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In this paper we review the species of living deer
and their interrelationships.  Morphological
characters uscful in classifying deer are sum-
marized: There has been much convergence in
the evolution of derived characters, which inhib-
its reliable cladistic analysis. However, ka-
ryotype and morphology provide independent
assessments of phylogenetic relationships which,
broadly, are in agreement. We conclude that
plesiometacarpal deer, but not telemetacarpal
deer, arc monophyletic. Moschus is excluded
from the Cervidae. Within the latter, the rein-
deer is related to the genera endemic to America
and together they form the Odocoileini. With
the moose (Alcini) they constitute a clade, of
which the roe deer (Capreolini) are the sister
group. These three tribes make up the subfamily
Odocoileinac or antlered telemetacarpal deer.
Their sister group, the plesiometacarpal deer
(Cervinac), includes tribes Muntiacini {muntjac
and tufted deer) and Cervini (“typical” deer).
The subfamily Hydropotinac (the antlerless
Chinese water deer) is the sister group of the
antlered deer. The classification is provisional
pending  better knowledge of fossil cervids.
Cladistic relationships within the Cervini and
Odocoileini are still uncertain.

Living deer are provisionally considered to in-
clude five specics of Moschidae and 40 of Cer-
vidae. There are more species of musk deer, roe,
muntjac, and rusa than is gencrally admitted. A
number of nominal deer species are made up of
semispecies: Some of these may prove to be full
species. There are too many subspecies recog-
nized, particularly in Mazama and Odocoileus, but
poorly founded subspecies also occur in Alces,
Capreolus, and Cervus. The species most in need



of systematic revision is the sika, C. nippon, in China.
Its genetic integrity has been questioned, and the
morphology of wild populations is poorly known.
Translocated deer populations also have hardly been
studied, though some have attained subspecies status.
We conclude that systematic knowledge of living deer
is very far from being complete.

Introduction

The living chevrotains and deer form an assemblage
of ruminants with a wide variation in size and mor-
phology, from a mouse deer at 1 kg to the moose at 600
kg. The group is monophyletic, and through its ex-
tinct relatives has given rise to the rest of the Pecora,
the giraffes, pronghorn, antelopes, and other bovids.

In this paper we will draw attention to the present
state of knowledge of deer systematics. Two principle
fields for study arc involved—geographic variation,
distribution, and reproductive integrity of popula-
tions; and phylogenetic relationships between taxa.
We cannot solve all outstanding problems here, but
we shall emphasize the uncertainties which impede
our further understanding of deer evolution.

The systematic study of deer has tended to stag-
nate. There are several reasons for this. Few biologists
have been interested in the scientific evaluation of un-
gulate systematics, yet large numbers of species and
subspecies have been uncritically described. Ungu-
lates, even though regarded as well known or familiar
mammals, are not well represented in scientific collec-
tions. This is particularly true for deer, and not only
because many specics of deer are found in relatively
poorly explored parts of the world. For example, Ban-
field (1961) had to obtain new material to complete his
study of caribou systematics, even though collections
of North American mammals are the most representa-
tive in the world. We have been struck by the dearth of
postcranial material, unworn dentitions, juvenile
skins, and adequate series of many species in museum
collections, and especially of rare species from zoos,
which should eventually have been available for pre-
servation when they died.

A third problem is that deer populations have been
managed, translocated, and artificially selected, es-
pecially in Europe and China, but also throughout
Malesia. Populations apparently distinct enough phe-
netically to be regarded as subspecies have neverthe-
less differentiated only subsequent to human interven-
tion. Names of taxonomic and nomenclatural
significance possibly are certainly based on such pop-
ulations are listed in Table 1. The biological status of
these populations is often uncertain. It is possible that
some of the names are based on strictly phenotypic

Table 1. Important scientific names of deer possibly
or certainly based on translocated animals, or on
captives of uncertain provenance

Cervus dama Linnaeus, 1758 (Sweden).

