
Rev. Biol. Trop. 46(4): 1 173- 1 1 83, 1 998 
www.ucr.ac.cr wWW.ots.ac.cr www.ots.duke.edu 

Comparisons between nine-banded armadillo (Dasypus novemcinctus) 
populations in Brazil and the United States 

W. J. Loughry and Colleen M. McDonough 

Department of Biology, Valdosta State University, Valdosta, GA 31698-0015, U.S.A. Fax: 9 1 2-333-7389; ernail: 
jloughry@valdosta.edu 

Received 2 1-IV- 1 998 .. Corrected 1 0-VII I-1 998. Aceptado 20-VIII- 1 998. 

Abstract: We compared characteristics of a population of nine-banded armadillos (Dasypus novemcinctus) 
studied in the soulhem Uniled States with a population found in the Atlanlic coastal rainforest of Brazil. Adult 
armadillos in Brazil weighed less than Ihose in Ihe U.S., but when weight was accounted for, did not differ in: 

other measures of body size. However, juveniles in Ihe U.S. were proportionately bigger!han Ihose in Brazil. 
Armadillos in Brazil were less abundant (numbers sighted per h of observation) and were active laler al night 
.!han Ihose in the U.S. Adult sex-ratios were male-biased in bolh populations: Finally, there was no significant 
difference in Ihe incidence of litterrnate associations observed in Ihe two populations, but groups of juveniles 
(which included non-Iitterrnates) were observed more frequently in tbe U.S. Many of Ihese differences may be 
due 10 the fact that armadillos are hunted extensively in Brazil but not in the United States. 
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Many charactersitics of animal 
populations vary. intraspecifically, presumably 
as the result of adaptation to conditions that 
vary geographically (Lott 1991, Foster and 
Endlerin press). Comparisons' of populations 
inhabiting different areas can yield insights 
into the evolutionary forces generating 
differences between populations. In addition, 
the extent of intraspecific variation pro vides 
information on how generalizable data from 
one population are to populations in other parts 
of a species' range. 

Nine-banded armadillos (Das)'pus 
novemcinctus) are found from northern 
Argentina to the southern United States 
(Humphrey 1974, Wetze1 1982, 1985, Taulman 
and Robbins 1996). They are relatively asocial, 
burrowing mammals (Newman. 1913, 
Galbreath 1982, McBee and Baker 1982), that 
are most1 y active al. night (McDonough and 
Loughry 1997a), and feed primarily on insects 
(Kalmbach 1943, Clark 1951, Fitch et al. 1952, 

Breece and Dusi 1985, Redford 1985, Sikes et 
al. 1990, Lippert 1994). Females �ivf.l' birth to 
litters of genetically-identical quadruplets in 
the spring (Newman and Patterson 1910, 
Patterson 1913, Storrs and Williams 1968 , 
Prodohl et al. 1996), with littets first emerging 
from their natal burrows from late spring 
through the summer (Loughry .and McDonough 
1994). Juveniles (young of the year) remainin 
close proximity, foraging together and sharing 
the same burrows through sorne of their first 
summer (Taber 1945, Galbreath 1982, 
McDonough andLoughry 1995, Prodohl et al. 
1996), but litters appear to break up (due to 
dispersa! or mortality) by the fall (McDonough 
and Loughry unpublished data). 

T he aboye account is potentia1 ly 
problematic because almost aH of tltis 
information is derived from studies performed 
in the northern-most part of the spec;ies' range 
(Le . , in the UrlÍted States; reviews in Kalmbach 
1943, Taber 1945, Talmage and Buchanan 
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1954, Galbreath 1982, McBee and Baker 
1982). Nine-banded armadillos have only 
recently colonized the U.S. (Humphrey 1974, 
Taulman and Robbins 1996), so data from 
these studies may not be representative of 
populations in more ancient parts of the 
species' range, living in the kinds of 
conditions under which the species 
presumably evolved. Comparisons with non
North American populations of D. 
novemcinctus are required to determine if this 
is a legitimate concern. In this study, we 
addressed this issue by collecting data on a 
population of nine-banded armadillos located 
in northern Florida (Loughry and 
McDonough 1996, McDonough and Loughry 
1997a) and, using the same methods, a 
population located in the Atlantic coastal 
ra¡nforest of BraziL These two data sets 
provide an opportunity to examine the 
question of how similar armadillos are in 
these two widely separated locales. While 
our data are not an exhaustive account of the 
population attributes of armadillos in either 
location, they allow at least a preliminary 
assessment of the extent of intraspecific 
variation that can occur in D. novemcinctus. 

