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ABSTRACT 

Comparison of time of capture of 1,829 kangaroo rats 

(Dipodomys merriami) with certain prevailing environmental 

conditions during selected nights from August to December 1959 

suggest certain relationships between animal activity and 

environmental factors. 

Light intensity appears to trigger the initiation of 

surface activity of this nocturnal rodent. The data suggest 

that temperature related factors are more important than light 
. •» 

intensity with respect to termination of surface activity. 

From mid-August until mid-September the kangaroo rat 

population had a bimodal activity pattern with peaks near dawn 

and dusk. From mid-September until mid-December, this population 

had a major peak of activity which occurred near midnight and 

often a lesser peak near dawn. A longer total duration of 

surface activity (an increase of 3 hours and 6 minutes from mid-

August to mid-December) and decreased availability of food are 

likely reasons for this change of the activity pattern. 

Kangaroo rats were active above ground over a wide range 

of air temperature, relative humidity, barometric pressure, and 

wind velocity. These factors had no apparent relationship to the 

intensity of surface activity. There was no deviation from the 

normal pattern of activity during two nights when fog conditions 

prevailed and one night when a dry, flaky snowfall occurred. A 

vi 



moderate or heavy rainfall may cause a pronounced change in time 

of initiation, time of termination, and level of surface activity. 

Bright moonlight causes a change of behavior but not a change in 

the intensity of surface activity for this species of kangaroo rat. 
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INTRODUCTION 

Seasonal changes within the yearly climatic cycle have a 

profound effect on the life of most terrestrial mammals. In general, 

there is a reproductive cycle which has its greatest expression 

during certain favorable portions of the year. Conversely, there is 

a season characterized by less favorable conditions for a given 

species which can be correlated with a higher mortality rate. Within 

this seasonal matrix are found other cycles or rhythms which are 

associated with a dial (24-hour) period. The most prominent of these 

rhythms are the daily dark-light periods. 

The daily ratio of hours of darkness to hours of light varies 

seasonally according to latitude from a nearly constant 50/50 ratio 

at the equator to seasonal conditions of either 24 hours of light or 

darkness at the poles. In conjunction with the light-dark ratio, many 

other factors of the environment such as temperature, humidity, and 

food availability undergo seasonal or daily changes. Thus, non-

migratory terrestrial mammals are subjected to two major environmental -

rhythms: l) a seasonal change in meteorological and related conditions, 

and 2) the relatively abrupt dial change of the environment associated 

with the light-dark ratio. 

With several exceptions, small terrestrial mammals generally 

avoid the environmental differences associated with light-dark periods 

by restricting their activity to a specific portion of the dial period. 

1 
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Activity occurring during the daylight hours is termed diurnal, during 

hours of darkness nocturnal, and during dawn and dusk crepuscular. Few 

species of terrestrial mammals are truly arrhythmin. i.e., have equal 

activity during both light and dark periods of the day. Whether this 

variety of activity patterns has evolved in response to physiological 

needs, to avoid predation, to more fully utilize the available 

ecological niches, or a combination of these is an unresolved question. 

little is known about the effect of prevailing environmental 

conditions on the activity pattsmr of most nocturnal mammals. The 

dial activity pattern and response to < snvir orimen t al conditions for 

mammals such as Merriam's kaj;..^: oo vat (Dlpodomys merriami) is 

ecologically interesting because they inhabit areas where dial 

fluctuations of many environmental conditions are extreme. This 

mammal is a mouse-sized rodent whose behavior and morphology is highly 

adapted for life in desert and arid grassland habitats. This species 

is known to inhabit such areas frcm central Mexico to northern 

California and frcm Baja California to western Texas. In general, 

kangaroo rats avoid the high temperatures and related conditions which 

occur during the daylight hours on the desert. During this time they 

take shelter in rather elaborate burrow systems where ambient conditions 

are more favorable than conditions prevailing above ground. The 

behavior and activity of the animals within these burrow systems is not 

presently known. 

For the most part, the relationships between environmental 

factors and surface activity for D. merriami and other members of the 

genus Dipodomys have been obtained as incidental data during life 

history studies. However, several investigators (Chew and Butterworth 



1964# Dale 1939, Holdenried 1957, Reynolds I960, Tappe 1941, and Vorhies 

and Taylor 1922) have provided seme insight into the influence of such 

environmental factors as temperature, rain, snow, and moonlight on the 

habits and activity of these animals. In addition, recent studies by 

Hinds (1964) and Justice (i960) have contributed much to the under

standing of the relationships of endogenous circadian rhythms to the 

activity patterns of. this species. 

A study designed to further elucidate the interrelationship of 

prevailing environmental conditions and surface activity patterns of 

D. merriami was made during various nights from mid-August to mid-

December 1959. This period of time included the seasons when the 

extremes of yearly meteorological conditions were expected in the study 

area (Saith 1956). 

The study was made in a monotypic portion of the desert grass

land located 1 mile east and 5 miles north of Portal, Arizona. This 

area lies just below the foothills east of the Chiricahua Mountain 

range in the southeastern corner of the state. Lowe (1964) places 

this area in the Chihuahuan Desert subdivision of the North American 

Desert. A relatively sparse vegetation canopy was formed by creosote 

bush (Larrea tridentata). The most common of the lower growing plants 

were fluffgrass (Tridens pulchellus), caraote de raton (Hoffmanseggia 

densiflora). rattlesnake weed (Euphorbia albcmarginata), and bahia 

(Bahia absinthifolia). Distribution of the vegetation was nearly 

uniform and provided a relatively homogeneous habitat. The desert 

floor was nearly flat, and composed of loose sand and small pebbles. 

The species of small rodents captured in the study area and 

their relative abundance as determined by live trapping are sjiown in 



Table 1. Two hetercmyid rodents, kangaroo rats (D. merriami) and silky 

pocket mice (Perognathus flavus). made up the majority of the mammals 

in the study area. The area bounded by traps was 1200 feet long and 

200 feet wide, a total of approximately acres. The effective 

trapping area was considerably greater as the animals came to the traps 

from inside and outside the trap-perimeter. 

I wish to express my appreciation to several individuals and 

institutions who contributed the advice, equipment, and financial 

assistance that made this study possible. Especially, I wish to 

acknowledge Dr. E. L. Cockrum for much encouragement and the review Of 

this manuscript, Dr. Mont A. Cazier for the use of the facilities of 

the Southwestern Research Station, and Dr. Robert M. Chew and the late 

Mr. Herman Kolilmar for the use of the study area. Much of the 

meteorological equipment was provided by the Department of Entomology 

and Economic Zoology and the Department of Botany, University of 

Minnesota. Financial assistance was provided by a grant from the 

Lincoln Ellsworth Fund administered by the American Museum of 

Natural History. 



Table 1. Nocturnal rodents captured in the study area 

Number of 
Scientific name Common name individuals 

Dipodorays merriami Merriam's kangaroo rat 98 

Perognathus flavus Silky pocket mouse 27 

Onychomys torridus Southern grasshopper mouse IK 

Peromyscus maniculatus Deer mouse 5 

Reithrodontomys megalotis Western harvest mouse 3 

Neotoma albigula White-throated woodrat 2 

Perognathus penicillatus Desert pocket mouse 1 

Peromyscus eremicus Cactus mouse 1 

Mus musculus House mouse 1 



MATERIALS AND METHODS 

A live-trapping system was designed and constructed whereby 

the times of initiation and termination of surface activity of 

D. merriami could be accurately determined. This system also 

provided an index of population activity levels (number of animals 

captured/number of traps available) on a bihourly basis during the 

activity period. Information about the activity patterns of 

individuals was obtained by the frequent recaptures of individual 

kangaroo rats during a given night. 

The live-traps were constructed of J-inch hardware cloth 

(Figure l). They were shaped like a partially flattened cone 

6 inches high, 8 inches wide at the entrance, and tapering to 3 

inches high and 4 inches wide at the back. Total length of the 

trap was 16 inches. The sequence of operation was l) an animal 

entering the trap depressed the large treadle, 2) movement of this 

treadle depressed a second treadle on a standard mouse trap situated 

on the outside of the live-trap. A wire cable connected the two 

treadles, 3) springing of the mouse trap mechanism closed an electric 

circuit thereby activating a specific light on a switchboard. At the 

same time, the mouse trap mechanism released the door of the live-

trap and captured the animal. Forty of these traps were individually 

wired to a switchboard located in a tent near the center of the study 

area. A 6-volt D.C. dry cell battery provided the electric current. 
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trapdoor 

Separate contact plates wired to 
power supply and switchboard 

cable to trapdoor 
release pin 

catch 
bar 

cable connecting live-trap 
and mouse trap treadles 

treadle 

Figure 1. A schematic diagram (side view) of the live-trap and electrical circuit. 

