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PREFACE 

For clarity and convenience, this dissertation has 

been divided into two parts. Each part complements the 

other, yet they were sufficiently independent to merit 

separation. Part I, the result of one year's field work 

in Argentina, is basically the natural history of a desert 

armadillo, Chaetophractus vellerosus. Besides gaining a 

better general understanding of desert armadillo ecology, 

the major emphasis of the field study was directed toward 

those aspects of the Chaetophractus niche which were 

uniquely important for a xeric existence. In Part II, I 

describe and discuss a physiological comparison of the 

kidney capabilities of the xeric Chaetophractus with the 

mesic Dasypus because their geographic distributions re

flected possible differences in water dependence, 

I am indebted to Jaimie Cordoba, Raphael Pites, 

and the late Valentine Cordoba for their field assistance 

in Argentina. I am also grateful to Dr. Eleanor Storrs, 

Gulf South Research Institute, for the donation of six 

armadillos. 

I thank Dr. Charles H. Lowe, Dr. Donald Hunsaker II, 

and Dr. Roger Hungerford for their patience and continued 
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support throughout my graduate career. In preparation of 

this dissertation, I appreciate the help given me by Dr. 

Norman Smith, my parents, and the members of my major 

committee. 

Perhaps the one individual who has offered the 

greatest inspiration and support has been my wife, Sonya. 

This dissertation represents as much her effort as it 

does mine. 
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ABSTRACT 

The little hairy armadillo (Chaetophractus vel-

lerosus) is one of several species of armadillos inhabiting 

the Monte Desert of Argentina. No armadillo inhabits the 

North American Desert, but the nine banded armadillo 

(Dasypus novemcinctus) is established as far west as the 

Pecos River of Texas. The ecology and physiology of 

Chaetophractus and Dasypus were compared in order to better 

understand the niche of the armadillo. 

Chaetophractus, similar to most small desert 

mammals, avoids summer heat and water problems by main

taining fossorial and nocturnal habits. In winter, they 

become diurnal. Unlike the insectivorous Dasypus, Chaeto

phractus is an omnivore. The omnivorous habits of 

Chaetophractus are important for their existence because 

deserts do not support many ground insects. 

Chaetophractus burrows are unaffected by daily 

and possibly even seasonal air temperature variations 

because of their depth. The burrow temperature is below 

the armadillo body temperature even during the hottest 

summer days. Consequently, the animal is able to passively 

remove body heat when in the burrow. 
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XV 

Because of their fossorial habits, armadillos are 

limited by the conditions of the soil. Chaetophractus are 

uncommon on rocky slopes but common on the sand dunes. 

Given an alternative, Chaetophractus usually burrow on 

sloped rather than horizontal surfaces. The burrowing 

angle is significantly steeper for those burrows on flat 

ground than it is for those on the sides of dunes or arroyo 

banks. 

Kidneys of the xeric Chaetophractus and mesic 

Dasypus were examined to determine their potential ability 

to concentrate the urine. The relative medullary thickness 

(RMT) of the kidneys indicate that the Chaetophractus 

kidney has a higher concentrating ability than expected 

for a xeric mammal of its weight. The efficiency of the 

mesic Dasypus kidney is considerably lower than expected 

for a xeric mammal yet higher than a mesic mammal. When 

placed on a dehydrated meat diet, Chaetophractus remains 

in water balance but Dasypus does not. This suggests that 

Dasypus does not have the physiological capabilities to 

extend its range into the North American Desert. 



PHYSICAL DESCRIPTION OF SPECIES 

Chaetophractus vellerosus vellerosus 

The two known subspecies of Chaetophractus vel

lerosus (common names: little hairy armadillo, quirquincho) 

have been described by Yepes (1928); C. v. vellerosus is 

distributed in western Bolivia and the northwestern provinces 

of Argentina (Figure 1), whereas C. v. pannosus is found 

south of C. v. vellerosus. Individuals collected for this 

study were the subspecies C. v. vellerosus. 

Walker et al. (1964, p. 493) provides the following 

description of the genus Chaetophractus (Figure 2): 

The armor consists of a shield on the head which 
has a granular surface, a small shield between 
the ears on the back of the neck, and the carapace 
which protects the shoulders, back and sides of the 
body and rump. The banded portion of the carapace 
has about 18 bands. Hairs project through the 
openings between the scutes on the back and the 
limbs and belly are covered with whitish or light 
brown hair. The ossified dermal scutes are covered 
by a layer of horny epidermis. The scutes are 
usually quadrate or polygonal in shape. The snout 
is short, with a long protrusible tongue. 

Walker et al. (1964) reported that Chaetophractus 

usually have seven moveable bands; I counted from six to 

eight bands on individuals collected for this study. 

The mean weight of the 147 individuals collected 

in the Andalgala' area (refer to study area description, 

1 
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30°S — = Dasypus novemcinctus 

Chaetophractus 
v. veHerosus 

Extremely arid or arid 

30° N 

30°S 

Figure 1. The geographic distributions of two 
species of armadillos, Dasypus novemcinctus and Chaeto
phractus v. vellerosus. 

Map is based on Hall and Kelson (1959), Talmage and 
Buchanan (1954), Buchanan (1958), Cabrera (1957), and 
Yepes (1929). Climate classification after Meigs (19511 



Figure 2. The little hairy armadillo, Chaetophractus 
vellerosus, of South America. 
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p. 12) during 1971-72 was 840 gm. Table 1 contains the 

mean values of their weights and body measurements; 

Appendix A contains the information for each individual. 

The male is heavier and slightly larger than the female; 

both sexes were heavier in winter than summer (males by 

3.9 percent, females by 8.6 percent) because they deposited 

a thick (1-2 cm) subcutaneous fat layer. 

Dasypus novemcinctus 

The species Dasypus novemcinctus (common names: 

nine banded armadillo, mulita), first described by 

Linnaeus (1758), includes several subspecies. Only one 

subspecies, D, n, mexicanus, enters the United States. 

Dasypus was first reported in the United States in 1854 

(Audubon and Bachman 1854); dispersing at a rapid rate, 

it now ranges from Kansas to northern Argentina (Talmage 

and Buchanan 1954) (Figure 1). The ecology of Dasypus 

is known only from the United States and because the sub

jects used in Part II of this study were from Louisiana, 

hereafter Dasypus refers to the subspecies D. n. mexicanus. 

Walker et al. (1964) states that the genus Dasypus 

has no hair on the carapace and hair sparsely scattered on 

the underparts (Figure 3). The snout is long and narrow 

and the legs are short. The number of moveable bands is 

usually 9r but may be from 7 to 10. 



Table 1. Mean values of body weights and measurements for three species of 
armadillos. 

N 
Wt. 
(gm) 

Body 
length 
(mm) 

Tail 
length 
(mm) 

Girth 
(mm) 

Tail: 
Body 

Surface 
area: 
vol.a 

Surface 
area: 
wt.c 

Chaetophractus 
vellerosus3 

76 
71 

860 
814 

376 
368 

114 
112 

253 
256 

.438 .285 .105 

Dasypus novemcinctus 6 4584 725 309 423 .714 .171 .060 

D. novemcinctus 
THall and Kelson 

1959) 

5171 708 308 .057 

•d 
D. mazzai 1 1570 325 

a. Refer to Appendix A for individual armadillo weights and measurements, 

b. The surface area and volume of the armadillos were determined by con
sidering the armadillo body as a cylinder (minus tail length). 

0 67 
c. Surface area = wt 

d. Single individual collected near Oran, Salta province, Argentina on 
April 28, 1972. 



Figure 3. The nine banded armadillo, Dasypus 
novemcinctus, of South and North America. 
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The average North American Dasypus weighs about 

5 kg (Hall and Kelson 1959) (Table 1; Appendix A). Dasypus 

is approximately six times heavier than Chaetophractus, 

with the smaller Chaetophractus having a 2/3-3/4 greater 

surface area to volume (wt) ratio than Dasypus (Table 1; 

Figure 4). Their size difference is important because I 

have compared aspects of their physiology which are pro

portional to body size. 



Figure 4. The little hairy armadillo, Chaetophractus vellerosus (left), 
and the nine banded armadillo, Dasypus hovemcinctus (right). 00 



PART I. ECOLOGY OF CHAETOPHRACTUS VELLEROSUS 

9 



INTRODUCTION 

The Monte Desert of Argentina has been described by 

Morello (1958) as a phytogeographic province extending from 

24°35' to 44°20' latitude South and 62°54" on the Atlantic 

coast to 69o50l longitude West. It is located in the pre-

Andean region occupying the intermountain valleys where 

moist air currents rarely penetrate. Precipitation, which 

occurs mostly in summer, is generally less than 200 mm 

per year with much of the area being described by Meigs 

(1951) as arid. Much of the Monte has a cover of resinous 

bushes, with Zygophyllaceae bushes being dominant. Trees, 

if present at all, are found on river borders where they 

form gallery forests. 

In 1971, while a participant in the International 

Biological Program-Structure of the Ecosystem Subprogram 

(IBP-SES), I undertook a one year field study of the little 

hairy armadillo, Chaetophractus vellerosus, a common mammal 

of the northern Monte, The literature on armadillo ecology 

consists largely of studies of the nine banded armadillo, 

Dasypus novemcinctus, in North America (Kalmbach 1943; 

Taber 1945; Clark 1951; Fitch, Goodrum, and Newman 1952). 

Talmage and Buchanan (1954) have summarized the Dasypus 

research efforts until 1954 in a quite comprehensive 

10 
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monograph. Natural histories of any of the South American 

armadillos are virtually nonexistent. Crespo (1944) con

tributed a monograph on the burrow characteristics of 

several armadillo species; others (Hudson 1922; Krumbiegel 

1940) have made observations on armadillo food habits. 

It was my primary objective to determine how 

Chaetophractus, a desert armadillo, behaviorally confronts 

the two desert problems of high temperature and aridity. 

To this end, I studied their activity periods, summer and 

winter food habits, and burrow and ambient temperature 

environments. 



ANDALGALA STUDY AREA 

The village Andalgala (elevation 1080 m), is lo

cated in the Bolson de Pipanaco, a large valley in the 

northern Monte Desert (Figures 5, 6). Andalgala, situated 

on the northern edge of the contained bolson, receives an 

average annual rainfall of 293.3 mm; the settlement of 

Pilciao, 20 km south of Andalgal^ receives 130 mm (Morello 

1958). The single rainy season occurs during the summer 

months. Chaetophractus is common throughout the area but 

its abundance varies with soil condition and proximity to 

civilization. Armadillos are a popular food item and with 

a good pair of hunting dogs, in one evening a hunter may 

kill 20 to 30 armadillos. 

My major study area was in the sand dunes 15 km 

south of Andalgala (Figure 6, sites la, lb).. The dunes 

support a good Chaetophractus population because of ex

cellent soil conditions for burrowing and lack of hunting 

pressure. Furthermore, tracking armadillos is easy in the 

finely grained sand of the dunes. The dominant dune vege

tation consists of the tree-shrub Bulnesia retama (Zygo-

phyllaceae), the shrub Larrea cunifolea between the dunes, 

and the annuals Heliotropium mendocinum, Gomphrena martiana, 

and several grasses (Figure 7). The rivers of the area, 

12 
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2 8 ° S  

Andalgola study 

area 

(see Fig.6) 

Monte 

Figure 5, The Monte phytogeographic province of 
Argentina, as described by Morello (1958). 
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Andalgalo 

LEGEND 
° Sand dunes 

Arroyo 

Road 

•-*- Railroad 

1 v I 
<D 1 / . , 
3'vt /-<a 

v' 0 b Pilciao 
La Islaji \ 0Q 

\ 
o N 

10 km 
I 

Ri'o roz0 

28° S. 

