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ABSTRACT 

I studied round-tailed ground squirrels 

(Spermophilus tereticaudus) to determine if presence of 

water or green vegetation significantly increased 

reproductive success. I compared the number of juveniles 

produced, body weights, and diets of squirrels during 

1981-84 on 2 plots with green vegetation and no free 

water, on 3 plots with free water and no green vegetation, 

and 2 control plots. Reproductive success and body weights 

of adult and juvenile squirrels were significantly higher 

(P < 0.001) on plots with green vegetation than on either 

watered or control plots. Body weights of squirrels on 

plots with water only and control plots were not 

significantly different (P _< 0.05). Adult squirrels 

without access to green vegetation during winter and spring 

failed to reproduce even though free water was readily 

available, percent of diet overlap, diversity, and 

evenness of squirrel diets on control and watered plots 

were not significantly different. Green vegetation 

appeared to be the limiting factor for round-tailed ground 

squirrels. 
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INTRODUCTION 

Round-tailed ground squirrels (Spermophilus 

tereticaudus) occur in small scattered colonies on flat 

sandy soils of the lower Sonoran and Mojave Deserts in 

Arizona, Nevada, California, and Mexico (Drabek 1970). 

These squirrels are opportunistic omnivores adapted to use 

sporadic resources, such as green vegetation. Winter 

rainfall and subsequent vegetation production are critical, 

providing succulent spring vegetation for moisture balance 

(Reichman and Van De Graaf 1974). In southern Arizona, the 

honey mesquite (Prosopis juliflora) and creosotebush fruits 

(Larrea tridentata) provide continuous food sources for 

round-tailed ground squirrels (Drabek 1970; Dunford 1975). 

These squirrels are adept climbers and forage in tree 

canopies and creosotebushes. Other food items include 

seeds, insects, carrion, and small vertebrates (Drabek 1970). 

Occupancy of a subterranean burrow system, tolerance 

of short periods of hyperthermia, early morning and late 

afternoon activity patterns, estivation, and a thick 

epidermis enable these diurnal ground squirrels to minimize 

water losses and to inhabit arid desert environments (Drabek 

1970). 

Round-tailed ground squirrels produce one litter 
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annually, averaging between 6 and 7 young (Neal 1964). 

Inception of breeding season and number of young per litter 

vary in response to winter rainfall and availability of green 

vegetation (Reynolds and Turkowski 1972). After winters 

with above average rainfall, female ground squirrels produce 

larger litters and juvenile squirrels weigh more when they 

emerge from the burrow (Dunford 1975). Increased 

reproduction during years with above average rainfall and 

green vegetation production have been associated with 

increased water intake (Beatley 1969; Bradley and Mauer 

1971), improved body condition (van De Graaff and Balda 

1973), and the presence of a gonadotropic substance in the 

green vegetation (van De Graaff and Balda 1973). 

The purpose of my study was to measure the effects 

of increased water and green vegetation on round-tailed 

ground squirrel reproductive success. I compared 

reproductive success, body weights, and diets of ground 

squirrels on watered and control plots. 

This study was funded by the U. S. Bureau of 

Reclamation and was part of a larger research effort 

designed to evaluate the effects of artificially added water 

on wildlife, including birds, small mammals, and canids. I 

used vegetation data gathered for the main project in my 

study. Additional benefits were also provided in the form 

of equipment and field assistance. 



STUDY AREA 

Two control and 3 watered 240 x 240 m plots were 

located approximately 16 km northwest of Tonopah, Arizona in 

Maricopa County (Reach 6) in a creosotebush-bursage 

vegetation (Lowe, 1964). Two experimental plots were 

located along Spookhill Dam, approximately 3 km east of 

Mesa, Arizona in Maricopa County. 

The 5 plots at Tonopah were established in 1979 and 

selected because of their similar vegetative characteristics 

and proximity to the Central Arizona project Canal (CAP) 

(Smith and Henry 1985). Dominant perennial plant species 

included creosotebush, triangle-leaf bursage (Ambrosia 

deltoideae), ironwood (Olneya tesota), and paloverde 

(Cercidium spp.). Abundant annual species included locoweed 

(Astragalus nuttalianus), Indian buckwheat (Plantago 

insularis), Mediterranean grass (Schismus barbatus), 

peppergrass (Lepidium lanosum), bladderpod (Lesquerella 

gordonii), wooly daisy (Eriophyllum lanosum), deer vetch 

(Lotus spp.), and several species of Pectocarya. 

