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Editor: KH 2. Our goal was to analyse the existing literature on armadillos to define thematic
and regional research priorities that will eventually benefit their conservation.
doi:10.1111/mam.12010 3. We categorized 3117 publications on extant armadillos published between

1660 and 2011 according to their research topic, species studied, country and pub-
lication language.

4. The number of publications per research topic and the number per species
were very variable. The nine best-studied species are classed as Least Concern by
the IUCN, while three of the four least-studied species are classed as Data Defi-
cient. At least one field study was done in each range country, but over 80% of
field research took place in the USA, Brazil, Argentina and Bolivia. Most research
was done in the USA on leprosy in Dasypus novemcinctus. Most ecological research
has been focused on four species, and data on the ecology of Data Deficient and
Vulnerable taxa are virtually absent.

5. Field research on armadillos should be intensified to broaden conservation-
relevant knowledge. Additional studies in the Guianas, Peru, Ecuador, Colombia,
Venezuela and Paraguay are urgently needed to assess the conservation status of
armadillos in these regions. Future research should focus on ecology, conserva-
tion, population genetics, reproduction and threats. Species priorities should
include country endemics, such as Dasypus pilosus (Peru), Tolypeutes tricinctus
(Brazil) and Dasypus yepesi and Chlamyphorus truncatus (Argentina), as well as
other Data Deficient and Vulnerable species, especially Cabassous centralis and
Calyptophractus retusus.
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Four centuries of knowledge about armadillos

INTRODUCTION

One-quarter of all extant mammal species are classed as
Threatened in the International Union for Conservation of
Nature (IUCN) Red List of Threatened Species (Schipper
etal. 2008). The rate of species extinction is increasing,
and growing pressures on biodiversity indicate that this
trend will not be reversed in the near future (Butchart
et al. 2010, Hoffmann et al. 2010). Because extinction risk
varies depending on the life history, ecology and behaviour
of species (Mace et al. 2008), a realistic assessment of the
conservation status of a species requires not only knowl-
edge of the threats affecting it but also basic information
about its biological traits. Such data are fundamental to
the performance of well-planned, strategic conservation
actions.

Armadillos (Xenarthra, Dasypodidae) are semi-fossorial
mammals that are widely distributed in South America;
only one species reaches North America (Wetzel 1985a).
They are the only mammals bearing a carapace that
consists of osteoderms covered by epidermal scales
(Engelmann 1985). Together with sloths (Folivora) and
anteaters (Vermilingua) they form the Xenarthra, a mono-
phyletic clade restricted to the Americas, which is consid-
ered to be one of the four major clades of placental
mammals (Patterson & Pascual 1972, Delsuc et al. 2002,
O’Leary etal. 2013). This unique concentration of evolu-
tionary history in the 31 extant species of xenarthrans
makes them invaluable for studying the earliest stages of
mammalian evolution and reinforces the importance of
ensuring their long-term conservation (Aguiar & da
Fonseca 2008).

The latest assessment of the conservation status of
xenarthrans revealed that fewer than half of the 21 extant
armadillo species are currently not facing any risk of
extinction (Table 1; Abba & Superina 2010). Four species
are classed as Vulnerable in the IUCN Red List of Threat-
ened Species, and four are classed as Near Threatened.
The populations of at least seven species are declining
(Abba & Superina 2010). However, four armadillo species
are categorized as Data Deficient, the population trend
of 10 species is unknown, and information on basic
topics such as their taxonomy and life history, as well
as information on threats to armadillos, seems to be
scarce (Abba & Superina 2010). All these facts suggest
that considerable gaps exist in our knowledge of the
Dasypodidae.

The objective of this study was to analyse the published
information on armadillos in order to define research pri-
orities, both thematically and regionally. This will eventually
help with the realistic assessment of the conservation status
of armadillos and with the design of effective conservation
strategies.

M. Superina, N. Pagnutti and A. M. Abba

METHODS

We based our analysis on the armadillo bibliography
database maintained by one of us (MS), which is
available online (http://www.xenarthrans.org/bibliography/
armadillo). It includes citations retrieved from library cata-
logues (e.g. Eidgenossische Technische Hochschule Ziirich
and Universitit Ziirich, Switzerland; University of Cam-
bridge, UK; University of Chicago, USA) and scientific data-
bases (e.g. Academic Search Premier, Medline, Ovid,
WebSPIRS, Thomson’s Web of Science, Google Scholar)
using the keywords ‘armadillo’ ‘tatou), ‘tatd’, ‘Giirteltier,
‘Dasypodidae’, ‘Cingulata, and the names of all extant
genera. Citations were also retrieved from personal biblio-
graphic lists of references obtained from armadillo research-
ers, from conference proceedings and from the reference
lists of over 600 books, book chapters and articles on
armadillos.

