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ABSTRACT 

I monitored female desert mule deer (Odocoileus 

hemionus crooki) (n = 7} with radio telemetry in the 

Belmont and Bighorn mountains, Arizona, 1991. I examined 

habitat use, size of seasonal ranges, predation by 

coyotes, and behavior, and I identified fawning and fawn 

rearing habitat. Female desert mule deer preferred the 

montane vegetation associations and avoided creosote flats 

(Larrea tridentata) during fawning. Size of seasonal 

ranges were smaller in the 2 weeks postpartum (X = 3.75 

km2) than in the 2 weeks prior to fawning (5? = 6.71 km2) . 

Activity during the first or last 4 hours of daylight 

differed 2 weeks postpartum and the remainder of the year 

(P = 0.034). Female desert mule deer were less active 

during daylight 2 weeks postpartum. Females during 

fawning were not any closer to water than the remainder of 

the year. 
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INTRODUCTION 

Desert mule deer (Odocoileus hemionus crooki) inhabit 

the deserts of southwestern North America (Wallmo 1981) 

and are among the most important big game species in the 

region. Mule deer populations have fluctuated in response 

to human and natural influences (Connolly 1981) and 

encroachment by humans has resulted in the loss and 

alteration of habitat (Busch et al. 1984). 

Deer populations declined during the early and middle 

1960's throughout Arizona because of low fawn survival due 

to low production of vegetation (Smith and LeCount 1979). 

Female deer examined during this period had high 

fecundity. However, there was a strong positive 

relationship among rainfall, vegetation production, and 

fawn survival (Smith and LeCount 1979). 

Differential habitat use has been documented for mule 

deer throughout their range (King and Smith 1980, Bowyer 

1984, Ordway and Krausman 1986, Scarbrough and Krausman 

1988). Sexual segregation limits competition between the 

sexes and improves reproductive efficiency (Bowyer 1984). 

Females tend to select habitats that provide more 

nutritious forage (Watson and Staines 1978, Beier 1987) 

than males. Females may select more nutritious forage 
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because of the greater physiological demands during 

pregnancy and lactation. 

Ordway and Krausman (1986) found that certain 

vegetation associations were selected by desert mule deer 

during fawn rearing. Other ungulate species also have 

exhibited preference for certain vegetation associations 

during birthing and rearing of young. Elk (Cervus 

elephus) neonates require adequate habitat for hiding to 

insure survival from predation (Geist 1982). Wallace and 

Krausman (1990) found that hiding cover was important for 

elk calving and subsequent survival of young. 

Coyote (Canis latrans) predation can be responsible 

for a majority of fawn mortality in mule deer during their 

first 45 days of life (Trainer 1975) . Habitat preference 

of females during fawn rearing may minimize predation by 

providing adequate hiding cover for fawns. 

Recruitment is the survival of fawns into the 

reproductive population. The lack of adequate habitat for 

fawning and fawn rearing could result in low recruitment 

and a decrease in population size. Desert mule deer have 

exhibited changes in habitat use during fawning. 

Bellantoni and Krausman (1990) documented a shift to 

higher elevations near perennial water sources during 

fawning and fawn rearing. Females returned to their 
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previous ranges after fawns were lost or weaned. Predator 

avoidance may be partly responsible for this shift in 

habitat use (King and Smith 1980). But additional demand 

for water and nutrients due to lactation and pregnancy may 

dictate closer associations to a water source and high 

quality browse. 

Habitat management that insures the maintenance of 

habitat favorable for fawning and fawn rearing may help 

encourage adequate recruitment. Although the 

identification of fawning habitat can be important for 

management, relatively little is known of fawning habitat 

of desert mule deer. The objectives of my study were to 

identify habitats used for fawning and fawn rearing, 

determine whether coyote predation was an agent of fawn 

mortality, and to compare seasonal ranges of deer during 

fawn rearing. 

STUDY AREA 

The study area (422.6 km2) encompassed the Belmont 

and Big Horn mountains and associated foothills and 

desert floor in Maricopa County, Arizona. This area is 

within the Mojave Sonoran Desert habitat province (Wallmo 

1981). The Central Arizona Project's (CAP) Hayden-Rhodes 

Aqueduct (HRA) established the southern boundary of the 
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study area. Elevations ranged from 426 to 1,170 m. The 

topography was diverse and composed of abrupt changes 

where the desert floor met the granite and volcanic 

uplifts of the Belmont and Big Horn mountains. The 

average yearly precipitation was 20 cm and temperatures 

>45 C were common during summer (Krausman 1985). 

The CAP altered natural drainage patterns throughout 

the study area where washes are crossed (P. R. Krausman et 

al., Univ. Arizona, unpubl. data). Only large washes had 

flumes over the canal to allow water to flow from the 

north to the south side of the canal. The alteration of 

natural drainage patterns resulted in areas that 

accumulated water (e.g., green up areas [Carmichael et al. 

1991]). Green up areas may provide temporary water 

supplies, additional cover, and browse for deer. 