MATERIALS AND METHODS 

Data on Brazilian armadillos were 
coIlected from 20 January-l June, 1996, at the 
PO¡;O das Antas BiologiCal Reserve (5500 ha), 
located approximately 70 km north of Río de 
Janiero. The reserve contains one of the largest 
remaining fragments of Atlantic coastal 
rainforest and is the site of conservation efforts 
to preserve the golden-lion tamarin 
(Leontopithecus rosalia, KIeiman el al. 1986, 
Dietz et al. 1997). Data for the U.S. come from 
a four year (1992-1995) study of armadillos 
located on the Tall Timbers Research Station 
(1600 ha), near Tallahassee, Florida (see 
Loughry and McDonough 1996, McDonough 
and Loughry 1997a). There was sorne year-to
year· variation in the characteristics of· the 
Florida population (Loughry and McDonough 
1996, McDonough and Loughry 1997a), but in 

the analyses reported here we pooled data over 
the entire four year period for comparison with 
those collected in BraziL While trus makes the 
U.S. data set large in comparison with that from 
Brazil, it seems appropriate because we are 
interested in average differences between the 
two populations, rather than transient 
differences due to yearly variation. However, to 
¡nsure that pooling was appropriate, we 
performed separate comparisons of each year's 
data from Tall Timbers with the Brazilian data 
and obtained exactly the same pattem of results. 

Data collection followed procedures 
developed during the Florida study 
(McDonough and Loughry 1997a, Loughry 
and McDonough 1998). In both populations, 
we censused the property during both daylight 
and evening hours (200 days for a total of 2273 
person-hours of  fieId time in the U.S., in 
Brazil, 108 days and 958 person-hours). A 
daily census typicaIly lasted 4-6 h and was 
conducted by walking or driving along trails or 
roads on each property. Spotlights and miner's 
Iamps were used to observe animal s after dark. 
The total linear distance censused was 
approximately 25 km at each site. A rotating 
schedule of observations was used, su eh that a 
portion of the entire sampling area was 
censused each night, followed by another 
portion the next night, and so on until the 
en tire area had been sampled. This schedule 
was then repeated for the duration of the field 
season. Both sites were comprised of a variety 
of habitat types (in Brazil: rainfórest, swamp, 
grassland and disturbed habitats, see Dietz et 
al. 1997, Loughry and McDonough 1997, in 
the U. S.: hardwood harnmocks, wetlands, 
fields and upland pine areas, Brennan el al. 
1998). Visibility to the sides of roads and trails 
varied considerably depending on habitat type. 
While we did not attempt to measure 
visibilities systematically in the two locales, it 
was our impression that they were relatively 
similar Oyeran. Thus, the total area sampled at 
each site was roughly the same. 

We attempted to capture armadillos 
observed during censuses with large dip nets 
attached to a 1.5 m poleo In Brazil, we also 
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used live-traps placed in the mouths of active 
burrows. Once caught, animals were sexed, 
weighed, and marked for long�range 
identification by gluing unique colors and 
shapes of reflective tape on various parts of the 
carapace. A small tissue sample for genetic 
studies was taken from one or both ears using 
an ear-notcher. These notches were taken from 
different locations on the ears of different 

. individuals, further contributing to 
identification of particular animals. Animals 
were marked for permanent identification using 
ear tags and, in the U.S., with passive 
transponder (PIT) tags. Five body size 
measurements (all in cm) were obtained from 
all captured animals: (l) tail base = the 
circumference of the tail at its juncture with the 
body near the pelvic shield of the dorsal 
carapace; (2) tail length = the length of the tail 
from the base to thetip (animals who were 
missing a portion of the tail were not 
measured); (3) front carapace = the length of 
the anterior edge of the scapular shield of the 
carapace (i.e. , at the juncture with the head); (4) 
front band = the length of the posterior edge of 
the scapular shield; and (5) back band = the 
length of the most posterior movable bando 
Anitnals were assigned to age categories based 
00 weight (McDonough 1992, 1994, Loughry 
and McDonough 1996) as juveniles (young of 
the year, < 2. 5 kg), yeárlings (2.5-3.5 kg), or 
adults ( > 3.5 kg). Because of the smaller size 
ofBrazilian armadillos (see below), indÍviduals 
there were onIy classified as adults (2! 2.5 kg) or 
juveniles « 2.5 kg). ConsequentIy, we omitted 
theyearling áge class of U.S. animals from all 
of the analyses reported here. Finally, the time 
of day (in local DST) at which the animal was 
frrst seen was recorded. 