Colpes 

Joyango 

Figure 6. Andalgala', Argentina and surrounding area. 

Map illustrates the four areas of study mentioned in the 
text of this paper: (la) Rio Virgin dunes, (lb) Rio Pozo 
dunes, (2) Huaco creosote flats, and (3) Joyango bajada. 



Figure 7. Optimum habitat for the armadillo, Chaetophractus vellerosus. 

Sand dune community located near La Isla, Argentina. Refer to Figure 6. 
Ul 
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Rio Pozo and Rio Virgin, are seasonal; the nearest permanent 

water is the Rio Andalgala', 20 km north. Rainfall is com

parable to that at Pilciao, 130 mm per year (Morello 1958). 

/ 

Along the borders of the Rio Pozo and Rio Virgin, Acacia 

sp. and Prosopis sp. form modified riverine communities. 

To a lesser extent, the habits of Chaetophractus 

were investigated elsewhere. Between the dunes and Andal

gala, the terrain flattens to support the single dominant, 

Larrea cunifolea (Figure 8). The soil of the "creosote 

flats" study area (Figure 6, site 2) is relatively im

pervious to water and bakes to considerable hardness, 

providing more difficult burrowing for Chaetophractus 

than on the sand dunes. Chaetophractus are still abundant 

on the creosote flats but not to the extent that they are 

on the dunes. 

Chaetophractus are not common on the bajadas (slopes} 

enclosing the Bolso'n de Pipanaco because the rockiness of 

the soil makes burrowing very difficult. A vegetation tran

sect (approximately 10 km) had been established by the IBP 

on the bajada near the village of Colpes, 60 km south of 

Andalgala'. At the base of the transect (elevation 840 m), 

I measured summer and winter temperatures and studied the 

burrows (Figure 6, site 3). The vegetation is more diverse 

on the bajada than the basin floor (Figure 9). Expected 

rainfall at Colpes is 152 mm per year (Morello 1958). 



Figure 8. Suboptimal habitat of the armadillo, Chaetophractus vellerosus. 

Creosote (Larrea cunifolea) flats located 6 km south of Andalgala, Argentina. 
Refer to Figure 6. 



Figure 9. Poor habitat of the armadillo, Chaeto-
phractus vellerosus. 

This bajada is located 20 km west of Andalgala, Argentina. 
Refer to Figure 6. 



MOVEMENTS AND HOME RANGE 

Procedure 

Several Chaetophractus were captured in the sand 

dunes and their movements monitored in the following manner. 

A spool of polyester thread (455 m) was attached to the 

armadillo's tail (Figure 10), a modification of a technique 

described by Stickel (1950). The best results were ob

tained when the tail was epoxied inside the spool. When 

tested on captive individuals, the thread spool did not 

impede their movements or noticeably affect their behavior. 

Animals were always released where captured and left un

disturbed until the following day, when it was possible 

to follow the trail of thread left by the animal as it 

moved about. The thread usually broke or was used before 

it could be replaced. The sand was at times fine enough 

that the dragging spool left a groove which could be fol

lowed. By this method of tracking, I obtained information 

about exact movements, burrows, food habits, and behavior. 

The actual time of activity could only be estimated 

because it was necessary to vacate the area to prevent 

disturbing the animal. The periods of activity, later 

discussed, were based on observations of captive animals 

and direct field observations or tracks. 
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Figure 10. Early model of the thread trailer, a 
device for monitoring the movements of the armadillo, 
Chaetophractus vellerosus. 
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I calculated the home range for two armadillos 

whose movements were monitored for three and five days. 

The area was determined after connecting the outside 

limits of their thread trails by straight lines. 

Results and Discussion 

Activities Outside the Burrow 

I always captured Chaetophractus while they were 

foraging on the dunes. Once my presence was noticed, the 

armadillo immediately began digging a new burrow or ran 

into an existing one. Only one (armadillo no. 5) did not 

respond in this manner but instead remained motionless in 

a thicket of vegetation for over one hour. Dasypus novem-

cinctus retreats to a burrow unless the distance is too 

great, at which time the animal conceals itself in a 

thicket of vegetation (Clark 1951). Tolypeutes matacus, 

the three banded armadillo, frequently rolls into a ball 

rather than burrow (Talmage and Buchanan 1954); the carapace 

of Tolypeutes, unlike Chaetophractus and Dasypus, is thick 

enough to discourage most predators. 

The movements of a total of seven Chaetophractus 

were monitored using the thread trailer device; two of the 

seven individuals (nos. 5, 6) were followed for periods 

longer than one day (Table 2). The results indicate that 

foraging is the single most common activity of 
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Table 2. The distance traveled and area covered during 
activity periods for seven Chaeto^hractus 
vellerosus near Andalgala, Argentina. 

Date Location3 
Animal 
No. 

Elapsed 
Time 
(hrs) 

Distance 
Traveled 
(m) 

Area 
Covered 
(ha) 

9/7/71 Rio Pozo 9b 20 2260 

9/7/71 Rio Pozo 10b 18 >201 

2/24/72 Rio Virgin 1 12.5 >182 

2/24/72 Rio Virgin 2 11.5 >455 

2/24/72 Rio Virgin 3 9.5 >455 

5/17/72 Rio Virgin 5b 15.3 "650 
5/18/72 11 V 17.0 "1045 
5/19/72 It II 17.0 1400 

5/27/72 Rio Virgin 6b 17.5 45 
5/28/72 tl II 18.3 99 
5/29/72 II II 13.5 908 
5/30/72 II II 19.3 23 
5/31/72 N If 24.0 2 

a. Refer to Figure 6 for map locations of study 
sites, 

b. For accompanying maps of these particular 
armadillos* (nos. 9, 10, 5, and 6) movements, refer to 
Figures 11, 12, and 13 in the pocket. 



23 

Chaetophractus when they are outside the burrow. During a 

single activity period, one monitored armadillo (no. 6) 

probed for food 190 times and either investigated or dug 

16 burrows (Table 3). Among other items, they foraged for 

Heliotropium mendocinum tubers and ants in the open spaces, 

and for beetle larvae and adults and legume pods in the 

thickets of vegetation. Most of the wandering and probing 

occurred in the thickets rather than in the open spaces 

(Figure 11, in pocket). During one activity period, one 

individual (no. 6) traveled only 2 m before returning to 

the burrow whereas the maximum distance any one individual 

traveled was 1400 m (no. 5). Armadillo no. 5 averaged 

1032 m each night for three nights, and no. 6 averaged 

214 m for five nights (Table 2). In contrast, Lehmann 

(1934) reported that Dasypus forage at a rate of over 500 m 

per hour, and Ellis (1964) found that raccoons average 

118.2 m per hour. 

Monitored Chaetophractus occasionally used burrows 

which had more than one entrance. Four occasions were 

recorded where an individual entered a burrow through one 

hole and exited by another. Clark (1951) reported that 

Dasypus burrows may have more than one entrance. 

After foraging, monitored individuals did not 

necessarily return to the same home burrow. Armadillo no. 

5 returned to the same burrow for two of three nights and 

no. 6 for three of five nights (Figures 11, 12, in pocket). 



Table 3. The distance traveled, number of food probes and burrows, and 
forage items for Chaetophractus vellerosus no. 6 over a five day 
period in late fall. 

The armadillo's movements were recorded by the marking technique 
described in the text. 

Date 5/27/72 5/28/72 5/29/72 

Time Period During 
Which Activity Occurred 

Temperature Range 
During Time Period ( C) 

5/30/72 

4 

23 

0 

0 

plant 
tubers tubers, 

ants 

1530-0900 1430-0845 1930-0900 1315-0830 

Day No. 1 2 3 

Distance Traveled (m) 45 99 908 

No. of Food Probes3 2 30 190 

No. of Burrows 0 3 16 

Forage Items - plant plant 

2.2-25.5 3.3-28.9 2.8-15.6 1.7-29.5 

5/31/72 

5 

2 

0 

0 

0900-0900 

1.7-30.5 

a. Food probes have been defined as armadillo holes <30 cm in length. 

b. Burrows have been defined as armadillo holes £30 cm in length. 
They were not necessarily dug but perhaps only investigated by the monitored 
armadillo. 
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The exact hours of activity were difficult to 

ascertain because armadillos were never actually seen 

emerging from or returning to their burrows, but monitored 

individuals were definitely active during early evening in 

summer and afternoon in winter. 

Home Range 

Home range has been defined as the area over which 

an individual travels in its normal daily activities 

(Blair 1953). In this study individuals were followed for 

a maximum of five days, which places limitations on a 

serious attempt to define the home range of Chaetophractus. 

During a three day monitoring period, armadillo no. 

5 was active in the same area, often retracing the previous 

day's route and visiting the same burrows (Figure 11). 

The activity covered an area of 4.66 ha (Table 2). 

Armadillo no. 6 covered 1,78 ha during the five day period 

in which its movements were followed (Tables 2, 3; 

Figure 12). 

The size of the home range has been roughly cor

related with the size of the individual mammal (Cockrum 

1962). Trophic level and food availability can be major 

factors in determining an animal's home range size, with 

carnivores tending to have the large home ranges. Clark 

(1951) found the average home range of Dasypus to be 3.4 

ha; Fitch, Goodrum, and Newman (1952) reported a 20 ha home 
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range for Dasypus. The opposum (Didelphis marsupialis) 

has a home range of 4.6 ha (Cockrum 1962). Because of a 

limited food supply on the desert, it would not be sur

prising if Chaetophractus has a home range as large as or 

perhaps larger than Dasypus or Didelphis. However, in

sufficient data does not merit these conclusions. 

Observations on their activities suggest that 

Chaetophractus is not a territorial, aggressive, or solitary 

species. Groups or even pairs were never directly ob

served in the field but the indirect evidence suggested 

gregarious behavior. Armadillos no. 9 (male) and no. 10 

(female) were captured one afternoon, 195 m apart (Figure 

13, in pocket). That evening they rendezvoused between 

their release points. On other occasions, tracks showed 

that more than one armadillo used the same burrow and that 

home ranges overlapped extensively. While I watched a 

burrow occupied by no. 6, another individual (no. 8) 

walked over the top of it (Figure 12). Clark (1951) found 

overlapping home ranges for Dasypus with good evidence for 

gregarious social behavior. In captivity, Dasypus 

literally sleep in "piles" (Johansen 1961); I also found 

this to be true of Chaetophractus. 

Conclusions 

1. When not in the burrow, Chaetophractus spends 

much of its time foraging (armadillo no. 6 averaged one 
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food probe every 4.6 m). Most forage in thickets of vege

tation rather than in the open spaces. 

2. For a three day period, one Chaetophractus 

(no, 5) traveled an average of 1032 m (range 650-1400 m) 

per night. Another individual (no. 6) remained underground, 

venturing out only a few meters in several days. 

3. Chaetophractus will return to the same hone 

burrow, but it is just as likely that they will not. More 

than one burrow entrance is sometimes used. 

4. Chaetophractus are above ground in early 

evening in summer and afternoon in winter. 

5. The winter home range for a three day period of 

one Chaetophractus (no. 5) in optimum habitat (sand dunes) 

was 4.66 ha. 

6. The individual home ranges of Chaetophractus 

overlap. The species was not observed to show territorial 

or aggressive behavior. 



FOOD HABITS 

Procedure 

During December (summer) 1971, 48 individual 

Chaetophractus were collected in the sand dunes and their 

stomach contents were removed and preserved in formalin. 

A total of 36 additional individuals was collected in the 

dunes during the winter season of May, June, and July of 

1972. 

