
THF. crrv: ·To;; LJNG-NOSED Amli'.DILLO 

( D£<.SYPlJ_~ i'JOJ1J;,;.1CINCTUS) IN 

By 

JOHN WAYHE ZIT-FIERMAN 
/( 

Bachelor of Science 

Oklahoma State University 

Stillwater, Oklahcma 

1979 

Submitted to the Faculty of the 
Graduate College of the 

Oklahoma State University 
in partial fulfillment of 

the 1·equ:lrem2nts L;~0 

the [1sgree of 
MAS 1rE:1~ Oii scn:IJCE 

JuJ_y, 1982 



THE CO.'.VIMON LONG-NOSED ARMADILLO 

(DASYPUS NOVEMCIHCTUS) HT 

NORTHCENTRAL OKLAHOMA 

Thesis Approved: 

·l'hesis Adviser 

c:=-~_/ S>i ~~ 

~/!~ 
Dean of Graduate College 

ii 

1131'118 



PREFACE 

The purpose of this study was to establish activity 

patterns and food habits of the co~~on long-nosed armadillo, 

on burrow characteristics, activity patterns, and home 

ranges was collected on a study site southwest of Stillwater, 

Oklahoma. ~easurements and food habits were secured through 

roadkilled armadillos. The research combined existing 

published data and original field observations. 
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CHAPTER I 

INTRODUCTIO:: 

This thesis is composed of six chapters. Chapter I 

serves as the introduction. Chapter II is a review of 

literature. The remaining four chapters are written as 

individual manuscripts suitable for submission to 

scientific journals. These chapters are each complete 

without additional supporting materials. The manuscripts, 

written in the Journal of f:lammalogy format, are: 

Characteristics of the CorrJTion Long-·nosed Arr;, a di llo, 

Das '!PUS nO''Pm0i'nntus'' (C'·c:ir.tcr> TTT) n~r>rn°c'1;llo -~-- _ __:.._--~· '...i ,.\_. ~ ."'l .... y,t.: ......,_ _. ___ _:_ ) -.---i. ..... ,i.J.1U·..J.__._ -

and Activity in Northcentral Oklahoman (Chapter IV), 

"Morphological Character1stics of the Common Long-nosed 

nrmad;llo frc"" O'·lahoTY'\~ 11 ( 0 hr'Dten \T) ,~n_rj __ HFn.ur·a1 :2', 0+'.L. ~-hP ii. • ~ Jl'1 Ye- Ll-.c vLct., ~ V ' ~· . _, - v •• _ 

Cormnon Long-nosed Armadillo in Northcentra1 O}:lahoma 11 

(Chapter VI). Previous approval for format chances was 

granted by the Graduate College. 
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Cl-:L'\P'l'ER I I 

LITERA~URE R~VIEW 

The mammalian order Xenarthra, also called Edentata, 

is distinguis~cd by extr~ articulations becween the lumbar 

vertebrae, xenarthra, hence the order name. Tl-:::ese extra 

articulations give extra support to the pelvic region 

(Grzimek, 1975). Edentata means "toothless", a condition 

which does not apply throughout the order. This order is 

of New World origin with three extant families: 

Myrmecophagidae (anteaters), Bradypodidae (sloths), and 

Dasypodid2e (armadillos) (Gundersen, 1976). Dasypodidae 

is the most Drimit~~'/e xenartbran fa::dly and ranges fron 

southern Patagonia (Moore, 1968) to northern Okla~oraa 

with occasi0nc::.l sightings as far north as I·Jebr2.ska 

( Gunclers on, l') 7 6; Oklah::n:m Mar;imals) . Nor th .L\;neri can 

armadillos include the extinct Dasyrus bellus, which is 

considered to have been similar to, but three times larger 

1959; Guilday et al., 1978). The only other extant 

edentates to inv~de Central American tropi2s are two 

centrc.1li~s 1959). 

2 
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shown that dental enamel has been lest independently at 

least three times in the evolution of Xenarthra. 

Distribution (Bushnell, 1952; Buchanan and Talmage, 1954; 

Rood, 1970) and taxonomy (Newman, 1913; Ha~let~, 1939; 

Russell, 1953; Talmage and Buchanan, 1954) of extant 

Dasypodidae have been studied but some areas need 

clarification. 

Distribution of D~sypus nove~cinctus 

The name, common lon0-nosed armadillo, was suggested 

by Wetzel and Mondolfi (1979) as a better common na~e than 

nine-banded armadillo for D. novemcinc~us. The recent 

expansion of the North American ranee of ~· novemcinct~s 

has attracted much attention (Strecker, 1926; Hibbard, 

1943; Cleveland, 1970; Pu~phrey, 1974). Limits to its 

range expansion have been predicted, with ths present range 

exceeding earlier predictions. Newm&n (1913) predicted D. 

povemcinc~us ez:pansion would halt at the 33°N latitude, 

which was quickly crossed. Strecker (1926) stated that the 

environments was most re~arkable. After the Florida 

population was established through introductions (Sherman, 

1943; Bushnell, 1952), Buchan~n and Talmase (1954), and 

later Moore (1968), stated that the two eraups of Texas and 

Florida would merge. Galbreath (1980) reported that the two 

was suggested by Hamlett (J939) as the Fio 'Teg:co in 



Argentina. 

,, 
't 

successful in penetrating the northern temperate zone tl1an 

the southern temperate zone where it cosoetes with other 

armadillo species. Several subspecies have bePn deE~ribed 

based on cranial characteristics (Newman, 1913; Russell, 

1953). Expansion from Texas to the north and east, 

expansion from Florida in every possible direction, and 

range contraction on the.western boundary are trends in 

their expansion since 1954 (Humphrey, i97L). Slaughter 

(1959) found D. novemcinctus stopping its range along the 

18 - 20 inch (451 - 500 mm) per annum r2jnfall belt i.n the 

United States and Mexico. The rainfall belt was close to 

Humphrey's (1974) limit of 380 mm cf precipitation. 

Humphrey (1974) also gave a maxim~m limit of nine freeze 

days annually which corrr::la t es rd th ~k ;:ab' s ( 19 8 0) 

predictions. D. novemcinctus should be limited in its 

northwest movement by food availability i~ cold periods and 

its inability to reduce energy require~ents (McNab, 1980). 

Food availability is also tied to precinitation in limiting 

soil 

Fitch et al. (1952) surmised that the reason for the 

recent expansion was due to human reduction of carnivores. 

Since that publication there has been little evidence that 

predation by wild carnivores is sufficient to have pre'lented 

earlier expansion. Bushnell (1952) reported three 

occurrences of predation, two by black bears 2.nd one by an 

aJ.lig::ttor. 
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i tern for coyotes j_n ;,2l:aL02_s id tl1 c~1ly one occurrence, :·.;hi ch 

was the lmrest for any wild or do1r.estic ani::nal. Li tvai tis 

and Shaw (1930) reported coyote scats in southwest Oklaho~a 

had remains of armarl~llos in 9% of 361 scats. It is also 

listed as a food item for cougars, but no figures are given 

(Russell, 1978). A recent necropsy cf a Florida puma, 

Felis £.2_l]C01_9r £._~, an endangered subspecies, found 

r~rnains of an armadillo (Belden and Forrester, 1980). 

The main defense of D. novemcinctus is its shape and 

Speed not 4 ts c;::ir>anc:ir>o r~;a1nt-c:ir>>·1 19 11 1.J· ' ...Lv _......._ ".1..c..,·,_.-..... \~::.. -'-"'·'- Ci.v.1. j Lj- ,, Talrriage and 

Budhanan, 1954). Kalmbach (1944) believed man and dog were 

the worst predators. Kalmb2ch was supported by McDaniel 

(1929) who reported 4,000 armadillos killed in a single 

summer around a small Texas town. Man seei:lS to have 

sii;nificantly more influence th,?r, any wild nredato:>. 

Siegler and ~ewman (1944) found armadillos to be the most 

abundant roadkill in Texas, with an increase in roadkills 

during the breeding season. This abundance of roadkills is 

apparently aided by a reaction that Talmage and Buchanan 

(1954) arid others have labeled a irnervous refJex". The 

armadillo huddles down when danger approaches and then 

springs up1dard w'.len the danger ts lmr.linent. This places 

the armadillo about bumper height just milliseconds before 

the automobile strikes it. This same mechanism has been 

described as an effective defense against dogs by Finley 

and Finley ( 1925) and J. Watson (pers. comm.). In both 

accounts, the armadillo huddled to the grou~d Tiotionless 



until the dog touched the carar~se, then it spra~c unward 

hitting the dog in the muzzle. Before the armadillo 

touched the ground, j_t was rumdng. ']1i1e startled dog ran 

after the armadillo, but the armadillo disappeared into a 

den or dense brush nearby. 

Blair (1936) was the first to record finding armadillos 

in Oklahoma. The first was taken in 1932 in the Verdigris 

River valley in Rogers County, and another was taken in 1935 

in the Arkansas River valley of Creek County. -Gardner (19~8) 

reported a 1939 Wichita Mountain Wildlife Refuge capture, a 

1941 capture 12.8 km fiorthwest of Freedom, Oklahoma, and a 

seemingly constant increase in nuobers. Buchanan and 7almage 

(1954) reported the range as south of Oklahon1a City with 

occasional sightin~s further north. Glass and Halloran (1961) 

updated the Oklahoma cilstribution. Hunphrey (1974) in a 1972 

of distribution approximately 32 km north of Oklahoma City, 

which is close to a line of mean annual free ze-d~1y ::; of nine. 

Blair (1939) listed D. novemcinctus in two biotic districts, 

Cherokee prairie and Osage savanna. Curr•e1-.tly, it is found 

in four additional districts of Blair and Hubbel (1938): 

Ouachita, Mississippi, Ozark, and mixed grass prairie. The 

northern boundary in its western range is presently 

fluctuatjng around the Oklahoma-Kansas border. 
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Dasypus novemcinctus has a normal fccusi~g distance 

that is a few inches in front of its nose (W~lls, 19b2). 

The eye is devoid of cones (Grzimek, 1975), t~erefore the 

animal is color blind. A reduced sense of taste is 

indicated by the few tastebuds in the tongue (Maller and 

Hare, 1967). The common long-nosed armadillo possesses 

acute hearing and sense of smell (Fitch et al., 1952; 

Kalmbach, 1944). D. novemcinctus is reportedly capable of 

detecting insects 20 cm deep in the soil (Grzimek, 1975). 

Wislocki and Enders (1935) found members of the Xenarthra 

have permanent intra-abdominal testes. The odor of an 

armadillo comes from two glands that are lateral to ~he 

anus (Bushnell, 1952). As expected in an animal that 

consistently bears four young, Q. novemcinctu~ tas four 

mamrnae. Miles ( 19 41) gave a description of the shoulder 

anatomy of D. novemcinctus. Greegor (1974) studied the 

kidney structure of two species, Q. novemcinctus and 

Chaeto_.'l?):lractus_ vellerosus, concluding the Q_. vellerosus 

has a kidney for xeric conditions while D. novemcinctus has 

a kidney for conditions between xeric and mesic. Johansen 

(1961) found peripheral vasoconstriction and retia 

mirabilia in the limbs linked to heat conservation. 

Most of the physiological studies on armadillos have 

been related to their sensitivity to cold. Armadillos are 

characterized by low body temperatures, low ~etabcl~c rates, 

and high minimal thermal conductances (Schol2nder et al., 



3 

19 GOa ..L'9r:;ob· Torar"''"'~n lor- 1 · ~-;,,.,~r."h 1 go00). ./ _.::...._' _,..- - ' u ~ - J. "-" \... - -· :> ~ -~ \_, __,_ ,. ._ -- - • (.., "-'' ' ~ - P ~ ~I s i o 1 o f~ i c c~_ 1_ 

responses to environmental fa2tors in :!.?_. noverEcinctus 1,re11 e 

studied by Gause (1980). Scholander et al. (1943) 

without breathing for as long as 6 mins. Baseli~e blood 

data and changes in blood components due to captivity were 

studied by D'addamio et al. (1978). 

