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The Phylogeny of the Myrmecophagidae (Mammalia,
Xenarthra, Vermilingua) and the Relationship of
Eurotamandua to the Vermilingua

Timothy J. Gaudin'? and Daniel G. Branham'

A cladistic investigation of the phylogenetic relationships among the three extant anteater gen-
era and the three undoubted extinct myrmecophagid genera is performed based upon osteolog-
ical characteristics of the skull and postcranial skeleton. One hundred seven discrete
morphological characters are analyzed using the computer program PAUP. Characters are
polarized via comparison to the successive xenarthran outgroups Tardigrada (represented by the
living sloth Bradypus) and Cingulata (represented by the recent armadillos Dasypus and
Euphractus). The analysis results in a single most-parsimonious tree (TL = 190, CI = 0.699,
RI = 0.713). The tree corroborates the monophyly of the subfamilies Cyclopinae and Myr-
mecophaginae, the former including the extant Cyclopes and the Pliocene genus Palacomyr-
midon. Within the Myrmecophaginae the Miocene genus Protamandua is the sister taxon to a
clade including the remaining three genera. The recent Tamandua is in turn the sister taxon to
the extant Myrmecophaga plus the Pliocene genus Neoramandua. Contrary to the suggestions
of recent authors, weak support is provided for the taxonomic distinctiveness of the latter genus
from the recent Myrmecophaga. The monophyly of the Myrmecophagidae is supported by 15
unequivocal synapomorphies. The monophyly of the Cyclopinae and Myrmecophaginae is sup-
ported by 3 and 13 unambiguous synapomorphies, respectively. The enigmatic Eocene genus
Eurotamandua, from the Messel fauna of Germany, is coded for the 107 morphological char-
acters above and included in two subsequent PAUP analyses. The palacanodont Metacheiromys
is also added to these two analyses as a nonxenarthran outgroup to test for the possibility that
Eurotamandua lies outside the Xenarthra. In the first analysis, Furotamandua is constrained a
prori to membership in the Vermilingua. The single most-parsimonious tree (TL = 224, CI
= 0.618) that results places Eurotamandua as the sister group to the remaining antcater genera,
contra Storch and Habersetzer’s (1991) assignment of Eurotamandua to the vermilinguan
subfamily Myrmecophaginae. Eurotamandua shares six unequivocal synapomorphies with other
anteaters, including the absence of teeth and the presence of a lateral tuberosity on the fifth
metatarsal. The remaining vermilinguans are united by 11 unequivocal synapomorphies, plus
an additional 10 ambiguous synapomorphies. In the second analysis, the position of Eurota-
mandua is unconstrained. The resulting single most-parsimonious tree (TL = 219, CI = .632)
places Eurotamandua outside Vermilingua as the sister group to the Pilosa (Vermilingua plus
Bradypus). The monophyly of this node is supported by four unambiguous synapomorphies in
the unconstrained analysis. Further manipulation of this second analysis shows that placemcnt
of Eurotamandua as the sister group to the Xenarthra or to the Palacanodonta adds three steps
to the shortest tree but is more parsimonious than its placement as a sister group to the Ver-
milingua is the previous analysis. The addition of pangolins to the analysis does little to alter
the major phylogenetic conclusions of the study. The allocation of Eurotamandua to the Xen-
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arthra, but as a sister group to the Pilosa, is a novel arrangement which leaves open the bio-
geographic question of how a xenarthran reached Western Europe during the Eocene.

KEY WORDS: Xenarthra; anteaters; Eurotamandua; phylogeny.

INTRODUCTION

Myrmecophagidae, the only known family of the xenarthran suborder Vermilingua,
is composed of three extant and two undoubted extinct genera. Extant vermilinguans are
found from southern Mexico through Central America, south to Paraguay and northern
Argentina (Wetzel, 1985). There are four species of living vermilinguans within the
three extant genera: Myrmecophaga, Tamandua, and Cyclopes. Only Tamandua has
multiple species, T. mexicana and T. tetradactyla. Myrmecophaga tridactyla is the larg-
est of the extant species (adult weight, ~30 kg) and is fully terrestrial (Wetzel, 1985).
Tamandua is decidedly smaller ( ~4 kg), with a prehensile tail and a semiarboreal habi-
tus (Wetzel, 1985). Cyclopes didactylus is the smallest of the extant anteaters (~230 g)
(Wetzel, 1985). It is completely arboreal, with a prehensile tail and a foot modified for
climbing.

Two undoubted extinct genera belong to the Myrmecophagidae, Proramandua and
Palaeomyrmidon. Protamandua rothi includes two mostly complete skulls and at least
one partial skeleton from the early to middle Miocene Santa Cruz formation of Patagonia
(Hirschfeld, 1976; Patterson et al., 1992). It also includes isolated pedal elements
assigned by Ameghino (1904) to the genera Promyrmecophagus and Promyrmephagus,
recognized by Hirschfeld (1976) and Patterson et al. (1992) as identical to the same
elements in Protamandua rothi. Palaeomyrmidon incomptus is based on a single nearly
complete skull from the Pliocene Araucano formation of Argentina (Rovereto, 1914).

A third extinct vermilinguan genus, Neotamandua, has been proposed based on
material from the Miocene La Venta formation of Colombia and the Pliocene Araucano
formation of Argentina (Rovereto, 1914; Hirschfeld, 1976). The high degree of simi-
larity between these specimens and the living genus Myrmecophaga has led Patterson et
al. (1992) to suggest that the two are actually congeneric. However, we follow Hirsch-
feld in recognizing Neotamandua at least provisionally as a distinct taxon.

The early fossil record of the Vermilingua is extremely incomplete. They are first
known from the early Miocene Colhuehuapian land mammal age of South America (Car-
lini er al., 1992). However, undoubted sloths, the sister group to Vermilingua, are known

from even older Eocene deposits in Antarctica (Vizcaino and Scillato-Yané, 1995). This
suggests that the Vermilingua must be of similar antiquity. Excepting the aforementioned
Antarctic record, xenarthrans are believed to have originated in and been confined to
South America, which existed in isolation after its separation from Africa around 85
million years ago until the formation of the Panamanian isthmus around 3 million years
ago (Flynn and Swisher, 1995). However, the discovery of a purported anteater from
the middle Eocene of Europe, Eurotamandua (Storch, 1981). could change this view of
xenarthran biogeographic history considerably.