During our censuses we observed more 
armadillos thah we were able to catch. For these 
individuals we noted the time at which the 
animal was sighted and its age (as either juvenile 
or adult on the basis of body size). If the 
genitalia were visible we were able to classify 
the individual by sex as well. The seven-banded 
armadillo, D. septemcinctus, also occurs at P�o 
das Antas (Loughry and McDonough 1997) and 

juvenile D. novemcinctus appear very similar to 
adult D. septemcinctus. Thus, our data on 
juvenile abundances and the timing of activity 
may be slightly biased by the inclusion of sorne 
data from D. septemcinctus. This is unlikely to 
be a large problem because D. septemcinctus 
was relatively rare on the reserve and typically 
found in different habitats from D. novemcinctus 
(Loughry and McDonough 1997). In addition, 
most observations of juvenile D. navemcinctus 
were from animals that had been captured, 
marked and subseqúently resighted. 

Using the data collected by these methóds, 
. we compared five characteristics of our tvvo 

populations. (1) We compared morphology by 
analyzing differences in body weight and body 
size measurements with t-tests. Body size 
measurements are correlated with body weight 
(Loughry and McDonough 1996), so we 
performed a second analysis of body size 
differences using an ANCOVA in which body 
weight was the covariate. For both sets of 
analyses, we averaged data for individuals 
with multiple measurements (except where the 
animal changedage groups, e�g. , data for an 
individual first caught as a juvenile then 
subsequently as an adult \Vere not averaged but 
treated as independent points). Although 
armadillos may exhibit sorne sexual 
dimorphism (MéDonough 1992), we pooled 
data fot males and females in these analyses 
because we found Httle evidence of sexual 
dimorphism in our populations and because 
the small number df feÍnáles caught in Brazil 
(see below) did not permit statistical 
examination of body size for each sex 
separately. (2) We compared abundances by 
calculating the number of individuals (adults, 
juveniles, and total animals) observed per h of 
observation in each loCale. These data were 
further subdivided into the number of animals 
observed during daylight hours (8:00-16:00 
local DS1) and at night (16:00-24:00 local 
DST; cf. McDonough. and Loughry 1997a). 
Comparisons between the two populations 
were made using Hests� (3) We further 
examined activity by using t-tests to compare 
the times of day when individuals were frrst 
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sighted in the two populations (eL McDonough 
and Loughry 1997a). These data included 
sightings of animals that were subsequently 
capturedas well as animal s that were seen but 
not caught. All times were in loeal DST. There 
is a potential problem with this analysis in that 
we observed armadillos in Brazil during the 
austral summer and on through the fall, when 
hOUfS of daylight were diminishing (aH data for 
the U.S. come from June-August). Thus, it is 
possible we might find no difference between 
U.S. and Brazilian armadillos in the time of day 
at which they were observed, . but Brazilian 
armadillos would have been active after dark 
whereas U.S. animals would have been active 
during daylight. In an attempt to eliminate this 
problem, we performed a second analysis in 
which we subtracted the time of sunset from the 
time at which an animal was observed. Thus, 
animals with positive values were observed 
after sunset and those with negative values 
before sunset. Data on the timing of sunset at 
each site were obtained from the Astronomical 
Almanae (U.S. Naval Observatory 1995). (4) 
Sex-ratios of adults, juveniles and the entire 
population were eompared between the two 
sites using .data from captured animals. 
Beeause litters consist of identic.al quadruplets 
(Newman and Patterson 1910, Newman 1913, 
Storrs and WilIiams 1968, Prodohl et al. 1996), 
it may .be more appropriate to examine sex
ratios of litters rather than of individual 
juveniles. In OUf analyses we compared 
juvenile sex-ratios using both numbers of male 
and female litters and numbers of maJe and 
female individuals. Littermates were identified 
using microsatellite DNA markers (Prodohl et 
al. 1996). Sex-ratios within populations were 
compared using Chi-square tests and between 
populations with Fisher's exact tests. (5) 
Juvenile armadillos tend to assoeiate (e,g., 
forage together)with their littermates for sorne 
time after they first emerge from their natal 
burrows (Loughry and McDonough 1994, 
MeDonough and Loughry 1995, Prod6hl et al. 
1996, Loughry and McDonough 1998). 
Although we caught a number of juveniles in 
Brazil (see below), we rarely observed 