The stomach contents were preserved in individual 

"Whirl-pac11 plastic bags. Material to be analyzed was 

first emptied onto ordinary window screening (mesh diam

eter 1.5 mm) supported over a 4000 ml beaker and thoroughly 

washed. The filtrate (<1.5 mm diameter), mainly sand and 

insect hardparts, was refiltered through cheesecloth and 

classified as unidentifiable filtrate; the filtrate par

ticles were so small that they could not be identified. 

The unfiltered material (>1.5 mm diameter) was placed on a 

large aluminum pan, separated, and identified with a 

dissecting microscope. The volumetric displacement in 

water at normal atmospheric pressure was then determined 

for each category, including the unidentifiable filtrate. 

The results are presented in two ways: (1) percent 

28 
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frequency—either present or absent, and (2) percent 

volume—displacement in water (Tables 4, 5; Figure 14). 

Results and Discussion 

Chaetophractus stomachs contained from 0-52 ml of 

material (average 20.5 ml); the winter samples (N=36) 

averaged 20.8 ml and summer samples (N=48) 20.3 ml. The 

unidentifiable filtrate (<1.5 mm diameter) accounted for 

66 percent of the total volume of the stomach contents 

(approximately 3/4 of this was sand, 1/4 was organic 

fragments). The percentages expressed in Tables 4 and 5 

and Figure 14 are based only on total volume of the 

identifiable material (>1.5 mm diameter); the unidentifiable 

filtrate was not included in the calculations because of 

the high percentage of sand and exceptional difficulty of 

separation and identification of the organic fragments. 

The major dietary items have been grouped and dis

cussed in the following order: (1) insects, (2) other 

arthropods, (3) vertebrates, and (4) vegetable matter. 

Insects 

In summer the major food of Chaetophractus was 

insects (Table 4). The insect volume constituted 45.9 

percent of the identifiable food. In winter, the volume 

of insects dropped to 25.7 percent, and were replaced as 

the major food by vegetable matter. Throughout the year, 



Table 4. The frequency and volume of food items in the stomachs of 84 
Chaetophractus vellerosus collected during summer and winter. 

Summer3, (N= :48) Winterb (N=36) 

% Frequency0 % Vold % Frequency0 % Vold 

Vegetable Matter 
Prosopis sp. 33.3 21.0 41.7 30.9 
Heliotropium mendocinum 16.7 0.4 2.8 0.2 
Jatropha sp. 0.0 0.0 2.8 1.4 
unknown 35.4 0.6 58.3 18.2 

Insecta 
Coleoptera (adults) 66.7 24.8 50.0 1.3 
Elateridae (larvae) 70.8 6.2 75.0 19.4 
Formicidae 25.0 0.3 47.2 2.8 
Orthoptera (larvae) 50.0 3.0 5.6 0.1 
Neuroptera 0.0 0.0 1.1 0.3 
Diptera (larvae) 2.1 0.0 5.6 0.0 
Homoptera (larvae) 8.3 0.3 0.0 0.0 
Siphonoptera 0.0 0.0 2.8 0.1 
unknown (adults) 22.9 7.2 2.8 0.1 
unknown (juv.) 25.0 4.2 52.8 1.6 

Arachnida 
scorpions 31.3 3.1 47.2 1.3 
spiders 2.1 0.1 8.3 2.8 

u> 
o 



Table 4. (Continued) 

Summer3 (N=48) Winter13 (N=36) 

% Frequency0 % Vold 
Q 

% Frequency % VolC 

Vertebrates 
mammals 22.9 20.2 19.4 9.2 
lizards 25.0 6.0 5.6 4.5 
birds 0.0 0.0 5.6 0.2 
frog or toad 2.1 1.4 0.0 0.0 
unknown 4.2 0.1 2.8 0.0 

Annelida 4.2 0.1 0.0 0.0 

Unknown Animal 12.5 0.4 19.4 4.9 

Unknown6 10.4 0.7 8.3 0.6 

a. Samples collected in December, 1971 near Andalgala, Argentina. 

b. Samples collected in May, June, and July, 1972 near Andalgala, Argentina. 

c. Percent frequency was determined by presence or absence of an item in 
the stomach. 

d. Food items were submerged in water at normal atmospheric pressure to 
determine their volume displacement. 

e. Matter which could not be identified, even as plant or animal. 

w 
H 
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Table 5. The summer and winter food habits of Chaetophractus vellerosus and 
Dasypus novemcinctus. 

Dasypus novemcinctus a 
Chaetophractus 
vellerosus" 

Kalmbach 
(1943) 

Fitch 
(1952) 

Baker 
(1943) 

Greegor 
(1974) 

Summer 

No. of Stomachs 97 27 25 48 
% vol % wt % vol % wt 

Total Insect 72.8 72.5 77.4 46.0 

Other Arthropod 7.5 10.9 1.0 3.2 

Miscell. Inverts. 10.8 3.5 13.8 0.1 

Vertebrates 0.9 13.2 0.9 27.7 

Vegetable Matter 1.8 8.1 tr 22.0 

Winter 

No. of Stomachs 15 16 36 

Total Insect 67.3 60.6 25.7 

Other Arthropod 10.7 14.6 4.1 

Miscell. Inverts. 10.8 3.7 0.0 

Vertebrates 2.6 3.0 13.9 

Vegetable Matter 3.0 9.9 50.7 



Table 5. (Continued) 

a. Food habits were those of Texas and Louisiana Dasypus. 

b. Chaetophractus stomachs were examined from individuals collected 
in desert habitat near Andalgala, Argentina. 
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VOLUMETRIC PERCENT 
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m 
Total Insect 

Other Arthropods 
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Invertebrates 

SUMMER 

Dasypus novemcinctus 
| Chaetophractus ve/terosus 

Vertebrates 

Vegetable Matter 

Total Insect 

Other Arthropods 

Miscellaneous 
Invertebrates WINTER o.o % 

Vertebrates 

Vegetable Matter 

Figure 14. Summer and winter food habits of Dasypus 
novemcinctus and Chaetophractus vellerosus. 

Dasypus data are the summer (June, July) and winter (Dec., 
Jan., Feb.) averages from Kalmbach (19431. Refer to 
Table 5. 
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ground insects were never abundant in the sand dunes. 

Those insects encountered were adult Tenebrionidae (darkling 

beetles), larval Elateridae (wireworms), adult Scarabeidae 

(dung beetles), and Formicidae (ants). Correspondingly, 

Coleopteran adults and larvae and ants were common in the 

stomach samples. 

In the United States, Dasypus novemcinctus is an 

insectivore. Kalmbach (1943) found that in 169 stomachs 

collected throughout the year, 77.6 percent of the contents 

by volume were insects. The relative abundance of ground 

insects in Dasypus habitat is greater than in Chaetophractus 

habitat and this may account for the difference in relative 

percent of insects in the diets. Both Kalmbach (1943) and 

Fitch, Goodrum, and Newman (1952) found fewer insects in 

stomachs in winter because of decreased availability at 

this time (Table 5), Extensive diet studies of other 

armadillo species have not been done. Krumbiegel (1940) 

did find a high insect content in the stomachs of several 

South American species. 

Other Arthropods 

Both scorpions and spiders were frequently en

countered in the sand dunes habitat but only scorpions 

appeared regularly in the stomach contents, having a 31 

percent frequency (3.1 percent volume) in the summer 
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stomach samples and 47 percent (1.3 percent volume) in the 

winter stomach samples (Table 4). 

Vertebrates 

Rodents comprised one-fifth of the diet in summer 

and one-tenth of the diet in winter (Table 4). The pro

portion of this which may have been carrion was not de

termined. Eligmodontia typus and Philotus griseoflavus 

were identified in the stomach samples, one stomach con

taining four young Philotus. Chaetophractus villosus and 

Cabossous sp. have been reported to eat mice (Hudson 1922; 

Krumbiegel 1940). Kalmbach (1943) found that only 1.6 

percent of the total food eaten by Dasypus in Texas is 

vertebrate (Table 5; Figure 14). Fitch, Goodrum, and 

Newman (1952) discovered that a greater proportion of the 

Dasypus diet in Louisiana was vertebrate (Table 5). They 

attributed the difference between their results and 

Kalmbach"s to be due to different geographic origin and 

seasonal distribution of the samples. 

Lizards were the second most frequently encountered 

vertebrate in Chaetophractus stomachs. Amphisbanids were 

occasionally found and one Teius teyous was identified. 

In captivity, live lizards fed to Chaetophractus were 

quickly eaten but they remained untouched when fed to 

Dasypus. 
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Few vertebrates other than mammals and lizards were 

found in Chaetophractus stomachs. More vertebrates were 

eaten in summer than in winter. This was probably due to 

decreased rodent and lizard activity during cold months and 

the availability of fewer vulnerable immature individuals. 

Vegetable Matter 

In winter, vegetable material was the major dietary 

item (Table 5; Figure 14). Except for Elateridae larvae 

and ants, most ground insects had disappeared by winter and 

Chaetophractus depended on Prosopis pods and the tubers 

and roots of other plants. In captivity, Chaetophractus 

ate most commercial vegetables and fruits as well as dry 

Prosopis chilensis pods (6 percent water). 

Various researchers disagree about the herbivorous 

habits of Dasypus. Kalmbach (1943) reported that only 

2.1 percent of the diet was vegetable and Taber (1945), 

in agreement with Kalmbach, said that hungry Dasypus will 

not eat most common vegetables. Conversely, Fitch, Goodrum, 

and Newman (1952) found plant material in 50 percent of 

Dasypus stomachs and Hamilton (1946) reported 80 percent 

of the stomach contents of northern Texas armadillos for 

August was black persimmon fruit. Apparently, they relish 

succulent fruits when available. 
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Unfortunately, armadillo diets have not been studied 

in relation to food availability. Chaetophractus are 

definitely more omnivorous than the insectivorous Dasypus. 

The western limit of the Dasypus range in North America 

has been correlated with the decrease in insect abundance 

that results from a lack of sufficient leaf litter in 

areas of low rainfall (Slaughter 19611. Certainly one 

factor contributing to Chaetophractus ability to survive 

in a desert has been their omnivorous nature. 

Conclusions 

1. Chaetophractus is an omnivore. During summer, 

it relied on insects (46.0 percent), vertebrates (27.7 

percent), and plant matter (22,0 percent). During winter, 

the emphasis shifted to plant matter (50.7 percent), in

sects (25.7 percent), and vertebrates (13.9 percent), 

2. The significant difference between the xeric 

Chaetophractus and the mesic Dasypus food habits is that 

Chaetophractus is an omnivore and Dasypus is an insectivore. 

Being an omnivore undoubtedly facilitates Chaetophractus 

existence in arid habitats. 



TEMPERATURE AND ACTIVITY PERIODS 

Procedure 

Most of the temperature data on the Chaetophractus 

microenvironment were collected at the base of the Joyango 

bajada at an elevation of 840 m (Figure 6, site 3). This 

location was chosen because of its value to the IBP (Joyango 

bajada was the location of the International Biological 

Program transect); time did not permit extensive measure

ments to be also made in optimal Chaetophractus habitat 

(sand dunes). However, temperature differences between 

the bajada and the sand dunes were probably of relative 

insignificance to the armadillos. 

From November through January 1971-72 (summer), 

temperatures were recorded for a three day period (72 hours) 

each month. With few exceptions, I recorded temperatures 

every hour. Temperature thermistors were placed in the 

shade and in full sunlight at ground surface, 15 cm, and 

2 m, and in one burrow in continuous shade (63 cm long, 

15 cm deep) and one in sunlight (70 cm long, 50 cm deep). 