Eurotamandua is known from a single nearly complete specimen (Storch, 1981;
Storch and Habersetzer, 1991) plus several isolated postcranial elements (Storch and
Haubold, 1989). Storch (1981) not only has allied this early European taxon with the
South American anteaters, but has gone so far as to place Eurotamandua within one of
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the two vermilinguan subfamilies, the Myrmecophaginae (Storch and Habersetzer, 1991).
The latter authors proposed an ancient split between the two vermilinguan subfamilies
extending back as far as the Late Cretaceous. Although much of the skeleton of Euro-
tamandua is preserved, critical areas of the skeleton are missing or inadequately pre-
served. Thus Storch’s (1981) assertions about Furotamandua’s taxonomic affinities with
Xenarthra, let alone with a particular vermilinguan subfamily (Storch and Habersetzer,
1991), have been difficult to confirm (Rose and Emry, 1993; Szalay and Schrenk, 1994).
Indeed, a recently published abstract has suggested that Eurotamandua is more closely
related to the Pholidota than to the Xenarthra (Shoshani er al., 1997), a suggestion
adopted in the recent mammalian classification of McKenna and Bell (1997). As dis-
cussed below, Eurotamandua has been excluded from recent cladistic studies of ver-
milinguan phylogeny. Therefore, we have decided to include this taxon in the present
study in an attempt to evaluate its purported links with the Vermilingua in general and
the Myrmecophaginae in particular. A detailed consideration of the possible nonxenar-
thran interordinal affinities of Euroramandua would require a broad analysis incorporat-
ing numerous taxa and characters representing all three major edentate lineages
(Xenarthra, Palaecanodonta, and Pholidota). Such an analysis is beyond the scope of the
present study, although the matter receives cursory consideration in the analysis and
discussion presented below.

The phylogeny of undoubted myrmecophagids has been reviewed by several recent
authors. Hirschfeld (1976), in a noncladistic study based on a survey of postcranial
morphological features in all anteater genera known at that time, divided the Myrme-
cophagidae into two subfamilies, Cyclopinae and Mymmecophaginae. The former
included the extant Cyclopes and extinct Palaeomyrmidon. The latter was comprised of
Protamandua, Tamandua, Neotamandua, and Myrmecophaga. Protamandua was iden-
tified as a probable ancestor to the three other Myrmecophaginae genera, whereas Neo-
tamandua was allied by Hirschfeld more closely to Myrmecophaga than to Tamandua.

Subsequent to Hirschfeld’s (1976) analysis, several cladistic studies have been pub-
lished. Like Hirschfeld’s study, all limit to some degree the range of morphological
characters considered, and none include all the known taxa. Engelmann (1985) examined
all the relevant genera except Eurotamandua and produced a phylogeny identical to
Hirschfeld’s, with the sole exception that Protamandua formed the sister taxon rather
than the ancestor to the remaining myrmecophagines. However, Engelmann (1985) based
his findings on only a handful of cranial and postcranial characteristics. The phylogeny
produced by Patterson ez al. (1992) was identical to that of Engelmann (1985), excluding
the fact that Patterson er al. (1992) did not include Palaeomyrmidon or Neotamandua
in their study. Patterson et al. based on their phylogeny exclusively on morphological
features taken from the bony anatomy of the ear region. Gaudin’s (1993) phylogenetic
analysis resulted in several different schemes of myrmecophagid relationships. One of
Gaudin’s trees arranged anteater taxa as did Patterson e al. (1992) and Engelmann
(1985). However, using a slightly different set of outgroups, Gaudin (1993) produced a
tree in which Palaeomyrmidon became the sister taxon to the Myrmecophaginae. Gau-
din’s analyses did not include Neotamandua or Eurotamandua and were confined exclu-
sively to cranial morphological characteristics. Further, his characters were primarily
chosen to work out the phylogeny of the Tardigrada and are not ideally suited to resolve
myrmecophagid relationships.
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Despite the rather large number of recently published myrmecophagid phylogenies,
to date there is no cladistic study which examines relationships among all the relevant
taxa using a large number of characters drawn from the entire skeleton. Moreover, none
of the recently established phylogenies examines the proposed relationships between
undoubted anteaters and the Eocene Eurotamandua. Therefore, it is the purpose of this
project to conduct a phylogenetic analysis of the family Myrmecophagidae using an
ample number of characters encompassing a broad range of postcranial and cranial skel-
etal features. Euroramandua is included in the present analysis in an attempt to evaluate
its purported affinities to the Myrmecophaginae. It is hoped that this study will result in
a better understanding of myrmecophagid relationships among all known and purported

vermilinguan genera.

MATERIALS AND METHODS

The 107 skeletal characters utilized in the present study were gathered through
direct observations of specimens or through a survey of the primary literature (Weber,
1928; Winge, 1941; Hirschfeld, 1976; Engeimann, 1985; Storch and Haubold, 1989;
Storch and Habersetzer, 1991; Gaudin, 1993, 1995; see Appendix, Table Al). Of the
107 characters, 30 are multistate, 17 of which were ordered in some analyses (see below)
along positional, orientational, or structural morphoclines. Fourteen of the 107 charac-
ters were added specifically to assess the phylogenetic position of Eurotamandua (char-
acters 2, 14, 18, 19, 20, 27, 44, 45, 58, 64, 67, 77, 79, and 106; see Appendix, Table
Al). All characters were included in all PAUP runs. However, as some of the latter
group of 14 characters proved to be uninformative for analyses not including Eurora-
mandua (see below), all the values reported for consistency index (CI) exclude uninfor-
mative characters.

Character state assignments for the seven ingroup taxa considered are based upon
direct observations of specimens and upon information obtained from the primary lit-
erature. Specimens examined include the following: Myrmecophaga tridactyla (FMNH
49342), Tamandua mexicana (FMNH 22397), Tamandua tetradactyla (FMNH 25261,
93176), Cyclopes didacrylus (FMNH 51931, 58802, 69969), Protamandua rothi (FMNH
P 13134, YPM-PU 15267), and Neotamandua conspicua (FMNH P 14419). Information
on Palaeomyrmidon incomptus and Eurotamandua joresi have been obtained solely from
descriptions in the literature (Rovereto, 1914; Storch, 1981; Storch and Haubold, 1989;
Storch and Habersetzer, 1991). The following published sources were also consulted as
general references to obtain information on characters and character state distributions
among the ingroup taxa: Forbes (1882), Rovereto (1914), Pocock (1924), Weber (1928),
Winge (1941), Jones (1952), Hirschfeld (1976), Storch (1981), Engelmann (1985),
Storch and Haubold (1989), Storch and Habersetzer (1991), Patterson er al. (1992), and
Gaudin (1993, 1995).