littermate associations. In contrast, we often 
observed such groups in the U.S. To evaluate 
this difference we determined, for each 
population, the number of litters in which a 
juvenile was observed with at least one other 
littermate. Multiple observations of the same 
litter were ignored so that if a litter was 
observed as an association atleast once, it was 

classified as exhibiting association. Only litters 
in which a juvenile was never observed with a 
sibling \Vere classified as singletons. We then 
compared the proportion of singletonsbetween 
the two populations using Fisher's exact test. 
This analysis used data from litters identified 
with microsatellite DNA markers (Prodohl et 
al. 1996). We also performed a second analysis 
in which we examined the number of times 
juveniles in each population were observed 
alone versus in proximity to another juvenile 
(regardless of whether this other juvenile was a 
littermate or not). Again, we pooled data from 
the same individuals so that if a juvenile was 
observed associating with another juvenile at 
least once, it was classified as exhibíting 
assoclatlOn. Tbe incidence of singletons 
observed in each population was then 
compared with Físher's exact test. 

A final note concerns comparísons 
between juveniles at the two sites. Such 
comparisons are potentially problematic if 
juveniles are not of similar age. For example, 
larger bo¡jy size or the absence of littermate 
associations could be due to juveniles at one 
site being older than juveniles at the other site. 
TIlere are several lines of evidence that suggest 
this was not the case. First, field assistants 
involvedin the golden-lion tamarin project at 
PO¡;O das Antas reported fírst observing 
juvenile armadillos at the beginning of the 
austral summer (late November to early 
December), which is similar to the timing of 
emergence from natal burrows at TaU Timbers 
(i.e., at the beginning of summer in May or 
early June; Loughry and McDonough 1994). 
These assistants are in the reserve from dawn 
to dusk .six days a week each week of the year. 
As such, they are the individuals most likely to 
encounter juvenile armadillos and thus, their 
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observations can be considered reliable. In 
addition, the timing of juvenile emergence at 
Po�o das Antas is consistent with data 
documenting the timing of births for a 
population in Paraguay. In Paraguay, most 
births occurred in September or early October 
(K. Hill pers. comm.), which would lead to 
juvenile emergence in November or December. 
Thus, we conclude that the majority of juveniles 
in our two populations were of similar age. 

RESULTS 

Body size: Both adult and juvenile nine
bandedarmadillos in the U.S. were significantly 

covariance with body weight as the covariate 
showed that, for a given body weight, adult 
armadillos in the U.S. and Brazil did not differ 
in any body size measurement (aH p > 0.05). 
However, juveniles in the U.S, had 
proportionately larger front band (p == 0.02) and 
front carapace lengths (p = 0.045) than did 
Brazilían juveniles, even when variation in 
body weight was accounted foro 

Abundance: The total number of 
armadillos observed per h of observation was 
significantly greater in the U.S. than in Brazil 
whether one compared the number of animals 
sighted over the entire daily sampling period, 

TABLE 1 

Mean (± SE) body size measurements of nine-banded armadillos in Brazil and the United States 

Measure 
Weight (kg) 
Front carapace (cm) 
Fron! band (cm) 
Back band (cm) 
Tail base (cm) 
Tail length (cm) 
n 

Po<;:o das Anlas 

Juveniles 
1 . 16 (0. 1 4) 

14.26 (0.58) 
2 1 .3 1  (I.02) 
21 .85 ( 1 . 1 6) 

9.39 (0.50) 
23. 1 80. 1 0) 