Metal water tanks holding approximately 1,964 1 were 

buried in the center of the experimental plots. Float 

valves maintained constant water levels in the tanks. 

Hardware cloth lined the exposed portion of the tank to 
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provide traction and to prevent animals from swimming back 

into the tank. Each experimental plot had water available 

in the tanks at all times (Smith and Henry, 1985). With the 

exception of water on experimental plots, the nearest 

source of free water was approximately 800 m distant in the 

CAP canal. Each plot was fenced to exclude domestic cattle 

and sheep. 

For 2 weeks in late June and early July 1984, I 

trapped round-tailed ground squirrels along a flood control 

dike near Mesa, Arizona. Spookhill Dam parallels the 

Central Arizona Project Canal and was constructed by the 

Maricopa County Flood Control district. Spookhill Dam had 

been irrigated daily for 4 years with impulse sprinklers; a 

total of 1 million acre ft/y-r was distributed along the 

length of the dam. 

After construction, the dike was seeded with desert 

plants common in the area and similar to the vegetation 

found at my other study area at Reach 6. 

Precipitation occured primarily in late summer and 

winter. Winter rainfall at Tonopah during 1981 to 1983 was 

at or above average (range 82 to 193 mm). Winter rainfall 

for 1984 (November 1983 to April 1984) was below average 

with only 51 mm. Summer rains were average to below average 

for all years (40 to 65 mm) (Smith and Henry 1985). 

Average percentages of annual ground cover at Reach 
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6 for 1982, 1983, and 1984 were 64.5%, 80.6%, and 3.7%, 

respectively. Average annual ground cover at spookhill was 

approximately 80% in 1984. 

Weather data for Tonopah and spookhill Dam indicated 

that average daily maximum temperatures ranged from 17C in 

January to 39C in July and average daily minimum 

temperatures ranged from 1C in January to 21C in July 

(Sellers, Hill, and Sanderson-Rae 1985). 

Drought conditions in 1984 and the resulting paucity 

of green vegetation at Tonopah created ideal conditions to 

study the effects of green vegetation and water on ground 

squirrel reproduction. Control plots at Tonopah had no 

green vegetation and no free water, watered plots had free 

water and no green vegetation, and study plots at Spookhill 

Dam had abundant green vegetation and no free water. 



METHODS 

Trapping procedures 

I trapped ground squirrels at monthly intervals from 

February through August in 1982-4 at Reach 6. Traps were 

baited with peanut butter and oatmeal and placed on a 5 x 6 

grid at 30 m intervals on 2 control and 3 watered plots. 

Trap grids on experimental plots were centered around the 

water tanks. In order to minimize heat stress, I placed 

traps under bushes or put 30 cm2 pieces of 64 mm Masonite 

board on top of each trap. During the spring and summer I 

only trapped one plot per day. I opened and baited the 

traps at sunrise and checked them approximately 4 hours 

later, before temperatures exceeded 35 C. 

All 5 plots at Reach 6 were trapped simultaneously 

for 4 days in March or April 1981-84. When squirrels were 

captured, age class (juvenile or adult), sex, weight, and 

trap location were recorded then each individual was 

toeclipped. Fecal samples were collected from each trap. I 

also recorded the breeding condition of each adult squirrel 

captured in the spring. Males were considered in breeding 

condition if their testes were enlarged and descended 

(scrotal). If female adults exhibited signs of estrus, 

pregnancy, or lactation, I considered them reproductively 
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active during that year. 

I placed 60 traps ah 2 sites at spookhill Dam. At 

each site 15 traps were placed on the upstream and 

downstream sides of the dike, parallel to each other. The 

traps were placed approximately 15 m apart in shaded areas; 

Masonite shades were also used. The traps were baited and 

checked as previously described. 

Collection of Reproductive Tracts 

At the end of the 1984 trapping season, I killed 5 

adult female squirrels on watered plots at Tonopah. I 

removed the reproductive tracts and preserved them in 

alcohol. I also collected 7 adult and 2 juvenile female 

reproductive tracts from ground squirrels at spookhill Dam. 

Using a binocular microscope, I examined the reproductive 

tracts and recorded the number of placental 

scars/individual. 