Depression of live-trap treadle springs mouse trap. The catch bar then releases the 
trapdoor pin and closes the circuit by bridging the power supply and switchboard 
contact plates. 
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By this system the exact time an animal was captured in any of the 

traps and the specific trap making the capture was learned by recording 

the activation of the switchboard light. 

The traps were arranged in two groups of 20 traps each, one 

north and the other south of the switchboard (Figure 2). Each group 

consisted of 2 trap lines containing 10 traps each with a spacing of 

50 feet between the traps. These lines were parallel to each other 

and separated by a distance of 200 feet. 

The activating mechanism of the traps was set and they were 

baited with rolled oats before the start of surface activity by 

kangaroo rats. Usually a few of the diurnal species of small rodents 

were still active at this time. After the first hour of activity the 

traps were tended alternately by group each hourj thus, there were 

approximately 20 traps available to the kangaroo rat population each 

hour throughout the duration of their activity above ground. At the 

time the traps were tended, the species of animal, approximate age, 

sex and reproductive condition were recorded along with the exact time 

of capture as determined previously by the switchboard record. The 

animals were released after being marked with a small metal ear tag. 

Recognition of subsequently recaptured individuals was assured by the 

serial numbers of the ear tag. 

A total of 1,829 captures of D. merriami was made during the 

study. This included 98 individuals, 31 adult and 12 sub-adult males, 

and 39 adult and 16 sub-adult females. These sub-adults grew to adult 

size before this study was terminated. Many of the adult animals had 

prior trap experience as a study by Dr. Robert M. Chew (Department of 
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Figure 2. The arrangement of the trapping system and the meteorological station. 
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Biology, University of Southern Califomia) was temulated in the study 

area a few days before by study began. Also, the animals became 

familiar with my traps during field testing of the equipment prior to the 

study. Merriam's kangaroo rats showed no fear of the traps and soon 

became conditioned to use the bait as a source of food. Indeed, seme 

individuals became very possessive of "their" trap and would defend it 

against other kangaroo rats. The use of trap-conditioned animals was 

necessary because the time of emergence from the burrows could be 

determined only if the animals were captured soon thereafter. 

The study was made during the quiescent portion of the annual 

reproductive cycle. In the initial phases of the study, the male 

kangaroo rats were entering the non-reproductive phase as shown by 

regression of the testes; at the termination of the study the testes 

were beginning to enlarge and become scrotal. 

Preliminary tests showed that meteorological measurements made 

at a centrally located weather station gave usable values for the 

entire area trapped. The environmental factors measured and the type 

of equipment used in their measurement were as follows: air temperature 

and relative humidity (recording hygrothermograph), duration and amount 

of precipitation (specially constructed recording rain gauge), 

barometric pressure (recording barograph), wind velocity (anemometer), 

light intensity at initiation and termination of surface activity 

(Macbeth illuminometer). Light intensity was measured at ground level 

and all other measurements were made at 75 mm above ground level, a 

height corresponding to the height of the animal. The phase of the 

moon and the amount of cloud cover were also recorded. 



DISCUSSION OF RESULTS IN TEEMS OF ACTIVITY PATTERNS 

General Mammalian Activity Patterns 

Undoubtedly many factors influence the activity patterns of 

mammals. Among the more obvious are age, sex, reproductive condition, 

food habits, food availability, season of the year, predator activity, 

and portion of the dial period the species prefers or must utilize for 

physiological or survival reasons. 

Diverse activity patterns of various species, with respect to 

time of activity, permit mammals to occupy a wide variety of eco

logical situations. For example, Pearson (1959) reports a variety of 

activity patterns among the small mammals using the same runways in 

his study area. He found meadow mice (MLcrotus californicus) were 

nearly arrhythmic and harvest mice (Reithrodontcmys megalotis) and 

Peromyscus sp. were mainly nocturnal. Brush rabbits (Sylvilagus 

bachmani), although active nearly the entire dial period, showed a 

marked increase in activity during the early morning. Shrew activity 

(Sorex ornatus) as wtasured by his technique, occurred only during 

the winter months and st night. However, visual observations showed 

that shrews occupied the area all year and Pearson postulates that 

their activity was "underground" during the summer and daylight 

hours of the winter months. Clothier (1955) found Sorex vagrans 

active both day and night even during severe winter weather in 

Montana. Ingles (i960), also working with S. vagrans, found that 

11 



the activity pattern can be fully reversed by lighting the cage at night 

and darkening it by day. Thus, he postulates that for this species 

"light seems to be the regulating factor in the 24-hour rhythm." He 

proposes a daily "short-term rhythm" involving 9 to 15 activity periods 

alternating with rest periods. These, he believes, are the result of 

nutritional requirements or physiological changes resulting from them. 

Johnson (1926) reports that deer mice (Peromyscus leucopus 

boracensis and P. maniculatus bairdii) were strongly nocturnal and 

that they were active during the entire period of darkness. Thus, 

the duration of their activity was longer during the winter season 

when the hours of darkness increased. Strictly diurnal mammals such 

as the red squirrel (Tamiasciurus hudsonicus), although often active 

throughout the hours of daylight, may have seasonal and daily peaks 

of activity (Layne 1954). 

Hamilton (1937) found that meadow mice (Microtus 

pennsylvanicus) were more active by day than by night with activity 

peaks shortly after dawn and in the hours preceding dusk. He 

postulates that the activity of predators may be an important 

factor influencing the time at which these periods of increased 

activity occur. An activity pattern showing two peaks of activity 

has been reported for other small rodents including Neotoma (Spencer 

1941) and Sigaodon (Calhoun 1945). 

That activity patterns can be somewhat modified under 

natural conditions is reported by Allee et al (1949) who state 

"... a strictly nocturnal rodent, the springhaas (Pedetes surdaster) 



of Africa, may be active on dark days (Roosevelt, 1910), instead of 

going into diurnal inactivity in subterranean burrows." 

Activity of Kangaroo Rats 

Members of the genus Dipodomys are generally considered to be 

strictly nocturnal. Only rarely are these animals active during the 

daylight hours. Moore (1929) observed a D. ordii longipes sitting on 

a mound in the partial shade of a small bush at about 1 P.M. This, to 

my knowledge, is the only report of "daylight" surface activity of 

kangaroo rats where the animal had not been obviously disturbed from 

its normal daytime shelter. Dipodcmys merriami in my study area 

became very excited and highly irritable if prevented from taking 

shelter at the time the animals normally terminated their activity. 

Upon release, such an animal would immediately seek shelter in the 

first burrow it encountered. 

Activity patterns related to age, sex, and reproductive 

condition.—I found no obvious differences in behavior or activity 

patterns between the young and the adult kangaroo rats in the 

study area. Young D. merriami were not captured until they had 

reached a size nearly equal to that of the adults. They quickly 

became conditioned to use the trap bait as a source of food. 

There was no apparent difference in the surface activity of' 

males and females. Occasionally, a preponderance of either males 

or females would be captured in any single hour of activity. How

ever, the catch during the following hour would consist largely of 

the opposite sex. In my opinion these differences were a function 



of the sample size and had no biological significance. Since the study 

was made during the quiescent portion of the reproductive cycle there 

was no obvious biological reason for a sex-related difference of 

activity. It is possible that there are differences in the response 

of males and females to environmental conditions which are not related 

to the reproductive cycle. However, either the environmental or 

physiological thresholds at which these differences become effective 

were not reached during my study or my technique was not able to 

differentiate slight variations in activity patterns. 

Activity patterns related to food gathering, predation, and 

other species.—Merriam's kangaroo rats begin surface activity 

approximately 20 minutes (14 to 45) after the Harris antelope squirrel 

(Citellus harrisii), a strictly diurnal rodent, terminated its 

activity. No other diurnal rodent was captured later in the day than 

this ground squirrel. Thus, a short period of time occurred each day 

during which there were no small mammals active above ground in the 

study area. 