Reproduction of D. ~ovemcinctus has been studied for 

several reasons. First, it has an obligate delayed 

implantation of 3 1/4 to 4 1/2 months (Vaughan, 1972). 

Second, it has polyembryonic development of four 

genetically identical young from a single fertilized egg 

(Newman, 1913). D. septemcinctus may have as many as 12 

identical young ( Grzil"1ek, 1975). D'addamio et ~' cLl. • (1977) 

reported the cell changes in urogenital smears during the 

estrous cycle. 

In 1971, :!.?_. novewcinctus was found to have the ability 

to contract Myco_bacter:tun le~ (lUrc:--iheir:1er and Storrs, 

1971), thus becoming a useful experimental animal in 

leprosy research. Storrs et al. (1978) renorted that 40% 

or more of wild armadillos in Louisiana can contract 

leprosy through inoculation. Walsh et al. (1977) reported 

a naturally acquired disease in D. novemcinctus that is 

indistinguishable from ~· leprae from Louisiana, but 

Filice et al. (1977) found no observed association between 

man and D. novemcinctus to indicate armadil~os as a link 

1n the spread of leprosy. The study of leprosy using 
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armadillos has produ2ed a lepro2y vaccine to be used by the 

World Health Organization (Maugh, 1982). 

Two other infectious diseases found in D. novemcinctus 

are Adiaspirosis, a pungal lung infection (JeJJison~ 1970), 

and Leptospirosis. Eight serotype~:> of Leotospira '.':ere 

isolated from 200 armadillos from Louisia~a. Two of these, 

~· canicola and ~· oomona, are associated with disease in 

man and domestic animals'. Dogs are the major source from 

which man acquires~· canicola (Roth, 1970). Weiss and 

Wislocki (1956) remarked that armadillos would make good 

laboratory animals in studying hematopoiesis due to their 

hundreds of marrow-bearing dermal plates. 

For insectivores, the list of internal parasites is 

extremely small with one helminth, Asoidodera fasciata, 

specific to armadillos, and few hel~inths found as 

immatures that require an arthropod as an intermediate 

host (Chandler, 1946). The only knottn parasitic disease 

to which f)i::_'.3ypus spp. is associated is Chagas' disease, 

Trypanosoma cruzi. Other important wild hosts of Chagas' 

includes Didelphis spp. and Neotoma spp. This oarasite 

notably cycles through members of the insect family 

Reduviidae. Dogs and cats are the significant sources 

for mar1's infections, usually attributed to conditions 

associated with poor sanitary conditions. The southern 

United States is reported as the northern limit of Chagas' 

disease (Wells and Lumsden, 1971). Talmage and Buchanan 

(1954) give lis~s of ticks 2nd fleas found on D. novemcinctus. 
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Diet studles are very numerous for D. novemcinctus 

with limited work on Chas-_-cophrac t us_ ve lleros us. ( Greegor, 

1974) and a current study being conducted by Encarnacao 

and Carter (pers. comms.) on species found in Serra da 

Canastra National Park in Brazil. Kalmbach (1944), 

supplemented by Fitch et al. (1952), reported the most 

extensive studies from stomach analysis of Q. novemcinctus. 

Other studies from diff2rent habitats (Baker, 1948; Clark, 

1951; Bushnell, 1952) demonstrate the importance of 

insects in all habitats and an ability to adapt to 

different food sources. 

~colog_;y_ of Dasyous novemcinctus 

Home ranges of D. novemcinctus have varied from 3.4 ha 

in Tex~s (Clark, 1951) to 20 ha in Louisiana (Fitch et al., 

1952). Taber (1954) reported 8.5 dens per animal in the 

coastal prairies of Texas. Greegor (1974) described two 

types of burrows. The first was a food probe which was 

less than 30 cm long and the second the den which was 

greater than 30 cm long. Burrow depths down to 3.5 mare 

reported (Bushnell, 1952; ~alker, 1975). Site selection 

has been described for several habitats (Taber, 1945; 

Taylor, 1946; Bushnell, 1952; Fitch et al., 1952). A 

common factor in all habitats was a preference for brushy, 

covered sites on a slope, such as a stream bank. Plants 

associated with the burrow were related to a need for 



11 

cover and roots to suppor~ the tunnel and Nere not speci2s 

specific (Taber, 1945). 

Nest building is stimulated by cold in most armadillos 

with D. ~ovemcinctus showing a quicker response than other 

species (Eisenberg, 1961). The nest materials consist of 

plant matter brought into the burrow in an interesting 

fashion. Plant debris is gathered under the body with J._"t 

Lile 

forelimbs, held between hindlimbs and forelimbs, and then 

the animal hops backward to the entrance using the tail as 

a prbbe (Talmage and Buchanan, 1954). Eisenberg (1961) 

details several variations observed in captivity. This 

type of nest is insulating and encourages invertebrates, 

which may act as a food source. In captivity, ~· 

novemcinctus is gregarious with one sex per den (Johansen, 

1961). If this same behavior occurs in free-ranging 

armadillos in the winter, it may be a method of heat 

conservation as seen in the naked more-rat, Heterocephalus 

glaber (Jarvis, 1979). 

As in most wild species, foraging is the armadillo's 

single most com.In on activity ( Greegor, 19 711) • While 

foraging, armadillos are noisy, grunting almost constantly. 

Armadillos are mostly nocturnal, with ~· novemcinctus 

showing a seasonal change to diurnal in the winter (Fitch 

et al., 1952; Burns and Waldrip, 1971), probably to minimize 

heat losses (Moore, 1968). Pregnant and lactating females 

forage ea:0 :Lier and longer U.~c 1 Jab, 19 EitJ), v1i th a 
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preponderance of males late in the for2ge period (Bushnell, 

1952). 

Most researchers have concluded that the beneficial 

effects of D. no_vemcil_LtLs r;utweigh any adverse effects. 

Chandler (1946) concluded that armadillos in hog pastures 

may provide the hags w~th some protection against helminths 

by ingesting the infective larval stage found in arthropods, 

thus breakL1g the normal life cycles. Of greatest benefit 

is the destruction of insect pests by armadillos (Kalmbach, 

1944; Baker, 1948; Walker, 1975). In fact, Henderson and 

Craig (1932) felt all insectivorous Xenarthrans. deserve to 

rank with insectivorous birds as insect destructors. Most 

sugar cane farmers in southern states are delighted by the 

presence of armadillos due to the reduction of cane beetle 

problems (Fitch et al., 1952). O~~er beneficial effects 

listed by Fitch et al. (1952) include providing burrows 

for other wildlife, notably fur-bearers; incorporation 

of organic matter into soil by foraging and burrowing 

activities; a curio trade of shell products; and for human 

consumption in the southwestern United States, including 

Louisiana. Texas is the focal point of the curio trade in 

the U.S. Comfort, Texas, has an armadillo basket factory 

that used dogs to hunt armadillos (McDaniel, 1929). A 4-H 

Girls' Club canned 2,000 number 3 cans of armadillo meat 

in one season in World War I (Finley and Finley, 1925). 

The meat, a delicacy in South America, tastes like young 

por:V: (He:::->nandez, pe:es. comm.), hence the nici::name !!Poor 



name for D. 0ovemcinctus :is l!t::itu g::ilinha" or !!Chicken 

armadillo", an allusion to j_ts palatability. 

The armadi1~o :ha ::i been perseclited because it burrows 

1 ..., 
..LJ 

in the wrong places according to man, i.e., under building 

foundations, dikes and levees, resulting in erosion damage 

(Fitch et al., 1952; Walker, 1975; Chamberlain, 1980). 

Probably the major reason several early studies were funded 

was the accusation that armadillos were affecting gane bird 

populations by eating eggs. All studies (Graham, 1924; 

Kalmbach, 1944; Fitch et al., 1952) concluded that egg-eating 

seemed to be learned and the effect on bird populations is 

negligible. Beasorn (1974), using strychnine chicken egg 

baits in Texas in testing predator control techniques, killed 

only six armadillos and calc~lat0C it took 667 e~gs per 

armadillo. Stieglitz and Wilson (1968) in studying the 

Florida duck, reported all nests on dikes were destroyed by 

mammalian predators, listing on1y raccoon (Procvon lotor) 
--"--- ---

and armadillos as present. Without evidence pointing to any 

nest definitely destroyed by an ~rmadillo, the blame was 

still placed on both mammals. 'l'he only instance of the 

armadillo being proven to prey on eggs is in Florida where 

it feeds on eggs of the endangered gopher tortoise, 

Gonherus nolvphemus (Dougla3s and Winegarner, 1977). 
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CHAPTER III 

BURROW CHARAC~ERISTICS OP THE COV~ON 

LONG-NOSED AR~ADILLO, DASYFUS 

No 'rEr1·TCI""'0rr.c::: 1 v ... .i. l·~v_._u._., 

The cow1non long-nosed armadillo, 0as''P1:!:._~ _n_o_v_e_IT_ic_:'..-_· :n_1ctus, 

is a recent invader into the United States. Oklahoma is 

the northernmost state in its current contiguous ran~e 

(Humphrey, 1974). Burrow placement may play a role in 

this tropical species' ability to withstand the cold. 

South-facing burrows would be protected from the cold 

north winds and would receive more direct solar radiation 

for warming. This south-facing tendency was found by 

Clark (1951) in Texas armadillos. Geicer (1965) reported 

rabbits on a North Sea island used south-facing entrances 

for wind protection and solar warmth. 

Burrow diameter of about 20 cm for D. novemcinctus 

has been reported by Kalmbach (1944), Bushnell (1952), 

Talmage and Bucl1anan ( 19 5L;), Layr.e ( 19 7 6), and Greegor 

(1974). Clark (1951) and Galbreath (1980) also reported 

1Research conducted by the Oklahoma Cooperative 

Wildlife Research Unit in coooeration with O~lahoma State 

University. 
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a tunnel diameter of 18 c~. A prefe~ence for sloped crou~d 

for burrow placement was reported by Taber (19b5) a~d Clark 

(1951). 

This paper presen~s burrow data collecte6 :n 

northcentral Oklahoma. Burrow characteristics include 

habitat tyoe, slopes, orientation, and measure~e~ts 2t the 

burrow entrance and 10 cm inside the tunnel. 

STUDY AREA 

Central Oklahoma is in the Cross Timbers region 

(Dyksterhuis, 1948). Areas of grassland and bottomla~d 

forest are dispersed a:nong forests of post oak ( Qu~.r-c~_s:_ 

stellata) and blackjack oak(~. marilandica). The oak 

forests are situated on rolling to hilly sandstone unland 

(Dwyer and Santelman, 1964). 

The intensive study site was located 4 k2 west 

southwest of Stillwater, Oklahoma. Legal description of 

the 65 ha site is the E 1/2 of the SW 1/2 of Tl9N, R2E, 

Sec. 30, and the E l/;::~ of the HW 1/2 of Tl9i'J, R2E, .Sec. 31, 

Five major vegetative types on the site were bottomland 

riparian (13.0%), ephe~eral riparian (4.9%), upland (32.3%), 

brushland (4.0%), and glassland (43.3%) (Fig. 1). The 

remaining 2.5% was man-controlled and ponds. 

METHODS 

Burrows were located by sight on ground surveys and 

through radio-tracked armadjllos. Only burrows of JO cn1 
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or greater were analyzed. Burrcw locations were recorded 

using a cartesian coordinate system overlaid on a 1:330' 

aerial photograph. Vegetation type (Table 1) was determined 

from an aerial photograph a~d then confirmed h~ gro~~d 

survey. An electronic digitizer was used to calculate the 

percent area of vegetation type. Dimensions were taken at 

the entrance and 10 cm inside using a caliper to record 

the width and height. Or.ientation of a burrow was taken 

by sighting a compass along the main axis of the tunnel. 