METHODS 

Nine female desert mule deer were captured with a net 

gun (Krausman et al. 1985) in 1989 and 1990 by the Arizona 

Game and Fish Department. I placed color coded collars 

equipped with radio transmitters around the neck of each 

animal. I located each female using a variable channel 

radio receiver (Telonics Inc., Mesa, Arizona) and a hand

held yagi antenna. I observed each female >lX/7 days. I 
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recorded slope, aspect, behavior, and vegetation 

association following Krausman (1985) for each location. 

In addition, I recorded the number and sex of deer 

accompanying the collared animal. 

Krausman (1985) identified 9 vegetation associations 

within the east half of the study area: burrobush 

(Ambrosia deltoidae)-brittlebush (Encelia farinosa) 

northeast, burrobush-brittlebush southwest, burrobush-

brittlebush foothills, burrobush-brittlebush volcanic, 

burrobush-transition, burrobush-palo verde (Cercidium 

spp.) northeast, burrobush-palo verde southwest, creosote 

(Larrea tridentata^ flats, and disturbed sites. 

Vegetation nomenclature followed Lehr (1978). The 

disturbed sites were located along the CAP and were the 

result of its construction. I combined the burrobush-

transition and burrobush-brittlebush foothills into 1 

vegetation association because they were similar. I also 

combined burrobush-brittlebush northeast, burrobush-

brittlebush southwest, burrobush-brittlebush volcanic, 

burrobush-palo verde northeast, and burrobush-palo verde 

southwest as a montane vegetation association. I added a 

vegetation association (savanna) that was found to the 

west of the study area defined by Krausman (1985) and was 

used by 1 collared female. 
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I recorded behavioral observations using l-minute 

scan sampling (Altmann 1974) for <90 minutes/location. I 

only recorded behavior while the deer were not disturbed 

and were unaware of being observed. I initially 

classified behavior as: standing, walking, foraging, and 

bedded. Difficulties arose with the standing category 

using scan sampling because standing behavior could be 

associated with being active (foraging) or inactive 

(standing). Therefore, I combined foraging and walking 

into an active category, and bedded as inactive. Standing 

was considered inactive; if deer were foraging and 

standing they were considered active. I used the arcsin-

square root transformation prior to analysis to meet the 

assumptions of normality and homogeneity of variance. I 

used one-way analysis of variance (ANOVA) to identify 

differences between activity among seasons. 

I plotted locations of deer on 7.5-minute U.S. 

Geological Survey topographic maps using the Universal 

Transverse Mercator (UTM) grid. I calculated distances to 

the nearest permanent water development and green up areas 

using UTM coordinates from each location. I used the 

natural log transformation to meet the assumptions of 

normality and homogeneity of variance. 
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White et al. (1972) found that daily locations of 

females during fawning periods would generally disclose 

f a w n i n g  s i t e s .  I  w a s  a b l e  t o  l o c a t e  o n l y  4 - 5  

females/day because it required >3 hours to locate each 

deer. If I suspected a female of fawning (by appearance 

or behavior), I searched the area. 

Riley and Dood (1984) found that 76% of radio 

locations of marked females were <250 m away from their 

fawns. I used behavioral traits described for white-

tailed deer (0. virqinianus) (White et al. 1972) to 

indicate the possible presence of a fawn. I monitored 

females suspected of fawning by observing from an elevated 

vantage point during periods of activity (i.e., early 

morning or late afternoon) until I established whether a 

fawn was nearby. I marked the location of fawn bedsites 

on maps and examined them after the fawn left. I measured 

thermal cover (vegetation >1 m tall that could provide 

shade to a fawn during the day) at fawn bedsites with a 

spherical densiometer (Forest Densiometers, Arlington, 

Va.). I measured thermal cover, slope, aspect, openness 

(i.e., the amount of bedsite not concealed by cover), 

elevation, and substrate. I compared these features of 

fawn bedsites with randomly located sites from the same 

vegetation association. 



15 

I divided the study period into seasons to facilitate 

identification of changes in female-fawn relationships 

over seasons. The fawning period encompassed fawning 

until the fawn could accompany its mother throughout the 

day. The remainder of the year was divided into spring 

(Apr-Jun), summer (Jul-Sep), fall (Oct-Dec), and winter 

(Jan-Mar). Climatological information was used to define 

seasons (Krausman 1985) . 

I calculated ranges (area encompassed by plotted 

locations of deer) of females for the 2 weeks after 

fawning and compared them to ranges 2 weeks prior to 

fawning. I calculated ranges with minimum convex polygons 

(MCP) (Southwood 1966). I compared seasonal ranges and 

selected habitat prior to fawning, after fawn rearing, and 

during fawning and fawn rearing. I conducted statistical 

analysis using ANOVA to determine if significant 

differences in range size existed among seasons. 

I made comparisons of deer habitat use versus 

availability using Chi-square goodness of fit and 

Bonferroni simultaneous confidence intervals (95%) (Byers 

et al. 1984). I outlined vegetation associations in the 

study area on 7.5-minute series topographic maps, and 

calculated areas for each association using a geographic 

information system (i.e., Autocad). I multiplied the 
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relative area of each vegetation association by the number 

of locations of females accompanied by a fawn <2 weeks old 

to determine expected number. I pooled data among animals 

because of the limited number of locations during fawning 

and fawn rearing (White and Garrott 1990). I spaced 

observations by >24 hours to minimize the possibility of 

autocorrelation. 

