUL
SHEEP
VALUE PER
VALUE3
DISCOUNT RATE
HUNTER
HARVESTED HARVESTED SHEEP'

81

$24,287.76

$404,796.00

n = Number of responses to the questionnaire
Because of differences in data provided, resident + nonresident does not equal total of all hunters.
Hunter Days x WTPlDay
Based on total WTP divided by total sheep harvested (not including bid tag)
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RESULTS
Of the 120 questionnaires given to hunters, 102 were returned.
One individual declined to provide any data and one other declined
to provide financial data or to answer the CVM question (Fig. 1).
Eighty individuals answered the CVM question, but only 60 provided
a value suitable for calculation of the WTP estimate. Data on party
size and days expended were provided by 101 persons, while haicia1 data were received from 100 hunters. Table l indicates that
nonresident hunters spent more, on average than resident hunters
and traveled further to get to their hunt area (nonresident FTotal
cost = $5,067.62, Z mileage = 1,827; resident x total cost =
$2,106.39, xmileage = 1,394). Table 2 summarizes the WTP data
derived from the survey. Bids ranged from zero dollars for those unwilling to pay more to a maximum of $11,858. Hunters who did not
respond (presumed protests) or whose response could not be quantified were not included in the WTP calculation. On average, nonresident hunters were willing to pay more for a bighorn sheep hunt than
residents (Table 2).
The correlation analysis supported the evidence that nonresidents paid more overall to hunt sheep. There was a significant
correlation between distance to city of origin and total cost of a hunt
(r = 0.608, p = 0.0001, df = 98). Hunters that traveled further to
hunt, tended to pay higher guide fees (r = 0.467, p = 0.0001, df =
98). Also, the more a person paid to hunt desert bighorn, the more
likely they were to report a high WTP value (r = 0.467, p = 0.0002,
df = 58). Success was negatively correlated with total number of
days expended on the hunt (r = -0.473, p = 0.0001, df = 99), suggesting that most sheep were taken early in a hunt. Number of days
spent scouting was correlated with hunt area ( r = 0.271, p = 0.0062,
df = 99), an observation that supports the notion that some areas
are "better" than others in terms of sheep availability. On the other
hand, success did not have a significant correlation with hunt area
(r = 0.124, p = 0.2153, df = 100). There were no correlations between party size and any hunt parameter. Party size did correlate
significantly with some cost parameters, such as food cost (r = 0.315,
p = 0.0014, df = 98), as might be expected.

Service (USFS 1982) uses wildlifelfishery user day (WFUD) values
for benefiffcost analysis of various projects. The values, derived from
a TCM-type study, are generally thought to be conservative. The
WFUD for big game hunting in Region 4 (includes Toiyabe and Humboldt Forests in Nevada) is $23.10 per day. Because the WFUD
values are derived from a large, non-specific study, they tend to be
rather low when compared to local or regional studies of specific
species.
In order to determine whether outlying high bids were artifically
inflating WTP estimates, WTP was calculated after removal of bids
in excess of $10,000. The results were $1,303.72ltag for all hunters,
$1,344.08/tag for residents and $876/tag for nonresidents. One of
the outlier values ($11,858) was from a resident and the other
($10,800) was from a nonresident. Because of the small sample of
nonresidents, the outlier had a major effect on their WTP value. The
effect was less pronounced on the resident and total samples.
Because of the distribution of the range of bids (Fig. 2) and the nature
of many of the nonquantifiable WTP responses, we believe the
estimates made using the extreme outliers are not unreasonable.

Figure 2 .
22

,

F r e q u e n c y Distribution

of Bighorn Sheep Hunter WTP &Umatea

WILLINGNESS-TO-PAY (100 I d a l l m )

DISCUSSION
Analysis of economic data for bighorn sheep hunting provides
insights into both hunter behavior and hunt quality. The correlation
analysis suggests, assuming that those who pay more are more able
to afford higher costs, that more affluent hunters are willing to pay
more for the privilege. Previous studies of the economics of fishing
failed to find a similar correlation (Martin et al. 1980, Donnelly et al.
1985). The correlation data also indicate that the hunt experience
itself is worth as much as success to many hunters, as indicated
by the lack of correlation between success and WTP. Variability in
hunt quality is suggested by the correlations of scouting-days with
hunt area, and total-days-expended with success.
The cost factors examined in this study (Table 1) indicate that
direct expenditures associated with bighorn hunting provide a
substantial boost to the local economy of Nevada, particularly the
southern portion of the state where most of the hunt areas are located.
Extension of the total expenditure value shown in Table 1 to include
the hunters for which we have no data suggests a total revenue due
to bighorn sheep hunting of about $279,000. Total expenditure values
estimated for all big game hunting in Nevada by the U.S. Fish and
Wildlife Service (USFWS 1980) were $129,487 or $391.32 per hunteryear. Expenditure values reported by sheep hunters in 1984 suggest that USFWS's data underestimated the financial input value
of big game hunting in Nevada. The economic value of bighorn sheep
hunting to the public is also considerable (Table 2). WTP values
estimated here ($1,638/tag) are notably higher than values for sheep
($239/permit) or moose ($112/permit)in ldaho (Loomis unpubl.). The
value differential may reflect the relative rarity of desert bighorn permits andlor the quality of the resource in Nevada. The U S . Forest

Figure 2. Frequency Distribution of Bighorn Sheep Hunter WTP
Estimates.
A substantial number of hunters answered "yes" to the CUM question and then indicated amount as "whatever it takes" or similar
statements. In addition, data from.five years of auctioning one tag
per year to the highest biddger (bid tag) suggest that sheep tags
may actually be worth several times the estimated WTP value. The
average bid tag value for the past five years is $35,710 (range,
$21,000-$67,500), 21 times the WTP estimated in this study.
A total consumptive value of $180,000 and an net present value
of $3,000,000 for bighorn sheep are underestimates of the species'
total economic value. This study did not attempt to evaluate nonconsumptive (observational) values for the species, nor have we attempted-to evaluate existende values (willingnessto pay to know that
sheep exist, even if they cannot be hunted or observed). Loomis (unpubl.) discussed total economic benefits of bighorn sheep in Idaho.
He found the consumptive value of a typical bighorn permit to be
$239 (not including tag fees). For a hunt area with five tags, he
calculated an economic value of $1,195. Loomis (unpubl.) estimated
observer and existence option values for sheep in ldaho based on
the work of Brookshire et al. (1983) in Wyoming. Option value is defined as the difference between option price and expected consumer's
surplus, where option price is the maximum amount a hunter would
pay to keep the right to hunt in the future at a fixed set of prices.
Existence value refers to the willingness to pay for the existence or
preservation of natural resources (Bishop 1982, Brookshire et al. 1983)
Loomis (unpubl.) calculated an observer WTP value of $216,315 for
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a typical Idaho hunt unit, and an existence value of $23,191. Adding all of those values and applying at 4% discount rate resulted
in an estimated net present value of about $6,000,000 for a typical
five-tag herd unit. The magnitude of that difference, when applied
to Nevada's bighorn resource suggest a truly major economic
resource for the state. Benefitlcost analysis of the bighorn sheep
resource using values derived in the present study will result in
positive evidence of the value to the public of maintaining or expanding the resource.
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PHILOSOPHIE
DEVELOPME
BIGHORN SHE
SOUTHWESTE
William E. Werner
Arizona Game and Fish Department
Yuma, AZ 85365
Abstract: Water sources have been developed for desert bighorn
sheep (Ovis canadensismexicana, 0. c. nelsoni) by the Arizona Game
and Fish Department. This paper is a review of water developments
in southwestern Arizona.

Water has been identified as a basic requirement of desert
bighorn sheep, especially during the hot, late summer, breeding
season (Koplin 1960, Wilson 1968, Wilson et al. 1980). When summer temperatures exceed 43oC desert bighorn sheep increase their
use of water and limit their activities (Welles and Welles 1961, Blong
and Pollard 1968, Wilson 1971). Campbell and Remington (19T9) found
that the proportion of each day in excess of 430C corresponded well
with the mean number of desert bighorn sheep visits at experimental water sources. Natural water distribution in much of the current
bighorn range in southwestern Arizona is highly dependent on
geologic formations that are conducive to pothole formation, and
much of the bedrock is too fractured for the potholes to hold water
(Werner 1984).
The Arizona Game and Fish Department develops and maintains water sources for deseri bighorn sheep for various reasons including range expansion and population enhancement, reduction of
over-crowding on existing waters and to mitigate impacts to habitat
resulting from land and water development projects, (Arizona Game
and Fish Department 1980).
Water development sites are selected in two general manners.
Some sites (usually potholes), are found during helicopter or foot
population surveys, then later evaluated for suitability for development. At other times an area is searched to find a site to serve a very
specific puypose, such as the mitigation of an adverse impact from
a development project.
When a pothold site is evaluated, the following questions must
be addressed.
1. Would develop of the pothole improve the quality of the sheep
habitat?
2. Is the pothole in a location away from human disturbance?

3. Is the pothole a permanent water source or can it be improved
to be a permanent source?
4. Can the pothole be developed with a reasonable amount of effort?
Whether the development of a pothole would improve the quality of an area as bighorn habitat depends on how water availability
relates to other bighorn habitat requirements. Ferrier and Bradley
(1970) discussed a method of evaluating bighorn habitat which includes distance to water and degree of slope which are practical
criteria to apply in the field. Escape terrain, usually rocky outcrops,
adjacent to water sources is important (McQuivey1978). Leslie (1978)
described differential use of water sources in relation to escape terrain and human impacts.

The degree to which human disturbance will affect bighorn use
of a water source may vary, but waters which receive frequent human
disturbance are not used as freely as isolated sources. Unfortunately, the general interest in bighorn often results in attempts to observe
the animals on water sources during hot periods when it is relatively
easy.
The permanence of a pothole depends largely on the geologic
formation in which it lies and secondarily on its topographic location. Ideally, a pothole is located in solid, non-fractured rock and has
scoured enough to contain sufficient water to be permanent.
Whether or not a pothole can be reasonably developed depends
on whether the rock can be sealed, and whether a dam can be built
which will increase the storage capacity to make the pothole a permanent water source.
Summarizing the above criteria, the ideal pothole is located in
precipitous terrain, with good escape cover and with shaded areas
below rock bluffs for resting areas, is in solid rock, is large enough
to provide permanent water, and is not accessible to non-indigenous
species.
From experience such potholes tend to be located in canyons
at least half way up a mountain with enough watershed above them
to generate sufficient water to scour and form the pothole. These factors directly affect the practicality of development, but the interests
of the bighorn should not be compromised for ease of construction.
When an attempt is made to develop a water source, the following order of preference is used to ensure that the development will
need the needs of the bighorn.
1. Highest preference is given to a natural pothole or spring which
can be developed with minimal effort and alteration to provide
a permanent water source which has good escape cover and
resting areas, and which is not accessible to burros and cattle.
2. Second in preference is a system using a natural watershed
feeding an artificial storage system, such as fiberglass or plastic
tanks which is built in a location not accessible to burros and cattle.

3. Third ranked in prefernce is a system such as described in #2
with a fence to preclude use by burros and cattle.

4. Fourth ranked in preference is a system utilizing an artificial watershed and artificial storage and fenced to preclude use by burros
and cattle.
Potholes can be developed in very rugged terrain whereas artificial tanks must be located in somewhat less rugged sites to provide a base area for the tanks. Completely artificial systems are
restricted by a 5-10% grade on the artificial watershed, which usually requires construction nearer to the base of mountains or at the
upper end of adjacent bajadas.
A system utilizing an artificial apron may, in some instances, be
preferable if natural features and soils will not provide adequate water
yield from the nqtural watershed.
The Arizona Game and Fish Department has developed apron
catchments in the Trigo Mountains and in the Plomosa Mountains
which have not received significant bighorn use. In contract
developments at Ten Sheep and Littlebones potholes, which are nearby, receive heavy use. Proximity to escape cover may be a factor in
this differential use.
While the availability of water may not always be a limiting factor to desert bighorn sheep populations, it is one of the few habitat
components which can be manipulated. In the dry desert of Arizona
vegetation manipulation is probably not feasible and factors such as
escape terrain cannot be changed.
If the development of new water sources for desert bighorn results
in increased use of portions of their range and reduces concentration on historic waters then I believe it is beneficial.
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It is important that desert bighorn sheep use of new water sources
be evaluated in order that we may learn from our varied levels of success (see McNab 1983). This is particularlytrue of those water sources
designed to mitigate for impacts to habitat to ensure that losses are
adequately compensated. The use evaluation should include a determination of.the effect of the new water source on bighorn habitat
utilization. Adequate evaluation is important since the need to mitigate
for impacts to bighorn habitat will continue, whether or not we know
how to best mitigate those impacts.
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DATA FROM

S

Data used in the comparison were from a study of habitat use and
movements of desert bighorn sheep on the Desert National Wildlife
Range in southern Nevada (Burger et al. 1983, Burger In prep.).
Seven bighorn were radio-collared, then relocated approximately
once a week throughout periods ranging from nine to twenty months.
The data presented is a limited sample (33 to 111 relocations per
bighorn) and some of the differences among the methods of analyzing
home range data may be because of the sample sizes. The sample
sizes used were typical of studies in which home ranges of bighorn
were determined over approximately one year (Leslie and Douglas
1979, Elenowitz 1983, Dunn 1984).
METHODS OF ANALYSIS AVAILABLE

William P. Burger
Humboldt State University
Arcata. CA 95521
Abstract. Polygon, univariate and bivariate normal, gird square,
regression, and probabilistic-nonparametricmethods for estimating
home range size and shape from field data were compared. Home
range size and shape of seven radio-collared desert bighorn sheep
(Ovis canadensis nelson^) in southern Nevada were estimated using
the convex polygon, the modified minimum area method, and a
probabilistic-nonparametricmethod. Data spanned periods of nine
to twenty months for individual bighorn, and samples sizes ranged
from 33 to 111 relocations. The shapes of the home ranges differed,
and estimates of home range size varied up to 700% depending on
the method of analysis used.

INTRODUCTION
Home range is "that area traversed by the individual in its normal activities of food gathering, mating, and caring for young" (Burt
1943). Estimates of home range size and shape are important information regarding a species' ecology and management (Fitch 1949,
Skutch 1950, Sanderson 1966). Home range size is often positively
correlated with body size (Schoener 1971, Simon 1975), and inversely
correlated with food availability (Schoener 1971, Simon 1975) and
population density (Schoener 1968, Brown 1969). Home range sizes
of desert bighorn have been shown to vary among sexes, ages, and
individuals (Turner 1972, Leslie and Douglas 1979, King and
Workman 1983). Home range shape has been used to compare
habitats within the home range boundaries among different periods
of the year, and among individual bighorn (Leslie and Douglas 1979,
Elenowitz 1983). Home range data from bighorn have also been used to investigate fidelity to use areas (Turner 1972), the overlap of
use areas by potential competitors (Seegmiller and Ohmart 1981,
Dunn 1984), and the effects of waterhole improvements (Leslie and
Douglas 1979) and reintroduction programs (Elenowitz 1983).
Both the method of data collection and the method of home
range analysis can cause large differences in estimates of home
range size and shape (Trevor-Deutsch and Hackett 1980, Ford and
Myers 1981, Laundre and Keller 1984). Live-trapping of small mammals provided much of the early information on home ranges. The
number of traps, distance between traps, and spatial distribution of
traps influenced results; furthermore, small sample sizes made accurate estimates of home range difficult (Hayne 1949, Stickel 1954,
Mohr and Stumpf 1966, Metzgar 1972). Radio-telemetry allowed investigators to obtain numerous relocations of marked animals under
free-ranging conditions. Thus, telemetry provided a good method for
obtaining home range data for many species of wildlife, but selection of a method of analysis remained.
This paper summarizes a variety of methods for analyzing home
range data. The methods are evaluated as to their applicability to
desert bighorn, and results from three of the methods are compared.