The surface activity of D. merriami can be considered as 

crepuscular as well as nocturnal. It was generally light enough 

to read a newspaper without artificial illumination at the time 

these animals began and ended their activity on nights when no 

precipitation occurred. This was substantiated by many observations 

both in the study area and in adjacent areas where the animals were 

not conditioned to use trap bait as a source of food. Thus, the 

kangaroo rat in southeastern Arizona bridges the gap between the 

strictly diurnal and the strictly nocturnal species of small rodents. 
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Being crepuscular as well as nocturnal allows D. merriami to 

forage for food during a period of time when there is no competition 

from other small mammals. However, during this time they are exposed 

to predation by hawks. Often it was possible to predict the onset of 

surface activity of kangaroo rats by the increased activity of hawks 

over the study area. That hawks are aware of the approximate time of 

activity (vulnerability) of prey species is further substantiated by 

many observations, by myself and others, of hawks gathering at the 

entrance to bat caves shortly before the evening flight of bats occurs. 

There is no doubt that hawks take a number of kangaroo rats as a 

portion of their diet. However, the success per attempt ratio is 

probably low. I witnessed about 100 attempts (the number of these 

attempts directed against prey species other than mammals could not 

be determined) in or near the1study area without seeing a successful 

capture. These attempts were made during the time that the kangaroo 

rat population was the only mammalian prey species active above ground. 

On two occasions I was able to see both hawk and kangaroo rat. Both 

times the hawk approached to within a few feet before the kangaroo rat 

showed any noticeable awareness of its presence. It then jumped 

straight up, apparently between the talons, striking the hawk on the 

chest. This appeared to disorient the hawk and permitted the kangaroo 

rat to escape into a burrow. 

The relationship of kangaroo rat activity periods to those of 

strictly nocturnal rodents in the study area is shown in Figure 3. 

These, and certain other nocturnal rodents in the study area, were 

never seen during dawn or dusk. The absolute duration of surface 



Peromyscus maxiiculatus 

Perognathus flavus 

Onychanys torridus 

Dipodomys merriami 

Midnight 

Figure 3« Comparison.of the duration of surface activity of kangaroo rats to that of several 
nocturnal rodents in the study area. 

Duration is based on the average time each species initiated and terminated its 
activity during the study. 

M . Ov 



activity as determined by my trapping system for several species of 

rodents in the study area is: Merriam's kangaroo rat (Dipodomys 

merriami), 5:28 P.M. to 7:21 A.M.; Southern grasshopper mouse (Oavchomys 

torridus), 7:14 P.M. to 5:25 A.M.j Silky pocket mouse (Perognathus 

flavus), 7:56 P.M. to 5:39 A.M.; Deer mouse (Peramyscus mam'milAtnal. 

7:31 P.M. to 5:38 A.M. 

Activity patterns related to season.—Reynolds (i960) found 

that D. merriami had peaks of activity near dusk and dawn during the 

last 2 weeks of August. These data were obtained from animals held 

in a 25 sq. ft. cage equipped with a treadle and time-clock recording 

device. This study was made approximately 100 miles west at about the 

same elevation and latitude of my study area. 

Dipodomys merriami in my study area also had a bimodal activity 

pattern with peaks at the beginning and termination of the activity 

period during the latter portion of August and the first half of 

September. However, from mid-September until the termination of the 

study in mid-December, a more unimodal activity curve, peaking at 

about midnight was observed (Figure 4). Often another peak of less 

magnitude occurred near dawn. Possible explanations for this change 

in the activity pattern are 1) the change may be a function of longer 

total duration of surface activity, 2) changes in food availability 

or increased metabolic demands caused by cooler temperatures, 3) a, 

change of behavior resulting from increased familiarity of the animals 

to the trapping system, and 4) an increased number of animals using 

the bait as a source of food. Since the animals were definitely 

familiar with the trapping system early in the study and most of the 



Figure 4. Seasonal change in surface activity pattern of D. merriami. Activity levels are expressed 

as the percentage of available traps capturing kangaroo rats and are of 2 hours duration 

except for the first and last increment of each night. The letter M indicates midnight. 
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recruitment of additional animals occurred prior to the change in 

activity pattern, the latter two possibilities do not seeto likely. 

Fitch (1954) documented that trapping success increased later 

in the year due to less abundance of natural food for D. merriami. 

Ify opinion is that reduced availability of food and the increase in 

the amount of time the kangaroo rats were active above ground in 

response to increased hours of darkness were the major factors 

causing this shift from a definitely bimodal to a more unimodal 

surface activity pattern. 

A nearly steady increase in trapping success occurred as the 

season progressed from August to December. As with the change of 

daily pattern of surface activity, I believe that this seasonal 

increase was the result of a decreased availability of natural foods 

and an increase in total duration of surface activity in response to 

increased hours of darkness. 



DISCUSSION OF RESULTS IN TERMS OF ENVIRONMENTAL FACTORS 

AFFECTING SURFACE ACTIVITY PATTERNS 

General Climatic Conditions 

Redway (1921) states "... to assert that they [animals^ do not 

recognize existing conditions and respond to them, and to weather 

changes in progress, is to fly in the face of the experience of four 

thousand years." However, the evaluation of meteorological conditions 

as factors regulating mammalian activity is difficult because certain 

basic information is not known. This includes: l) the sensitivity of 

the animal to meteorological conditions, 2) the amount of seasonal 

acclimatization which has or will affect the physiological response 

thresholds of the animal, 3) the influence of conditions other than 

meteorological such as disturbance factors, food availability, and 

reproductive condition, 4) the interaction of meteorological 

conditions, the physical factors of the environment, and the 

physiological, morphological, and behavioral adaptations of the 

animal. 

The rather extensive distributional range of D. merriami has 

been previously mentioned and documents without question that this 

species is able to exist under a large variety of environmental 

conditions. The extremes and fluctuations of several meteorological-

environmental conditions which occurred during surface activity of 

kangaroo rats in the study area are presented in Table 2. That 

20 



Table 2. Extremes and fluctuation of meteorological conditions (except precipitation) which occurred 
during surface activity of D. merriami (light intensity measured at ground level, all others 
at 75 mm above ground) 

Meteorological 

Extreme 
during 
activity 

Extreme variation during 
a single night 

Extreme variation during 
a single hour 

condition Max Mn Value Range Night Value Range Night Hour 

Air temperature (°F) 95 24 30 75-45 Oct 1 19 86-67 Aug 20 10-11 P.M. 

Relative humidity 
(« 100 13 72 100-28 Oct 1 51 83-32 Oct 1 8-9 P.M. 

Barometric pressure 
(in Hg) 30:05 29:55 0:24 30:05-29:81 Sept 9 0:05 30:00-29:95 Sept 9 3-4 A.M. 

Wind velocity 
(m.p.h.) 3.8 0.0 3.5 3.8-0.3 Aug 20 1.9 2.4-0.5 Sept 4 11-12 P.M. 

light intensity 
(ft-c) 45.8 



D. merriami is active under such a wide range of environmental 

situations is not surprising because of the adaptations of this 

animal. 

Morphologically and physiologically, D. merriami is well 

adapted for the habitat it occupies. Highly developed hind legs 

with large, wide feet permit great agility and a fast, saltotorial 

means of locomotion. The animal is well furred, and has large 

protruding eyes which are probably specialized for night vision. 

Cheek pouches permit gathering and storage of food to be eaten 

later within the shelter of a burrow where ambient conditions are 

generally both favorable and stable. The ability of kangaroo rats 

to maintain a positive water balance under desert conditions is 

discussed by Schmidt-Nielsen et al (1948), Schmidt-Nielsen and 

Schmidt-Nielsen (1950a, 1950b, 1951> 1952), and Chew and Dammann 

(1961). Webster (1962) describes the function of the enlarged 

middle ear cavities of the kangaroo rat and .concludes that they 

have a high survival value with respect to certain predators. 

The behavior of D. merriami in relation to environmental 

conditions will be discussed in the section dealing with the effect 

of specific meteorological factors. 



The Effect of Specific Environmental Factors 

Responses to air temperature.—Allee et al (1949) state that 

the temperature extremes that an animal can tolerate depend upon a 

complex series of relationships. These include: "a) the species or 

other taxonomic subdivision; b) the external temperature at which the 

species normally lives and that in which the given individuals have 

lived recently; c) the length of e:q?osure; d) the internal body 

temperature; e) the rate of change of internal temperature as 

extremes are approached; f) for low temperatures, the presence or 

absence of internal ice; g) the general condition of the individuals 

as regards items like water content and thermal insulation.11 It is 

probable that many factors related to temperature tolerance in 

"animals" as reported above are applicable as factors influencing the 

surface activity of D. merriami. 