C. mariannus Desmarest, 1822 (Guam)

C. timorensis de Blainville, 1822 (Timor)

C. peronii G. Cuvier, 1825 (Timor; = C. timorensis)

C. moluccensis Quoy and Gaimard, 1830 (Buru; = C. timo-
rensis)

C. pseudaxis Gervais, 1841 (“Java deer” but almost cer-
tainly obtained in Vietnam; = C. nippon)

C. kuhlii Muller and Schlegel, 1844 (Bawean Island)

Axts oryzus Kelaart, 1852 (Ceylon; = A. porcinus)

C. hortulorum Swinhoe, 1864 (Garden of the Summer Pal-
ace, Pekin; = C. nippon)

Elaphurus davidianus Milne Edwards, 1866 (same locality)

C. mandarinus Milne Edwards, 1871 (same locality; = C.
nippon)

Hyelaphus calamianensis Heude, 1888 (Calamian Islands)

Sikelaphus soloensis Heude, 1894 (Sulu Islands; = C. nippon)

Hippelaphus floresianus Heude, 1896 (Flores; = C. timorensis)

H. sumbavanus Heude, 1896 (Sumba; = C. timorensis)

H. macassaricus Heude, 1896 (Sulawesi; = C. timorensis)

H. menadensis Heude, 1896 (Sulawesi; = C. timorensis)

H. buruensis Heude, 1896 (Buru; = C. timorensis)

H. hoevellianus Heude, 1896 (Buru; = C. timorensis)

C. (Rusa) tavistocki Lydekker, 1900 (locality ?; = C. timo-
rensis)

C. (Rusa) unicolor boninensis Lydekker, 1905 (Bonin Island:
= (. mariannus) .

Sika nippon keramae Kuroda, 1924 (Kerama Island, Riu
Kiu Islands)

Rusa timorensis djonga Van Bemmel, 1946 (Pulau Muna,
Sulawesi)

and hence potentially temporary variation. The
capacity for rapid and conspicuous change in deer
populations through environmental improvement or
deterioration is well known, but its relevance to the
geographic variation of undisturbed native deer has
not been evaluated.

Phylogenetic relationships, too, have been hard to
determine, because workers have tended to study fos-
sil or recent material independently, using different
morphological characters. To infer phylogenetic rela-
tionships, neontologists have relied on very few
characters indced. Formal classifications of deer have
been inadequate, yet through repetition have become
regarded as unquestioned primary of
knowledge.

sources
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Methods

Our study is based on a review of the literature, our
own investigations into the systematics of some spe-
cies, and a general examination of bones, teeth, and
skins of all recognised living species of deer in mu-
seum collections.
The following abbreviations are used:

A and P anterior and posterior antler branches
(Figurce 4)
C canine

CBL condylobasal length of skull

GL greatest length of skull

HBL head and body length

I mncisor

2N diploid number (of chromosomes)
PM premolar

SH shoulder height

The Determination of Phylogenetic
Relationships among Deer

When attempting to reconstruct the phylogenetic his-
tory of organisms, a principle aim is to define clades
within the group being studied. Clades are single lin-
eages inclusive of their descendents and are hence
both monophyletic and holophyletic. Through specia-
tion, lincages branch, generating nested sets of suc-
cessively lower-order branches, each of which is a
clade. Members of clades may share character states
which are derived with respect to their condition in
organisms that are cxcluded from the clade. Hence
the identification of shared-derived (synapomorphic)
character-states should help to define clades. Shared-
primitive (symplesiomorphic) characters are not nec-
essarily indicative of relationship because by defini-
tion they are also possessed by organisms outside the
clade being studied.