Capture Data Analyses 

I used the number of individuals captured on each 

plot as the minimum population estimate and defined 

reproductive success as the number of juvenile squirrels 

entering the population each year. I compared weights of 

ground squirrels grouped by age, sex, season, and treatment 

using a Mann-Whitney 2-sample test (zar 1984). Average 
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weights of juvenile and adult squirrels on control and 

experimental plots were also compared using a Student's t-

test (Sokal and Rohlf 1969) and significance of differences 

determined. 

Calculation of Juvenile Growth Rates 

In 1983, I calculated juvenile growth rates on 

control and watered plots at Reach 6 by dividing weight 

gained (g) by number of days between consecutive capture 

dates. Growth rates were calculated using only juvenile 

squirrels that had been repeatedly captured in consecutive 

trapping sessions. I did not compensate for non-linear 

growth rates. Average juvenile growth rates in early and 

late summer were compared using Student's t-tests. 

Fecal pellet procedures and Analyses 

Fecal samples were collected from individual 

squirrels the first time they were captured. In order to 

avoid collecting samples with large amounts of peanut 

butter and oatmeal, I did not collect fecal pellets from 

animals after they were captured once. Any extraneous plant 

material or soil was discarded and not included in the 

sample. Fecal samples were preserved and softened in formal 

acetic acid (Anthony and Smith 1974), then prepared 
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according to procedures described by Hansen (1971). 

For each slide I identified insect fragments and 

individual plant species by their epidermal characteristics 

at 20 locations under 100 power magnification (Hansen, et. 

al. 1979). I calculated percent frequency occurrence of each 

species and then converted percent frequency to density 

using a table developed by Fracker and Brischle (1944). 

I tested for the effects of season, treatment, age, 

and sex on densities of 4 plant species and insect fragments 

with 3-way analyses of variance (Zar 1984). I calculated 

the degree of overlap of squirrel diets on control and 

watered plots using Marisita's diet overlap index (Marisita 

1959). Values of 0.60 or higher were considered to indicate 

significant overlap (zaret and Rand 1971). Using the 

Shannon-Weaver function (Zar 1984), I calculated diversity 

(H') and equitability (J') of squirrel diets and compared 

equitability of squirrel diets using student s t—tests. I 

calculated ivlev's electivity indices (Ivlev 1961; Alcoze 

and Zimmerman, 1973) to determine if plant species were 

consumed in amounts similar to or disproportionate to their 

availability. For all comparisons, squirrels were grouped 

according to age, sex, season, and year. 



RESULTS 

Squirrel Captures 

Overall, the squirrels in my study areas were wary 

of traps. Only 15 adult squirrels were captured in 1982. In 

1983, the number of captures increased markedly even though 

most squirrels were captured less than 2 times. In 1984, 

drought and scarcity of food increased the attractiveness of 

the trap bait and the number of recaptured squirrels 

increased. Ninety-five percent of the squirrels captured in 

1984 were recaptures. 

Initially, numbers of squirrels captured on watered 

plots appeared to be significantly greater than numbers of 

squirrels captured on control plots. However, when capture 

data were compared with the number of days each plot was 

trapped, capture results paralleled the trapping effort 

exerted on each plot and numbers of squirrels captured on 

control and watered plots were not significantly different 

(P > 0.05). Control plots had 690, 930, and 720 trap days 

and 39, 65, and 41 squirrel captures in 1982, 1983, and 

1984, respectively. There were 1,020, 1,830, and 1,170 trap 

days and 42, 87, and 61 squirrel captures on watered plots 

in 1982, 1983, and 1984, respectively. Spookhill Dam was 

trapped for 2 weeks in 1984 with 420 trap days and 32 
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squirrel captures. 

The number and percentage of juveniles captured did 

not differ significantly on control and watered plots (P > 

0.05). control plots produced 31, 44, and 0 juvenile ground 

squirrels in 1982, 1983, and 1984, respectively, while 

watered plots produced 35, 54, and 0 juveniles during the 

same years. Percentages of juvenile ground squirrels 

captured on control plots were 79%, 68%, and 0% in 1982, 

1983, and 1984, respectively. On watered plots 83%, 62%, 

and 0% of the captures were juveniles during the same years. 

In 1984, ground squirrel densities at Spookhill Dam 

(34/ha) were significantly higher than squirrel densities on 

control (15/ha) and watered (22/ha) plots at reach 6 but 

were not significantly different from squirrel densities on 

control (24/ha) or watered (32/ha) plots in 1983 when green 

vegetation at Reach 6 was abundant. 