Kangaroo rats were active above ground at all air temperatures 

which occurred during hours of darkness throughout the study. The air 

temperature values recorded at 75 mm above ground level ranged from 24 

to 95°F (Table 3). Although this rather wide range of air temperature 

was encountered during the study, the influence of air temperature as 

a single factor affecting surface activity is not clear. Air 

temperatures are so closely interrelated with other environmental 

factors that their influence on activity is difficult to determine 

in a natural situation. 

Activity levels were not obviously related to changes in air 

temperature (Figure 5). The most abrupt change occurred on August 20 



Table 3. Air temperatures (°F) at 75 mm above ground level. Readings taken on the hour during 
surface activity of D. merriami. 

Date 
Start of 
activity 6 7 8 

P.M. 
9 10 11 12 1 2 3 

A.M. 
4 5 6 7 

End of 
activity 

Aug 20 80 82 82 95 86 67 68 68 68 68 68 68 68 

Aug 29 91 89 82 81 80 80 79 76 76 74 72 70 70 

Sept 2 93 90 83 82 78 77 76 75 74 74 74 73 72 

Sept 4 . 90 89 83 81 79 79 78 78 76 73 70 69 69 

Sept 6 89 89 81 80 79 77 75 72 71 70 70 69 69 

Sept 9 89 87 82 79 77 77 77 74 69 63 62 60 60 

Sept 13 83 80 71 73 75 74 72 71 71 70 69 67 65 

Sept 15 84 81 75 72 71 69 67 65 61 60 59 58 58 

Sept 22 82 76 74 71 69 66 64 65 66 65 64 63 64 

Oct 1 75 71 68 62 56 53 51 50 49 47 46 45 47 

Oct 13 76 74 68 65 63 61 60 58 56 54 52 51 "54 55 

Oct 19 72 68 65 62 62 66 62 58 54 51 59 54 53 53 

Dec 14 32 32 32 31 30 29 27 25 . 24 26 27 29 30 31 32 32 



Figure 5. Relationship of surface activity of D. mprriami to 

air temperature. Air temperatures are in °F measured 

at 75 mm above ground level. Surface activity is 

based on the number of animals captured per available 

traps expressed as a percentage. The letter M 

indicates midnight. 
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during and shortly after a severe thunder storm. It is probable that 

the interrelationship of several meteorological factors, including 

precipitation, was responsible for the decrease in surface activity 

during this portion of the night. Kangaroo rat surface activity on 

October 1, although a temperature change of 30°F (75 to 45) occurred 

between initiation and termination of activity, did not appear 

obviously different from that on other nights during the same season. 

Chew and Butterworth (1964) state that the frequencies of 

capture of individual D. merriami were greater when the environmental 

temperatures were low. Figure 5 shows that the seasonal decrease in 

average nighttime temperatures correlates with increased surface 

activity levels and thus supports the information by the above 

investigators. However, it is probable that this increase of activity 

during my study is due to a combination of factors rather than air 

temperature only. On December 14 the air temperature averaged 24«5°F 

from midnight until 1:00 A.M. This was the lowest air temperature 

recorded during the study. Kangaroo rat surface activity was 87 

per cent during this hour. This value is within a few per cent of 

the highest level of surface activity recorded during a single hour 

on any night during the study and was also the highest level reached 

on this night. In contrast, from 6:55 to 8:00 P.M. on September 2, 

the air temperature averaged 88°F (Table 3). This was the highest 

average air temperature recorded for a single hour during the study. 

Kangaroo rat surface activity was 44 per cent during this time which 

was the highest level reached during the night. 
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The inconsistencies between air temperature and surface 

activity levels shown in Figure 5 suggest that the air temperatures 

encountered in this study did not have an .immediate inhibiting or 

accelerating effect on surface activity of D. merriami. However, my 

technique did not determine the total time that an animal was active 

above ground. Thus, the activity levels are based only on the presence 

of the animal. It is possible that the amount of time these animals 

are active on the surface is influenced by air temperatures whereas a 

short visit to the surface would not be influenced by any but very 

extreme levels of air temperature. Seasonal changes in air 

temperature may influence the animals to remain above ground longer 

and thus be a factor contributing to the increased number of captures 

per hour which occurred in the late fall and early winter. 

Responses to precipitation.—There is conflicting evidence 

related to the effects of precipitation on the behavior patterns and 

surface activity of kangaroo rats. Holdenried (1957) stated that 

rain, unless very intense, and snow did not prevent surface activity 

by D. spectabilis. Vorhies and Taylor (1922) reported that this species 

is not active above ground on rainy nights or when the ground is either 

wet or covered by snow. Tappe (1941) found that the Tulare kangaroo rat 

(D. heermanni tularensis) was not active above ground during rains or 

immediately following them even on moonless nights. In contrast, Dale 

(1939) found D. heeimanni saxatilis active during rainy nights and 

reports seeing its tracks in snow on several occasions. 

On August 20, I captured 7 D. merriami between 6:52 and 7:05 P.M. 

At this time a severe thunderstorm and high winds occurred in the study 
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area and a hard pelting rain began to fall "(1.2 inches between 7 and 8 

P.M.). During this rain, 15 additional kangaroo rats were captured. 

At 8:00 P.M. the rain stopped and the surface activity dropped to a 

very low level (the lowest during the study) during the next few hours. 

At 8:50 a light drizzling rain began to fall, it terminated at 9:10 

P.M. and thereafter surface activity increased slightly but did not 

reach a high level until later in the night (Figure 6). The recapture 

of several individuals showed that thoroughly wet pelage (the animals 

were in the traps during the storm) dried after the animals were within 

the burrow about an hour. 

Shortly after midnight on September 9» a light drizzling rain 

began and continued until 4:41 A.M. During this time the activity 

pattern of D. merriami was not appreciably different from the 

expected seasonal pattern (see August 29, September 4 and 6) for 

nights without precipitation. At 4:41 A.M. the drizzle became a 

moderately heavy rain and kangaroo rat activity, except for two 

individuals who terminated 16 minutes later, ceased for the night. 

This was about 45 minutes before the normal tenaination time and 

was the only occasion on which surface activity ceased while it was 

still dark. At this time the rain gauge showed 0.2 inch of 

precipitation had fallen on the area. 

On the night of October 13, 0.1 inch of rain fell on the 

study area between 7:00 and 7:30 P.M. This was nearly 1 hour after 

surface activity commenced. The precipitation did not appear to 

affect the amount or the pattern of surface activity. 



Figure 6. Relationship of surface activity of D. merriainl to 

relative humidity and precipitation. The percent 

relative humidity was measured at 75 mm above ground 

level. Precipitation is shown on the abscissa of the 

relative humidity graph. A drizzling rain is indicated 

by a light cross-hatch, a moderate rain by a heavy 

cross-hatch, and an intense rain by a shaded area. 

Surface activity is based on the number of animals 

captured per available traps expressed as a 

percentage. The letter M indicates midnight. 
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Thus, it seems that the intensity, the duration, and time of 

occurrence relative to the surface activity are important factors in 

the relationship between precipitation and activity of D. merriami. 

Holdenried (1957) found that snow and air temperatures (10°F) 

caused D. spectabilis to cease surface activity but that if such 

conditions prevailed for several days, surface activity would again 

take place. Kangaroo rats in my study area were active during snow

fall but the air temperature was considerably higher (24°F) than that 

reported by Holdenried. Shortly before midnight on December 14, a dry, 

flaky snow fell and soon covered the ground to a depth of about £ inch. 

There was no apparent effect on surface activity for the first 2 hours 

of snowfall. Thereafter, surface activity tapered off but it is not 

known whether this was a normal activity pattern or the result of the 

snowfall. Snow was still falling at the time surface activity 

terminated at 7 s 21 A.M. The time activity terminated was normal with 

respect to the time of sunrise. 

Responses to relative humidity.—During most nights of the 

study, the relative humidity pattern was characterized by a nearly 

steady increase from a low initial value. The initial value and the 

degree of slope of the relative humidity curve varied considerably 

during the various nights of the study (Figure 6). Thus, surface 

activity of D. merriami occurred during rather extensive ranges (13 

to 100 per cent) of relative humidity (Tables 2 and 4). The extreme 

fluctuation of relative humidity during surface activity occurred on 

the night of October 1, when a fluctuation of 72 per cent (28 to 100 

per cent) occurred between initiation and termination of surface 



Table 4. Relative humidity (per cent) at 75 mm above ground level. Readings taken on the hour 
during surface activity of D. merriami. 