The characters have been polarized using outgroup comparison. Three separate
analyses were undertaken, one of which excluded Eurotamandua, and two of which
included Eurotamandua but differed in the constraints placed on its phylogenetic posi-
tion. In the analysis which excludes Eurotamandua, Bradypus, and the Cingulata (rep-
resented by Dasypus and Euphractus) are used as successive outgroups to the Vermilingua
following Flower (1882), Engelmann (1985), and Gaudin (1993, 1995). Information on
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these outgroup taxa was obtained by direct observation of the following specimens:
Bradypus tridactylus (FMNH, 16556, 16557, 93297, 140254), Bradypus variegatus
(FMNH 60164, 69587), Dasypus novemcinctus (UTCM-15, FMNH 18750, 18758,
54245, 55664), and Euphractus sexcincrus (FMNH, 28350, 34348, 152051).

In both analyses which incorporate Euroramandua, the palacanodont Meracheiro-
mys is employed as a nonxenarthran outgroup. The Palacanodonta is believed by some
authors to represent the closest sister taxon to the Xenarthra (Simpson, 1931, 1945;
Szalay, 1977; Patterson et al., 1992; Gaudin, 1993, 1995). Furthermore, McKenna
(1987) has referred to Eurotamandua as a palaeanodont, and Rose and Emry (1993)
have noted special resemblances between Eurotamandua and the Messel pangolin Eom-
anis, which in tum resembles palaeanodonts in certain features. The utilization of
Metacheiromys as an outgroup to the Xenarthra allows us to test for the possibility that
Eurotamandua could occupy a phylogenetic position outside Xenarthra. Character state
assignments for Metacheiromys are based upon direct observation of specimens (YPM-
PU 18107, AMNH 11549) and information obtained from the primary literature (Simp-
son, 1931; Schoch, 1984). In the first analysis to include Eurotamandua, the latter taxon
is constrained to fall within the Vermilingua. In the second such analysis, the phyloge-
netic position of Euroramandua is not constrained.

Due to the suggestion by Shoshani er al. (1997) that Euroramandua is a close rel-
ative of pangolins, the genus Manis has been included with Eurotamandua, Merachei-
romys, and the Xenarthra in a final analysis which is addressed briefly under the
Discussion. Character state assignments for Manis are based almost entirely on M. tem-
mincki (FMNH 34610, 35682, 38144). Supplementary information on the postcranial
skeleton (especially the manus, pes, and scapula) was obtained from specimens of
M. javanica (FMNH 62918, 68742) and Manis sp. (FMNH 13568) and from the primary
literature (Weber, 1928; Grassé, 1955; Kingdon, 1971).

The data matrix (Appendix, Table AII) has been analyzed using the computer pro-
gram PAUP (Swofford, 1993, Version 3.1.1). The data are analyzed using PAUP’s
branch-and-bound algorithm. Each of the first three separate analyses described above
are subjected to four different manipulations involving the weighting and ordering of
characters. Following Gaudin (1995), characters are weighted using two schemes. In
the first, all the character state changes are assigned equal weight. In the second scheme
each character is given equal weight, with character state changes scaled according to
the number of states in that character. Thus a character state change between character
states in a binary character retains a weight of 1.0. Character state changes in a character
with three states are given a weight of 0.5; changes in a four-state character are assigned
a weight of 0.333, and so on (Gaudin, 1995). In addition to the two weighting schemes,
two character ordering schemes are employed. In the first, all multistate characters are
left unordered. In the second, certain multistate characters are ordered along positional,
structural, or numerical morphoclines (Appendix, Table Al). The combination of the
two ordering and weighting schemes yields four sets of manipulations performed in each
analysis: (1) character state changes weighted equally, multistate characters all unor-
dered; (2) characters weighted equally, multistate characters all unordered; (3) charac-
ters weighted equally, multistate characters ordered or unordered; and (4) character state
changes weighted equally, multistate characters ordered or unordered. Note that the effect
of these manipulations is to alter the influence of multistate characters on the analysis,



242 Gaudin and Branham Phylogeny
Y of Anteaters
allowing us to test how ordering and weighting effect phylogenetic results. Manipulation
2 minimizes the effect of multistate characters and manipulation 4 maximizes their effect,
whereas 1 and 3 represent intermediate conditions. Note further that each manipulation
will, of necessity, change the length of the shortest tree(s), such that manipulation 2 will
always yield the shortest tree length (TL) and manipulation 4 the longest. Because tree
length is biased in this fashion, it cannot be used to discriminate which manipulation is
producing the best set of most parsimonious trees. However, indices of homoplasy, e.g.,
consistency index (CI) and retention index (RI), are not necessarily biased among the
four manipulations, and hence provide a fairer method for selecting the best tree. There-
fore, for every one of the three analyses described in the previous paragraph, the pre- 1
ferred tree(s) will be that which results from the one of the four weighting and ordering
manipulations yielding the highest CI.
Character state transitions have been optimized using PAUP’s DELTRAN option.
Although the choice of optimization scheme does not affect tree topology, it does affect
character distribution (Wiley et al., 1991). Since the number of reversals is minimized
in DELTRAN, the consistency index is maximized. DELTRAN is also preferred as a
more conservative optimization scheme, because it only assigns synapomorphies to the
basal node of a clade if there is positive evidence that members of that clade share the
character primitively (Gaudin, 1995).
In order to assess the robustness of the preferred trees, PAUP’s exhaustive search
option has been used for each of the three primary analyses (without Eurotamandua,
with Eurotamandua constrained, with Eurotamandua unconstrained). The exhaustive
search is conducted using the same weighting and ordering scheme as the preferred tree
resulting from the previous branch-and-bound searches.
Abbreviations. AMNH, American Museum of Natural History, New York; CI,
consistency index; FMNH, Field Museum of Natural History, Chicago; RI, retention
index; TL, tree length; UTCM, University of Tennessee at Chattanooga Natural History
Museum; YPM—PU, Princeton University collection housed at Peabody Museum, Yale
University, New Haven.
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to their number system as presented in the Appendix (Table Al), and nodes described

are those designated in Fig. 1.