This was read as an angular measurement, with 90°, 180°, 

270°, and 360° being the principal directions, East, South, 

West, and North, respectively. Since the important factor 

being considered was the direction to which the tunnel 

opening faced, the orientation was recorded as the reciprocal 

of the measurement of the tunnel axis (e.g., a tunnel whose 

main axis was read as 360° (N) would be interpreted as an 

orientation of 180° (S)). A clinometer measured the slope 

of the tunnel (10 cm inside the entrance) and of the ground 

the burrow was dug into. A total angle was computed by 

sum.ming the tunnel slope and the ground sloDe. Each burr01.·1 

was marked with a numbered orange flag. 

RESULTS AND DISCUSSION 

A total of 113 ar~adillo burrows was located and 

measured. However, each burrow was not necessarily 

confirmed by the observed presence of an armadillo. For 

the following reasons all burrows were included in the 
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analysis. First, D. novercinctus was the major burrow/den 

digger present on the site. Second} the entrance of an 

armadillo burrow was uniquely charac~erized by a mound 

cori<posed of layers. The bottom layer was the jni tial dirt 

excavated. ~he remaining layers were composed of a mixture 

of small leaf fragments, sticks, and dirt. Third, active 

armadillo burrows were cleaned after a rain as well as 

every spring. The spring cleaning is to rid the tunnel of 

the tightly packed leaves used in the fall and winter for 

insulation indicative of 2n armadillo burrow. 

Burrow density on the total study site was 1.74 per 

ha. In habitat utilized, the density is 3.17 per ha, close 

to Taylor's (1946) report of 3.04 dens per ha in Texas. 

Burrow locations. --Burrov1s were found only in 

bottomland riparian, ephe~eral ricarian, brushland, and 

upland habitat types. This meant 45.8% of the study site 

(grassland and man-controlled) was without burrows. Burrow 

locations were concentrated in bottomland riparian and 

ephemeral riparian areas. Only three burrows were found 

in brushland (Table 2). In Florida, Galbreath (1980) felt 

forest habitat was suboptimal and grassland optimal. 

This is opposite to the findings of this study and of 

Fitch et al. (1952) in Mississippi where grasslands were 

avoided. Burrows were all located in Vernon and Yahola 

very sand loam (Cobb and Hawker, 1918). No burrows were 

found in Vernon loam, which coincided with the large 

grassy areas. 
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Burrow measurements . -- r~c:as urer:er:t s taken at the 

entrance indicate the previcusl~ reported diameters were 

heights. The mean width and height at the entrance were 

21.9 cm and 19.8 cm, r~spectively. This was a significant 

difference(~~ 0.001). The tunnel measurements were 

significantly (~ < 0.001) smaller than the entrance (Table 

3). The shape of the burrow is horizontally oval. 

Slooes associated.--As previously mentioned, D. 
-~-

novemcinctus has demonstrated a preference for sloped 

terrain. My data also supported this tendency, with 58% of 

the burrows being located in terrain of greater than 10° 

slope. Table 3 gives the mean tunnel slope as 28.7°. A 

maximum tunnel slope of 52° was in a burrow located on 

flat terrain. The total angle (ground slope + tunnel 

slope) (Fig. 2) was analyzed and a minimum of 22° was found. 

This angle is probably the angle which minimizes collapse 

in sandy soil. The mean total angle was 46.3° and had a 

coefficient of variation 1/3 that of the ground slope 

(Table 4). 

Orientation of burrow.--The expectation of south-facing 

burrows was unfounded. Table 5 groups the data into north, 

east, south, and west-facing burrows. The combined mean 

orientation of all burrows measured was 30°. The 

orientations could not be proven to be non-random using a 

Rayliegh's test (Mardia, 1972). Why Clark (1951) found a 

south-facing tendency in Texas, when this study could not 

in Oklahom:i c2.nnot be fully explained. The ~:inters should 
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be more severe for the a~madillos in Oklahcna, with winter 

winds from the north. A possible factor oay be vegetation. 

Most burrows on the study site were protected by perennial 

ve~etation, also reported by Taber (1945) and lalbreath 

(1980). Clark (1951) described vegetation on the Edwards 

Plateau in Texas as oak-elm woodlands, riparian, and dense 

juniper undergrowth, very similar to the current study 

site. The slope of the terrain chosen for a burrow may 

be another factor. The armadillos may have chosen more 

sharply sloped sites with protection from direct winds. 

In suITLrnary, a typical armadillo burrow in northcentral 

Oklahoma has a tunnel 20.5 cm by 17.5 cm, sloping downward 

at 29.7°, burrowed into ground sloping upward at about 

16°, and is located in wooded areas close to perennial 

vegetation. 
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Table 1. Vegetation types morLtc".'ed :'c}~ arc.:adiJlo use. 

Vegetation type Vegetation Co~munity Structure 

Bottomland Riparian Bottomland hardwood forest including 

deltoides), pecan (Carva illinoensis), ------- ~ ....... _ -~-·-----------

spp.), mulberry ( !\ifo ,..., , i c 
~ i. - L.. >..) ----

(Quercus spp.). 

Ephemeral Riparian Vegetation along ephe~eral creek beds; 

species cooposition si:::ilz,:' to 

bottomland but lacking cottonwoods, 

walnuts, and willows. Flood plains 

were absent. 

Upland 

and blackjack oak (Q. T'lct~"'i larv1 i' C~') ·' .I.. -- . - - ... -- \.._ ·-·-
~-------

> 

5 Din height. 

Brush land Composed of clumped wcody vegetation 

> 3 m and < 5 m in hejght. 

Grassland Grassland with < 10% woody vegetation. 

Man-controlled and Human mai~1ta.ined areas, i.e. , yard and 

ponds roads, permanent ponds. 
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'rable 2. Armadillo bu;:'.eo,, lDc<:~U_ons by habitat type. 

Habitat Burrow 

-------------------------------
Type % Available N % Occurrence 

Bottomland Riparian 13.0 6i:; _,, 54.2 

Ephemeral Riparian 4. 9 13 10.8 

Upland 32.3 39 32.5 

Brush land 4.o 3 2.5 

Grassland 43.3 0 0 

Man-controlled 2.5 0 0 



Table 3. Armadillo burrow measure~e~ts (cm). 

Variable 

Width 

Entrance 

Height 

Width 

Tunnel 

Height 

X ± SD Range 

21.9 ± 3.64 15 - 30 

19.8 ± 4.24 14 - 35 

20.5 ± 3,43 13 - 30 

17.5 ± 3.41 13 - 29 
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Table 4. Slopes associated with armadillo burrows (in 

degrees). 

Variable 

Ground Slope 

Tunnel Slooe 

Total Slope 

X ± SD 

16.2 ± 16.1 

29.7 ± 10.7 

46.3 ± 14.7 

Range 

0 - 85 

0 - 52 

22 - 110 

CV 

99 

36 
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Table 5. Orientation of a~madillo burrow entrances. 

Orientation 

North 

East 

South 

West 

Grouped 
Degrees 

316 - 045 

046 -· 135 

136 - 225 

226 - 315 

N 

32 

32 

23 

28 

Burrows 
% Occurrence 

27.8 

27.8 

20.0 

24.3 
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Figure Legend 

Fig. 1.--Delineation of vegetation types 

on the northcentral Oklahoma 

study site. 
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Figure Legend 

Fig. 2.--Slopes associated with 

ar~adillo burrows. 
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CHJ\P'l1EE IV 

ARMADILLO EO:E ~,iiJGE AlJD ACTIVI 

The common long-nosed arr1adillo, ~asvpus_ :Q_0'1emct11_c_ ..... _Gu_s, 

is a tropical species which has invaded the United States. 

The extension of its range i~to te~perate regions of the 

US t . 1 +- d "' ..... ua· (v- 1" h 19Lf·1:.·,· ~_r<1 itch . . s imu ave numerou~, s ,, . ' ies l\.a n11Jaci ' - -

et al. , 19 5 2; Talmaf::e 2nc. Buchan2J1, 19 5 l.f) • Armacillo 

adaptations to cooler cii:n.?.te~~ ha.ve been studied by I,1c;·Tab 

(1980) in the laboratory and Gause (1980) in the field. 

Both of these studies de&Jt Gainly with individuals from 

Florida althoug~ Gause (1980) d~d i~clude a site in Georgia. 

Armadillos have been co~mon in northcentral Oklahoma for 

around 20 ~'ears allowing between 10 to 

20 generations for acclimatization to mare severe winters. 

A study site 4 km west southwest of StiJlwater 

(northcentral Oldahoma) '1.;as selected fop its accessibility 

1 Research conducted by the Oklahoma Cooperative 

Wildlife Research Unit in cocpernticn with OkJ.ahoma State 

Univers:ity. 



and relatively high armad1J.lo density, The 65 ha site was 

co~prised of five major vegetative types. Figure l 

delineates bottomland ri~arian (13.0~), ephemeral riparian 

(~.9%), upland (32.3%), brushland (4.0%), and ~rassland 

(43.3%). The remaining 2.5% was man-controlled and ponds. 

Table 1 gives the definition of the vegetative types. At a 

latitude of 36°00° it is the northernmost area in which 

D. novemcinctus has been studied. The field season began 

1 July 1980 and ended 31 March 1982. 

METHODS Aim :'·IA'l:'ERIALS 

Radio telemetry and signs were used to track ar~adillo 

movements. The success of the radio telemetry portion of 

this study depended upon capture of animals and reasonable 

duration of transmitter attachment. Signs, i.e., tracks 

and probes, were used to follow activity patterns in the 

vegetation types. Tracks could sup?lement telemetry when 

individual recognition was possible. 

Armadillos were captured using two basic methods. The 

first was hand capture} the more successful of the t'!,-o 

methods. The second capture method involved live traps. 

All traps were in tl1e r~~eld scver·al da;'/S before beirg set. 

Live traps tried included Eave.harts (30.5 cm by 30.5 cm 

by 91.5 cm) with and without funnel boards (Viarsh and 

Howard, 1978), handwoven 10 cm mesh net for burrow 

entrances, and a model of a South American tran used by 

Carter ct al. (1J81). The third trap was used during the 



last six months of the stuJy. 

The success of the South American style trap was solely 

dependent upon placement in an active burrow. The trap was 

constructed of O. 40 CI:i steel rods 75 cm long. ·='he 

circular door (D = 20 cm) was hinged at the top to swing 

inward and was propped open with a small stick. The steel 

rods were welded on the outside to three circular metal 

bands (OD= 20.5 cm). The rods behind the last band (ca 

55 cm) were bent inward forming a funnel, then welded 

togethc~ (?1•ry ~\ •'--~ 1--C:,• c:_;. The distance between rods was 7 cm. 

Upon capture the animal was taken to a field laboratory 

for measurements and marking. The animal was sedated with 

an intr2snl~scular injection o:f 50 Y!lg Romp um arid 100 mg 

Ketaset, given in the hindqua?~ers. Once the armadillo 

was sedated, standard measurements were taken and all 

unusual scars were noted. Cla~s broken in capture proved 

useful in indjvi~ual recognition of tracks. Yellow enamel 

paint was used to pai~t a large number on the pelvic shield 

and the right shoulder s~ield. A small hole was hand-drilled 

through the left edge of the shoulder caraoace to allow a 

plastic numbe~ed roto-tag to be attached. Radio transmitters 

(Wildlife ~aterials Inc., Models HLP 2120LD and HLP 2124LD) 2 

were then attached. Attachments were made to the tail. 

Some trans~itters were pop-riveted into the fourth bony 

Qduct does not imply endorsement by 

agencies involved. 
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ring, then reinf~rced with 2.5 c~ wa~erproof adhesive tape. 

The transmitters remained attached for an average of 3 

days and a maximum of 75 days. Dental acrylic, epoxy, and 

por-rivets into the pelvic shield were tried by Carter 

et al. (1981) for attaching tr1nsmitters. 