! 
Date 

Start of 
activity 6 7 8 

P.M. 
9 10 11 12 1 2 3 

A.M. 
4 

» 

5 6 
End of 

7 activity 

Aug 20 47 46 50 45 50 94 75 91 79 77 66 80 90 

Aug 29 45 54 59 62 56 55 59 66 66 74 78 78 78 

Sept 2 25 26 28 31 34 35 37 41 44 45 46 47 49 

Sept 4 22 23 27 29 31 32 32 33 34 44 53 55 56 

Sept 6 27 27 30 31 31 35 40 47 52 54 56 56 57 

Sept 9 22 23 27 29 28 28 29 32 37 41 43 44 44 

Sept 13 13 20 24 29 34 40 45 48 51 56 65 73 79 

Sept 15 31 34 40 43 46 50 55 61 68 72 76 76 76 

Sept 22 15 17 23 27 31 36 40 44 41 42 46 49 49 

Oct 1 28 30 32 83 94 100 100 100 100 100 100 100 100 

Oct 13 34 60 40 78 80 90 100 100 100 100 100 100 96 92 

Oct 19 19 20 22 21 21 20 22 25 29 26 28 29 30 28 

Dec 14 92 93 94 94 95 94 94 94 94 94 94 94 94 94 93 92 



activity. Indeed, an abrupt rise of 51 per cent (32 to 83 per cent) 

took place during a single hour on this night. However, surface 

activity wa!s not appreciably different from that recorded on October 19 

during more stable relative humidity conditions. 

Nichter (1957) states that for captive animals "Under imposed 

dry dietary and humidity conditions, the mean daily activity of both 

species of kangaroo rats £Dipodcroys panamlntinus and D. morroensisj 

dropped considerably frcm that maintained by them when dry-fed at 

moderate humidity." The relationship between relative humidity and 

intensity of surface activity for D. merrinmi was not well defined in 

my study. Activity increased with increasing relative humidity on 

September 13, 15» 22 and October 13. On certain other nights (August 

29, September 4, 6, and 9) there was no increase of surface activity 

associated with increasing relative humidity. The activity patterns 

were very similar during high levels of relative humidity on October 1 

and relatively low levels on October 19. Possibly the activity pattern 

of D. merriami would be noticeably influenced by relative humidity as 

described by Nichter if the relative humidity levels were consistent 

for several days and the water content of the foods stored within the 

burrow was low. 

During the first portion of the study (mid-August to early 

September) D. merriami had a bimodal activity pattern with peaks at 

dawn and dusk and a low at approximately midnight. Thus, the one 

activity peak occurred at the lowest relative humidity level and the 

other at the highest. From mid-September until the tennination of 

the study, the activity curve was generally at its highest value near 



35 

midnight. Fluctuations and shape of the relative humidity curves were 

generally more variable during the latter part of the study when this 

change of activity pattern occurred. However, on certain nights 

(September 15 and 22, and October 19) the general shape and levels of 

the relative humidity curve were similar to that obtained early in the 

study. Thus, it appears that relative humidity per se is not the 

factor influencing the change from a bimodal to a more unimodal 

activity pattern. 

One hundred per cent relative humidity occurred at approximately 

midnight on October 1 and 13. These high humidity levels prevailed 

until at or near the termination of surface activity of D. merriami. On 

October 1, kangaroo rat activity declined and on October 13 it remained 

at about the same level during the fog conditions (Figure 6). Tappe 

(1941) reports Dipodcmys tularensis is not active above ground during 

heavy fog. In contrast, D. merriami does not appear to change its 

activity during such conditions. However, the fog conditions on the 

nights of October 1 and 13 may not have been as severe as that 

encountered by Tappe. It is also possible that there is a difference 

in response to fog between the two species of kangaroo rats. 

Ity data suggest that high or low relative humidity levels, 

fluctuations of relative humidity, or fog conditions (if not severe) 

do not cause a change in the activity pattern of D. merriami. However, 

it is probable that the effect of these factors, although obscure when 

considered as isolated environmental conditions, do contribute to the 

overall environmental influences on the behavior and activity of 

kangaroo rats. 
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Responses to barometric pressure.—A rather wide variety of 

barometric pressures occurred during surface activity of D. merri«nH 

(Tables 2 and 5). Occasionally, the barometric pressure curve was 

similar to that of the surface activity (Figure 7, nights of September 

13 and October 13). However, as with most other environmental factors 

studied, no consistent correlation can be made between barometric 

pressure and surface activity of this animal. The hourly values and 
* 

general configuration of the barometric pressure curves were very 

similar on the nights of September 6 and 13. However, there was a 

pronounced difference in the surface activity pattern on these 2 

nights. This difference was probably the effect of a seasonal change 

from a bimodal to a more unimodal activity pattern which is not 

directly dependent on prevailing barometric pressures. A closer 

comparison can be made between the nights of September 6 and 9. On 

these 2 nights the activity pattern was very similar whereas the 

barometric pressure curves were very different. Indeed, the fluctuation 

of barometric pressure on September 9 was very pronounced while rather 

stable barometric pressures were maintained on the night of September 6. 

All other environmental factors measured (air temperature, relative 

humidity, wind velocity, and moonlight) were quite similar during these 

2 nights (Figures 5, 6, 3, and 9). This suggests that barometric 

pressure, as a single environmental factor, has little or no direct 

effect on the behavior and activity of D. merriami. Although this study 

is not definitive, my opinion is that this animal responds to 

environmental conditions associated with the barometric pressure rather 

than to the barometric pressure itself. 



Figure 7. Relationship of surface activity of D. merriami to 

barometric pressure. The pressures are corrected 

to sea level and are in inches of mercury. Surface 

activity is based on the number of animals captured 

per available traps expressed as a percentage. The 

letter M indicates midnight. 
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Table 5. Barometric pressure (inches of mercury). Readings taken on the hour during surface 
activity of D. merriami. 

Start of P.M. A.M. End of 
Date activity 6 7 8 9 10 11 12 1234567 activity 

Aug 20 29:90 29 90 29 90 29 90 29:90 29 90 29 90 29:91 29:94 29 95 29 94 29:93 29:92 

Aug 29 29:87 29 88 29 90 29 91 29:91 29 91 29 91 29:90 29:90 29 90 29 90 29:91 29:91 

Sept 2 29:85 29 86 29 87 29 90 29:90 29 90 29 90 29:90 29:90 29 90 29 90 29:90 29:90 

Sept 4 29:82 29 82 29 85 29 86 29:87 29 88 29 89 29:89 29:89 29 89 29 90 29:90 29:90 

Sept 6 29:88 29 91 29 93 29 94 29:94 29 94 29 94 29:94 29:94 29 94 29 93 29:93 : 29:93 

Sept 9 29:81 29 82 29 85 29 87 29:89 29 91 29 94 29:94 29:95 29 95 30 00 30:05 \ 30:05 

Sept 13 29:86 29 87 29 90 29 90 29:90 29 90 29 90 29:90 29:90 29 89 29 89 29:88 29:88 

Sept 15 29:70 29 70 29 71 29 72 29:73 29 73 29 73 29:72 29:72 29 72 29 72 29:72 29:72 

Sept 22 29:82 29 83 29 85 29 86 29:88 29 89 29 90 29:91 29:91 29 91 29 91 29:91 29:92 

Oct 1 29:55 29 57 29 59 29 61 29:62 29 63 29 65 29:65 29:65 29 65 29 65 29:65 29:65 

Oct 13 29:80 29 82 29 86 29 90 29:93 29 94 29 95 29:95 29:95 29 95 29 94 29:96 29:96 29:96 

Oct 19 29:95 29 97 29 98 29 98 29:99 29 99 29 98 29:97 29:96 29 95 29 95 29:95 29:95 29:95 

Dec 14 29:72 29:72 29 74 29:75 29:76 29:76 29 76 29:76 29:75 29:75 29:75 29:75 29:75 29:75 29:75 29:75 



Responses to wind velocity.—The effect of wind, as an isolated 

environmental factor, on the surface activity of D. merriami was not 

clearly defined in this study. The animals were active above ground 

over a wide range of wind velocities (Tables 2 and 6) but there was no 

obvious correlation between these velocities and the activity of 

kangaroo rats. The activity pattern on September 4 was characteristic 

for this season although there were abrupt and pronounced changes in 

wind velocities (Figure 3). Similar surface activity patterns were 

obtained on August 29 and September 4, 6, and 9. However, wind 

conditions on these nights were quite different. The highest wind 

velocity recorded during the study (3.8 m.p.h. at 75 mm above ground 

level) occurred during a thunderstorm on the night of August 20 between 

7 and 8 P.M. Kangaroo rat surface activity was at the highest level 

recorded for the night during the time of high wind velocity. Both 

surface activity and wind velocity decreased after 8 P.M. but the 

reduction of activity was probably caused by the animals remaining 

within their burrows to dry themselves after the rain. 

