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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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in the adult in this group. The disposition of spots
may be symplesiomorphic for the Moschidae plus
Cervidae, with the loss of gular stripes synapomorphic
for the latter.

d) Cervus type: Here the paired dorsal lines of spots arc
very close to cach other, often edging a narrow dark
dorsal stripe; while among the other spots, only those
on the lower flanks form lines, much as in Odocoileus.
This spotting pattern is present in juveniles and
adults of Dama, Axis (Axis), Cervus (Rusa) alfredi, C.
(Cervus) nippon (not always in adult winter pelage); in
fawns of Axis (Hyelaphus), C. (Rucervus) and C. (ela-

phus), where it may be retained in the adult summer

pelage at least in some races; and in juveniles only of

Elaphurus. The pattern is reduced to the paired dorsal
lines of spots, with a few spots also on the fore and
hind-quarters, in C. (Rusa) unicolor and C. (R.) timoren-
sis (Chasen, 1925; van Bemmel, 1949).

The presence of spots in adults may be a sccondary

condition, synapomorphic for the Cervini, for no other
true deer are spotted as adults, and the character may
then have been lost again in several lineages within
the group. Close spacing of the dorsal lines of spots
could be synapomorphic for the Cervini.
e) In Alces, Rangifer, Blastocerus, Hippocamelus, Pudu
mephistopheles, and C. (Rusa) mariannus (Sheridan, 1967;
Donal, 1971), the spotting pattern is absent, a derived
state that has arisen on several occasions. The colora-
tion of juvenile Elaphodus and C. (Przewalskium) has
not been described.

INTERDIGITAL WEB AND INTERDIGITAL GLANDS

The third and fourth digits are not bound together by
a web of skin in tragulids, and there is consequently
no place for interdigital glands. Moschus also has no
interdigital glands, but the digits are connected at the
“heels”, as in the Cervidac.

Glandular areas are present in the forefeet of
Odocoileus (Cowan, 1936), Mazama, Pudu, and Hippo-
camelus (where they are very small: Hershkovitz, 1958),
and in Dama alone among Old World deer.

Glandular pockets are more common in the hind
foot. They are particularly long and deep, communi-
cating with the interdigital space, in Hydropotes, Mun-
tiacus, Pudu, and Dama. In Axis they demarcated from
the interdigital space. The gland pouches are similar
but shallower in Mazama, Odocoileus, Ozotoceros,
Blastocerus, Hippocamelus, Rangifer, Capreolus, and Alces.
They are absent, and the interdigital web is naked in
Cervus, including C. alfredi (contra Lydekker, 1915),
and Elaphurus.

Foot glands might appear to be a synapomorphic
character for the pecorans, other than Moschus, that
has been secondarily lost within the Cervini, but see
the next paragraph.
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PREORBITAL GLANDS

These are absent in tragulids and Moschus, and pres-
ent in all ‘Cervidac except Pudu mephistopheles and
Capreolus. As these glands are also found in bovids,
they are perhaps synapomorphic for the pecorans and
have become secondarily absent in the two cases cited.
However, if the Cervoidea is a true clade, either
Moschus has also secondarily lost the face glands (and
foot glands), or they have been acquired by the Cer-
vidae independently from the Bovidae.

METATARSAIL GLANDS

Metatarsal glands are absent in tragulids, Moschus,
Hydropotes,  Pudu,  Blastocerus,  Mazama rufina
(Hershkovitz, 1958), and apparently Muntiacus. Dis-
tinct arcas of secretion, and glandular tufts can be
present in other Mazama species, and in Hippocamelus,
while secretory areas only can be present in Ozotoceros
(Hershkovitz, 1958), and in Elaphodus (Garrod 1876).
Distinct gland tufts, and therefore active glandular
arcas, are recorded from Capreolus, Alces, Cervini
(though not C. duvauceli) and Qdocoileus. Special meta-
tarsal arcas of sccretion could be symplesiomorphic
for the antlered cervids, but a metatarsal tuft might
have cvolved independently in the Odocoileinae and
Cervini.

TARSAL GLANDS AND RUB-URINATING BEHAVIOR

Tarsal glands are present in Mazama, Hippocamelus,
Oczotoceros, Blastocerus, Odocoileus, Rangifer, and Alces.
They are usually associated with thick tufts of hair,
but these are rudimentary in Mazama, and absent in
Alces (Geist, 1966). Deer with tarsal glands may uri-
nate normally, or with a special stance so that urine
washes onto the hocks, which are rubbed together.
‘This behavior, “urine marking” (Geist, 1966) or “rub-
urinating” (Muller-Schwarze, 1971) has been record-
ed in moose (Geist 1963, 1966), mule deer (Browman
and Hudson, 1957; Geist, 1966; Muller-Schwarze,
1971), white-tailed deer (Moore and Marchinton,
1974), and reindeer (Espmark, 1964; Lent, 1965), and
may occur in all deer with tarsal glands. Rub-urinat-
ing has not been recorded from strictly Old World
genera, and among American deer, it does not occur
in wapiti (Cervus elaphus) (Geist, 1966). It is such a
distinctive behavior pattern that one is inclined to as-
sume that it has evolved only once.