Pilosa/Cingulata. There are 11 unambiguously placed features which undergo char-
acter state changes at the base of the Xenarthra. These characters cannot be polarized
without reference to further outgroups. Therefore, these characters may be synapomor-
phies of either Pilosa or Cingulata.

Node I. Vermilingua. The monophyly of anteaters is strongly supported by 21 syn-
apomorphies (Appendix, Table AlIl), of which 15 are unambiguous. Sixteen of these
21 synapomorphies are unique, i.e., the character states assigned to this node are not
found in any other taxa included in the analysis (note: according to our usage ‘‘unique’’
characteristics may be either ambiguously or unambiguously assigned to a given node).
Twelve of the 21 characters represent both unequivocal and unique synapomorphies
(Figs. 3-5): (7) teeth absent, (9) small maxillary exposure in orbit, (17) frontal/parietal
suture well anterior to anterior edge of glenoid, (22) palate extends posterior to back of
tympanic cavity, (32) internal auditory meatus directed medially, (33) eustachian tube
oriented posteromedially, (42) basicranial/basifacial axis slightly curved, (55) symphy-
seal region of mandible strongly downturned ventrally, (57) cranial edge of the spinous
process of the axis extends anterior to the level of the dens, (79) entepicondylar notch
present, (97) tibial sesamoid bone present, and (101) fifth metatarsal with well-devel-

oped proximal lateral tuberosity.

Note 2. Cyclopinae. This clade is supported by only four synapomorphies, although
three are both unique and unambiguous. They are as follows (Fig. 3): (40) glenoid well
separated from porus acousticus, (42) basicranial/basifacial axis strongly curved, and
(51) skull strongly tapered anteriorly in lateral view.

Cyclopes has a particularly large number (20) of autapomorphies. This is not nec-
essarily surprising given the peculiarity of Cyclopes’ morphology, but it is interesting
that most seem to converge on two taxa in particular (see Discussion), the myrmeco-
phagine anteater Tamandua (characters 63, 77, 85, 90) and the sloth Bradypus (char-

acters 4, 11, 70, 75, 78).

It should be noted that in the second tree resulting from manipulation 1, Cyclopes
is united with the Myrmecophaginae to the exclusion of Palaeomyrmidon by only a
single unambiguous character, (6) the presence of distinct lateral and medial processes
on the anterior edge of the nasal.

Node 3. Myrmecophaginae. The monophyly of the subfamily Myrmecophaginae is
one of the most strongly supported results of this study. This clade is supported by 13
synapomorphies, all of which are both unequivocal and unique. The synapomorphies:
include eight cranial and five postcranial characters (Figs. 4-6): (16) supraorbital fora-
men situated above supraorbital crest, (25) weak pterygoid inflation, (30) entotympanic
does not participate in medial tympanic cavity, (34) eustachian tube opening comprised
of tympanic and basioccipital with minor contribution from pterygoid or entotympanic,
(38) internal carotid artery dorsal to entotympanic, (43) distinct groove across the pro-

montorium of the petrosal for internal carotid artery, (49) internal carotid artery foramen
located inside jugular fossa, (51) skull nearly cylindrical, not tapered anteriorly in lateral
view, (74) inferior edge of coracoid process sigmoidal, (91) large medial dorsal ridge
with distal concavity on third metacarpal, (96) lateral condyle of femur wider medio-
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Fig. 5. (A) Myrmecophaga rridactyvla, FMNH 49342 right pes shown in dorsal view. (B) Myrmeco-
phaga tridactvla. FMNH 49342 (left). and Tamandua mexicana, FMNH 22397 (right): right navicular
in proximal view. (C) Neotamandua borealis [left, after Hirschfeld (1976)], and Tamandua mexicana.
FMNH 22397 (right): right astragalus in ventral view. All scale bars = 1 ¢cm. Character states illus-
trated: 97(1), tibial sesamoid bone present: 99(0), proximal navicular facet with a ventral concavity
extending dorsomedially to the dorsal convexity; 100(2), metatarsals progressively more elongate lat-
erally: 101(1), proximal lateral tuberosity of fifth metatarsal present; 102(1), dorsal concavity on distal
end of metacarpals; 104(1). groove lateral to sustentacular facet of astragalus perforates rim of navic-
ular facet; 105(1), astragalocalcaneal and sustentacular facets of astragalus confluent.

laterally than medial condyle, (100) metatarsals progressively more elongate laterally,
and (102) dorsal concavity on distal end of metatarsals.

Node 4. The clade comprised of Tamandua, Neotamandua, and Myrmecophaga is
supported by a large number of synapomorphies. There are 25 possible synapomorphies,
although many are ambiguous because of the incomplete nature of Protamandua, the
sister taxon to this clade. Fifteen synapomorphies are unique to this group, with one of
the remaining characters (13, absence of lateral walls of the lacrimal foramen) repre-
senting a reversal, and nine representing convergences on taxa outside Vermilingua.
Eight characters can be unambiguously assigned to this node, and five of these are also
unique (Figs. 4 and 5): (9) no maxillary exposure in the orbit, (12) two lacrimal fora-
mina, the lower exceeding 2 mm in diameter, (24) pterygoid/palatine suture in line with
foramen ovale, (25) pterygoid with large sinus present, and (104) groove lateral to sus-
tentacular facet of astragalus perforating the rim of the navicular facet.

Node 5. Myrmecophaga and Neotamandua are united by 10 total synapomorphies,
8 of which are unequivocal. Eight synapomorphies are unique, and seven synapomor-
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Fig. 6. (A) Cyclopes didactylus, FMNH 58802: right scapula shown in lateral view. (B} Tamandua
mexicana, FMNH 22397: right scapula shown in lateral view. Character states illustrated: 70(2), teres
major fossa enlarged, area greater than 50% that of infraspinous fossa; 71(1), scapular glenoid fossa
extremely concave in lateral view; 72(1), scapular fenestra present; 74(1), inferior edge of coracoid
process sigmoidal; 75(1), metacromion present; 76(2), infraspinous fossa rectangular. a, acromion; c,
coracoid process; g, glenoid fossa; ssp, secondary scapular spine. Scale bars = | cm.

phies are both unique and unambiguous: (4) nasal elongate, more than 37% of overall
skull length, (82) radius with circular head, (83) styloid process of radius distinctly
notched, (84) anterior median ridge of radius extending to distal edge of styloid process,
(88) pisiform dumbbell shaped, (105) astragalocalcaneal and sustentacular facets of
astragalus confluent (Fig. 5), and (107) distinct ridge present on external side of calca-
neus separating extensor digitorum brevis from accessorius.