We included publications on extant species that were
published from 1600 to 31 December 2011, and excluded
palaeontological and archaeological studies. We also
excluded anonymous works.

When possible, we read the entire publication to add
the data listed in Tables 2 and 3 to a database created in
EndNote X5 (Thomson Reuters, New York, NY, USA). In
some cases we retrieved this information only from the
abstract or, rarely, from the title. We defined 27 specific
research topics and grouped them into 13 general topics
(Table 3). If a publication addressed more than one research
topic, all topics were listed. For instance, if a phylogenetic
study was based on genetic analyses, research topics ‘Genet-
ics’ and ‘Evolution’ were both listed. Similarly, if multiple
species were addressed in the same publication or a study
was done in several countries, all of them were listed. ‘Dasy-
podidae’ or ‘Xenarthra’ were used, respectively, whenever
the species could not be determined or a publication was
focused on the entire order Cingulata or superorder Xenar-
thra, such as those by Redford and Eisenberg (1992) and
Wetzel (1985b). Such publications were excluded when
calculating the number of publications per species. If the
publication was not focused on a specific country but on
armadillos in North, Central or South America, these terms
were used for classification and the publication was
excluded from the analyses by country (e.g. de Azara 1923,
Krieg 1948). Finally, we used Abba and Superina (2010) to
determine the number of extant armadillo species per range
country and their threat status according to the [UCN Red
List of Threatened Species.

The number of publications for each category listed in
Table 2 and for each general and specific research topic
listed in Table 3 was quantified by using the corresponding
search terms in EndNote. For the publication year, data
were retrieved by century until 1800, then by decade.

70 Mammal Review 44 (2014) 69-80 © 2013 The Mammal Society and John Wiley & Sons Ltd


http://www.xenarthrans.org/bibliography/armadillo
http://www.xenarthrans.org/bibliography/armadillo

Four centuries of knowledge about armadillos

M. Superina, N. Pagnutti and A. M. Abba

‘elep paysigndun ‘eunadns “wwod “siad ‘sedent d r (0102)
eunadns pue eqay ‘(£007) 01eddeA pue Liesued ‘(9007) Jeinby pue euladns ‘(566 1) OUlBdZIA ‘(Z661) BUOM pue ofjieD ‘(686 1) B1aquasiy ‘(6861) ‘e 19 ugiend '(BG861 ‘'0861) [9ZIDAN 1S9DUBIS4RY

paualealy] JeaN 3[1yD pue eunuabiy S pue [esusd) 1T | A1yoid snApaez
3|qeJaulnNA lizesg IN (11ey pul £z Sl o||IpeW.Ie papueg-aaiy} ue sn3duDL} sa1nadAjol
pausleay] Jesn eunusbiy N ‘Aenbeied A ‘|1zeig S ‘BIAlog 3 (j1ey “pul) o€ = Of|IpeW.e PapUrg-93Jy} UIBYIN0S snoejew sapnadAjol
3|qeJaulnNA eunusbly N pue Aenbeied 03 seueing ‘e[enzausp N Wo.q 06 05-0€ o||ipeWw.e JuelD Snwixew Sa3uopoLd

eunuabiy N
uI9dU0)) 15897 ‘kenbnun “Aenbeled ‘einijog 01 [1zeig 3 ‘sWeulNnS S wold St G—G'€ Of|lpewe papueg-xIs SNIdUDXSS snidesydn3
usnuaq eleq eunuabiy AN L 7-S'1 of|lpew.e pasou-buol Jassa)| s,ebuni I1sadaA sndAseqg
uladuo) 15ea] eunuably N ‘Aenbeled ‘einljog o} |izelg IN [T Sl o||lpeW.e papueq-uaAaS snydUPWaLAas sndAseq
uladuo) 15e97] BIQUIO|0D) PUB B[SNZ3USA JO SOUE[] 67 Sl o||lpew.e pasou-buo| ulayioN ejodjueqes sndfseq
9|qeIBUINA nJiad JO sepuy AA\S 4 IS4 of|lpewlle pasou-buo| Alle snsojid sndAseqg
uladuo) 15e7] Aenbnin ‘eunuasbly N 01 Sa1e1S payun S /G-9¢ 8-¢ o||IpeW.e papueqg-auIN snjdupWaAou sndfseq