Polygon Methods.
The minimum convex polygon (Southwood 1966) was a widely
used method for calculating home range. This method was simple
(Schoener 1981), enjoyed historical prominence (Jennrich and Turner
1969), and was good for a quick approximate estimate of home range
size (Anderson 1982); however, it had disadvantages. The estimated
size of the home range increased with increased sample size, and
large areas of unused space were often included in the polygon (Jennrich and Turner 1969, Ford and Myers 1981, Schoener 1981, Anderson 1982). In addition, the minimum convex polygon method lacked a description of use intensity within the home range (Ford and
Myers 1981).
The minimum polygon (Stickel 1954) was not required to be convex; however, this method was not precisely defined and the home
range size and shape calculated depended on the order in which
relocation points were connected (Jennrich and Turner 1969,
Schoener 1981). The modified minimum area method (Harvey and
Barbour 1965) was a polygon method which was rigorously defined. Outermost relocation points were connected in a clockwise direction; if two outer points were a greater distance apart than one-fourth
the range length (distance between the two points of detection farthest apart) the boundary line was drawn from one of the points to
the next outermost point that was no more distant than one-fourth
the range length (Harvey and Barbour 1965).
Univariate and Bivariate Normal Methods.
Univariate and bivariate normal methods assumed unimodal
distributions with fewer relocations as the distance from the
geographic center of all relocations increased. The geographic
center, termed the "center of activity", was calculated by determining the arithmetic mean of the X and Y coordinates of relocation
points (Hayne 1949). The center of activity might not have any
biological meaning and might be in an area which the animal never
used. For example, a home range surrounding a lake could result
in a "center of activity" in the middle of the lake, or bighorn using
two mountainous areas separated by a valley could have a "center
of activity" in the valley. Univariate methods produced either a linear
measurement of home range, or a circular home range with concentric circles of decreased use as the distance from the center increased. Although such probability circles were actually bivariate
distributions, they were effectively univariate because variance in
the X and Y directions was assumed to be equal. Bivariate normal
methods removed the restriction of circular home ranges and allowed
ellipses of varying length to width ratios. Jennrich and Turner's (1969)
bivariate normal method was widely used; however, for most animals
in a heterogeneous habitat the assumption of bivariate normality has
little biological justification and often did not fit the data (Ford and
Krumme 1979, Dixon and Chapman 1980, Schoener 1981, Anderson 1982). VanWinkle et al. (1973) suggested a bivariate normal
method for estimating the home range of animals which inhabited
an ecotone; the major axis was perpendicular to the ecotone. This
method for ecotones was not suitable for animals in a homogeneous
habitat (VanWinkle et al. 1973, Van Winkle 1975), nor was it suitable
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for animals such as bighorn whose home range might include several
ecotones as well as areas of homogeneous habitat. The influence
of extreme locations on bivariate normal home range estimates could
be reduced by using the method described by Samuel and Garton
(1985), but the assumption of a unimodal, normal distribution of use
remained. Bivariate nomal, and other probabilistic methods generally
assumed independence among relocations; although, Dunn and Gipson (1977) provided a bivariate normal method which could include
non-independent relocations.
Grid Square Methods.
The grid square method (Siniff and Tester 1965) was designed
to describe animal movement based on continuous, or nearly continuous, radio tracking data. The study area was divided into grid
squares and marked animals were monitored to determine which
squares were used. Home range size was calculated by multiplying
the number of grid squares used by the area of each square. Nearly
contiuous tracking allowed the time spent in each square to be recorded and sequential relocations to be connected. Siniff and Tester
(1965) listed several problems in biological interpretation of their
method: (1) distance between radio-fixes was computed as a straight
line and this was usually not accurate, especially as the time between relocations increased; (2) calculation of a use area was computed by summing squares which contained relocations, yet only with
a large number of squares was a definite area suggested; (3) shape
of the use area was much more accurate for animals with a strong
"central tendancy", and with radio-fixes which radiated in all directions. In addition, grid square methods were strongly biased by sample size and grid size. Estimated use areas increased with increased
sample size; this bias was strongest with small grid sizes because
there was less chance that two or more relocations would occur in
the same grid square. The estimated area was also proportional to
grid size, doubling the size of each grid square could result in doubling the estimated home range size.
Voight and Tinline (1980) described variations of the grid square
method which included linked-cells and influence-cells. Linked-cells
represented theoretical movement paths; they did not contain relocations, but were located between sequential relocation cells which
were used within a short period of time. Influence-cells were unused
cells which bordered use cells. MacDonald et al. (1980) suggested
influence-cells might be used to compensate for undersampling with
non-continuous data because some grid squares would likely be used
but not sampled. Use of influence-cells could introduce biases additional to those already mentioned for grid square methods.
Regression Method.
Schoener (1981) proposed a regression method which used data
from well-sampled individuals to predict home range sizes for less
well-sampled individuals. Schoener's method accounted for variations in size, symmetry, and skewness to estimate the size, but not
the shape, of a home range. Sanderson (1966) and Vanwinkle (1975)
stressed the importance of determining how an animal uses its home
range and not simply reporting movement distances or home range
area. The reduction of home range to a number as done by Schoener
(1981) simplified matters, but it eliminated most biological insights
and could only be justified for a few experimental designs.
Probabilistic-Nonparametric Methods.
Unlike methods which assumed an underlying normal use
distribution, probabilistic-nonparametric methods could define an
area of any shape and could include two or more disjunct areas. In
addition, these mehtods defined the probaliity of use within a bounded
area, something which was lacking in the polygon methods.
Probabilistic-nonparametric home range methods assumed independence among relocation points. Probabilistic methods required
a computer for their implementation; the package programs available
often required modification for use with a particular computer system
or data set.
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Anderson (1982) described a probabilistic-nonparametricmethod
in which use intensity was presented through contour maps or "landscapes" which showed peaks in areas of intense use and valleys
in areas of little use. Minimum area versus probability (MAP) was
used to describe the size of use areas; thus, MAP(0.95) and
MAP(O.50) were the minimum areas in which there was a 95 percent, and a 50 percent probability of locating the animal. To visualize
the areas contained in MAP(0.95) and MAP(O.SO), imagine a plane
parallel to the base of the landscape in Figures 1 and 2. The height
of the plane above the base is determined by the MAP value; with
MAP(0.95), 95 percent of the volume of the landscape is above the
plane. The area of the landscape intersected by the plane is the MAP
value. Anderson (1982) recommended MAP (0.50) as a value for comparison among individual animals and among studies because
MAP(0.50) was much more stable than MAP(0.95). MAP(O.50) did
not follow Burt's (1943) original definition of home range, but instead
defined core areas of activity which might be separated by large areas
of little or no activity. MAP(0.95) was more variable than MAP(O.50)
because MAP(0.95) included the tail ends of probability distributions
in which relocation points were often sparsely distributed, and inclusion or exclusion of a few relocations could produce large differences in the area calculated. With a bivariate normal distribution,
99 percent utilization implied 1.5 times the area of 95 percent utilization (Schoener 1981). Thus, even with no difference in the areas actually used, the selection of 95 percent versus 99 percent contours
could result in estimates of home range size that differed by 50 percent. Although Anderson's MAP values were not based on a bivariate
normal distribution, similar effects could have occurred.
Dixon and Chapman (1980) defined a different probabilisticnonparametric method for calculating home ranges. Harmonic mean
centers of activity were computed by determining the mean distance
from each relocation point to every other relocation point. lsolines
surrounding specified percentages of relocation points were then
computed to define areas of varying use intensity. Use areas defined
by this method related fairly well to actual habitat use; however, the
method did have some problems. Spencer and Barrett (1984)
reported potential inaccuracies in calculating the harmonic mean
values for relocation points and suggested computational changes
to correct the problem. In addition, whereas areas of greater use were
accurately represented by inner isolines, outer isolines poorly
represented home range areas with linear, disjunct, or highly skewed
and leptokurtic distributions (Spencer and Barrett 1984).
SELECTING A METHOD
Habitat heterogeneity and differentialuse of various habitat types
by marked bighorn (Burger in prep.) resulted in relocations which
were not normally distributed. Assumptions of univariate and bivariate
normal methods were thus not met and to use such a method would
have been incorrect. The grid square method was biased by sample size and by the size of the grid squares. In addition, the grid
square method was best applied to continuous tracking data;
therefore, it was not used with the weekly relocations I collected.
The major objective of my study was to examine habitat use; this
involved comparisons of habitats within home range boundaries.
Methods such as Schoener (1981), which did not provide an estimate
of home range shape, did not meet my needs.
The convex polygon was desirable in a comparison of methods
for analyzing home range data because of its simplicity and
widespread use. The convex polygon required no assumptions about
an underlying normal distribution of relocations, nor even independence of relocations which was important in probabilistic
methods. The method did include large areas of unused habitat when
the actual distribution of relocations was not convex, thus
overestimating the area of the home range (Figures 1 and 2). The
modified minimum area method (Harvey and Barbour 1965)
eliminated much of the unused habitat included in the convex
polygon. Application of the modified minimum area method to the

data I collected delineated home ranges that appeared to correspond much more closelv to actual use areas than did the convex
bolygon (Figures 1 and 2). With a small number of widely dispersed
relocations the modified minimum area method occasionally enclosed
only a small area, and points were connected by straight lines (Figure
3). Use of the convex polygon with the same data enclosed the entire area, although large portions of the area might have been unused
(Figure 3). Both the convex polygon and the mondified minimum area
methods allowed quick and easy estimates of home range size and
shape without requiring a computer.

Figure 1. Representations of home range for radio-collared ewe
#700: (a) convex polygon (-) and modified minimum area
(--), (b) Anderson's (1982) probabilistic - nonparametric
landscape. Because of the perspective in the landscape
the distance scale from (a) can not be directly applied.

The availability of a computer allowed use of the program
"Home" (Harestad 1981) which computed the area and vertices of
convex polygons. Relocation points were systematically deleted so
that polygons were based on user specified percentages of relocations, thereby delineating areas of more intense use.
Use of a computer allowed probabilistic-nonparametric methods
to be considered. The major advantage of these methods was their
description of use intensity within areas of any shape. Use areas
depicted more accurately fit actual use than methods which were
confined by often unrealistic assumptions regarding shape or use
intensity. The requirement that relocation points be independent was
met because relocations were collected at approximately weekly intervals. "Homerange" (Anderson 1980) was an easy to use computer program which implemented the method described by Anderson (1982). Output of either contour maps or landscapes (Figures
1 and 2) required a computer interactive plotter. Dixon and Chapman's (1980) method should also have been an interesting way to
examine my home range data. Unfortunately, the version of the computer program available at Humboldt State University was unsatisfac-

tory. The program required a trial and error method to arrive at isolines
containing the desired percentages of use, and some estimates of
home range size were apprently erroneous. Another computer
pgoram for implementing Dixon and Chapman's (1980) method may
be purchased (Samuel et al. 1983); however, I did not have access
to this program.

Figure 2. Representations of home range for radio-collared ewe
#720: (a) convex polygon (---) and modified minimum area
(-), (b) Anderson's (1982) probabilistic - nonparametric
landscape. Because of the perspective in the landscape
the distance scale from (a) can not be directly applied.

Figure 3. Representations of home range for radio-collared ram #710
during fall 1982. Methods are the convex polygon (-) and
the modified minimum area (-).
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Table 1. Bighorn Sheep Home Range Areas (ha) Calculated by Three Different Methods.
Sheep No.

Relocations
(n)

Convex Polygon'
95%
90%
4960
3808
4496
15896
6744
2928
8685

Modified
Min. Area**

Anderson* * *
MAP(0.95)
MAP(0.50)

4608
2848
3904
11504
6040
2550
5464

*Southwood (1966), Harestad (1981)
"Harvey and Barbour (1965)
'*Anderson (1 980, 1982)
With the date used, estimated home range areas varied as much
as 700 percent among the convex polygon (Southwood 1966).
modified minimum area (Harvey and Barbour 1965), and probabilisticnonparmetric (Anderson 1982) methods (Table l).Such differences
suggest that no single estimate of home range size should be used
as "the answer", and that caution should be used in comparing home
ranges computed by different methods. Project goals, the biology
of the study animal, habitat heterogeneity, and assumptions of the
methods should all be considered when selecting a method or
methods for analyzing home range data.
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not have become reality. Special thanks to Tom Boggess DVM,
Phoenix, for supplying the necessary veterinary experience on this
and many other Arizona bighorn sheep captures. Our thanks to
Pittman-Moore, Inc. (Washington Crossing, New Jersey) for supplying the necessary azaperone for this and many other bighorn sheep
captures.

STUDY AREA AND METHODS

Richard Remington,
Game Specialist
Arizona Game and Fish Department
Phoenix
James C. deVos, Jr.,
Field Contracts Administrator

INTRODUCTION
Within the last decade, in Arizona, significant advances have
been made in the technology of capturing desert bighorn sheep (Ovis
canadensis mexicana and 0. c. nelsoni (deVos and Remington 1981).
As a result, the number, and subsequently the success of desert
bighorn sheep transplants within the state, have been greatly accelerated (Remington 1983).
Arizona began capturing desert bighorn sheep in 1956 and for
the next 20 years the only transplants to be realized from these efforts were the Aravaipa Canyon release in arizona and desert bighorn
sheep sent to Black Gap, Texas. However, since 1978, Arizona has
captured desert bighorn sheep for release in the states of Texas, Colorado and New Mexico and has released desert bighorn sheep at
ten sites within Arizona. Within the last six years, 397 free-roaming
desert bighorn sheep have been captured for these transplants with
few mortalities (18: 95.5OIo success). All of these transplants, as well
as most others, have originally been to reintroduce desert bighorn
into historic habitat or to immediately supplement a transplant made
within historic bighorn range (Creeden and Schmidt 1983; Weaver
1983; Remington 1983; deVos 1982; Hess 1983; McQuivey and
Pullium 1981; Elenowitz 1983; Rowland and Schmidt 1981).
Only on a few occasions have desert bighorn sheep been released to supplement historic populations with low numbers or low vigor.
Such a supplement occurred in the Big Hatchet Mountains of New
Mexico (Bavin 1980). This transplant was made into an uninhabited
portion of the Big Hatchet Mountains and did cause an expansion
in the home range of some indigenous bighorn rams.
The State of Nevada has made three such releases of desert
bighorn sheep into existing populations (Hess 1983). These include
the Jett Canyon release 1982; Monte Cristo Mountain release 1983;
and the Silver Peak release 1983. These, however, are too new to
evaluate their effort on the existing natural populations (Delaney pers.
comm. 1985).
Within southern and western Arizona, several historic desert
bighorn sheep populations have declined and are maintaining low
quality, nonexpanding desert bighorn sheep populations far below
historic levels and below current estimated carrying capacities. Such
a population exists within the Eagletail Mountains of Maricopa County,
Arizona. This paper discusses the management objectives and
specific management strategies to be investigated in Arizona's first
transplant of desert bighorn sheep into a historic population and
presents some preliminary findings.
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The Eagletail Mountains are located in Maricopa County of
southwestern Arizona approximately 125 km west of Phoenix, Arizona
(Fig. 1). Vegetation of the Eagletail Mountains is characteristic of the
Sonoran Desert scrub communities (Brown and Lowe 1980). Lower
elevations and bajadas are characteristic of the Lower Colorado River
subdivision of the Sonoran Desert and is dominated by creosotebursage communities. Higher elevations are included in the Arizona
upland type and dominated by paloverde-mixed cacti communities.
Elevations range from 549 m msl to over 1006 m msl in the higher
peaks. The Eagletail Mountains are principally composed of rock outcrop of the Cherioni complex with associated soils of the AnthroCarrizo complex occurring at 0 to 3 percent slopes (Hartman 1977).
Rainfall patterns are basically bimodal and average 20.3 cm
annually at Buckeye, Ariz. (approx. 65 km east of the Eagletail Mountains) from 1975 to 1983 (Dept. of Comm. 1975-1983).
Desert bighorn sheep population estimates made by John Russo,
Biologist, Arizona Game and Fish Department, for the Eagletail Mountains, including the Gila Bend, Saddle and Painted Rock Mountains
and Clanton Hills were reported in Buechner (1960) to number between 150-200 desert bighorn sheep.
Currently, no known resident populations of desert bighorn sheep
occur in the Gila Bend, Saddle and Painted Rock Mountains. Small
numbers (less than 20) may be annually present in the Clanton Hills.
The current population estimate for the Eagletail Mountains is between 20-25 individuals. This unit has supported permits for the
harvest of desert bighorn rams since 1958. Permit numbers were at
the maximum for this area in 1963, with 15 permits being issued. Permit numbers were gradually reduced to one by 1976, and have remained at that level to the present.
Reasons for the decline in desert bighorn sheep numbers are
mostly speculative and have been suggested as a result of disease,
livestock competition, illegal kills and possibly genetic isolation. Movement of at least one desert bighorn ram has been documented
(Cochran and Smith 1983) from the vigorous sheep population of the
Kofa Mountains into the Eagletails. However, this ram could not have
spent in excess of 20 days within the EagletailMountains before continuing his movements. This was the first such movement reported
in the six years of monitoring bighorn in this area (Cochran and Smith
1983), and this movement should not negate the theories of genetic
isolation. Regardless of the environmental factors which caused this
decline, the decline is real and does coincide with population declines
in various nearby ranges (Maricopa, Sandtank, Sauceda, Estrella,
and Table Top Mountains).