A Yellow Springs Instrument 12-channel telethermometer 

with foil shaded thermistors was used for air and burrow 

temperatures. A flexible wire was used to guide the 
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thermistors into the burrows. The bulbs of Shultheiss 

thermometers were lightly covered with soil to measure 

soil surface temperatures. 

During June, 1972 (winter), the procedure was re

peated at the Joyango bajada but for only a one day period 

(24 hours). In July, 1972, the recording equipment was 
/ / 

transferred to the Rio Virgin dunes (Figure 6, site la) 

to record winter soil temperatures and Chaetophractus 

body temperatures (while inside and outside their burrows). 

The mean internal temperature (34°C) had been earlier 

determined from several captive individuals. I encountered 

difficulty keeping individuals inside the burrows while 

attempting to get their body temperatures. Finally, one 

individual (no. 40) did remain in the burrow for an entire 

24 hour period. Armadillo no. 36, on the surface, was 

confined inside an open 5 gallon can for 2.5 hours. Air 

temperature outside and inside the can were identical. 

To obtain internal body temperatures, a small animal 

thermistor was inserted 7 cm into the rectum with the lead 

taped firmly to the tail. A second thermistor was attached 

behind the armadillo in the burrow to obtain the temperature 

of the burrow. Simultaneously, soil and air temperatures 

were measured. Yellow Springs Instrument thermistors were 

buried at depths of 100, 50, 30, 20, and 10 cm. These were 
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allowed to equilibrate for several hours before temperatures 

were recorded. 

The activity periods of Chaetophractus were de

termined by observing when captive individuals kept in out

door pens and individuals in the field were active. Ambient 

air temperatures were recorded at the time of observation. 

Results and Discussion 

The Summer and Winter 
Burrow Environment 

Soil temperatures were not measured during the 

summer. However, winter soil temperatures indicated that 

daily fluctuations still occur at the 30 cm depth, but they 

are negligible at the 50 cm depth (Figure 15). Sinclair 

(1922), reported that fluctuations become negligible at 

45 cm during summer in the Sonoran Desert (climatically 

similar to the Monte). He found the annual temperature 

range was 18-27°C at 100 cm, but at 200 cm, the tem

perature remained nearly constant at 20°C for the entire 

year. At 100 cm depth in the Monte, the mid-winter tem

perature mean was 18.6°C (range 17.9-19.0°C) (Table 6; 

Figure 15), which agrees with Sinclair's findings (1922) for 

the Sonoran Desert. Temperatures of Chaetophractus burrows 

that I measured during winter were between 10-20°C. 

Winter soil temperatures indicate that the deeper the 
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Figure 15. Soil temperature profiles in the vicinity 
of Chaetophractus vellerosus burrows in the dunes south of 
Andalgala, Argentina on a typical winter day (July 10, 1972). 

Refer to Appendix B for individual hourly readings. 
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Table 6. The ranges and means of hourly temperature 
readings taken on typical summer and winter 
days in Chaetophractus vellerosus habitat near 
Andalgala, Argentina. 

Temperature °C 

Daytime Nighttime 
Recording Location Range*5 Mean Range13 Mean 

Joyango Bajadaa Dec., 1971 (Summer) 72 hr Period 

Burrow (Shade) 26.8-28.8 27.5 26.8-29.1 27.7 
Surface " 21.2-39.5 30.2 19.6-35.0 24.6 
15 cm " 19.2-42.7 -29.1 16.9-33.9 22.7 
2 m 11 19.5-42.0 28.8 17.2-35.0 23.4 

Burrow (Open) 
Surface " 
15 cm 11 

2 m « 

32.2-35.1 33.5 
22.0-65.0 46.3 
19.9-46.2 31.4 
19.9-42.3 28.8 

30.0-34.8 32.7 
16.5-34.2 22.4 
16.2-33.0 22.4 
16.2-34.0 22.0 

Joyango Bajadaa June, 1972 (Winter) 24 hr Period 

Burrow (Shade) 14.9-15.5 15.1 9.1-14.9 13.7 
Surface " 4.1-14.9 11.8 1.1-10.1 5.6 
15 cm " 4.0-14.8 11.9 -1.0-10.2 4.1 
2m " 4.8-15.1 12.1 0.0-10.9 5.0 

Burrow (Open) 
Surface " 
15 cm " 

11.3-15.9 14.6 
3.0-31.9 20.9 
4.9-17.2 13.6 
5.0-15.3 12.5 

9.5-14.9 12.7 
-2.0-11.8 2.8 
-2.7- 9.8 2.9 
0.0- 9.9 4.6 

Rio Virgin Dunes July, 1972 (Winter) 24 hr Period 

Surface (Open) 0.0-38.3 25.1 -1.1-11.1 4.1 
Surface (Shade) 0.1-22.3 14.1 -0.3-8.8 3.5 
15 cm (Open) 3.4-25.4 18.5 0.0-8.9 4.1 
15 cm (Shade) 1.8-24.7 17.0 0.0-11.5 4.4 



44 

Table 6. (Continued) 

Temperature °C 

Daytime Nighttime 
Recording Location Range*5 Mean Range*5 Mean 

Subsurface (Open) 
-10 cm 7.9-18.1 11.5 8.6-17.9 13.0 
-20 cm 10.1-14.9 10.9 11.3-15.2 14.0 
-30 cm 13.1-15.4 13.9 14.2-15.4 14.9 
-50 cm 15.3-15.9 15.6 15.4-16.0 15.8 
-100 cm 18.1-18.9 18.7 17.9-19.0 18.5 

a. Summer and winter recording locations on the 
Joyango bajada were identical. 

b. Daytime included those hours between sunrise 
and sunset, nighttime those hours between sunset and sun
rise. 
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burrow, the higher the temperature (Figure 15). Several 

excavated Chaetophractus burrows were deeper than 100 cm 

with one almost 200 cm deep. I think that most permanent 

burrows in the dunes are at least 100 cm deep, which would 

mean that the annual temperature range of the active burrows 

is approximately 18-27°C. 

The temperatures of shallow burrows in full sunlight 

might easily exceed armadillo body temperatures, but burrow 

analysis and field observations showed that Chaetophractus 

generally burrow in the open spaces for food and not per

manent shelter. A shallow burrow in the shade at Joyango 

bajada was cooler in summer and warmer in winter than a 

burrow in the open, and it also was more temperature stable 

(Figures IS, 17). The shade burrow did not exceed 25°C on 

November 23, 1971 (Figure 16), a typical summer day, and 

30°C during the December recording period (Table 6). 

Vorhies (1945) reported maximum temperatures of the banner-

tailed kangaroo rat (Dipodomys spectabilis) burrows were 

around 30°C in the Sonoran Desert. 

Most small desert mammals, including Chaetophractus, 

are nocturnal and fossorial in order to avoid summer tem

perature extremes. Chaetophractus digs in such a manner 

that it seals the burrow. This certainly excludes some 

heat and increases the burrow humidity. Feniuk and 

Kazantzeva (1937) reported that the jerboa (Dipus sagitta) 
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plugs its burrow in hot weather. The pygmy armadillo 

(Chlamyphorus truncatus), using the posterior portion of 

its carapace, actually packs sand behind it when burrowing 

(Rood 1970). 

The Summer and Winter 
Activity Periods 

During the summer, Chaetophractus are nocturnal. 

Field observations suggested that most summer activity 

occurred between 2000 and 0600 hours (Figure 18}. Having 

an active body temperature around 34°C, Chaetophractus 

could emerge about 2000-2200 hours and not be exposed to ex

cessive ambient temperatures. If the burrow is 100 cm deep, 

the burrow temperature would be about 27°C. At 0800 hours 

in the morning the air temperature is near 27°C and rising 

quickly (Figure 16). By that time, the armadillo has re

treated to the burrow. 

Individuals were rarely observed above ground on a 

summer day. The ambient temperature recorded on one of 

those occasions was 29°C (Figure 18). By afternoon, summer 

air temperature is generally above 40°C, while the ground 

surface temperature approaches 70°C. One individual (in 

winter) was observed foraging on sand having a surface 

temperature of 51°C. 

There is no evidence to suggest that armadillos 

possess special physiological adaptations for the high 

desert temperatures. Johansen (1961) indicated that the 
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low resting body temperature of Dasypus may extend their 

tolerance time to heat. When subjected to high ambient 

temperatures in the laboratory, Dasypus novemcinctus and 

Euphractus sexcinctus pant and vasodilate to counter 

internal heat accumulation (Johansen 1961; Roig 1969). 

However, in reality it seems unlikely that any armadillo 

experiences excessive ambient temperatures for any length 

of time because of their nocturnal and fossorial habits. 

In winter, Chaetophractus is diurnal (Figure 17). 

Captive individuals kept outdoors rarely emerged from the 

burrow before 1000 hours and usually returned before 1800 

hours (Figure 18). In the field, armadillos were never ob

served before 0900 or after 1800. The armadillo probably 

does not leave the burrow in winter until the ambient 

temperature has risen to near the burrow temperature, and 

returns when it drops near or below. The ambient temperature 

usually reaches 0°C or just below at night, both at the 
/ 

Joyango and Rio Virgin sites (Table 6). On a typical winter 

day (June 29, 1972), between the hours of 1300 and 1700 the 

ambient air temperature was higher than the shallow burrow 

temperature at the Joyango bajada (Figure 17). During the 

fall of 1972, one individual was observed east of Andalgala 

at 1920 m elevation at 2300 hours when the air temperature 

was 12°C. 

The body temperature of armadillo no. 36 outside 

the burrow on a winter night dropped 0.9°C C35.1-34.2°C) 
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during a 2,5 hour period (Figure 19), During that period 

the armadillo shivered and moved about to maintain its 

internal temperature. Johansen (1961) found that Dasypus 

shivers, rolls into a ball, and vasoconstricts at low tem

peratures. In the burrow, the body temperatures of two 

different Chaetophractus (nos, 27, 40) dropped 5.4°C and 

6.0°C within one hour (armadillo no. 40 represented in 

Figure 19), Roig (unpublished) reported that when the 

Patagonia armadillo (Zaedyus pichiy) experiences a rapid 

ambient temperature drop, the internal temperature drops 

suddenly. The thermoregulation data for Chaetophractus 

is insufficient to be able to draw any definite conclusions 

but it is reasonable to assume that the internal body 

temperature is significantly lower during an inactive 

period (in the burrow) than during an active period 

(outside the burrow). • Thermoregulation studies of other 

armadillos substantiate this (Johansen 1961; Roig 1969; 

Roig unpublished). 

Conclusions 

1. Chaetophractus is nocturnal during summer, 

diurnal during winter; their activity period is relatively 

temperature dependent. 

2. Active burrows in sand dunes are deep (1-2 m) 

and therefore in a daily temperature stable zone. At that 
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depth, armadillos in burrows would most likely not ex

perience burrow temperatures above ±27°C in summer or 

below +18°C in winter. 

3. Chaetophractus, having an internal temperature 

mean of 34°C when active, probably never experience heat 

loading during the summer either in the burrow during the 

day or outside the burrow at night. 



BURROWS 

Procedure 

Burrow Analysis 

Twenty-seven burrows were excavated in the 

Andalgala area, I measured the total length, maximum 

depth, tunnel width, tunnel angle, entrance direction, 

and counted the number of entrances of each burrow. It 

was difficult to distinguish a permanent burrow from a 

temporary shelter without excavating. I arbitrarily decided 

to separate food probes, temporary burrows (shelters) 

and permanent burrows on the basis of length. Some of the 

excavated burrows were definitely not long enough to be 

permanent burrows because they would not have provided 

ample protection from predation and climatic extremes. 

Besides burrow structure, I also measured burrow 

densities and locations in various vegetation and soil 

types. To accomplish this, two methods of sampling were 

used. 

