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I evaluated water use by female Coues white-tailed deer 

(Odocoileus virainianus couesi) and calculated their diurnal 

ranges relative to available water in southeastern Arizona 

during hot-dry and hot-wet summer seasons. Developed water 

sources were scarce in 1988 and abundant during 1989. Free

standing water was not the only determinant of diurnal 

seasonal ranges. Not all diurnal seasonal ranges contained 

permanent water, but a water source density of l/km2 was 

sufficient during the 1989 hot-dry season and ephemeral 

water was common in hot-wet seasons. Deer visited developed 

water sources regularly during hot-dry seasons and 

infrequently 14 days after the summer rains began. Large 

amounts of preformed water were available in hot-wet season 

diets, but permanent or ephemeral water was necessary to 

meet total water requirements. Visits of cattle to troughs 

did not preclude deer use because of different activity 

patterns between the 2 species. Wildlife managers should 

provide free-standing water in Coues white-tailed deer 

ranges during hot-dry seasons and in the early part of hot-

wet seasons. If winter precipitation is substantially below 

normal, av.ailable free-standing water in summer is 

especially critical. 
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White-tailed deer inhabit mesic-hydric environments 

from southern Canada to the equator. Coues white-tailed 

deer exist on the periphery of the species' range in the 

arid southwest. A species at the edge of its distribution 

is often subjected to the harshest environment that can be 

tolerated. Beasom and Wiggers (1984) found that 

productivity of white-tailed deer was lower in the southwest 

than in other parts of its North American range. Without an 

adequate water supply during periods of high temperature, 

deer will minimize heat loads by reducing activity, 

appetite, and metabolism? factors that will ultimately lead 

to declines in herd productivity (Lautier et al. 1988). 

Henry and Sowls (1980) stated that water had the 

greatest influence on distribution in a small and isolated 

population of white-tailed deer in the Arizona desert. 

Water availability probably influences home ranges of white-

tailed deer in these xeric areas. Free-standing water is 

scarce throughout much of this subspecies1 range during 

certain seasons each year, and droughts (when there is <75% 

of the normal precipitation) occur every 4 or 5 years in 

Arizona deer ranges (Hanson and McCulloch 1955). 
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Water is essential for mammalian survival and it serves 

many physiological functions (Schmidt-Nielsen 1964, Robbins 

1983). Most studies of ruminant adaptations for survival in 

arid environments describe arid-adapted species in the dry 

tropics (Taylor 1969, Macfarlane et al. 1961, Macfarlane and 

Howard 1970). Little is known about heat stress in 

temperate ruminants, although Holter et al. (1975) described 

temperature effects on white-tailed deer physiology. The 

effects of water in temperate ruminant physiology is 

reasonably well understood, however, and is similar among 

species (Knox et al. 1969, Longhurst et al. 1970, Wesley et 

al. 1970). 

Water troughs and earthen stock tanks have been 

constructed in white-tailed deer habitats in southeastern 

Arizona at an average rate of 1/year (U.S. For. Serv. 1988), 

yet information on white-tailed deer use of water 

developments is not available. The U.S. Forest Service and 

private livestock operations cooperate in the construction 

of most water structures with the primary goal of 

distributing livestock evenly over the range. 

Past research on Coues white-tailed deer includes 

studies of seasonal movements (Welch 1960), forage 

relationships (Day 1964), effects of cattle grazing on 

habitat use (Brown, M. 1984) and recruitment (Smith 1984), 
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effects of drought on recruitment (Brown, D. 1984, Smith 

1984), and other ecological aspects (Anthony and Smith 1977, 

Barsch 1977). Hervert and Krausman (1986) and Hazam and 

Krausman (1988) investigated the use of water by desert mule 

deer (O^ hemionus crooki) in Arizona. Michael (1968) 

described the daily and seasonal drinking habits of Texas 

white-tailed deer (O^. v^. texanus) in the 1 field study that 

addressed specifically water use by white-tailed deer. 

Water is available to animals in 3 forms: free-standing 

water, preformed water contained in food, and metabolic 

water formed by oxidative metabolism (Schmidt-Nielsen 1964, 

Macfarlane and Howard 1970, Robbins 1983). I investigated 

white-tailed deer use of free-standing and preformed water 

only. My objectives were to: (1) examine the influence of 

available water sources on diurnal seasonal ranges and deer 

movements, (2) describe deer visits to water and test for 

seasonal differences, and (3) describe weekly changes in 

forage moisture contents and estimate the amount of 

preformed water available to feeding deer. 
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The 20 km2 study area was located in the Coronado 

National Forest, Santa Rita Mountain foothills, 8 km north 

of Patagonia, Arizona (Fig 1). Elevations averaged 1,500 m 

and the vegetative community was defined as the Madrean 

Evergreen Woodland (Brown et al. 1979). The study area was 

bisected by long parallel ridges, each containing several 

steep side ridges in a "herring-bone" pattern. Annual 

precipitation averaged 53.4 + 9.5 cm with peaks in late 

summer and winter. The period between April and July was 

dry (3.7 cm of rainfall) (U.S. Dep. Comm. 1981-89). 

Ephemeral water was present in drainages and secondary road 

depressions during the hot-wet season. Slimmer high 

temperatures at Canelo, Arizona (1,528 m elevation; 13 km 

northeast of Patagonia) ranged from 21 C in May to 39 C in 

July (U.S. Dep. Comm. 1988-89). 

Cattle grazed the area for <5 months each year. The 

cattle were then removed and the pasture was "rested" for 

the remainder of the year. Artificial water sources (1/km2) 

serviced the livestock operation (Fig. 2). Water was 

available on the study area in earthen stock tanks and steel 

stock troughs. Troughs were situated along ridge tops and 

tanks were located in canyon bottoms. Gravity flow from 



14 

large storage structures maintained water levels of troughs. 

Precipitation runoff filled tanks and many did not hold 

water throughout the hot-dry season, a common problem in 

Arizona deer ranges (Swank 1958). Water levels of troughs 

were maintained at near capacity while cattle were on the 

pasture. Troughs did not contain water when the pasture was 

rested. Temporal wash, in the western portion of the study 

area, provided the only source of "natural" water, where 

pools remained until mid-June (Fig. 2). 



15 

40 Ian 
TO US 1-10 

. J 
Sonoita 

2 km i 
USFS > 
RT.72 // 

Patagonia 

•TUCSON 

28 km 
TONOGALES 

Figure 1. Location of the southeastern Arizona study 
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A May-August study period in 1988 and 1989 spanned hot-

dry and hot-wet seasons. The hot-dry season extended from 

May to the beginning of the hot-wet season. The hot-wet 

season was distinct and was influenced by monsoon winds that 

carried moist air into Arizona. The hot-wet season 

continued from the beginning of the summer rains until late 

August. The summer rains began on 7 July 1988 and 8 July 

1989. 

The study area was rested during the 1988 study period 

and water from developed sources was scarce (Table 1). All 

troughs were dry and I exclosed Temporal Basin tank on 31 

May to restrict available water further. Only 3 tanks, all 

located on the study area periphery, provided free-standing 

water throughout the 1988 hot-dry season (Table 2). Cattle 

grazed the study area during the 1989 hot-dry season. The 

rancher removed most of the cattle on 29 June, but <15 

remained throughout the study period. Because of cattle 

presence, most of the developed water sources in the central 

portion of the study area contained water in 1989. 
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Table 1. Generalized water availability in the southeastern 
Arizona study area during 1988 and 1989 hot-dry and hot-wet 
seasons. 

Year 
Season 1988 1989 

Hot-dry No water Water 

Hot-weta No water Water 

aTanks began to hold water in mid-July of both years. 
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Table 2. Water availability1 in individual developed sources 
in the southeastern Arizona study area during 1988 and 1989 
hot-dry and hot-wet seasons. 

Year 

1988 1989 

Season 

Water Source Hot-drv Hot-wet Hot-drv Hot-wet 

Troughs 
2 1 1,2 3,4 
3 1 1,2 3,4 
4 1,2 3,4 
5 1,2 3,4 
6 1,2 3,4 
7 1,2 3,4 
8 1,2 3,4 
9 1,2 3,4 
10 2 
12 2 3,4 2 3,4 
13 2 3,4 2 3,4 
14 2 3,4 2 3,4 

Tanks 
Coon 1 , 2  3,4 1 , 2  3,4 
Temporal Basin 1  4 2  3,4 
Temporal Pothole 1,2 3,4 1 , 2  3,4 
Gringo 1,2 3,4 1 , 2  3,4 
Stevens 4 4 
Smith 4 4 
LCBC 4 

1 Water availability 1=1 May-2 Jun, 2=3 Jun-7 Jul, 
3=8 Jul-4 Aug, 4=5 Aug-3l Aug. 
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Diurnal Seasonal Ranges and Movements 

Arizona Game and Fish Department personnel captured 

deer from a helicopter with a net-gun (deVos et al. 1984). 