The animals were held unt!l the effects of the drugs 

wore off and were then released at the capt~re site. 

Radio-marked armadillos were located daily for at least 4 

days after release, then once weekly. 

Tracks, if imperfect> were recorded and sketched. All 

foraging and probing actions were noted on ground surveys. 

Sticks were placed in the entrance of burro~s to note 

activity. 

RESULTS AND DISCU.SSION 

Only two hand captures occurred without a chase. Many 

chases ended unsuccessfully, as armadillos always seemed 

to be well orientated to burrow locations, as previously 

reported by Clark (1951) and Galbreath (1980). The path a 

startled armadillo took was directly to the nearest thicket 

f b • (C' "1 ) , d o green riar ~)~L.:ax spp. or' aogwoo 

or a specific burroN. A burroN may be passed by in 

preference for another burrow. Clark (1951) referred to 

the escape burrow as a 'home 1 burrow. 

Eight of the 15 armadillos captured on tte study site 

were observed, tracked, radio-located or recaptured froo 

3 to 
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caotured once and never sesn az~in. Intervals between 

successive locations ranged fro~ 1 to 302 days Cf= 9.2). 

Observations were more difficult than Taber (1945) reported. 

Once captured, the c.r'cc:(il~J):.; becaJ11e very wary of slight 

noises due to human ciGtivity. 

The Havaharts traps depended greatly upon placement 

and bait selection. Placement in known armadillo paths 

had the best results, baited or non-baited. 'Trap shyness 

was indicated by armadillo tracks that lead to an open 

trap then turned 90° about 3 cm before the trap. The 

tracks then lead to the outside edge of the trap, turned 

another 90° and ran parallel to the end of the cage where 

the armadillo returned to the original projected straight 

path. Armadillos captured by a Havahart trap once were 

never recaptured in a Havahart. The handwoven net was 

lightweight and compact, but had a zero capture rate. 

The South American style trap proved excellent. The 

distance between the rods (7 cm) allowed capture of animals 

incapable of squeezing through the 7 cm, hence no rats were 

captured. Skunks were not captured using this trap, however 

a skunk was not put into the trap to test possible excape. 

Home ran2es.--Location data were sufficient for four ---- -···-·---...:.'""'---

adults (ld:31) to allow home ranges to be calculated. 

Home ranges (Table l) were calculated using the convex hull 

and minimum polygon methods (Hatfield, 1978). The principal 

advantage of ttie Minimum polygon oethod is its ability to 

delete unuseJ areas. Areas of vegetation types not used by 
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armadillos werG not wi thi.~' -Che ~lcne :cange t•our:d2rif'S using 

th ~ 11 t.h d- (~· ?\ e convex ,,u ne ,o .rig. ..) ; . I--lo;\ie~1er, using tl'J.e !ninimu:n 

polygon method, the home ranges computed were less variable 

(Table 2). Layne and Glover (1977) reported t:1e ma:vimun 

range length (MRL) correlated (~ = 0.78) well with minimum 

home range, therefore MRL's are included in Table 1. Both 

methods resulted in a home range estimate lower than 

previously reported from other states (~able 3). Home 

ranges for adult females appear to be smaller in more mesic 

habitat. Home ranges cf adult females did not overlap. 

Males were caught in female ho~e ranges, but seemed to be 

transient on the study site. Two adult males were capt~red 

once and never seen again; relocations indicated that they 

travelled linearly until the transmitter detached. Seasonal 

reduction in heme range reported by Bur11s and Waldrip (1971) 

could not be demonstrated because sost data were taken in 

winter and spring months. 

Activit2_.-.. -.l\.ctivity of armadillos in northcentral 

Oklahoma seems to deviate from that reported from other 

states. Galbreach (1980) indicated competition for open 

grassy areas in Florida and ~ississippi. Table 4 shows a 

distinct lack of activity in grassland. Within Table 4, 

differences in percent signs and percent observations were 

caused by differential ability to observe the animals 

between vegetation types and for the animal to leave sign. 

The only ar~adillo activjty in grassland observed in this 

study was tracks leading across grassy areas. Soil 



foraging was observed in s~all ~rassy cle~rings (less than 

314 2 ) . t' . 1 d m wi nin up an forests. The larGe grassy areas on 

the study site were on Vernon ~oam, all other habitat types 

we::.0 e on Vernon or Yahola very sandy loan. Oclrenf els ( 19 80) , 

using a track plot system to analyze habitat preferences 

in white-tailed deer, collected and analyzed data on other 

animals, including armadillo. On Ockenfels' two sites that 

closely resembled this study site, three efPects of habitat 

were found (unpubl. data). First, armadillos selected for 

riparian and brushy habitats, whjle avoiding grassland 

(~ < 0.001). Second, distance to agricultural fields had 

a significant effect on activity, as distance increased 

use by armadillos increased(~<- 0.02). Also significant 

was as distance to cover (for deer) increased, armadillo 

use decreased(~<(_ 0.01). f'itch et al. (1952) also reported 

a preference for bottomland and streamside habitat. The 

present study also had a concentration of armadillo activity 

in more mesic habitats. 

Three confirmed occurrences of armadillos digging in 

rural lawns were inves~igated. All three lawns were 

adjacent to upland/ephemeral habitats and were being kept 

moist. 

There were not sufficient data to permit comparison 

of seasonal movements of individuals. Ac~ivity patterns 

observed agreed with Taber's (1945) report of armadillos 

moving towards mesic areas in times of drought. During a 

56 day period of no rainfall :i_n tl1e SU:"'."1'Tler of 1980, activity 
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in upland and epheoeral habitats virtually ceased (ca. 95%). 

Activity returned within a week of the first rain. 011e 

lawn was damaged by an arLladillo during this drought when 

the landowner was watering the lawn daily; drun~ge cPased 

after rains began. 

The activity period has been demonstrated by most 

studies to shift from nocturnal to diurnal in response to 

colder temperatures (~aber, 1945; Fitch et al., 1952; 

Moore, 1968; Burns and Waldrip, 1971; Galbreath, 1980). 

In fact, Layne and Glover (1977) collected all their winter 

data between 1300 h and 1800 h. 

The shift to daylight hours in the winter was not as 

marked on the Oklahoffia study site. Only two daylight 

sightings were recorded in two winters, while night 

sightings continued throughout the year. Daylight activity 

in northcentral Oklahona was reported by fellow graduate 

students on numerous occasions. Many of these daylight 

reports were on the same day and at the same time as when 

observers on the study site reported no sighting. Continuo~s 

foraging activity throughout rains and thunderstorms, 

regardless of time of day, was seen. This activity has 

also been reported previously (Taber, 1945; Moore, 1968). 

Reaction to snow was observed during the winter of 

1981-82. Nine days of continuous snow cover occurred. 

During those 9 days activity ceased for 8, after which only 

limited activity (within 2 m of burrows) was noted until 

the snow nelted. One pregnant female recaptured in riparian 
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habitat prior to the snowfall provided the best exaB1ole 

of activity. On the • -'' morning OJ. the first snow, the f'emale 

appeared at the entrance of the burrow but emerged only far 

enough to turn around ~nd re-enter the same bu~row. 

next day she checked the entrance again, but refused to 

venture outside. On the third day, she walked and probed 

along bare patches created by fallen logs, never leaving a 

4 m diameter cir·cle from ·the burrow entrance. Slie left 

this burrow after 10 days when enough bare areas emerged 

to allow her to find another burrow. Unfortunately the 

transmitter remained in this burrow and this animal waa 

never relocated. 

In northcentral Oklahoma, the common long-nosed 

armadillo is dependent upon forested areas and concentrates 

in moist forested areas, such as bottomlands and intermittent 

stream beds. Home ranges from winter-s:Jring data encompass 

less area in Oklahoma than in other states. 

LITERATURE CITED 

Burns, T. A., and E. B. Waldrip. 1971. Bady temperature 

and electrocardiograrhic data for the nine-banded 

armadillo (Dasvn~s novemcinctus). 
····-~·---

J . KS.ITL'TI • ' 5 2 : 4 7 2 -

473. 

Carter, T. S., J. H. Shaw, and B. P. Glass. 1981. Capture, 

h::i.nd1ing, and marking of armadillos and aritcaters. 

r.-~cirnm. l"leeting, 

Miami, Uni~., Oxford, Ohio, 4 pp. 



49 

Clark, W. K. 1951. Ecological life history of the armadillo 

in the eastern Edwards Plateau region. Amer. Midland 

Nat., 46:337-358. 

Fitch, H. S., P. Goodrum, and C. Nevnnan. 1952, The 

armadillo in the southeastern Un:'._ ted States. J. MarnJn. , 

33: 21--37. 

Galbreath, G. J. 1980. Aspects of natural selection in 

Dasvnus novemcinctus. Unpubl. Ph.D. dlssert., Univ. 

of Chicago, 102 pp. 

Gause, G. E. 1980. Physiological and morphometric responses 

of the nine-banded armadillo (Dasypus novemcinctus) to 

environmental factors. Unpubl. Ph.D. dissert., Univ. 

of Florjda, Gainesville, 112 pp. 

Hatfield, G. D. 1978. An evaluation of selected methods 

used to estimate ho~~ range size. Unpubl. M.S. thesis, 

Okla. St. Univ., Stillwater, 63 pp. 

Kalmbach, E. R. 1944. The Armadillo: Its relationship 

to agriculture &nd game. The Game, Fish, and Oyster 

Comm. Bull., Austin, 66 pp. 

Layne, R. N., and D. Glover. 1977. Home ranges of the 

armadillo in Florida. .J. Mamm., 58: 411-413. 

Marsh, R. E., and W. E. Howard. 1978. Armadillos: Pest 

Control. Vertebrate Pest Control Manual, 46(5) :22-23. 

McNab, B. K. 1980. Energetics and the limits to a temperate 

distribution in armadillos. J. :01arrm1., 61:606-627. 



50 

Moore, A. M. 1968. A radJclogical study of armadillo 

foraging v-ri th respect to environmental variables. 

Unpubl. Ph.D. dissert., Univ. of Texas, Austin, 

106 pp. 

Ockenfels, R. A. 1977. Habitat requirements of wh1te-tailed 

deer in the post oak-blackjack habitat type. Unpubl. 

M.S. thesis, Okla. St. Univ., Stillwater, 73 pp. 

Taber, F. W. 1945. Contribution on the life history and 

ecology of the nine-banded armadillo. J. Mamm., 

26: 211--226. 

Talmage, R. V., and G.D. Buchanan. 1954. The Armadillo 

(pasv12Y: .. ~ nove:m.~inctus). 'I'ne Rice Institute Pamphlet, 

Vol. 41, No. 2, 135 pp. 

John W. Zimrnermc:m, QJ~l_a~g!na_ 900Dera ti ve ':Ji ldlife 

Research Unit, Oklahona ~~·tate University, Stillwater, 

74078. 



51 

Table 1. Vegetation types mu~ltored for armadillo use. 

Vegetation type Vegetation Commun:'..ty Structure 

----------
Bottomland Riparian Bottomland h2rdwood forest including 

species of cottonwood (Fcoulus 

deltoides), pecan (Carva illinoensis), 
--"--- ---------

walnut ( Juglans niv.;ra), willow ( Sali:;_:: 

spp.), mulberry (Marus spp.), and oak 

(Quercus spp.). 

Ephemeral Riparian Vegetation along ephemeral creek beds; 

species composition similar to 

bottomland but lacking cottonwoods, 

walnuts, and willows. Flood plains 

were absent. 

Upland Predominantly post oak (g. stellata) 

5 min height. 

Brush land Composed of clumped woody vegetation 

> 3 m and < 5 min height. 

Grassland Grassland with < 10% woody vegetation. 

Man-controlled and Human maintained areas, i.e., yard and 

ponds roads, permanent ponds. 
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'Table 2. Arraadillo hor.1e rs.1·,ges from northcentral Okla!wma. 