. On September 13, wind velocity was very low (less than 0.1 

m.p.h.) throughout the duration of surface activity. A relatively 

stable level of surface activity was maintained throughout the night 

but whether this was the result of low wind velocities or stable 

levels of other factors (air temperature and barometric pressure) is 

not known (see Figures 5 and 7). 

Holdenried (1957) reports that in New Mexico certain 

individual kangaroo rats (D. spectabilis) were usually captured in 

spite of wind velocities. This information is not directly comparable 



Table 6. Wind velocity (miles per hour) at 75 mm above ground level. Readings taken on the hour 
during surface activity of D. merriami. 

o 

Date 
Start of 
activity 6 7 

P.M. 
8 9 10 11 12 1 2 3 

A.M. 
4 5 6 7 

End of 
activity 

Aug 20 3*6 3.8 3.8 2.1 1.3 0.9 0.9 1.2 1.0 0.8 0.8 0.4 0.3 

Aug 29 0.5 0.5 0.5 0.8 1.0 1.0 1.2 1.4 1.0 0.8 0.4 0.4 0.4 

Sept 2 3.0 3.0 2.8 1.3 2.4 0.9 0.5 1.0 1.2 2.8 3.0 3.4 3.4 

Sept 4 1.0 1.0 2.1 2.7 2.9 2.4 0.5 0.8 1.2 0.4 0.9 0.9 0.9 

Sept 6 0.3 0.3 0.5 0.8 0.6 0.7 0.0 0.4 1.1 1.1 1.1 0.4 0.4 

Sept 9 0.2 0.0 0.0 0.0 0.5 0.9 0.2 1.5 1.4 0.5 1.4 0.4 0.4 

Sept 13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sept 15 0.4 0.6 0.3 0.0 0.4 1.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 

Sept 22 1.1 0.6 0.0 0.8 0.4 0.2 0.0 0.0 0.1 0.3 0.0 0.2 0.0 

Oct 1 2.3 1.6 1.0 0.8 0.4 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Oct 13 2.5 2.2 1.0 1.3 1.2 0.9 0.6 0.2 0.6 'o.i 0.0 0.0 0.0 

Oct 19 1.4 1.3 1.0 0.6 0.4 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 

Dec 14 1.2 1.4 1.2 1.0 0.3 1.0 1.5 1.6 1.5 1.4 1.2 0.6 0.1 0.1 0.0 0.0 



Figure 8. Relationship of surface activity of D. merriami to 

wind velocity. Wind velocity was measured at 75 

mm above ground level and is expressed in miles 

per hour. Surface activity of kangaroo rats is 

based on the number of animals captured per 

available traps expressed as a percentage. The 

letter M indicates midnight. 



42 

t>> 
a o 
o 

I—I © 
> 

4.0 

3.Oi 

2.a 
13 | 

l.Q 

Q0. 

£ 60 _ 
"g 
•H 
-P 
o 40. 
•a! 

d) 
o 20. 

& 
CO 0. i i I i—r 

8 10^ 2 4 

20 August 

^J1 
TTT 
8 10 1 2 4 

M 
29 August 

8 10 • 2 4 

4 September 

4.0 

*3.0J 

*§2.0. 
t> 

Si.O 

o.oj 
>» 
6° 

•n 
•p 
o 
c 40-
© 
U a 
CH 20. 

& to o. 
"T 8 10 ̂  2 4 

6 September 9 September 

less than 
0.1 m.p.h. 

810 H 2 4 

13 September 



43 

4.0. 

& 3.0, 

I «  
i i.o 

co 

>> 

i 
t <4 
© o 

0.0, 

80-

60-

40. 

£ 20. 

ttttt 
15 September 

* 3.0. 

© 2.0. 

i I I i • 
8 10 Jj 2 4 
22 September 

TWJTT 
13 October 

T3TJTT 
19 October 

8 10 12 
1 Octooe 

TTWT 

14 December 



hh 

to that obtained in my study since Holdenried did not report the 

intensity of the wind velocities encountered and there may be a 

difference in the response to wind conditions between D. spectabilia 

and D. merriami. 

tfy data suggest that wind velocity in itself, unless very 

severe, fyas little effect on the duration or pattern of surface 

activity of D. merriami. It is probable that wind velocities affect 

the animal indirectly by reducing the insolation properties of the 

pelage and would thus be closely associated with prevailing air 

temperature. The density and type of low-growing vegetation has a 

pronounced effect on the velocity of wind near the ground (Geiger 

1950). It is probable that in a situation of less dense "ground" 

vegetation and finer sand particles, wind velocities identical to 

those encountered in my study may have a more noticeable effect on 

the surface activity of kangaroo rats. Therefore, much information 

is needed on wind-vegetation-soil characteristics throughout the 

extensive range inhabited by this species before an accurate 

evaluation of the wind factor can be made. 

Responses to moonlight.—Tappe (1941) indicates that D. 

heermanni is very responsive to moonlight. He reports that if the 

moon is out prior to the time the species normally begins activity, 

they do not become active until the moon is nearly set. Under these 

conditions, activity was "concentrated" during the period of darkness. 

If the moon rose late, the activity of this species appeared to be no 

greater during the early moonless portion of the night than on nights 

of the new moon. Justice (I960) conducted a comparative study of 
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nocturnal behavior of several common desert mammals. He found that 

moonlight had a pronounced suppressing effect on the surface activity 

of D. spectabilis. However, he reports that even a full moon fails 

to suppress surface activity of D. merriami, but rather restricts this 

activity to shadow areas. In determining the different effects of 

moonlight on these two species, Justice clearly demonstrates the 

danger of assuming that the behavior pattern of one species is the 

same or similar to another even though the species are in the same 

genus. Chew and Butterworth (1964) report that there was no definite 

indication that moonlight depressed the surface activity of D. merriami 

in California. 

Surface activity levels of D. merriami obtained during my study 

show no noticeable deviations in activity caused by the presence or 

intensity of moonlight (Figure 9). Surface activity on nights when the 

moon was very bright was not substantially different than on nights 

when the moon was new or obscured by overcast. This is further 

substantiated by observing D. merriami activity during nights of 

bright moonlight in the study area when the trapping system was not 

operated and also in adjacent areas. The behavioral change resulting 

in the restriction of kangaroo rat activity to shadow areas could be 

one factor explaining the reduced trapping success often obtained 

while, collecting these mammals during "bright" nights. 

On nights of bright moonlight, my trapping success of 

Perognathus flavus. Percanyscus maniculatus and Qn.vchcm.vs torridus. 

which although sometimes seen, was much lower than on dark nights. 



Figure 9. Relationship between moonlight and surface activity of D. merriami. Unshaded areas 

within the histogram represent.ttimes of illumination by moonlight. The phase of the 

moon is indicated by the circles within the unshaded areas. Overcast is shown by 

wide bands within the unshaded areas for heavy cloud cover and narrow lines for a 

light overcast. Surface activity levels of kangaroo rats are based on the number 

of animals captured per available traps expressed as a percentage. The letter M 

indicates midnight. 
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l$y opinion is that these animals are not as active on bright nights as 

on dark nights, i.e., that their surface activity is suppressed rather 

than a change in behavior. 
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DISCUSSION OF RESULTS IN TERMS OF DURATION OF ACTIVITY 

If duration of activity is defined as the "length of time between 

initiation and termination of activity during any portion of the dial 

cycle," then kangaroo rats had the longest duration of activity of any of 

the small, nocturnal mammals in the study area. The kangaroo rat 

population per se increased the duration of their surface activity a 

total of 3 hours and 6 minutes as the season progressed from summer to 

the longer nights of winter (Table 7). This extension of the duration 

of surface activity is consistent with that previously mentioned for 

other species of rodents. The changes of the activity pattern over a 

long duration of surface activity have also been discussed previously. 

Extension of duration of surface activity as influenced by 

increased hours of darkness applies to individual kangaroo rats as well 

as to the population. Figure 10 shows the temporal activity pattern 

for 15 selected animals on 5 complete nights. This figure represents 

the minimum activity since often these animals were not captured during 

a portion of the night due to lack of available traps. Although Figure 

10 presents selected animals and selected nights, such activity is not 

unusual. Of the 98 individual animals marked during the study, at least 

half showed a behavior pattern of sporadic activity throughout the 

entire night for all nights the trapping system was in operation. 