100 m Transect. At each of the three study sites 

(dunes, creosote flats, and bajada), a total of 23 

100 m transects were randomly placed. The purpose of the 

transect was to measure: (a) percent plant (shrub and 

54 
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tree) cover, (b) soil hardness, (c) frequency of major 

surface interruptions (dunes and arroyos), and (d) density 

of burrows and food probes. 

The percent plant cover was determined by line 

intercept. Only that portion of the plant which covered 

the tape was measured. Nine 100 m lines were run in dunes, 

seven in creosote flats, and seven on the bajada. The 

total line distance in each community was used to determine 

the percent plant cover in that community. 

Measuring the hardness of the soil in relation to 

burrows involved a certain amount of subjective reasoning. 

I discovered that the majority of armadillo holes (burrows 

and food probes) were in soil penetrable at least one shovel 

blade length (30 cm blade), concluding that if I could not 

do so with a single foot thrust, Chaetophractus would 

probably not dig there. At every meter along the transect, 

the soil was tested with the shovel. The percent of un

successful penetrations determined the soil hardness of 

each community. 

Observations suggest that Chaetophractus prefer to 

burrow on a surface that is not horizontal but sloped. On 

an otherwise flat terrain, dunes and arroyo banks are the 

only sloped surfaces. I counted the number of these two 

major surface interruptions on each transect. 
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Armadillo holes (food probes and burrows) were 

cotinted 1 m to either side of each transect to determine 

their density. A hole £30 cm long was a burrow (temporary 

shelter or permanent burrow) and anything less was a food 

probe. I assumed that most food probes were only a few 

centimeters long and most burrows had to be at least 30 cm 

long to provide the animal a minimum of protection. 

Burrow Counts. A total of 618 burrows (£30 cm 

long) were randomly selected in the study areas. These 

burrows were examined for associations with plants (shrubs, 

trees), arroyo banks, and dunes. The burrow was considered 

to be plant associated when it received shade protection 

and root support. Slope associated burrows were those 

located on the sides of dunes or arroyos. Those located 

in the open flat areas had no association. A burrow having 

both plant and slope associations was included in both 

groups. 

The angle of the entrance tunnel was estimated to 

determine whether a relationship existed between the angle 

and the burrow location. Only the angle of the first 

30 cm of tunnel was measured. 

Results and Discussion 

Chaetophractus digs by scraping soil back to the 

mid-body region with the forelegs, lifting the body to 
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draw the hind legs forward, and thrusting the dirt back

ward with the hind feet. This often results in a mound of 

soil at the burrow entrance (Figure 20). I watched an 

excited Chaetophractus burrow through sandy soil at a 

rate of 100 cm per minute. 

Burrows were usually not straight and frequently 

contained side tunnels, but most had only one entrance 

(Figure 21), Dasypus builds nests inside their burrows 

(Clark 1951; Talmage and Buchanan 1954; Taber 1945), but 

I never found nesting material in a Chaetophractus burrow. 

This is an interesting and perhaps significant difference 

between the two species. In captivity, Dasypus gathered 

straw in one corner to form a nest, but Chaetophractus 

never did. Dasypus inhabits areas which have ample ground 

litter for building nests, but Chaetophractus does not. 

Lack of nest material may contribute to limiting the dis

tribution of Dasypus. 

Many of the food items found in the Chaetophractus 

stomachs were encountered during the excavations of their 

burrows. This included spiders, scorpions, Coleopteran 

larvae (common example: Elateridae larvae), and lizards. 

Burrow Depth, Diameter, 
and Length 

The majority of the 27 burrows excavated were prob

ably not permanent burrows but temporary shelters. 



Figure 20. Active Chaetophractus vellerosus 
burrow on the side of an arroyo near Andalgala', Argentina. 

Note tracks leading into burrow. 
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Permanent burrows in sand dunes habitat were character

istically several meters long and 1-2 m in depth (Table 7; 

Figure 21). Dasypus also digs numerous burrows for other 

reasons than dwelling, especially in sandy soil (Taber 

1945). 

Burrow depth is important in areas of extreme high 

or low temperatures. This has been discussed earlier. 

The average depth of the 27 excavated burrows was 51 cm, 

which is an adequate depth to provide temperature protection. 

A depth of 51 cm is a conservative figure for permanent 

burrows in sandy soil. Clark (1951) reported an average 

depth of 50 cm for Dasypus, and Taber (.1945) found burrows 

a maximum of 2 m in depth. Crespo (1944) reported that 

Chaetophractus burrows averaged 33 cm in length and had 

a mean tunnel angle of 24°. This would result in a very 

shallow burrow, which seems unlikely for home burrows 

especially when one of his study sites was above 4000 m 

elevation. 

Burrowing is severely limited in rocky soils. 

Burrow length is not necessarily a function of body size 

but diameter is. The mean diameter of the Chaetophractus 

burrow was 10 cm (range 8-15 cm) (Table 7). Crespo (1944) 

reported an average diameter of 13 cm for the burrows in 

his study areas. Dasypus burrow diameter ranges between 

17-20 cm (Talmage and Buchanan 1954). Rocky habitats 



Table 7. The measurements of 27 Chaetophractus vellerosus burrows excavated 
near Andalgala, Argentina. 

Structure of each burrow is represented in Figure 21. 

Maximum Maximum Tunnel 
Length Depth Tunnel Entrance Diameter Number of 

Locality (cm) (cm) Angle Directions (cm) Entrances 

/ 

1. Rio Pozo Dunes 70 35 1 
2. " 70 1 
3. 145 33 N,NW 2 
4. " 100 15 N,N 2 
5. 654 45 W,E,S 15 3 
6. Huaco Creosote Flat 40 26 30° WNW 8 1 
7. 45 28 30o N 8 1 
8. " 95 31 +05° ENE 9 1 
9. 33 24 »s6«» 

W 11 1 
10. " 60 27 »s6«» W, S 8 
11. 51 25 2or SW 10 1 
12. 52 50 60° SW 9 1 
13. , " 99 22 ENE 9 1 
14. Rio Virgin Dunes 120 95 30° N 11 1 
15. 90 80 15o NW 1 
16. Joyango Bajada 110 18 20° E,N 9 
17. 110 28 45o NE 9 1 
18. 30 22 30o S 10 1 
19. , 100 38 05o w 12 1 
20. Rio Virgin Dunes 100 55 35° N 12 1 
21. " 210 70 N 
22, " 400 180 45° N 1 



Table 7. (Continued) 

Locality 

Maximum 
Length 
(cm) 

Maximum 
Depth 
(cm) 

Tunnel 
Angle 

Entrance 
Directions 

Tunnel 
Diameter 
(cm) 

Number of 
Entrances 

23. Rio Virgin Dunesa >220 >100 
,co 
45o N »2 

24. II 200 108 30o S 1 
25. II 150 70 25o NE 1 
26. II 290 60 45o SW 1 
27. II 90 40 15° E 10 1 

Total 27 26 21 16 27 

Mean 138 51 28° 10 1.3 

Range 30-654 15-180 (+05°)-(-60°) 8-15 1-3 

a. Excavation of this burrow was not completed. 
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i  

4 

Figure 21. Architecture of 27 excayated Chaeto-
phractus vellerosus burrows near Andalgala, Argentina. 

Burrows are shown on horizontal plane and are not to scale; 
numbers correspond to Table 7. The entrance directions 
are unknown for la and 2^. 
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present limited opportunities for Chaetophractus burrowing 

and are probably even more restricting on larger fossorial 

mammals. 

Sloped Ground Surface 

Chaetophractus definitely prefer to burrow on a 

slope rather than a flat surface. This is also true for 

Dasypus (Taber 1945). In the sand dunes, where it is easy 

to dig anywhere, the burrows were not randomly placed but 

concentrated C70 percent! on the sides of the dunes. On 

the bajada, where 73 percent of the soil is impenetrable, 

the majority of the burrows were clumped around the plants 

and on the arroyo banks where the only penetrable soil was 

found. In the creosote flats, where the ground is every

where penetrable but lacking sloped surfaces, the burrows 

were more randomly spaced with 44 percent found in open 

flat spaces with no association (Table 8). 

Burrows on a slope generally have shallower entrance 

tunnel angles than burrows on flat ground. The reasons for 

burrowing at a shallower angle by burrowing into a slope 

might include several possibilities: less effort required to 

excavate and maintain, shorter length necessary for climate 

and predator protection, less chance of flooding, and a 
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Table 8. Specific characteristics of three different 
Chaetophractus vellerosus habitats and the 
burrows within those habitats. 

Locality3 

Rio Vxrgin Creosote Joyango 
Dunes . Plate Bajada 

Relative Abundance of 
Armadillos 

Plant Cover t%) 

Soil Hardness (% un
successful penetra*-
tions with shovel) 

Dunes or Arroyos/km 

Armadillo Holes/ha 
Food Probes (<30 cml 
Burrows (>30 cml 

Burrow Associations 
Plant (%) 
Slope: Dune or Arroyo (%) 
None: Open Space (%) 

Burrow Entrance 
On Sloped Surface (%) 
Mean Angle of Tunnels ( ) 

High .Medium Low 

28.6 23.7 25.7 

1,0 2.3 73.0 

17.8 5.7 12.9 

1851 1612 776 
406 285 92 

N=400 N=152 N=66 
79.8 39.5 42.4 
69.8 20.4 59.1 
14.3 44.1 21.2 

86.5 23.0 66.7 
25.2 47.6 26.2 

a. The three habitats were near Andalgala, 
Argentina. 



65 

natural tendency to work on the horizontal rather than 

vertical plane. Crespo (.1944) reported a mean tunnel angle 

of 24° for Chaetophractus. Of the 618 burrows I evaluated, 

the 389 located on a slope had a mean tunnel angle of 26°, 

whereas the 229 on flat ground had a mean angle of 39°. 

Crespo concluded that the tunnel angle is species specific 

and independent of soil conditions. In my opinion, the 

location of the burrow should also be considered as a 

major factor in determining tunnel angle. 

Soil texture is important in limiting numbers and 

distribution of Chaetophractus. Where the ground is rocky 

(bajada), armadillos are not abundant, but within several 

kilometers of the bajada, the sand dunes with optimal soil 

conditions for burrowing, support high populations. Dry, 

baked soil (creosote flats) support good populations of 

Chaetophractus, but Talmage and Buchanan (1954) reported 

that Dasypus are limited by this type of soil, not so much 

because of the difficulty of digging but because it reflects 

an environment of low insect supply. 

Vegetation 

Burrows have a high association with plants in the 

dunes because the Bulnesia retama roots provide needed 

support and protection in the loose sand. Crespo (1944) 

found that when the soil lacks natural coherence, burrows 
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are clumped about the yegetation for support, but otherwise 

they are randomly located. The soil of the creosote flats 

community is coherent and the burrows tend to be random, 

but the randomness may also reflect the scarcity of sloped 

surfaces. Protection and burrow support provided by plant 

canopies and root systems are important to Dasypus (Taber 

1945). The evidence seems to suggest that Chaetophractus 

rely on the vegetation for food, cover, and burrow 

support. 

Conclusions 

1. Permanent burrows of Chaetophractus in sand ^  I ,  •  • • •  i i  

dunes are simply constructed, lack nesting material, and 

have 1-3 entrances Caverage 1). 

2. The extent of soil hardness (rockiness) limits 

Chaetophractus abundance and distribution because of its 

effect on burrowing. 

3. Chaetophractus tend to burrow on slopes when 

available and near vegetation rather than in the open 

flat areas. 

4. The angle of the burrow entrance tunnel is 

significantly greater when the burrow is located on flat 

ground than when it is located on a slope. 