elinllog N
uladuo) 15ea] ‘lizeig M\ ‘nied 3 Jopend3 3 ‘seueing ‘ejanzauaj ‘eIquiojoD vS oL o||ipewJe pasou-Hbuo| Jaesin usjddey sndfseq
paualealy] Jean |izeig S ‘Aenbeied ‘Aenbnin ‘eunusbiy o€ z oljlpew.e pasou-buo| ulayinos snpugAy sndAseq
uspIaQ P1eQ eunusbly D €l L0 o||ipew.e Ae) duid snyesun.y snioydAweyy>
uladuo) 15ea] 3|lyD ‘eunusbiy ‘Aenbeieq ‘einljog €€ £-ST o||ipew.e Aiey abieq snsojjin snpoesydolaeyd
uJaduod 15897 eunusbly ‘Aenbeled ‘einijog €T G8°0 o|jipew.e Aiey Buiwesids snso.sjjan snpoeiydolsey
3|qeJaulnA eunuably N ‘niad ‘a|iyd ‘elnljog 1T L o||ipew.e Alley uespuy juoneu snydeiydolseyd
wanyaq ereq eunuabliy N ‘Aenbeied pp ‘elaljog IS pue D 9l €10 o||ipewlle Alle} J91eain snsnjas snpelydoidAjed
uladuo) 15ea] |izeig S O} edLBWY YInos N wold 6€ 6'C O||IpewW.e pajie}-paseu ulayinos SNJdUIIUN SNOSSeqeD)
uladuo) 15e7] Aenbeied 35 ‘eunusbiy IN ‘Aenbnin N ‘jizeig S pue 3 9 79-8Y O||IpeW.E p3|Ie}-paseu J3)ealD) Aenoje) snosseqed
pauajealy] JeaN eunuably [eliuad Aenbeled A\ 0€ (4 o||IpeW.e pajie}-paseu ueodeyd sISus0JeYD Snosseqed
1uaPaQ eIeQ B]3NZ3USA AN PUB JOPENDI AAN O} 0JIX3|N S WOl %3 507 o||IpeW.e P3jIe}-paseu UIBYLON sijeiyuad snosseqed
(NDNI) abuel diydelbosn (wd) yibua) () 3aWeu uowuwo) ENTEVTITITETSIN

SN1E)S UOIIBAIDSUOD Apog-peay ssew Apoq

91ewixoiddy

91ewixoiddy

S3129ds OfjIpeuLIe JUBIXD | Z DU} JO SNIL)S UOIIRAIaSUOD pue abuel d1ydel6oab ‘zIs ‘SWeu UOWWOD pue dIYusds | djqeL

71

Mammal Review 44 (2014) 69-80 © 2013 The Mammal Society and John Wiley & Sons Ltd



Four centuries of knowledge about armadillos

Table 2. Information collected from each publication on armadillos

M. Superina, N. Pagnutti and A. M. Abba

Category Comments

Publication type

Publication year
First author’s country of affiliation
Relevance of armadillos in the study

Subcategories: journal article, conference proceedings, book chapter, book, thesis,
conference paper

Main: armadillos were the main object of study. Secondary: armadillos were mentioned in

the study, but were not the main research object (e.g. description of a parasite infesting
armadillos, or leprosy studies using mycobacteria that were cultured in armadillo tissues)

Species studied

‘Dasypodidae’ was used for general descriptions on armadillos or when the species could

not be determined. ‘Xenarthra’ was used for publications about the entire superorder.

Country where the study was carried out
Environment in which the study was carried out

If the work was done in more than one country, all were listed.
Subcategories: laboratory, field, office (e.g. reviews), zoological parks, various (e.g. studies

with field and laboratory components)

Language of publication
Research topic
were listed.

See Table 3 for details. If more than one topic was addressed in the same study, all of them

Chi-square (x*) tests (Zar 1999) were used to compare
numbers of publications per species, per country, per
research topic and per environment in which the study was
carried out. Frequencies were expected to be evenly distrib-
uted among all categories tested. Chi-square tests were also
used to compare numbers of publications in proportion to
the number of armadillo species present in each country.
Chi-square analyses of contingency tables were used to
evaluate the differences between the number of publications
per research topic and the number per species (contingency
table: 21 species X 12 topics) and to evaluate the number of
publications per research topic for each category of the
IUCN Red List of Threatened Species (contingency table: 4
Red List categories X 12 topics). The expected frequencies
were calculated following Zar (1999).

RESULTS

The database contained 3376 publications; 210 were
excluded because they described palaeontological or
archaeological studies, and 29 because they were anony-
mous. The number of publications included was thus 3117.
Of these, 2414 (77%) were journal articles, 279 (9%) con-
ference papers and abstracts, 191 (6%) book chapters, 148
(5%) books and 85 (3%) undergraduate, master’s or doc-
toral theses. Armadillos were the main topic in less than half
(1406) of the publications.