No. Hull Minimum Iviaximum--
Individual of Convex Polygon Range 
________ l_o_c at i O!}S ___ _lh?.) __ (ha ) ___ L_e_n~r:i:~'-t_h--"(_m-'-) __ 

Female l 

Female 2 

Female 3 

Male 1 

JV:ale ? 

f'ITale 3 

Male 4 

30 

35 

25 

8 

5 

4 

4 

3.5 

l. 8 

o.6 

1.7 

N/A 

NIA 

N/A 

1.9 

1.6 

1.5 

0.5 

1.7 

N/A 

N/A 

N/A 

1.3 

477.5 

304.2 

150.7 

285.9 

286.9 

214.l 
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Table 3. Comparisons of armadillo home ranges in different 

states. 

Study State 

Zimmerman 1982 OK 

Galbreath 1980 FL 

Jacobs 1980 MS 
(from Galbreath) 

' 
Layne and Glover FL 

1977 

Clark 1951 

Fitch et al. 
1952 

TX 

LA 

Average Home Range (ha) 
Adult 

HomP Har.ge 
Overlap ~ (N) cf' (N) 

"---"--" 

2.0(3) 1.7(1) No i overlap 

7.6(1) 10.8(1) No ~ overlap 

3.4 3.3 Overlap present 

5.7(12) No ~ overlap 

3.4(3) Overlap present 
1 

4.3(7)"'" 

1used maxlmum range length equal to diameter of circular home 

range. 



Table 4. Armadillo activity in six vegetation types. 

Habitat 
Types % Available % C' • 

1 % Observations % Activity 2 vlgns 

Bottomland Riparian 13.0 34.o 61.0 40.2 

Ephemeral Riparian 4. 9 51.1 19.8 44.o 

Upland 32.3 12.3 17.4 13.5 

Brushlar.d 4.0 1.0 0 o.8 

Grassland 43.3 1.0 1.1 1.0 

Man-controlled and 2.5 0.5 0.6 0.5 
ponds 

1signs included tracks, probes, leaf foraging, and active burrows. 

21\ctivity was computed by summing signs and observations, then percent of +-otal. 

Vl 
.i:::-



Figure Legend 

Fig. 1.--Delineation of vegetation types 

on the northcentral Oklahoma 

study site. 
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Figure Legend 

Fig. 2.--South Auerican style 

armadillo trap. 
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Figure Legend 

Fig. 3.--Home ranges of four armadillos 

in northcentral Oklahoma plotted over 

major vegetative types adjoining 

ranges. Solid lines are female 

home ranges. Dashed lines are 

male. home ranges. 
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CHAPTER V 

~ 

LOl~G-1-JOSED /:_RI\L~~JIIJLO ?Ro::t OI:L1~h·:J~·lft J_ 

Recognition of maminalian species and sub specj_es depends 

upon differences in external measurements. Data in this 

paper are to serve only as baseline information on armadillos 

in Oklahoma for comparisons with other locations. Standard 

mammalian measurements are given. Some additional 

characteristics peculiar to armadillos such as headpla_te 

length, number of bands, and number of scutes are included. 

fiETJ-iCDS 

The major source of data was roadkilled individuals. 

Roadkilled animals have been used in numerous studies 

(Siegler and Newman, 1944; Case, 1978; Wilkins and Schmidly, 

1980). Armadillo data collected from roadkills include 

first recorded occurrences (Choate and Fleharty, 1975; 

Henning, 1980), histological facts (Gause, 1980), and 

stomach content analysis (Kalmbach, 1944; Fitch et al., 1952). 

1 Researcl1 conducted by the Oklahosa Cooperative Wildlife 

Unit in cooperation with Oklaho~a State University. 
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To increase r:iy s2mple size at mi:1imu:;: cost, '1\·!::-:_ntcd 

Posters 11 (Fig. l) were circulated throughout the Department 

of Zoology and the College of Agriculture at Oklahoma State 

University. This method wa:::; used by V. 'F'lyger C·-971 1 ) to 

secure roadkilled squirrels. Every specimen could not 

supply all data needed. Total lengths were often imnossible 

because of broken tails or bodily dismemberment. All 

information possible was· salvaged from each individual. 

Characteristics measured.--The American standard 

measurements of Total length, Tail length, Left hind foot 

and Left ear were taken (DeBlase and Martin, 1974). 

Additional characteristics and definitions follow: 

Head + Body length = Total length minus ~ail 

length (to delete bias of broken tails). 

Headplate = measurement from tip of the nose 

to the caudal tip of the bony plate covering 

the skull. 

Complete Bands = number of movable bands that 

are complete from the left to the right edge 

of the carapace. 

Incomplete Bands = number of movable bands that 

are not complete across the dorsal surface of 

the carapace, but overlap at the caudal edge. 

Flexible Bands = number of bands that 

non-overlapping at the caudal edge, but have 

skin separating them from the caudal third of 

the car~pace (a solid piece). 
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Fat Index = the subc:.Lt·~:H:;ous fat '-'ras seasured 

at two points on each individual and then 

averaged. Both points were along a midventral 

incision. The first measurement HB.s tah::n 3 

cm anterior to a line between the thoraic 

teats. The second measure~ent was taken 3 cm 

caudal to a line between the abdominal teats. 

The skulls were sav~d and cleaned for aging of each 

individual. Dr. Ralph Wetzel supplied his personal notes 

on aging ~- novemcinctus into 7 age classes based on 

ossification of suture lines. Appendix A lists the criteria 

for each age class, which are not confirmed year classes. 

RESULTS AND DISCUSSION 

A total of 95 roadkilled animals was collected over a 

12 month period. Additional data from 13 captured individuals 

was included in the analysis. The observed male to female 

sex ratio of 1.00:0.58 is significantly different C'!:_,2 = 6.40, 

P < 0.05) from the reported 1:1 (Newman, 1913). The age 

class and sex distribution (Fig. 2) shO'.·'S E, ::~airly norn3.l 

pyramid in age, but females greater than age class 2 are 

not well represented. 

This reduction in females greater than age class 2 

has two possible explanations. predicted that 

young of the year and pregnant females 1;rould be the fj_rst 

to succumb to extended periods of coJ.d. ~-'Ho successive 

winters (1977-78 and 1978-79) preceeding this study were 



severe winters with extended cold periods. The winter 

preceeding roadkill collections was a milder winter. 

The other pos3ibility deals with dispersal and 

movements. The armadillos with home ranges that included 

a road are more likely to be killed in the first year. 

Dispersal would also increase the number of one-year-olds 

killed crossing roads. Thus, a large sanple of age class 

1 resulted, while females whose home range did not include 

a road survived. The males, though, are moving more in 

search of mates. They have larger home ranges (Galbreath, 

1980) which increases their chances of being saTpled 

(roadkilled). 

Six armadillos examined had healed wounds in the 

carapace and 66 had healed broken tails. The high number 

64 

of healed wounds did not indicate a weak immune systera, 

previously reported in armadillos. Gause (1980), after 

reporting scarred individuals, suggested some aspect of 

captivity may cause the lower immune system. The accounts 

of scarred free-ranging armadillos suggest wounds occurring 

in the wild are not a major mortality factor. 

Caranace ?_and_~· --Dasypus novemcinctus, as the species 

name states, often has nine movable bands. Wetzel and 

Mondolfi (1979) noted the number of bands varied between 

7 and 10. Ninety-six percent of the armadillos examined 

had only eight complete bands (Table 1). One additional 

incomplete band was present on 87%. Only 26 individuals 

had an additional fl8xible band. The ~otal of all bands 
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present was 9 or 10. 

Standard mamr:::2lian meas urenenc:s. --In anal;:,rzing total 

lengths and tail lengths, only individuals with complete 

tails were used. Tabl2 2 gives the mean head + body 

length as 44 li. 0 mm for all individuals. There ',\'ere 

significant differences associated with sex, not previously 

reported. The females were small.er (Table 3). Only total 

and tail lengths were not significantly different (~ 4 0.05). 

Measurements were also grouped into age classes. 

Several interesting factors can be seen in ~able 4. First, 

only one individual over age class 2 had a complete tail. 

Most broken tails were healed from previous injury and not 

broken on impact. Tail breaks could be the result of an 

encounter with a predator (Galbreath, 1980) or from a case 

of extreme frostbite during cold periods. Second, the 

increase in size from age class 0 to l was interesting. 

Age classes 3-4-5 could not be separated using a Duncan's 

multiple range test. This correlates with Galbreath's 

(1980) statement that armadillos attain full physical size 

between 3 and 4 years of age. Galbreath did not fully 

describe his ~ethad of aging to a year class, so direct 

comparison between his age and my age classes cannot be 

made. Gause (1980) and Galbreath (1980) both felt 

ovulation rarely occurred before 2 years of age. Several 

females still in sge class 1 were pregnant. This difference 

may be an adapt&tion to the consistently colder winters 

in mclahoma. 
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Regressions were computed using the Stepwise Procedure 

in the Statistical Analysis System, using a 0.15 significance 

level for entry. The equations developed for age class, 

weight, and sex are given in Table 5. All regressions started 

with all independent variables possible. Regressions were 

first develope~ to find an aging technique from external 

measurements. 2 The r values were highest for age class 

models, but the month of kill proved important for females. 

It is interesting that the models for age class by sex do 

not include the same variables. The fat index entered into 

all weight models. Females 1 fat index accounted for 52% of· 

the variation in weight. Although the highest r 2 was only 

0.67, I am reporting the best models. 

All measurements were within the range of ~- novemcinctus 

reported by Wetzel and Mondolfi (1979) and McBee and Baker 

(1982). Galbreath (1980) reported that an adult male 

armadillo from Florida in peak condition weighed 4 kg, 

although armadillos can reach 6.3 kg. The adult (over age 

class 2) averages 5,4 kg in Oklahoma with a maximum of 6.3 kg 

observed. This increase in body mass occurred without a 

noticeable change in food p2.rticle size o.c co;npetitors ~ 

suggesting the armadillo is following Bergmann's rule (McJJab, 

1971). Only in age class 0 was the mean weight less than 4 

kg. 

The age class 0 was only observed between 29 June and 

27 August 1981, suggesting this age class applies to animals 

from birth to around 5 months of age. The other age classes 

were found throughout the year. 
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Table 1. Car~pace ba~~s ~n roadtilled armadillos. 

Band type .Number Observations 
of banc'is N "' /0 

-··-

7 1 0.9 

Complete p 102 96.2 u 

9 3 2.8 

0 1 0.9 

Incomplete 1 93 87.7 

2 12 11.3 

0 78 75.0 
Flexible 

l 26 25.0 
--------··-------

TOTAL OF' ALL 9 65 63.7 
BANDS 

10 37 36.3 
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Table 2. Summary statistics of armadillo measure~ents. 

Variable N x SD RanO"e 
+ - 0 

- Min. - Iw1ax. 

•rot al length (mm) 28 765.0 + 45.91 622 - 838 -

Tail length ( ill'Tl) 33 345.7 + 18.78 302 - 380 -

Head + Body length 38 444.o + 34.32 320 - 515 --
(mm) 

Left hind foot (mm) 102 67.1 + 3.92 60 - 75 -
Left ear (mm) 94 40.4 + 2.96 32 - 58 -
Headplate ( rmn) 94 116.9 + - 5.65 96 - 128 

Weight (kg) 105 4.52 + o.84 1. 7 - 6.3 -

Scutes on 4th Band 26 60 + 2.10 56 - 64 -
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Table 3. Diff erconces b et;·:een -7.,~ ........ ;::. -, n r:i 1'\ ,..-1 male armadillo ~ -~ •• i-... .... -- ...... U..J..l.'..-1, 

measurements with t statistics. Measurements in rmn; weight 

in kg. 