Several characters were also found which indicate that Neotamandua and Myrme-
cophaga represent distinct genera. The PAUP analysis assigns nine autapomorphies to
Myrmecophaga, but none represent characters which are preserved in Neotamandua,
hence all are ambiguous. However, Neotamandua possesses two autapomorphies that
support its position as an independent genus, and one of these autapomorphies is unam-
biguous: (29) horizontal inclination of the glenoid.

Analysis 2: Eurotamandua Included, Constrained to Lie Within Vermilingua

The same four PAUP manipulations employed in Analysis | are used in Analysis
2. All result in the same single most-parsimonious tree (Fig. 7). This tree is identical in
its arrangement of the undoubted vermilinguan genera to the tree in Fig. 1 from the first
analysis. Of particular interest in Analysis 2 is the placement of Eurotamandua as the
sister group to the remaining myrmecophagids, contra Storch and Habersetzer (1991).

The four manipulations (numbered as above) yielded trees with the following sta-
tistics: (1) TL = 224, CI = 0.618, RI = 0.649; (2) TL = 181, CI = 0.598, Rl =
0.642; (3) TL = 185.5, CI = 0.589, RI = 0.647; and (4) TL = 231, CI = 0.603, RI
= 0.656. Manipulation 1, in which all characters are unordered and all character states
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ship in the Xenarthra, is a facial exposure of the lacrimal which is smaller than the orbital
exposure (Fig. 8). However, Ken Rose (personal communicatidn) has noted several sim-
ilarities in the humeri of Eurotamandua and palaeanodonts, including a strikingly similar
deltopectoral crest which is not displaced laterally in anteater fashion, contra Storch and
Haubold [(1989); also character 77 in the present study, which is coded according to
Storch and Haubold]. Although the shortest trees in the two auxiliary runs are three steps
longer than the preferred tree from Analysis 3 (in which Eurotamandua is allied to the
Pilosa), these auxiliary trees (TL = 222 steps) are two steps shorter than the tree length

of the most-parsimonious tree resulting from the same weighting and ordering scheme

in Analysis 2 (TL = 224). In other words, according to our admittedly limited data set,
Eurotamandua is as likely to be a sister group to the Palaeanodonta, or to the Xenarthra
as a whole, as it is to be a vermilinguan.

As noted in the Introduction, Shoshani er al. (1997) have offered a novel suggestion
for the phylogenetic affinities of Eurotamandua, placing it as a sister group to the Phol-
idota. In order to evaluate this hypothesis, we coded the 107 characters in this analysis
for extant pangolins (see Materials and Methods and Appendix, Table All). We then
reanalyzed the entire data matrix without designating an outgroup (using PAUP’s mid-
point rooting option instead), employing the same weighting and ordering scheme as
that utilized in the preferred tree from Analysis 3.

The two most-parsimonious trees (TL = 240, CI = 0.583) that resulted from an
unconstrained analysis of this data placed Manis, Eurotamandua, and Metacheiromys as
successive sister groups to the Pilosa (Bradypus plus Vermilingua) within the Xenarthra!
Because we believe the monophyly of Xenarthra to be well established (Engelmann,
1985; Gaudin, 1993, 1995), we reran the analysis with the monophyly of Xenarthra

constrained a priori. If Euroramandua was included in this constrained Xenarthra, it
occupied a position as the sister taxon to Pilosa in the single most-parsimonious tree (TL
= 241, CI = 0.581). Removing Eurotamandua from the constrained Xenarthra added
a step relative to the previous run (TL = 242, CI = 0.578), with Eurotamandua forming
the sister taxon to Xenarthra in the most parsimonious tree. An additional four, five, or
seven steps had to be added in order for Eurotamandua to occupy a position as the sister
taxon to Manis, Metacheiromys, or the Vermilingua, respectively. Only one unambig-
uous feature could be found to link Eurotamandua to manids in the present analysis, the
absence of teeth, with the absence of an alisphenoid/parietal contact and a metacromion
serving as equivocal synapomorphies. There were no unambiguous synapomorphies of
Metacheiromys and Eurotamandua if manids were included in the analysis.

The inclusion of Manis does not alter the primary conclusion of the previous anal-
yses with regard to the position of Eurcramandua. A sister-group relationship between
Eurotamandua and the Pilosa (Bradypus plus Vermilingua) within Xenarthra is still the
most-parsimonious phylogenetic arrangement. The results based on the addition of Manis
differ from previous results, however, in suggesting that a sister-group relationship
between Eurotamandua and Xenarthra is substantially more parsimonious than a sister
group relationship between Eurotamandua and manids, palaecanodonts, or vermilin-
guans. Although Shoshani and co-workers’ (1997) hypothesis remains appealing on bio-
geographic grounds, given the presence of the true pangolin Eomanis in the same Messel
fauna as Eurotamandua, we feel that the positive evidence they offer in support of this
hypothesis is less than compelling. They employ two features to join Eurotamandua to
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pholidota rather than Xenarthra: (1) the absence of an alisphenoid/parietal contact and
(2) a dorsal exposure of the supraoccipital. Both are found within Xenarthra, but Shos-
hani ef al. (1997) assert that they are absent primitively. However, an analysis (Gaudin,
1993) including the same two characters examined in 34 extant and extinct xenarthran
1axa shows their polarity to be equivocal at the base of Xenarthra. The first is a primitive
characteristic of cingulates and is also found in many sloths, although a contact between
alis -henoid and parietal is likely the primitive condition in Pilosa (Gaudin, 1993). The
sec »nd feature is present in all vermilinguans and most sloths, although it is absent in
the Cingulata (Gaudin, 1993).

What then is the most probable phylogenetic position for Eurotamandua? The pres-
ent analysis was designed primarily to evaluate the hypothesis of Storch (1981) and
Storch and Habersetzer (1991), that Eurotamandua is a true vermilinguan belonging to
the subfamily Myrmecophaginae. Our results strongly contradict this hypothesis. We
found very few characters linking Eurotamandua to myrmecophagines, and a large num-
ber of characters possessed by undoubted myrmecophagines that are absent in Eurota-

ndua. Furthermore, although Eurotamandua does exhibit several derived

~emblances to true vermilinguans, all undoubted anteaters share a large number of
jcatures that are not present in the European form. The most-parsimonious allocation of
Eurotamandua based on the present data set i1s as a sister taxon to the Pilosa, a group
including both sloths and true anteaters.

