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ABSTRACT 

The Hayden-Rhodes Aqueduct (HRA) extends from Lake 

Havasu along the California and Arizona border to 40 km 

northeast of Phoenix, Arizona. The Bureau of Reclamation 

established water catchments for wildlife, and wildlife 

bridges to provide access for wildlife across the HRA. I 

investigated the effectiveness of these mitigations for 

desert mule deer (Odocoileus hemionus crooki) from July 

1989 to July 1990. I examined deer use of wildlife 

bridges, concrete overchutes, and water catchments; the 

quality of deer habitat at crossings; and the influence 

of mountain lions (Felis concolor) on deer at water 

catchments. All water catchments were used by deer. 

There was very little use of wildlife crossings by deer. 

Deer habitat on the north side of the HRA received more 

use by deer than habitats south of the HRA. I could not 

determine if mountain lions capture prey more often near 

water catchments than in other areas. 
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INTRODUCTION 

The Central Arizona Project (CAP) is a series of 

canals that deliver water from the Colorado River near 

Parker, Arizona to south of Tucson via Phoenix. The mean 

canal depth and width are 5.7 and 24.4 m, respectively. 

The HRA is a section of the CAP that extends from Lake 

Havasu, La Paz County to the beginning of the Salt-Gila 

Aqueduct 40 km northeast of Phoenix, Maricopa County, in 

western Arizona (Krausman 1985). The HRA traverses >190 

km of desert mule deer (Odocoileus hemionus crooki) 

habitat. Deer near the HRA have large activity areas due 

to limited water availability in this desert region 

(Krausman and Hervert 1984). Deer density along the HRA 

is 1 deer/5.0 - 10.0 km2 (United States Department of 

Interior 1974:44). 

Canals in arid areas are an attractive nuisance for 

wildlife (Busch et al. 1984, Rautenstrauch and Krausman 

1986) that often cause death. At least 170 desert mule 

deer drowned in the Welton-Mohawk Irrigation and Drainage 

District in southwestern Arizona from 1977 to 1980 

(Rautenstrauch and Krausman 1986:19-22, Krausman et al. In 

Press). From 1979 to 1983 during construction of the HRA 

>12 deer drowned in test portions of the canal containing 

rainwater (Krausman 1985) and >33 drowned in 1985 after 
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construction of the HRA (Rautenstrauch and Krausman 1986). 

Most of these deer interactions occurred during warmer 

months when they were probably attracted to the HRA in 

search of available water (Krausman and Hervert 1984). 

Studies conducted by the BR determined ways to reduce 

drownings (Krausman 1985; Rautenstrauch and Krausman 1986, 

1989) and to minimize losses of ungulates. The BR 

established a 2.6-m high woven wire fence on both sides of 

the canal to prevent entry by ungulates. Between 1979 and 

1988 the fence, water catchments, and wildlife bridges 

were constructed to minimize drowning, provide water for 

wildlife, and aid in movements of ungulates across the HRA 

(Krausman 1985). Established mitigations cost 

approximately $9,000,000; my objective was to determine 

the effect of these mitigations on desert mule deer. 

The general goal of my study was to determine the 

response of deer to mitigations. I had 4 research 

obj ectives: 

1. Determine if deer use water catchments and 

compare deer use of older catchments to use of 

newer and modified catchments. 
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Determine if deer use canal crossings located 

in proximity to water catchments more 

frequently than crossings not located near 

water catchments. 

Determine relationships between habitat quality 

and deer movements across the canal. 

Document mountain lion (Felis concolor) 

predation on deer around water catchments. 
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STUDY AREA 

I studied the area from the north of Bouse Pumping 

Plant in the Granite Wash Mountains on the western end of 

the Harcuvar Range, La Paz county, 72 km southeast of 

Parker, Arizona to Flatiron Mountain in the Belmont 

Mountains, Maricopa County, Arizona, approximately 77 km 

west of Phoenix. Elevations range from 426 m on the 

desert floor to 1,73 2 m in the Harquahala Mountains 

northeast of the HRA. The topography ranges from creosote 

(Larrea tridentata) flats to rugged cliffs. The mean 

yearly precipitation is approximately 20 cm (Sellers and 

Hill 1974) and occurs in winter and late summer. Summer 

temperatures often exceed 45 C. 

Mountain sheep (Ovis canadensis mexicana) inhabit 

the Granite Wash, Little Harquahala, Harquahala, and Big 

Horn mountains along the HRA (Krausman and Hervert 1984). 

Collared peccaries (Tayassu tajacu) inhabit the Granite 

Wash, Harquahala, Big Horn, and Belmont mountains. 

Ranching, mining, agriculture, and hunting are 

common uses of this area. Mining activities are steadily 

increasing (Krausman 1985). Cotton is the primary 

agricultural crop. 
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Mitigations 

There are 13 wildlife bridges and 17 water 

catchments along the HRA. Ten concrete overchutes are 

also used by deer to cross the CAP. Concrete overchutes 

range from 10 to 24 m wide and were built to allow water 

run-off into major washes (Krausman and Hervert 1984). 

Water catchments were established from 1985 to 1988 and 

lie within 5.0 km of the HRA. Locations for established 

crossings, other suggested crossings, and many of the 

established water catchments were recommended by Krausman 

(1985) and the Arizona Game and Fish Department (AZGF), 

based on habitat and movement patterns of desert mule 

deer. 
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METHODS 

Deer Use Of Water Catchments 

I used 3 methods to investigate mule deer use of 

water catchments: track plots, direct observations, and 

the amount of water consumed by deer. During late June to 

July 1990 each of these methods were compared to 

investigate which method would provide the most accurate 

data. 