PART II. COMPARATIVE KIDNEY STRUCTURE AND WATER BALANCE 
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INTRODUCTION 

t 

The Monte Desert of Argentina is physically and 

physiognomically quite similar to the Sonoran Desert of 

North America. Investigations are being conducted by the 

IBP Structure of the Ecosystem Subprogram to determine the 

structural and functional similarity of these two desert 

ecosystems which have evolved separately but under similar 

climatic regimes. To this end, analogous niches are being 

studied in both deserts to determine to what extent bio

logical convergence has occurred. 

Armadillos (Dasypodidae) are well represented by 

several species in the Monte but the entire North American 

Desert seemingly has no armadillo analogue. The western 

limit of the nine banded armadillo (Dasypus novemcinctus) 

range in North America closely correlates with the 450-500 

mm precipitation line (Slaughter 1961). Consequently, 

Dasypus is distributed east of the Chihuahuan and Sonoran 

deserts (Figure 22). Slaughter contends that this is due 

to a marked decrease in insect abundance which results from 

a lack of sufficient leaf litter in areas of low rainfall. 

Most sources agree that this apparent avoidance of desert 

habitats by Dasypus is due to a moisture dependence (Clark 

1951; Taber 1945; Talmage and Buchanan 1954). 
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Figure 22. The western limit of Dasypus novemcinctus 
range in North America and its relationship to annual rain-
fall (20 in. = 500 mm ppt.). 

The armadillo distribution is based on Hall and Kelson 
(.1959) , TaImage and Buchanan (1954), and Buchanan (1958). 
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In contrast, the little hairy armadillo (Chaeto-

phractus vellerosus), of the northern Monte, is well 

established in areas which receive as low as 130 mm expected 

rainfall per year. It seemed fitting to compare the renal 

capabilities of these two species, Dasypus novemcinctus 

and Chaetophractus vellerosus, in evaluating the importance 

of water conservation in determining the ecological and 

geographical distribution of the two species. 



PROCEDURE 

Relative Medullary Thickness (RMT) 

Using Sperber's (1944) equation for relative 

medullary thickness, RMT = "edulla thickness x 10 _ a value 

/kidney size 

was determined for each kidney where kidney size is the 

product of "length x width x thickness." Length, width, 

and thickness were measured to 0.1 mm. Kidneys were sec

tioned along the frontal axis through the longest part of 

the renal papilla. The distance from papilla tip to the 

corticomedullary boundary, which would include the longest 
•• 

possible loop of Henle, was measured. Ten kidneys from 

nine adult individuals were used for each of the two 

species; Chaetophractus kidney material were obtained at 

the study area in Argentina, and Dasypus kidneys were 

donated by the Gulf South Research Institute, New Iberia, 

Louisiana. The kidney pair of a single Dasypus mazzai 

was collected near Oran, Salta province, Argentina on 

April 28, 1972. The subtropical D. mazzai is distributed 

in the northwest provinces of Argentina (Cabrera 1957). 

Kidneys were fixed in FAA and later placed in alcohol. 

Sperber (1944) had indicated that xeric mammals 

have higher RMT values than mesic mammals and Blake (1967) 
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showed that RMT is inyersely proportional to body weight. 

1 have selected RMT values from several sources for 16 

xeric and 23 mesic mammals and computed the log-log re

gressions of RMT on body weight for both groups. The 

kidney data (mean, range, and 95 percent CI) for Dasypus 

and Chaetophractus have been plotted over these two re

gression lines. 

Water Balance 

Three individuals of each species were kept as 

experimentals and three as the controls (plus ad libidum 

water). Armadillos were first fed fresh ground horse meat 

(67.6 percent water) to determine whether they could 

maintain their weight. The meat was then partially de

hydrated by boiling it for 5 minutes, a method described 

by Schmidt-Nielsen and Haines (1964). Boiling reduced the 

water content of the meat from 67.6 percent to 40.6 percent. 

Armadillos were kept in the animal quarters of the Biology 

Department, University of Arizona, at about 22°C and a 

relative humidity between 35-50 percent; the light period 

was nine hours each day (0800-1700). Animals were weighed 

at 1500 hours (to nearest 0,5 gm) and then fed once daily 

following the weighing. 



RESULTS AND DISCUSSION 

The renal papilla of Chaetophractus protrudes 

well into the pelvis of the kidney and is thus distinct 

from the papilla of Dasypus (Figures 23, 24, 25). The 

two species, Chaetophractus vellerosus and Dasypus novem-

cinctus, weigh approximately 850 gm and 5 kg respectively 

(Table 1), a necessary consideration because relative 

medullary thickness (RMT) has been shown to be inversely 

proportional to body weight (Figure 26). Because urine 

concentrating ability is directly proportional to RMT 

(Schmidt-Nielsen and O'Dell 1961), it is also a function of 

body size. The larger the mammal, the less the need for 

concentrating the urine. Consequently, the extent of arid 

adaptiveness is not indicated by the RMT alone but the 

weight specific RMT (Blake 1967). 

The log-log regression analysis of RMT on body 

weight resulted in significantly distinct lines for xeric 

and mesic mammals, confirming that xeric mammals have 

higher weight specific RMT values than mesic mammals (Table 

9; Figure 26). The smaller armadillo, Chaetophractus, has 

an RMT (7.5 ± 0.5) which is above the xeric line, whereas 

the Dasypus value (4.9 ± 0.4) is well below it but above 
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Figure 23. Frontal section of a Dasypus novemcinctus kidney. 

The relative medullary thickness (RMT) is 4.9 ± 0.4. Refer to Figure 26 and 
Table 10. 



Figure 24. Frontal section of a Chaetophractus vellerosus kidney. 

The relative medullary thickness (RMT) is 7.5 ± 0.5. Refer to Figure 26 and 
Table 10. 



Figure 25. Frontal kidney sections from three species of armadillos 
(1 - Chaetophractus vellerosus, 2 - Dasypus mazzai, and 3 - Dasypus novemcinctus). 

The mean relative medullary thicknesses (RMT) for each species are 7.5, 5.1, 
and 4.9 respectively. Refer to Table 10. 

•v! 
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Figure 26. Regressions of kidney medullary thickness 
(RMT) on body weight in mammals; 95 percent CI are indicated. 

Frequency distributions show mean, range, and 95 percent CI 
for two species of armadillos. Refer to Tables 9 and 10. 
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Table 9. Relative medullary thickness (RMT) in 39 species 
of mammals. 

Refer to Figure 26. 

Body 
Wt. 

Species (gm)a RMT Source 

Xeric Species 

Macroscelides sp. 23 9 .4 Sperber 1944 

Notomys alexis 29 12 .1 MacMillen and Lee 1969 

Antechinomys laniger 30 8 .0 Sperber 1944 

Notomys cervinus 34 12 .0 MacMillen and Lee 1969 

Dipodomys merriami 42 8 .5 Sperber 1944 

Dipodomys agilis 60 8 .0 ii 

Jaculus jaculus 60 9 .3 ii 

Psammomys obesus 70 10 .7 u 

Sylvilagus audubonii 900 7 .2 Heisinger and 
Breitenbach 1969 

Pedetes caffer 4 : kg 5 .9 Sperber 1944 

Dolichotis patagonica 12. 5 kg 5 .7 u 

Antilope cervicarpa 37 kg 4 .7 U 

Hyaena sp. 50 kg 4 .8 II 

Connochaetes gnu 182 kg 4 .2 II 

Panthera leo 200 kg 4 .7 II 

Camelus bactrianus 570 kg 3 .6 «t 



Table 9. (Continued) 
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Species 

Body 
Wt. 
(gm)e RMT Source 

Eptesicus nilssoni 

Vespertilio murinus 

Mus musculus 

Mesic Species 

13 8.2 Sperber 1944 

14 

23 

7.7 

8.0 

Tamias striatus 97 6.3 Blake 1967 

Mustela erminea 121 5.6 Sperber 1944 

Rattus rattus 214 5.8 II 

Spermophilus 
lateralis 224 5.6 Blake 1967 

Sciurus vulgaris 550 5.3 Sperber 1944 

Sylvilagus. 
floridanus 900 6.4 

Heisinger and 
Breitenbach 

Mustela vison 1 kg 4.6 Sperber 1944 

Felis catus 3 kg 4.8 It 

Myocastor coypus 8 kg 3.5 II 

Nasua narica 9 kg 3.8 II 

Procyon lotor 11 kg 3.8 It 

Canis familiaris 15 kg 4.3 U 

Canis lupus 43 kg 4.5 n 

Ovis aries 68 kg 3.4 H 

Homo sapiens 70 kg 3.0 it 

Felis onca 86 kg 4.6 ii 



Table 9. (Continued) 
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Species 

Body 
Wt- a 
(gm)a RMT Source 

Rangifer tarandus 103 kg 3.3 Sperber 1944 

Ovibos moschatus 319 kg 3.0 n 

Eguus caballus 455 kg 3.4 ii 

Alces alces 550(kg 

i 

2.7 

s. 

a. Body weight in grams unless otherwise indi
cated. 
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the mesic line (Table 10; Figure 26). The subtropical 

D. mazzai value (5.1) is within the 95 percent CI of D. 

novemcinctus. The RMT mean for Chaetophractus is actually 

higher (an even more efficient kidney) than the expected 

value (7.1) for an 850 gm xeric mammal; for a 5 kg xeric 

mammal, the expected value (6.1) is well above the Dasypus 

RMT (Figure 26). The weight specific RMT indicates that 

Chaetophractus has a well adapted kidney for xeric condi

tions and Dasypus does not. 

When dehydrated, Dasypus voided urine copiously 

and would drink their urine, whereas Chaetophractus 

voided only relatively small amounts. Dasypus frequently 

drank water if it was offered and Chaetophractus rarely 

drank. After extended dehydration, upon rehydration both 

species drank water but Dasypus regained a greater percent 

of their body weight more quickly (Table 11). Measurements 

of urine concentration were not made, but the differences 

in RMT and urine production strongly suggest that Chaeto

phractus excretes a more concentrated urine than Dasypus. 

There is the question of whether the lower urinary 

water loss balances the higher evaporative water loss for 

Chaetophractus. Due to smaller size, Chaetophractus pre

dictably has a greater evaporative water loss because of 

the increased surface to volume ratio (Table 1). Probably 

neither Chaetophractus nor Dasypus use water for cooling 
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Table 10. The range and mean values for kidney relative 
medullary thickness (RMT) in two armadillo 
species (p <.001). 

RMTa 

Species Mean Range N 

Chaetophractus vellerosus 7.5+0.5 6.4-9.1 10 

Dasypus novemcinctus 4.9+0.4 4.3-6.1 10 

a. Refer to Appendix C for the individual RMT 
values. 



Table 11. The percentage weight gain following rehydration of seven armadillos 
after being on horse meat diets for 16 to 34 days. 

Days on Fresh or Boiled Meat Time Elapsed Between 
without ad libidum Water Rehydration and Weighing 

No. Total 

Fresh 
(67.6 % 
water) 

Boiled 10 min. 1 Day 2 Days 12 Days 
(40.6 % % Weight Increase Since Rehydration 
water) 

Chaetophractus vellerosus 

36 17 12 5 4. la 5.1 17.6 

31 34 12 22 2.9 7.4 

35 34 12 22 

Dasypus novemcinctus 

4.9 

41 16 12 4 5.7 10.6 

51 16 12 4 6.9 

54 12 0 12 8.1 

57 16 12 4 6.7 10.9 

a. Chaetophractus no. 36 drank continuously for about 10 minutes fol
lowing dehydration. 
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because of their fossorial and nocturnal nature. If the 

water intake is less than the output, the animal will lose 

weight. Both species remained in water balance when fed a 

diet of fresh horse meat (67.6 percent water) or boiled 

horse meat (40.6 percent water) and ad libidum water. 