I attempted to quantify the amount of fawns in the 

diet of coyotes by collecting coyote scats from April 

through December. I grouped the coyote scats into 2 

seasons to coincide with the pre- and post-fawning season. 

The pre-fawning season was April through 8 August. The 

remainder of the year was designated as post-fawning. I 

collected coyote scats during my efforts to locate deer. 

Each road in the study area was traversed every 1 to 5 

days. Most scats I collected were located on roads. I 

identified and recorded the occurrence of scats composed 

of vegetation in the field. I stored scats composed of 

hair for laboratory identification. I placed scats in 

labeled paper bags and air-dried them for storage. 

Individual scats were crushed and the contents sorted. I 

measured the volume of contents of each scat. I made hair 

mounts from representative hair samples from each scat. I 

identified hair as from deer, rodents, or lagomorphs by 
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scale identification using a lOx microscope. I used scale 

photographs (Moore et al. 1974) for reference. I 

collected scats that were characteristic of coyote. Those 

scats that were soft and did not retain the diameter or 

characteristic shape of coyote scats were not considered 

in analysis. 

RESULTS 

Survival and Fawning of Collared Animals 

Nine female desert mule deer were collared at the 

onset of this study. Four were killed by mountain lions 

(Felis concolor), l died of unknown causes, and 1 collar 

failed (Table 1). Two of these females were killed prior 

to fawning during February and September. One female 

(killed 2 September, 1991) was carrying 2 fawns. A third 

female was killed 7 November, 1991, 8 weeks after fawning. 

A fourth female was killed about 15 January, 1992 by a 

mountain lion. 

Seven fawns were located with females surviving to 

parturition. The fawning season was estimated to occur 

from the first week in August through the first week of 

October. I was unable to locate >1 fawn with any female 

at fawning and never saw a collared female with >1 fawn. 

At first location fawns were believed to be <1 week old 
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Table 1. Dates of fawning and loss for female desert mule 
deer collared in the Belmont and Big Horn mountains, 
Arizona, 1991-92. 

Animal No. Fawning date Date of loss Cause of loss 

D4020 5 Oct 91 20 Nov 91 Collar failure 

D4120 2 Sep 91 Lion kill 

D4180 4 Oct 91 

D4190 10 Feb 91 Lion kill 

D4570 5 Aug 91 

D4850 13 Aug 91 15 Jan 92 Lion kill 

D4870 9 Sep 91 7 Nov 91 Lion kill 

D5090 27 Aug 91 10 Feb 92 Unknown 

D5890 4 Sep 91 
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because they would not have been able to escape capture by 

humans. In most cases, the fawns located were <3 days old 

based on descriptions of 1 to 2 day old white-tailed fawns 

(White et al. 1972). Five of the 7 died or were killed at 

<1 month of age. Only 1 fawn survived >60 days. A fawn 

was assumed dead if it could not be located with the 

female for 3 consecutive location attempts. Large 

distance movements or an abrupt change in habitat by the 

female were usually good indicators of the loss of the 

fawn, although a female and her fawn moved >4 km in 24 

hours. I was unable to determine the cause of mortality 

of fawns because I could not locate carcasses. 

Seasonal Ranges 

Minimum convex polygon estimates of mean seasonal 

ranges for female desert mule deer for winter (n = 8), 

spring (n = 8), summer (n = 8), and fall (n = 6) had areas 

of 31.6, 28.8, 21.5, and 22.5 km2, respectively (Table 2). 

Seasonal ranges were not significantly different. 

Female desert mule deer seasonal ranges (for deer with 

>5 locations/season) spanned from 5.6 km2 during fall to 

106.0 km2 during winter. The seasonal range of deer 

number 4870 was significantly larger (P < 0.05) than all 

other females (Table 2). 



20 

Table 2. Seasonal ranges for female desert mule deer by 
season in the Belmont and Big Horn mountains, Arizona, 
1991. 

Animal no. Seasona No. locations Range 

D4020 Jan-Mar 27 11.2 

Apr-Jun 25 16.9 

Jul-Sep 26 12.5 

Oct-Dec 11 24.5 

1991 89 66.0 

D4120 Jan-Mar 28 19.9 

Apr-Jun 26 19.3 

Jul-Sep 21 10.2 

1991 75 25.1 

D4180 Jan-Mar 21 16.2 

Apr-Jun 17 22.4 

Jul-Sep 18 12.8 

Oct-Dec 5 0.6 

1991 61 33.1 

D4190 Jan-Mar 5 2.5 

1991 5 2.5 
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Table 2. Continued. 