Track Plot Use At Water Catchments 

I established dirt track plots at water catchments 

by raking a >1 m strip surrounding the catchment trough 

(Elder 1953). I monitored plots from July 1989 to July 

1990. Ungulates using the troughs had to cross >1 m of 

the track plot. Tracks on plots were counted and cleared 

approximately 2 X/week during cooler seasons (Jan-Mar, 

Aug-Dec). During higher use periods (Apr-Jul) catchments 

were checked approximately 3 X/week on alternate days. 

Deer tracks were counted as 1, 2, 3-5, and >5 

deer/plot/visit. I used a 1-way analysis of variance with 

multiple comparisons using Duncan's multiple range test to 

determine if differences ( P < 0.05) occurred in deer use 

of water catchments (Zar 1974). I used time-lapse 

photography with Super-8 movie cameras programmed to take 
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1 frame/minute to monitor track plots at 14 water 

catchments throughout the diurnal hours of summer (Jun-Aug). 

Direct Observation 

Deer drinking from water troughs were counted with 

the aid of a night scope to determine how many deer visited 

the trough/night. Data were collected during a joint 

project with the AZGF department during June to July 1990 

when deer use of catchments was highest (Hervert 1990). 

Observations were made from hills 200-440 m away 

from the water catchment (Hervert and Krausman 1986). The 

number of deer and time spent drinking were recorded. When 

deer were observed to drink for >2 minutes they were 

expected to be satiated and not return to the trough 

(Elder 1954). 

Deer Water Consumptive Use 

Hervert and Krausman (1986) demonstrated how desert 

mule deer could be censused. Hervert (1989) demonstrated 

that deer can be censused based on the water they consume 

in the summer. I used this method to investigate deer 

water consumption at water catchments during the hot-dry 

season (Jun to Jul, prior to the monsoons). The water 

level in 13.5 or 27.0 L troughs used by deer, were 

measured prior to dusk and at dawn the following morning. 

The water loss could be accurately determined up to 250 mL 
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(Hervert and Krausman 1986). Hervert (1990) determined 

the mean amount of water consumed by free-ranging deer 

was 5.5 L/deer/day (N = 795 obs of deer at 20 water 

catchments). Using this mean water/deer/day average 

(5.5L) at 4 water catchments I estimated the number of 

deer using each catchment/16 hours. 

Older Versus New Water Catchment Use 

The data from the 3 methods described above were 

used to document any differences in deer use between newer 

and older catchments. I compared the use by deer of older 

(>10 yrs) water catchments versus newer (<5 yrs) water 

catchments. 

Deer Use of Wildlife Bridges and Concrete Overchutes 

I monitored dirt track plots from July 1989 to July 

1990. Wildlife bridges had 3 track plots: 1 at each end 

and 1 in the center. Plots were raked to clear the area 

of rocks and other debris so that tracks would show up. 

Plots were 1.5-m wide and covered the width of the bridge. 

Dirt track plots that covered the width of the concrete 

were placed at the base of each overchute. Track plots 

were checked approximately 3 X/week on alternate days during 

warmer seasons (Apr-Jul) and 2 X/week during cooler 

seasons (Jan-Mar, Aug-Dec). Deer tracks were counted on 
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each plot as 1, 2, 3-5 and >5. I used a 1-way analysis of 

variance with multiple comparisons using Duncan's multiple 

range test to determine if differences (<P 0.05) occurred 

in deer use of wildlife crossings and concrete overchutes 

(Zar 1974). Super-8 movie cameras were also set up on 

heavily used concrete overchutes to determine diurnal deer 

numbers. 

Habitat Quality Ratings 

I rated habitat quality for desert mule deer <0.5 

km on both sides of the HRA at wildlife crossings (Fig. 

1). Males and Females segregate in different habitats 

(Krausman 1985, Hervert and Krausman 1986, Ordway and 

Krausman 1986). Females tend to prefer washes. Plant 

species composition is generally more diverse in these 

areas than in surrounding areas (Krausman et al. 1985). 

These areas provide forage, cover, and travel lanes for 

desert mule deer (Krausman et al. 1985). Females also 

occupy densely vegetated north facing slopes (Dasmann and 

Taber 1956) where nutritious, high-quality forage for 

offspring production is readily available (King and Smith 

1980). Dense vegetation such as forbs >2 m high provide 

cover against predators (King and Smith 1980). Females 

tend to avoid creosote flats (Krausman 1985). Males 

however, use creosote flats surrounding the HRA (Krausman 
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1985). Males will also occupy open south-facing slopes 

where they can monitor predators (King and Smith 1980). 

Water availability is considered an important habitat 

feature for both sexes. 

Deer may cross the canal to gain access to 

agricultural areas along the HRA (Krausman and Hervert 

1984) that provide forage and water. Each of these 

important features (densely vegetated washes, rolling to 

steep topography, water availability, and agriculture 

areas) are habitat components for desert mule deer. 

I rated the habitat north and south of each canal 

crossing as poor (when only 1 component was present for 

either sex), moderate, (if 2 components were met for 

either sex), or good (if > 3 components were present). I 

subjectively rated habitat from 7.5 minute Orthoquad maps 

and visual observations. 

The majority of good deer habitat occurs on the 

north side of the canal (Krausman and Hervert 1984). 

Females may have been attracted to the HRA, or areas south 

of the canal for water before construction of water 

catchments (Krausman 1985). However, with the placement 

of water catchments north of the canal, there may be less 

to attract females south of the HRA. I hypothesized that 

deer would stay north of the canal if crossings were 
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placed in areas where good habitat is located on the north 

side and poor or moderate habitat is located on the south 

side of the canal. I hypothesized that deer would use 

crossings to obtain access to agricultural areas south of 

the canal. In areas containing water north of the HRA, 

but not south of the HRA I hypothesized higher deer use on 

the north side of the HRA. In areas where crossings were 

placed in poor or moderate habitat I hypothesized that few 

or no deer would use the crossings. If deer did cross 

into poor habitat from good or moderate habitat I 

attempted to determine the cause for such action (e.g., 

forage or other water source). 