RESULTS

Figure 1. Study Area Location

EAQLETAIL SUPPLEMENTAL BlOHORN RELEASE

As a first step in reversing this decline, during 1979 and 1980,
two additional permanent water resources were developed in preferred
desert bighorn sheep habitat within the Eagletails. Recent bioreconnaisance performed by Department personnel found forage in good
condition with minimal, mostly negligible, pressure from livestock grazing. Subsequent to these investigations it is felt the Eagletails can
maintain historic population levels. However, in the wake of good
forage condition and.increased water availability in preferred habitat,
the Eagletail bighorn population failed to respond and exhibit population growth. The population remained moribund and probably below
threshold levels needed for population expansion. It is for this reason
the Department made the decision to augment the existing population in an attempt to restore desert bighorn sheep numbers to historic
levels.
In addition to this main objective, additional transplant strategies
were to be investigated by this release. To further test ideas of Dodd
(1983), two releases of eight desert bighorn sheep each were to be
made proximate to permanent water sources and within the known
distribution of the existing population.
With the current success of capturing desert bighorn sheep with
the drop net (Fuller 1984; McQuivey 1982), the decision was made
to attempt to capture eight desert bighorn sheep (six ewes, two rams)
from the North Plomosa Mountains of southwest Arizona (Fig. 1) during the summer of 1984. In addition, a second desert bighorn sheep
capture was scheduled for late December 1984 and would be captured by aerial darting techniques described in deVos and Remington
(1981), using the drug combination of etorphine (M99) and azaperone.
Post-release monitoring of each transplant would allow comparisons of movement patterns, seasonal use areas, and productivity of a summer versus winter free release of desert bighorn sheep.
Within the North Plomosa Mountains, peak lambing occurs during the months of January, February and March annually; thus peak
rutting would occur from late July through August (Witham 1983).
In order to maximize genetic exchange, it was hoped that the summer 1984 capture could be completed by midJuly. The majority of
ewes captured at this time would not be bred and conception would
be from existing rams within the Eagletails. The first year's lamb production and survival could be compared from ewes released into the
range prior to conception with those released during late stages of
pregnancy.
Follow-up monitoring is being conducted from a Cessna 206 fitted with an "H" antenna (LeCount and Carrell 1979). In addition to
aerial relocations, ground monitoring is being conducted on a monthly
basis. Animals are being located by triangulation using a handheld
"H" antenna. Locations are plotted on USGS 7.5 or 15-minute
quadrangles. All locations are recorded as Universal Transverse Mercator (UTM) coordinates.

During late May 1984, the area near Lazarus Tank in the North
Plomosa Mountains was baited with fermented apple mash to attract
a suitable number of desert bighorn sheep for a drop net capture.
By early June desert bighorn sheep began using the water source
at Lazarus Tank. Once concentrated near the water source, desert
bighorn sheep readily took the bait and by midJuly appeared
oblivious to all but the apple mash. The drop net was set up on July
20th and desert bighorn sheep were observed immediately under
the net feeding. However, heavy rains, occurring on the night of July
20 and the next two days, caused immediate dispersal of the
"hooked" desert bighorn sheep. In spite of continued baiting, no
desert bighorn sheep were observed near the bait site by August 1,
1984. At this time the decision was made to continue with the study
plan and capture eight desert bighorn sheep in early August 1984.
Because of the successful use of the handheld net gun in Arizona
and elsewhere (Andryle et al. 1983; Barrett et al. 1982; Sandoval1980;
Smith and Horejsi 1982), the Department contracted Far West
Humane Animal Capture (Mesa, AZ.) to assist in this capture.
Simultaneously, desert bighorn sheep were to be aerial darted using
the techniques described by deVos and Remington (1981). This capture was scheduled to be performed in early morning, but would still
be made during the most extreme conditions of any previous aerial
captures.
On August 7,1984,11 desert bighorn sheep (2 rams and 9 ewes)
were captured by the use of helicopters with the combination of the
net gun and capture gun. During this capture, three mortalities (ewes)
occurred (Table 1). Two of these mortalities were due to mechanical
problems encountered from the use of a new sling harness which
was being tested. One additional ewe died from capture related stress.
Desert bighorn sheep were captured from 5 4 5 a.m. to 10:OO a.m.
this day. Ambient temperatures had reached 38.3% by the end of
the capture. During this capture, 6 of 11 desert bighorn sheep wero
captured with the dart gun. Body temperatures of desert bighorn
sheep ranged from 38.g°C to 41.6OC and showed no difference between darting or netting. Both techniques proved efficient and appeared to have minimal debilitating effects on the desert bighorn
sheep. The desert bighorn sheep were transported to the northern
portion of the Eagletail Mountains and free released without incident
that day (Fig. 1).
Table 1. Age, sex and capture times of the August 7,1984 bighorn
capture for the Eagletail Mountains.
AERIAL DARTING

Sex
*F
F
M
F
F
F

Reaction
Chase Time
Time
Age
(min.)
(min.)
2
4
3
4
4
5

Down Time
(min.)

Total
Handling
Time
(min.)

6
6
4
5
3
13

20
22
18
23
31

5
7
7
4
5
7

NET GUN
Sex

Aae

Time From Chase t o Hit

Mortality from falling from sling harness
** Mortalitv from c a ~ t u r erelated stress
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The last capture for this transplant occurred on December 31,
1984. Desert bighorn sheep were captured at the same location as
the August capture and were captured by aerial darting, using the
drug combination of azaperone and etorphine (M99). No mortalities
occurred during this capture and six ewes and two rams (Table 2)
were free released without incident in the southern portion of the
Eagletail Mountains (Fig. 1).
With the limited amount of data available at this time, it is difficult to evaluate the accomplishments of these releases. There are,
however, some trends that are apparent.

gesting avoiding aerial captures in conditions where temperatures
were in excess of 16.7QC.

Figure 2. Winter and Summer Use Areas

1

Table 2. Age, Sex and Capture Times of the December 31, 1984
Bighorn Capture for the Eagletail Mountains.

Sex

Age

F
F
M
M
F
F
F

3-4
2
3
3
5
7
5

F

4

Reaction
Chase Time
Time
(min.)
(min.)
4
2
5
9
5
1
1
3

Down Time
(min.)

9
4

10
6
3

4

8
7

Total
Handling
Time
(min.)
25
27
16
27
29
38
24
24

Movements from sheep released in August 1984 have been widespread. On the first aerial relocation attempt made two weeks after
release, sheep had dispersed from the release site. The greatest
distance traveled by that date was a ewe that had moved approximately 3 km from the release site. Long-range movements have been
evident on most flights since this release. The greatest movement
recorded was an adult ewe that had moved 32 km to the southwest
into the Littlehorn Mountains. This animal had returned to the vicinity of the release site by the next flight. With the exception of this longrange movement, the longest movement was by a two-year-old ram.
This ram has been located 12 km from the release site.
In contrast to the summer release, sheep released December
31, 1984, have shown little long-range movement. As of March 27,
1984, no sheep have been located in excess of 4 km of the release
site. The two rams appear to be moving greater distances than the
ewes. Since the release, the six radio-collared ewes have remained
in close proximity to each other and to the release site. During ground
surveys conducted in mid-March 1985, all collared ewes released in
December 1984 were observed in a single nursery band comprised
of seven ewes, five lambs, one young ram, and one yearling ewe.
Bighorn sheep from both releases have mixed with indigenous
bighorn.
At the present time, insufficient data have been collected to
evaluate use areas for individual sheep; however, all locations in aggregate indicate there are differences between the two releases. When
the use area for all the sheep released in August is calculated, the
area is 62.1 km2. When the use area is calculated for the December
release, the area is 4.5 km2 (Fig. 2). There are many more data points
available for calculating the use area for the summer release than
the winter release. However, surveys conducted since the January
1985 release indicate sheep from the summer release are more wide
ranging than those released in December 1984.

DISCUSSION
The summer capture, which was conducted when ambient
temperatures were in excess of 37.80C, was the first attempt in Arizona
to capture desert bighorn sheep using aerial methods in such extreme conditions. Past recommendations (Wilson et al. 1982) sug-
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The result of mechanical problems with the transport devices
were not directly related to the temperature at the time of capture.
Based upon the physiological condition (high body temperature) of
the desert bighorn sheep, 37.8OC is the highest temperature where
aerial captures should be attempted.
Movements that have occurred to date are similar to other transplants that have been reported (deVos 1982; deVos et al. 1981;
Elenowitz 1983; McQuivey and Pullium 1981). Desert bighorn sheep
which were released in the summer made wide-ranging movements
throughout the majority of the Eagletail Mountains. These movements
were more pronounced during the first five months post-release, with
somewhat reduced movements since January 1985. The limited
movements demonstrated by the desert bighorn sheep released in
the second or early third trimester of
lend support for the
transplant strategies recommended by Dodd (1983). In this study, ewes
utilized lambing areas in the vicinity of the release site.
In summary, the data collected during this study are limited;
however, desert bighorn sheep released during the two seasons are
responding differently. As additional data are collected, further insight into these differences will be developed, providing desert bighorn
sheep managers provide more information to be used in developing
transplant strategies.
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to temperature and to determine if sheep could survive without free
standing water for an extended period when ambient temperatures
exceeded the body temperature of sheep (39 C).
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Abstract. Two adult desert bighorn ewes (Ovis canadensis mexicana)
in the Little Harquahala Mountains; Arizona, were monitored continuously from 1600, 17 June through 0400, 7 July, 1983. Our objectives were to determine die1 activity patterns and to determine if these
sheep could survive on a range without permanent free standing
water. Most ewe activity occurred at 0500 and the least activity occurred at 2300. Although less activity was exhibited at night, sheep
could be expected to be active 34% of any hour. Neither ewe drank
water during the study period.

Activity patterns of desert bighorn sheep have been described
for diurnal and crepuscular hours (Devan 1958, Fonseca and Gonzalez 1976, Chilelli and Krausman 1981, McCutchen 1984, Hansen
1984), but nocturnal activity patterns are largely unknown (Monson
1964, Simmons 1964, Miller et al. 1984). Diurnal activities are
described as bedding, feeding, moving, elimination, shelter seeking, grooming, reproducing and watering (Augsburger 1970, Fonseca
and Gonzalez 1976, Golden and Ohmart 1976, Olech 1979). Nocturnal studies have relayed only limited information on movements (Monson 1964), foraging (Simmons 1964), and general activity (Miller et
al. 1984). Observations of sheep at waterholes account for most of
the literature on nocturnal activity of desert bighorn sheep (Koplin
1960, Graves 1961, Hansen 1964, Simmons 1964, Hailey 1967, Miller
et al. 1984).
We began field studies of desert bighorn sheep in the Little Harquahala Mountains, Arizona, in 1980. We traversed the entire range
on foot, by fixed wing aircraft and with helicopters in search of water.
Areas frequented by sheep in hot dry months were examined and
water was not located. The Little Harquahala Mountains supported
a small herd of sheep (15-20 individuals) without free water sources.
Turner (1970) reported that sheep require 4% of their body weight
per day in water and that this amount could not be obtained from
forage. We initiated a study during the dry, hot portion of the year
immediately before the summer rains occurred to evaluate die1 activity and to monitor sheep to determine if they were consuming water.
Our objectives were to determine the extent of die1 activity as related
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The Little Harquahala Mountains are at the southwestern end
of a mountain complex which comprises the Harquahala, Little Harquahala, and Granite Wash Mountains. These ranges are approximately 150 km west of Phoenix. The Little Harquahala Mountains,
La Paz Co., encompasses 179 km2. Elevations vary from 427 m on
the desert floor to 940 m at Harquar Peak. Topography ranges from
rolling hills to rugged cliffs.
The Little Harquahala Mountains lie within the desertscrub formation (Lowe 1964). Creosotebush (Larrea tridentata), brittlebush
(Encelia farinosa), ragweed (Ambrosia spp.) and paloverde (Cercidium
spp.) are the dominant plants.
Average annual precipitation from 1975 to 1979 was 21.8 cm (U.S.
Weather Bureau 1975-1979). Average seasonal temperatures were 20.8
C, 28.1 C, 10.3 C and 14.1 C for fall (October-December), summer
(July-September), spring (April-June), and winter (January-March),
respectively.

METHODS
Since we were interested in determining sheep activity and possible sources of water we needed to monitor sheep for an extended
period when temperatures were high, humidity low and it did not rain.
These conditions were met during the 10 days of this study.
Two radio-collared adult ewes were continuously monitored from
1600, 27 June through 0400 7 July, 1983. Activity of the ewes was
classified as active or inactive. Activity constituted efforts which
caused movement such as foraging, walking, grooming and posturing. Inactivity referred to behaviors where movement was minimal
such as bedding or standing. Sheep were observed from distance
F 1 km with variable power spotting scopes to minimize disturbance.
Sheep were in view during most diurnal hours. When not in view during the day and at night, activity was monitored with a digital processor (Model TDP-I, Telonics, Mesa, Arizona). The processor provided high resolution signal strength information from a companion
Telonics tracking receiver. A four place accuracy digital data display
measured the time between transmitted pulses in milliseconds. With
the processor we determined relative activity of collared animals by
detecting variations in signal strength resulting from activity which
caused changes in transmitter orientation or signal path. We field
tested the equipment with the animals in sight. Deviations in signal
strength occurred when animals moved. The signal strength was constant when animals were inactive.
Teams of two monitored sheep during three shifts: 0601-1200,
1201-1800 and 1801-0600. Animal activity, time, temperature,
topographic position and location were recorded. Locations were plotted on U.S.G.S. topographic maps (Scale 1:62500) each time sheep
moved to a new location. Home ranges were calculated with the
minimum convex polygon method (Southwood 1966) and a home
range program developed at the Computer Aided Engineering Center,
University of Arizona, Tucson.
Simple linear regressions of minutes of activity of sheep per hour
against ambient temperature were calculated for diurnal (0800-1500),
crepuscular (0500-0700 and 1600-2000) and nocturnal hours
(2100-0400).

RESULTS
Ambient temperatures ranged from 170 C at 0400, 30 June to
450 C at 1500 on 5 July. Temperatures were higher at 1500 (39.80 C)
and lowest at 0500 (22.60 C) (Table 1). Overall the mean daily
temperature (320 C) was only slightly warmer than the mean June
temperatures for 1975-1979 (300 C). During the warmer daylight hours
(1100-1900) temperatures equalled or exceeded 39O C (bighorn body
temperature) 33% of the time.