Animal no. Season' No. locations Range (km2)b 

D4570 

D4850 

D487 0 

D5090 

Jan-Mar 

Apr-Jun 

Jul-Sep 

Oct-Dec 

1991 

Jan-Mar 

Apr-Jun 

Jul-Sep 

Oct-Dec 

1991 

Jan-Mar 

Apr-Jun 

Jul-Sep 

Oct-Dec 

1991 

Jan-Mar 

Apr-Jun 

Jul-Sep 

Oct-Dec 

1991 

23 

26 

26 

26 

101 

26 

24 

22 

23 

95 

22 

24 

25 

11 

82 

24 

27 

23 

26 

99 

12 .7 

36.5 

16.3 

5.6 

42.2 

53.8 

18.3 

18.3 

27.5 

9114 

106.0 

49.6 

47.3 

56.6 

164.5 

26.1 

46.6 

36.3 

12.4 

6 6 . 2  
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Table 2. Continued. 

Animal no. Season3 No. locations Range (km2)*5 

Jan-Mar 22 16.9 

Apr-Jun 25 20.6 

Jul-Sep 26 18.6 

Oct-Dec 21 8.3 

1991 94 39.1 

Jan-Mar 193 31.6 

Apr-Jun 194 28.8 

Jul-Sep 187 21.5 

Oct-Dec 118 22.5 

1991 692 26.1 

a Winter = Jan-Mar, spring = Apr-Jun, summer = Jul-

Sep, fall = Oct-Dec. Seasonal means not significantly 

different (P > 0.05). 

Range size significantly different than other 

animals (P < 0.05). 



The MCP estimates of size of ranges during the 2 weeks 

prior to fawning and 2 weeks postpartum had means of 6.7 

and 3.8 km2, respectively (Table 3). Range size during 2 

weeks postpartum and 2 weeks prior to fawning were not 

significantly different (P = 0.38). Considerable 

individual variability existed among deer. Ranges of 

females during the 2 weeks prior to fawning and 2 weeks 

after fawning usually had some overlap (Fig. 1). Range 

estimates of collared females during 2 weeks postpartum 

did not overlap with other collared females. 

Habitat Use 

Vegetation associations used by deer were recorded for 

700 locations of female mule deer. Fall was the only 

season that did not exhibit significant differences (P > 

0.05) in use versus availability of vegetation 

associations (Table 4). During winter, spring, and 

summer, the creosote flats were used less than would be 

expected by chance (Table 5). The montane association was 

used significantly more than expected during winter. 

During the fall, the use of vegetation associations did 

not significantly differ from availability (Table 4). 

Use of vegetation associations during 2 weeks 

postpartum was significantly different (P < 0.001) from 

availability (Table 6). The creosote flat association was 
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Table 3. Range (km2) of female desert mule deer 2 weeks 
prior to fawning (N = 34) and 2 weeks postpartum (N = 
34) in the Belmont Mountains, Arizona, 1991. 

Animal no. Pre-fawning Post-fawning 

4020 0.53 9.31 

4180 3.69 0.58 

4570 6.84 2.40 

4850 3.20 0.75 

4870 8.35 10.42 

5090 22.43 2.08 

5890 1.92 3.75 

X 6.71 3.75 

SE 2.81 1.60 



Study Area 

4020 4180 
PROJECT 

ARIZONA 

CENTRAL 

4870 
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CENTRAL 
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10 km 

1991 

Pre-Fawning (2 weeks) 

Post-Fawning (2 weeks) 

Figure 1. Ranges of female desert mule deer in the Belmont Mountains, Arizona, 1991. 
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Table 4. Utilization-availability data for vegetation associations by 
season in the Belmont Mountains, Arizona, 1991. Utilization is based on 700 
locations of 9 female desert mule deer. 

Winter3 
(Jan-Mar) 
n = 196 

Springb 
(Apr-Jun) 
n = 194 

Summer0 
(Jul-Sepl 
n = 164 

Falld 
(Oct-Decl 
n = 113 

Vegetation 
Association 

Area 
(km ) 

Rel. 
area 

Exp.f 
use 

Obs. ̂ 
use 

Exp. 
use 

Obs. 
use 

Exp. 
use 

Obs. 
use 

Exp. 
use 

Obs. 
use 

Montane 55.1 0.130 25.4 90 25.2 37 21.2 32 14.7 14 

Burrobush-
brittlebush 
foothills 

78.1 0.185 36.3 45 35.9 47 30.2 45 20.9 21 

Creosote 
flats 

269.7 0.638 125.0 61 123.8 105 104 78 72.1 78 

Savanna 19.7 0.047 9.2 0 9.1 5 7.7 7 5.3 0 

Total 422.6 1.000 195.9 196 194.0 194 162.1 162 113.0 113 

f* Chi-square = 243.9, (P < 0.05 = 7.815, 3 df) . 
£ Chi-square = 13.6. 
9 Chi-square =19.6. 
^ Chi-square = 5.8. 
f Does not include locations during 2 weeks postpartum. 
"E Expected. 
" Observed. 

ro cn 
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Table 5. Simultaneous confidence intervals (P^) using the 
Bonferroni approach for utilization of vegetation 
associations by female desert mule deer in the Belmont and 
Big Horn mountains, Arizona, 1991-92. 