Predation on Deer at Water Catchments 

Three lions were radio-collared by the AZGF from 

1989 to 1990 in this study area. The third mountain lion 

was captured 3 months before this study ended; home range 

data is limited for this lion and will not be addressed. 

I ground searched for these lions 4 X/week on alternate 

days and located them during 19 aerial flights throughout 

the study period. I followed their movements to 

investigate if their ranges included areas along the HRA 

and its related mitigations. I also examined whether 

lions obtained prey near established mitigations. Areas 

immediately surrounding some water catchments were 
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systematically searched for predator kills and scats. I 

searched a 1.0 km radius from each catchment 1 X/month. I 

also searched the vicinity of the lion radio-locations for 

kills. I plotted lion locations on 7.5 and 15.0 minute 

topographic maps and determined distance to nearest water 

catchment for any lion killed deer found. Deer killed by 

lions were aged by tooth wear. I calculated home ranges 

using the minimum convex polygon method (M. Stuwe and C. 

E. Blohowiak, Conserv. Res. Cent., Natl. Zool. Park, 

Smithsonian Inst., Front Royal, Va., 1985). 

Deer is the primary dietary component of the 

mountain lion in some areas (Young and Goldman 1946, 

Robinette et al. 1959, Shaw 1977) but no data has been 

collected in southwestern Arizona. Scats were collected 

from 5 mountain ranges (Harcuvar, Harquahala, Big Horn, 

Belmont and Vulture mountains) to determine frequency of 

occurrence of food items used by lions in this area. 

Scats were placed in paper bags, labeled according to 

where they were collected and stored in a freezer until 

they were analyzed. Scats were air-dried for 1 to 2 weeks 

before being analyzed. Scats were analyzed using 

volumetric methodology. A reference collection of hair-

scale impressions for prey species was made following 

Williamson (195i). Scale photographs (Adorjan and 
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Kolenosky 1969, Moore et al. 1974) were referred to for 

prey species identification. Individual scats were broken 

apart and sorted into separate piles of different hairs 

(Krausman and Abies 1981). Hair mounts were made for 

individual scats using representative hairs from each of 

the sorted piles of hairs (Krausman and Abies 1981) . 

Mounts were observed and compared to reference slides 

using a compound microscope. After observing the hairs 

microscopically, bone fragments, teeth, claws and hooves 

were often used to verify prey items. 
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RESULTS 

Deer Use of Water Catchments 

Track Plot Use At Water Catchments 

All water catchments were used by deer (Table 1). 

Track plots indicated water catchments 604, 947, 660 and 

602 were used significantly more (P < 0.05) than other 

water catchments (Table 1). I could not accurately 

determine the numbers of deer using water catchments 

because track plots were covered with too many tracks to 

allow accurate counts. 

Direct Observation 

I counted deer use at 4 water catchments and 

determined the mean amount of water consumed as (5.5 L) 

(Table 2). For the same catchments counts of deer were 

significantly higher (4-22 deer/16 hours) (Table 3) for 3 

of the 4 water catchments directly observed than track 

plot estimates (X = 4.50-5.0 deer/month/crossing) (Table 

3). Weather may have biased data collected from the fourth 

water catchment. There were no significant differences (P 

< 0.05) among means collected at each of the 4 water 

catchments in my study area and 16 other water catchments 

in southwestern Arizona (Hervert 1990). 
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Table 1. Mean number of desert mule deer tracks/reading at water catchments 

along the Hayden-Rhodes Aqueduct, Arizona, 1989-90. 

Year establi shed 

1988 1985 1985 1985 1985 1986 1987 1962 

Catchment no. 970 928 929 930 937 945 946 604 

Year and X No. tracks/no. readings/month. 

month 

1989 

1990 

Jul 1.3/6 3.7/6 1.7/7 0.0/4 2.0/3 4.3/6 4.8/6 4.6/11 

Aug 1.5/11 4.8/11 4.6/11 0.5/4 3.8/8 3.6/9 4.8/8 4.9/8 

Sep 3.4/7 5.0/7 4.8/8 4.0/5 4.5/6 4.5/6 5.0/7 5.0/3 

Oct 2.8/9 4.6/9 4.6/9 4.4/9 3.2/9 2.8/10 4.6/10 4.2/5 

Nov 2.1/8 4.3/8 3.5/8 1.2/8 2.1/7 0.9/7 2.9/7 4.7/4 

Dec 4.7/7 4.4/7 3.7/7 3.0/7 4.4/5 3.8/5 4.0/5 5.0/5 

Jan 1.6/5 2.8/5 3.2/6 1.3/6 0.3/6 1.0/7 2.0/5 3.7/4 

Feb 3.0/2 4.5/2 3.0/3 1.8/3 0.0/3 0.7/3 0.3/3 5.0/4 

Mar 0.2/5 1.8/5 0.6/5 0.6/5 0.8/4 1.3/4 1.8/4 4.2/4 

Apr 0.0/3 2.7/3 2.3/3 0.0/3 0.7/3 0.3/3 1.3/3 4.8/4 

May 3.1/7 3.7/7 2.1/8 0.9/8 2.0/8 2.2/9 4.8/9 5.0/3 

Jun 4.6/5 4.6/5 4.0/8 0.4/8 4.5/6 4.8/6 5.0/5 5.0/2 

Over- 2.4/6 3.9/6 3.3/7 1.6/5 2.6/6 2.6/6 3.8/6 4.6/5 

all X 
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Table 1. Continued. 