The majority of publications were written in English
(2155 publications, 68%). Spanish and Portuguese, the
native languages in most range countries, were used in 520
(17%) and 151 (5%) publications, respectively. Less than
half of the studies on armadillo conservation were pub-
lished in Spanish or Portuguese (21 and 5 publications,
respectively). Relatively large numbers of publications were

in German (184; 6%) and French (101; 3%). The remaining
works (46; 1%) were published, in descending order of
quantity, in Russian, Italian, Latin, Dutch or Polish.

Almost three-quarters of the first authors were affiliated
with institutions in only four countries, namely the USA
(1198), Argentina (559), Brazil (327) and the UK (206),
while the remaining first authors worked in 43 different
countries in Europe, Asia, North America, Africa, Australia
and the Middle East. The affiliation could not be deter-
mined in 102 cases. Most studies (2822; 91%) were carried
out in the first author’s country of affiliation.

The studies were done in 60 countries, only 23 of which
lie within the area of distribution of the Dasypodidae. The
remaining publications were based on laboratory studies,
data analyses or reviews performed in an office, or zoo-
based research in Europe, Asia, North America and
Australia. The range countries accounted for 75% of all
publications, but the number of publications varied signifi-
cantly among countries (y*=14196.04, d.f.=20, P<
0.0001) and did not reflect the number of species present in
a certain country (%’ =56066.27, d.f. =20, P < 0.0001). The
vast majority of research was done in the USA, where only
one armadillo species is found (Fig. 1).

There was a marked imbalance in numbers of studies
performed in different environments (y*=3594.298,
d.f.=4, P<0.0001). Over 60% of the publications were
based on studies performed in a laboratory environment,
including the 17% that were related to leprosy research.
Field research accounted for less than one-fifth of all studies
on armadillos (Fig. 2). At least one field study was done in
each range country, but four countries — the USA, Brazil,
Argentina and Bolivia — accounted for 82% of all publica-
tions based on fieldwork (Fig. 1). Only 55 publications were
based on studies performed in zoological parks, 25 of which
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Table 3. Number of publications on armadillos per research topic

Four centuries of knowledge about armadillos

Number of
Research topic publications Comments
Health 1100
Leprosy 541 Includes studies in which Mycobacterium leprae was cultured in armadillo tissue
Parasitology 215 Descriptions of endo- and ectoparasites of armadillos
Pathologies 188 Includes descriptions of diseases, serological studies, veterinary-medical treatments and studies in which
armadillos were used to investigate diseases other than leprosy and Chagas
Chagas 82 Studies in which Trypanosoma cruzi was detected in armadillos or in which armadillos were used to perform
research on Chagas
Hematology 48 Includes blood cell and plasma studies as well as hematological and serum chemistry parameters
Immunology 26 Includes studies on immunohistochemistry
Anatomy 600
Anatomy 419 Morphological or anatomical descriptions
Histology 107 Microscopy and electron microscopy studies on cells or glands, organ ultrastructure, general histological
descriptions
Embryology 74 Includes studies on delayed implantation
Miscellaneous 391
General 308 Includes encyclopaedia articles, catalogues and popular articles that provide general information on armadillos
Methods 47 Avrticles describing procedures to perform a certain study
Travel reports 36 Reports from naturalists who explored the Americas and mentioned armadillos in their chronicles
Ecology 351
Ecology 182
Nutrition 72 Descriptions of the diet of wild armadillos
Behaviour 53
Predators 44 Studies on predators of armadillos
Physiology 336
Physiology 278 Includes biochemical studies
Metabolism 58 Includes studies on thermoregulation, hibernation, sleep
Distribution 204 Descriptions of areas of distribution, range expansions; zoogeographical or phylogeographical studies. Includes
publications on the impact of climate change on armadillos
Management 151
Use/impact 86 Studies describing how armadillos are used or affected by humans, e.g. by traffic, hunting, alternative
medicine or roadkills, without assessing the impact of these activities on the conservation status of the
species or suggesting conservation measures to mitigate their potential effect
Captivity 65 Studies describing captive conditions
Reproduction 128 Includes descriptions of the morphology of the reproductive system, reproductive hormones, placenta,
implantation, reproductive cycles, polyembryony, sex determination, parthenogenesis, gametes, sexual
dimorphism, etc.
Genetics 97 Includes cytogenetics
Taxonomy 92 Includes systematics, descriptions of new species, revisions of museum specimens
Evolution 67 Studies on phylogeny, phylogenetic relationships, evolution of specific traits or structures
Conservation 54
Unknown 3 The research topic could not be determined

General research topics (italic) may include several specific topics (indented). Topics are listed in order of decreasing number of publications.

were general descriptions of the maintenance (e.g. Flint
1997), nutrition (e.g. Meritt 1977) or pathologies (e.g.
Zwart et al. 1989) of captive armadillos.