Animals which did not show this pattern of consistent activity were, 

for the most part, the animals inhabiting burrow systems along the 

periphery of the effective trapping area. Thus, they did not have 



Table 7. Time of initiation, termination, duration, and surface activity levels of D. merriami. 
Activity levels based on number of captures per available traps expressed as per cent. 
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Figure 10. Activity of individual D. merriami. This figure represents the minimum surface 

activity, because of trap availability, of 15 selected animals during 5 selected 

nights. Shaded areas indicate the capture of the kangaroo rat during a specific 

time period. Time periods are of 2 hours duration except for the first and last 

period of each night when the period is from the start of activity until 8:00 P.M. 

and from 4:00 A.M. until the termination of activity respectively. The letter M 

indicates midnight. 
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equal chances of capture as compared with animals living well within 

the area trapped. Indeed, it was not unusual to observe two or even 

three of the "trap conditioned" animals trying to gain entrance to a 

trap which had already captured a kangaroo rat. I am certain that 

the over-all trapping success would have been much greater had these 

••marginal" animals utilized other traps along the trap lines or the 

number of traps at a site been increased. 

There is conflicting information concerning the length of 

time a kangaroo rat population is active on a given night. This 

discrepancy is probably caused by the difference in techniques used 

to determine the duration of the activity period. As an example, 

Justice (I960) states that D. merriami (from a population located 

approximately 120 miles northwest of my study area) surface activity 

may be as much as 3 hours less than the hours of darkness, and that 

kangaroo rats are never active as long as 12 hours. On the night of 

December 14, I captured kangaroo rat No. 36 at the following times: 

5:28, 7:05, 9:06, 11:08 P.M., 1:08, 3:12, 5:11, and ?:20 A.M., a total 

of 13 hours and 52 minutes between the initial and final capture. 

Many other individual kangaroo rats had more than 13 hours of activity 

on this night. 

Reynolds (i960) states that D. merriami (from a population 

located about 40 miles south of the population examined by Justice 

and about 100 miles west of my study area) did not begin activity 

before 6 P.M. and ceased completely by 7 A.M. during the month of 

August. Thus, if the same individual was active at these extremes, 

the activity period would be about 13 hours. Official sunrise and 
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sunset at this time was 5s50 A.M. and 7*00 P.M., respectively. Thus, it 

appears that the 13 hours and 52 minutes duration of surface activity 

which I recorded at about the same latitude, although later in the season, 

was within the expected duration of activity for this species. However, 

on the morning this observation was made the sky was heavily overcast. 

Also, about £ inch of snow covered the desert and the decreased 

availability of food may have contributed to the increased duration of 

surface activity, especially since the animals were accustomed to 

obtaining food from the traps. Such observations indicate that D. 

merriami is very adaptive to changes in the physical factors of its 

environment and modifies its behavior pattern accordingly. 
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DISCUSSION OF RESULTS IN TERMS OF INITIATION AND TERMINATION 

OF SURFACE ACTIVITY 

There are several possible explanations for the uniformity of 

the kangaroo rat population with respect to the time of initiation 

and termination of surface activity recorded during this study: l) 

that an environmental situation occurs each evening and each morning 

which is either favorable (initiation) or unfavorable (termination) 

for surface activity, 2) that initiation and termination of surface 

activity is under the influence of an endogenous circadian rhythm, 

3) that a combination of environmental factors and an endogenous 

circadian rhythm controls the initiation and/or the termination of 

kangaroo rat surface activity. 

The environmental conditions prevailing at the beginning and 

the termination of surface activity of D. merriami in the study area 

are shown in Table 8. Several of these factors (light intensity and 

precipitation) had a noticeable influence on the time surface activity 

commenced. The intensity of light measured at ground level at the 

start of surface activity averaged 3*0 foot-candles with a range from 

scmewhat less than 0.2 to 8.8. The consistency of the light intensity 

values at the beginning of surface activity during this study suggests 

that this is the most important single factor regulating the initiation 

of surface activity for this species. The close relationship of light 

intensity to the beginning of surface activity is further substantiated 



Table 8. Environmental conditions at the beginning and termination of surface activity of D. meridami. 

Air Relative Barometric Wind Light 
Date Time temperature humidity pressure velocity intensity Precipitation 

P.M. A.M. (op) (» (in Hg) (m.' p.h.) (ft--c) (yes • or no) 
Start End Start End Start End Start End Start End Start End Start End 

Aug 20 6:52 5:39 81 68 36 90 29:90 29:92 3.8 0.3 0.2* 5.8 yes no 

Aug 29 6:45 5:16 91 70 45 78 29:87 29:91 0.5 0.4 4.2 4.7 no no 

Sept 2 6:50 5:45 92 72 25 49 29:85 29:90 3.0 3.4 2.5 9.8 no no 

Sept 4 6:55 5:21 90 69 22 56 29:82 29:90 1.0 0.9 2.4 1.1 no no 

Sept 6 6:55 5:28 89 70 27 57 29:88 29:93 0.3 0.4 5.5 2.2 no no 

Sept 9 6:45 4:57 89 65 22 44 29:81 30:05 0.2 0.4 8.8 0.2* no yes 

Sept 13 6:32 5:35 83 65 18 79 29:86 29:88 0.1* 0.1* 2.7 5.4 no no 

Sept 15 6:37 5:41 84 59 31 76 29:70 29:72 0.4 0.1* 2.3 7.8 no no 

Sept 22 6:20 5:56 82 63 15 49 29:82 29:92 1.1 0.1* 2.9 10.0 no no 

Oct 1 6:16 5:55 76 47 28 100 29:55 29:65 2.3 0.1* 1.2 21.0 no no 

Oct 13 6:12 6:13 76 55 34 92 29:80 29:96 2.5 0.1* 3.2 34.2 no no 

Oct 19 6:06 6:16 72 53 19 28 29:95 29:95 1.4 0.1* 3.3 29.3 no no 

Dec 14 5:28 7:21 32 32 92 92 29:72 29:75 1.2 0.1* 0.7 45.8 no yes 

* indicates a value less than the stated figure 
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because at sundown a small difference in time results in a pronounced 

difference in the amount of illumination. 

Rain also has a pronounced influence on the time surface 

activity begins. This influence appears to be dependent upon the 

amount, the intensity, and the time of the rainfall in relation to 

the time surface activity normally begins. On. August 16, a drizzling 

rain started about 5 minutes before surface activity commenced (6:55 

P.M.). This was very close to the predicted time for initiation of 

surface activity. Thus, this drizzle had no apparent influence on 

the time surface activity began. On August 23, 0.2 inch of rain fell 

in the study area between 6:00 and 6:45 P.M. The kangaroo rat 

population became active above ground at 7:09 P.M. which was about 20 

minutes later than normal (based on other nights) for this season. In 

my opinion the rainfall caused the apparent delay in the time surface 

activity started. This was the only night when it was "dark" (the 

Macbeth illuminometer was not sensitive enough to measure the light 

intensity at this time) when surface activity commenced, and was the 

night when the most pronounced deviation frcra the expected starting 

time occurred. 

Wind velocity does not appear to have a strong influence on the 

initiation of surface activity of D. merriami. The highest wind 

velocity encountered during this study occurred at the beginning of 

kangaroo rat surface activity on the night of August 20. On this 

night activity started somewhat earlier than was expected. This was 

probably due to heavy rain clouds which caused low light intensity 



values sooner than on cloudless evenings. The wind velocity was 3.8 

m.p.h. at 75 mm above ground level when activity commenced. At this 

time the wind blew over the tent housing the switchboards and other 

equipment, breaking the rope fastening the tent to securely driven pegs. 

It was difficult to walk against the wind at the time D. merriami became 

active. The low (3.8 m.p.h.) wind velocity relative to the much higher 

velocity at "chest height" further indicates the necessity of making 

environmental measurements at a level corresponding to the habitat 

utilized by the animal. 

There was no apparent relationship between the time surface 

activity started and air temperature, relative humidity, and barometric 

pressure. However, these factors may have an influence on kangaroo rat 

activity which could not be measured by my technique. 