Year established 

1964 1964 1962 1962 1962 1962 1987 1987 1988 

Catchment no. 660 661 601 602 603 811 947 948 969 

Year and X No. tracks/no. readings/month 

month 

1989 

Jul 4.3/9 4.1/9 4.1/22 4.2/9 3.8/11 3.8/9 4.2/10 4.9/8 4.3/6 

Aug 4.9/9 3.6/9 3.2/13 4.8/6 3.9/8 4.3/9 4.7/11 4.3/9 4.4/7 

Sep 5.0/5 5.0/3 4.9/7 4.1/7 5.0/3 4.7/3 4.8/6 5.0/2 5.0/2 

Oct 4.7/6 1.0/6 4.9/9 4.3/9 3.8/5 2.3/6 4.4/7 1.5/6 3.8/4 

Nov 5.0/4 4.5/4 4.8/6 4.7/7 3.5/4 3.5/4 4.6/5 1.3/4 4.4/9 

Dec 5.0/5 5.0/5 5.0/6 3.8/5 3.8/5 4.4/5 4.4/5 1.2/5 4.5/4 

1990 

Jan 1.0/4 1.6/3 2.1/6 4.1/10 0.3/4 0.7/3 3.3/6 0.3/3 2.8/4 

Feb 3.3/4 4.7/4 3.8/5 4.8/5 1.7/4 0.3/4 4.6/5 0.0/4 3.3/4 

Mar 3.6/5 3.2/5 1.0/8 2.9/8 2.5/4 1.3/3 3.6/5 2.0/2 2.5/4 

Apr 4.7/3 4.5/2 3.5/6 4.6/7 3.3/4 1.0/3 4.5/4 2.7/3 3.0/5 

May 5.0/7 5.0/4 4.7/7 4.8/9 5.0/5 4.1/7 4.8/8 4.8/5 5.0/7 

Jun 5.0/4 5.0/3 4.5/13 5.0/9 5.0/3 2.0/2 5.0/5 5.0/8 5.0/1 

Over- 4.3/5 3.8/5 3.9/9 4.3/7 3.5/5 3.1/5 4.4/6 2.9/5 4.0/5 

all X 



TABLE 2. Water consumed ([L]/deer/16 hours) by desert mule 

deer in the Belmont Mountains, Arizona, 1990. 

Water development Total L Observed no. Average 
no. consumed deer drinking L/deer 

928 112.88 22.00 5.13 

937 128.79 22.00 5.85 

947 20.15 4.00 5.04 

969 48.91 8.00 6.06 

Total 310.73 56.00 5.55 
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Table 3. Estimates of the number of desert mule deer 
using water catchments. 

a 
Water catchment Method No. Establishment date 
no. deer/interval of catchment 

970 1 4.60 Apr 1988 

928 1 4.60 Dec 1985 

2 22.00 

929 1 4.00 Dec 1985 

930 1 0.40 Dec 1985 

3 4.04 

937 1 4.50 Dec 1985 

2 22.00 

3 20.95 

945 1 4.80 Dec 1986 

3 20.95 

946 1 5.00 Feb 1987 

4 19.00 

604 1 5.00 Jan 1962 

4 27.00 

660 1 5.00 Apr 1964 

4 34.00 

661 1 5.00 Apr 1964 

4 59.00 
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Table 3. Continued. 

a 
Water catchment Method No. Establishment date 
no. deer/interval of catchment 

601 1 4.50 Jan 1962 

4 16.00 

602 1 5.00 Jan 1962 

4 3.00 

603 1 5.00 Jan 1962 

4 18.00 

811 1 2.00 May 1976 

4 18.00 

947 1 5.00 Feb 1987 

2 4.00 

4 17.00 

948 1 5.00 Mar 1987 

3 19.05 

4 23.00 
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Table 3. Continued. 

Water catchment 
no. 

a 
Method No. 

deer/interval 
Establishment date 
of catchment 

969 1 5.00 Mar 1988 

2 8.00 

4 21.00 

a 1 = Track plot method, X deer tracks/Jun 1989/1990 at 

at each catchment; 2 = direct observation, Jun to Jul 1990; 3 = water 

consumptive use, Jun to Jul 1990; 4 = data collected by AZGF (J. J. 

Hervert, pers. commun.), Jun to Jul 1990. 
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Deer Water Consumptive Use 

The mean water consumed (5.5 L) from the 20 

directly observed water catchments (Hervert 1990) was used 

to determine the number of deer using each of 4 water 

catchments/16 hours (Table 3). Estimates of deer derived 

from consumptive use values at 4 water catchments were 

generally higher than for estimates derived by other 

methods (Table 2, 3). Deer numbers ranged between 4.04 

and 20.95 deer/water catchment/16 hours (Table 3). This 

method estimated deer numbers more efficiently than dirt 

track plots or direct observation. 

Older Versus New Water Catchment Use 

Habitat quality in the vicinity of water catchments 

is probably important to the amount of use received by deer. 

Several newer water catchments are used as frequently or 

more frequently (0.4-23 deer/night) than some of the older 

water catchments (3-59 deer/night) (Table 3). 

Deer Use of Wildlife Bridges and Concrete Overchutes 

, Track plots accurately reflected deer use on 

wildlife bridges and concrete overchutes. Use of wildlife 

bridges and overchutes was very low. Deer crossed 

concrete overchutes significantly more (P < 0.05) (Table 

4) than wildlife bridges (Table 5). 
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Table 4. Mean nunber of desert mule deer tracks/reading at concrete overchutes along the 

Hayden-Rhodes Aqueduct, Arizona, 1989-90. 

Overchutes (milepost no.) 