Publication year spanned from 1660 to 2011; the first
mention of armadillos was by Jonstonus (1660). Roughly
500 publications were general descriptions of Dasypodidae
or Xenarthra, including 80 of the 100 oldest works. The first
two studies on a specific species concerned Dasypus novem-
cinctus (Watson 1765, Frisch 1775), followed by a publica-
tion on Euphractus sexcinctus (Owen 1831). Substantial

increases in the number of publications occurred between
1960 and 1969 and, especially, between 1970 and 1979,
when armadillos started to be used in leprosy research;
199 papers were published on this topic in a single decade
(Fig. 3). Since then, leprosy has become the most studied
topic in armadillo research (Table 3), having been addressed
in 15% of all publications and in over one-third of all works
in which armadillos play a secondary role.

Thirteen per cent of all publications addressed more than
one research topic. The number of publications per research
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12/7
3)

575/104
(15)

topic was very heterogeneous (y*>=2600.152, d.f.=20,
P <0.0001); in almost one-fifth of the studies, peculiarities
of the anatomy and physiology of armadillos are described,
while topics such as behaviour and predators of armadillos
are clearly underrepresented (Table 3).

Although the first observations on the ecology of arma-
dillos were published as early as 1830, this research topic
only started gaining importance in the 1970s and became
even more relevant in the last decade (2000-2011), when 80
out of 546 publications (15%) were dedicated to it. The
timing of the slow rise in ecological studies may be
explained by the development of ecology as a research disci-
pline in the 1900s (Margalef 1974). Furthermore, it seems to
be coupled in time with the spread of Dasypus novemcinctus
throughout the southeastern USA (Taulman & Robbins
1996). Ecology ranks fourth in the list of general research
topics and eighth in the list of specific topics (Table 3).

Fifty-four publications were dedicated to armadillo
conservation (Table 3). Over 75% of the publications on

375/118
(10)

M. Superina, N. Pagnutti and A. M. Abba

Fig. 1. Map of the range countries of Dasypo-
didae in North, Central and South America.
Numbers for each country indicate the total
number of publications/number of publications
involving fieldwork. The number of existing
armadillo species per country is indicated in
parentheses. If a study involved several coun-
tries, all of them were counted individually.
Publications covering Dasypodidae or Xenar-
thra in which the species was not given are not
shown. Also excluded are publications not cov-
ering a specific country but rather relating to
armadillos in South America, Central America
or North America. Drawings show the most
common  species, Dasypus novemcinctus
(USA), and country endemics: Tolypeutes
tricinctus  (Brazil), Chlamyphorus truncatus
-y (Argentina) and Dasypus pilosus (Peru). Draw-
ings by Luis Pagano.

Publications (%)
nN w B w [=2) ~
o o o o o o
L L L L L ,

i
o
1

s

Laboratory Field Office Various Zoo
Study environment

Fig. 2. Percentage of publications carried out in different study envi-
ronments [the laboratory, the field, the office (e.g. reviews), various
environments (e.g. studies with field and laboratory components), and
zoological parks]. The black bar indicates publications on leprosy.
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this topic were issued after 1990. They represented 4.3% of
all works published between 1990 and 1999 and 4.0% of
those that appeared between 2000 and 2011 (Fig. 3). The
newsletter Edentata, which publishes information on differ-
ent aspects of Xenarthra conservation, was first published
in 1994 and seems to have boosted the number of articles
on this topic: one-fourth of all publications that were
published since its first issue and one-fifth of all avail-
able publications on armadillo conservation appeared in
Edentata.

The number of publications per species was heteroge-
neous, and some species appeared significantly more fre-
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quently than others (y*=13478.37, d.f. =20, P<0.0001).
Highly significant differences also occurred in the number
of publications per Red List category (y*=333.59, d.f. = 33,
P <0.0001). The nine best-known species, the subjects of
the highest number of publications (2403), are classed as
Least Concern in the IUCN Red List of Threatened Species
(Abba & Superina 2010). This includes the nine-banded
armadillo Dasypus novemcinctus, which is by far the most

studied species (Fig. 4) due to its use in leprosy research.
Armadillo species classed as Vulnerable were covered in 165,
Near Threatened species in 389, and Data Deficient species
in 95 publications.