Formal classifications of deer have not distin-
guished polyphyletic, paraphyletic, and holophyletic
taxa, and have been dependent on single characters.
On the basis of either the condition of the lateral met-
acarpal rudiments (Brooke, 1878) or the presence or
absence of a vomerine nasal septum (Carette, 1922)
deer have been classified into two main groups. The
classifications of Simpson (1945) and Flerov (1952)
respectively are refined versions of these two arrange-
ments. Simpson’s “Odocoilcinac™ was paraphyletic,
as it included antlerless deer, but not all presumably
derivative antlered species. Flerov’s “Cervinac” was
frankly polyphyletic, as on his own admission species
included within it had originated independently from
his “Muntiacinac”. Azzaroli (1953), querying the cvi-
dence for Simpson’s classification, recognized seven
subfamilies in the Cervidae, from which he excluded
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Moschus:  Hydropotinac, Capreolinac,  Alcinac,
Odocoilcinae, Rangiferinae, Muntiacinace, and Cer-
vinac. We believe that there is evidence for a more
hicrarchical arrangement and classify the deer and
deer-likec mammals as follows:
Infraorder Tragulina, Superfamily Traguloidea:
Tragulidac (Hyemoschus, Moschiola, Tragulus)
Infraorder Pecora, Superfamily Cervoidea:
Moschidac (Moschus)
Antilocapridae (Antilocapra)
Cervidae
Hydropotinae (Hydropotes)
Odocoileinae
Capreolini (Capreolus)
Alcini (Alces)
Odocoileini—the ncocervines (Pudu, Maza-
ma, Hippocamelus, Blastocerus, Ozotoceros =
Blastoceros, Ocodoileus—hereinafter collec-
tively referred to as the New World deer—
and Rangifer)
Cervinae
Muntiacini (Muntiacus, Elaphodus)
Cervini (Dama; Axis including Hyelaphus,
Cervus  including  Rusa, Rucervus, and
Przewalskium and Elaphurus)

Morphological Features Used in Determining Cervid
Affinities

Evidence in support of this classification comes from
the examination of cervid morphological characters,
many of which have already been used in attempting
to classify them or deduce their phylogenctic inter-
relationships.

FUSED MEDIAN METACARPALS

The third and fourth metapodials are fused to form a
cannon bone in all living ruminants except the water
chevrotain (Hyemoschus aquaticus), where the median
metacarpals remain unfused, and the fused metatar-
sals retain a deep groove between them. This condi-
tion is cither an evolutionary reversal, or the primitive
condition for the Ruminantia. If the latter is the case,
then either the other living tragulids (Moschiola, Trag-
ulus) have acquired cannon bones independently of the
Pecora, or they form a clade with the latter. But since
the extinct Leptomerycidae and Gelocidae had sepa-
rate median metacarpals, and since on the basis of a
cladistic analysis involving numerous skeletal charac-
ters, these families are regarded as forming a clade
with the Moschidac and the horned Pecora (Webb
and Taylor, 1980), the convergence hypothesis seems
the more probable.



LATERAL METACARPALS

The metacarpals of the second and fifth digits are
complete in tragulids, but are retained only in part, or
arc absent in living deer. In most species, with the
cxception of the Muntiacini and Cervini, the distal
segments of these bones are present, articulating with
the phalanges, and separate proximal rudiments are
absent (at least in Capreolus). This is the tclemetacar-
pal condition {Brooke, 1878). Flerov (1952) stated that
there are both proximal and distal rudiments in the
neocervines, but this is not the case at least in Pudu
and Mazama (Hershkovitz, 1982).

In the Muntiacini and Cervini, there are no distal
segments of the lateral metacarpals, but small proxi-
mal rudiments are usually present (at least in Cerous
elaphus). This is the plesiometacarpal condition. Gar-
rod (1876) could find no trace of the lateral metacar-
pals in Elaphodus, where there are no lateral phalanges
either, though small lateral hooves are retained. In
Muntiacus, the proximal splints are quite long. Flerov
(1952) says that distal rudiments somectimes occur,
though other authors have not reported these, and
there are no lateral phalangeal bones. The lateral
hooves are even smaller than in Elaphodus, reduced to
small round button-shaped structures placed close to-
gether above the pasterns.