Table 1. Mean minutes of activity per hour for two ewes and mean
ambient temperature (OC) in the Little Harquahala Mountains,
Arizona, 27 JuneJ July, 1983.

Hour

X
Min. activity

0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400

17.3
25.2
17.3
24.0
55.3
50.8
54.0
33.2
31.9
27.3
22.7
25.3
21.1
24.0
24.4
35.8
49.3
45.4
47.1
42.1
28.0
21.9
13.8
18.0

-

C when mid slopes were used. When bottoms and tops were used
mean temperatures were 33.7O C and 33.6O C respectively.
The ewes did not drink free standing water during this study.
However, during crepuscular hours on 7 of 10 days sheep were
observed consuming barrel cactus (Ferocactus spp.) from 12-56
minutes (X = 34 min). Barrel cactus contain 85% water (Krausman,
unpubl. data).

Fig. 1 Linear regression of desert bighorn ewe activity in minutes
against temperature, 26 June-7 July, 1983, Little Harquahala
Mountains, Arizona. Crepuscular hours (*) are from 0500-0700
and 1600-2000 hours. Day hours (X) from 0800-1500 hours. Nocturnal hours (0) are from 2100-0400 hours.

X
Temp (OC)

27.4
26.1
24.8
23.7
22.6
24.8
27.8
30.0
31.7
33.6
35.8
37.2
38.6
39.4
39.8
39.0
38.1
37.3
36.0
33.7
31.9
30.6
28.9
27.7

Correlations between the amount of activity and temperature were
high for crepuscular hours (r= -0.75) and diurnal hours (r= -0.88).
Activity decreased as temperatures increased. Correlations between
ewe activity and nocturnal temperatures were low (r= 0.167) and nonsignificant (Fig. 1)
Sheep were active from 0-60 minutes per hour. Overall, the least
activity occurred at 2300 with 14 minutes of activity. Sheep were most
active at 0500 (Table 1, Fig. 2) with 55 minutes of activity. Two periods
of peak activity were established during crepuscular hours: 1600-2000
and 0500-0700. During diurnal hours sheep were active 43% of the
time. They were active 21% of the time at night (Table 1, Fig. 2).
Although less activity was exhibited at night sheep were active an
average of 34% of any hour.
Sheep movement during the study period was limited. One ewe
was captured on 15 April, 1983. During that spring her home range
encompassed 67.1 km' and expanded during summer to 93.1 kmz.
Her home range size decreased in fall to 12.3 km2 and remained low
in winter (25.4 km". In the spring 1984 she continued to use a smaller
area (18.5 kmz). From capture through September 1984, 124 kmzwas
incorporated into her area of use. From 27 June-7 July, 1983, her
movements were restricted to 2.3 Itmz.
Slope position (top, middle, or bottom) used most by ewes was
the mid slope on south facing slopes. During 229 hours of monitoring the mid slope was used 170 hours (74%). The top and bottom
parts of the mountain were selected during 40 hours (17%) and 19
hours (8%) respectively. The mean ambient temperature was 31.3O

I

Day Hours
\

.

0

101 iY=12.B78+0.291~X
Nocturnal Hours

TEMP. OC
DISCUSSION
Responses by sheep to hot temperatures have been described.
Sheep bed in shade of slopes, cliffs and caves to escape heat and
solar radiation. On hot days they take advantage of elevational
temperature gradients to avoid heat (Simmons 1964). During nocturnal hours sheep were active 34% of the time. Simmons (1964) suggested that sheep forage extensively at night during warm periods.
The movements of sheep during this study were reduced.
Although ambient temperatures were not extreme they did equal or
exceed the body temperature of sheep 33% of the time. Avoidance
of direct sun rays is a likely mechanism being employed by sheep
io reduce water loss.
Of equal interest and importance is the availability and use of
water during dry hot periods. Water is used by sheep when available
(Graves 1961, Hailey 1967, Blong and Pollard 1968, Turner 1970, Campbell and Remington 1979). However, how do sheep acquire water when
it is not present on their range? Suggested responses include the
absorption of up to 30% of their body water, ability to subsist on
preformed water in forage for short periods (Turner 1973), ability to
concentrate their urine (Bradley and Allred 1967, Horst 1971) and the
ability to remove water from feces before elimination (Turner 1970).
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However, Turner (1973) claims desert bighorn sheep require a
minimum of 4% of their body weight per day of water to maintain
proper water balance.
Fig. 2. Minutes o f activity per hour for desert bighorn ewes i n
the Little Harquahala Mountains, Arizona, 26 J u n e 7 July, 1983.
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20
50 40 50
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The addition of water to ranges may improve the habitat quality
but unless water is the limiting factor the development of water may
be an expense which is more detrimental than beneficial to sheep.
Leslie and Douglas (1979) demonstrated that water was a limiting factor in the River Mountains, Nevada, and when added to the habitat
the population responded. That water is a persistently limited resource
in desert environments does not necessarily mean it is the limiting
factor in a population. The study of Leslie and Douglas (1979) exemplifies the type of efforts required for proper water placement if
and when it is warranted. Although the lack of water may not always
be a limiting factor, it is reasonable to assume that its addition in most
cases constitutes habitat improvement.
Our concern, however, is the development of waters in fair to
marginal habitats where water may not be a limiting factor. Sheep
may have existed on the marginal ranges for thousands of years
without free water and although densities are low they are in bounds
of available resources. In the Little Harquahalas, free water is absent. The ungulates in the area are thus limited. Desert mule deer
(Odocoileus hemionus) occupy the range but not exclusively and the
sheep are the major herbivore on the limited forage. With the addition of water, deer may be attracted to the range and compete with
sheep for forage. Water may also attract burros. Sheep are highly
sensitive to competition as they have evolved for thousands of years
without the selective pressures from large grazing ungulates (Martin 1958, Bailey 1980). Attracting two more large species to marginal
range would not be advantageous to sheep.
Prior to the addition of water it should be established that water
is the limiting factor. Efforts to improve habitats by adding water when
it is not that factor which is restricting populations may not be
warranted.
This study demonstrated that sheep survived without drinking
free water when temperaturesexceeded body temperaturefor 10 days.
Desert bighorn sheep may adjust to hot dry environments with nocturnal activity, slope positioning, and foraging on succulent plants.
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short, and the first few coccygeal vertebrae and the remainder of
the tail bones are small and weak. Thus, as condition declines in
sheep, the tail tends to drop into the receding rump line, providing
a different conformation from that of cervids.

Good

Medium

Poor

Henry E. McCutchen
U S . National Park Service
Rocky Mountain National Park
Estes Park, CO 80517
Abstract: At Zion National Park, Utah, a modification of the Riney
technique was used to rank captive and free-ranging desert bighorn
sheep into 3 condition classes: good, medium, and poor. The adapted
technique is described; its validity was confired using bighorn that
had contacted sinusitus and were observed to shift from "good" to
"poor" condition prior to debilitation and death. This method shows
promise for assessing seasonal fluctuations in condition and assessing general herd condition in bighorn sheep.
INTRODUCTION
With experience, most desert bighorn biologists seem to develop
a "feel" for visually assessing the animals and can tell when sheep
are in good or poor physical condition (Russo 1956, Wilson 1968,
Hansen 1968). However, because animal condition is a continuum
from good to poor, there is ambiguity in individual interpretation and
definition. Until now, there have been no criteria established for condition classes in bighorn.
MATERIALS AND METHODS
From 1974 to 1982, research was conducted on a reintroduction program of desert bighorn sheep (Ovis canadensis nelsoni) at
Zion National Park, Utah. The bighorn were studied in a 32 ha natural
habitat rearing enclosure and inthe free-ranging situation after their
release. Behavioral observations and photographs were obtained of
individuals in time-series samples.
During the course of the research, the condition of individuals
was assessed by the technique developed by Riney (1960), slightly
modified to fit bighorn body conformation.
RESULTS AND DISCUSSION
Riney (1960) developed criteria and provided illustrations for the
visual identification of 3 condition classes for ungulates: good,
medium and poor. These classes were based upon the changes in
body conformation as fat reserves of animals diminished.
Harris (1945) described the changes in fat reserves as an
ungulate declines into poor condition. First, subcutaneous fat (rump,
loin, and thinner subcutaneous fat) disappears, and then fat within
the body cavity (kidney, intestinal, heart) disappears. Finally during
the critical stage, bone marrow fat is absorbed; when this is depleted,
the animal is susceptible to dying from malnutrition.
My observations with the Zion bighorn sheep indicated that
Riney's (1960) illustrations and descriptions for good and medium
condition classes were applicable to bighorn condition. However, his
criteria for a poor condition class seemed to be more applicable to
cervids than to bighorn sheep. In cervids the tail is relatively long
when compared to bighorn, and the first 2 or 3 coccygeal vertebrae
maintain an angular but relatively fixed position in conformation as
condition declines in the animal. In bighorn sheep the tail is relatively

Figure 1. Bighorn condition classes established from desert bighorns,
Zion National Park, Utah. (A and B - good condition; C and D
- medium condition; E and F - poor condition)
The illustrations of Riney's (1960) ungulate condition classes
presented only the lateral view. At Zion, a posterior view was often
helpful in more accurately placing an animal into a condition class.
Thus both lateral and posterior views are provided for bighorn sheep.
Three condition classes (good, medium, and poor) were
developed for desert bighorn at Zion (Fig. 1). Sheep in good condition (Fig. 1A) laterally shows lines of roundess from (a) the pin bond
(Tuber ischii) region to (b) the posterior area of the sacrum. Generally
the back is straight or nearly so. From a posterior view (Fig. lB),
the animal exhibits roundness of the back and rump with no depressions or angulations. Bighorn classed in medium condition, from the
lateral view (Fig. lC), have angles appearing at the pin bone (a) and
at the posterior processes of the sacrum (b). Posteriorly, a bighorn
in medium condition (Fig. ID) exhibits truncation at the top of the
back and angulation at the edges where the top of the back joins
the sides. As condition further declines, a depression is often visible as a line (c) above the tail. As bighorn degrade to poor condition, the areas above and below the pin bone (a) collapse and become
concave (Fig. 1E), giving the pin bone area a pointed appearance.
Bighorn in this class frequently show nearly vertical femur lines (d)
and lines along the lateral processes of the spine and tail (e). From
a posterior view (Fig. 1 F), animals in poor condition exhibit boniness
in the backbone area, the hip bone (Tuber coxae) area, and the
femurlsacrum junction. The flesh appears to be draped in concave
folds on the body.
ADDITIONAL OBSERVATIONS
Animals in poor condition could occasionally be identified by
other cues, such as a humped posture, depressed flank, lowered
head and neck, and drooping ears. The condition of the coat was
often rougher, and shedding occurred later in animals in poor condition when compared to animals in better condition.
In the Zion enclosure, seasonal changes in individual condition
classes were noted beginning about October when the rut was waining and lactation had ceased. From this time until about January,
animals in medium or poor condition would often show a gain of about

DESERT BIGHORN COUNCIL 1985 TRANSACTIONS -27-

one condition class. The ewes would remain in this imporved condition until lambing (March-June). After lambing and during the lactation period, ewe condition would gradually drop about 1 condition
class. For the rams, condition would remain improved until pre-rut
(about June). Then depending upon the individual ram, condition
would drop 1 to 2 condition classes by the end of the rut. The seasonal
fluctuations of physical condition in the captive herd at Zion eemed
to follow an annual cycle. However, because of the continuous
availability of supplemental feed in the captive situation, caution
should be used in comparing the seasonal condition of these animals
to wild herds.
At Zion, there were additional opportunities to test the condition class criteria and observe bighorn sheep shifting through the
condition continuum as individuals contacted sinusitus (Bunch et al.
1978). Infected animals, which had previously been in good or fair
condition for several years, gradually declined to poor condition and
died. Animals could survive in poor condition from several months
up to several years.
Generally, ewes in poor condition were observed to breed;
however, they failed to produce viable lambs. One ewe whose condition shifted to poor during lactation appeared to have difficulty producing enough milk to sustain the lamb. The lamb, which was weak
and in poor condition, was removed from the enclosure and handreared. Evidently, although their fat reserves were depleted, ewes
in poor condition could still socialize with other ewes as long as they
could receive some minimum threshold of nutrition.
Rams in very poor condition in the Zion enclosure avoided
socialization and thus were difficult to observe. They did not comPete in the rut, were secretive, and even became nocturnal in their
activities. These rams suffered injury and harassment from other
rams, and so rams in a weakened condition seemed to avoid male
aggression, because they could not fend if off. Because of this
behavior and increased predator vulnerability, it is probable that it
would be very difficult to observe rams in very poor condition in the
wild.
Two criteria that Riney (1960) used to indicate animals in poor
condition could not be applied to the desert bighorn sheep. These
were the appearance of ribs and the presence of a horizontal line
at the ventral edge of the loin in front of the hip. Although these criteria
were often presented in bighorn in poor condition, they were also
observed in desert bighorn in fair condition, particularly in the summer after the winter coat was shed. A triangular hollow in front of
the hip also was observed occasionally in all condition classes of
bighorn; it made the animals appear gaunt when it was present. This
condition did not appear to reflect body fat reserves but, instead,
other factors related to the physiological state, such as the shift of
the fetus and dehydration. Thus, this condition was observed in ewes
just prior to and after lambing, in animals that had gone without water
for 1 to 2 days in the summer, and in animals in very poor condition.
At Zion, the sheep developed fairly heavy winter pelages. The
heavy pelage may have masked condition slightly but not to the extent that an animal would be rnisclassified a full condition class.
Additionally, body width and depth (height of torso) seemed to
be related to condition. Animals in good condition appeared to have
greater body width and depth than those in fair or poor condition.
However, these were difficult parameters to judge, and their use in
the field would likely be so subjective as to be of limited value. It
is possible that width and depth is a reflection of body fat reserves
and pregnancy.
Lambs and yearlings could also be placed into condition classes
by the bighorn condition criteria. However, these age classes tend
to be thinner than the others and adjustments have to be made.
My observations on northern sheep (Ovis dalli dalli and Ovis c.
canadensis) indicate that these condition class criteria also could
be applied to them.
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MANAGEMENT IMPLICATIONS
There is a need for better correlation of the depletion of fat
reserves in bighorn with changes in body conformation. However,
until this occurs, the condtition class technique as described here
should be useful for bighorn managers to rate the overall condition
within and between bighorn herds. Further, it may be possible to
correlate general herd condition with parameters such as lambing
success, incidence of disease, range conditions, and population density. As Riney (1960) notes, this technique is arbitrary and has the
disadvantages associated with any rating technique, but it is inexpensive and simple to use.
LITERATURE CITED
Bunch, T. D., S. R. Paul and H. E. McCutchen. 1978. Chronic sinusitis
in the desert bighorn (Ovis canadensis nelsoni). Desert Bighorn
Council Trans. 16-20.
Hansen, C. G. 1980. Physical Characteristics. Pages 52-63 in C. Monson and L. Sumner, eds. The desert bighorn; its life history,
ecology and management. Univ. Arizona Press, Tucson. 370 pp.
Harris, D. 1945. Symptoms of malnutrition in deer. J. Wildl. Manage.,
9(4):319-322.
Riney, T. 1960. A field technique for assessing physical condition
of some ungulates. J. Wildl. Manage., 24(1):92-94.
Russo, J. P. 1956. The desert bighorn sheep in Arizona. Ariz. Game
and Fish Dept. Wildl. Bull. No. I.153 pp.
Wilson, L. 0. 1968. Distribution and ecology of the desert bighorn
sheep in southeastern Utah. Utah Div. Fish and Game Publ. 68-5.
220 pp.

Table 1. Historical examples of bighorn declines during periods
of grazing by domestic sheep (From Goodson 1982).