1 3  

Adults 
3. 1 3  (0.08) 

1 9.97 (0.22) 
3 1.00 (0.35) 
33.02 (0.30) 
13.66 (0. 16) 
27.96 (0.59) 

2 1  

Juveniles 
1.30 (0.05) 

1 5.78 (0.20) 
22.90 (0.32) 
23. 1 6  (0.37) 
1 0.70 (0.21) 
27.36 (0.39) 

1 04 

Tall Timbers 

Adults 
4. 1 1  (0.03) 

2 1.64 (0.07) 
34.64 (0. 1 1) 
36.50 (0. 1 3) 
1 5.48 (0.05) 
32.9 1 (0. 1 6) 

201 

larger than their Brazilian counterparts (Table 
1). Adults were significantly different in every 
rneasurement (ANOVA, all p ::;; 0.0001), while 
juveniles differed in front carapace length (p = 

0.04) and taillength (p = 0.0012). Analysis of 

only during the daytirne, or only at níght 
(Table 2). This sarne pattem was found when 
data for adults were analyzed separately (Table 
2). Juveniles were also more abundant in the 
U.S. than in Brazil when the data included the 

TABLE 2 

Average number of armadillos observed per h of observation (± SE) in Brazil and the United States. Sample sizes are (he 
number ofdays of observation. Statistical comparisons are within each row with * p < 0.05, ** p < 0.01, *** p < 0.001 

Po<;:o das Antas Tall Timbers 
AH hours of observation 

AH animals 0.41 (0.05) 1.05 (0.06) 7.33*** 
Juveniles 0. 10 (0.02) 0.23 (0.02) 3.86*** 
Adults 0.29 (0.05) 0.82 (0.05) 6.47*** 
n 1 08 200 

Day only (8:00- 16:00) 
Al! animal s 0. 1 6  (0. 1 1 ) 0.7 1  (0.12) 2.75** 
Juveniles 0.15 (0. 1 1 )  0.39 (0.09) 1 .45 
Adults 0.01 (0.0 1 )  0.33 (0.08) 2.36* 
n 33 85 

Night only ( 1 6:00-24:00) 
AH anímals 0.48 (0.06) 1.16 (0.06) 7.41 *** 
Juveniles 0. 13 (0.03) 0.22 (0.02) 2.50* 
Adults 0.33 (0.05) 0.94 (0.06) 7.17*** 
n 100 1 90 
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entire day or nighttime only (Table 2). 
However, juvenile abundances did Rot·· differ 
during daytime (Table 2). 

Activity: The time 'of day when 
armadillos were first observed was 
significantly later in Brazil than in the U.S. in 

not be determined,they are excluded from 
Table 4). In the U.S., the overa11 sex�ratio was 
not significantly biased (Chi-square = 0.46, p> 
0.25), but was male-biased for adults (Chi
square = 5.21, p < 0.025) and female-biased 
for juveniles (Chi-square = 4.20; p < 0.05; 

TABLE 3. 

Average time of ftrst sighting (:!: SE) for nine-bandéd'armadillos in Braiil andthe United Stbtes. Sample sízes for adults 
and juveniles in each population do not add up to the sample size for all animals because in some cases we observed 

individuals briejly and could not reliably age (hem. These animals are included in the all animals category, but excluded 
from the age group data. Statistical comparisons are within each row with * p < 0.05, ** p < 0.01, *** P < 0.001 

Po� o  das Antas 
AH animals 

TIme of day 20.78 (0. 1 8) 
Hours fr orn sunset 1 .79 (0. 1 9) 
n 154  

Juveniles only 
TIrne of day 1 9.23 (0.39) 
Hours fr orn sunset -0.22 (0.45) 
n 35 

Adults only 
Tirne of day ' 20.99 (0. 1 6) 
Hours fr orn sunset 2.2 1 (0. 17)  
n 1 0 1. 

comparisons using data from a11 animals, and 
when adults and juveniles were analyzed 
separately (Table 3). Analyzing the timing of 
activity relative to sunset showed again that, in 
all cases., Brazilian armadillos w�re active later 
than those in the U.S. (Table 3). 