They captured 4 of the 1988 study animals in February 1987 

and 2 in February 1988. Predators killed 2 study animals 

during summer 1988 and 3 additional females were captured 

and radio-collared in February 1989. 

I ground-located 6 adult female deer in 1988 and 7 in 

1989 in an independent, non-random manner between 0500-2000 

hours. Because I located deer during daytime only and 

because deer are active at night (Hervert and Krausman 1986, 

Hazam and Krausman 1988), I calculated diurnal seasonal 

ranges. "Diurnal range" refers to the areas occupied during 

daytime, and is otherwise similar to the concept of "home 

range" proposed by Burt (1943). 

I located individual deer an average of 4.8 times/week 

with a TR-1 receiver (Telonics Inc., Mesa, Ariz.) and 

directional "H" antenna. I visually verified 54% of 

locations. The remainder I estimate were <100 m of the 

plotted location based on my observations of previously 

hidden radio-collared deer. I plotted deer relocations in 

the field on 7.5 minute topographic maps and later recorded 

the Universal Transverse Mercator coordinates of the 

position to the nearest 0.01 ha. At each location, I 
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recorded ambient temperature, wind direction and speed, and 

cloud cover. I also noted the type of habitat, landform, 

and aspect at location points. 

I used my knowledge of previous locations and scanned 

each deer's radio-frequency several times/day, exclusive of 

regular location gathering, in an attempt to locate deer 

when they were outside of their usual activity area. When a 

deer was found in a new area, I relocated it at short 

intervals (<12 hours) to chart its movements. 

X recorded all distances as straight-line. The study 

area's broken topography would increase most distance 

estimates by >2 times. Separating successive relocations of 

the same deer by >6 hours assured independence of 

observations. A deer could traverse its diurnal range in <6 

hours. 

Applying the minimum convex polygon method of Hayne 

(1949), I estimated diurnal range boundaries. I calculated 

diurnal range sizes with the program McPAAL (Stuwe and 

Blohowiak 1985). The increase in diurnal range area reached 

an asymptote after an average of 29 locations and I recorded 

an average of 8 subsequent locations without any further 

size increase. Therefore, the number of locations recorded 

for each diurnal seasonal range (x=38, range=17-45) was 

sufficient to define diurnal ranges adequately. A mortality 
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during mid-season was responsible for the few locations on 

the low end of the range. 

Radio-collared deer may have left their diurnal 

seasonal ranges because of occasional disturbances by ranch 

workers or other human activity. I therefore defined 

outliers as extreme locations, >1 km from the next nearest 

location. I did not include outliers in the calculation of 

diurnal seasonal ranges, although these points may be 

included in annual home ranges. 

I examined size differences of diurnal seasonal ranges 

with paired sample t-tests. I further classified locations 

by early and late hot-dry and hot-wet seasons and tested 

(Wilcoxon Signed Rank) for changes in diurnal range area as 

conditions became drier or wetter. The increase in split-

season range area did not reach an asymptote because of a 

reduced number of locations. I therefore, included an equal 

number of locations in each split-season diurnal range and 

compared changes in area. I also recorded the number of 

developed sources containing water within diurnal seasonal 

ranges. 
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Visits to Developed Water Sources by Radio-co11ared Deer -

SRCRs 

I monitored visits of radio-collared deer to developed 

water sources with 2 scanner-receivers and chart-recorders 

(SRCRs) (Telonics Inc., Mesa, Ariz.)* which scanned 

programmed frequencies and recorded visits on chart paper 

when a telemetered deer was <40 m from a monitored water 

source. Scanner-receivers and chart-recorders operated 

continuously during hot-dry and hot-wet seasons. After >12 

days elapsed without a deer visit in the hot-wet season, I 

removed SRCRs. At the beginning of each study period, I 

used existing diurnal range data to determine SRCR 

placement. I monitored the 1 or 2 developed water sources 

used exclusively by individual deer. I recorded visits to 

water by deer numbers 11, 13, and 25 in 1988 and numbers 13, 

37, and 38 in 1989 and calculated the duration of visits and 

the time interval between revisits. 

I monitored Coon, Gringo, and Temporal Pothole tanks in 

1988 for 31, 68, and 38 days, respectively. Because no 

visits were recorded at Coon tank, I moved this SRCR to 

Temporal Pothole. 

Because the availability of water changed, I monitored 

different water sources in 1989. I initially monitored 

troughs 2 and 5, but because no visits were recorded at 
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trough 2 after 41 days, I moved the SRCR to Gringo tank. I 

monitored trough 5 and Gingo tank for 90 and 50 days, 

respectively. 

Forage Moisture Content 

Weekly, I collected forage plants from a plot 

representative of the study area. I sampled foliage from a 

variable number of forb species depending on availability 

and 3 half-shrub, 3 shrub, and 4 tree species (Table 3). 

Each sample of tree species and manzanita contained >100 g 

of foliage and new growth. I collected <100 g of forbs, 

half-shrubs, and Mimosa spp. because 100 g samples were 

difficult to find. Weekly collecting periods were between 

0730-1200 and I sampled the same species at the same time 

each week. Because Alderman et al. (1989) maintained that 

desert bighorn sheep (Ovis canadensis mexicana) could obtain 

the same amount of moisture from their forage at any given 

time of day, my sampling period probably provided an 

adequate measure of forage moisture. Before transport to 

the field station, I placed samples directly into air-tight 

plastic bags to retain plant moisture. I recorded fresh 

weights to the nearest 0.1 g, then oven-dried samples at 

38 C for 48 hours and used the change in weight to calculate 

percent moisture. To evaluate sampling consistency and the 

determination of moisture contents, I collected multiple 
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Table 3. Forage plants collected on the southeastern Arizona 
study area during hot-dry and hot-wet seasons in 1988 and 
1989. 

FORBS 

Amaranthus palmeri 
Amoreuxia palmatifida 
Arqemone spp. 
Astragalus spp. 
Baileya multiradiata 
Chenopodium spp. 
Evolvulus spp. 
Kallstroemia grandifli 

Verbena spp. 

HALF-SHRUBS 

Calliandra eriophvlla 
Eriocronum fasiculatum 
Krameria spp. 

Careless-weed 
Arizona yellow show 
Prickle-poppy 
Milk vetch 
Desert marigold 
Lamb•s-quarters 
Arizona blue-eye 
Summer poppy 
Deer vetch 
Lupine 
Beard tongue 
Plantain 
Flameflower 
Vervain 

Fairy duster 
Wild buckwheat 
Ratany 

Lotus spp. 
Lupinus spp. 
Penstemon spp. 
Plantaao spp. 
Talinum paniculatum 

SHRUBS 

Arctostaphv1os spp. 
Mimosa biuncifera 
M. dvsocarpa 

Manzanita 
Wait-a-minute bush 
Velvet-pod mimosa 

TREES 

Juniperus deppeana 
Prosopis velutina 
Ouercus emorvi 
0. oblonaifolia 

Alligator juniper 
Mesquite 
Emory oak 
Mexican blue oak 
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samples of tree and shrub foliage in 1989. 

I calculated mean moisture contents by plant types in 2 

week intervals and plotted the results. I compared moisture 

contents of plant types within seasons and between years by 

t-test. I identified differences in moisture contents of 

plant types between seasons and between years with analysis 

of variance (ANOVA) and Duncan's multiple range test. 

During hot-dry and hot-wet seasons, I collected 5 fecal 

pellets from 10 fresh pellet groups. I composited these 

pellets into 1 seasonal sample. A private contractor (M. J. 

Murphy) analyzed feces with standard techniques (Dusi 1949, 

Sparks and Malechek 1968) and listed seasonal diet 

components by percent occurrence. 

Live weights of adult female deer in the study area 

averaged 32 kg in hot-dry seasons (Smith 1984). I based 

preformed water quantities (L) of seasonal diets on a dry 

matter intake (DMI) of 0.7 kg/day estimated by Nichol (1938) 

for Coues white-tailed deer and Rocky Mountain mule deer (O. 

h. hemionus) eating native forages. This amount of forage 

was adequate for maintenance and growth, while 0.8 kg was 

necessary for maintenance of pregnant females. McEwen et 

al. (1957) estimated DMI for a male white-tailed deer in 

Pennsylvania weighing 73 kg to range from 2-3 kg/day. This 

equates to 0.9-1.4 kg/day for a 32 kg deer. 
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Deer and Cattle Visits to Troughs 

Between 4 June-5 August 1989, I observed deer and 

cattle visits to troughs during daylight to determine if the 

presence of cattle at troughs prevented deer from drinking 

water or altered their water use patterns. I observed deer 

and cattle visits during the hot-dry season and continued to 

monitor deer visits in the hot-wet season after most cattle 

were removed. With a spotting scope, I viewed 5 troughs 

from a centrally located observation post. A sixth trough 

contained water for 10 days and also was observed. 