Location

David A. Jessup, DVM, MPVM
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Rancho Cordova, CA 95670

Abstract. Bighorn sheep (Ovis canidensis) are susceptible to a
number of livestock diseases and parasites. Historical records and
modern investigstions of bighorn disease problems and die offs reveal
numerous examples. Some common diseases of domestic sheep,
scabies, chronic frontal sinusitis, internal nematode parasites,
pneumophilic bacteria (especially Pasteurella sp.), footrot, parainfluenza Ill, bluetongue and soremouth are cited and reviewed. Cattle may
host some of these diseases, and may also be a source of paratuberculosis, pink eye, and respiratory syncitial virus. The complexitv and seriousness of ~otentialdisease interactions between domestic
l vestock and bighorn are emphasized. Resource decision makers
must carefully weigh this potentially negative interaction.
i

INTRODUCTION
As might be expected with species so closely related that they
can hybridize, wild sheep are susceptible to many of the diseases
of domestic sheep. Although not well-documented, cattle diseases
may also affect bighorn. North American bighorn sheep, which
evolved in high mountain and arid climates at relatively low population densities, as a general rule, are more susceptible to each of the
diseases they share with livestock. Domestic sheep and cattle have
been selectively bred for disease resistance, among other factors,
and have historically been raised in concentrated flocks. It is hard
to resist the analogy of European man and diseases such as smallpox,
colera, measles, tuberculosis and syphillus, which he came to share
with native North Americans. It has often been speculated that disease
killed more Indians than the white man's gun. This may also be true
of bighorn sheep.
The history of the western United States is replete with examples
of specific bighorn sheep die offs and overall population declines
following introduction of domestic sheep. Goodson (1982) noted that
competition for forage, space and shared diseases were the specific
identifiable factors mediating this interaction.
She went on to state "Co-use of ranges by domestic and bighorn
sheep has been consistently linked with declines, die offs, and extinctions of bighorn populations from historical to recent times. While
much of the evidence for competition between domestic sheep and
bighorn is circumstantial, it is sufficiently strong to have prompted
management decisions against co-use of ranges by bighorn and
domestic sheep by federal land management agencies and state
wildlife departments."'

Dates of
Domestic
Status of
Sheep Grazing Bighorn Sheep

References

Rocky Mountain
National Park,
Colorado

1917-1930

All-age die off
pneumonia

Rock Creek,
Montana

1900-1920

Bighorn declined Berwick 1968
to low of 8
Aderhold 1972

Dinosaur
National
Monument,
Colorado

1920-1950

Severe declines
in early 1930s
died out completely by 1950

Barmore 1962

Sun River,
Montana

1920-1925

All-age die off
oi 70% of herd

Picton and
Picton 1975

Packard 1939a,
Package 1939b,
Shepherd 1976

"Since 1945, declines in native herds have slowed or stopped
and bighorn sheep numbers have increased in several states due
to transplants onto historical ranges (Rutherford 1972, Couey and
Schallenberger 1971). In many cases, bighorn sheep disappeared
from these ranges during periods of heavy grazing by domestic
livestock (Buechner 1960, Brown 1974, Goodson 1980, Butts 1980)
and were unsuccessfully reintroduced after reductions in livestock
use, often including removals of domestic sheep."
"Declines in grazing of domestic sheep on western rangelands
between 1945 and 1978 have been due largely to economic factors
including rising costs of transporting and herding sheep and lower
prices for wool and mutton (USFS 1976). Most sheep allotments on
public lands were not closed, but remain vacant if the permittee has
relinquished his permit or in a non-use status. Some have been converted to cattle use (Allotment Files, Arapaho and Roosevelt National
Forests, Helena National Forest.) Since 1978, improvements in the
economics of sheep raising have resulted in efforts to restock sheep
allotments or convert cattle allotments to sheep allotments on public
lands in California (USFS 19i?3), Wyoming (Bruce Johnson), Colorado
(Fritz Foutz), New Mexico (Kurt Nelson), Montana (Nike Goodson),
Nevada (Jim Jeffress) and Oregon (Guy Sheeter)."l'
"Studies of interspecific competition often involve monitoring the
response of one species to the introduction or removal of a second.
Changes in public and private land management have provided examples of the reduction, removal and introduction of domestic sheep
on bighorn ranges and the responses of bighorn herds. These were
not experiments, however, and it is important to note that other
variables were not controlled."l

'Cited as personal communications by Goodson or with the author.

-
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Table 2. Trends of Bighorn Sheep Herds in Colorado with
Domestic Sheeo Grazina in 1970 (From Goodson 1982).

Bighorn
Range

Domestic Sheep
Domestic
Sheep
Grazing Pressure
Grazing
197011980
1960-19701Trend% %Reduced

Cimarron Heavy
Peak
Gore
Range

Down

Moderate Stable

Lake City Heavy

Down

Population
Estimates
Bighorn Sheep
Trend
19701 19802

Stable

Stable

Pole Mt.

Moderate Stable

Stable

Redstone Moderate Down

UP

San Luis
Peak

UP

Sheep Mt. Moderate Down

Stable

Snowmass Moderate Down

UP

Vallecito

UP

Heavy

Down

Dinosaur Moderate Down
National
Monument
Georgetown

Moderate Down

Location

Trend

Collegiate Range

UP

Battlement Mesa

Stable

Buffalo Peaks

UP

Clinetop Mesa

Stable

Mt. Evans

UP

Poudre Canyon

UP

Pikes Peak'

DownlUp

Rocky Mountain
National Park

Stable

Tarryall

UP

Taylor River

Down

Trickle Mountain

UP

Waterton

Stable

Arkansas River

Stable

Sangre de Cristos

uP

19701 19802

Dates of
Lungworm
Treatment2

UP

Moderate Stable

Down

Population Estimates
Bighorn Sheep

UP

Ouray

Heavy

Table 3. Trends of bighorn sheep herds in Colorado without
domestic sheep grazing (From Goodson 1982).

Unknown

Down

1 Bear and Jones 1973.
2 Schmidt and Rutherford 1980.
3 Pers. cornrn. Dave Cook, Fritz Foutz, San Juan, NF, Durango, Colorado.
4 Pers. comrn. Bernie Rios, White River NF, Glenwood Springs, Colorado.
5 Pers. comrn. Fred Wilde, Duane Harp, Grand Mesa, Uncompahgre and
Gunnison, National Forests, Delta, Colorado.
6 Pers. cornm. John Verner, Rio Grande NF, Monte Vista. Colorado.
7 Pers. cornm. Gary Skiba, Dept. of Fishery and Wildlife Biology, Colorado
State University, Fort Collins, Colorado.
8 Allotment Files, Roosevelt and Arapaho National Forests, Fort Collins,
Colorado.
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1 Bear and Jones 1973.
2 Schmidt and Rutherford 1980.

This herd underwent a decline and subsequent increase during 1970-1980.

Although we may not know all the factors mediating negative
interactions between domestic sheep and bighorn some specific examples of disease transmission are known.
Scabies
Scabies was one of the first and most obvious diseases of
domestic sheep to adversely impact bighorn sheep. "The introduction of domestic livestock onto bighorn sheep ranges in the late 1800s
and early 1900s was followed by severe and widespread die offs of
bighorn sheep attributed to scabies, caused by Psoroptes spp. mites
(Honess and Frost 1942, Couey 1950, Buechner 1960, Bear and Jones
1973, Jones 1980, Lange 1980). Die offs coincided with dates of introductions of domestic sheep (Packard 1939, Couey 1950, Buechner
1960, Lange 1980). In northern Colorado, Wyoming and parts of Montana, domestic sheep were introduced in the mid-late 1800s and
scabies epidemics followed in the 1860s to 1880s. In Canyonlands,
where domestic sheep were introduced in 1910, scabies induced die
offs of bighorn followed during 1916-1912 (Dean 1977). The disease
was not observed in bighorn prior to the introduction of domestic
sheep (Buechner 1960)."l
"Early observers were convinced that bighorn sheep contracted
scabies from domestic flocks (Packard 1939, Couey 1950, Buechner
1960, Bear and Jones 1973). However, recent attempts to transfer
Psoroptes sp. mites from desert bighorn (0.c. nelsoni), to domestic
sheep, elk (Cervus elaphus), mule deer (Odocoileus hemionus) and
Rocky Mountain bighorn have been inconclusive (pers comm. Charles
Hibler). Transient infestations were achieved on domestic sheep, elk,
and mule deer. Infestation did not occur on Rocky Mountain bighorn
(pers. comm. Charles Hibler)."l

Although scabies has been greatly reduced in domestic livestock,
it is still present. Historical bighorn sheep die offs attributed to scabies
are presented in Table 4.

Table 4. Die offs of bighorn sheep attributed t o scabies during
1859-1939 (From Goodson 1982).
References

An old desert bighorn ewe from the Marble Mountains had very advanced sinusitis (Jessup unpubl. 1984).
Nematode Parasites
Internal parasites shared by domestic sheep and bighorn sheep
are numerous. Abornasal worms (Hernonchus, Ostertagia, and Trichostrongylus) as well as small intestinal worms (~ernatodirus,Cooperia,
Stronggyloides, and Bunostomum) and large intestinal worms
(Oesophagostomum, Chabertia, and Trichuris) most often affect lambs
by direct blood loss and by contributing to malnutrition.5

Location

Dates of Die Offs

Colorado

1859-1931

Lange 1980, Buechner 1960

Utah

1916-1922

Dean 1977

Wyoming

1881, 1885

Lange 1980, Buechner 1960

Montana

1880-1890

Lange 1980, Buechner 1960

Idaho

1870-1880

Smith 1954
Parasite

Host Damage

Winter

Summer

California

1870-1879, 1898

Lange 1980, Buechner 1960

Hemonchus

Hemorrhage

+

+

Oregon

1936

Lange 1980, Buechner 1960

Osteragia

Hemorrhage

+++

+

Bunostomum

Hemorrhage

++

++

Cooperia

Hemorrhage;
Malnutrition

++

++

Trichostrongylus

Malnutrition

++

++

Nematodirus

Malnutrition

+++

+++

Oesophagostomum

Malnutrition

+

+

The most recent major outbreak of scabies in bighorn sheep occurred from 1978-80 in Mexican desert bighorn in the San Andreas
Mountains of New Mexico.' Clinical signs of disease were severe and
60%-70% of the population died during an 18-month period. Contagious ecthyma was also present in those animals during the
epizootic, and the actual cause of mortality for many individuals was
nbt definitely determined.3 A small percentage of the population was
salvaged by capturing and dipping them in Toxaphene. Others were
injected remotely with an lvermectin bioabsorbable pellet, and lesions
of scabies regressed.
Chronic Frontal Sinusitis
Chronic frontal sinusitis (CFS) of bighorn sheep is a disease syndrome whose causal agents are yet controversial. Sinusitis is currently considered to be an important cause of mortality in desert
bighorn. According to a recent review (Bunch in press) CFS has been
found in bighorn populations throughout the warmer and drier parts
of their range, including Arizona, California, Nevada, New Mexico,
and Utah. Prevalence rates as high as 45% in ewes and 27% in rams
have been found in free-ranging herds. Bunch and others have advanced the theory that the nose bot of sheep, Oestrus ovis, can incite chronic mixed bacterial infections of the sinuses of bighorn. Only
in some cases of sinusitis, however, have Oestrus ovis been found.
"Severity is greater in desert regions where environmental conditions favor the nasal botfly and where bighorn sheep concentrate
at limited water sources which increase their vulnerability to fly strike.
The disease is considered to be terminal in bighorn sheep and has
contributed to the decimation of some herds and limits productivity
of others (Bunch in press). It is believed that chronic sinusitis was
introduced with domestic sheep and its occurrence in bighorn is the
result of association with domestic sheep (Hibler in press). Currently, management recommendations are to maintain at least a two-mile
buffer between domestic sheep and bighorn sheep (Bunch 1978,
USFS 1978)."1
Turner advanced the theory that secondary infections from dental
anomolies or penetration of the sinuses by cactus spines or sharp
rock shards may occasionally cause secondary bacterial s i n ~ s i t i s . ~
Also, upper respiratory bacterial infections of any origin may become
localized in the frontal or cornual sinus of bighorn. This certainly occurs in other species, notably as a sequelae to Pasteurella sp. infections in rabbits.
Lesions of chronic frontal sinusitis has been documented in
California bighorn sheep skulls from the White Mountains by
Wehausen (pers. comm. 1984). A young California bighorn ram which
died in an avalanche at Wheeler Ridge a year after it was relocated
from Mt. Baxter had early lesions of sinusitis (Jessup unpubl. 1982).

Table 5. Internal parasites potentially shared by bighorn sheep
and domestic sheep (Jensen 1974).
Resistance of FreeLiving Larvae to
Temporate Zone