44.124 46.312 46.785 49.112 51.697 52.653 53.827 55.646 110..056 112.200 

Year and X No. tracks/no. readings per month 

month 

1989 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

0.1/9 0.0/8 0.0/8 0.9/10 2.7/10 3.8/10 2.1/9 0.0/4 0.9/24 0.4/23 

1990 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

0.0/12 0.0/11 0.0/11 0.6/11 4.4/11 4.0/11 1.8/11 0.0/2 0.8/16 0.6/16 

Over

all X 

0.7/9 

0.5/9 

0.1/7 

0.4/7 

0.1/6 

0.0/3 

0.0/5 

0.0/6 

0.6/8 

0.2/8 

0.2/7 

0.2/8 0.1/8 2.4/10 3.9/10 1.9/10 2.7/10 0.0/2 0.2/9 1.2/9 

0.1/9 0.0/9 1.0/10 2.8/10 1.3/10 1.7/10 0.0/3 0.6/11 0.7/11 

4.0/6 2.3/6 1.5/6 0.7/3 0.1/7 1.2/7 

4.8/8 1.9/7 3.8/7 2.5/4 0.1/8 0.8/7 

0.0/7 0.1/7 2.0/6 

0.0/7 0.0/7 2.8/7 

0.0/6 0.0/6 1.7/7 

0.0/3 0.0/3 0.6/3 

0.0/5 0.0/5 1.6/5 

0.0/6 0.0/6 0.1/7 

0.0/9 0.0/9 2.0/9 

5.0/7 1.7/7 2.0/7 1.3/4 1.1/7 1.6/6 

4.6/3 0.0/3 1.6/3 0.0/1 0.4/5 2.2/8 

1.8/6 0.3/6 1.0/6 2.2/5 1.7/7 1.5/8 

2.0/7 0.9/7 2.4/7 1.0/6 0.3/7 1.5/9 

5.0/9 3.0/9 3.5/9 0.7/7 0.3/8 0.9/10 

0.0/3 0.0/6 2.3/13 4.2/13 3.6/13 1.5/13 0.0/5 0.3/13 0.6/13 

0.0/7 0.0/7 1.5/8 3.8/8 2.3/8 2.1/8 0.8/4 0.6/10 1.0/10 



Table 5. Mean number of desert mule deer tracks/reading at 

wildlife bridges along the Hayden-Rhodes Aqueduct, Arizona, 

1989-90. 

Bridge no. (mllepost no.) 

27.158 27.801 35.701 41.867 47.975 54.452 

Year and X no. tracks/no. readings per month 

month 

1989 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

1990 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Over-

al 1 X 

0 . 0 / 8  0 . 1 / 8  

0 . 1 / 1 2  0 . 0 / 1 2  

0 . 0 / 6  0 . 0 / 6  

0.1/9 0.0/9 

0 . 0 / 8  0 . 0 / 8  

0.0/7 0.1/7 

0.7/6 0.7/6 

0.0/3 0.0/3 

0.0/5 0.0/5 

0.0/7 0.0/7 

0.6/9 0.4/9 

0.2/5 0.0/5 

0.1/7 0.1/7 

0.3/8 0.4/7 

0.3/12 0.0/12 

1.3/6 0.3/7 

1.7/9 0.6/9 

1.7/8 0.1/8 

2.7/7 0.0/6 

0 . 0 / 6  0 . 1 / 6  

0.3/3 0.7/3 

0.0/5 0.6/5 

0.6/7 0.0/6 

1.0/9 0.2/9 

2.4/5 0.1/11 

1.0/7 0.2/7 

0.2/10 0.0/7 

0 . 0 / 1 1  0 . 0 / 2  

0 . 2 / 1 0  0 . 0 / 2  

0.2/10 0.0/3 

0.5/6 0.0/3 

0.8/7 0.0/4 

0.0/7 0.2/4 

0.5/2 1.0/1 

0.0/4 0.2/5 

0.0/7 0.0/6 

0.4/9 0.5/7 

0.3/13 0.0/9 

0.2/8 0.1/4 
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Table 5. Continued. 

Year and 

month 

Bridge no. (milepost no.) 

27.158 27.801 35.701 41.867 47.975 54.452 

X. no. tracks/no. readings per month 

1989 

1990 

Jul 0.0/5 0.6/5 0.8/5 

Aug 0.1/10 0.2/10 0.0/6 

Sep 0.0/6 0.1/6 1.0/1 

Oct 0.1/6 0.1/6 1.7/4 

Nov 0.0/5 0.8/6 0.5/6 

Dec 0.0/5 0.8/5 2.0/5 

Jan 0.0/5 1.0/5 1.2/4 

Feb 0.0/3 0.0/3 0.0/3 

Mar 0.0/4 0.2/4 0.5/4 

Apr 0.0/3 0.0/3 1.0/3 

May 0.1/9 0.0/8 0.1/8 

Jun 0.0/5 0.4/5 0.4/5 

0.0/18 0.3/15 0.4/24 0.2/23 

0.3/10 0.1/10 0.3/16 0.6/16 

0.2/7 

0.4/9 

0.2/5 

0.8/5 

0.6/5 

0.6/3 

0.0/9 

0.4/7 1.8/10 1.3/10 

0.0/9 2.5/12 0.4/12 

0.0/5 2.5/7 0.1/7 

1.2/5 1.1/9 0.4/8 

0.2/4 0.2/4 

0.1/7 0.1/8 

0.2/5 1.7/7 

2.2/7 

0.5/7 

0.2/4 1.7/10 

0.3/8 1.7/9 

0.0/15 0.0/15 1.8/14 

0.5/7 

1 . 1 / 6  

0 . 2 / 8  

0.6/7 

1 . 0 / 1 0  

0.4/14 

Over-

all X 

0.0/5 0.3/5 0.7/4 0.2/7 0.2/8 1.4/11 0.5/11 
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Deer Use Of Wildlife Bridges 

Bridge 35.701 located in the Granite Wash Mountains 

(Fig. 1) and bridge 106.8 located in the Belmont Mountains 

(Fig. 1) were used more frequently by deer than were other 

bridges (Table 5). Bridge 106.8 was used significantly 

more than all other bridges (X deer/month =1.4) (P < 

0.05) (Table 5). 

Deer Use of Concrete Overchutes 

The concrete overchutes used the most frequently by deer 

were 51.697, 52.653, 53.827, and 49.112 (Table 1). All 

these overchutes were located in the Little Harquahala 

Mountains section of the HRA (X deer/month range = 1.5-

3.8) (Table 4). Concrete overchute 51.697 was used 

significantly more (X deer/month = 3.8) than all other 

concrete overchutes and all wildlife bridges (P < 0.05). 