Given boiled meat only, within 11 days Dasypus (N = 3) 

lost an average of 15.28 percent of original body weight 

and Chaetophractus (N = 3) lost 2.09 percent (Figure 27). 

Two of the Chaetophractus gained weight after an initial 

loss (armadillo nos. 26, 35), while Dasypus steadily lost. 

Both species were eating normally. Chaetophractus no.26fig

ure 27) was started on dehydrated meat three days after the 

others but because it was gaining weight, I chose not to 

retain it on the experiment for three additional days. 

In previous studies, carnivores given only fresh 

meat remained in balance (Irving, Fisher, and Mcintosh 

1935; Prentiss, Wolf, and Eddy 1959; Schmidt-Nielsen and 

Newsome 1962; Schmidt-Nielsen and Haines 1964). Of those 

carnivores the grasshopper mouse and the domestic cat were 

fed partially dessicated meat, and both lost weight rapidly 

(Schmidt-Nielsen and Haines 1964; Prentiss, Wolf, and 

Eddy 1959), similar to Dasypus. 

Studies of the grasshopper mouse and pack rat 

clearly indicate that the production of highly concentrated 

urine is not a prerequisite for desert existence, provided 
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Figure 27, Percent original body weight change for 
two species of armadillos while on horse meat partially 
dehydrated by boiling 5 minutes (40.6 percent water}. 

Mean percent daily weight loss was 0.19 percent for 
Chaetophractus and 1.48 percent for Dasypus. Numbers 
represent individual animals. Refer to Appendix D for 
actual percentages. 
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the food itself contains sufficient water (Schmidt-Nielsen 

and Haines 1964). The performance of Chaetophractus on a 

low water diet suggests a certain independence of succulent 

foods. During the summer in the Argentine Monte, 22 percent 

of their diet may consist largely of Prosopis pods, which 

after several months on the ground have a water content of 

6 percent; in winter the vegetable portion is over 50 

percent (Figure 14). Dasypus on the other hand is almost 

totally dependent on insects; insects constitute 77.6 

percent volume of the Texas Dasypus diet, whereas only 

2.1 percent is vegetable matter (Kalmbach 1943). This is 

not a reflection of availability because Dasypus refuses 

to eat most vegetables, even when hungry (Taber 1945). 



CONCLUSION 

1. The concentrating ability of the Chaetophractus 

kidney permits an existence in the Monte Desert where 

water and ground insects are scarce. Chaetophractus. 

clearly has the theoretical physiological capabilities 

to survive in the North American Desert. Dasypus has been 

unable to establish in desert habitats for perhaps many 

reasons, importantly including the fact that it has a 

kidney with a significantly less concentrating ability and 

a consequent dependence on succulent foods that are not 

available in sufficient quantity in arid environments. 
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SUMMARY 

The two objectives of this study have been to gain 

better understanding of the ecology of a desert armadillo, 

Chaetophractus vellerosus, and also to discover why 

Dasypus novemcinctus has not established in the North 

American Desert. To accomplish both objectives, aspects 

of the Chaetophractus ecology were studied which particu

larly related to the desert problems of heat and water 

balance. The results were compared to the literature on 

Dasypus. To complete the comparison, the two species were 

studied for significant physiological differences in their 

water balance. In what follows, I have summarized the more 

important conclusions relating to Chaetophractus ecology, 

and reasons why Dasypus is not a successful inhabitant 

of deserts. 

Activities Outside the Burrow 

The best home range estimate for Chaetophractus re

flects the exact movements of one individual for a three 

day period. During that period, the armadillo (no. 5) 

covered an area of 4.66 ha. Home ranges of armadillos have 

been previously studied only for Dasypus novemcinctus with 

estimates ranging from 3.4 ha (Clark 1951) to 20 ha (Fitch, 

88 
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Goodrum, and Newman 1952). Because of its desert exis-

tence, Chaetophractus might be expected to have a larger 

home range than a comparable sized mesic armadillo due 

to the difference in food availability between the two 

environments. 

When outside the burrow, Chaetophractus spends 

much of its time foraging (example: an average of one 

food proble every 4.6 m), primarily in thickets of vege

tation rather than in the open spaces. During one moni

toring period, armadillo no. 5 traveled slightly more than 

1 km (1032 m) per night for three consecutive nights, 

returning on two of those nights to the same home burrow 

after having foraged over very nearly the same route as 

on the previous evenings. Both Chaetophractus and Dasypus 

have overlapping home ranges; the evidence suggests that 

neither species is territorial. 

Activity Periods and the Burrow Environment 

All armadillos are fossorial but the burrowing 

habits of those species in high temperature environments 

are particularly interesting because of the problems of 

maintaining heat and water balance. The depth of the 

burrow largely determines the temperature environment 
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experienced during the critical summer heat and winter 

cold periods on the desert. 

Soil conditions are critical to the armadillo's 

existence; rocky bajadas support limited populations of 

Chaetophractus, whereas sand dunes support good popula

tions. In optimal soil conditions (sand dunes), Chaeto

phractus burrows are quite deep, ranging in depth from 1-2 

m and possibly deeper. At these depths there is no daily 

temperature variation and probably little seasonal varia

tion. Remaining at a depth of 1 m during the summer day, 

Chaetophractus experiences a burrow temperature of ±27°C, 

and thereby avoids ambient air temperatures in excess of 

40°C and surface temperatures approaching 70°C. During 

winter, the night temperatures frequently drop to 0°C, 

but aim burrow probably does not drop much below ±18°C. 

During the summer, Chaetophractus is active outside 

the burrow between the hours of 2000 and 0800, during which 

time it would not experience excessive ambient temperatures. 

In winter, activity probably begins when the ambient tem

perature is as high as the burrow temperature, usually in 

the late morning. Activity ends in late afternoon when the 

ambient temperature drops to near the burrow temperature. 

This seasonal reversal of the activity periods is seen 

in Dasypus in North America. Whether or not this reversal 
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is true for armadillos in the tropics presents an in

teresting question. 

Food Habits and Water Balance 

The feeding habits of Chaetophractus are different 

from those of Dasypus; Chaetophractus is an omnivore where

as Dasypus is an insectivore. Chaetophractus is therefore 

better prepared for xeric environments where ground insects 

are scarce. Although Dasypus eats succulent fruits, it 

rarely eats commercial vegetables even when hungry. A 

desert existence for a relatively slow rooting mammal such 

as the armadillo necessitates harvesting the plant roots, 

tubers, and dehiscent pods. These particular plant parts 

are frequently low in water content. As an example, one 

major dietary item of Chaetophractus is the Prosopis (mes-

quite) pod, which is still eaten when it contains only 6 

percent water. To rely on non-succulent food items reflects 

a physiology adapted for water conservation. It was dis

covered that Chaetophractus possesses a kidney well adapted 

for a low water intake by being able to concentrate the 

urine; conversely, Dasypus has an inefficient kidney for 

concentrating the urine and consequently requires succulent 

foods or drinking water to balance its water loss. This 

suggests that Dasypus does not have the physiological 

capabilities to extend its range into the North American 

Desert. 
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Table A-l. Weights and body measurements of 76 male 
Chaetophractus vellerosus collected near 
Andalgal^, Argentina during 1971-72. 

Date Measurements (mm) 

Collected Wt. (gm) Body Tail Rt. Leg Ear 

8-14-71 920 372 119 47 28 
9/3/71 900 400 119 50 24 
9-4-71 1100 375 131 50 31 

1050 382 119 50 28 
9-7-71 1000 394 125 50 28 
9-8-71 950 369 119 50 25 
12-5-71 684 328 100 50 22 
12-5-71 784 - - 50 28 
12-5-71 698 334 84 50 28 

869 366 103 50 28 
884 375 105 50 27 

12-8-71 898 380 113 50 27 
741 360 113 48 27 
898 394 119 50 31 
884 382 119 50 28 
869 388 119 50 28 
727 368 113 47 28 

12-11-71 784 379 116 50 30 
855 385 113 51 28 
955 394 122 53 31 
855 373 100 47 28 
912 378 113 48 28 
926 394 122 50 28 
798 366 113 47 27 
798 376 113 47 30 
912 391 122 50 28 

12-14-71 698 356 103 45 27 
869 385 116 47 30 
983 390 113 53 31 
812 364 108 48 30 

12-17-71 812 375 119 47 27 
884 379 116 50 28 
784 384 128 51 28 
855 379 113 50 27 
841 371 113 47 28 
869 369 106 47 28 
755 380 122 48 28 
827 369 116 48 28 

2-10-72 1055 391 116 50 28 
912 361 103 47 27 

Girth 



Table A-1. (Continued) 
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Measurements (mm) 

Collected Wt. (gin) Body Tail Rt. Leg Ear Girt! 

2-10-72 969 376 113 50 25 
1026 377 119 50 28 
599 357 113 44 25 

2-18-72 798 397 122 50 27 
5-3-72 650 344 106 47 25 
5-19-72 740 366 122 50 28 
5-22-72 1035 388 113 47 28 

825 372 119 50 30 
5-25-72 782 388 125 50 30 253 
5-28-72 1103 391 119 48 28 288 

622 351 117 48 28 222 
6-1-72 784 366 116 50 28 238 

853 363 100 50 28 269 
892 400 131 47 27 250 
771 369 116 44 28 244 

6-3-72 765 369 116 47 28 231 
903 366 113 50 27 266 
1025 359 >103 48 28 284 

6-20-72 981 388 113 51 30 256 
6-21-72 898 358 102 47 28 263 
6-24-72 866 379 122 51 28 250 

748 366 116 50 28 231 
7-4-72 889 374 116 50 28 256 

771 369 113 47 28 241 
5-24-72 1225 

825 
714 
1329 
851 

5-26-72 853 
914 
574 
596 

1182 
898 
543 

Mean 860 376 114 49 28 253 

Range 543- 328- 84 44- 22- 222 Range 
1329 400 131 53 31 288 



Table A-2. Weights and body measurements of 71 female 
Chaetophractus vellerosus collected near 
Andalgala', Argentina during 1971-72. 

_ . Measurements (mm) 
Date 
Collected Wt. (gin) Body Tail Rt. Leg Ear Girth 

6-11-71 850 - - - -

780 363 113 50 25 
430 - - - -

6-24-71 1000 369 113 31 -

8-14-71 1000 369 106 44 25 
9-4-71 1050 369 125 50 25 
9-7-71 1000 369 119 50 28 
12-5-71 257 288 88 41 22 

770 382 116 50 28 
898 377 119 50 28 

12-8-71 1126 407 119 50 28 
969 379 116 47 29 
869 385 116 50 29 
884 364 106 50 28 
869 365 109 50 27 
1012 406 125 56 28 
869 359 103 50 27 

12-11-71 1040 397 119 53 28 
755 356 100 44 28 
670 347 103 47 27 
713 350 100 45 28 

12-14-71 926 391 122 48 28 
869 382 113 48 30 
841 374 108 47 27 
827 372 109 48 28 
812 376 113 50 27 
912 402 124 51 30 
670 353 109 47 28 
812 366 103 48 27 

12-17-71 784 380 124 47 28 
656 353 100 47 25 

2-13-72 713 375 103 47 23 
399 312 106 44 23 
713 376 113 50 25 

to
 1 to
 
O
 1 to
 

741 356 106 44 22 
513 331 106 44 25 
855 419 138 50 25 

2-23-72 299 265 77 46 29 
4-17-72 998 397 119 50 25 
5-21-72 1100 375 100 38 28 
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Table A-2. (Continued) 

Measurements (mm) 

Collected Wt. (gm) Body Tail Rt. Leg Ear Girth 

5-22-72 660 354 113 47 28 
5-30-72 849 365 109 50 28 250 

1125 391 116 51 30 269 
5-31-72 808 382 116 47 30 256 

613 334 103 47 27 250 
656 354 113 47 28 241 

6-2-72 932 381 125 51 25 258 
806 379 113 50 31 244 

6-3-72 832 382 119 48 30 269 
6-10-72 785 362 109 50 28 258 

835 377 119 50 28 253 
6-21-72 986 377 119 47 30 263 
6-26-72 860 388 125 50 28 247 

720 357 113 48 28 253 
7-6-72 862 379 113 47 27 250 

919 382 116 48 30 269 
792 360 113 47 27 256 

7-8-72 829 372 119 47 27 253 
7-12-72 869 372 109 47 30 263 
5-24-72 1032 

596 
774 
855 
906 
760 357 113 
693 350 106 
911 

5-26-72 997 
944 

5-27-72 593 
715 

Mean 814 368 112 48 27 256 

Range 257- 265- 77- 31- 22- 241-Range 
1126 419 138 56 31 269 
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Table A-3. Weights and body measurements of six adult 
Dasypus novemcinctus collected in Louisiana 
in 1972. 