-----

FEMALES MALES 
Variable N x + SD N x + SD p >t -- --

Total length 13 752.0 + 54.99 15 778.0 + 33,74 0.16 - -

Tail length 13 340.9 + 21.77 20 348.8 + 16.39 0.27 - -

Head + Body 37 432.5 + 38.58 51 !j 52. 4 + 28.4 0.01 - -

Left foot Lll 65.3 + 3.42 61 68.4 + 3,77 0.001 - -
Left ear 38 39.4 + 2.32 56 41.1 + 3.16 0.004 - -

Headplate 36 115.5 + 5.49 58 117.7 + 5,65 0.08 
- -

Weight 44 4.32 + 0.87 51 4.66 + a.Bo 0.05 - -

Scutes on 8 61.0 + 2.07 18 60.0 + 2.15 - -
4th Band 



'J:'able !L 

underlined 

tf:St used 

'l'1t' ! ;tb l "''· 

~·o t.,1 l 1P.11r;th 

Tall lenr:th 

Jlc.'J.d + 8ocly 

T."f't. hind foot 

1,eft car 

IIt•;1 J pl .·-1_ te 

W<:>lf•,ht 

Differences in measurements by age classes. Measurements commonly 

could not be statistically separated. ANOVA and Duncan's multiple range 

.-.. C< ?)tatist~ical p :" ,_-·:.::: e cl 1J r c I 0( :::: O.J5). :'<:.-~.~~ :_~ :.t:_..ei.·~le:rt ts 111 rrJn; wciz11 t in 1, •"" 
U.0 J.''>-Q• 

--------------· ~-------------

AGE Cf.ASS 
() l 2 3 lj 5 

N x + c~n N X :!:. SD N X t O.D N x + sn ti X + SD N x + :::ri 
·-·---·---

5 7111.11 :!:. 8.20 12 7 7 7 . 6 ± 110 . 21 ~ 797.5 :!:. ]7.6P. l Hrn 0 0 

(; 'l16.2 + 211.77 l 'i 3118.7 +_ lG.8 2 340.5 :!:. 'f.78 1 327 0 () 

r; 383.0 :!:. 37. 38 36 11112.8 :!:. 3l.07 9 4111 • 0 :':. ll(l • It ll 8 1166.J :t ?1.36 7 466.11 :!:. l'{.16 ? 117 2 . 0 + 1 2 . 7 3 
--------·--------·~---· 

6 63.0 !_ 3. 116 114 66.9 ±. 3. 8::> 11 67-9±. 2. flll 9 70.2 ±. ~~. 59 9 7 0 . 11 :t_ 3.78 2 69.0 :!:. 8. II') 

(; 311. 0 :!:. :) . 83 41 40.2 + 1.97 11 110. 5 :'.:. 2.33 9 42.0 + 1. 85 7 110. 6 + l. HJ ? 111. 0 + 1 . II] 
·-· ---

(j 10'{.0:f: 7.21 39 115. 5 :!:. 11.01 ll 119.6 :t_ 3.?0 9 112 .l + IJ. :C~ 6 ll 120. 11 + 11. 'J'T ? J.211. 5 -i:. 3. ~ }~ 

---· 
<) ? . Qll + 0 .96 113 4.32 + 0. 611 I l 11. 78 ~ 0. 5fl 'l ') • ljlJ :!:_ 0. 73 9 5.27 + 0. 60 ? ').70 + [J • 7 (I 

--l 
[\) 



~able 5. Regression equations developed for armadillos in northcentral Oklahoma. 

Month used was numeric. Weights were recorded in kg. Females equalled sex 1, males 

were sex 2. 

~~~~~--~-----~~~-----~~-~-~--~~-~~~~~~~~~~--~----~~----~----~------~--------~--~ 

Group 
Modeled 

All 

Females 

Model Developed 

Age = -8.36 + 0.10 Month + 0.58 Kg + 0.06 Headplate 

Kg = 3.01 + 0.28 Age + O.Jl Sex + 0.01 Fat Index 

Sex = -3.61 - O.J6Kg + 0.01 Body + 0.05 Left Foot 

Age = -10.87 + 0.19 Month+ 0.01 Body + 0.13 Left Foot 

Kg = 3.36 + 0.2 Fat Index 

~~~~---~--~----~---~-----~-~------~-··--~--

Age= -5.99 + 0.87 Kg - 0.21 Left Ear+ 0.10 Headplate 
Mo.Jes 

Kg = 3.69 + 0.29 Age + 0.01 Fat Index 

df 

56 

54 

56 

16 

15 

36 

38 

r -

.7229 

.6c105 

• :.5 359 

.8219 

,7316 

. 7698 

.5968 

-.J 
ul 



Figure Legend 

Fig. 1.--A 'wanted 1 poster for 

roadkilled ar~adillos. 
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I 

ARMADILLOS 
AL lAS: HoovER HoG, PooR M.n.N' s Pr G, 

ARMORED OPPOSSUM 

REWARD--- A pat on the back in appreciation of every specimen 
I get, no matter how squashed or putrid. 

WARNING- Stopping on some highways is DANGEROUS, so collect 
only those which can be picked up safely and convenientlv. 

NOTE Please place armadillos in plastic bags ( I can supplv) 
with the DATE and LOCATION the specimen was found and 
JrcD t!-iem off at mv office. If vou can't oick it cm, 
chone exact locati~n and time se~n to mv h~me or otr:ce 
~nd I will pick up within 20 miles of Stillwater. 

JOHN W. ZIMMERMAN 
OKLAHOMA STATE IJNI'/ERSITY 
L.S.'.i/. 414 
OFF.ICE~ 624·-.5~55 EXT. 41 
HOME: 024-QLJ/1 
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Figure Legend 

Fig. 2.--Roadkilled armadillo 

age/sex pyramid. 
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CHAPTER VI 

FOODS OF THE COMMON LONG-NOSED ARMADILLO 

IN NORTHCENTRAL OKLAHOMA 1 

The common long-nosE?d armadillo, P.asypus novemcinc:tus, 

has invaded northcentral Oklahoma in the last 20 years. This 

species originated in South America and expanded its range 

northward through Central America. In the 1870's, this 

armadillo was first reported in the lower Rio Grande Valley 

(Strecker, 1926). Since the 1870's, several studies on the 

food habits of D. novemcinctus have been conducted. 

Kalmbach (1943) listed four studies in the files of the Fish 

and Wildlife Service, and produced the baseline d~ta for all 

other studies. Kalmbach (191n), Baker (1943), and Moore 

(1968) reported foods eaten in Texas. Fitch et al. (1952) 

supplemented Kalmbach's study with data from Louisiana. 

Bushnell (1952) and later Nesbitt et al. (1978) analyzed 

armadillo stomach contents taken in Florida. Greegor (1980) 

compared the reported (U.S.) diets of Q. novemcinctus to 

that of Chaetochractus ve.l~eros'..ls found in Argentina. 'l1he 

pr~sent study provides the 2nly data on food habits 0~ 

armadillos in Oklahoma. 

1Research conducte~ by the Oklaho~a Cooperative Wildlife 

Research Unit in cooperation with Oklahoma State University. 
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Stomach contents were collected from roadkilled 

armadillos in Oklahomd (Fig. 1). Collection began April 

1981 and ended March 1932. Armadillos were frozen until 

necropsying (1 to 90 days). The stomachs were removed 

whenever intact, weighed, emptied and reweighed. The 

contents were washed thr9ugh two sieves, the first 2 mm 

diameter and the second 1 min diameter. The soil and debris 

less than 1 mm were not identified. Filtrates were 

preserved in 40% isopropyl alcohol until sorting under a 

dissecting scope. This study was not an ento~ological 

project, therefore identification was to order, unless 

otherwise noted. Volume was measured by water displacement 

in a graduated cylinder. Weight calculations were based 

on damp weight. Volume 2nd weight calculatic:1s were 

figured for comparison with previous investigations. 

Analyses were performed using the Statistical Analysis 

System (SAS). 

RESULTS 

Fifty stomachs were analyzed from northcentral Oklahoma. 

The volumes, weights, and frequency of occurrence of the 

fend items are listed in T~ble 1 in decreasing volume order. 

Percentages by volume and by weight were all within 1.0 

percentage point in each category. 

Coleoptera larvae accounted for 30% of all identi~ied 

contents, the single most prevalent group. Coleoptera, 
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Hymenopter2, !-:0:;1opter,2, Lepidorter:=;,, 2.nd Dipters. are 

predominant food items. These five orders comprised 82% 

of the stomach contents in this study, but only· represented 

65r in Texns (Kalmbach, 1943), 58% in Louisiana (Fitch 

et al., 1952), and 68% in Florida (Nesbitt et al., 1978). 

Adult, pupae, larvae, and eggs of Formicidae (ants) were 

the main Hymenoptera ingested. Vespid pupae cases made up 

most of the 'other' Hymenopte~a. Homoptera was represented 

by nymph Cicadidae, most swallowed whole. Larvae of 

Noctuidae and Sphingidae were the most common Lepidoptera. 

Larval Tipulidae was the pred0minant Diptera family, 

Myriapods, chiefly r·1illipedes and centipedes, were present 

in 76% of the stomachs, but comprised only 2.7% by volume. 

Arachnida consisted of spiders and one . ;_ 
ffilve and amounted 

to 0. 8% by volume. Vertebrates ( 1. 5%) were only representecl 

by lizards and snakes in this study. Plant and gravel 

matter were grouped together as large debris. Only two 

items of vegetable material could be considered food. 

Mulberries, Moru~ ruba, in early May amounted to 29% and 

46% of two individual stomach contents. Wild grap~a, 

Vitis sop., were present in one stowach in late August. 

Variation between months was analyzed using the SAS 

procedure for analysis of variance with Duncan's multiple 

range test perPorned on the monthly volume means. Only 

food items significantly different between months are 

given in Table 2. The mean vclu~e of Coleoptera was 

highest in October. Although the Duncan's test on Diptera 
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larvae could not separate D('cer"be-r through April, only 

March was significantly higher than the remaining months. 

Formicidae had a high mean of 17.4 ml in June. Myriapods 

also peaked in June. March produced a significantly higher 

mean volume for earthworms than the rest of the year. The 

category plant and gravel had highs in May-June and 

August-September, when mulberries and grapes were available, 

respectively. A breakdown of food volume by month is given 

in Appendix B. 

Seasonal variation was also analyzed. An analysis of 

variance proved two food categories, Coleoptera and 

Formicidae, significantly different Cl:_..,;.. 0. 06) between 

seasons (Table 3). Coleoptera were consumed in higher 

volume in the fall season than any other. High mean volumes 

for Formicidae occurred in summer and fall. 

Variation in seasonal consumption was calculated by a 

second method. This method added the percent volume to the 

percent frequency to secure a percent consumption. Figure 2 

represents percent consumption grouped into three trends. 

The first trend was to have low consumption in winter, 

j_ncr·ease to a peak in the summer, and then decrease (Fig. 

2A). Only Coleoptera larvae consumption in Fig. 2A 

continued to increase in the fall season. A second trend 

was a peak consumption in winter or spring, than a decrease 

(Fig. 2B). The last general tendency occurred about equally 

year round (Fig. 2C). Orthoptera was placed in this la~t 

group because pe~cent frequency included trace amounts4 
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The greatest influence of trace items ~as in Orthcptera 

which accounted for 33% consumption ln the winter, 15% in 

the spring, 9% in the summer, and 0% in the fall. The 

actual data by season are included tn Appendix B. 

DI.'.3CUSSION 

Armadillos in Oklahoma have diets resembling those 

described from other states. Table 4 summarizes the five 

diet studies, including this one. There are two basic 

differences. The first is the importance of Homoptera. A 

high of 0.3% Homoptera in other studies was substantially 

lower than the 6.2% found in this study. The second 

deviation is in the occurrence of Orthoptera in the diet. 