As noted in the Introduction, the present analysis cannot conclusively answer the
question of Eurotamandua’s ordinal-level affinities. The analysis would have to be
broadened considerably in order to address such a question, so that it included more
srdinal-level characters and a broader taxonomic representation from the Xenarthra,

olidota, and Palacanodonta. Yet even such an expanded analysis would find a defin-
:ive answer to the interordinal relationships of Furotamandua etusive, as many of the
most critical phylogenetically informative areas are inadequately preserved in the one
nearly complete skeleton. Other authors have noted the difficulty in assessing the mor-
phology of the posterior thoracic and lumbar vertebrae and the posterior regions of the
pelvis (Rose and Emry, 1993; Szalay and Schrenk, 1994; Gaudin, in press), which are
so distinctive in the Xenarthra. In the present analysis, Furotamandua cannot be scored
for a full 40% of the characters in the data matrix. These include all the palatal and
basicranial characters, as well as many of the characters from the ear region, scapula
‘especially the ventral region), carpus, tarsus, metacarpus, and metatarsus. Yet these
morphological regions provide many of the features that are most diagnostic for the
Pholidota, Palacanodonta, Xenarthra, and Vermilingua.

Notwithstanding the large amount of missing data, the results of this analysis sug-
gest that while Eurotamandua does show some derived resemblances to true anteaters,
it could with equal parsimony be considered a sister taxon to the Xenarthra, as suggested
by Szalay and Schrenk (1994), or even as a sister taxon to the Palacanodonta (although
this option is less parsimonious if pangolins are included in the analysis), following
McKenna (1987). The latter is compelling from a biogeographic standpoint, given the
presence of the latter group in the European Paleogene (Heissig, 1982). The suggestion
by Shoshani et al. (1997) that Eurotamandua is closely related to the order Pholidota is
also appealing on biogeographic grounds, although the morphological evidence for such
an arrangement is not convincing. However, our data set implies that the most likely
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allocation of Euroramandua is as a somewhat aberrant but true xenarthran closely allied
to the Pilosa. Such a phylogenetic position leaves open the mystery of how a group
which originated in and purportedly was restricted to the island continent of South Amer-
ica until the emergence of the Panamanian isthmus 2 million years ago managed to land

an early member in Western Europe in the middle Eocene some 40-50 million years
ago.
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APPENDIX

Table Al Listing of Characters and Character States: Characters Marked with a Single Asterisk Are
Muitistate; Those Marked with Two Asterisks Are Multistate and Ordered in Analysis 1

*1. Shape of premaxilla in ventral view: (0) plate-like, lacking distinct medial and latcral rami;
(1) v-shaped, with distinct medial and lateral rami, anteriormost edge flat or pointed in midline;
(2) v-shapcd, with distinct medial and lateral rami, anteriormost edge indented in midline.

2. Attachment of premaxilla to skuil: (0) firmly sutured; (1) loosely attached.

3. Shape and inclination of dorsal process of premaxilla: (0) cxiends anterodorsally, clongate
anteropostcriorly; (1) erect, short anteroposteriorly.

**4, Nasal length rclative to overall skull length: (0) less than 28%; (1) 29-37%. (2) over 37%.
5. Nasal width: (0) expands posteriorly; (1) uniform along entire length.

*6. Anterior edge of nasal: (0) convex; (1) with lateral process and mcdial process separated by a
distinet notch; (2) relatively straight.

7. Teeth: (0) present; (1) absent.

8. Length of maxilla anterior to zygoma: (0) short, < 1/3 skull length; (1) elongate, > 1/3 skull length
**9_ Maxillary exposure in orbit: (0) large; (1) small; (2) absent.

*10. Medial portion of maxillopalatine suture: (0) not interdigitated—suture flat or slightly v-shaped with

apex directed anteriorly; (1) weakly interdigitated—suture v-shaped, apex directed posteriorly;
(2) strongly interdigitated—suture w-shaped.

11. Length of infraorbital canal: (0) canal >5 mm; (1) canal <2 mm.

*12. Lacrimal foramen: (0) single foramen, less than 1 mm in diameter; (1) single foramen, greater than
2 mm in diameter; (2) double foramina, with the diameter of the ventral foramen greater than 2 mm
anteroposteriorly.

13, Lacrimal foramen with prominent lateral wails: (0) absent; (1) present.

14. Relative size of facial and orbital portions of lacrimal: (0) orbital > facial; (1) facial > orbital.
15. Postorbital process of frontal: (0) present; (1) absent.

16. Supraorbital foramen: (0) below supraorbital crest; (1) above supraorbital crest.

17. Position of frontal/parietal suture: (0) at or behind anterior edge of glenoid; (1) well anterior to
anterior edge of glenoid.

18. Zygomalic arch: (0) complete; (1) incomplete.
19. Attachment of jugal 10 skull: (0) firmly sutured; (1) loosely attached.
20. Orbital process of parietal: (0) absent; (1) present.

*21. Temporal lines: (0) converge posteriorly, contact nuchal crest; (1) diverge posteriorly, approach bui
do not contact nuchal crest; (2) diverge posteriorly, widely separated from nuchal crest.
*%22. Posterior extent of palate: (0) to sphenorbital fissure: (1) to front of tympanic cavity; (2) to back of
tympanic cavity.
23. Crest at median suture of palatine: (G} absent; () present.

24. Position of pterygoid/palatine suture: (0) anterior to foramen ovale; (1) in line with foramen ovale.
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. Pterygoid inflation: (0) uninflated; (1) weak; (2) large sinus present.

. Pterygoid contact in ventral midline: (0) absent; (1) present.

. Alisphenoid-parietal contact: (0) absent; (1) present.

. Foramen rotundum: (0) confluent with sphenorbital fissure: (1) separate.

. Glenoid inclination: (0) anterodorsal; (1) horizontal; (2) posterodorsal.

. Entotympanic participation in medial wall of tympanic cavity: (0) present; (1) absent.