Pliocenc Asian antlered deer (Cervocerus, syn. Cer-
vavilus, Damacerus) retained complete lateral metacar-
pals (Alexejew, 1915; Azzaroli, 1953; Teilhard de Char-
din and Trassaert, 1937) that
telemetacarpal condition had been acquired indepen-

indicating the

dently by the much more primitive and antlerless

Moschus and Hydropotes, probably independently of

each other, and that the condition is not sym-
plesiomorphic for modern deer.

Simpson (1945) and Flerov (1952) included these
Pliocene deer within their respective concepts of a
subfamily Cervinae, from which the muntjacs were
excluded. Since Cervocerus already had three-tined
antlers, the implication was that the two-tined munt-
jacs were not involved in this clade, and that the
plesiometacarpal condition is not synapomorphic for
the living Muntiacini and Cervini, which must have
acquired the condition independently.

But the western Asian Cervocerus was in many re-
spects a most primitive antlered deer (Alexejew, 1915).
Its lateral metacarpals were not only complete, but
also articulated with the lateral phalanges, it pos-
sessed Paleaomeryx and protoconal folds on its molars,
its cheek teeth were very barchyodont, and it had
canines as large as thosc of muntjacs, and a very
prominent lacrimal pit. Except for its rather unusual
three-tined antlers, it had the morphology to be ex-
pected of an ancestor of all modern antered deer,
including the Muntiacini.
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The Chinese “Cervocerus” (Zdansky, 1925; Teilhard
de Chardin and Trassacrt, 1937) had complete lateral
mectacarpals which, however, narrowed distally and
did not articulate with the phalanges, hence presaging
the plesiometacarpal state, and was dentally less
primitive. Azzaroli (1953), who noted that this dcer
requires a new scientific name, thought it could be
ancestral to the Cervini. The principal reason for ex-
cluding this deer from the ancestry of the Muntiacini
as well would seem to be the advanced, three tined
antlers, as compared with the simpler ones of munt-
Jjac. But like the western Asian Cervocerus, the Chinese
cervocerine need not be a direct ancestor, and could
have acquired its antler form independently of the
modecrn Cervini. There is insufficient reason, then, for
excluding the hypothesis that plesiometacarpal dcer
represent a monophyletic lincage.

With the exception of Flerov’s (1952) allusions,
there appears to be no evidence for deer retaining
both proximal and distal splints of the lateral meta-
carpals, and there is no need to assume that this was
the condition (which would have been identified as
“telemetacarpal”) from which plesiometacarpal deer
evolved. It scems most parsimonious to assume that
plesiometacarpal and antlered telemetacarpal decr
originated independently from the holometacarpal
statc shown by Cervocerus, and cach on only onc
occasion.

METATARSAL BRIDGE

The gully running down the front surface of the meta-
tarsus is covered over by bone at its distal end in
Moschus, Hydropotes, antlered cervids, and Antilocapra
(and Blastomeryx: Matthew, 1908) but not in other liv-
ing pecorans, and is presumed to be a synapomorphic
character (Heintz, 1963; Leinders, 1979).

TARSAL BONES

Pudu, Muntiacus, and Elaphodus are unique among deer
in that the cubenavicular and external and median
cunciform are fused into a single bone (Hershkovitz,
1982). According to Garrod (1876), the internal
cuneiform is also fused in Elaphodus. 1t has generally
been accepted that the occurrence of this derived
character in Old World and New World deer (also
found in tragulids) is the result of convergence.

PALAEOMERYX FOLD AND PROTOCONAL FOLD

These are, respectively, a labial fold of the protoconid,
and a lingual fold of the protocone, present in most
Miocene deer, but lost in most modern species. The
terminology used here follows Heintz (1970).

Flerov (1952) recognized the Palaeomeryx fold in the
moose (Alces), though we have not detected it in the
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-« anterior

NS

protoconal fold

Figure 1. Worn enamel surfaces of right upper molars of
Mazama americana and Axis porcinus, showing the position of
the protoconal fold in the former, and its absence in the
latter.

protoconid hypoconid
-« anterior
parastylid g  entoconid
paraconid
metaconid

Figure 2. Worn enamel surface of right PM, in Axis axis
showing the relative positions of the conids and parastylid.