In addition to variations in the number of days each 

plot was trapped, low recapture rates and a high proportion 

of squirrels that avoided traps precluded accurate 

population estimations. Density or population estimates 

calculated during this study are not precise representations 

of actual population numbers. They were calculated to 

compare general population trends on control and 

experimental plots. Because of the high percentage of 

recaptured squirrels in 1984 (>95 %), population estimates 



for that year should more accurately reflect actual 

population levels. 

12 

Squirrel Weights 

Adult and juvenile ground squirrels on watered plots 

did not weigh significantly more than ground squirrels on 

plots without water (P > 0.05). In 1983, male squirrels 

weighed 136 + 4.6 g (N = 5) and 156 + 3.3 g (N = 16) on 

control and watered plots, respectively and female squirrels 

on control and watered plots weighed 137 + 7.3 g (N = 5) and 

125 + 2.0 g (N = 38), respectively. Juvenile squirrel 

weights averaged 103 + 1.7 g (N = 45) on control plots and 

101 + 1.6 g (N = 82) on watered plots. 

In 1984, weights of ground squirrels captured on all 

plots at Reach 6 were 20 to 40 g lower than weights of 

squirrels captured in 1983. Adult males weighed 102 + 2.9 g 

(N = 13) and 107 + 2.8 g (N = 31) on control and watered 

plots, respectively; female squirrels on control and watered 

plots weighed 94 + 2.4 g (N = 29) and 92 + 1.6 g (N = 44), 

respect ively. 

Squirrels captured at Spookhill Dam weighed 

significantly more than squirrels captured at reach 6 in 

1984 (P < 0.001). Male and female squirrels captured on 

watered plots weighed 108 + 2.8 g (N = 31) and 91 + 1.5 g 

(N = 47), respectively. In contrast, male and female 
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squirrel weights at Spookhill Dam averaged 187 + 18 g (N = 

3) and 176 + 2.6 (N = 11), respectively. Adult and juvenile 

squirrel weights at Spookhill Dam in 1984 were not 

significantly different from squirrel weights at Tonopah in 

1983 (P < 0.05). 

I compared rates of weight gain of juvenile 

squirrels in early and late summer of 1983 on control and 

experimental plots at Tonopah. In early summer, juvenile 

squirrels on watered plots at Reach 6 grew significantly 

faster (1.05 g/day; N = 30) than juvenile squirrels on 

control plots (0.69 g/day; N = 11) (P < 0.001). Number of 

grams gained per day declined in late summer, but juveniles 

on watered plots continued to grow at a faster rate (0.86 

g/day; N = 15) than did juveniles on plots without water 

(0.32 g/day; N = 7) (P _< 0.001). 

Reproduction 

Squirrels on both control and watered plots failed 

to reproduce in 1984. Only 33 % of males captured in March 

and April 1984 had scrotal testes, in contrast to 1982 and 

1983 when 100 % of captured adult males were in breeding 

condition. In 1982 and 1983 female adult squirrels were 

progressively estral, pregnant, and lactating in March, 

April, and May. In 1984, there was no evidence of any of 

these conditions and no juvenile ground squirrels were 
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captured in 1984. I examined the reproductive tracts of 

five female squirrels collected on watered plots and found 

no placental scars. Apparently, the presence of water on 

the 3 experimental plots was not sufficient to maintain 

ground squirrel reproduction. 

In contrast, 60 percent of the squirrels captured in 

1984 at Spookhill Dam were juveniles. At the end of the 

trapping session at Spookhill Dam, I killed 7 adult female 

squirrels and 2 juvenile females. The reproductive tracts 

averaged 5.9 + 1.5 placental scars per adult female and 

juvenile females had no scars. 