Season3 and 
vegetation 
associations 

Expected Actual Bonferroni 
use use intervals (P^) 

Winter 

Montane 0.13 0 0.459 

Burrobush-brittlebush 0.185 0.230 
foothills 

Creosote flats 0.638 0.311 

Savanna 0.047 0.000 

Spring 

Montane 0.130 

Burrobush-brittlebush 0.185 
foothills 

Creosote flats 0.638 

Savanna 0.047 

Summer 

Montane 0.130 0.198 

Burrobush-brittlebush 0.185 0.278 
foothills 

Creosote flats 0.638 0.481 

Savanna 0.047 0.043 

0.361^-^0/557 

0.148<P2<0.312 

0.220<P3<0 .402'' 

no use 

0.191 o.ooo^p^o^es 

0.191 0.158<P2<0/326 

0.541 0.445<P3<0.637y 

0.026 0.000<P4<0.057 

0.112<P1<0.284 

0.182<P2<0.374 

0.373<P3<0.589* 

0.027<P4<0.059 

a Winter = Jan-Mar, spring = Apr-Jun, summer = Jul-Sep. 
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Table 6. Utilization-availability data for vegetation 
associations in the Belmont Mountains, Arizona, 1991. 
Utilization is based on 34 locations of 7 females during 2 
weeks postpartum. 

Vegetation Area Relative Expected Observed3 
associations (km2) area use use 

Montane 55.1 0.130 4.42 10 

Burrobush-brittlebush 78.1 0.185 6.29 6 
foothills 

Creosote flats 269.7 0.638 21.69 13 

Savanna 19.7 0.047 1.60 

Total 422.6 1.000 34.00 34 

a Chi-square = 17.89, P = 7.815, 3 df. 
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avoided during fawning. Although the only vegetation 

association that exhibited a significant difference 

between use and availability was creosote flats, the 

montane and savanna associations were used more than 

available (Table 7)• 

Thermal and hiding cover were important components of 

neonatal habitat. I identified 22 bedsites of fawns <2 

weeks old. I compared conditions at neonatal bedsites to 

22 randomly located sites within the same association in 

which neonatal bedsites were located. The mean percent 

thermal cover for fawn bedsites versus random sites were 

89 and 4%, respectively. The random sites also lacked 

cover to obscure visibility. The percent openness for the 

fawn bedsites versus the random sites were 28 and 92%, 

respectively. Fawns bedded near vegetation that provided 

shade and obstructed visibility. Palo verde trees were 

most commonly used for thermal and hiding cover. 

Topographic features routinely obscured visibility of fawn 

bedsites in mountainous areas but vegetation providing 

shade was also present. The percent openness of 

fawn bedsites increased once a fawn began accompanying its 

mother throughout the day. 

I located fawns by observing the female or by 

searching the area around where the female was bedded. 
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Table 7. Simultaneous confidence intervals (P^) using the 
Bonferroni approach for utilization of vegetatxon 
associations during 2 weeks postpartum. 

Vegetation 
associations 

Expected Actual Bonferroni 
use use intervals (P^) 

Montane 0.130 0.294 O.OOO^P^O.SOS 

Burrobush-tarittlebush 0.185 
foothills 

0.176 0.000<P2<0.355 

Creosote flats 0.638 0.382 0.154<P3<0.610 

Savanna 0. 047 0.147 0.000<P4<0.313 
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The mean distance between bedded female and fawn varied 

among individuals. Several females consistently bedded 

within 20 m of their bedded fawn. Neonatal bedsites in 

mountainous terrain were usually located on slopes >30% 

and on the upper third of the slope. Neonatal bedsites in 

the creosote flats were located along washes where 

vegetation was dense compared to the surrounding desert. 

Thermal cover was present at all neonatal bedsites. 

Significant differences in distance traveled by day 

during fawn rearing existed among slope classes. Females 

fawning in the creosote flats typically moved their fawn 

greater distances than females fawning in bajadas or 

mountains. 

Distance to Water 

The mean distances of female desert mule deer from 

water during fawning (2.7 km) and the mean distance from 

water during the remainder of the year (2.5 km) were not 

significantly different (P = 0.638). The mean distance 

from developed water sources for winter, spring, summer, 

and fall were 2.2, 2.3, 2.8, and 2.7 km, respectively. 

Deer were closer to water (P = 0.034) during winter and 

spring than during summer and fall. 
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Scat Analysis 

I collected 110 coyote scats during April through 

December. Vegetation (i.e., palo verde fruit) was the 

primary food item in pre- and post-fawning seasons (Table 

8). Lagomorphs, unidentified small rodents, insects, and 

deer were also identified in scats. Insects were 

prevalent in the scats collected during the pre-fawning 

season. There was an increase in the frequency of deer 

hair (n = 5) in scats collected during the post-fawning 

season, but I did not recognize remains of fawns. I 

observed fewer scats on roads throughout the study area 

during the post-fawning season (n = 41) than during pre-

fawning (n = 69) . 

Behavioral Observations 

I recorded 7,023 minutes of behavioral observations 

using 1-minute scan sampling (Table 9). Most observations 

occurred during the first or last 4 hours of daylight. 