. Entotympanic lateral extension contacting tympanohyal: (0) present; (1) absent.

 Orientation of internal auditory meatus: (0) posteromedial; (1) medial.

. Orientation of eustachian tube: (0) anteromedial; (1) posteromedial.

_ Elements in eustachian tube opening: (0) entotympanic, tympanic, and pterygoid; (1) tympanic and

basioccipital, with minor contribution from pterygoid or entotympanic; (2) entotympanic and
ectotympanic.

. Shape of mallear head in dorsal view: (0) rounded; (1) parallel-sided.
. Tympanic external surface: (0) smooth; (1) rugose. .

. Shape of tympanic in lateral view: (0) elongate dorsoventrally; (1) elongate anteroposteriorly.
. Course of internal carotid artery: (0) medial to entotympanic; (1) dorsal to entotympanic.

. Lamina and anterior process of the malleus: (0) small; (1) enlarged.

. Position of glenoid relative to porus acousticus: () just anterior; (1) well separate.

. Subarcuate fossa: (0) small, forms only shallow depression; (1) deep and large.

Curvature of the basicranial/basifacial axis: (0) flat; (1) slightly curved; (2) strongly curved.

. Distinct groove across the promontorium of the petrosal for the intemal carotid antery: (0) absent;

(1) present.

. Tympanic medial expansion: (0) absent; (1) present.

. Tympanic orientation: (0) horizontal; (1) vertical.

. Occipital condyles: (0) sessile; (1) with distinct neck.

. Condyloid foramen: (0) small; (1) enlarged.

. Slope of occiput: (0) anterosuperior; (1) vertical or posterosuperior.

. Position of intemnal carotid artery foramen: (0) outside jugular fossa; (1) inside jugular fossa.

. Nuchal crest: (0) strongly developed; (1) weakly developed.

. Relative depth of snout and braincase in lateral view: (0) skull strongly tapered anteriorly, minimum

snout depth < 18% of maximum bullar depth; (1) skull moderately tapered anteriorly, minimum
snout depth 30-35% of maximum bullar depth; (2) skull nearly cylindrical, minimum snout depth
>38% of maximum bullar depth.

. Coronoid process: (0) present; (1) absent.
. Shape of condyle in posterior view: (0) flat; (1) evenly convex; (2) concave.
. Relative position of condyloid process versus angular process: (0) angle posterior to condyle process;

(1) condyle posterior to angle.

Symphyseal region of mandible in lateral view: (0) symphysis horizontal, may extend anterodorsally;
(1) symphysis slightly downtumed ventrally; (2) symphysis strongly downturned ventrally.

Anterior edge of atlas body in ventral view: (0) concave; (1) fiat or convex.

Position of anterior edge of spinous process of axis: (0) posterior to dens; (1) at level of dens;

(2) anterior to dens.

. Spinous process of axis: (0) extends posteriorly, overlapping C3 and C4; (1) does not expand

posteriorly.

. Shape of neural spine on C6: (0) pointed dorsally; ({) columnar.
. Number of thoracic vertebrae: (0) less than 16; (1) 16; (2) 17.
. Neural spines of T2-T6: (0) inclined caudally; (1) proximal portions inclined caudally with distal

portions sloping cranially.

. Number of lumbar vertebrae: (0) more than three; (1) three; (2) two.

. Number of caudal ventebrae; (0) below 30; (1) above 30.

. Xenarthrales: (0) absent; (1) present.

. Shape of ribs: (0) unexpanded; (1) expanded with anterior flange extending along entire length of

rib; (2) expanded with distinct posterior flange dorsally.

Abdominal mammary glands: (0) present; (1) absent.

Fusion of ischium and caudal vertebrae: (0) absent; (1) present.

Position of tuberosity of ischium: (0) caudal to pelvic symphysis; (1) cranial to pelvic symphysis.
Prehensile tail: (0) absent; (1) present.

Ratio of the area of the teres major fossa to the area of the infraspinous fossa: (0) less than 0.30;

novale; (1) in line with foramen ovale
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(1) between 0.35 and 0.45; (2) more than 0.50.

71. Scapular glenoid fossa: (0) moderately concave in lateral view; (1) extremely concave in lateral 0
view. -
72. Scapular fenestra: (0) absent; (1) present. yelopres 11100 ‘2‘1(())}7(':
*73. Shape of anterior edge of supraspinous fossa: (0) convex; (1) sigmoidal; (2) concave. slacotnyrmidon 710 ”,’ii
74. Shape of inferior edge of coracoid process: (0) concave; (1) sigmoidal. rotumandud 11710 -1-122
75. Metacromion: (Q) present; (1) absent. amandud 20 }7112.,
*76. Shape of infraspinous fossa: (0) triangular, strongly tapered ventrally, does not extend to rim of eatamandud 2?7 -1“2‘2
glenoid; (1) triangular, tapered ventrally but does extend to rim of glenoid; (2) rectangular. tyrmecophagd 21zl 20000
**77. Deltoid tubercle of humerus: (0) medially situated; (1) laterally displaced; (2) laterally displaced, ‘radypus 110 00101
extends distally to contact supinator crest. dasypus ooall 00000
78. Distinct fossa on medial epicondyle of humerus in cranial view: (0) absent; (1) present. uphracius gootl 01027
79. Entcpicondylar notch: (0) absent; (1) present. syrotamandud 21010 ‘00"‘
80. Trochlear notch of ulna extends medially farther than any element of the olecranon: (0) ves; (1) no. Aetacheiromys 21010 11010
81. Styloid process of ulna: (0) sessile; (1) distinctly notched proximally in medial view. danis n”7o
82. Shape of radial head in proximal view: (0) oval; (1) circular. ————‘T—’R—
83. Styloid process of radius: (0) short; (1) elongate, distinctly notched proximaily.
**84. Anterior median ridge of radius: (0) absent; (1) present, not extending to distal edge of styloid 2 02112 00110
process; (2) present, extending to distal edge of styloid process. 0(,,,,,,,, 21177 27177
85. Lunate extends farther proximally than scaphoid: (0) yes; (1) no. g:y;f}," 1772 717
86. Dorsal process of lunate extending distal to articular surface: (0) absent; (1) present. 2i “2 11112 11012
87. Scaphoid: (0) flat or convex distally on dorsal surface; (1) concave distally on dorsal surface. "M012 M 77707
*88. Pisiform: (Q) square or pyramidal, expanded at base; (1) extended distally with ventrolateral crest; ﬁmn 02101 12012 11102
(2) dumbbell shaped. jor0 Ootts 0010 11100
89. Proximal overlap of dorsal surface of third metacarpal on hamate: (0) absent; (1) present. 10200 foon0 00011 01001
90. Width of midshaft of third metacarpal: (0) less than twice the width of the midshaft in the next \():200 10000 01011 0100}
largest metacarpal; (1) greater than twice the width of midshaft in the next largest metacarpal. A1 RGO 00010 71000
91. Large medial dorsal ridge with distal concavity on third metacarpal: (0) absent; (1) present -\(\100 90070 00000 20000
(sec Hirschfeld, 1976, Fig. 1A). 1ton0 02110 DO0OO 10000
*x92  Number of claws on manus: (0) 4-5, (1) 3; (2) 2.
*93, Metacarpal length: (0) third metacarpal longest; (1) fourth metacarpal longest; (2) second metacarpal
longest.