Diet 

Relative densities of Indian buckwheat, locoweed, 

creosotebush, lupine, and insects in round-tailed ground 

squirrel diets varied with season. Lupine, buckwheat, and 

locoweed were eaten in higher amounts in the spring; 

creosotebush and insects were consumed in higher amounts 

during the summer. On control and watered plots, percent 

cover of Indian buckwheat (10.3 and 13.8%, respectively) and 

locoweed (11.6 and 14.4%, respectively) differed on control 

and watered plots (P £ 0.05) and relative densities of these 

2 diet items in squirrel diets paralleled their availability 

on plots. Adult squirrels consumed significantly higher 

(P < 0.001) amounts of creosotebush fruits than juveniles 
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and juvenile squirrels ate significantly more insects than 

did adults. Even though percent cover of lupine ranged from 

0.3% on watered plots to 1.6% on control plots, variability 

in relative densities of this species in squirrel diets 

could not be attributed to treatment differences or 

differences in availability of lupine (P 2 0.05) 

During 1984, when green vegetation was scarce, 

squirrels ate plant species that they did not eat in 1982 or 

1983. Borage, creosotebush, grasses and pectocarya species 

were eaten in 1984 and not in the previous two years. This 

was true for squirrels on both control and watered plots. 

Dietary overlap coefficients indicated that adult 

and juvenile squirrel diets on control and watered plots 

were very similar all 3 years. Percentage of diet overlap 

ranged from 65.0 to 99.9%. 

I calculated equitability (J') of squirrel diets on 

watered and control plots for all 3 years and found no 

significant differences in equitability of squirrel diets at 

the P £ 0.05 level, j' ranged from 0.25 - 0.43 in 1982, 

0.30 - 0.68 in 1983, and 0.42 - 0.78 in 1984. In 1982, 

1983, and 1984, squirrels ate 3-12 different plant 

species. I compared equitability (J') instead of diversity 

(H')in order to account for variation in numbers of plant 

species eaten and sample sizes. 

Finally, to address the question of whether 
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squirrels were selecting food items based on their 

availability in the environment, I calculated ivlev's 

electivity indices for control and watered plots in 1983 and 

1984 (Tables la and lb). Indian buckwheat, locoweed, lupine, 

bladderpod and wooly daisy were eaten in higher amounts than 

would be expected based on their availability. Plant 

species not selected in 1983 (creosotebush and grass spp.) 

were selected in 1984. In 1984, no plant species had a 

negative electivity value, indicating that squirrels were 

eating all types of available plant species in 1984. 

I also found that locoweed and borage species were 

present in squirrel diets in 1984, yet absent in vegetation 

transects for that year. Our vegetation sampling methods 

counted only green plants (Smith and Henry 1985); dried 

locoweed and borage plants were also present, although not 

counted. Vegetation sampling indicated only that green 

plants were not available; squirrels could have been eating 

dried plants and seeds remaining from the previous year. 



DISCUSSION 

Round-tailed ground squirrel reproduction is more 

closely linked to availability of annual green vegetation 

than availability of water. Population levels on watered 

plots did not increase, indicating that reproductive success 

was not enhanced by the presence of water alone. in fact, 

water alone was not sufficient to maintain ground squirrel 

reproduction during a drought year. When ample vegetation 

was available during that same drought year, squirrel 

reproduction was at least average for that time of year and 

significantly higher than on plots with water only. 

The relationship between between winter rainfall and 

subsequent vegetation production and success of desert 

rodent reproduction has been well documented (Chew & 

Butterworth 1964; Beatley 1969; French, Maza and Aschwand 

1966; Reynolds and Turkowski 1972; Reynolds 1960). 

Increased water intake (Beatley 1969; Bradley and Mauer 

1971), increased health and vigor (van De Graaff and Balda 

1973), and presence of gonadotropins or vitamins in the 

greenery (Van De Graaff and Balda 1973) have been proposed 

as the mechanisms enhancing reproduction in desert rodents. 

During years of reduced winter rainfall and sparse annual 

vegetation production, these squirrels produce smaller 

litters (Neal 1964), fail to reproduce (this study), or 
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delay inception of the breeding season in response to 

delayed production of green vegetation (Neal 1964). 

The information I gathered clearly indicates that 

green vegetation, and not water is the factor most 

responsible for increasing reproduction. This distinction 

between water and green vegetation has not been made up 

until this point. Water along will not increase or maintain 

reproduction in round-tailed ground squirrels. The 

cessation of breeding processes when green vegetation is not 

available apparently begins early in the spring, because 

both males and females failed to exhibit any signs of 

breeding readiness. In other desert mammals (e.g. white-

tailed deer Odocoileus virginianus), poor environmental 

conditions can decrease reproduction by causing fetuses to 

abort spontaneously, or fertilized eggs to fail to implant 

(Verme 1969). In other words, during years of poor forage 

quality or otherwise negative environmental conditions, 

adults nonetheless go through courtship rituals, breed and 

go through the motions of successfully reproducing. The 

reproductive failure occurs after breeding takes place. In 

contrast, data from this study indicates that ground 

squirrel reproductive systems cease well before actual 

breeding takes place, as evidenced by the lack of scrotal 

testes on male and signs of estrus or pregnancy in females. 