Observation periods lasted 4 hours and began at 0400 (or 

first light), 0800, 1200, or 1600. Low light levels often 

limited dawn and dusk observation periods to <4 hours. I 

randomly selected observation periods and viewed each trough 

for >30 seconds every 5 minutes and recorded deer and cattle 

presence. 

To compare water use patterns of the 2 species, I 

plotted deer and cattle visits by hour of day. I tested for 

differences in the number of deer visits/observation period 

between seasons with Wilcoxon Signed-Ranks. 
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Diurnal Seasonal Ranges and Movements 

I recorded 367 relocations of radio-collared deer in 

1988 and 566 relocations in 1989. To compute diurnal 

seasonal ranges I discarded 5 outliers. I estimated 25 

diurnal seasonal ranges, varying in size from 0.38-2.01 km2 

(Table 4). Diurnal ranges were largest during the 1988 hot-

dry season and smallest during the 1989 hot-wet season 

(P = 0.04). Diurnal ranges in the 1989 hot-dry season were 

larger than those in the 1988 hot-wet season (P = 0.05) in 

the only other significant comparison. Hot-dry season 

diurnal ranges were similar in size between years 

(P = 0.25), but the similarity during hot-wet seasons 

(P = 0.11) was less. Diurnal ranges in hot-dry seasons were 

larger than those in hot-wet seasons within years, but not 

at a significant level (P = 0.19, 0.21) for 1988 and 1989, 

respectively. 

During 1988, diurnal ranges increased in size from the 

early hot-dry season (0.68 km2) (Period 1) through the early 

hot-wet season (0.73 km2) (Period 3) and decreased in size 

during the late hot-wet season (0.33 km2) (Period 4). None 

of these size differences were significant. Diurnal ranges 

in the late hot-dry season (0.74 km2) (Period 2) were larger 

than Period 1 diurnal ranges (0.51 km2) (P = 0.14) in 1989. 
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Table 4. Minimum convex polygon home ranges (km2) of Coues 
white-tailed deer in southeastern Arizona during hot-dry and 
hot-wet seasons. 

Year 

1988 1989 

Season 

Hot-drv Hot-wet Hot-drv Hot-wet 

Deer No. na Area n Area n Area n Area 
11 31 0.83 26 0.38 40 0.72 35 0.50 
13 32 0.78 34 0.60 43 1.00 41 0.44 
14K 36 0.93 35 0.70 41 0.71 40 0.47 
17 39 1.37 17 1.94 — — 

24 39 1.68 42 0.70 45 1.46 36 0.39 
25° 32 1.30 — — — 

36 42 0.47 39 1.72 
37 42 1.12 39 0.92 
38 41 2.01 40 1.33 

3T 1.15 0.87 1.07 0.82 
SD 0.36 0.62 0.52 0.52 

a number of relocations 
b killed by >1 coyote 23 July 1988 
0 killed by mountain lion 8 July 1988 
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Diurnal ranges during Period 4 were smaller (0.30 km2) 

(P = 0.04) than those of Period 3 (0.50 km2) in 1989. 

Only 1 of 6 diurnal ranges that I calculated contained 

a water source during the 1988 hot-dry season and that water 

source was on the diurnal range boundary of deer number 13 

(Fig. 3). The SRCR at Temporal Pothole recorded deer 

numbers 11 and 25 regularly, but I never observed them 

closer than 550 and 120 m, respectively (Fig. 4). The next 

closest observations were at 740 and 540 m, respectively. 

The closest that I recorded deer number 14 coming to a water 

source was 790 m on 19 June, after trough 14 contained water 

(Fig. 3). I never observed her outside of her usual 

activity area, but she traveled toward water 1 evening 

during 48 hours of continuous monitoring. Deer number 24 

traveled toward Temporal Pothole 8 times between 14 June and 

3 July, but the SRCR never recorded a visit (Fig. 5). Deer 

number 17 expanded her diurnal seasonal range toward the 

southeast in late June (Fig. 6) and I believe she was 

travelling to a leaking water storage tank >3 km from her 

original activity area. I saw deer number 17 at Temporal 

Pothole twice during the 1988 hot-wet season. 

Because of the increased water availability in 1989, 6 

of 7 diurnal ranges contained >1 water source during the 

hot-dry season. Deer number 24 again journeyed >1 km west 
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Figure 3. Diurnal ranges of deer numbers 13 and 14 during 
1988 hot-dry and hot-wet seasons and their relationship to 
developed water sources. The amount of shading within 
symbols represents water availability, (for example, 
trough 14 was filled in mid-June and water remained 
through late August). 
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Figure 4. Diurnal ranges of deer numbers 11 and 25 during 
1988 hot-dry and hot-wet seasons and their relationship to 
developed water sources. The amount of shading within 
symbols represents water availability, (for example, 
Temporal Basin conatained water in May and August). 
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Figure 5. Diurnal ranges of deer number 24 during 1988 and 
1989 hot-dry and hot-wet seasons and their relationship to 
developed water sources. The amount of shading within 
symbols represents water availability, (for example, 
trough 14 was filled in mid-June and water remained 
through late August). 
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Figure 6. Diurnal ranges of deer number 17 during 1988 hot-
dry and hot-wet seasons and their relationship to developed 
water sources. The amount of shading within symbols 
represents water availability, (for example, trough 14 was 
filled in mid-June and water remained through late August). 
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of her activity area 6 times between 16 June and 2 July 

(Fig. 5). Only the diurnal range of deer number 36 

contained a water source during the 1989 hot-wet season 

(Fig. 7), although >1 developed water sources were <400 m of 

all diurnal ranges in the 1989 hot-wet season. Deer number 

36 moved 2.3 km west of her activity area in mid-August. 

She remained in the new area for 3 weeks before returning 

with a newborn fawn to her original activity area. 

I located deer on landforms in proportion to their 

occurrence (G = 4.1, 2.2, 2 df, 2 df, P = 0.13, P = 0.33) in 

1988 hot-dry and hot-wet seasons, respectively. Deer used 

ridge tops < expected (G = 9.2, 2 df, P = 0.01) and canyon 

bottoms > expected (G = 36.0, 2 df, P < 0.001) during 1989 

hot-dry and hot-wet seasons, respectively. 

Visits to Developed Water Sources bv Radio-collared Deer -

SRCRs 

Loss of data because of SRCR mechanical problems 

averaged 16% for Gringo and Temporal Pothole tanks in 1988. 

(Appendix A: Table A-l). Adding an additional battery to 

the battery rotation in 1989 reduced the number of power 

failures, but a malfunctioning chart-recorder incapacitated 

1 SRCR for 3 weeks in 1989. Loss of data because of 

mechanical difficulties in 1989 equalled 5, 8, and 31% for 
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Figure 7. Diurnal ranges of deer number 36 during 1989 hot-
dry and hot-wet seasons and their relationship to developed 
water sources. The amount of shading within symbols 
represents water availability, (for example, trough 14 was 
filled in mid-June and water remained through late August). 
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Gringo tank and troughs 5 and 2, respectively. (Appendix A: 

Table A-2). 

The SRCRs recorded 114 visits of radio-collared deer to 

water sources. (Appendix A: Tables A-3 and A-4). Seventy-

five percent of the visits occurred during hot-dry seasons 

and 25% during hot-wet seasons. The period of greatest 

visitation was between 1430-2330 (Fig. 8). Deer visited 

water sources at all times of day except 0930-1030 and 1230-

1330. During hot-dry seasons, 36% of visits were during 

daylight and 64% during darkness. Nighttime visits were > 

expected (X2 = 24.0, 1 df, P < 0.001) in hot-dry seasons. 

Hot-wet season visits were closer to the expected regarding 

light levels (daylight = 68%, darkness = 32%) (X2 = 2.7, 

1 df, P = 0.10). 