The volume of Orthoptera had a reported range of 6.2% to 

10.5%, while this study showed o.6%. The apparent switching 

that occurred may be explained by timing. This study 

coincided with local emergence of 17-year cicada according 

to Oklahoma State University entomology surveyor, Dr. D. C. 

Arnold. Homoptera were more abundant than in other study 

areas> and slower than Orthoptera, therefore presumably 

easier to ~apture. This supports the view that D. 

novem~inctus is a true 'opportunist'. 

Seasonal trends in Coleoptera, Diptera, Formicidae, and 

Arachnids reported fro~ Louisiana (Fitch et al., 1952) and 

from Florida (Nesbitt et al., 1978) match the trends seen in 

Oklatoma. The changes seen a.ppar'ently track the seasonal 

abundance of these orders. Coleoptera and Formicidae are 
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less abundant in winter and would be expected to p~ak in 

the late surmner. The Diptera larvae consumed are in 

families characteristically found in moist humu~ habitat 

in the spring. Arachnids are present throughout the year 

in about equal numbers. Differences in food habits are 

seen in Lepidoptera and Myriapoda. Lepidoptera consumption 

in Florida peaked in the fall. A probable reason for this 

fall peak was that one armadillo consumes 245 fall army 

worms (~ygma frugip~_rda) (Nesbitt et al., 1978). 

Fitch et al. (1952) reported Lepidoptera peaking in the 

spring in Louisiana, while in Oklahoma consumption of 

Lepidoptera was about equal seasonally. Myriapoda 

consumption in Florida and Oklahoma was generally increased 

throughout the year from a winter low, while in Louisiana 

it peaked in winter. Earthworm concumption peaked in the 

wetter seasons, when soil moisture forced the earthworms 

to the surface. 

Most vegetable matter consumed by ar~adillos is 

considered debris (Kalmbach, 1944; Bushnell, 1952; Nesbitt 

et al., 1978). The vegetable matter considered as food 

are seasonal fleshy fruits and berries. Baker (1946) 

reported one: armadillo stomach from Texas contained 80% 

black persimmons (Dioso:vros texana) in August. Other fruits 

consumed include white bay grapes 

(Muscadinic::. spp. and Vi tis spp.), blueberries (VacC?inium 



rub~) (Fitch et al., 1952; this study.) 

All diet studies lead to the same conclusion. Dasypus 

novemcinctu~ is an opportunist consuming mostly· invertebrate 

material regardless of habitat or distribution within the 

United States. 
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Table 1. Stomach analysis of 50 armadillos in Oklahoma. Percentages based on pooled 

total of all food items. 

Item Volume Weight Freg,uenc;y 
m1 - % identified gm - % identified % o~currence 

Coleoptera 

Adult 183.9 - 16.76 131. 2 -· 16.43 80 

La:~vae 331. 9 - 30.25 341.1 ~ 30.93 76 

TOTAL 515.8 - L17.Cl 522.3 - 47.36 8J 

nenoptera 

Forrr:icidae J90.85 - i7.1.;o 186.3 - 16.90 76 

Other 16.5 - l. 5L1 17.6 - 1. 60 12 _____ , ___ 

TO'I1AL 207.7 - 18.93 203.9 - 18.49 76 

Homoptera 

Immature 67.4 - 6.14 59.1 - 5.36 41 

Lepidoptera 

l\dul t 5.1 - 0.46 3.3 - 0.30 6 

L:=trvae 58.0 - 5.29 58.l - 5.27 66 

'l'OTAL 63.1 - 5.75 61. 4 - 5.57 66 co 
G\ 



Table 1.--(cont., p.2) 

Item Volume 
ml -- % identified 

Diptera 

Larvae 47.2 - 4.30 

Orthoptera 6.8 -· 0.62 

Isoptera 1. LI - 0.13 

Hemiptera 0.5 -- 0.05 

'l'otal Insect 909.9 - 82.93 

Annelida 81.2 - 7. LIO 

Myriapods 29.3 - 2.67 

Arachnida 8.9 -- 0.81 

Vertebrates 15.9 - 1. 45 

Plant and Gravel 51. 95 - 4.73 

Total Identified 1097.15 ml 

Unidentified)- 1 mm 147.9 - 11.881 

1 Percent of total volume collected. 

2Percent of total weight collected. 

Weight 
gm - % identified 

42.9 - 3.89 

7.8 - 0.71 

1. 3 - 0.12 

0.8 - 0.07 

899.5 - 81. 58 

87.8 -· 7.96 

34.6 - 3.14 

9.3 - 0.84 

17.4 - 1. 58 

54.o - 4.90 

1102.6 gm 

147.7 - 11. 81 2 

_ _l'_r eg_~.§'.-~-~-L 
% occurrence 

5l1 

48 

18 3 

26 

82 

42 

76 
? 

I~ 0 ...> 

14 

82 

80 

----·-

3Includes 111% trace data polnts. CD 
-::J 



Table 2. Food items with mean volumes significantly different between months. 

Measurements commonly underlined could not be statistically separated using the 

Duncan's multiple range test (oe = 0.05). P-values were derived from an ANOVA. 

MONTHLY MEAN VOLUMES (ml) 
JAN :FEB MAR APR MAY JUN- JUL AUG St:P OCT NOV DEC _E > F 

Coleoptera 3.5 0.6 2.4 11.7 11.0 5.0 6.1 10.3 38.0 28.6 2.0 0.5 0.44 ---
Diptera larvae 6.3 4.0 8.7 3.0 0.3 0.2 N/S 0.2 N/S N/S N/S 2.5 0.10 

Formicidae 0.2 0.1 0.7 1.5 3.9 17.4 2.5 9,5 9.4 5.5 5.5 N/S 0.03 

Myriapod 0.7 o.6 0.5 1.2 o.s 2.3 o.6 o.4 0.7 0.2 N/S 0.1 0.22 
c....,___.---~--

A n n e 1 id a ~_Q_.l 30.2 6.Ll 6.8 N/S 0.2 0.7 0.8 0.4 N/S 0.1 0.09 

PJants 0.3 0.5 0.9 0.7 5.4 1.6 0.2 1.2 1.2 0.4 O.J 0.2 0.63 

~·----·---·--- ·---~---...- - -----~ -----·------
tl/S =not seen tn any sto:Ti:_1ch that month. 

()'.) 

co 



Table 3. Food items with mean volumes significantly different 

between seasons. Measurements commonly underlined could not be 

statistically separated using the Duncan's multiple range test 

(oe. = 0.05). P-values were derived from an ANOVA. 

SEASON MEAN VOLUMES (ml) 
Item Spring1 Surnmer 2 Fall3 

Coleoptera 11.2 

Forrnicidae 2.4 

1March, April, May 

2June, July, August 

~ 

7.2 

9.1 

~September, October, November 

4 December, January, February 

27.9 

7.2 

4 Winter 

1. 3 

0.1 

p F 

0.03 

0.06 

co 
l..D 
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Table 4. Comparison of armadillo food studies by percent 

volume, except where noted. 

r-1 ,......_ (\J • m 
(Y) r-1 

:><! ..:::r (rj c::i:: H .µ H ~ 
E-t O'I H µ:.. QJ µ:.. s:: 0 

..c: r-1 .µ r-1 (lj 
() ...._, QJ r-1 .µ s 
ct! ,,....._ :><! ,......_ QJ,...... .µ ,......_ ::.... ,...... 
..a (Y) ::.... E-t ..c: (\J s:: (\J ..-i co QJ (\J 

s..:::r QJ () L('\ ..c: l.11 ..a t-- Eco 
r-1 O'I ~ .µ O'I l'J2 O'I l'J2 O'I s O'I 
(rj r-1 ct! •r-1 r-1 ;:I r-1 QJ r-1 ..-i r-1 
~...._, ~ µ:.. ...._, ~...._, :z: ...._, N...._, 

Coleoptera 41. 6 44.6 34.5 29.7 47.0 

Hymenoptera 14.o 3,9 12.2 15.1 18.9 

Formicidae NA 3.9 17.4 

Other NA T 1. 5 

Homoptera 9.5 1 0.1 0.3 6.1 

Lepidoptera 7.8 4.7 5.1 9.2 5.8 

Diptera 1.5 4.2 

~17 .8 

13.3 4.3 

Orthoptera 6.2 8.5 10.5 0. 6 

Is opt era 4.5 1. 2 0.1 0.1 

Hemiptera 2.0 1. 6 0.1 0. 5 

TOTAL INSECT 77.6 77.4 68.8 69.9 78.5 82.9 

Annelida and 
Miscellaneous 6.2 13.8 6.4 15.6 6.0 7.4 
Invertebrates 

Myriapoda 6.2 1. 2 8.5 
} 2.2 

8.1 2.7 

Arachnida 1. 7 T 2.1 5.1 0. 8 

Vertebrates 1. 6 o.8 4.5 2.4 1. 5 1. 5 

Plant matter 2.1 2.1 9.8 1.1 0.5 14. 73 
Debris 4.6 4.3 NIA 8.8 0.3 
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Table 4.--(cont., p. 2). 

N rl 
,,-... ct! 
(Y) rl 

~ -:::r (rj c:r.: .....::1 .µ,__::i ~ 
8 r,'\ ... ~ fr., Q) µ:., >:::: 0 

..c: .-1 .µ rl ctl 
0 "-" QJ rl .µ s 
c<:J,,-... ~ ,,.--.. (]) ,,,.,,.. ,µ ,,.-... H..--... 
...0 (Y) :YE-f ..c: (\! >:::: (\j -rl co (!) N 
s-=:i- (J) 0 LC\ .r: Ln ...0 LI\ §co 
rl CJ\ 

.._, .µ 0\ D 0\ (/) CJ'\ ·~CJ\ ...-"< 

(lj rl ctl •r·i r~ ::::> rl QJ rl -rl rl 
~'-' p::j fr., '-" p::j '-' z.._..... N '-" 

TOTAL 1604.4 ml 1097.2 ml IDENTIFIED 5130.0 ml 3913.4 ml 

n 169 25 104 139 172 50 

1 Percent occurrence - Volume figured into Hemiptera 

2 Percent Weight 



Figure Legend 

Fig. 1.--Location of roadkill armadillos 

used for stomach content analysis. 
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Figure Legend 

Fig. 2.--Percent consumption of 

armadillo food items. 
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APPENDIX A 

AGE CLASS CRITERIA FOR 

DASYPUS tTOVEMCINCTUS 
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Table l. Age class criteria for Dasypus 0ovemcinctus using 

skull ossification. Derived by Dr. R. M. Wetzel upon 

examination of skulls at Midwestern University, Texas. 

Age Class 

0 

1 

2 

3 

4 

5 

6 

Characteristics 

Perotic separate; occipitals not fused; 

midlines of parietals and frontals not fused. 

.Midlines of parietals and frontals mostly fused. 

Midlines of parietals and frontals completely 

fused; occipital-basisphenoid partially fused. 

Perotic-occipital fused; occipital-basisphenoid 

completely fused. 

Presphenoid-basisphenoid fused. 

Lacrimal-maxilla fused. 

Parietals-frontals completely fused. 
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APPENDIX B 

SEASONAL DIETS OF THE ARMADILLO 



Table 1. The spring diet of the armadillo by month. 

Coleoptera 

Adult 

Larvae 

Total 

Hymenoptera 

Formicida.e 

Other 

Total 

Homoptera 
Immature 

Lepidoptera 

l\dult 

L0.rvae 

Total 

D:i_ptcr.'.:1 larvae 

MAR(N=6) 
% Occ. - % Vol. 

33. 3 ... 7. 4 

33.3 - 1.2 

33.3 - 8.6 

33.3 - 1.2 

0 

33.3 - , '") 
J_ • c.. 

1 h ...., -~-~ . I 0.2 

0 

33.3 - 11.8 

33.3 - 11.8 

16.7 - 1'L7 

APR(N=9) 
% Occ. - % Vol. 