“The symbol 7" represents missin

N . . e Sxon. The following «
**94 . Ungual phalanx of third digit: (0) claw lacking hood, relatively straight; (1) claw lacking hood, o a 5’V°I\_ \u‘x:r)\ ¢

strongly curved; (2) claw hooded, strongly curved. @1, b = (1.2

95. Intercondylar fossa of femur: (0) wider than lateral condyle; (1) narvower than lateral condyle.

96. Lateral condyle of femur: (0) thinner mediolaterally than medial condyle; (1) wider than medial
condyle.

97. Tibial sesamoid bone: (0) absent; (1) present.
**08  Tibial sesamoid bone/navicular connection: (0) tibial sesamoid contacts navicular via distinct

; ) . o : . . . istribution ¢
articular facet; (1) tibial sesamoid abuts navicular; (2) tibial sesamoid separated from navicular by 1“b.|° '“,“ ThAe}?E.h racter St
medial cuneiform. Analysis 1. 1 Whl;lon aS;rucmr'u

99. Shape of proximal navicular facet: (0) ventral concavity extends dorsomedial to the dorsal convexiiy; &

(1) no dorsal extension of ventral concavity (Fig. 5).

*100. Metatarsal length: (0) third metatarsal longest; (1) metatarsals subequal; (2) metatarsals progressively Node 1. Vermilingua: 301y, 6(1)
morc elongate laterally.

§7(1); 60(1): 65(2) 69(1); 79(1)
Node 2. Cyclopinae: 5(0); 40(1);
Nodde 3. Myrmccophaginae: 16(1)

100(2); 102(1).

Node 4. Tamandua, Myrmecopha

25(2); 31(1): 35(1): 39015 5001

S

101. Proximal lateral tuberosity of fifth metatarsal: (0) absent; (1) present.

102. Dorsal concavity on distal end of metatarsals in dorsal view: (0) absent; (1) present.

103. Sustentacular and navicular facets of astragalus: (0) separate; (1) confluent.

104. Groove lateral to sustentacular facet of astragalus: (0) does not perforate rim of navicular facet;
(1) perforates rim of navicular facet.

105. Astragalocalcaneal and sustentacular facets of astragalus: (0) separate; (1) confiuent. 98(1): 104(1).

106. Navicular facet of astragalus: (0) convex; (1) concave. Node 5. Myrmecophaga and Neo

107. Distinct ridge on external side of calcaneus separating extensor digitorum brevis {rom accessorius: 107(1).
(0) absent; (1) present.

=
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Table AIV. The Distribution of Apomorphies on the Tree in Fig. 7; Based on Manipulation 1 from
Analysis 2 in Which All Character States Are Weighted Equally and All Multistate Characters Are
Unordered; Unequivocal Characters in Boldface

Node 1. Xenarthra: 12(0); 14(1); 17(0); 29(2); 37(0); 64(1); 67(1); 95(1); 96(1).
Metracheiromys: 12(1); 14(0); 17(1); 29(0); 37(1); 64(0); 67(0); 95(0); 96(0).

Pilosa: 13(1); 19(1); 46(1); 47(1); 59(1); 75(1); 93(1); 103(1); 106(1).

Node 2. Vermilingua and Eurotamandua: 7(1); 15(1); 41(1); 51(2); 101(1).

Node 3. Vermilingua: 3(1); 17(1) 18(1); 21(2); 22(2); 28(1); 32(1); 33(1); 55(2); 57(1); 58(1); 60(1);
62(2); 65(2); 69(1); 77(2); 88(1); 94(2); 95(0); 97(1).

Node 4. Myrmecophaginae: 16(1); 30(1); 34(1); 38(1); 42(1); 43(1); 49(1); 74(1); 76(1); 86(1); 91(1);
96(0); 100(2); 102(1).

Eurotamandua: 6(0); 9(2); 14(0); 22(1); 25(2); 27(0); 44(0); 45(0); 55(1); 73(0); 77(1); 87(1).

Table AV. The Distribution of Apomorphies on the Tree in Fig. 9; Based on Manipulation 1 from Analysis
3 in Which All Character States Are Weighted Equally and All Multistate Characters Are Unordered:
Unequivocal Characters in Boldface

Node 1. Xenarthra: 6(0); 12(0); 17(0); 29(2); 37(0); 64(1); 67(1); 95(1); 96(1)
Meracheiromys: 6(1); 12(1); 17(1); 29(0); 37(1); 64(0); 67(0); 95(0); 96(0).

Node 2. Pilosa and Eurotamandua: 13(1); 19(1); 75(1); 106(1).

Node 3. Pilosa: 6(2); 14(1); 18(1); 28(1); 46(1); 47(1); 58(1); 59(1); 68(1); 76(2); 80(0); 92(1); 93(1);
94(2); 100(1); 103(1).

Node 4. Vermilingua: 7(1); 15(1); 17(1); 21(2); 22(2); 32(1); 33(1); 42(2); 51(0).

Node 5. All Vermilingua except Palacomyrmidon: 3(1); 6(1); 41(1); 48(1); 55(2); 57(1); 60(1); 62(2):
65(2); 69(1); 77(2); 88(1); 95(0); 97(1); 101(1).

Eurotamandua: 7(1); 9(2); 15(1); 22(1); 25(2); 27(0); 41(1); 44(0); 45(0); 51(2); 55(1); 73(0); 77(1);
87(1); 101(1).
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