Measurements (mm) 

No. Sex Wt. (gm) Body Tail Girth 

46 f 3971 762 331 

47 m 4565 756 331 

51 f 4655 725 325 

41 f 5504 475 

57 f 4779 380 

54 f 4029 656 250 413 

Mean 4584 708 308 423 

Range 3971- 656- 250- 380-Range 
5504 762 331 475 
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Table B-l. Ambient and burrow temperatures for a typical summer day (November 23, 
1971) on Joyarigo bajada near Andalgala, Argentina. 

Hour Surface(s) 15 cm(s) Surface(o) 15 cm (o) Burrow(s) Burrow(o) 

0 24.9 22.5 24.0 22.0 24.0 28.0 

1 23.5 21.5 22.8 21.0 24.0 27.5 

2 22.6 21.0 21.3 20.5 24.2 27.5 

3 21.7 19.4 21.0 19.0 24.3 27.0 

4 20.5 19.5 19.5 17.0 24.0 26.7 

5 20.4 18.0 19.0 17.0 24.0 27.5 

6 20.0 17.5 18.8 17.1 24.3 26.5 

7 20.5 19.5 19.0 20.0 24.3 26.5 

8 22.2 25.5 22.5 27.1 24.5 28.5 

9 26.5 27.0 32.0 30.0 24.1 29.0 

10 27.1 29.1 42.5 33.3 24.5 29.0 

11 27.9 30.5 51.0 . 36.5 24.2 29.9 

12 29.1 33.5 58.5 38.5 24.0 30.0 

13 33.4 36.5 64.5 40.0 24.4 30.0 

14 34.9 37.0 64.5 42.0 24.1 30.5 



Table B-1. (Continued) 

Hour Surface(s) 15 cm(s) Surface(o) 15 cm(o) Burrow(s) Burrow (o) 

15 35.5 38.7 68.5 43.8 24.0 30.1 

16 35.8 40.0 68.0 43.8 24.2 30.0 

17 36.0 40.0 64.0 41.8 24.0 30.5 

18 35.5 37.1 58.0 40.9 24.0 30.9 

19 34.0 35.0 43.5 36.0 24.1 30.5 

20 32.0 33.1 36.9 33.2 24.5 30.2 

21 30.0 29.9 33.5 30.3 24.3 30.0 

22 28.8 27.8 31.0 27.7 24.3 29.5 

23 27.5 26.2 29.0 26.5 24.9 29.5 

24 26.9 25.0 27.5 25.1 25.0 29.5 

H 
o 
o 



Table B-2. Ambient and burrow temperatures for a typical winter day (June 29, 
1972) on Joyango bajada near Andalgala', Argentina. 

Hour Surface(s) 15 cm(s) Surface(o) 15 cm(o) Burrow (s) Burrow(o) 

0 6.8 5.5 3.3 4.1 13.9 12.8 

1 6.1 5.0 3.0 4.2 14.9 14.0 

2 5.1 3.8 1.4 2.6 14.1 11.0 

3 4.6 2.0 0.5 1.0 13.0 ' 11.5 

4 3.0 0.2 -0.1 -1.5 14.2 11.0 

5 2.8 2.0 -0.2 1.1 14.5 12.5 

6 1.8 -0.7 -1.5 -2.3 14.8 9.5 

7 2.0 0.0 -2.0 -2.7 14.4 12.0 

8 1.1 -1.0 -2.0 -2.7 14.5 11.0 

9 4.1 4.0 3.0 4.9 15.0 11.3 

10 8.1 8.2 9.1 9.0 14.9 13.1 

11 11.0 11.3 14.5 12.4 14.9 14.7 

12 10.8 11.2 21.1 12.9 15.1 14.5 

13 13.8 13.1 27.9 16.2 15.2 14.9 

14 14.9 14.2 30.9 16.2 15.2 15.2 



Table B-2. (Continued) 

Hour Surface(s) 15 cm(s) Surface(o) 15 cm(o) Burrow(s) Burrow(o) 

15 14.2 13.5 31.9 16.3 15.0 15.4 

16 13.2 14.8 29.0 17.2 15.0 15.5 

17 13.7 14.0 23.8 15.5 15.0 15.3 

18 13.0 13.4 18.0 14.1 14.9 15.2 

19 10.8 10.9 12.3 10.2 13.7 15.0 

20 9.1 8.0 9.0 7.1 14.9 14.7 

21 7.3 5.1 6.7 5.0 14.8 13.0-

22 - - - - - -

23 - - - - - -

24 8.0 7.2 7.5 7.0 14.8 14.0 
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Table B-3. Soil temperatures on a winter day (July 10, 
1972) at the Rio Virgin dunes near Andalgala, 
Argentina. 

Hour -1.0 m -50 cm -30 cm -20 cm -10 cm Surface 

17 17.9 15.5 15.2 14.1 18.3 28.3 

18 18.1 15.9 15.4 14.9 18.1 17.9 

19 18.2 15.8 15.3 15.1 17.9 11.1 

20 17.9 16.0 15.4 15.2 16.9 7.5 

21 18.1 15.9 15.1 14.9 15.7 6.2 

22 18.2 15.8 15.1 14.9 14.7 5.1 

23 18.4 15.8 15.1 14.9 13.8 4.2 

24 18.5 15.4 14.9 14.4 13.0 3.9 

1 18.5 15.4 14.7 14.4 12.2 2.4 

2 - - - - -

3 18.8 15.9 14.8 13.5 11.0 1.0 

4 - - - - -

5 

c. 

19.0 16.1 15.1 13.0 9.9 0.0 

O 

7 18.8 15.5 14.2 12.0 9.0 -0.7 

8 18.9 16.0 14.7 11.3 8.6 -1.1 

9 18.9 15.7 14.2 11.0 8.0 0.0 

10 18.9 15.9 14.4 10.8 7.9 10.1 

11 18.8 15.6 14.1 10.5 8.0 19.5 

12 18.8 15.5 13.9 10.1 9.0 27.6 



Table B-3, (Continued) 
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Hour -1.0 m -50 cm -30 cm -20 cm -10 cm Surface 

13 18.8 15.6 13.8 10.1 9.9 32.8 

14 18.7 15.4 13.5 10.1 11.0 36.3 

15 18.6 15.3 13.1 10.3 12.7 38.3 

16 18.8 15.4 13.3 10.7 14.3 . 36.1 

17 18.8 15.4 13.2 11.4 15.8 31.9 
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Table B-4. Ambient and Chaetophractus body temperatures 
on a winter day (July 10,1972) at the Rio 
Virgin dunes near Andalgala, Argentina. 

Hour 
-50 cm 
(Soil) 

Occupied 
Burrow Air 

Body 
(Inside 
Burrow) 

Body 
(Outside 
Burrow) 

17 15.5 22.2 -

18 15.9 20.0 19.6 34.0 

19 15.8 17.0 11.5 28.6 

20 16.0 20.4 7.5 29.4 

21 15.9 17.0 6.8 31.1 

22 15.8 17.0 6.2 31.8 
35.1 

23 15.8 19.9 5.5 32.0 
34.9 

24 15.4 19.0 5.6 32.2 

1 15.4 20.8 2.9 31.6 34.2 

2 - - - -

3 15.9 20.4 1.5 31.0 

4 - - - -

5 16.1 20.8 0.7 30.0 

6 - - - -

7 15.5 19.9 0.0 27.9 

8 16,0 19.8 0.0 28.0 

9 15.7 19.9 1.8 27.2 

10 15.9 21.1 8.4 27.5 

11 15.6 20.9 13.0 28.0 
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Table B-4. (Continued) 

Body Body 
-50 cm Occupied (Inside (Outside 

Hour (Soil) Burrow Air Burrow) Burrow) 

12 15.5 20.8 16.5 27.4 

13 15.6 20.2" 18.2 27.8 

14 15.4 20.2 20.1 29.8 

15 15.3 21.5 23.1 29.9 

16 15.4 20.2 24.7 29.9 

17 15.4 20.2 24.1 29.9 



APPENDIX C 

RELATIVE MEDULLARY THICKNESS 

107 



108 

Table C-l. Individual kidney relative medullary thick
nesses (RMT) for three species of armadillos. 

N = number of kidneys for each species. 

N 
Dasypus 
novemcinctus 

Dasypus 
mazzai 

Chaetophractus 
vellerosus 

1. 4.4 5.1 6.8 

2. 5.0 5.1 7.4 

3. 4.5 7.5 

4. 5.3 7.3 

5. 5.1 7.6 

6. 4.3 7.7 

7, 4.5 7.7 

8. 4.9 6.4 

9. 4.5 9.1 

10. 6.1 7.0 

Mean 4.9 5.1 7.5 

Range 4.3-6.1 6.4-9.1 

95% CI 4.9 ± 0.4 
(4.5-5.3) 

in o
 o
 • 

+
1
 

CO 1 
in 
o
 

* .
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Table D-l. The daily percent of original body weight change 
for six armadillos maintained for 11 days on 
partially dehydrated horse meat. 

Chaetophractus vellerosus Dasypus novemcinctus 

Days 31 35 26 54 41 57 

1 -.37 -.64 -.67 -2.54 -2.02 -3.27 

2 -.89 -1.33 -.42 -4.55 -3.48 -4.13 

3 -1.46 -1.45 -.59 -5.32 -4.72 -6.25 

4 -1.70 -.48 -.17 -8.17 -5.49 -5.87 

5 -1.30 -1.12 -.17 -9.64 -6.24 -7.80 

6 -2.44 -1,20 .25 -12.05 -7.08 -8.58 

7 -2.11 -1,12 .58 -12.77 -7.97 -11.49 

8 -2.68 -.40 .08 -14.62 -8.64 -12.41 

9 -3.17 -.40 - -14.83 -9.37 -12.69 

10 -2.87 .20 - -16.80 -11.36 -14.99 

11 -1.87 .24 — 

vo 0
 

.
 

00 1—1 1 -12.35 -15.57 
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?/<ŷ yy 

I 

O-' .̂On , 

WWiiut / / ,  
* V. 

rf fihMtnnhmrtn* no R for thi-AA rnn«r,.tiul> rinue 17-IQ Mnu B>7® 



-/A 
* 1 -
h 1 \ 

\ A..̂ V * vx\\\\\̂ ulu»»w////7/7" 

/>*%l >•—>., 5.—' „ 

f ^>-^?4-:-.--C^ / / I * 
/ *' "V-
l / 

v I R 6 
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