The mean time interval between revisits to water 

sources was 33 ± 2.7 (SE) hours (Fig. 9). The 2 largest 

time intervals, 125 (deer 13) and 168 hours (deer 38), were 

during the 1989 hot-wet season. The SRCRs recorded 

intervals of 77 (deer 13) and 110 hours (deer 11) in the 

1988 hot-dry season. There was no difference in time 

interval between seasons (hot-dry = 43.7 hours, hot-wet = 

46.9 hours) (P = 0.60), and although SRCRs operated during 

hot-wet seasons, they did not record visits after 11 and 20 

days post-rain in 1988 and 1989, respectively. Time 
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Figure 8. Visits of radio-collared Coues white-tailed deer 
to developed water sources between May-August 1988 and 1989 
by hour (n = 114). 
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Figure 9. Time interval between revisits of radio-collared 
Coues white-tailed deer to developed water sources between 
May-August 1988 and 1989 (n = 88). 
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intervals in 1988 (49.5 hours) were longer than in 1989 

(40.9 hours) (P = 0.12). The 1989 hot-wet season had the 

longest and most variable intervals between revisits (44 + 

9.2 (SE) hours). The time interval during the 1989 hot-wet 

season was longer than the 1989 hot-dry season (P = 0.05) 

and 1988 hot-wet season (P = 0.12). The time interval 

during the 1988 hot-dry season (36.5 hours) was longer than 

the 1989 hot-dry season (24.0 hours) (P = 0.004) and 1988 

hot-wet season (20.2 hours) (P = 0.12). 

Deer were cautious when approaching and leaving water 

sources and they stayed near water for an average of 3 6 

minutes each visit. I saw radio-collared deer at water 

sources 3 times in 1988 and 5 times in 1989 during my 

regular radio-telemetry work. The duration of visits to 

water sources was greatest during the 1988 hot-dry season 

(54 min.) and least during the 1989 hot-wet season (18 min.) 

(P < 0.001). Visits during hot-dry seasons (43 min.) were 

longer (P = 0.001) than during hot-wet seasons (23 min.). 

The duration of visits during daylight (34 min.) and 

darkness (41 min.) were not different (P = 0.29). Deer 

stayed at tanks (40 min.) longer than troughs (33 min.) 

(P = 0.13). 
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Forage Moisture Content 

I collected an average of 7.2 forb species/week 

(range = 4-11) in the 1988 hot-dry season and 1.8 forbs/week 

(range = 1-3) in the 1989 hot-dry season. (Appendix A: 

Tables A-5 and A-6). I did not include forbs from the 1989 

hot-dry season in any analyses because of the few species 

represented. This was essentially a weekly reading of 

moisture in prickle-poppy (Araemone spp.) inflorescences. 

Moisture contents declined through hot-dry seasons, 

then increased in early July after the summer rains began. 

Mean moisture contents of all plant types were >36% each 

week. In all seasons, forbs had the highest moisture 

contents followed by half-shrubs (Table 5). Tree foliage 

contained more moisture than shrubs in hot-dry seasons, but 

shrubs had higher moisture contents in hot-wet seasons. 

There was no difference in half-shrub moisture contents 

between years (P = 0.27), but shrubs (P = 0.10) and trees 

(P = 0.001) had greater moisture contents in 1988 than 1989. 

Shrub moisture contents were similar within seasons 

(P < 0.05) (Table 5). Half-shrubs contained the lowest 

moisture content during the 1989 hot-dry season, but half-

shrub moisture content was similar between all other seasons 

(P < 0.05). The moisture content of tree foliage was 

similar (P < 0.05) between all seasons except the 1988 hot-



Table 5. Mean moisture contents (%) by plant type in southeastern Arizona during hot-
drv and hot-wet seasons in 1988 and 1989. 

Moisture contentsa 

1988 1989 

Hot-dry Hot-wet Hot-dry Hot-wet 

Plant tvoe X SE n X SE n X SE n X SE n 

Forbs 54.5a 2.3 65 70.8b 3.2 35 58.1a 5.8 15 72.4b 2.0 19 

Half-shrubs 51.3ac 1.7 23 56.4acd2.5 9 44.9b 1.6 22 56.4ad 1.7 20 

Shrubs 43.9a 1.1 23 52.8b 2.0 15 40.2a 1.3 24 48.5b 2.4 21 

Trees 50.5a 1.1 38 47.8ab 2.2 20 44.7b 0.7 32 46.4b 0.9 28 

aMeans with different letters differ (P < 0.05, Duncan's multiple range test) 
within plant type. 

to 
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dry season. Moisture contents of forbs, half-shrubs, and 

shrubs were greater during hot-wet than hot-dry seasons 

(P = 0.001). Tree moisture contents showed no seasonal 

differences (P = 0.50). 

Seasonal diets contained 8-13 plant species, and only 

3-5 species comprised >5% of a seasonal diet. (Appendix A: 

Tables A-7 and A-8). Ratany (Krameria spp.) comprised the 

largest proportion (47%) of seasonal diets. The lowest 

moisture contents recorded for ratany were 41 and 32% before 

the summer rains in 1988 and 1989, respectively. After 

matching plant collections to the results of fecal analyses, 

I accounted for 62-80% of seasonal diet components. Plants 

representing a diet from the 1989 hot-dry season provided 

the least water (40.3% moisture), whereas diets from all 

other seasons contained between 53.4-58.8% moisture. The 

various DMI estimates provided a range of preformed water 

quantities (Table 6). 

Deer and Cattle Visits to Troughs 

I observed 68 visits of deer to troughs during 72 

trough monitoring periods. Of these visits, 55 were to the 

5 troughs observed throughout the 1989 study period. Deer 

did not visit troughs when cattle were present. The number 

of deer visits to troughs during daylight was small(Fig.10). 
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Table 6. Daily quantities [L] of preformed water available 
with different white-tailed deer dry matter intakes (DMI) 
[kg]. 

DMI 

0.71 0.82 1.43 

Season 
1988 Hot-dry 0.80 0.92 1.60 

Hot-wet 1.00 1.14 2.00 

1989 Hot-dry 0.47 0.54 0.94 
Hot-wet 0.88 1.01 1.77 

1 Nichol (1938) maintenance ration 
2 Nichol (1938) ration for pregnant females 
3 McEwen (1957) 
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Figure 10. Visits by Coues white-tailed deer and cattle to 
troughs between June-August 1989. 
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Cattle visits numbered >13 X the number of deer visits. 

Cattle visits declined 34% between 1600-1900, whereas deer 

visits increased 89% during the same period. The mean 

number of deer visits to troughs/observation period did not 

differ (P = 1.00) between hot-dry (1.7) and hot-wet seasons 

(1.4), which also corresponded to periods of cattle presence 

and absence closely. Deer activity was greatest 

between 1600-2000 and least between 0800-1200 during both 

seasons. Deer did not visit all troughs equally. Trough 2 

received 4% of the visits and trough 4 received 42%. 
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Diurnal Seasonal Ranges and Movements 

I based seasonal range data on diurnal observations 

only. Scanner-receiver chart-recorder data and others 

(Hervert and Krausman 1986, Hazam and Krausman 1988) 

indicated that deer travel at night and ranges would have 

differed if I ground-located deer after dark. Seasonal 

ranges would probably contain a water source if I recorded 

locations over 24 hours and would then contain the basic 

resources necessary for survival. 

The number of locations I incorporated in diurnal range 

calculations defined diurnal seasonal ranges adequately, but 

home ranges are dynamic and annual home ranges would 

probably contain >1 water source. The data I collected 

allowed me to compare ranges between seasons and years, and 

the corresponding moisture regimes. 

Diurnal seasonal ranges were not influenced exclusively 

by available water, although differences in sizes of diurnal 

ranges between the 2 extremes in water availability, the 

1988 hot-dry and 1989 hot-wet seasons, were highly 

significant. The similarity in size of hot-dry season 

ranges between years, when the availability of developed 

water sources differed, indicated that water was not the 
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only determining factor in diurnal range size. If water 

were the only determinant, diurnal ranges in the 1989 hot-

dry season would have been smaller because of an increased 

water availability. 

The fewer diurnal ranges containing water sources in 

the 1989 hot-wet season, compared to the 1989 hot-dry 

season, also illustrated the reduced importance of developed 

water sources during hot-wet seasons. Water meets only 1 

part of a deer's seasonal needs (Burt 1943). Other factors, 

such as forage availability or behaviors, like the care of 

newborn fawns, probably influenced diurnal ranges also. 

Movements of deer from established diurnal ranges to 

distant water sources indicated a need for free-standing 

water. However, the similar trips by deer number 24 outside 

of her activity area during 1988 and 1989 hot-dry seasons, 

when water availability differed greatly, suggest that some 

factor other than available water influenced her movements. 