None of the values of the environmental factors prevailing at 

the time surface activity of kangaroo rats terminated were consistent 

during this study. Thus, no single factor can be labeled as the 

"most important" in causing the termination of activity of D. merriami 

under normal conditions. Rain certainly has an influence on the 

temulation time for kangaroo rats. Shortly after midnight on 

September 9, a light drizzle started. This drizzle continued until 

4:41 A.M. when a moderately heavy rainfall began and kangaroo rat 

surface activity, except for two individuals who ceased at 4 s 57* 

terminated for the night. This was approximately 45 minutes before 

the animals normally terminated their activity and was the only time 

that surface activity ceased while it was still dark. 
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The kangaroo rat population was active above ground at much 

greater light intensities as the season progressed from summer to 

winter (Table 8). This activity under greater illumination was 

probably the result of the interaction of several factors such as 

lower air temperatures and reduced wind velocities. Possibly increased 

metabolic needs due to colder temperatures and less readily available 

food necessitate the extension of surface activity duration. The 

environmental conditions are probably more favorable during the 

morning than the evening for an extension of activity duration. In 

the winter season, the cool nighttime air temperatures prevail at 

relatively high illumination levels. 

A second possibility for the control of initiation and the 

termination of surface activity is that it is under the influence of 

an intrinsic oscillating mechanism known as the biological clock. 

"Whether this clock is endogenous (self-sustained) as proposed by 

Pittendrigh (1958) or exogenous (requiring information from the 

environment) as suggested by Brown (i960), or is a combination of 

these is a question beyond the scope of my study. However, it appears 

certain that the biological clock can be synchronized by an environ

mental factor. Aschoff (1963) indicates that light appears to be the 

primary environmental factor in this synchronization. Hinds (1964) 

states that "the clock of a nocturnal animal in a light-dark situation 

will adjust the period of its overt rhythm to that of the light-dark 

environmental period. Activity will then begin at or near the light-

dark transition and will end at or near the dark-light transition." 

In a series of experiments under controlled light and temperatures, 



58 

Hinds found that the synchronization of the biological clock mechanism 

by light shocks had a "more stable, precise and predictable ̂ effect on 

initiation of activity^ than on cessation" for D. merriami. 

Substantiation of these laboratory findings under natural 

conditions is shown by the nearly consistent light intensities at the 

initiation of surface activity by free-living"kangaroo rats (Table 8). 

The extension of surface activity into higher light intensities later 

in the season suggests that termination of activity is probably 

regulated by environmental and/or behavioral factors rather than a 

biological clock mechanism. 

Laboratory observations suggest that the activity rhythms of 

newly captured individuals from a given population are not necessarily 

in phase. Thus, one would expect a variation in the time of surface 

activity initiation resulting frcm this lack of synchronization if the 

activity is controlled by the biological clock only. This "range of 

time" for population surface activity initiation was not pronounced 

during my study as the kangaroo rats commenced activity on a 

population basis. It seems reasonable to assume that a combination of 

a circadian rhythm and environmental factors causes initiation of 

activity in this species. Thus, the biological clock mechanism could 

result in "anticipatory" activity among the animals within the burrow 

system for some time prior to surface activity. Proper environmental 

conditions (light intensity) could then be the factor triggering surface 

activity for the population. This is a possible explanation for the 

majority of individuals in the kangaroo rat population initiating 
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surface activity at nearly the same time in any given evening in spite of 

the lack of synchronization of circadian rhythms among individuals. 
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TECHNIQUES FOR FUTURE STUDY 

The information acquired during this study is based on a 

specific technique which did not facilitate the study of several 

aspects of kangaroo rat activity and behavior. Many questions 

were raised which provide fertile areas for future studies by 

other field techniques and laboratory investigations. 

A) Behavior in non-trained populations: It may be desirable 

to employ a method of study which does not require the conditioning 

of the animals to a trapping system. It is difficult to assess the 

effect such conditioning may have on the behavior pattern of the 

animals. However, observations of kangaroo rats in areas adjacent 

to the study plot suggest that the effect of trap-conditioning was 

not pronounced with respect to the time surface activity started and 

ended. The animals were confined within the trap for up to 1 hour 

after capture. The effect of this confinement on the behavior and 

activity of kangaroo rats is not known. 

B) Activity and behavior within the burrow: There is little 

or no information available on the daylight portion of the dial 

cycle for kangaroo rats under natural conditions. Possibly radio-

telemetry or tagging the animal with radioactive material would 

provide this information. Also, these techniques do not require 

trap-conditioning or confinement of the animal. 

60 
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C) Sex-related differences of activity and behavior: It would, 

be informative to make a study throughout an entire year to ascertain 

possible differences of activity and behavior related to the 

reproductive season. 

D) laboratory investigations: It is probable that, under 

controlled laboratory conditions, the effects of certain environmental 

factors could be determined.. The artificial manipulation of specific 

conditions of the environment might give a greater insight into the 

effects of these factors under natural conditions. Also, the 

physiological adjustments associated with environmental change, the 

levels at which environmental factors operate and the tolerance limits 

of the animal to such factors could be determined by laboratory 

investigations. 



SUMMARY AND CONCLUSIONS 

A trapping system which determined the precise time of capture 

was used to determine the time of initiation, time of termination, and 

level of surface activity for Merriam's kangaroo rat, Dipodomys merriami. 

This system was operated on various nights during the months of August 

through December 1959 in a creosote-bush desert grassland area in - -

southeastern Arizona. 

Simultaneous to the trapping operation, certain environmental 

factors were measured. These include: a) air temperature, b) 

relative humidity, c) wind velocity, d) barometric pressure, e) 

amount and duration of precipitation, f) light intensity at initiation 

and termination of surface activity, and g) phase of the moon and 

amount of cloud cover. These environmental conditions were then 

compared with the occurrence and intensity of kangaroo rat surface 

activity for possible relationships. 

Dipodomys merriami begins surface activity at approximately 

3.0 foot-candles illumination. This corresponds to what might be 

termed mid-twilight. It appears that on nights when no precipitation 

occurs prior to or during initiation of surface activity, light 

intensity is the most important factor regulating the time activity 

begins. A light rain has no obvious effect on the time surface 

activity begins. However, a moderate or heavy rain may delay the 

beginning of surface activity at least 20 minutes. There is no 

62 
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apparent correlation between the time surface activity begins and any 

other environmental factor measured during this study. 

Termination of kangaroo rat surface activity occurs at 

progressively greater light intensities as the season progresses 
r 

from siammer to winter. In summer, termination takes place at about 

2.0 to 5.0 foot-candles. In winter the highest light intensity 

measured at termination of surface activity was 45.8 foot-candles. 

A moderately heavy rain was the only factor known to directly affect 

time of termination of above ground activity during this study. 

Termination is probably influenced by light intensity (although 

higher values are required during winter) and temperature-related 

factors. 

The duration of surface activity for this kangaroo rat 

population increased from 10 hours and 47 minutes in August to 13 

hours and 53 minutes in mid-December, an increase of 3 hours and 6 

minutes. Individual animals were sporadically active throughout 

the duration of surface activity of the population. There was no 

evidence that certain portions of the population were active at 

different times of the night. 

No difference of behavior or activity was noticed which 

could be related to the age or sex of the animal. However, the 

study was made during the quiescent portion of the breeding cycle 

and the young of the year were nearly adult size at the time they 

first emerged from the burrow system. 

From mid-August until mid-September the kangaroo rat 

population in the study area had a bimodal activity pattern with 
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peaks near dawn and dusk. From mid-September until mid-December, 

this population had a major peak of activity which occurred near 

midnight and often a lesser peak near dawn. A longer total 

duration of surface activity and decreased food availability are 

likely reasons for this change of the activity pattern. 

Kangaroo rats were active above ground over a wide range 

of air temperature, relative humidity, barometric pressure, and 

wind velocity. These factors had no apparent relationship to the 

intensity of animal activity as measured by my technique. No 

deviation from the normal pattern of surface activity occurred 

during two nights when fog conditions prevailed in the study area. 

Dipodomys merriami were active during a very heavy rain 

which occurred shortly after initiation of surface activity and 

continued for about 1 hour. Thereafter, surface activity by 

kangaroo rats was very low for several hours. Later in the night, 

normal surface activity levels were measured. Ones surface 

activity has started, a light rain or drizzle does not noticeably 

affect the intensity of activity. A moderate or heavy rain late 

in the night may cause termination of activity. A moderate to high 

level of surface activity was maintained for about 7 hours during 

which a light snowfall occurred. This was a dry, flaky snow and 

the air temperature was not severe (24 to 31°F)» Colder temperature 

and/or blowing snow might cause the animals to terminate activity. 

Dipodomys merriami becomes wary and tends to keep to shadow 

areas during times of bright moonlight. However, no apparent change 
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in the intensity of surface activity was measured during any phase of 

the moon or amount of cloud cover. This species normally begins 

surface activity at light intensities as great or greater than the 

brightest moonlight. Behavior at this time is similar to that during 

bright moonlight. 
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