&Q !%J
&Q Odocoiteus, Rangifer, Alces

Figure 3.  Worn enamel surfaces of right PM, showing suc-
cessive stages of molarization among deer.

Muntiacus, Axis

Elaphodus, Cervus, Elaphurus

Hydropotes, Capreolus, Mazama
Blastocerus

3

Ozotoceros
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molars of specimens we have examined, either of this
specics (sce also Heintz and Poplin, 1981) or of any
other cxtant deer.

Heintz (1970) indicated that the protoconal fold has
tended to be retained later in Phylogeny than the Pal-
acomeryx fold. It gives a characteristic trilobed wear
pattern to the protocone (Figure 1). The protoconal
fold is clearly evident in the upper molars of moose,
but not in any other extant Old World deer. Among
the neocervines, however, it is present in Mazama,
Pudu, Odocvileus, and Blastocerus (Frechkop, 1965). The
fold 1s absent in Ozotoceros, Hippocamelus, and Rangifer,
though in recently erupted molars of Ozotoceros, a trace
of the fold can be present at the top of the crown. It
has presumably been lost independently in  the
plesiometacarpal deer and Capreolus.

MOLARIZATION OF PREMOLARS

PM, is molarized to some extent in most modern deer,
with the posterior part (entoconid plus hypoconid)
relatively large, and often with a long, blade-like met-
aconid (Figure 2). In Muniiacus, the metaconid does
not usually form a longitudinal loph, and the posterior
part of the tooth 1s relatively small. In Axis, the meta-
conid is more clearly developed as a discrete conid,
while i Cervus, Elaphurus, Dama, and Elaphodus it is
longer, and with wear contacts and fuses with the par-
aconid (or sometimes the parastylid). Moschus, Hydro-
potes, Pudu, Mazama, and
Capreolus have progressed further: The metaconid has

Blastocerus, Qzoloceros,
become detached from the protoconid, but the posteri-
or wing of the latter which formerly connected the two
conids is still evident, though all trace of it has often
been lost in Ozotoceros. Molarization has advanced fur-
thest in Odocoileus, Rangifer, and Alces, where a very
characteristic diagonal loph forms through the union
of protoconid with entoconid, the metaconid and hy-
poconid being relatively detached (Figure 3).

PMj is not usually so molarized as PM,: Only in
Alces and Rangifer does 1t approach a selenodont condi-
tion with a diagonal fusion of crests somewhat similar
to that in PM,.

Molarization appears to have accelerated in the
Odocoileinae relative to the Cervinae, and the pro-
gressive condition of PM, in Moschus, Hydropotes, and
Elaphodus has presumably arisen independently in
cach case.

UPPER CANINES

Large canines arc found in the tragulids, Moschus and
Hydropotes (where they are long and sabre-like), and
the Muntiacini (where they are relatively shorter).
Again this would appear to be a symplesiomorphic
character for the Ruminantia.



Small canines are (usually?) present in Hippo-
camelus, antisensis, Rangifer, Cervus (Rusa) unicolor, C.(R.)
alfredi, C.(R.) timorensis, C. (Przewalskium), C. (Rucer-
vus) eldi, C. (Cervus), and Elaphurus. They arc absent in
sufficient proportions of individuals for this to be
noted in museum collections, in H. bisulcus, Ozotoceros,
Mazama, C. (Rucervus) duvauceli, and C. (Rusa) marian-
nus, and are virtually always absent in Capreolus, Alces,
Blastocerus, Odocoileus, Dama, and Axis.

The two groups of deer with small canines (Cervini
and Odocotleinae) have presumably evolved indepen-
dently from deer with large muntjak-like canines, and
canines must have been lost independently on several
occasions.