Deer that did not have a water source in their 

calculated diurnal range during the 1988 hot-dry season did 

not expand their diurnal range to include a water source, 

although they often shifted their activity closer. During 3 

summers, Henry and Sowls (1980) observed a female Coues 

white-tailed deer in a pasture with water, but she was not 

present at other times of year. Deer in my study did not 
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have to establish new diurnal seasonal ranges because of the 

proximity of water, even during the period of scarcity. 

Deer are highly mobile and could travel the 2-3 km to water 

easily. Movements of marked white-tailed deer in Texas were 

short also. Alexander (1968) reported an average distance 

of 1.9 km from the original capture location to recapture or 

kill sites. 

Deer concentrated their activity within their diurnal 

seasonal ranges and maintained similar activity areas 

between seasons and years. Drolet (1976) also noticed a 

central core of activity surrounded by peripheral points of 

occasional use for white-tailed deer in New Brunswick. Most 

deer did not move far from their activity area, but when 

they did, they returned within a day. This is similar to 

movements by desert mule deer that left their established 

home ranges in search of water (Hervert and Krausman 1986). 

Deer did not necessarily visit all developed water 

sources within their diurnal seasonal range and they often 

frequented water sources outside of their seasonal activity 

area. Trough 2 was within the diurnal ranges of deer 

numbers 13 and 37 in the 1989 hot-dry season, but neither 

deer visited this trough during the 41 days of SRCR 

monitoring. These data indicate that either the density of 

developed water sources, when most contained water (1/km2), 
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was more than adequate, or unsuitable environmental factors, 

such as a lack of cover near troughs on ridge tops, existed 

at certain water sources. Direct observations of deer 

visits to troughs during daylight also reflected a 

differential use between troughs. Visits to water sources 

outside of seasonal activity areas were recorded by the SRCR 

at trough 5, which recorded deer numbers 13, 37, and 38 

outside of their diurnal seasonal ranges. 

Deer number 17's 2 trips to a previously unused water 

source in the 1988 hot-wet season and SRCR records of other 

radio-collared deer, demonstrated that deer need free

standing water in the first 2 weeks of hot-wet seasons, even 

though ephemeral water is common and plant moisture contents 

are increasing. July may be the most critical month for 

water availability for lactating females (Sadleir 1969, 

Robbins 1983). Schmidt-Nielsen (1964) stated that desert 

mammals often meet the demand for water in milk production 

by timing the reproductive period to coincide with the time 

of year when temperatures are moderate and the chances for 

rainfall are greatest. Coues white-tailed deer fit this 

description closely because the peak fawning period is 

between mid-July and mid-August (Smith 1984), a short time 

after the summer rains begin. 
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Deer number 36 apparently moved to a more suitable 

fawning area during the 1989 hot-wet season. Whether this 

behavior is usual for Coues white-tailed deer is not known. 

Michael (1965) reported that female white-tailed deer on the 

Welder Wildlife Refuge in Texas dropped fawns with no regard 

for the fawning area. I recorded only 3 long-range 

movements (>1 km from the next nearest location) during hot-

wet seasons and these deer returned to their original 

activity areas within 24 hours. 

To some extent, deer occupied larger areas as 

conditions became drier and then concentrated their activity 

in smaller areas when water was abundant. The changes I 

observed in split-season diurnal ranges were variable, but 

smaller diurnal ranges in late hot-wet seasons may be 

because of increases in both water availability and plant 

moisture contents or they may be behavioral, relating to the 

care of newborn fawns. The increase in Period 2 over Period 

1 diurnal ranges in 1989, when water availability remained 

constant, is further evidence that free-standing water is 

not the only determinant of diurnal ranges. 

All developed water sources were on ridge tops and in 

canyon bottoms, which comprised 26% of the study area's 

landforms. When the ranching operation restricted available 

water in 1988, deer did not prefer any landform. The 
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increased number of deer relocations I recorded in canyon 

bottoms during the 1989 hot-wet season may be because of a 

greater availability of ephemeral water in these areas. The 

reason why this tendency did not happen in the 1988 hot-wet 

season, when ephemeral water was equally abundant is 

unclear. 

Visits to Developed Water Sources by Radio-collared Deer -

SRCRs 

Deer visited developed water sources regularly during 

hot-dry seasons, but less frequently 2 weeks after the 

summer rains began. The greatest intervals between visits 

occurred during the 1989 hot-wet season when permanent and 

ephemeral water were available and forage moisture contents 

were high. This also was a time of high variability in 

intervals between visits, probably because of ephemeral 

water. Henry and Sowls (1980) found that deer preferred 

ephemeral water sources and did not visit major waterholes 

when small rainpools were available. Ephemeral water, 

however, is not a reliable source of free-standing water. 

Continued high temperatures (x = 31 C) (U.S. Dep. Comm. 

1988-89) and lactation in females (Sadleir 1969) extended 

the need for free-standing water from developed sources into 

hot-wet seasons, the time of year when available water was 



53 

most abundant. 

Desert mule deer females visited water sources 1 

time/night in summer (Hervert and Krausman 1986). This is 

similar to intervals I recorded for Coues white-tailed deer, 

although Knox et al. (1969) assumed mule deer to be less 

dependent on water because they inhabit more arid regions. 

I cannot readily explain the 2 large time periods 

between visits (77, 110 hours) that I observed in the 1988 

hot-dry season. Either deer do not require water as often 

as SRCR data indicated or these deer bypassed the nearest 

water source and travelled an additional 1-2 km. This is a 

more likely explanation because deer are highly capable of 

such movements. 

Four days may approach the maximum period white-tailed 

deer can tolerate without water. The longest time interval 

I observed in hot-dry seasons was 4.6 days and Lautier et 

al. (1988) terminated their water restriction experiment 

after 4 days because some deer refused to eat. The 

significantly longer time intervals observed in the 1988 

hot-dry season, compared to the 1989 hot-dry season, may be 

because of the scarcity of permanent water in 1988. Deer 

may not visit water sources as frequently when obtaining 

water required greater effort or was less "convenient". 
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Increased travel times or distances and infrequent 

drinking may adversely affect the physical condition of 

deer. Ungulates on restricted water intakes voluntarily 

restricted DMI (Singh et al. 1976, Lautier et al. 1988), 

although the digestion of feed was more efficient (Brosh et 

al. 1986). Under experimental conditions, a female Coues 

white-tailed deer lost 7.5 kg or 16% of her body weight in 

winter after 3 days of water restriction (R. S. Henry, Univ. 

of Ariz., unpubl. data). The loss of body weight observed 

in white-tailed deer on restricted water intakes led Lautier 

et al. (1988) to conclude that the need for water in white-

tailed deer ranges may be critical, especially when 

temperatures are high and drought conditions prevail. 

Water turnover rates doubled between winter and summer 

for mule deer in California (Longhurst et al. 1970) and 

turnover rates probably also change between winter and 

summer for white-tailed deer in Arizona. A 32 kg Coues 

white-tailed deer would have a total water flux of 3.4 L/day 

in summer, if the calculated water turnover rate of 53 

mL/kg/day calculated by Henry (Univ. of Ariz., unpubl. data) 

in winter is doubled. 

The similarity in time interval between revisits in 

hot-dry and hot-wet seasons indicates that when deer visit 

water sources regularly, intervals are comparable. Deer 
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visited developed water sources with a similar intensity 

during hot-dry and early hot-wet seasons, but visits were 

uncommon 14 days after the summer rains began. I also 

observed this trend in daytime visits of deer to troughs. 

In late July, ephemeral water was common, tanks again held 

water, and plant moisture contents were increasing. 

The differences observed in daytime versus nighttime 

visits to developed water sources between seasons were 

pronounced. Deer visited water sources more often during 

darkness during seasons when water needs were greatest. 

Deer may travel at night to minimize evaporative water loss 

or the need for water may be greatest because of dehydration 

that occurs throughout the long summer day (Hervert and 

Krausman 1986). Regular nighttime trips by white-tailed 

deer are common throughout the species' range. Most are 

trips <3 km from resting to feeding areas (Montgomery 1963, 

Larson et al. 1978). The distribution of deer visits to 

developed water sources during hot-wet seasons, when free

standing water was more available, was proportional to the 

amount of daylight and darkness. 

Although the duration of visits to water sources 

differed between seasons, deer probably drink for the same 

amount of time. The 68 deer I observed drinking, averaged 

<5 minutes/drink. Deer are apparently no more wary when 
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approaching and leaving water sources at night than during 

the day because there were no differences in the amount of 

time deer were at water during daylight and darkness. 

Assessment of Diurnal Radio-telemetry 

Using radio-telemetry to locate free-ranging animals 

has become an increasingly popular means of identifying key 

use areas and important habitat components. However, key 

habitat features can be overlooked if animals are not 

relocated at short enough intervals or at representative 

times of day, depending on the animal's mobility. 