Sex-ratios:. There was evidence of sex
ratio biases within each population (Table 4). 
In Brazil, the overall population sex-ratio was 

TABLE 4 

Sex-ratios of adult and juvenile armadillos in Brazil 
and the United States. For juveniles, the number 

of litters are indicated parenthetically 

Group 
AH animals 
Adults only 
Juveniles only 

Po� das Antas 
Males Fernales 

25 1 0  
1 6  6 

9 (9) 4 (4) 

Tall Timbers 
. Males Fernales 

1 63 1 5 1  
1 2 1  8 8  

4 2  (3 1)  63 (38) 

significantly male-büised (Chi-square = 6.43, p 
< 0.025) as was the sex-ratio for adults (Chi
square = 4.55, p < 0.05; Table 4), but not for 
juveniles (Chi-square = 1.92, p > 0. 10; two 
juveniles \Vere found dead and their sex could 

Tall TIrnbers 

1 9.3 1 (0.07) 6.99*** 
-0.7 1 (0.07) n.73*** ' 

1 155  

1 7.6 1 (0. 1 9) 3.04** 
-2.40 (0.19) 3.99*** 

265 

1 9  .. 82 (0.07) 5.60*** 
-0.2 1 (0.07) . 1 1 .46*** 

. 883 

Table 4). The sex-ratio bias for juveniles in 
the U.S. disappeared when the number ofmale 
and female litters were compared ralher than 
the number of individuals (Chi-square = 0.7 1, 
p> 0.25). The overall sex-ratio differed 
between the two populations(Fisher's test, p = 
0.03), but not whenadults and juveniles were 
examirred separately . (for juveniles this 
included comparisons of numbers of male and 
female litters as well as numbers of 
individuals, all p > 0.07). 

Associations among juveniles: In Brazil 
we observed a littermate association in only 
one of 15 litters (6. 7%). Littermate 
associations occurred, in 18 of 69 litters 
(26.1%) in the U.S., but the difference in the 
proportion of litters observed as singletons in 
the two populations was not significant 
(Fisher's test, p = 0.17). However, juveniles 
did associate with one another more frequently 
in the U.S. when associations with non
littermates were included� Groups of juveniles 
were observed in 27 of 56 c�es (48%) in the 
U.S., but just once in 15 instances in Brazil. 
This difference in the proportion of juveniles 
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observed as singletons was significant between 
the two populations (Fisher's test, p = 0.003). 

DISCUSSION 

Our results demonstrate that substantial 
differences do exist between at least one 
populationof D. novemcinctus in Brazil and one 
in the United States. Armadillos at Poc;o das 
Antas were less abundant, smaller, and active 
later at night than armadillos at Tall TImbers. In 
addition, the BraziJian population exhibited a 
strongly male-biased sex-ratio and a lack of 
association among juveniles. Two valid 
criticisms of this study concem the relatively 
small sample size from Brazil, particularly for 
comparisons of body sizes and sex-ratios, and 
the fact that all the Brazilian data were derived 
from a single fieId season. With regard to 
sample size, we would point out that our data 
represent the largest reported sample from a 
Brazilian population of D. novemcinctus (cf. 
Wetzel and Mondolfi 1979, Wetze1 1982, Carter 
and Encarna¡;ao 1983, Schaller 1983, Carter 
1985, Redford 1994). In addition, although our 
Brazilian data come from a single field season, 
tbis fieId season lasted twice as long as one of 
our fieId seasons in the U. S. (> 100 days versus 
ca. 50 days), so our sampling effort in Brazil 
represents the equivalent of over 2 years of data 
collection in the U. S. Finally, as mentioned 
earlier, when we compared our Brazilian data 
separately with each year of data from Tall 
Timbers, the same pattem of differences 
emerged (note that these analyses reversed the 
problem such that the Brazilian data set was 
now twice as large as that from the U. S.). Thus, 
we believe our data provide an adequate basis 
for evaluating potential variation between the 
two populations. 