INCISIFORM MANDIBULAR DENTITION

Three conditions of these teeth can be recognized, re-
lating to their relative size: a) Primitive type: In the
tragulids, Hydropotes, the Muntiacimi, Mazama, Dama,
Axis, Cervus (Rusa) mariannus, and C. (Cervus) nippon,
the first incisor is broad and the remaining tecth are
narrow. In the smaller species, the crowns of the latter
are very narrow, no wider than the roots, and crowded
together. In the species of Cervini, these teeth are a
little broader, but still narrower than the first incisor,
which in Axis and Dama is exceptionally broad relative
to crown height.

Since this disparity between median and lateral in-
cisiform crown breadth is also found in many of the
small bovids, it is likely to be symplesiomorphic for
the Ruminantia as a whole. b) Intermediate type: In
Capreolus and Ozotoceros, there are three size grades in
the teeth, the crown of I, being intermediate in width
between the broad I, and the narrow I3 and C. ¢)
Advanced type: In Moschus, Pudu, Hippocamelus,
Blastocerus, Odocoileus, Rangifer, most Cervus species,
Elaphurus, and Alces, the crowns are all of about the
same width, or decrease a little in width gradually
from I, to C. The detailed form of the crowns varies,
suggesting that the condition has arisen more than
once.

LACRIMAL DUCTS

Moschus and the tragulids (and Dremotherium: Sigog-
neau, 1968) have a single lacrimal duct orifice, while
Hydropotes, the antlered cervids, and Antilocapra have a
double orifice on the orbit rim (Leinders and Heintz
1980), presumed to be a synapomorphic character.

BENDING OF THE BASICRANIUM

Mecunier (1964) has shown that the basicranium in
deer may be straight or lordotic. The first condition
appears to be primitive, as it occurs in Tragulus and
Moschus, and the second derived. The neocervines
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tend towards lordosis, but variation in the character is
continuous and discrete character states are not
recognized.

VOMERINE SEPTUM OF THE POSTERIOR NARES

Among living deer, this character is found only in
Rangifer and the New World deer. It is a derived fea-
ture, and no evidence that it has evolved on more than
one occasion has been presented.

AUDITORY BULLAE

The bullae are cancellous internally in tragulids as in
non-ruminant artiodactyls, and hollow in cervids and
other pecorans. They are large and inflated in Hydro-
potes, Axis (Hyelaphus), and C. (Cervus) nippon. They are
slightly less inflated in A. (Axis) and C. (Rucervus), and
much less inflated, or not inflated at all in other deer.
Inflation of the bulla may be a symplesiomorphic
character for the Cervini.

FREQUENCY OF MOLT

Dobroruka (1975) noted that some deer have a single
annual molt (Alces, Hydropotes), while others have two
molts (Muntiacus, Capreolus, Cervus). The North Ameri-
can populations of Odocoileus also have two annual
molts (Cowan, 1936). Evidently, the double molt con-
dition cannot be regarded as a synapomorphic charac-
ter for the Cervidae.

SPOTTED PELAGE

Several types of colour pattern can be identified in
fawns, and some adult deer:

a) Tragulid type: In tragulids, the light spots are dis-
tributed across the body in vertical lines, and therc are
white gular stripes extending down the neck and along
the flanks.

b) Moschus type: Moschus resembles Tragulus in the
presence of gular stripes which, however, do not ex-
tend beyond the neck. The spots on the body differ, as
they are arranged in longitudinal lines. There is a pair
of well separated dorsal lines of spots and ventral to
this, two to three curved lines of spots, with additional
spots on the haunches. There is also usually an
ochraccus median dorsal stripe.

c) Capreolus type: In Hydropotes, Muntiacus, Capreolus,
Mazama, Pudu puda, Ozotoceros, and Odocoileus, there are
no gular stripes or pale median dorsal stripe, but the
spots are distributed as in Moschus, so that the most
dorsal lines of spots are separated by a broad median
unspotted band. Capreolus has more haunch spots than
the others. The linear arrangement of flank spots
breaks down in Odocoileus, only the lowermost ones
forming a line. The spotting pattern is never retained
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