The few times I saw radio-collared deer at developed 

water sources (8/933 relocations = 0.009), reflect the short 

amount of time deer were at water during the period of most 

intense radio-telemetry work. Deer were at water sources 

for such a short time that even with continuous SRCR 

monitoring, the probability of recording a radio-collared 

deer at a water source was low also (visit duration [0.6 

hours]/interval between visits [33 hours]) = 0.02. The time 

spent in an area therefore, is not necessarily proportional 

to the area's importance (Sanderson 1966:224). 

Radio-tracking during my study was confined to on-

ground locations during daylight because the study area's 

broken topography precluded accurate triangulations. I 
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compensated for this by using SRCRs to record nighttime 

data. Without SRCRs, a fairly intensive radio-tracking 

study would have failed to record deer < several hundred 

meters of water during a period of scarcity and may have 

altered my conclusions on the use of water developments by 

deer. 

Use of water may represent a unique situation when 

compared to other resources. Water is essential for 

survival, but animals do not have to spend much time in the 

vicinity of water to meet their daily needs. Researchers 

should recognize the varying patterns of habitat use over 

time and incorporate appropriate methods of activity 

sampling into their studies. 

Forage Moisture Content 

Plants contained less moisture during hot-dry seasons, 

but they still provided a moderate amount of preformed 

water. Plants eaten by desert-adapted eland (Taurotraaus 

orvx) and oryx (Oryx gazella) contained 58 and 30% moisture, 

respectively, in evenings and provided adequate preformed 

water to sustain them in moderate environments without the 

need for free-standing water (Taylor 1969). 

Trees were the 1 plant type with constant moisture 

contents between seasons. Trees have deep root systems and 
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respond more slowly to precipitation and drought. The 

higher moisture contents of shrub and tree foliage in 1988 

may be related to the amount of winter precipitation. The 

study area received 12.9 cm of precipitation in the winter 

of 1988 and 7.5 cm in winter 1989 (U.S. Dep. Comm. 1988-89)* 

Both winters had precipitation levels below the 8-year 

average (x = 15.9 cm, range = 6.3-32.7 cm) (U.S. Dep. Comm. 

1980-89), but forage moisture contents were extremely low 

only after winter 1989. Winter precipitation levels also 

influenced the number of forb species present each spring. 

I found 11 forb species in the 1988 hot-dry season and only 

3 species in the 1989 hot-dry season. Anthony (1976) 

reported that below normal rainfall in winter affected the 

availability of forage plants and deer diets. These changes 

in forage plants influenced deer mortality and movements. 

Nichol (1938) reported that a female mule deer weighing 

45.4 kg drank 3.6 L of water/day in July when eating air-dry 

feed and that this water intake ratio was typical of Coues 

white-tailed deer also. Therefore, a 32 kg Coues white-

tailed deer would drink 2.5 L/day. However, Nichol (1938) 

provided water ad libitum. Free-ranging deer may drink more 

water/visit, and drink less often. 

I added 0.1 L of preformed water to account for the 

moisture content of air-dry feed (10.5%)(R. S. Henry, Univ. 
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of Ariz., unpubl. data) to the total water intake. From 

these data, I assumed the summer water requirements for a 

female Coues white-tailed deer weighing 32 kg to be 2.6 

L/day. Nichol's (1938) 0.7 kg DMI estimate would meet 18-

38% of this daily water requirement during periods of lowest 

(1989 hot-dry) and highest (1988 hot-wet) moisture contents, 

respectively. The 1.4 kg DMI McEwen (1957) calculated, met 

36-77% of daily requirements during the same seasons. 

Because these estimates do not supply the total water 

requirements for any summer season, free-standing water is 

still necessary. Greater amounts of preformed water may 

allow deer more flexibility in their use of free-standing 

water. 

Hazam and Krausman (1988) reported that female desert 

mule deer in the Picacho Mountains of southern Arizona drank 

4.2 L of water/day in late summer. For a 50 kg deer the 

mean water consumption was 162 mL/kg body weight0-8/vis it. 

Using their equation, a 32 kg Coues white-tailed deer would 

drink 2.7 L/day besides available preformed water. This 

agrees well with the water requirements I estimated using 

data from Nichol (1938). 

Coues white-tailed deer produce a minimal amount of 

preformed water each day. R. s. Henry (Univ. of Ariz., 

unpubl. data) incorporated data on water yield from Schmidt-
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Nielsen (1975) and calculated that his study animal produced 

271 mL of metabolic water/day. 

Deer and Cattle Visits to Troughs 

The results of trough observation periods were similar 

to SRCR findings. Cattle did not restrict deer access to 

water on the study area. The spacing and density of 

developed water sources on the study area distributed cattle 

evenly and reduced the incidence of cattle at individual 

water sources. In summer, cattle are active for roughly 1 

hour during periods of darkness. They graze, but do not 

drink at night (Dwyer 1961, Arnold and Dudzinski 1978). 

Scanner-receiver chart-recorder data showed that deer 

activity at developed water sources increased in the 

evening. With an adequate density of available water, deer 

and cattle visits to water sources were separated 

temporally, but conflicts may arise during drought. 



SUMMARY AND MANAGEMENT IMPLICATIONS 

61 

Coues white-tailed deer reach their greatest densities 

in areas with high summer temperatures and little rainfall 

between May-early July. An available source of permanent 

water is essential to maintain the body condition of deer 

during hot-dry seasons, when conditions are xeric and 

ephemeral water does not exist. The need for free-standing 

water on a regular basis extends into hot-wet seasons for >2 

weeks. The availability of free-standing water was not the 

only determinant of diurnal seasonal ranges, although 

water's importance was evident in deer movements to water. 

Deer occupied smaller areas in hot-wet seasons after 

conditions became more hydric. Not all diurnal seasonal 

ranges I calculated, contained a water source, but the 

density of water sources on the study area provided 

sufficient access to available water during the 1989 hot-dry 

season and ephemeral water was common in hot-wet seasons. 

Deer visited developed water sources more often during 

hot-dry than hot-wet seasons and I recorded few visits 14 

days after the summer rains began. In hot-dry seasons, most 

deer traveled to water sources in the evening, probably to 

minimize evaporative water loss and replenish water stores 

lost during the day. Although water is necessary for 
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survival, deer are at water sources for only a short time 

(x=26 minutes) each day. 

The amount of winter precipitation affects the moisture 

contents of trees and shrubs; and the availability of forbs 

during summer. Three of 4 seasonal diets contained between 

53-59% moisture, while the 1989 hot-dry season followed a 

low-precipitation winter and had 40% moisture in its diet. 

Moisture contents reached a low before the summer rains 

began and then increased greatly in the hot-wet seasons. 

Seasonal diets were limited and ratany was the major 

component (> 47%). Large quantities of preformed water were 

available in forage plants during hot-wet seasons, but these 

amounts had to be supplemented by free-standing water to 

meet the daily water requirement. 

Because of different visitation times, the pattern of 

cattle visits to troughs on the study area did not preclude 

deer use. The activity rhythms of cattle and deer may 

separate them at water sources temporally when an adequate 

density of water is available. Various environmental 

factors at troughs or a more than adequate density of 

troughs may explain the differential use of troughs by deer. 

Managers should provide free-standing water in Coues 

white-tailed deer ranges during hot-dry seasons and maintain 

water levels into the early part of hot-wet seasons. 
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Troughs in rested pastures should be filled with water to 

maintain a minimum density. Deer will drink from both 

troughs and tanks and if new water sources are constructed, 

a density of l/km2 is more than adequate. 

Managers can use winter precipitation levels to 

estimate forage availability and the amount of preformed 

water available to deer in summer. If the amount of winter 

precipitation is substantially below normal, the 

availability of free-standing water in summer is especially 

critical. 

I quantified water use by Coues white-tailed deer in 

hot-dry and hot-wet summer seasons. Although deer obtained 

free-standing v/ater during periods of scarcity, I did not 

measure the physiological effects of 2-3 km trips to water, 

or of infrequent drinking during periods of water scarcity. 

Reductions in DMI, activity, and metabolism because of 

reduced water intakes, may affect individual vigor and 

eventually cause population declines. 
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Figure A-l. Diurnal ranges of deer numbers 11, 13, and 14 
during 1989 hot-dry and hot-wet seasons and their 
relationship to developed water sources. The amount of 
shading within symbols represents water availability, (for 
example, trough 14 was filled in mid-June and water remained 
through late August). 
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Figure A-2. Diurnal ranges of deer number 37 during 1989 
hot-dry and hot-wet seasons and their relationship to 
developed water sources. The amount of shading within 
symbols represents water availability, (for example, Smith 
tank contained water from late July-late August). 
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Figure A-3. Diurnal ranges of deer number 38 during 1989 
hot-dry and hot-wet seasons and their relationship to 
developed water sources. The amount of shading within 
symbols represents water availability, (for example, Smith 
tank contained water from late July-late August). 
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Table A—1. SRCR operating dates and interruptions of service 
in 1988. 