Another important issue concerns how 
representative these two populations are of 
North and South American populations in 
general. North American populations of D. 
novemcinctus can vary dramatically, e.g. ,  in 
sizes of home ranges and in the incidence of 
aggression (review in McDonough 1992). 
Thus, the differences we report between Brazil 

and the U. S. may be no mOre extensive than 
the differences between various U. S. 
popuIations. At present, we cannot completely 
address this issue because, with the exception 
of body size, there are no published data on the 
variables we measured for any other D. 
novemcinctus population. Adult body weights 
of D. novemcinctus range from 3-7 kg (McBee 
and Baker 1982). However, consistent with the 
findings of the present study, populations found 
north of the Amazon appear to weigh more than 
those found south (Wetzel and Mondolfi 1979, 
Wetze1 1982, Schaller 1983, Redford 1994, but 
see Hill et al. 1997). Such differences occur in 
other aspects of morphology as well. For 
example, South American populations of D. 
novemcinctus often have only eight movable 
bands whereas populations in the U.S. 
normally have nine or more (Wetzel and 
Mondolfi 1979, Wetzel 1982, 1985). 

Setting aside the issue of how 
representative our two populations are of 
North and South American populations in 
general, it still remains to explain why our two 
populations were so different from one 
another. One possible explanation concerns 
the fact that humans hunt armadillos 
extensively (albeit, illegally) at Poc;o das Antas 
(C. Ruiz-Miranda pers. comm.) but not at Tall 
Timbers. Although we had no problems in 
detecting armadillos al a distance in Brazil, it 
was much more difficult to approach active 
animals in order to éatch them. Almost 
invariably, our approach was detected before 
we were close enough to use our nets and, 
upon detection, the animals immediately ran 
into the forest. At Tall Timbers, mortality from 
human hunters is almost non-existent(pers. 
observ. ) and we rarely have problems with 
animals fleeingfrom us before we can attempt 
to capture them. While we did not attempt to 
do so, it would be interesting to compare levels 
of vigilance in the two populations (e.g. , 
McDonough and Loughry 1995). We predict 
that Brazilian armadillos will be more vigilant 
than those in the U.S. , thus enabling them to 
detect potential predators sooner. The 
influence of human hunting could account for 
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many of· the differences between the two 
populations. For example, hunting could 
generate the lower abundances (see also Hill et 
al. 1997) and later timing of activity exhibited 
by Brazilian armadillos, and might contribute to 
the lack of· associations among juveniles 
observed in Brazil either directly by removing 
young or indirectly by promoting the break-up 
of litters to avoid detection by human 
"predators". However,the impact of hunting on 
Brazilian armadillo populations will be difficult 
to evaluate· because, as hunting "is illegal, 
hunters are unwilling to supply data on hunting 
success or the demography ofkilled individuals. 

Hunting by humans is the most 
conspicuous difference in sources of mortality 
between our two populations, but it is possible 
that differences in the types of non-human 
predators present· at each site also contribute to 
the population differences we reporto However, 
this seems unlikely to be a major influence. 
Thereare few large predators present at either 
site capable of killing an adult armadillo (pers. 
observ.). Juvenile mortality due to predation 
can be quite high in the U. S. (McDonough and 
Loughry 1997b) and we have no evidence lo 
suggest that it is significantly higher in Brazil. 
Nonetbeless, additional data will be required to 
determine the potential importance of non
human predators in generating the differences 
between our two populations. 

One alternative to. hunting as an 
explanation for the differences' between 
Brazilian and U.S. armadillos is that, 'in the 
U.S., D. novemcinctus is the only xenarthran 
present, whereas in Brazil there are more 
species· of· armadillos (Cabassous unicinctus 
and DasYPu$ septemcinctus; Euphractus 
sexcinctus used to occur but may now be 
locally· extinct; Loughry and McDonough 
1997) as well as the southem collared anteáter 
(Tamandua tetradactylus; Loughry ánd 
McDonough 1997). Thus, competitive 
interactions with other xenarthra in· Brazil 
might lead to lowcr abundances as well as 

alterations in the timing oí activity so as to 
avoid overlap with these other species. This 
explanation seems unlikely for several reasóns. 

All other xenarthra at P�o das Antas were rare 
(Loughry and McDonough 1997), so it seems' 
improbable that competition among these 
species is severe. D.· novemcinctus is among 
the largest of the armadillos present (Loughry 
and McDonough 1997) and thus it seems 
likely that the other specieswould show more 
negative effects of competition with nine� 
banded armadillos,than vice-versa. Data on 
habitat preferences suggest that. each speCies 
utilizes difierent parts of ·the" reserve,· 
minimizing opportunities foc competitive 
interactions (Loughry and McDonough 1997), 
and D. novemcinctus occupies what are 
presumably the most 'favorable sites (i.e., in 
primary forest, near the rich feeding grounds 
of the swamps; Loughry and McDonough 
1997), so they would seem least likely lo be 
impacted by the presence of other xenarthra. 