Time observed in active and inactive behavior did not 

differ by season (P = 0.931). 

I recorded 963 minutes of behavioral observations 

during the 2 weeks postpartum period. The relative 

percent of time observed active and inactive were 19.1 and 

80.9, respectively. Females were less active during the 2 



33 

Table 8. Content of coyote scats collected in the Belmont 
and Big Horn mountains, Arizona, April through December, 
1991. 

Pre-fawning 
(n = 69) 

Post-fawning 
(n = 41) 

Prey 
% frequency % volume % frequency % volume 

of scats of scats 

Deer 0 . 0  0 . 0  12.9 9.8 

Rodents/ 
lagomorphs 

23.9 12.5 38.7 23.9 

Insects 25.4 17.5 3.2 2.4 

Vegetation 71.6 70.0 64.5 63.9 
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Table 9. Behavioral observations of female desert mule 
deer in the Belmont and Big Horn mountains, Arizona, 
1991. 

Seasona 
No. 

active % 
No. 

inactive % 

Winter 829 46.3 1,363 53.7 

Spring 803 45.3 1,414 54.7 

Summer 692 41.0 1, 251 59.0 

Fall 211 36.1 460 63.9 

Total 2,535 4,488 

First 2 weeks 175 19.1 788 80.9 
with fawn 

a 

Jul-Sep 

Winter = Jan-Mar, 

, fall = Oct-Dec. 

spring = Apr-Jun, summer = 
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weeks postpartum period than during the remainder of the 

year. Activity during the 2 weeks prior to fawning is not 

presented because of insufficient sample size. 

DISCUSSION 

Survival of Collared Animals 

The major cause of mortality of adult female mule deer 

during 1991 was predation by mountain lions. Deer are a 

primary food item of mountain lions in southwestern 

Arizona (Cashman and Krausman 1991). 

Reproductive cycles of mule deer in the arid 

Southwest appear to be attuned to variations in annual 

drought periods. In Arizona, fawning coincides with the 

summer monsoon season. Urness (1981) suggested that 

fawning coincides with summer rains because plant growth 

resulting from additional moisture would provide nutrition 

for lactation. I found that the fawning season spanned 2 

months. A prolonged fawning season has been suggested to 

be a predator avoidance strategy. Geist (1981) stated 

that deer, whose neonates hide from predators, have 

evolved an adaptive strategy of giving birth at different 

times than other deer. The spacing of neonates over time 

reduces the risk of predation by minimizing the likelihood 

of predators forming search images for more neonates 

(Geist 1981). A prolonged fawning season would also 
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increase the likelihood that some fawns would be born 

during conditions favorable for survival. 

The survival (14%) of fawns with collared females 

was much lower than the previous 5-year mean for 

management unit 42. The study area was located in the 

southwest corner of management unit 4 2 in Arizona. The 

Arizona Game and Fish Department estimated 34 fawns/100 

females for 1991 and a 5 year mean of 30 fawns/100 females 

(Ariz. Game and Fish Dep. Summary of mule deer survey data 

by management unit, 1987,91, unpubl. rep. 1991, 41pp.). I 

was unable to determine the reasons for the large 

differences in fawn/doe ratios among study animals and the 

Arizona Game and Fish Department estimates for the 

management unit. Although the collared females avoided 

the creosote flats, poor fawn survival makes it impossible 

to determine whether the avoidance of creosote flats was 

beneficial for fawn survival. 

Seasonal Ranges 

Desert mule deer have large seasonal ranges compared 

to nonmigratory deer of more moderate climates (Dasmann 

and Taber 1956, Dickinson and Garner 1979, Ordway and 

Krausman 1986). The minimum convex polygon estimate of 

mean seasonal ranges for females in the Belmont Mountains 
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during 1991 was 26.1 km2. The minimum convex polygon 

estimate of the mean summer seasonal range was 21.5 km2, 

which was smaller than any other season. The smaller 

seasonal range during summer may be the result of greater 

dependence on available water sources. The seasonal 

ranges of females usually contained, or were located near, 

>1 water source. The proximities of deer to water sources 

during periods of hot dry weather has been attributed to 

increased need for water (Hervert and Krausman 1986, 

Ordway and Krausman 1986). Although I did not find that 

the distance to water sources was less during summer, the 

decrease in the number of water sources occurring during 

summer would probably restrict the seasonal range of some 

deer. 

I attempted to estimate the effect of caring for 

cryptic neonates on seasonal ranges of females after 

parturition. The relatively poor survival of fawns 

resulted in a limited number of locations of females with 

fawns. Only 2 fawns survived >1 month. The small number 

of locations/female (n = 4, 5) required that any 

interpretation of size of the range during the 2 weeks 

before and after fawning also incorporate shape. Because 

MCP estimates of range are constructed with straight 

lines, travel of large distances may not be accurately 
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represented by the range size. Several females traveled 

>4 km with fawns <2 weeks old. Riley and Dood (1984) also 

found that fawns could travel distances of >3 km and were 

capable of extensive movements. 