Overchute 112.2 located in the Belmont Mountains at the 

east end of the mountains was the most frequently used 

overchute (X deer/month =1.0) in this area of the HRA 

(Fig 1). 

Habitat Quality Ratings 

There are 13 wildlife crossings and 10 concrete 

overchutes on the HRA portion of the CAP. None of the 

bridges and only 2 concrete overchutes had good habitat on 

both sides (Fig. 1). Two wildlife bridges had good 
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habitat on the north side and moderate habitat on the 

south side. Two bridges had moderate habitat on the north 

side and poor habitat on the south side. Seven concrete 

overchutes had moderate habitat on both sides of the HRA. 

One bridge had poor habitat on the north side and moderate 

habitat on the south side. Eight bridges and 1 concrete 

overchute had poor habitat on both sides of the canal 

(Fig. 1). 

Predation on Deer at Water Catchments 

Home ranges of the 2 lions varied from 662 km2 (39 

locations) to 1,333 km2 (70 locations) for lions number 1 

and number 2, respectively. Lion number 1 used 4 mountain 

ranges and frequented the Vulture Mountains. A lion kill 

was found 1.7 km from water catchment 571 in the Vulture 

Mountains in January 1990 (Table 6). Lion number 2 used 2 

mountain ranges before the collar failed after 8 months. 

Lion 2 used water catchment 957 in the Harcuvar Mountains. 

Four lion kills were found here, all within 440 m of the 

catchment, between 23 July 1989 and 5 July 1990 (Table 6). 

One of these kills was found within the water catchment 

enclosure (Table 6). Other lion kills were found 

throughout the study area while searching for lion sign 

(e.g., scats and scratches) (Table 6). Three kills 



36 

Table 6. L1on-k1lled desert mule deer found In southwestern Arizona study 

area, July 1989 to February 1991. 

Mountain Proximity to Males Females Unclassified Total 

Range water catchment 

Age 

Harquahala 

Mountai ns 

Harcuvar 

Mountai ns 

Belmont 

Mountai ns 

Big Horn 

Mountains 

Fawn 3.9Km 1 1 

Yearling 5.OKm 1 1 

Yearling 4.OKm 1 1 

3-5 5.1 Km, 4.4Km 2 2 

6-8 4.OKm 1 1 

Unaged 4.3Km, 4.1Km 2 2 

Unaged 4.5Km, 4.OKm 2 2 

3-5 0.0 a  1 1 

6.0mb 1 1 
440m b  1 1 

Over 8 7.6m b  1 1 

Unaged 2.0Km b  1 1 

Unaged 7.OKm 1 1 

2-3 2.7Km 0  1 1 

6-8 3. 0Km° 1 1 

2-3 l.OKm 1 1 
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Table 6. Continued. 

Mountai n 

Range 

Age 

Proximity to 

water catchment 

Hal es Females Unci ass i fied T otal 

Vulture 

Mountai ns 

2-3 1. 7Km 1 1 

Total 3 12 5 20 

a  Located within water catchment 957 enclosure by trough, 

k Kill in proximity to water catchment 957. 

c  Radio-collared deer killed by mountain lion. 
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involved radio-collared desert mule deer and were within 

3.0 km of water catchments (Table 6). 

One-hundred and fifty-nine mountain lion scats were 

collected from 5 mountain ranges throughout southwestern 

Arizona (Oct 1987 to Jun 1990). The remains of fifteen 

vertebrate species were identified in the scats. 

Frequency of occurrence indicated deer were the primary 

food items followed by collared peccary, livestock, 

unidentified small rodents, lagomorphs (Svlvilaaus spp. 

and Lepus spp.) and mountain sheep. Grass and leaf 

remnants were found in 37% of all scats (Table 7). Gila 

monster (Heloderma susoectuml was found in 2 scats, 

chuckwalla (Sauromalus obesus) was found in 1 scat and 

beetles (Chrvsomelidae family.) were found in 3 scats 

(Table 7). Eleven of the 12 scats containing livestock 

hair came from the Vulture Mountains (Table 7). Ten of 

the 11 scats containing mountain sheep were identified 

through bone and hoof fragments as lambs or young sheep 

(Table 7). 
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Table 7. Frequency of occurrence of food items in 159 

mountain lion scats collected in southwestern Arizona, 1987-90. 

% volume 
Prey % Frequency of scat 

Deer 39 36 

Collared peccary 25 21 

Livestock (cattle) 13 10 

Unidentified small rodent 08 06 

Rabbit 08 06 

Mountain sheep 07 07 

Badger (Taxidea taxus) 05 05 

Skunk 04 03 
(Soilogale spp. and Mephitis SPP.) 

Raccoon (Procvon lotor) 02 02 

Porcupine (Erithizon dorsatum) 02 02 

Beetle 02 ta 

Mountain lion 01 

Bobcat (Lynx rufus) 01 

Canid 01 

Gila monster 01 

Chuckwalla t 

Grass or plant remnants were found in 37% of all scats. 

a t = < 1%. 
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DISCUSSION 

The agencies responsible for wildlife associated 

with the HRA could not accept the number of deer drownings 

(54 deer 1977-1985) in the HRA prior to the establishment 

of the mitigations. Although the density of deer in the 

area has not accurately been determined, the AZGF, United 

States Fish and Wildlife Service, and BR decided that very 

aggressive measures should be taken to ensure minimal 

impact to the desert mule deer population from canal 

construction. These mitigations minimized deer mortality 

and will potentially be beneficial to deer and other 

wildlife. 