Downtimes 

Operating Time 
Location Dates Dates (Hrs.) 

Coon tank May 16-June 17 May 21-22 16.75 
27-31 103.50 

June 3-4 37.72 
8-13 124.00 

Gringo tank May 23-July 31 May 27-31 99.42 
June 1 7.42 

5-6 15.17 
9-13 103.72 
16-17 10.00 

July 1-3 30.53 
7 1.38 
23 4.00 

Temporal pothole June 20-July 29 July 2-3 17.08 
4-9 116.75 
21 1.20 
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Table A-2. SRCR operating dates and interruptions of service 
in 1989. 

Downtimes 

Location 
Operating 

Dates Dates 
Time 

(Hrs.) 

Trough 2 May 12-June 22 May 20-22 
25-30 

June 15-19 

77.55 
130.38 
100.25 

Gringo tank June 22-Aug 11 June 24-26 
July 11 
July 24 

36.17 
11.37 
9.71 

Trough 5 May 12-Aug 10 May 19-23 
May 27 

June 25 
July 21-24 

92.80 
1.56 
12.06 
75.73 



Table A-3. Visits by radio-collared deer to developed 
water sources in southeastern Arizona in 1988. 

Time 
Time Between Visit 

Deer Water of Visits Duration 
Number Date Source Visit (hours) (hours) 

May 
13 31 Gringo 16:42 — 0.42 

June 
13 2 Gringo 09 12 39.66 0.76 
13 3 Gringo 23 12 35.54 2.79 
13 4 Gringo 22 23 22.53 0.87 
13 6 Gringo 15 42 40.41 0.30 
13 8 Gringo 01 34 33.12 1.08 
13 8 Gringo 16 38 14.45 0.29 
13 9 Gringo 03 09 10.31 0.34 
24 13 Coon 09 02 0.23 
13 13 Gringo 23 20 —— 0.90 
13 15 Gringo 16 38 40.87 0.20 
13 17 Gringo 23 00 52.13 3.00 
13 19 Gringo 11 40 35.70 0.40 
25 21 Temporal 20 13 0.46 
11 22 Temporal 16 42 — —  0.08 
13 22 Gringo 17 02 77.11 
25 23 Temporal 10 52 38.41 0.72 
13 24 Gringo 20 42 51.41 0.45 
11 25 Temporal 00 20 55.38 0.36 
25 25 Temporal 07 46 44.15 0.45 
13 26 Gringo 17 00 44.10 
13 27 Gringo 00 01 30.53 1.60 
25 27 Temporal 06 37 46.20 0.97 
25 28 Temporal 00 02 40.53 0.42 
25 29 Temporal 06 34 5.75 1.33 
11 29 Temporal 14 43 109.68 0.55 
13 29 Gringo 23 36 46.32 0.60 

July 
13 1 Gringo 05:35 28.33 1.25 
25 1 Temporal 06:53 45.03 3.00 
11 1 Temporal 15:00 47.46 1.44 
13 1 Gringo 20:02 14.05 0.77 
25 1 Temporal 20:33 13.12 0.60 
25 1 Temporal 23:52 2.63 0.35 
25 2 Temporal 05:00 4.67 1.31 



Table A-3 (continued). 

Time 
Time Between Visit 

Deer Water of Visits Duration 
Number Date Source Visit (hours) (hours) 

July 
13 3 Gringo 21:38 49.11 0.57 
13 5 Gringo 03:14 29.04 0.43 
13 5 Gringo 21:32 17.43 0.95 
13 7 Gringo 11:13 39.68 0.39 
11 14 Temporal 16:45 0.20 
11 15 Temporal 05:13 11.57 1.50 
11 16 Temporal 03:37 21.45 0.46 
17 16 Temporal 17:15 0.25 
13 16 Gringo 17:18 0.70 
17 16 Temporal 19:45 0.57 
13 18 Gringo 13:58 44.07 0.50 
13 18 Gringo 18:04 3.90 0.45 



Table A-4. Visits by radio-collared deer to developed 
water sources in southeastern Arizona in 1989. 

Time 
Time Between Visit 

Deer Water of Visits Duration 
Number Date Source Visit (hours) (hours) 

May 
13 13 Smith 04: 02 0.48 
13 13 Smith 19- 49 15.00 1.22 
38 14 Smith 20: 21 0.64 
13 24 Smith 21* 00 2.00 
13 28 Smith 00: 06 96.05 0.89 
37 28 Smith 01 55 — 0.15 

June 
13 6 Smith 21 27 1.42 
13 6 Smith 23 05 

H
 • 

O
 1.22 

38 7 Smith 19 46 — 0.56 
13 13 Smith 05 50 150.22 0.90 
37 23 Gringo 14 22 0.40 
38 23 Gringo 19 22 0.39 
13 24 Gringo 07 47 0.41 0.07 
37 24 Gringo 16 34 25.90 0.29 
38 26 Gringo 14 51 0.27 
37 26 Gringo 23 26 0.30 
38 27 Gringo 21 13 30.10 0.22 
37 27 Gringo 23 42 23.93 0.29 
13 28 Gringo 00 25 0.85 
13 28 Gringo 20 01 19.12 0.08 
13 29 Gringo 02 54 6.88 1.64 
37 29 Gringo 14 52 38.31 1.37 
13 29 Gringo 17 37 13.56 0.72 
38 29 Gringo 20 16 46.93 0.13 
37 30 Gringo 09 28 17.75 0.40 
38 30 Gringo 20 46 24.02 0.80 
13 30 Gringo 21 23 26.35 1.44 

July 
13 1 Gringo 04 : 28 6.30 0.20 
37 1 Gringo 19 56 33.78 0.20 
13 1 Gringo 20 :46 15.95 0.45 
38 1 Gringo 21 35 24.32 0.21 
37 2 Gringo 20:50 24.10 1.32 
38 3 Gringo 02:19 27.60 1.97 
13 3 Gringo 07:14 33.96 0.57 



Table A-4 (continued). 

Time 
Time Between Visit 

Deer Water of Visits Duration 
Number Date Source Visit (hours) (hours) 

July 
13 4 Gringo 11 10 27.53 0.24 
37 4 Gringo 17 43 44.00 0.52 
38 4 Gringo 20 58 41.60 0.20 
37 5 Gringo 09 22 15.31 0.17 
37 5 Gringo 20 27 10.52 0.91 
38 6 Gringo 00 30 27.37 0.16 
13 6 Smith 01 06 37.73 0.42 
37 6 Gringo 11 51 14.64 0.63 
13 6 Gringo 21 19 19.68 0.40 
38 6 Gringo 23 23 22.44 0.47 
13 7 Smith 20 26 22.88 0.12 
38 7 Gringo 22 51 23.05 0.16 
13 8 Smith 01 02 4.37 0.16 
37 8 Smith 02 42 38.45 0.20 
13 10 Smith 18 14 65.14 0.06 
37 10 Smith 22 49 67.38 0.95 
37 11 Smith 19 17 19.10 1.20 
37 13 Smith 22 08 50. 64 0.36 
37 14 Gringo 16 55 18.34 0.28 
37 14 Smith 21 42 4.60 0.10 
38 14 Gringo 22 10 167.14 0.16 
37 15 Gringo 15 19 17.43 0.24 
38 15 Gringo 15 19 17.43 0.24 
13 15 Smith 22 20 124.05 0.10 
37 16 Gringo 16 16 24.63 0.40 
13 16 Smith 20 47 22.35 0.10 
13 17 Smith 21 55 25.02 0.15 
37 18 Gringo 12 26 43.95 0.07 
37 19 Gringo 14 57 26.40 0.16 
13 19 Smith 20 45 47.15 0.58 
37 20 Smith 21 33 30.42 0.20 
13 21 Smith 03 32 30.28 0.20 
13 25 Smith 01 35 0.21 
13 26 Smith 19 02 41.27 0.18 



Table A-5. Weekly moisture contents (%) 
1988. 