Fig. 4. Number of publications per species, grouped by conservation status according to the International Union for Conservation of Nature (IUCN)
Red List of Threatened Species. Within each group, species are listed in order of decreasing number of publications. Publications involving the entire
taxon Dasypodidae or Xenarthra are excluded from this analysis. DD, Data Deficient; VU, Vulnerable; NT, Near Threatened; LC, Least Concern.
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Table 4. Numbers of publications addressing general research topics for armadillo species classed as Vulnerable or Data Deficient in the IUCN Red

List of Threatened Species (Abba & Superina 2010)

Vulnerable* Data Deficient*

Chaetophractus ~ Dasypus  Priodontes  Tolypeutes  Cabassous  Calyptophractus ~ Chlamyphorus — Dasypus
General research topic nationi pilosus maximus tricinctus centralis retusus truncatus yepesi
Distribution 3 1 23 0 6 4 9 2
Ecology 1 0 23 8 1 1 4 1
Anatomy 0 0 10 1 1 2 16 0
Miscellaneous 1 2 13 2 1 3 10 0
Conservation 2 0 9 3 0 1 4 0
Physiology 4 0 7 0 4 0 4 0
Management 4 0 8 0 0 1 2 0
Health 0 0 6 1 3 0 3 0
Genetics 1 0 7 1 0 0 2 0
Taxonomy 1 0 2 1 1 4 1 1
Evolution 0 0 7 1 0 0 1 0
Reproduction 1 0 1 0 0 0 3 0
Number of general 9 2 12 9 7 7 12 3

research topics

Total publications 14 3 86 19 13 13 48 3
Publications addressing 3 0 25 8 3 2 8 1

more than one general
research topic

General research topics are explained in Table 3 and listed here in order of decreasing numbers of publications. Publications can address more than
one research topic, and general works focusing on the entire order Cingulata or superorder Xenarthra were excluded from this analysis.
*Conservation status according to the IUCN Red List of Threatened Species (Abba & Superina 2010).

Three of the four least-studied armadillo species are con-
sidered Data Deficient, and the remaining one is classed as
Vulnerable (Fig. 4). Priodontes maximus is the most studied
species of the four armadillos classed as Vulnerable. A total
of 86 publications dedicated to this species cover research
topics belonging to all 12 categories (Table 4). Dasypus
pilosus lies at the other end of the scale: only one publica-
tion reports on its distribution, and two describe general
aspects of the species (Table 4). The amount of information
available on Data Deficient armadillo species varies from
48 publications addressing 12 different general research
topics in Chlamyphorus truncatus to three publications on
three topics (distribution, ecology and taxonomic status) in
Dasypus yepesi (Table 4).

DISCUSSION

From the standpoint of species conservation, the situation is
not as bleak as depicted by Amori and Gippoliti (2000),
who did not find any papers on Xenarthra conservation in
their analysis of publications in the four major conservation
journals. Still, it is far from ideal, as only 54 out of 3117
publications were dedicated to conservation issues. Arma-
dillo conservation did not seem to be relevant until the
1950s, when Lagiglia (1956) raised concern about the con-
servation of Chlamyphorus truncatus.

The predominance of English as the publication language
for articles on conservation and on other research topics is
a cause for concern. Politicians and decision-makers in
non-English-speaking countries with armadillo populations
often have little or no knowledge of English and very
limited access to international scientific journals (Ceballos
et al. 2009). This makes it difficult to apply scientific knowl-
edge about armadillos to conservation policies. Similarly, it
is difficult for members of the general public to understand
the importance of armadillo conservation if information is
not available in their native language. Ideally, research
results should be published in English to ensure their dis-
semination among the scientific community, while an easily
understandable summary of the conclusions should be
made available to policy-makers and the general public in
their native language.

Basic data on biology, ecology and threats are essential
prerequisites for the realistic assessment of the conservation
status of a species (Mace et al. 2008) and for the develop-
ment of effective conservation strategies. The peculiar
appearance of armadillos and their variety of unusual
physiological features (among other traits) have driven a
wealth of studies on armadillos. In particular, understand-
ing the physiological traits of a species helps researchers to
evaluate its potential to cope with environmental changes,
such as climate change, one of the most important threats
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to species conservation (Hayward 2011). It has been postu-
lated that the distribution of armadillos is limited by their
low basal metabolic rates and high thermal conductance
(McNab 1980). It is therefore surprising that we could not
find a single publication in which the authors discussed the
potential impact of global climate change on the distribu-
tion or chances of long-term survival of armadillos. Fur-
thermore, with the exception of Zaedyus pichiy (Superina &
Boily 2007), there are no publications on the specific physi-
ological adaptations of armadillos inhabiting extreme
habitats, such as Chaetophractus nationi (high altitudes)
or Chaetophractus vellerosus, Chlamyphorus truncatus and
Calyptophractus retusus (xeric environments).