Deer Use of Water Catchments 

Track Plot Use at Water Catchments 

It was difficult to determine numbers of deer 

frequenting water catchments because tracks of deer were 

obliterated by other wildlife (i.e., quail rLophortvx 

spp.], doves [Zenaida spp. and Zenaidura spp.], coyotes 

[Canis latrans] and vultures rCathartes spp.]). Elder 

(1953) described 5-10 deer as the maximum number of deer 

discernible by tracks on track plots due to behavior of 

some deer when approaching to drink. I was not able to 

determine the number of deer when >2 were present. 
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Cameras may not accurately quantify diurnal use of 

catchments by deer. Hervert (1990) found that analysis of 

film indicated a poor relationship between actual visits 

by deer and the number recorded on film. High numbers of 

deer visiting water catchments complicate interpretation 

of actual deer numbers on the film because individual deer 

are not recognized (Hervert 1990). 

Elder (1953) indicated that deer are very cautious 

when approaching a trough. Deer are easily frightened by 

wind, tree branches, birds, and even the normal movements 

of other deer (Elder 1953). It often takes a deer several 

visits to a trough to actually consume its daily water 

requirement. One deer approaching a trough several times 

(Elder 1953) may therefore, be counted as >1 deer when an 

observer reads tracks on track plots or attempts to 

determine number of deer on film. 

Track plots indicated the highest use for water 

catchments 604, 947, 660 and 602 (Table 1). However, 

other methods indicated higher deer use at different water 

catchments (Table 3). Track plots at water catchments can 

indicate deer use but do not reflect actual deer numbers. 

They are also time consuming. Over 80 hours/week were 

spent driving to and from water catchments to read track 

plots (X = 1.85 hr/visit). 
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Direct Observation 

Observer presence may preclude deer from drinking 

from a water catchment. In the presence of an observer 

deer may be reluctant to approach a water catchment. 

Presence of observers apparently adversely affects deer 

even when the observers are located 680 m away from the 

catchment (Hervert 1990). Changes in wind direction 

during observations can also cause deer to leave the area 

or decrease the time spent drinking. Direct observations 

are also time consuming and labor intensive. 

Deer Water Consumptive Use 

Deer numbers can be estimated by determining 

consumptive water loss at a water catchment during the 

hot-dry season (Hervert 1990). This method accurately 

estimates the number of deer using a water catchment/given 

interval. Water catchments should be monitored during 

late June and early July before the rains. With this 

method deer density estimates in vicinities of water 

catchments are probably conservative, because not all 

males water each night (Hervert and Krausman 1986). 

However, estimates were generally higher with the water 

consumptive use method than with direct observation or 

with track plot estimates. 
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Several studies have estimated water use by desert 

mule deer (Hervert and Krausman 1986, Hazam and Krausman 

1988, Hervert 1990). Hervert and Krausman (1986) 

monitored deer at water catchments during the hot-dry 

season in July, prior to the monsoon season when 

temperatures and watering frequencies of deer at water 

catchments are highest. These estimates are comparable to 

mine (Table 3). 

Water in catchments may be lost when wildlife 

(e.g., collared peccary) immerse themselves in troughs 

during the hot-dry season. The amount of water lost may 

influence water consumptive use values of desert 

mule deer during testing. Barriers placed across the 

troughs would prevent wildlife from immersing themselves 

in the troughs during the hot-dry season and would still 

allow access to wildlife. Water lost from a catchment due 

to wildlife use may need to be considered when determining 

water consumed by deer at a catchment. 

Older Versus New Water Catchment Use 

Deer use of a water catchment appears to be related more 

to the habitat surrounding the water catchment than to the 

age of the catchment. If a water catchment is in good 

habitat, deer use may be higher (X = 16-59 deer/night) 

(Table 3) whereas if it is in moderate to poor habitat 
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deer use may be lower (X = 3-34 deer/night) (Table 

3). 

Deer Use of Wildlife Bridges and Concrete Overchutes 

Track plots were easily read on bridges and 

concrete overchutes due to minimal use by deer. Track 

plots appear to be effective on low density use crossings 

and overchutes. Use of the canal bridges (X deer/month = 

0.0-1.4) (Table 5) and concrete overchutes (X deer/month = 

0.0-3.8) (Table 4) by deer were low. Concrete overchutes 

(Table 4) were used significantly more by deer (P < 0.05) 

than wildlife bridges (Table 5). Camera use indicated 

deer did not cross concrete overchutes during diurnal 

hours. I believe this was due to human activity in these 

areas (e.g., agricultural areas). I hypothesized deer 

would use crossings and overchutes in proximity to water 

catchments more frequently than crossings and overchutes 

not near water. The more frequently used bridges 

(wildlife bridges 106.800 and 35.701) and the most 

frequently used overchute (51.697) are near water 

catchments and also near food and water available in the 

agriculture areas south of the HRA. 

Deer Use Of Wildlife Bridges 

Only 1 bridge (wildlife bridge 106.8 located in the 

Belmont Mountains near Hot Rock Mountain) was used 
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significantly more (X  deer/month =1.4) (P < 0.05) 

than all other bridges. This bridge provides access to 

water catchment 947 located 3.5 km north of the CAP and 

water catchment 602 located 1.0 km to the south of the 

CAP. This is the only water catchment established south 

of the canal in this study area. Many drainages in the 

area provide good travel lanes for deer. The crossing 

also provides deer access to agricultural fields 6.0 km 

south of the HRA near Tonopah. Approximately 60 deer have 

been radio-collared in the study area but they rarely 

enter these fields (P. R. Krausman, unpubl. data). 

However, monitoring activities usually occurred diurnally 

and deer may cross into agriculture fields at night. 

Only 1 other bridge was used more than others by deer 

(X deer/month = 1.0) (Table 5). Wildlife bridge 35.701 is 

located in the Granite Wash Mountains section of the HRA. 

Habitat quality in this area is poor to moderate (Fig. 1). 

Deer probably cross the HRA to gain needed resources on 

both sides of the HRA. Agricultural fields are found 5.0 

km west of the HRA and may provide deer with some habitat 

component not available east of the HRA. 