Interaction was not observed among females during 

fawning. Ozoga et al. (1982) indicated that during peak 

populations, some individuals may be forced to establish 

ranges in areas that may not be preferred. Because 

population densities of deer in the Belmont Mountains are 

<0.5 deer/km2 (Albert 1992) and fawning was spaced by time 

and distance, competition for fawning sites was not likely 

to be a factor in site selection. 

Habitat Use 

The condition and type of cover used for fawning 

influences the survival rate of fawns (Carroll and Brown 

1977). Carroll and Brown (1977) found that range 

condition was positively correlated with cover quality, 

and predation of fawns by coyotes was less where adequate 

hiding cover was available. Geist (1981) stated that 

females must select habitats with cover and an adequate 

food supply to allow maximum milk production. I found 

that female desert mule deer avoided the creosote flats 

during fawning and fawn rearing. However, the survival of 

the fawns with collared females was very low. I was 
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unable to determine the cause of fawn mortality. Thus, I 

was unable to determine whether mortality was habitat 

related. The use of mountainous terrain during fawning 

and fawn rearing was consistent with the findings of 

Ordway and Krausman (1986). I was unable to identify 

preferred vegetation associations. The inability to 

identify preferred vegetation associations was probably 

due to the small sample size that resulted in large 

Bonferroni simultaneous confidence intervals. 

During winter, female desert mule deer used the 

montane vegetation association more than expected by 

chance and the creosote flats less than would be expected 

by chance. Albert (1992) found available forage biomass 

to be greatest in mountainous terrain during winter in the 

Belmont Mountains, Arizona. The winter corresponds with 

the period that provides the most rain in the Sonoran 

Desert (Krausman 1985). The relatively frequent winter 

rains provided available standing water in crevices and 

depressions on rock surfaces and lush forb production. 

Much of the water demands of deer during this period were 

probably supplied by such standing water, and may allow 

deer to remain in areas further from developed water 

sources. Most water developments occur in the creosote 

flats. The largest mean seasonal range (x = 31.6 km2) 
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occurred during winter that suggests deer can range 

further during periods of abundant browse and water. 

Riley and Dood (1984) found that mule deer fawns were 

typically found on moderate slopes and mid- and lower one-

thirds of slopes were preferred. Geist (1981) reported 

that females located fawns in escape terrain, where 

possible, to minimize predation. I found that 56% of the 

fawn locations were on steep slopes and the upper one-

third of slopes was preferred. Riley and Dood (1984) 

attributed the use of slopes by fawns to avoid coyote 

predation. Ozoga and Harger (1966) found that coyotes 

followed travel lanes covering easily traversed terrain. 

The use of steep slopes and upper one-third of slopes may 

minimize predation of fawns by coyotes in the Belmont 

Mountains. 

I also found that females that gave birth in the 

creosote flats, or moved fawns to the creosote flats 

shortly after birthing, traversed greater distances 

between consecutive locations than females that remained 

in bajadas or mountains. About 95% of the coyote scats 

were found in the creosote flats and areas of gentle 

slopes. The higher incidence of coyote scats in 
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relatively flat terrain would suggest that coyote 

densities were higher in these areas. 

Deer may have needed to move greater distances while 

in the creosote flats to fulfill their nutritional intake. 

Albert (1992) found that the creosote flats in the Belmont 

Mountains through summer and fall had less available 

forage biomass than the mountains and bajadas. The 

greater distance traveled by females and fawns in the 

creosote flats (areas <15% slope) between succeeding 

locations may be the result of predator avoidance behavior 

of females or a function of forage availability. 

Distance to Water 

Sexual segregation in southern mule deer (0. h. 

fuliqatus^ was suggested by Bowyer (1984) to be the result 

of higher water demands by lactating females. The 

increased water demand of near term and lactating females 

(Short 1981) may require them to visit water sources 

>lX/day (Clark 1952). Hervert and Krausman (1986) found 

that females visited water catchments more frequently and 

were found closer to water than males. Although deer 

require free standing water, their recorded diurnal range 

may not include a water source (Maghini and Smith 1990). 
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Greater water demands of females near and after 

parturition may require that areas of fawning and fawn 

rearing be located near water. I found that significant 

differences in minimum distance to water sources existed 

for seasons, but the largest distances from water sources 

occurred during summer and fall when water demands of 

females should have been greatest. Although I found 

larger distances to water during dry periods, the distance 

(x = 2.8 km) was consistent with the findings of Ordway 

and Krausman (1986) (x = 2.6 km) during August through 

September but less than that found by Rautenstrauch and 

Krausman (1989) (x = 4.5 km). 

The larger mean distances to a water source during the 

summer and fall were likely the result of a decrease in 

the number of water sources available to deer in the study 

area. During this study, 2 windmill powered water 

developments for cattle (Upper Belmont and Tiger wells) 

were damaged and ceased providing water for deer. Thus, 

the greater distance to water was the result of fewer 

water sources in the study area and not a shift of 

seasonal ranges away from water. 