Trichuris

-

++

++

Chabertia

-

++

++

The life cycles of each parasite is somewhat different and the
subject is too complicated to explore adequately. Suffice it to say internal parasites may be transmitted via shared pastures and could
become a mortality factor. This is particularly true where mountain
meadows may be co-grazed. Dr. Ted Kistner of Oregon State University says:
"I feel well qualified in the epidemiology of parasites and parasitism, and am aware of contemporary
to control inter.
- capabilities
.
nal parasites as well as recognizing factors related to proper use and
the limitations of the dewormers. In such a case as grazing domestic
sheep near bighorns, the domestics would need to be deworrned
within one week of entering the proposed allotment with Albendazole.
Even with such caution, there could be an increase of bighorn
parasites other than the lungworm with greater numbers of animals
in the area...""
Protostrongylus stelesi, the lungworm so infamous for causing
mortalities in young Rocky Mountain bighorn, appears to be unique
to bighorn. It should be noted that bighorn evolved with this parasite
and its effect on populations is classically density dependent. The
less common and less pathogenic Protostrongylus rushei affects both
bighorn and domestic sheep.
In recent years bacterial and viral diseases shared by livestock
and bighorn have begun to concern wildlife managers and
veterinarians.
Pneumophilic Bacteria
Pasteurella hemolytica is capable of causing progressive fatal
pneumonia in domestic sheep and cattle once established in the lung.
Pasteurella multocida apparently requires predisposing viral infections
andlor stress mediated immune suppression to cause fatal
pneurnonia.7
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Two recent die offs of bighorn sheep from acute bronchopneumonia following association with domestic sheep were reported
by Foreyt and Jessup (1982). Both incidents involved healthy bighorn
herds which were in enclosures for long periods of time before deaths
occurred. This suggests that the problem was not capture stress or
acclimation to new habitat. In each case, nose-to-nose contact with
domestic sheep was followed by a die off within weeks. At Lava Beds
National Monument, California, all 43 bighorn died. In Washington,
at the Methow Game Range, one ewe of 14 bighorn survived. No
sickness or mortality was reported in the domestic sheep. Circumstantial evidence suggests that apparently healthy domestic sheep
transmitted pneumophilic bacteria (Pasteurella multocida was isolated
in the California outbreak) to the bighorn sheep resulting in
mortality.8-9
"These incidents are similar to others experienced by researchers
attempting to maintain bighorn sheep in captivity in association with
domestic sheep. While bighorn sheep are generally prone to
pneumonia in captivity (Spraker 1977) association with domestic sheep
seems to significantly increase the probability of developing pneumonia. Incidents of apparently healthy adult bighorn in captivity dying from pneumonia shortly after exposure to domestic sheep have
occurred at Utah State University (pers. comm. J. Juan Spillet), University of British Columbia (pers. comm. Daryll Hebert) and Colorado
State University (pers. comm. Charles Hibler). Workers at the Sybille
Wildlife Research unit of the Wyoming Department of Fish and Game
have spent years developing a cross-bred bighornldomestic sheep
herd for research purposes. They found bighorn sheep and the hybrid
offspring of bighornldomestic crosses to be more susceptible to
pneumonia than domestic sheep maintained under the same conditions (pers. comm. Tom Thorne). Hybrid lambs developed pneumonia
within the first three weeks of life, and prompt treatment was necessary
to prevent mortality. Secondhand reports related by ranchers in
Wyoming indicated the same process occurred in the free-ranging
situation (pers. comm. Tom Thorne): When bighorn rams joined their
domestic flocks and bred the ewes, the resulting hybrid lambs experienced a remarkably high mortality during the first few weeks of
life. These observations are consistant with Foreyt and Jessup's (1982)
hypothesis that domestic sheep are more resistant to pneumophilic
bacteria than bighorn and are able to carry strains of bacteria capable
of causing acute pneumonia in bighorn."'
Footrot
Kistner has voiced a concern over the potential transmission of
footrot from domestic sheep to California bighorn sheep in Oregon's
Steens Mountains. "In reference to footrot, Mr. Boyd cited the rainfall at Burns as unfavorable for .perpetuation
of Fusiformisnodosuq
.
Fusobacterium necrophorum, and Corynebacterium pyogenes, the
causative agents of the complex of entities commonly called footrot
in domestic sheep. In reality, the 11.83 inch rainfall at Burns (4,000
ft. elev.) has little relationship to the 27 inch rainfall at Fish Lake (7,500
ft.) on Steens Mountain. Near the summit (8,500-9,500 ft.) where the
proposed grazing would occur, rainfall probably exceeds 30 inches,
hence, footrot cannot be dismissed from consideration. It is relevant
that all the rainfall does not occur as snow, but thunderstorms occur
during the summer. Transmission may not occur in the more arid sites,
but the numerous seeps and springs with lush vegetation would favor
survival and transmission of the causative aqents,
because such sites
are commonly used by all sheep for forage and water.
Every good sheepman strives to control footrot, but most will
agree it is very difficult to eradicate. Hence, carrier animals could
disseminate the organism in damp sites, where contacted by bighorns,
it could be established in the population. With no potential for treatment, footrot could be expected to exact an even greater toll in
bighorns than occurs in domestic sheep. Many of us have seen
domestic sheep perform reasonably well grazing on their knees in
lush pastures when affected by footrot, but bighorns could not forage
well and escape, and would be impaired in the precipitous habitat
they occupy.""
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Parainfluenza-Ill
In recent years, viral diseases, specifically bluetongue, parainfluenza-Ill virus (PI-3) and sorernouth, have been implicated in bighorn
morbidities and mortalities. In California's Santa Rosa mountains, poor
lamb survival since 1977 has resulted in a slowly declining population of senile age structure. Clinical and pathological examinations
show bronchopneumoniato be consistently present in lambs as young
as two months old, and as old as five months. Early in the course
of clinical disease when radiographs show consolidation, PI-3 can
often be isolated. Bluetongue viruses have been isolated less frequently.
.
. PI-3 virus has also been isolated from clinically normal and
from pneumonic adult bighorn. A serologic survey by Turner of this
same population in 1976-77, prior to documented lamb losses, did
not reveal any evidence of infection. The source of the PI-3 virus now
present in the Santa Rosas is unknown. A report was found from
Wyoming, of PI-3 causing pneumonia in adult captive Rocky Mt.
bighorn sheepJ0Ten adult sheep showed evidence of infection, virus
was isolated from three, and nine eventually died of pneumonia.
Recently five of ten bighorn surviving a pneumonia die off in Montana had PI-3 virus in their respiratory tracts. All ten had serologic
evidence of infection (Bighorn Research Institute, unpublished). This
herd is one of the latest in the Rocky Mountains to be affected by
pneumonia.
PI-3 is a very common virus associated with shipping fever and
feedlot pneumonias of cattle and summer pneumonia of lambs; all
of which are also believed to be stress related. Virus neutralizing antibodies to PI-3 were found in 95%, 92% and 88% respectively of normal newborn, weanlings and adult domestic sheep in Idaho.11
Bluetongbe
Bluetongue virus has been isolated from California bighorn sheep
in the Lava Beds National Monument, Rocky Mountain bighorn in
Wyoming,3 and from Peninsular bighorn in the Santa Rosa Mts.
(Jessup, unpublished), and from desert bighorn in Texas!3 Although
acute adult mortalities occurred in the first two cases, only lamb mortalities occurred in the first two cases, only lamb mortalities from
secondary bacterial bronchopneumonia occurred in the later two
cases. Bluetongue is a cosmopolitan virus which has been isolated
from sheep, goats, cattle, deer, elk, pronghorn, as well as bighorn.
Cattle and possibly elk appear to be capable of becoming virus carriers. Culacoides gnats are necessary for transmission of bluetongue.
Seroepidemiologic surveys in California of bighorn residing in arid
isolated desert ranges and those at high altitudes, habitats unsuitable
for gnat reproduction, show little or no evidence of exposure!s Bighorn
at lower elevations in areas of abundant manmade and natural water
are frequently exposed to bluetongue. Buffer zones of approximately two miles between bighorn and livestock water sources have been
recommended to reduce risk of disease transmission (Jessup,
unoublished).
Respiratory syncitial virus appears to be an important initiator
of pneumonia in domestic cattle and sheep. It may act similarly to
PI-3 virus, and be part of a multifactoral respiratory disease complex.
Serologic surveys are currently underway to determine its importance
to bighorn sheep!=
Soremouth
Soremouth is a pox virus that causes painful sores and scabs
on the mouth and face of lambs and on the teats of ewes. The infection is common in domestic sheep and can be transmitted via direct
contact or via scabs. Virus can remain viable in scabs or soil for up
to ten years. Although soremouth may or may not kill lambs, it will
often stunt growth. In recent years, soremouth in bighorn populations
has most often been noted when overpopulation
or other stressing. .
factors are present. Clinical sorernouth has been seen in bighorn
lambs in Nevada, New Mexico, Colorado, and California.

Other Diseases
Three additional diseases which affect cattle, but are not
associated with domestic sheep, may be important to bighorn sheep.
Paratuberculosis (Johne's disease) is a chronic wasting disease of
the intestinal tract and associated lymphoid tissues caused by
Mycobacterium paratuberculosis. It is fairly common in dairy cattle
and exotic deer in some locations and can spread to elk!""
In 1979,
six cases of paratuberculosis in Rocky Mt. bighorn and one case in
a mountain goat from Mt. Evans, Colorado, were reported by
Williams!0 The seven cases occurred over a six-year period. Clinical
disease was evident in each individual, but the impact on the population is presently unknown. This disease is particularly worrisome as
the organisms shed during early stages of disease can survive in
the environment for many years.
"Pink eye" caused blindness and resulted in the death of many
bighorn in Montana in 1982. This common bacterial disease of cattle results from Moraxella bovis overgrowth of irritated eye tissues.
A Chlamydia sp. was isolated from bighorn sheep with "pink eye"
in Yellowstone National Park in 1982. It is relatively easy to treat in
early stages of disease, but difficult to treat once serious damage
has occurred to major eye structures. It is not a "natural" disease
process in bighorn sheep, as some National Park Service spokesperson originally stated.

SUMMARY
Bighorn sheep apparently did not evolve with many of the viral
and bacterial diseases of European livestock. These diseases are
not "natural" to bighorn sheep. Bighorn sheep are possibly the most
exquisitely sensitive North American wild ungulate to common livestock diseases and parasites. These disease agents are too
numerous, and their life cycles too complex to be adequately treated
or managed with current technology. In the future, vaccination may
become feasible. At present, the best management strategy is to maintain bighorn herds at optimal nutritional planes, at or below carrying
capacity and as widely separated as possible from domestic livestock.
No question should exist that domestic livestock, especially
sheep, pose a threat to the health of bighorn. Bighorn populations
may not only be limited by disease, they may be eliminated by disease.
Co-grazing bighorn with livestock is unwise, unless the bighorn are
considered expendable. This is seldom the case; two races of bighorn
are listed as "rare" in California, and thus must be considered quite
valuable.
Domestic sheep are not the enemy of bighorn, however. The
disease agents are the enemy and are not beneficial to bighorn or
livestock. The California woolgrowers and cattlemen have been supportive of wildlife disease research. Wildlife managers must recognize
the incompatibility of co-grazing bighorn sheep with domestics, but
make room for both. If a stand is to be taken, it must be a reasonable
one. The California Department of Fish and Game does not currently relocate bighorn i n t i areas where they may be in prolonged contact with domestic sheeo. Because of ootential disease transmission.
the Granite Mountains of Nevada were set aside for wildlife use and
domestic sheep grazing was not permitted in 1982.
Six years ago, a Forest Service employee told me that no changes
in grazing allotments would be made in the Modoc Forest to benefit
bighorn sheep. This was during the Lava Beds bighorn die off, which
was directly attributable to contact between domestic sheep and
bighorn, and which resulted from unenforced species separation
agreements.
Most of the habitat which is optimal for bighorn is marginal to
poor for livestock grazing. At the current value of $1.34 per animal
unit month (AUM), the receipts from some grazing allotments fail to
cover their own administrative costs. If conservation as defined has
"highest and best use of natural resources," we may have to make
value judgments as to the most appropriate use of a certain number
of AUMs.
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STATUS O
BIGHORN SHEEP I
ARIZONA: 1985
Raymond M. Lee
Arizona Game & Fish Department
Phoenix, AZ
Abstract: Winter surveys resulted in 1,660total bighorn observations providing a population estimate of 3,500.The Rocky Mountain
bighorn population in eastern Arizona continues to grow and was
successfully hunted for the first time this year.
Hunt success remains very high(93%) with an increase in both
average horn size and the percentage of trophy heads.
Arizona will discard its %curl rule and go to "any" ram hunting. Data from a three year study showed little difference in age and
horn size when these hunt restrictions were removed.
Two Bighorn sheep permits were used for fund raising. The
Arizona Desert Bighorn Sheep Society raffled one permit and acutioned another to produce over $150,000for bighorn management.
Utilizing dropnet and helicopter darting procedures, 107 bighorn
were transplanted to seven different sites. A similar transplant effort is planned for 1985.
CURRENT STATUS
Estimates of Arizona's bighorn sheep indicate a relatively stable
population of about 3,500animals. The 1984 winter helicopter surveys
provided 1,660observations; 51 1 rams, 768 ewes, 209 lambs and
172 yearlings. These survey results produced ratios of 100 ewes to
67 rams, 28 lambs, and 22 yearlings.
Population increases appear to be occurring in several areas,
most notably in Game Management Units 16B (Aubrey Hills), 31
(Aravaipa Canyon) and 45A (Kofas). These increases are attributed
to burro removals and water developments. Unfortunately, some
areas are showing population declines, or have stabilized at very
low levels. These decreases are principally in units 24B (Sierra
Estrellas), 39 (Maricopas), 40A (Sand Tanks and Saucedas) and 46
(Growlers).
Rocky Mountain bighorn populations are expanding in the San
Francisco River drainage. Winter surveys provided 84 observations;
20 rams, 26 ewes, 25 lambs and 13 yearlings. These survey results
produce ratios of 100 ewes to 77 rams, 96 lambs, and 50 yearlings.
This is an 18% population increase over 1983.

HUNTING
Bighorn sheep hunting remains extremely popular after 33
seasons. Prospective hunters made 2,259applications for 52 permits or 43.4 applications per permit. Including three special permits,
55 hunters spent 349 days to harvest 51 rams for a 92.7% hunt success. This is the second highest success in hunt history, closely
following the 93.6% success last year (Figure 1).During the 1984
hunt, the 1000th bighorn sheep was harvested. From the first season
in January 1953,1,931 hunters have harvested 1,037bighorns for
a 54% success rate. (Table 1).
Along with an increase in hunter success, both the average score
and the number of trophy heads have increased. The average Boone
and Crockett point score for the 1984 season was 159 218,second
only to 1981.The harvest of rams scoring 170 points or more has
increased significantly. Since 1953,90 rams (8.7% ) scored 170 or
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Figure 1. History of Bighorn Sheep Hunting i n Arizona.

Table 1. Summary of Arizona Desert Bighorn Sheep harvest
Permits
Authorized

Hunters
Afield

Harvest

Percent
Success

1953*
1953'
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
I966
1967
I968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

20
17
20
20
20
20
40
65
80
85
90
81
78
90
84
84
81
86
79
85
74
71
63
60
61
57
58
59
50
51
48
48
55 *

20
17
19
20
19
20
37
62
80
84
89
79
76
83
84
83
77
84
76
81
74
68
62
57
61
57
54
59
50
49
48
47
55

10
10
12
5
6
6
18
19
24
26
27
31
25
42
35
31
47
42
39
31
35
38
41
35
46
50
45
47
39
39
41
44
51

50
59
63
25
32
30
49
31
30
31
30
39
33
51
42
37
61
50
51
38
47
56
66
61
75
88
83
80
78
80
85
94
93

TOTAL

1,980

1,931

Year

'Two hunts in 1953.
**3Special permits included

54

greater. During the first eight seasons, or 25% of the hunt history,
3 of the 110 rams (2.7% ) harvested were in excess of 170 points.
The following quarter's results were 16 of 288 (5.6% ); 22 of 307
(7.2%) and 59 of 356 (16.6% ) (Figure 2). These figures also indicate
the increase in total harvest numbers, due primarily to greatly increased hunt success.
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Due to the success of this program, the Commission approved 10
special permits for four organizations for the 1985 season. Each
species was designated to have both an auction and a raffle permit.
The 1985 bighorn sheep auction permit brought $42,000. This is a
very successful way to generate funds earmarked for species
management.
The Bureau of Land Management, through special funding from
Congress, has approximtely $140,000 to fund bighorn sheep projects. The Bureau has shown an interest in funding habitat evaluation studies and water development assessments.
TRANSPLANTING
Arizona has a long history of bighorn sheep transplants. To date,
363 sheep have been relocated with relatively low mortality (Table
3). In 1984, 107 sheep were transplanted at an average cost of
$558.88 per sheep (Figure 3).
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Figure 2. Percentage of 170 + Rams in the Harvest.
Rocky Mountain bighorn sheep were legally hunted for the first
time during the 1984 season. This population was derived from
transplants in 1979 and 1980 and augmented by migrants from New
Mexico. The permitee was successful in harvesting a 136 218 point
ram. This harvest led some hunters to propose amending Arizona's
one sheep in a lifetime rule to allow the taking of both a Desert bighorn
and a Rocky Mt. bighorn.
Several changes will be made in the hunt regulations for the
1985 season. One change will be the elimination of the 28" minimum
horn length, or the %-curl, rule. This will allow the harvest of "any"
ram. Arizona hunters have harvested several older aged rams with
sub-legal horn size. Data from 70 rams harvested in Game Management Units 15A&B and 448 during 1979180181, when the %-curl rule
was in effect, and 1982183184, when an experimental "any" ram hunt
was conducted in these units, showed no significant difference in
Boone and Crockett scores (Table 2). There was a significant increase
in age in Unit 15A&B after the switch to any ram hunting. There will
be 56 permits authorized for the 1985 hunt. This is an increase of
four permits over the 1984 hunt and reflects increases in Units
45A,B&C (Kofas) and decreases in Units 15B, C&D (Black Mountains). Season dates are set for December 6-22.

Table 2. Comparison of "any" ram and

3/4

curl hunting.

"Any" Ram Hunt
Figure 3. Capture and Release Sites for Arizona's 1984 Transplants

Table 3. Arizona Desert Bighorn Sheep transplant history.

ALTERNATIVE FUNDING
For the 1984 season the Arizona Game and Fish Commission,
following the lead of other western states, authorized two special
prmits. One permit, authorized for the Kofas, was auctioned for
$62,000. The hunter was unsuccessful. The other permit, which produced about $80,000 during a raffle, was for Aravaipa Canyon. The
hunter took a 185 point ram.
The Arizona Desert Bighorn Sheep Society administered the proceedings and raised a total of $151,442.36. These funds were used
to purchase an air conditioned animal transport trailer, to transplant
107 bighorn sheep, and to monitor the success of these transplants.