Possibly, a different physiological mechanism triggers or 

inhibits reproduction in ground squirrels at an earlier 
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stage. 

In addition to distinguishing between water and 

green vegetation as the causal factor in the onset of 

reproduction, my data also provides additional information 

on some of the proposed reproduction-enhancing mechanisms. 

Reichmann and Van De Graaff (1974) suggested that 

reproduction was enhanced when squirrels increased their 

water intake thereby increasing their general fitness and 

vigor. During this study, squirrels with access to water 

did not weigh more than squirrels without access to water, 

indicating that the presence of water alone did not increase 

their health, let alone enhance reproduction. 

Apparently, some mechanism associated with green 

vegetation triggers reproduction in ground squirrels. Van 

De Graaff and Balda (1973) suggested that the direct 

relationship between increased annual vegetation and 

increased reproduction was due to the presence of a 

gonadotropic or "hormone-like" substance in the greenery. 

In 1965, Pinter and Negus found that sprouted wheat extracts 

induced onset of estrus and immediate ovulation in voles in 

a manner similar to anterior pituitary gonadotropins. They 

also found that the "quality" (e.g. the growing stage) of 

the green vegetation was much more important than the 

"quantity". These so-called "plant estrogens" present in 

actively growing green plants could explain the stimulating 

effect of green vegetation on initiation, duration, and 
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success of ground squirrel reproduction. 

It has also been suggested that the presence of 

vitamins in green vegetation stimulates reproduction. 

Hungerford (1960) found that Gambel's quail reproduction in 

southern Arizona was influenced by Vitamin A or a closely 

related substance in the green vegetation. Studies in 

southern California have also documented the positive 

relationship between presence of phytoestrogens and 

inhibition of quail reproduction (Leopold et. al. 1976). 

Beatley (1969) thought that the success or failure of 

heteromyid reproduction was correlated with the presence or 

absence of dietary water and vitamins in annual vegetation 

prior to the onset of breeding. 

Although water alone does not appear to affect onset 

of reproduction or general body condition of adult ground 

squirrels, it may affect growth rates of juvenile ground 

squirrels. On plots with water alone, juvenile ground 

squirrels grew significantly faster than juvenile ground 

squirrels on control plots. Studies on the closely related 

antelope ground squirrel (Ammospermophilus leucurus) have 

suggested that juvenile ground squirrels required additional 

protein in the form of seeds and arthropods (Hawbecker 1947; 

Bradley 1968) to provide adequate nutrition for growth. If 

juvenile squirrels were selecting seeds and arthropods 

instead of green vegetation because of the protein content, 

then additional water would be required for digestion of the 
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dry seed material and also for excretion of nitrogenous 

wastes. In mammals, protein is metabolized to urea, which 

requires considerable amounts of water for its excretion in 

urine (Schmidt-Nielsen 1964). By not selecting green 

vegetation, juvenile squirrels risk upsetting their water 

balance. Squirrels with access to water could freely select 

the more nutritious seeds and arthropods and therefore grow 

faster than juvenile squirrels forced to select green 

vegetation in order to maintain water balance. 

Unfortunately, microhistological methods of diet analysis 

can not distinguish between seed types or quantities and I 

could not compare either the amounts or types of seeds 

consumed by juvenile squirrels on control and watered plots. 

Squirrel recapture patterns could also indicate that 

juvenile squirrels preferred seeds or high protein foods. 

Most of the squirrels that were captured more than 2 times 

were juveniles. Based on the low capture rates of adults, I 

suspect that adult squirrels in my study areas preferred 

available green vegetation to the trap bait. Possibly, 

juvenile squirrels preferred oatmeal and peanut butter to 

green vegetation and were therefore easier to recapture. In 

1984, green vegetation was not available and adult capture 

rates increased markedly. 

Juvenile squirrels consumed significantly more 

insects than did adults in the summer and adults consumed 

significantly more green, succulent creosotebush fruits than 
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did juveniles. These results suggest that juvenile 

squirrels were selecting insects with their higher protein 

content over succulent vegetation. 