The ranking of research topics by papers published is led
by leprosy, the focus of over 500 publications (Table 3),
which make up the bulk of works in which armadillos play a
secondary role. Of these, some studies (e.g. Loughry et al.
2009, Morgan & Loughry 2009) have been focused on the
ecological impact of this disease for wild armadillo popula-
tions. The discovery by Kirchheimer and Storrs (1971) that
Dasypus novemcinctus can be infected with Mycobacterium
leprae experimentally led to a substantial increase in publi-
cations on armadillos in the 1970s (Fig. 3). The need to
maintain and breed Dasypus novemcinctus in a laboratory
environment to investigate this disease has also led to mul-
tiple studies on other topics, such as reproduction (reviewed
in Peppler 2008), immunology (e.g. Ulrich 1978) and hae-
matology (e.g. D’Addamio et al. 1978). The fact that 40% of
publications appearing between 1970 and 1980 addressed
armadillos in general or species other than Dasypus novem-
cinctus strongly suggests that leprosy brought the taxon as a
whole to the attention of the scientific community.

Ecology ranks fourth in our analysis of research topics
(Table 3), but only four species classed as Least Concern in
the IUCN Red List of Threatened Species (Dasypus novem-
cinctus, Chaetophractus villosus, Chaetophractus. vellerosus,
Euphractus sexcinctus) account for two-thirds of all publica-
tions on this topic. Studies on the ecology of the Data Defi-
cient and Vulnerable armadillo species are virtually absent,
with the notable exception of Priodontes maximus (Table 4).
Long-term studies of different armadillo species are
urgently needed to increase understanding of population
dynamics and trends and to allow the estimation of popula-
tion growth rates, as information on these topics is only
available for Dasypus novemcinctus (McDonough et al.
2007, McDonough & Loughry 2008, Loughry et al. 2013)
and Chaetophractus vellerosus (Abba et al. 2011). Similarly,
data on the population genetics of armadillos are limited to
Dasypus novemcinctus (Prodohl et al. 2008), although such
information is fundamental for the assessment of the
extinction risk of a species (Frankham 2005).

Our analysis reveals that, with the exception of Dasypus
novemcinctus, information on the reproductive strategies of
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most species is still scarce or even non-existent. Because the
survival of a species is inevitably tied to its ability to repro-
duce, data on its reproductive cycle are paramount when
deciding how best to manage it (Dixson et al. 2003). The
substantial differences in reproductive strategies of armadil-
los require that each species be studied individually. For
instance, several researchers have investigated the peculiar
reproductive strategy of Dasypus novemcinctus, which
includes polyembryony and delayed implantation (Peppler
2008). It is generally assumed that polyembryony is
common to all species of the genus Dasypus, although the
reproduction of Dasypus kappleri, Dasypus yepesi and
Dasypus pilosus has never been studied.

In the context of species conservation, it is worrying that
less than 20% of the publications were based on field
studies. Armadillos are difficult to study in the wild due to
their semi-fossorial, solitary habits and low population den-
sities, which may explain — at least in part — why so few field
studies have been performed on this taxon. Population
studies are further complicated by the fact that armadillos
cannot be captured with commercial traps. For instance, da
Silva and Henriques (2009) used Havahart traps over 9205
trap-nights in a study on the population ecology of Dasypus
septemcinctus and reported a capture success rate of 0.23%.

Although it is clear that laboratory studies and office-
based analyses can provide important information, it is dif-
ficult to develop effective conservation strategies if the
threats affecting a species are not assessed in the field. Virtu-
ally all armadillo species are affected by hunting (Abba &
Superina 2010), but the harvest levels and trends remain to
be studied. Similarly, habitat degradation and fragmenta-
tion is thought to affect at least 17 species (Abba & Superina
2010), but the scarcity of field studies does not allow an
assessment of the impact of these threats on armadillo
populations.

The example of the USA, home to a single armadillo
species, clearly shows that the number of field-based publi-
cations does not necessarily reflect the number of species
present in a certain country. However, three of the four
countries in which the largest numbers of field studies were
produced are inhabited by 10 or more armadillo species
(the fourth being the USA). The notable exception to this
pattern is Paraguay, which is home to 11 species but has
only hosted seven field-based publications.

An analysis of the number of field-based publications in
range countries that contain fewer than 10 armadillo species
reveals worrying numbers. For instance, the five countries
inhabited by five species each produced one to five field-
based publications (Fig. 1). The largest range countries —
the USA, Brazil and Argentina — had the highest number of
field-based publications, but this relationship did not hold
true for others, such as Peru and Colombia, which have a
larger area than Bolivia. Intensifying research on armadillos
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in the Guianas, Peru, Ecuador, Colombia and Venezuela
should thus be a priority.