Deer Use Of Concrete Overchutes 

Overchute 51.697 was used significantly more (P < 

0.05) than other concrete overchutes (X deer/month = 3.8) 
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(Table 4). This overchute is located on the west end of 

the Little Harquahala Mountains and provides access to 

food and water (irrigated cotton fields) 3.0 km west of 

the canal. The deer feed in the cotton and nearby hay 

bales, and drink from irrigation ditches. Observations of 

deer tracks indicated frequent use of these irrigation 

ditches by deer. Only a small portion of the deer 

population use the agriculture fields on a regular basis. 

Local ranchers complained of pulling out 7 to 9 fawns that 

had drowned in the irrigation ditches each summer yet no 

carcasses were collected to verify this information. A 

water catchment placed in the vicinity of the Little 

Harquahala Mountains, north of the HRA, near concrete 

overchute 51.697 (Fig. 1) may eliminate some of the deer 

crossings here. 

Concrete overchute 112.2 located in the Belmont 

Mountains (Fig. 1) was more frequently used than other 

overchutes in this area (X deer/month = 1.0) (Table 4). 

This overchute provides deer access to water catchment 

601, 2.5 km north of the overchute and to major drainages 

that may provide good forage. This is the only area along 

the HRA in which habitat quality is good on both sides of 

the canal. The agriculture fields near Tonopah are 6.0 km 

south of the HRA at this catchment. 
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Habitat Quality Ratings 

Deer remained north of the canal and seldom 

crossed, except when bridges or overchutes were in 

proximity to water catchments and agriculture areas. 

Large amounts of water are essential to milk production 

for young (Schmidt-Nielsen 1964) and females are more 

likely to use agriculture areas during the fawning period 

when it is probably more difficult to meet their 

nutritional requirements in the desert. 

Predation on Deer at Water Catchments 

The effects of predation on deer around established 

mitigations is seldom studied. Canal systems may cross 

present and potential habitat for mountain lions and other 

predators and can reduce the number of prey available to 

them (Hornocker and Quigley 1987). Whether the HRA 

effects mountain lion use of present or potential habitat 

is unknown. 

Hornocker and Quigley (1987) stated the number of 

prey available, topography, cover, and other factors 

determine the home range of a mountain lion. Lions range 

over large areas of land, and because the HRA covers a 

large tract of land, any interactions with lions along the 

HRA were monitored. Mountain lion tracks were found only 
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once near the HRA fence between the Big Horn and Belmont 

mountain ranges (Fig. 1). 

Shaw et al. (1988) stated that the Harquahala 

mountains, in Arizona, contained the highest density of 

lions proximal to the low southwestern desert habitats in 

Arizona. Shaw et al. (1988) stated that the Harquahala 

and Harcuvar mountains should be of special interest to 

biologists for determining water requirements of lions, 

and impacts of water catchments on vulnerability of prey 

to lions. Mountain lions used and made kills near water 

catchments (Table 6). Large desert carnivores probably 

depend on access to drinking water, at least during the 

warmer part of the year (Schmidt-Nielsen 1964). Lion 

kills were found by wildlife managers in the Vulture and 

Belmont mountains near several water catchments from 1983 

to 1988 (n = 11 kills). While systematically searching 

water catchment areas and the various mountain ranges for 

lion sign, University of Arizona students and Wildlife 

Managers found 17 kills within 5.0 km of water catchments 

from July 1989 to February 1991 (Table 6). My data would 

indicate that water catchments with the following 

characteristics may make deer more susceptible to lion 

predation: 1. Thick brush around the catchment (e.g., 

water catchment 957) (Table 6) and 2. Ridge tops in 
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vicinity of catchments (e.g., water catchment 603 and 957) 

(Table 6). Shrub live oak (Ouercus turbinella^ surround 

the trough of water catchment 957 in the Harcuvar 

Mountains, possibly making deer more susceptible to 

predation (n = 5 kills) (Table 6). Thick vegetation 

around a trough may provide better cover for lions to 

approach their prey. Ridge tops in vicinity of catchment 

areas may allow large predators to view water catchment 

areas in search of prey (n = 13 kills) (Fig. 1). 

Mountain lion scat analysis for the southwestern 

desert indicated that deer and collared peccaries are the 

major components of the diet (Table 7). Ninety percent of 

the mountain sheep remains in scats were lambs or young 

sheep. Desert tortoises (Gopherus agassizii) may also be 

a component of the diet for mountain lions in the desert 

regions. Two tortoise shells were found with canine holes 

in the shell, in the Vulture Mountains. One of the 

tortoise shells was surrounded by numerous lion scratches. 

A scat (mountain lion or bobcat) was collected in the 

Vulture Mountains containing 2 tortoise feet. 
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CONCLUSIONS 

Deer used all water catchments established in 

proximity to the HRA. Deer used concrete overchutes 

51.697, 52.653, and 53.827 east of the Little Harquahala 

pumping plant more than they did other areas (Table 4). 

Agriculture and water south of the HRA were probably 

attractive to deer. The construction of a water catchment 

at the base of the Little Harquahala Mountains near these 

concrete overchutes, north of the HRA (Fig. 1) may reduce 

deer crossings to the south side of the canal. 

The use of track plots at water catchments is 

adequate to determine deer use but not to quantify 

numbers. To determine the number of deer at water 

catchments the amount of water consumed should be 

monitored prior to the monsoon season, during late June 

to July. 

Crossing use was minimal. Concrete overchutes are 

used more frequently by deer than bridges (Tables 4, 5). 

Bridge use was very low and for future construction of 

canals, concrete overchutes should be designed as deer 

crossings and bridges could be eliminated. 

More data needs to be collected on predation of 

deer by mountain lions around water catchments to 
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determine the effect on deer. I could not determine if 

more deer were killed near catchments than in other areas. 
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