Year
1950-1960
1960-1970
1970-1980
1981
1982
1983
1984
Totals

Captured
39
11
42
101
21
86
114

Released
19
3
38
92
20
85
lo6

Mortalities
12
3
4
9
1
1
7

RadioCollared
0
0
8
43
7
16
46

363
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During July, 53 sheep were captured in the Lake Mead Recreation Area using a dropnet suspended over apple mash bait. Colorado
received 10 of these sheep, 37 were transplanted into Paria Canyon,
Five were released in the Grand Wash Cliffs and one in the Virgin
Mountains. In November, 54 sheep were captured in the KofaPlomosa Mountains by shooting tranquilizer darts from helicopters.
Supplemental releases were made in the Eagletails (16) and ~aliuros
(8)and a new release made near Coffee Flat in the Superstitions (30).
A similar transplant schedule is proposed for 1985. The summer dropnet captures at Lake Mead Recreation Area will relocate
15 sheep to Paria Canyon and 25 sheep to Hack's Canyon. The winter
helicopter captures in the Kofas will move 25 sheep to the Mazatazals
and 25 sheep to the Black Mts. northwest of Wickenburg.
RESEARCH
Bighorn sheep research in Arizona is winding down. Final reports
are being written and an evaluation of these reports will be made
prior to initiating new research projects. At the 1984 Council Meeting,
nine papers dealing with bighorn sheep in Arizona were presented.
These studies included: determination of movement corridors, inventories of high value and critical habitat, domestic livestock and
bighorn sheep interactions, transplant success, transplant mortality, and post-release movements.
Bighorn sheep management guidelines have been formulated.
These guidelines specify survey and harvest procedures. Successful
transplant methods are described in detail.
Arizona has been involved in an aggressive program of sheep
research, repopulation of historic range and providing hunting opportunities - we intend to continue.
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TEXAS REINTRODUCTION
STATUS REPORT 1985
Jack Kilpatric, Biologist
Robert L. Glaze. D.V.M.
The Texas desert bighorn reintroduction efforts are primarily
focused on the Sierra Diablo brood pasture facility. This facility has
been described in detail in past status reports (1984) and this information will not be reiterated at this time.
The facility was stocked in 1983 and 1984 with 6 rams and 23
ewes from the States of Nevada, Arizona and Utah. Two additional
free-ranging rams were taken from the herd in the Diablo Mountains
of Texas and placed in the pens. To this date 3 rams and 1 ewe of
the original broodstock have died. A total of 17 lambs were born to
the ewes in the pens in 1984. Seven of these lambs did not survive.
Presently there are six 1985 lambs in pens and a total of 19 are expected. Production from these penned sheep and survival rates are
far greater than expected for the first year in captivity. If this rate
of success continues, we expect to begin releasing surplus sheep
from the pens after the 1986 lamb crop.
In addition to the 43 sheep in the Sierra Diablo pens, there are
21 in the Chilicote brood pasture and 8 at the Glaze Clinic at Kerrville. Free-ranging sheep in the Diablo Mountains number approximately 35 head, giving Texas a total of 107 desert bighorns.
The first documented case of chronic sinusitis in Texas occurred in a ram in the Chilicote brood pasture in 1984. The ram succumbed to the disease and clinical signs and lesions of the skull were
consistant with previously described cases of chronic sinusitis.
Serum sampling of all sheep in the Sierra Diablo pens was done
in June of 1984, approximately 1 year after the initial introductions.
The results indicated a current challenge of the viruses of Bluetongue,
B.V.D. and P13. Of the samples tested, a positive titer for bluetongue
was 64%, B.V.D. 7.7% and PI3 51%. These titers indicate the 3
viruses are active in the penned sheep. No titers were shown for
the Bunyvirus Cache Valley Virus, commonly found in domestic
sheep in the West Texas area.
The outbreak of lamb pneumonia which claimed 7 of the 1984
lambs is consistant with previous losses of lambs at Kerrville and
other western states at the time the lambs lose their maternal antibody protection. Our response to the outbreak was to booster vaccinate for B.V.D., PIQnd Bluetongue virus and administer antibiotics
by injection and in the drinking water. Two lambs were confined at
the Glaze Clinic at Kerrville and treated on a daily basis until they
were fully recovered and placed back into the Diablo facility.
We are hopeful that as time progresses and the stresses of confinement to wild trapped sheep become less of a factor, we can expect less disease problems. It is felt that nutritional stress contributed
to the 4 losses in the origional broodstock, because they would not
adapt to the enclosure situation and accept the diet offered to them.
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observed per hour) since helicopter surveys were intitiated in 1969.
A summary of the 1984 surveys is presented in Table I.
The age class structure of Nevada's bighorn population based
on the estimated ages of rams observed during the current year's
survey is within the statewide long-term norm and suggests that 37.8
percent of the adult sheep are between one and three years of age,
32.7 percent between four and six years of age and 29.5 percent
seven years of age or older.

STATUS OF DESE
BIGHORN SHEEP I
NEVADA 1984

POPULATION TRENDS
Daniel E. Delaney
Nevada Department of wildlife
Las Vegas, Nevada 89158

At present bighorn sheep inhabit 37 mountain ranges within the
state. Bighorns have only recently, within the past five years, been
reintroduced into nine of these ranges. In these most recently reintroduced ranges, follow-up investigations show these populations
to exhibit stable to increasing trends. In the remaining 26 established bighorn ranges, populations are generally at stable levels with
a few notable exceptions.
In Management Area 84 which includes the McCullough and
Highland Range, bighorn population trends are down. These areas
represent the only populations in the state which show downward
trends. The Nevada Department of Wildlife is currently intensifying
its management in this area. The other areas of notable exception
are the Black and Muddy Mountains where populations have expanded significantly over the past five years. Helicopter surveys in these
areas have .esulted in consistent increased observations. The Black
Mountains and Muddy Mountains herds are estimated to have increased 66 percent and 104 percent respectively during the past five
years.
Nevada's desert bighorn sheep population is currently estimated
as 5,282animals comprised of 1,639rams, 2,739ewes and 904
lambs which represents a 2.1 percent increase over the 1983 population estimate of 5,173animals.

Abstract. Aerial surveys to access population parameters and trends
of Nevada's desert bighorn sheep resulted in the observation of 1,609
bighorn with a ratio of 64 rams and 32 lambs per 100 ewes during
the fall of 1984. Generally herds in the state are stable to slightly
increasing with the statewide population currently estimated at 5,282
animals.
The 1984 hunting season resulted in the harvest of 86 rams with
overall hunter success at 74.1 percent. This year's harvest represents
the second highest number of rams taken in a single season and
the fourth highest hunter success.
Trapping and transplant activities resulted in the capture of 140
bighorns this year with reintroductions accomplished in the Pancake,
East and Tobin Ranges as well as augmentations to the Toiyabe and
Stillwater herds. The continuing program of identifying future bighorn
sheep transplant sites resulted in the evaluation of eight additional
mountain ranges this year while the habitat improvement programs
accomplished two new water development projects.
HELICOPTER SURVEY RESULTS

HUNTING AND HARVEST TRENDS

A total of 1,609bighorn comprised of 526 rams, 818 ewes and
265 lambs were observed during 81 hours of intensive helicopter
surveys of 16 mountain ranges within Nevada between September
10 and October 10,1984. Surveys showed a statewide ratio of 64
rams and 32 lambs per 100 ewes which is comparable to the long-

A total of 119 tags including 108 resident, 1 1 non-resident and one
bid tag which sold for $67,000,was available for the Nevada trophy
desert bighorn sheep hunt. This year's tag allocation was an increase
of 8 tags over last year.
A total of 86 bighorn rams was harvested during 1984 for a success rate of 71.8 percent for residents and 100 percent for nonresidents with overall success of 74.1 percent. This year's harvest
resulted in the second highest number of bighorn harvested and the

term average. Record numbers of bighorn were observed in the Black
Mountains, Muddy Mountains and Lone Mountain area. This year's
sample of 1,609bighorn represents the second highest total number
of bighorn observed and the third highest observation rate (sheep

Table 1. Bighorn sheep observed during fall 1984 helicopter surveys

MountainRange

Survey Sheep1 Tot
Time
Hr
Obs.

#
Ewe

#
Lamb

#
Ram

1

2

-

Toiyabe
Monte Cristo
Silver Peaks
Lone Mt.
Red Rock-La Madre
McCullo~gh
Highland
Newberry
S. Eldorado
N. Eldorado
Black Mts.
Muddy Mts.
Mormons
Sheep
Rivers
Quinn Canyon

2 . 7 8 . 5 2
2.0 23.5
47
3.9
8.5
33
3.951.5201
4.5 10.4
47
4.9
2.4
12
2.0
6.4
14
5.3
7.0
34
3.75.119
7.520.5154
7.4 50.5 374
5.1 34.9 178
8.418.9159
10.9 18.8 205
3.231.9102
1.0
7.0
7

3 1 0 4
23
15
15
5
100
44
24
9
9
1
10
3
13
3
5
1
86
12
173
71
99
29
80
27
115
32
52
8
4
1

9
1
9
3
13
3
57
13
1
14
2
1
18
1 3 1
56
12
130
13
11
50
52
8
58
5
42
7
2
-

11
6
6
9
3
1

Total

81.0

818

526

58

19.9

1609

265
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78

3
1
1
3
9
5
-

I
2
9
5
1
1
-

3

Ram
4

Ages
5

3
1

6

6

-

2

2
3
7

-

8

9

-

2

-

1
5
-

3

1

7

-

1

-

1
2

1
2

10+

2
1

-

-

1

4

1
3
18
3
7
9
2

1

2

3

3

2

-

1
7
22
2
9
6
9
-

2
5
10
6
5
5
4
1

1
5
18
4
4
4
6
-

2
5
15
7
3
5
3

2
3
6
4
3
2
2

5
11
3
1
3

58

70

44

50

48

28

29

63

2

3
8
6
4
6
10
6

-

Ratio
RamlEwelLamb

901100140
6511 00139
871100133
571100144
581100138
22110011 1
1 111 00133
13811 00123
2601100120
651100114
751100141
511100129
651100134
501100128
8111 00115
501100125
641100132

fourth highest overall hunter success. The 1984 harvest represents
an 8.5 percent decrease from last year's record harvest and brings
the number of rams harvested in Nevada since the establishment
of seasons in 1952 to 1,164.
The average age of rams harvested was 7.4 years which is comparable to the previous ten-year average. Ages of harvested rams
ranged from three to 12 with 33.7 percent of the harvest under the
age of seven and 11.6 percent ten years of age or older.
Hunters reported observing an average 43 bighorns each and
six sheep per hunter day of effort which is up slightly from previous
seasons. The average number of days expended by hunters (7.8)
was similar to last year (7.3). The percentage of legal rams reported
observed by hunters (43 percent) was nearly identical to last year
(43.1 percent) and is above the previous five year average of 37.2
percent.
Controlled hunting has shown no measurable impact on either
the numbers or population dynamics of the statewide desert bighorn
sheep herd.
TRAPPING AND TRANSPLANT ACTIVITIES
During the past five years a total of 351 desert bighorn sheep
has been captured and transplanted into thirteen separate mountain ranges within the state. These transplants represent nine
separate reintroductions and a number of augmentations within
Nevada as well as providing a number of bighorn to the states of
Colorado and Texas.
The reintroduction of desert bighorn sheep into historic distribution areas within the state is a continuing program with the Nevada
Department of Wildlife. This past year trapping operations were conducted in cooperation with the National Park Service on both the
River Mountains and Black Mountains of Clark County, Nevada.
A total of 95 bighorn comprised of 51 ewes, 25 rams and 19
lambs was captured and transplanted from the River Mountains between June 12 and June 15, 1984. The 95 bighorn were utilized to
accomplish reintroduction in the Pancake (26), East (30), and Tobin
Ranges (34) as well as an augmentation to the Sillwater herd. In addition to the 95 transplanted bighorns, 23 more sheep were captured
on June 20, 1984. These animals were captured, marked and released back to the River's herd to facilitate the collection of additional
population data.
The Black Mountains trapping operation resulted in the capture
and transplant of 19 bighorn. Seventeen sheep comprised of 3 rams,
13 ewes and one lamb were trapped on July 19, 1984 and
transplanted to Last Chance Canyon in the Toiyabe Mountains of
Ney county; two ewes also from the Blacks were given to the Texas
Parks and Wildlife Department for their state's propogation and introduction program. All trapping operations in the River Mountains
and Black Mountains this year utilized a 70 foot by 70 foot drop net
with alfafa hay and water as the primary baits. A record of all desert
bighorn sheep transplanted in 1984 is provided in table 2.

HABITAT IMPROVEMENT PROJECTS
Two new bighorn sheep water developments, one in the Arrow
Canyon Range and the other in the Muddy Mountains, were completed this year. The Arrow Canyon development consists of a 2,700
square goot ground level collection apron with a 5,000 gallon water
storage tank and drinker. The Muddy Mountains project is a gulleyplug type development with 2,600 gallon storage capacity. Both of
these developments were cooperative projects between the Nevada
Department of Wildlife and the Bureau of Land Management with
additional funding provided by Bighorns Unlimited, a local sportsmen's group, and Pittman-Robertson funds. The majority of construction expertise and labor was provided by the Las Vegas based group,
The Fraternity of the Desert Bighorn. Three additional water development projects are scheduled for completion this year.
HABITAT EVALUATION
To facilitate reintroduction of desert bighorn sheep into areas
of historic and potential distribution, the Nevada Department of
Wildlife is continuing to survey various mountain ranges in the state,
to evaluate their potential as future bighorn sheep transplant sites.
The objectives of this program are to identify, evaluate and prioritize
those areas suitable for future transplants. Currently the department
has identified 17 ranges for desert bighorn releases in the future.

Table 2. Summary of desert bighorn sheep trapped and
transplanted during 1984

Location
Pancake Range, Nevada
East Range, Nevada
Tobin Range, Nevada
Stillwater Range, Nevada
Sierra Diablo, Texas
Toiyabe Range, Nevada
66

Adults
Lambs
Ewes Rams Ewes Rams Total
13
9
4
0
26
3
3
3
30
21
17
8
5
4
34
0
5
0
0
5
2
0
0
0
2
13
3
1
0
17
28

13

7

114 Totals
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UTAH'S DESERT
BIGHORN SHEEP
STATUS REPORT, 1985
James F. Karpowitz
Utah Division of Wildlife Resources
Price, Utah
James C. Guymon
Utah Division of Wildlife Resources
Cedar City, Utah
Abstract. Desert bighorn sheep are native to Southern Utah.
Transplant operations have resulted in restoration of sheep in areas
of historic range. The 1984 sheep survey indicated some herds are
increasing while others may have suffered some losses. Low
lamblewe ratios were also observed on some units. Hunter harvest
and success rates have remained similar to other years. A change
in regulations from trophy ram to any ram hunting is anticipated for
1985. Two research projects have been completed in the last year
and two new projects were recently initiated. Sheep capture methods
were further refined resulting in improved capture efficiency.

Table 1. Bighorn Management Units
Unit
Status
1. San Juan, North
Established native population.
2. San Juan, South
Established native population
3. Potash
Established native population
4. Canyonlands
Established native population,
plus intra-park transplants.
5. Zion's Canyon
Transplanted in 1973. Success
uncertain.
6. Excalante Canyon
Transplant completed in 1978.
Appears to be successful.
7. Westwater
Transplant completed in 1978.
Appears to be successful.
8. San Rafael Swell
Transplant completed in 1981.
Appears to be successful.
9. Kaiparowits Plateau
Transplant completed in 1982.
'Appears to be successful.
10. San Rafael Reef
Transplant completed in 1983.
Success uncertain.
11Capitol Reef
Transplants in 1984 and 1985.
Success uncertain.
'12. Little Rockies
Transplant in 1985. Success
uncertain.
13. Arches
Transplant initiated in 1985.
Success uncertain.
Note: All transplants have been made into historic habitat. Remote
populations may still have been present.