Other explanations are also possible. Adult 

squirrels may have excluded juvenile squirrels from feeding 

in creosotebushes and juvenile fed instead on insects. 

Squirrels often chased other individuals away from the 

creosotebush in which they were feeding. Creosotebushes 

with fruits appeared to be a limited and defendable resource 

and less dominant individuals may have been competitively 

excluded from using this resource. Also, adult squirrels 

could be better climbers than juvenile squirrels. 

In spite of differences in consumption of insects, 

seeds, and green creosotebush fruits, the largest diet 

component of these squirrels was still green vegetation, 

especially lupine, locoweed, and Indian buckwheat. Studies 

of other desert rodents have indicated similar 

preferences...utilization of green vegetation when available 

and selection of seeds, arthropods, and small vertebrates or 

carrion when green vegetation was not available. Bradley 

(1968) thought that ingestion of green vegetation was 

critical for moisture balance with insects and vertebrates 

providing additional sources of protein. Bintz (1984) 

reported that succulent vegetation comprised most of the 

diet of ground-dwelling sciurids when it was available. 

When succulent vegetation was not available, consumption of 
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other food sources with a high water content, such as 

insects and animal matter, increased. 

Bradley (1968) found that food preferences of 

antelope ground squirrels were closely related to 

availability and to the need for some succulent vegetation 

to maintain water balance. When green vegetation was 

abundant and a variety of species available, no preferences 

for specific species were noted. 

Food choices of round-tailed ground squirrels in 

this study could be attributed primarily to seasonal and 

local availability. Ground squirrels ate green vegetation 

in the spring and early summer and switched to arthropods 

and seeds in late summer. During the spring of 1984, when 

green vegetation was absent, creosotebush fruits and insects 

were present in higher proportions in squirrel diets than in 

1982 or 1983. Food item selections were also closely 

correlated with their availability on individual plots. 

Higher consumption of Indian buckwheat and locoweed by 

squirrels on control plots was due to the increased presence 

of these two species on control plots. 

I attributed variability of lupine in squirrel diets 

to patchiness of lupine distributions on both control and 

watered plots. Lupine was eaten in amounts higher than would 

be expected from its availability. Either squirrels were 

actively starching for it or patchiness of lupine 

distribution caused it to be underestimated in vegetation 
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transects. 

The relationships between diet, green vegetation, 

reproduction, and growth rates form the basis of a very 

effective strategy for successfully inhabiting desert 

environments characterized by sparse food resources, 

sporadic, scarce rainfall and temperature extremes. Small 

or no litters in poor years would reduce physiological 

stress and increase survivability of adult ground squirrels. 

In an environment where green vegetation and not water is 

the limiting factor, the ability to time reproduction with 

the availability of annual vegetation ensures that 

sufficient moisture is available for lactating females and 

that an abundant seed crop would be available for developing 

juveniles. Natural selection would thus favor these 

squirrels and their continued existence under these harsh, 

unpredictable conditions. 



Table la. ivlev's electivity indices for squirrel diets on 
control plots in 1983 and 1984. 

Plant species 

Electivity Index 

1983 1984 

.806 .980 

.790 1.000 

.927 
- .722 . 544 
- .470 1.000 

.805 
- .549 .941 

.875 
- .574 
-1.000 . 687 

Plantago insularis 
Astragalus nuttalianus 
Lupinus sparsiflorus 
Larrea tridentata* 
Borage spp. 
Eriophyllum lanosum 
Grasses 
Lesguerella gordonii 
Lepidium lasiocarpum 
pectocarya spp. 

* Perennial species. 
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Table lb. ivlev's electivity indices for squirrel diets on 
watered plots in 1983 and 1984. 

Plant species 

Electivity Index 

1983 1984 

plantago insularis 
Astragalus nuttalianus 
Lupinus sparsiflorus 
Larrea tndentata* 
Borage spp. 
Eriophyllum lanosum 
Grasses 
Lesquerella gordonii 
Lepidium lasiocarpum 
Pectocarya spp. 
Chorizanthe rigida 

.751 .984 

.704 1.000 

.986 

.820 .782 

.066 1.000 

.463 

.474 .969 

.739 

.358 

.429 .667 

.429 

* Perennial species. 
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