The preponderance of publications from the USA and on
Dasypus novemcinctus is probably also related to other
factors, such as funding availability. While, in 2008, the
investment made by the USA in research and development
was 2.79% of its gross domestic product, Latin America and
Caribbean countries invested a mere 0.65% (Anonymous
2012a). Logistical problems in performing fieldwork in
remote areas of the Neotropics may also explain the low
number of studies on armadillos in certain countries, such
as the Guianas (Fig. 1). It is, of course, easier to investigate
an abundant and wide-ranging species (e.g. Dasypus novem-
cinctus) than a habitat specialist with a restricted range (e.g.
Dasypus pilosus, which only lives in subtropical forests in
the Peruvian Andes). Such differences are invariably
reflected in the number of studies performed on each
species as well as in each country.

Zoo-based research could provide valuable data on arma-
dillo biology for conservation planning, especially if it is
performed on endangered taxa. However, few of the zoo-
based research publications addressed topics relevant to
conservation issues, and since the most frequently kept
armadillos are those that are most common in the wild
(Anonymous 2012b), zoo-based studies often fail to provide
useful information for developing in situ conservation
strategies.

Some armadillo species classed as Least Concern in the
IUCN Red List of Threatened Species have received more
attention from the research community than others. Never-
theless, the abundance of publications on Dasypus novem-
cinctus does not mean that it is thoroughly understood. As
pointed out by McDonough and Loughry (2008), observa-
tions of Dasypus novemcinctus in the USA are not necessar-
ily representative of what occurs in populations from South
or Central America, where very few data are available on
the ecology of this species. Other species classed as Least
Concern, such as Cabassous tatouay and Dasypus kappleri,
have been the focus of only a few studies (Fig. 4), and more
research on them is needed to ensure that their conserva-
tion status has been correctly assessed.

It is, however, more pressing to intensify field studies on
the four species classed as Data Deficient (Fig.4). The
extremely low number of publications on Cabassous centra-
lis, Calyptophractus retusus and Dasypus yepesi confirms that
insufficient information is available to assess their conserva-
tion status. Dasypus yepesi was only recently described
(Vizcaino 1995), which may explain the lack of field data,
but it is difficult to understand why only 13 publications are
available on Cabassous centralis, a species that occurs in 11
countries in Central and South America. Although Chlamy-
phorus truncatus has been the subject of 48 publications, 16
deal with its anatomy, and 10 are general descriptions that
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do not provide relevant information for the assessment of
its conservation status.

Armadillo species classed as Vulnerable in the IUCN Red
List of Threatened Species are represented in varying
numbers of publications. Although the giant armadillo
Priodontes maximus is often mentioned as one of the least-
studied species, our analyses suggest that there are 14 even
less well-known armadillo species (Fig. 4). Nevertheless, it is
clear that knowledge on certain aspects of this taxon is still
scarce. Chaetophractus nationi is currently classed as Vulner-
able, but the lack of significant genetic or morphological
differences suggests that it is not a distinct species from
Chaetophractus vellerosus and should thus be classed as
Least Concern (Valverde et al. in prep.).

The fact that only three publications exist on Dasypus
pilosus raises the question of whether it is indeed correctly
assessed or if it should be classed as Data Deficient, as it is hard
to believe that sufficient information on populations and
threats is available to allow an accurate assessment of its
extinction risk. Local researchers should be encouraged to
initiate research on this virtually unknown species, which is
endemic to Peru. Similarly, Dasypus yepesi and Chlamyphorus
truncatus occur only in Argentina and Tolypeutes tricinctus
only in Brazil; these species should therefore be a priority for
field research in their range countries. Calyptophractus retusus
occurs in three countries, but it is a habitat endemic that only
occurs onloose, sandy soils of the Gran Chaco region (Abba &
Superina 2010). Field studies on this cryptic species in Bolivia,
Paraguay and Argentina are urgently needed to increase
understanding of its ecology and the threats to which it is
exposed and to assess its extinction risk.

CONCLUSIONS

We encourage researchers to intensify field research to
broaden conservation-relevant knowledge of armadillos.
Easily understandable summaries of the conclusions from
scientific publications should be made available in the rel-
evant country’s native language to increase the probability
that scientific knowledge will be translated into effective
conservation policies. We propose the following priorities
for future armadillo research to assess the conservation
status of armadillos realistically and to allow the design of
effective conservation strategies:

+ Research topics: ecology, conservation, population genet-
ics, reproduction, threats.

« Species: Dasypus pilosus (Peru), Tolypeutes tricinctus
(Brazil), Dasypus yepesi and Chlamyphorus truncatus
(Argentina). Other species classed as Data Deficient or
Vulnerable in the ITUCN Red List of Threatened Species,
especially Cabassous centralis and Calyptophractus retusus.

+ Countries: Guyana, Suriname, French Guiana, Peru,
Ecuador, Colombia, Venezuela and Paraguay.
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