Plant type 17May 24May 

Forbs 
Arizona blue-eye 
Beard tongue 67.6 60.8 
Deer vetch 72.9 55.7 
Desert marigold 63.3 68.9 
Lamb's quarters 61.4 
Lupine 80.4 76.5 
Milk vetch 64.4 69.0 
Plantain 56.5 
Prickle-poppy 
Vervain 68.1 

Half-shrubs 
Fairy duster 49.1 54.0 
Ratany 56.2 41.8 
Wild buckwheat 

Shrubs 
Manzanita 53.5 51.7 
Velvet-pod mimosa 53.0 
Wait-a-minute bush 48.3 50.7 

Trees 
Alligator juniper 41.2 50.6 
Emory oak 53.6 45.4 
Mesquite 57.6 63.6 
Mexican blue oak 50.8 52.3 

by species in southeatern Arizona in 

lJun 7Jun 14Jun 21Jun 28Jun 

60.4 
72.8 
64.6 
55.5 

53.0 
53.0 

72.5 

46.5 
60.1 

46.5 
50.3 
48.8 

56.8 
49.6 
56.6 
49.7 

61.1 
57.1 

65.0 
46.1 

57.1 
13.5 

50.2 

48.3 
57.0 
57.9 

43.9 
41.7 
45.5 

47.6 
45.3 
51.4 
45.9 

50.0 
56.6 

58.2 
46.1 

52.2 

6 0 . 8  

41.8 
46.7 
55.7 

42.6 
39.9 
42.9 

49.8 
48.7 
50.1 
45.1 

51.2 
6 0 . 8  

51.3 
46.6 

51.9 

69.5 

40.1 
55.9 
59.0 

41.2 
42.2 
32.6 

45.4 
47.0 
50.6 
44.2 

51.9 
55.6 

49.7 
56.8 

55.1 

68.3 

34.2 
55.6 
54.3 

40.2 
37.7 
37.8 

43.6 
46.2 
48.1 
44.8 



Table A-5 (continued). 

Plant type 6Jul 12Jul 

Forbs 
Arizona blue-eye 61.4 58.7 
Beard tongue 11.2 71.0 
Deer vetch 
Desert marigold 48.0 65.3 
Lamb's quarters 46.6 86.3 
Lupine 
Milk vetch 45.9 69.0 
Plantain 
Prickle-poppy 83.6 84.3 
Vervain 68.0 72.8 

Half-shrubs 
Fairy duster 41.8 46.9 
Ratany 40.9 49.4 
Wild buckwheat 

Shrubs 
Manzanita 39.2 43.4 
Velvet-pod mimosa 39.4 55.6 
Wait-a-minute bush 40.9 45.0 

Trees 
Alligator juniper 38.4 48.6 
Emory oak 47.8 43.4 
Mesquite 46.0 52.5 
Mexican blue oak 44.7 44.6 

20Jul 26Jul lAug 8Aug 

67.4 
66.4 

72.9 
82.4 

69.4 

84.0 
73.6 

48.0 
59.5 

47.1 
59.5 
44.7 

54.0 
47.9 
50.8 
45.0 

6 8 . 6  

73.1 
83.8 

75.6 

87.3 
76.3 

52.1 
6 2 . 6  

47.0 
65.8 
45.0 

46.6 
43.7 
49.4 
44.4 

70.5 

83.8 
83.8 

79.2 

80.9 

66.0 

47.2 
65.5 
56.0 

54.7 

53.0 
53.8 

73.6 

82.7 
81.9 

78.7 

83.7 
75.5 

58.1 
64.6 

54.5 
62.2 
53.6 

51.1 
47.9 
47.9 
64.5 



Table A-6. Weekly moisture contents (%) by species in southeastern Arizona in 
1989. 

Plant type l7May 24May 31May 7Jun 14Jun 21Jun 28Jun 

Forbs 
Arizona blue-eye 
Arizona yellow show 
Careless-weed 
Flameflower 
Plantain 
Prickle-poppy 
Summer poppy 

51.1 
81.9 71.2 73.1 74.2 8 0 . 0  76.2 

Half-shrubs 
Fairy duster 
Ratany 
Wild buckwheat 

58.5 

52.8 

53.4 

60.1 

52.4 
42.8 
52.1 

46.1 
35.8 
49.4 

43.3 
42.0 
38.6 

43.0 
38.2 
45.3 

44.2 
38.6 
37.4 

Shrubs 
Manzanita 45.2 40.5 40.2 36.9 38.6 33.5 31.3 
Velvet-pod mimosa 52.3 46.7 43.6 41.2 35.8 39.2 35.3 
Wait-a-minute bush 57.8 50.6 39.3 43.4 39.9 38.1 36.3 

Trees 
Alligator juniper 45.7 42.5 40.8 39.5 39.1 39.0 36.6 
Emory oak 49.1 45.8 45.8 48.2 46.7 46.8 45.6 
Mesquite 51.6 48.3 47.2 48.9 46.3 48.3 46.8 
Mexican blue oak 47.2 45.7 44.7 44.5 42.6 43.6 43.2 



Table A-6 (continued). 

Plant type 

Half-shrubs 
Fairy duster 
Ratany 
Wild buckwheat 

Shrubs 
Manzanita 
Velvet-pod mimosa 
Wait-a-minute bush 

Trees 
Alligator juniper 
Emory oak 
Mesquite 
Mexican blue oak 

5Jul 12Jul 19Jul 

77.3 79.7 

42.8 43.1 52.9 
32.4 45.7 52.5 
38.3 46.1 44.6 

30.8 35.3 34.4 
39.6 48.7 57.4 
31.1 35.1 34.8 

36.1 39.7 39.4 
44.6 44.7 45.8 
46.3 47.4 47.9 
43.3 44.4 44.2 

Forbs 
Arizona blue-eye 
Arizona yellow show 
Careless-weed 
Flameflower 
Plantain 
Prickle-poppy 77.4 
Summer poppy 

26Jul 2Aug 9Aug 15Aug 23Aug 

77.5 75.8 

55.8 60.6 
57.9 62.6 
45.7 60.7 

32.2 37.7 
55.3 60.4 
40.3 58.4 

38.3 40.8 
45.1 45.2 
46.8 50.7 
43.6 43.9 

5 68.1 67.9 
71.0 70.8 
76.7 74.4 
44.1 64.0 

8 79.7 79.5 
81.4 75.6 

8 62.8 55.9 
9 64.6 62.5 
0 64.2 60.6 

6 44.8 . 45.3 
5 63.3 56.6 
5 61.3 52.1 

0 42.8 43.9 
6 45.9 46.9 
8 51.8 50.6 
8 57.3 56.8 

68 

79 

64 
63 
66 

41 
61 
62 

42 
45 
50 
55 
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Table A-7. Forage composition (% occurrence) of Coues white-
tailed deer feces in southeastern Arizona during 1988 hot-
dry and hot-wet seasons. Fifty fecal pellets were 
composited for each seasonal diet. 

Hot-dry season Hot-wet season 

Composition (%) 

FORBS 

Arabis perennans 1.7 
Erodium cicutarium 1.7 
Evolvulus spp. 3.4 
Lupinus spp. 3.4 
Sphaeralcea spp. 20.3 
unknown forb species 1.7 

Composition .(%) 

Sphaeralcea spp. 7.0 
unknown forb species 1.6 

HALF-SHRUBS 

Artemisia spp. 3.4 
Dalea spp. 3.4 
Erioqonum spp. 1.7 
Krameria spp. 47.0 

SHRUBS 

Mimosa dvsocarpa 1.7 

TREES 

Prosopis iuliflora 5.4 
Ouercus spp. 5.4 

Ambrosia dumosa 1.6 
Dalea spp. 25.3 
Erioaonum fasiculatum 1.6 
Krameria spp. 59.8 

Acacia qreaaii 1.6 

Prosopis iuliflora 1.6 
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Table A-8. Forage composition (% occurrence) of Coues white-
tailed deer feces in southeastern Arizona during 1989 hot-
dry and hot-wet seasons. Fifty fecal pellets were 
composited for each seasonal diet. 

Hot-dry season Hot-wet season 

Composition (%) 

FORBS 

Boraginaceae spp. 1.6 
Nyctaginaceae spp. 1.6 
Sphaeralcea spp. 9.1 
unknown forb species 1.6 

Composition (%) 

Baileva multiradiata 1.7 
Boraginaceae spp. 3.4 
Descurainia pinnata 1.7 
Lupinus spp. 3.4 
Sphaeralcea spp. 7.4 

HALF-SHRUBS 

Artemisia spp. 1.6 
Calliandra eriophvlla 11.0 
Dalea spp. 5.0 
Krameria spp. 59.4 

SHRUBS 

TREES 

Ouercus spp. 9.1 

Artemisia spp. 
Krameria spp. 

3.4 
47.0 

Mimosa dvsocarpa 7.4 

Juniperus spp. 
Ouercus spp. 

3.4 
14.5 
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