88.9 - 22.2 

88.9 - 19.6 

88. 9 - lll. 8 

77.8 - 4.6 

0 

77.8 - 4.6 

77.8 - 11~.8 

11. l - TR 

77.8 - lL 8 

77.8 - 4. 8 --------
100.0 ,_ 10.1 

MAY(N=5) 
% Occ. - % Vol. 

JOO.O - 32.0 

100.0 - 6.5 

100.0 - 38.5 

100. 0 - 11. 8 

20.0 - 1.3 

100.0 - 13.1 

40.0 - 5.2 

0 

80.0 - 13.7 

80.0 - 13.7 

100.0 - 0.7 

SPRING(N=20) 
% Occ. - % Vol. 

75.0 - 23.8 

75.0 - 12.6 

75.0 - 36.3. 

70.0 - 6.7 

5.0 - 0. 5_ 

70.0 - 7.2 

50.0 - 9.5 

5.0 - TR 

S5.o - 8.9 

65.0 - 8.9 

75.0 - 7. LI \0 
\.0 



Table 1.--(cont., p. 2). 

MAH(N=6) APR(N=9) MAY(N=5) SPRING(N=20) 
% Occ, - % Vol. % Occ. -- % Vol. % Occ; - % Vol. % Occ. - % Vol. 

Orthoptera 33.3 - 0.3 33.3 - 0.3 60.0 - 1. 3 40.0 - 0.6 

Is opt era 0 55.6 - o.6 40.0 - TR 35.0 - 0.3 

Hemiptera 0 22.2 - 0. l 60.0 - TR 25.0 - TR 

TOTAL INSECT 100.0 - 36.8 100.0 - 77.0 100.0 - 72.4 85.0 - 70.2 

Annelida 33. 3 - 51. 0 55.6 - 13.5 40.0 - 8.2 4 0. 0 - 16. 14 

T1yrianoda 16.7 - o.8 100.0 - 4.7 100.0 - 1. 5 75.0 - 3.1 

Arach:1ida 0 44.4 - 1. 6 20. 0 -· 0.1 25.0 - G.8 

Vertebrata 33,3 - 8.4 11.1 - 0.7 20.0 - 1. 2 15.0 - l. 9 

Plant and Gravel 50.0 - 2.9 88.9 - 2.5 100.0 - 16.5 75.0 - 7.5 

TOTAL IDENTIFIED 59.2 ml 236.9 ml 164.3 ml 1~60.4 ml 

Unidentified> 1 mm 33,3 - 13.2* 88.9 - 16.8* 100.0 - 14.9* 7:,.0 - 14.6* 

Empty stomachs 0 0 0 0 

------~--·--· 

f--' 

* 0 
Percent of total volume collected. 0 



rrab le 2. The summer diet of the armadillo by month. 

JUN(N=3) JUL(N=5) AUG(N=5) SUMMER(N=l3) 

% Oc:c. - % Vol. % Occ. - % Vol. % Occ. - % Vol. % Occ. - %. VoJ. 
--
Coleoptera 

Adult 100.0 - 9.6 100.0 - 27.2 100.0 - 15.9 100.0 - 16.Lf 

Larvae 66.7 - 6.3 80.0 - 31.4 100.0 -· 20.3 84.6 - 18.3 

Total 100.0 - 15.9 100.0 - 58.8 100.0 - 36.2 100.0 - 34.7 

Hymenoptera 

Formicidae 100.0 - 62.9 80.0 - 17.6 100.0 - 35.9 92.3 - 40.4 

Other 33,3 - _]~6 20.0 - TR 40.0 - 8.8 30.8 - 5.~ 

Total 100.0 - 66.5 80.0 - 17.6 100.0 - L14.7 92.3 - 45.8 

Homoptera 
Immature 33.3 - 1.9 100.0 - 11.6 60.0 - 2.4 53.8 - 1-1.2 

Lepidoptera 

Adult 0 0 20.0 - 0.1 7.7 - O.J 

L0,rvae 66.7 - 0.5 100.0 - 4. 3 - 80.0 - 5.2 ,, 69.2 - 3.6 

Total 66.7 - 0.6 100.0 - 4.3 80.0 - 5.3 69.2 - 3,7 

Diptera larvae 33.3 - 0.2 20.0 - TR 60.0 - 0.2 38.7 - 0 ,, • c:. 

1--' 
0 
1--' 



Table 2.-~(cont., p. 2). 

JUN(N=3) JUL(N=5) AUG(N=5) SUMMER(N=l3) 
% Occ. - % Vol. ·% Occ. - % Vol. % Occ. - % Vol. % Occ. - % Vol. 

Orthoptera 66.7 - l. 0 40.0 - 1.6 80.0 - 0.3 61. 5 - 0.8 

Isoptera 33.3 - TR 0 0 7.7 - TR 

Hemlptera 0 20.0 - TR 80.0 - 0.1 38.5 - TR 

TOTAL INSECT 100.0 - 86.2 100.0 - 93.9 lGO.O - 89.2 100.0 - 89.3 

Annelida 0 L~O. 0 - 0.7 40.0 - 1.1 j0.8 - 0.7 

Myriapoda 100.0 - 8.2 80.0 - 3,9 100.0 - 1. 4 92.3 - 4.0 

Arachnida 0 0 80.0 - 1.1 38.0 - 0.6 

Vertebrata 0 20.0 - 0.2 20.0 - 2.5 15.4 - 1.3 

Plant and Gravel 100.0 - 5.7 80.0 - 1. 2 100.0 - 4.7 92.3 - 4.3 

TOTAL IDENTIFIED 83.1 ml 56.1 ml 131.7 ml 270.9 ml 

Unidentified 100.0 - 6.4* 100.0 - 14.2* 100.0 - 9.2* 100.0 - 9.5* 
> 1 mm 

Empty '."\ tomachs 0 0 0 0 

f-' 
0 
[\) 

* Percent of total volume collected. 



Table 3. The fall diet of the armadillo by month. 

SEP(N=4) OCT(N=5) NOV(N=2) FALL(N=ll) 

% Occ. - % Vol. % Occ. - % Vol. % Occ. - % Vol. % Occ. - % Vol. 

Coleoptera 

Adult 100.0 - 10.2 80.0 - 3,5 50.0 ·- 34.1 81.8 - 8.2 

Larvae 100.0 - 64.1 80.0 - 79,7 0 _]_2.7 - 68.6 

Total 100.0 - 74.3 80.0 - 83.2 50.0 - 34.1 81.8 - 76.8 

Hymenoptera 

Formicidae 100.0 - 14.9 80.0 - 12.7 50.0 - 6Ll.7 81.8 - 15.1~. 

Other 0 0 0 0 -· 
Total 100.0 - 14.9 80.0 - 12.7 50.0 - 64.7 81.8 - 15.4 

Homoptera 
Imr:1ature 0 20.0 - 0.3 0 9.1 - 0 , • -1.. 

Lepidoptera 

Ad.ult 25.0 - 2.6 0 0 9.1 - 1.5 

Larvae 75.0 - 1. 3 80.0 - 1. 2 0 _33.6 - 1. 3 
---·------~ 

'I'otal 75.0 - 3,9 80.0 - 1.2 0 63.6 - 2.8 

Diptera larvae 75.0 - TR 20.0 - TR 0 9.1 - TR 

f-J 
0 
w 



Table 3.--(cont., p. 2). 

~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

SEP(N=4) OCT(N=5) NOV(N=2) FALL(N=ll) 

% Occ. - % Vol. % Occ. - % Vol. % Occ. - % Vol. % Occ. - % Vol. 

Orthoptera 50.0 - o.6 60.0 - 0.4 0 45.5 - 0.5 

Isoptera 25.0 - TR 0 0 9.1 - TR 

Herniptera 25.0 - 0.1 20.0 - TR 0 18.2 - TR 

TOTAL INSECT 100.0 - 93.9 so.a - 97.8 50.0 - 98.8 yo.1 - 95.6 

i-irinelida 50.0 - 0. 8 60.0 - 1. 0 0 45.5 - 0 0 . ./ 

Myriapoda ·75,0 - 1.1 100.0 - 0.6 0 81.8 - 0.9 

Arachnida 75.0 - 1. 8 0 0 27.3 - 1. 0 

Vertebrata 25.0 - 0.5 0 0 9.1 - 0.3 

Plant and Gravel 100.0 - 1.9 60.0 - 0.5 50.0 - 1. 2 54.5 - 1. 3 

TOTAL IDENTIFIED 189.5 ml 128.8 ml 8.5 ml 326.8 ml 

Unidentified 100.0 ·- 10.7* 80.0 - 4.9* 50.0 - 37.0* 81.8 - 9.4* 
> 1 mm 

Empty s tomaci1s 0 0 50% 9% 

I-' 
.,...-- 0 

* 
..r.:::-

Percent of total volume collected. 



Table 4. The winter diet of the armadillo by month. 

Coleoptera 

Adult 

Larvae 

'l'otal 

Hymenoptera 

Formicidae 

Other 

Total 

Homoptera 
Imri.ature 

Lepidc)ptera 

Adult 

Larvae 

Total 

Diptera larvae 

DEC(N=l) 

% Occ. - % Vol. 

100.0 - 2.1 

100.0 - 2.1 
~------

100.0 - 4.2 

100.0 - ~R 

0 

100.0 - TR 

100.0 - 52.1 

0 

100.0 - 10.4 

100. 0 - 10. LI 

100.0 - 26.0 

JAN(N=3) 
% Occ. - % Vol. 

33.3 - 21.4 

33.3 - 1.5 

33.3 - 22.9 

33.3 - l.l 

_J.J.:_3 - _o . 4 

33.3 - 1.5 

33.3 - 9.9 

0 

_J]_.J_ ·- 3 . 1 

33.3 - 3.1 

33.3 - 48.1 

FEB(N=2) WINTER(N=6) 

% Occ. - % Vol. % Occ. - % Vcl. 

40. 0 - 1. 8 

50.0 - 0.6 

50.0 - 2.4 

50.0 - o.6 

0 

50.0 - 0.6 

50.0 - 35.L~ 

0 

50.0 - 11.6 

50.0 - 11.6 

50. 0 - 11. 6 

50. 0 - 8. J~ 

50. 0 - 1. 3 

50.0 - 9,7 

50.0 - 0.6 

16.7 - 0.1 

50.0 - 0.7 

50.0 - 30.9 

0 

___ 50 . 0 - 8. 4 

50.0 - 8.4 

50.0 - 32.7 
I-' 
0 
Vl 



Table 4.~-(cont., p. 2). 

DEC(N=l) JAN(N=3) FEB(N=2) W:NTER(N=6) 

% Occ. - % Vol. % Occ. - % Vol. % Occ. - % Vol. % Occ. - % Vol. 

Orthoptera 100.0 - LO 33,3 - TR 50.0 - TR 50.0 - 0. 3 

Iso9tera fl 0 0 0 u 

Hemiptera 100.0 - 1. 0 0 50.0 - TR 33.3 - 0.3 

TOTAL INSECT 100.0 - 94.8 33.3 - 85.5 50.0 - 74.4 50_0 - 81.3 

A_nnelida 100.0 - 1.0 33.3 - 4.6 50.0 - 0.6 50.0 - 2.0 

MyriaDoda 100.0 - 1.0 33,3 - 5,3 50.0 - 3.7 50.0 - 3.6 

Arachnida 100.0 - 1. 0 0 0 16.7 0.3 -
Vertebrata 0 0 50.0 - 18.3 16.7 - 7.7 

Plant and Gravel 100.0 - 2.1 66.7 - 4.6 50.0 - 3.0 66.7 - 3,3 

TOTAL IDENTIFIED 9.6 ml 13.1 ml 16.4 ml 3g.1 ml 

Unidentified > lmm 100.0 - 5.9* 33.3 - 13.2* 50.0 - 19.2* 50.0 - 14.3* 

Empty stomachs 0 33% 50% 33% 

* 
f-' 
0 

Percent of total volume collected. C\ 
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