Deer are less dependent on developed water sources 

when summer monsoons create ephemeral water sources 

(Maghini and Smith 1990). Although the summer monsoons 
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usually coincide with the fawning period, summer and fall 

of 1991 were extremely dry. The absence of summer 

monsoons resulted in the drying up of several dirt tanks 

that normally provide water throughout the year. 

Locations of fawning and fawn rearing were not 

significantly closer to water sources than locations 

throughout the remainder of the year. The lack of 

increased proximity to water and the unavailability of 

ephemeral water from monsoons during fawning and fawn 

rearing suggests that in the Belmont Mountains, the 

distance to water was not a deciding factor in the 

location of fawning sites. The density of water 

developments throughout the study area may be sufficient 

to allow females to use habitat independent of the 

distance to available water. 

Scat Analysis 

Predation, primarily by coyotes, has been determined 

to be a major cause of mortality of fawns (White et al. 

1972, Trainer 1975, Smith and LeCount 1978, Steigers and 

Flinders 1980, Hamlin et al. 1984). There was an increase 

in the incidence of deer hair in coyote scats during the 

post-fawning season, but fragments of hoofs or bones that 

I could identify as fawns were not found. Of the 7 fawns 
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documented with radio collared females, only 2 survived 

>30 days. The cause of mortality of fawns was not 

determined due to the difficulty in locating carcasses. I 

was unable to determine that coyote predation was an agent 

of significant fawn mortality. 

Coyote scats collected on roads decreased from pre-

fawning (n = 69) to post-fawning (n = 41). I could not 

determine if the decrease in observed scats was the result 

of fewer coyotes or a change in travel behavior. Knowlton 

(1972) proposed population models that produced population 

peaks in April to May and gradually declined until 

November. Fewer scats collected during the post-fawning 

period (Aug-Dec) than the pre-fawning period (Apr-Jul) 

supported Knowlton's model. 

The number of scats on roads may be a function of 

travel behavior. Fisher (1980) reported that many factors 

affect coyote activity and movements. Coyotes may have 

altered travel behavior in response to fawning activity 

occurring at higher elevations where there are fewer 

roads. The addition of a food source will attract coyotes 

(Fisher 1980). Coyotes searching areas of higher 

elevation, where a majority of fawning activity by radio-

collared females occurred, would be more productive in 

finding fawns. Such travel behavior by coyotes may 
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minimize activity near roads and possibly reduce the 

number of scats collected. 

Behavioral Observations 

Behavior of female mule deer during fawning and fawn 

rearing evolved to maximize the probability of fawn 

survival. Females will isolate themselves from 

conspecifics prior to birthing, ingest the placenta, move 

fawns from the area of birth, and consume the fawns feces 

and urine (Geist 1981). This behavior by females 

minimizes the scent of the fawn and allows it to remain 

inconspicuous to predators. Geist (1981) indicated that 

females visit neonates infrequently and briefly for 

suckling. I found that some females consistently bedded 

<25 m from their fawn and that these females were always 

located with the fawn nearby. The proximity of fawn and 

female bedsites appears unusual, although, Riley and Dood 

(1984) found that 76% of marked females bedded <250 m from 

their fawns. 

I found that the relative percent of time active 

during the first 2 weeks postpartum was significantly less 

than the remainder of the year. Hayes (1992) found that 

peaks in nocturnal activity occurred in August and 

September. Although high temperatures occurring during 
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daylight periods affect activity, evolved strategies to 

minimize predation may also act to limit activity near the 

fawn. The "hider" syndrome, described by Geist (1981), 

would not be successful if attention was drawn to the area 

of the fawn. Activity during daylight in areas of sparse 

vegetation and cover would attract the attention of 

predators. Inactivity of the female during daylight, 

while the fawn is vulnerable to predation, may be an 

adaptive strategy to remain inconspicuous to predators. 

Females that bedded near their fawn would be less likely 

to attract the attention of a predator while traveling to 

the fawn if suckling had to occur during daylight because 

less distance would be traversed. 

MANAGEMENT IMPLICATIONS 

Female desert mule deer visit water sources on a daily 

basis during the summer dry season (Hervert and Krausman 

1986). The water requirements of female desert mule deer 

are greatest during the last term of pregnancy and after 

parturition. The distance to water sources did not appear 

to be a factor in the selection of fawning and fawn 

rearing sites. The greater distance to water during 

fawning and fawn rearing suggests that a density of 1 

water source/35 km2 is sufficient to allow females to 
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exploit preferred habitats even during periods of greatest 

water demands. 

Although fawning habitat is only used for a short 

period, it may play an important role in the propagation 

of the species. Female desert mule deer used mountainous 

terrain during fawning and fawn rearing. Habitats that 

are used for short periods (i.e, fawning habitat) may not 

appear to be important because few locations identifying 

use are recorded, but may play an important role in the 

reproductive strategy. Human encroachment may force 

females into habitats that may not be suitable for fawning 

and fawn rearing and may reduce recruitment. Desert mule 

deer in the Belmont Mountains are close to the edge of 

their natural range and occur at low population densities. 

A reduction in recruitment may predispose populations to 

local extinctions. 
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