Extensive hunting oÍ' armadillos in Brazil 
may explain sorne of the observed: differences 
between U.S. and Brazil populations, but it 
seems unlikely to explain differences in body 
size and sex-ratio biases. Hunting could explain 
body size differences if hunters preferentially 
took only large animals (but see Abrams and 
Rowe 1996), but it appears that most hunting 
involves . setting traps in burrows or across 
heavily used trails (C. Ruiz-Miranda pers. 
cornm.), so large individuals would be, unlikely 
tobe selectively takeo. Bergmann's rule (e.g., 
James 1970) is also an unlikely explanation. 
Tall Timbers is further north of the equator 
(latitude = 30° 40') than p�o das Antas is south 
(latittude = 22° 31�) so a latitudinal gradient in 
body size might seem plausible. However, 
Wetzel and Mondolfi (1979) report data from D. 
novemcinctus populations in Venezuela which 
are as large áS the aniinals in Florida. Results of 
analysis of covariance showed that U.S. 
juveniles were proportionately bigger than their 
Brazilian counterparts when variation in body 
weight was accounted for, suggestihg that larger 
adult size is accomplished by inc�ased growth 
as juveililes. Whether this represents a genetic 
change iri developmental growth pattems or 
merely a response to increased resource 
availábility is unknown, 
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Sex-ratios of adults in both Brazil and the 
U.S. were maIe-biased. The skew found in 
Brazil could be due to small sample size, but 
the fact that the same pattem was found in the 
U.S. suggests that this could be an intrinisic 
feature of nine-banded armadillo populations. 
However, other U.S. populations do notshow 
such a bias, nor· was one detected at Tall 
Timbers during the ftrst tbree yéats (1992-

1994) of our study (Loughry and McDonough 
1996). Assuming the bias we have detected is 
real, it is unclear why it exists. In the U.S., 
juvenile males are actually less abundant than 
juvenile females (though not in terrns of the 
numbers of litters produced, see Táble 4). This 

. suggests that there may be either increased 
mortality or a higher probability of dispersal 
out of the population for females as they get 
older. Altematively, adult females rnight be 
less active or less detectable than are adult 
males, but we know of no data tosupport such 
a hypothesis. Juvenile Il1:ortality can be high 
(McDonough and Loughry 1997b), but We 
current1y do not have data on sex differences in 
mort�lity. Recruitment into our Florida 
population is low for both sexes (Loughry and 
McDonough 1996, 1998), but there is sorne 
evidencethat females may be less likely to 
remain in · their natal population than males 
(Loughry and McDonough 1998) ..

. However, 
any explanations of sex-ratio biases will 
probably require additional data to confirrn 
that such a bias is real; 

Most earlier studies of D. novemcinctus 
have been perforrned in

· 
the U.S;., with 

populations that have presumably been 
established for at most 100 t0200 years 
(Humpbrey 1974, MeBee and Baker 1982, 
Montgomery 1985, Wetiel1985, Taulman and 
Robbins 1996). We have shown here that at 
least one l.,J.S.population differs substantia11y 
from a popu:1ation locatedin a more 
historically ancient part of the species' range 
(i.e., Brazil}. Thus, the question arises of how 
representative data on U.S. populations are for 
the species as a whole. At present we cannot 
answer .this question. The extensive hunting oí 
armadillos that occurs at our Brazilian study 

site confounds any comparisons based on other 
differences. An appropriate comparison would 
require a non-hunted South American 
population. Such a populationma,y be difficult 
to find as armadillos are apparent1y a favored 
food item in many countries (Eisenberg 1989, 
Emtrions 1990, Redford and Eisenberg 1992, 
Taulman and Robbins 1996, Hill et al. 1997). 
Nonetbeless, our data do suggest caution in 
making generalizations about nine-banded 
armadillos based on data from just the United 
States, and point out the need for more data on 

more populations of D. novemcinctusin other 
parts of the species' range. 
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