INTRODUCTION

POPULATION TRENDS

Desert bighorn sheep (0.c. nelsoni) have continuously inhabited
portions of Southern Utah, from prehistoric times to the present.
Skeletal remains have been found of desert bighorns dating back
to the late Pleistocene period. Archeological evidence indicates that
desert sheep were well known to prehistoric inhabitants of Southern
Utah. The first white man to document bighorn sheep in Utah was
Father Excalante, in 1776, who noted sheep were abundant along
the Colorado River.
While most sheep populations have declined drastically since
settlement times, desert bighorns have persisted in remote habitat
along the Green, San Juan, and Colorado Rivers. The decline of
desert bighorn sheep in Utah can be attributed to many factors, including competition from domestic livestock, disease, poaching and
harassment from uranium miners and recreationists.
Currently, Utah has thirteen geographic areas that support desert
bighorn populations. Four of these management units are established
native populations. The other nine units are the result of an aggressive transplant program to restore desert sheep populations to
areas of historic habitat (Table 1).

Utah has conducted aerial trend counts on its desert sheep
population since 1969. These data provide the most useful information on population parameters within the state. Data from 1984 are
reported in Table 2.
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Table 2. Desert Bighorn Sheep Aerial Survey, 1984.

Unit
North San Juan
South San Juan
Potash
Canyonlands
Kaiparowits
Escalante

Rams
21
48
35
98
4
9

Ewes
27
65
16
126
6
14

Lambs
6
28
7
27
4
4

Total
54
141
58
251
14
30

Lambs Rams
per1100 per1100
ewes
ewes
22
78
43
74
219
43
21
78
67
67
50
64

The 1984 survey revealed some important trends in the sheep
population. Overall, more sheep were observed on the survey than
in any previous year. A total of 548 sheep were located on the six
units surveyed. Record numbers of sheep were observed in the South
San Juan and Canyonlands units. These populations are believed
to be stable or increasing. However, sheep were much more difficult
to locate in the North San Juan and Potash units than in past years.
A reduction in population size is a possibility in these units. Trends
were difficult to evaluate in the recently established Kaiparowits and
Escalante units.
Lamblewe ratios were lower on all but one unit in comparison
to past years. The North San Juan and Canyonlands units dropped
to 22 and 21 lambs per 100 ewes respectively. Three of four remaining units showed reduced ratios ranging from 43 to 50 lambs per
100 ewes. Only the limited sample in the Kaiparowits unit
demonstrated an increase. The reasons for reduced lamblewe ratios
are unknown. However, it is speculated that a cold, intense, late
spring storm during the peak of lambing could have caused some
lamb mortality. Disease was also suspected to have been a cause
of lamb mortality in the North San Juan and the adjacent Needles

district of Canyonlands. These areas demonstrated very low
lamblewe ratios as well as decreases in numbers of sheep observed.
Suspicions of disease were confirmed when 24 sheep were observed
with obvious symptoms of pneumonia in the Needles area during
the November survey. Future research and management efforts will
concentrate on the causes of mortality and the trend of sheep populations on units showing low lamblewe ratios.
HUNTING
From 1899 to 1966, bighorn sheep were protected from hunting. Studies in 1966 indicated that a limited hmtable population of
desert bighorns existed east of the Colorado River in San Juan county. Permits were first issued for trophy rams in 1967. Legal rams were
defined as those rams seven years and older andlor attaining a Boone
and Crockett socre of 144 points minimum. All successful applicants
were required to take hunter training and an orientation course to
aid in identifying trophy rams. Since 1967, Utah has sold 213 trophy
ram permits resulting in the harvest of 85 desert bighorns.
In addition to the regular ram permits, the 1980 Board of Big
Game Control first authorized the Division of Wildlife Resources to
sell one trophy ram permit to the highest bidder. Minimum bid was
set at $20,000. One permit has been sold to the highest bidder each
year since 1980 ranging in price from $20,000 to $33,000. The Foundation for North American Wild Sheep has assisted the Division of
Wildlife Resources since 1982 by auctioning the permit at their annual convention and submitting the high bid to the Division. All funds
received from this trophy ram permit have been placed in a special
account to be used only for sheep surveys, transplants, and research.
In 1985, the irophy ram regulation was dropped in favor of an "any"
ram hunt. This action was taken because of the difficulty in scoring
and aging Utah bighorns, and to reduce the possibility of undersized
rams being shot and left in the field. Hunters will still be required
to attend an orientation which will encourage hunters to take older
rams.
Permit numbers will continue to be conservative to assure a large
percentage of older age class rams in the population.
RESEARCH
Four research projects under the direction of Dr. Gar W.
Workman of Utah State University, have been completed or are currently underway in southern Utah. A study by M S . candicate, Bill
Hull, on the nutritional requirements of desert bighorns has been
completed and is ready for publication. A behavioral study on the
effects of human disturbance on desert bighorns, by Mike King, a
Ph.D. candidate, was recently completed and is also ready for
publication. Two new studies have recently been initiated on Utah
bighorns. Paul Rentchler, a M.S. candidate, is studying the ecology
and movement of sheep recently transplanted to Capitol Reef
National Park. Mark Stanger, another M.S. candiate, is examining
the effects of river rafting and other recreation on desert bighorn along
the Colorado River and Lake Powell.
Research projects currently in the planning stage include a study
on the causes of mortality in newborn bighorn lambs and a study
on the effects of stress on bighorn sheep.

District of Canyonlands National Park, and six sheep were relocated
in Arches National Park.
A cooperative agreement with Canyonlands National Park has
greatly enhanced Utah's transplant program. This agreement allows
for trapping operations to be carried out within the Park. One-half
of the sheep that are captured remain within the park system and
the other half are released on public lands outside the Park. The
removal of sheep within the Park is apparently still allowing for population increases while providing parent stock for new herds in areas
of historic range.
CAPTURE METHODS
Utah has greatly modified and improved capture techniques based on past trapping experiences. In 1972, the Division began capturing desert bighorns with a helicopter and immobilizing drugs. This
method was never completely satisfactory. The risk involved with
personnel was high and the mortalities encountered with the sheep
caused the Division to seek alternate capture methods.
In 1980, the Division purchased several 100 x 8 ft. panels of 8
inch mesh tangle-net. It was possible, with the aid of a helicopter,
to drive the sheep toward previously set nets where they became
tangled and caught. This method has proven to be far superior to
the tranquilizer dart method. It reduced the cost of capture per sheep
substantially, and lessened the danger to the helicopter and its crew.
Very little injury to bighorns has been encountered using this method.
In 1985, 60 desert bighorns were captured with 49 hours of
helicopter time using a somewhat refined tangle net method. Shorter
sections of net (20-25 ft.) were used without support poles. The net
was laid on the ground across a narrow escape route and was not
elevated until the sheep reach the net. This tactic allowed shorter
net set up time, reduced total harassment time on sheep, and
eliminated the problem of sheep turning at the sight of the net. This
method proved to be very effective and will continue to be used in
the future.
SUMMARY
The Utah Division of Wildlife Resources will continue an aggressive management program for desert bighorn sheep. This program will include surveys of bighorn habitat and .populations,
.
transplants of sheep to areas of historic range, harvest management,
and desert binhorn research. It is h o ~ e that
d these efforts will result
in increased bighorn sheep numbels throughout Southern Utah.

TRANSPLANTS
Over 200 desert bighorn sheep have been relocated into ten
different areas of historic habitat in southern Utah since 1973. Four
of these transplants are believed to have been successful with growing herds of desert bighorns. The 1985 transplant operation resulted
in capture of 60 sheep, 48 of which were relocated into areas of
historic habitat. Thirty sheep were moved to the Little Rockies just
northwest of Lake Powell, ten sheep were transplanted to Waterpocket Fold in Capitol Reef National Park to supplement a 1984
transplant, two sheep were moved a short distance into the Maze
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FERAL BURRO
REPORT 1985

-

Steven D. Kovach, Chairman
Natural Resources Management Branch
Naval Facilities Engineering Command
San Bruno, California

Management of feral burros and horses by the Bureau of Land
Management (BLM), National Park Service (NPS), and the US. Navy
are reviewed.

ARIZONA
The NPS reports that Grand Canyon National Park is still burro
free. Lake Mead National Recreation Area still has some burros, but
no real problems exist at this time.
BLM's goal for last year was 600 head; they exceeded that by
capturing 635 feral burros. Their goal for this year is 700 feral burros. To date, approximately 400 have been captured and they hope
to capture another 400. The BLM estimates that 2,000-2,500 feral burros remain. The BLM has set their statewide management goal at
approximately 1,500 feral burros in 8 herd management areas. The
statewide goal should be reached by the end of 1986. Feral burros
continue to be removed from the Black Mountains; it is anticipated
that all feral burros will be removed by next year.

remaining within the Monument are primarily distributed in the Tin,
Hunter, and Cottonwood Mountains.
The animal protection groups have not been able to take all of
the burros being removed from Death Valley. Those animals not taken
by the animal protection groups are taken to auction; the average
auction price has been $1.00. NPS estimates that 500-600 burros will
need to be auctioned during April. Due to the extended periods that
the NPS must hold feral burros, the average capture cost is approximately $177.00 each.
The fencing of the northeast corner of the Monument has been
completed. This fence, approximately 32 miles long, has successfully
prevented trespass grazing by range cattle and wandering feral
burros.
A small herd of feral burros (15-20) continues to move on and
off Joshua Tree National Monument. An attempt to water trap this
past year was unsuccessful. Another attempt to trap this group will
be made this summer.
The Navy continues to capture feral burros at the China Lake
Naval Weapons Center (NWC). This past year, 311 burros were captured and removed; the majority of these animals came from the
southern range area which is adjacent to Death Valley. A total of 32
feral burros were removed from the Eagle Crag Mountains-the mountain range where bighorn were reintroduced by the Navy and California Department of Fish and Game in 1983. This brings the total
number of feral burros removed from NWC to 6,531. It is estimated
that less than 10 feral burros remain within the Eagle Crag Mountains; the estimated feral burro population inhabiting NWC is 200
(helicopter census). The Argus Mountains, site of the next potential
bighorn reintroduction, have an estimated 50 burros remaining.
The California Department of Fish and Game reports that feral
burros have now expanded their range into the Old Woman Mountains. The recent wet years have allowed the burros to expand their
range into this new habitat.

NEVADA
FERAL HORSES
No capture efforts occurred during the past year within Nevada.
No bighorn - burrolhorse conflicts are known to exist within the State.

NEW MEXICO
Bandelier National Monument remains burro free more than a
year following removal of the last animals. New Mexico Game and
Fish reports that a few small scattered feral burro herds persist. These
scattered herds present no major problems at the present time; none
are located within areas inhabited by bighorn.

CALIFORNIA
During the last year, the BLM achieved their goal of removing
500 feral burros from the California Desert Conservation Area (CDCA).
To date, an additional 150 burros have been removed from the areas
adjacent to Death Valley National Monument. Another 150 are planned
to be captured in the eastern portions of the CDCA. The BLM plans
to capture another 250 burros from the Death Valleyleastern CDCA
area next year. For those feral burro herds within the CDCA, development of the individual herd management plans is progressing well.
It is anticipated that all plans will be completed, or in final drafts, by
the end of the summer.
Death Valley National Monument is in the second year of their
3 year removal program to eliminate feral burros and feral horses from
the Monument. The second year's effort (1 Oct. 84 - 16 Mar. 85)
resulted in 2,202 feral burros being captured. This brings the total
to 4,294 feral burros directly removed from the Monument. The Panimint Mountains are mostly cleaned out, but some burros do remain.
The estimated 2,000 feral burros and 70 feral horses (aerial census)
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Throughout the west, the goal of the BLM is to capture and
remove 18,000 feral burros and horses this year.
BLM continues to capture feral horses in northeastern California. Preparation of individual herd management plans is also underway for feral horses. The feral horse herd at NWC is now estimated
to be 300-400 head; this is due to the capturing of 1,493 feral horses
during the past year. A management plan to be prepared by the Navy
will address the eventual disposition of the remaining horses at NWC.
In other news, the BLM has adopted a rule which will allow the
adoption fee to be reduced or eliminated if the Director, BLM determines that the feral burros or feral horses in holding facilities are
unadoptable at the full price of $75.00 per feral burro or $125.00 per
feral horse.
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INSTRUCTIONS FOR CONTRIBUTIONS TO
THE DESERT BIGHORN COUNCIL TRANSACTIONS'
General Policy: Original papersin the field of the desert bighorn
sheep and its habitat are publ~shedin the DESERT BIGHORN
COUNCIL TRANSACTIONS. All papers presentkd at the
Council's annual meetings are eligible for publication. Additional
papers may be published when reviewed and approved by the
Transactions Committee. Papers in excess of 10 pages a copy will
be charged to the author at the current cost per page unless
authorized by the Transactions Committee. Papers must be
submitted to the Editor at the Council's annual meeting to be
considered for the current edition.
Copy: Type manuscripts double space throughoutwith 11%-inch
margins all around on good quality paper8%x11 inches. Number
pages in upper right-hand corner. Proceed from a clear statement
of purpose through procedures, results, and discussion.
Sequence of contents: abstract, introduction, materials and
methods, results, discussion, literature cited, tables and figures.
Type author's complete address on upper left-hand corner of first
page. The author's name and his affiliation at the time the paper
was performed follows the title. Present address, if different,
should be indicated in a footnote on the first page.
Style: Guides to the rules for preparation of copy (capitalization,
abbreviation, punctuation, tables, formulas, and literature cited)
are the Style Manual for Biological Journals (prepared by the
Committee on Form and Style of the Conference of Biological
Editors). Consult the 1967 TRANSACTIONS for examples of
prevailing style. Theauthority for spelling is Webster's Third New
International Dictionary, unabridged.
Title: The title should be concise, descriptive, and not more than
10 words in length. Avoid scientific names in titles if possible.
Footnotes: In general, avoid footnotes by incorporating such
material in the text.
Acknowledgements: Include acknowledgements at theend of the
introduction.
Scientific Names: Vernacular names of plants and animals are
accompanied by appropriate scientific names the first time each
is mentioned (see Style Manual for Biological Journals).
Abstract: Instead of a summary, an abstract should accompany
all articles. The abstract should be an informative digest of
significant content. It should be able to stand alone as a brief
statement of the conclusions of the paper.

'Approved by Council at 1966 Annual Meeting, amended April 6,
1967.

References: When there are less than three references, insert
them in parentheses where needed in the text by author, year,
publication, volume, and pagination. Three or more references
are grouped alphabetically by authors' last names under
"Literature Cited". Use initials only for given names of authors,
except for women's names, which will be spelled out. Cite books
as follows: authors, date, title, publisher, place and paging.
Paging must accompany direct quotes. To facilitate searchof the
literature it is highly desirable that paging be shown for
paraphrased citations within the text. Show number of pages in
theses. When necessary it is permissible to cite unpublished
reports. Include source, paging, kind of reproduction (typewritten, mimeographed, or multilithed), and place where filed.
Tables: Prepare tables in keeping with the size of the
TRANSACTIONS pages. A good table should be understandable
without reference to the text. Long tables are rarely of general
interest, short lists, with pertinent comments, are preferable.
Illustrations: Illustrations should be suitable for photographic
reproduction without retouching or redrawing (see the
TRANSACTIONS for examples). Illustrations exceeding 8% x 11
inches are not acceptable. Line drawings or graphs should be in
India ink, on whitedrawing paper. Only essential photographsfor
half-tone illustrations will be acceptable because of the cost of
reprodpction. Submit printsof good contrast onglossy paperand
properly label.
Proof: All papers will be reviewed for acceptable formatby'the
Transactions Committee. Submit paperg. to the Editor, Death
Valley National Monument, Death Valley, CA 92328. Should
papers be returned to authors for minor format corrections,
please return corrected manuscript within 30 days.
Reprints: Minimum orders of reprints are available at printing
costs providing the author submits his requests at the time of
submission of manuscript.
EditorialPolicy: All manuscripts submitted for publication will be
reviewed by the Transactions Committee. The committee will
primarily review all papers for format (in accordance with these
instructions), and secondly will, when deemed necessary,
provide advice only on contents.