OTHER SKIN GLANDS

These include inter-ramal (7ragulus sensu stricto),
mental and frontal (Muntiacus), inguinal (Hydropotes),
and preputial glands (Moschus, and also Dama: Chap-
man and Chapman, 1975). Most of these glands are




Odocoiteus virginianus

Hippocamelus bisulcus

Figure 4. Antlers of American odocoileine deer, showing
the equivalence of antler branches in different genera, and
the contrast in structure of the first branch between
Ococoileus and the others. The terminology of antler
branches is that of Pocock (1935), in which at each di-
chotomous fork, anterior (A) and posterior (P) branches are
distinguished.

probably unique specialisations. Preputial glands are
also recorded in some small bovids (Ansell, 1969) and
conceivably represent a synapomorphic character for
early pecorans which was soon lost in most lincages;
the glands in the fallow deer are quite different and
are probably of independent origin. Vestibular nasal
glands are known only for Blastocerus and Ozofoceros
(Jacob and von Lehmann, 1976; Langguth and Jack-
son, 1980) but have not been searched for in other
deer. Forehead glands (Atkeson and Marchinton,
1982) and tail glands (Muller-Schwarze et al., 1977)
occur in several specics of deer, but their distribution
through the family is still poorly known. See Muller-
Schwarze (this volume) for more information on this
topic.

ANTLERS

Horn-like organs probably originated in deer inde-
pendently from giraffoids and bovoids (Hamilton,

28

1978) and so they are not synapomorphic structures
for the higher Pecora. Deer antlers tend to fork di-
chotomously as they grow, and Pocock (1933) used
this observation to identify the “homologies” of antler
branches, including single tines. His nomenclature 1s
shown in Figures 4,5, and 6. Even if antlers of different
species share similar patterns of branching, however,
they may have evolved independently from more sim-
plc ones, so that their tines are not truly homologous.
Evidently, antler characters must be used with caution
in suggesting phylogenetic relationships.

A\

Ny oY

Figure 5. Anterior views of right antlers of plesiometacar-
pal deer (schematic, not to scale) illustrating stages of in-
creasing complexity of branching, from (left to right) Mun-
tiacus muntjak, Axis porcinus, Cervus timorensis, C. nippon, to C.
albirostris. As the antler becomes more complex n the series
(not a phylogeny), the small postero-internal terminal tine
repeatedly enlarges and then branches. Naming of antler
branches follows Pocock (1933).

Sy

Figure 6. Lateral views of right antlers of Cervini (schema-
tic, not to scale) showing modifications of patterns illus-
trated in Figure 5. Left to right, they are Cervus elaphus affinis
(with supernumerary or bez tine), C. duvauceli (with branch-
ing of second anterior tine, A2), young Dama dama, and
adult of the same species (to show that the palmated part of
the antler forms mainly from the third anterior antler
branch, A3).
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Table 2. Karyotypes of tragulids and deer

Species and reference (“Atlas” is Hsu and Benirschke, 1967-1976) Diploid Metacentric and Acrocentric Number of
number submetacentric autosomes autosome arms
autosomes

I. Tragulids, with a submetacentric X chromosome
Tragulus javanicus (Yong, 1973)
T. napu (Todd, 1975 32 30 0 60

II. Cervids with an acrocentric X chromosome

Hydropotes inermis (Atlas, 1973; 7:345)

Mazama gouazoubira (Neitzel, 1982) 70 0 68 68
M. gouazoubira X M. sp. (Neitzel, 1982) 63/64 2 59/60 63/64
M. sp. (by inference) v 58 4 52 60

Dama dama {Atlas, 1967; 1:41)
Axis (Hyelaphus) porcinus (Atlas, 1977; 10:498)
Cervus (Cervus) elaphus (Atlas, 1969; 3:134; Wang and Du, 1982a)

Elaphurus davidianus (Atlas, 1971; 5:241) 68 2 64 68
C. (C.) nippon cf. nippon (Wang and Du, 1982a)
C. (C.) n. yesoensis (Makino and Muramoto, 1966) 68 2 64 68
C. (C.) nippon cf. nippon (Gustavson and Sundt, 1968) 67 3 62 68
C. (C.) nippon cf. nippon X C. (C.) n. yesoensis (Miyake et al., 1982) 65 5 58 68
66 4 60 68
67 3 62 68
68 2 64 68
C. (C.) nippon, Woburn “Manchurian” herd (Gustavson and 64 6 56 68
Sundt, 1969) 65 5 58 68
66 4 60 68
67 3 62 68
68 2 64 68
C. (Przewalskium) albirostris (Wang et al., 1982)
Asxis (A.) axis (Atlas, 1974; 8:390) 66 4 60 68
C. (Rusa) mariannus (Atlas, 1973; 7:344) 65 5 58 68
64 6 56 68
C. (R.) unicolor “dejeani” (i.e. cambojensis; Wang and Du, 1982b) 62 8 52 68
C. (R.) unicolor subsp. (Neitzel, 1982)
C. (R.) timorensis (Neitzel, 1982; Wang and Du, 1982a) 60 10 48 68
C. (R.) u. unicolor (Chandra et al., 1967)
C. (Rucervus) eldi (Neitzel, 1982) 58 12 44 68
C. (R.) duvauceli (Atlas, 1968; 2:87; Neitzel, 1982) 56 14 40 68
Elaphodus cephalophus, female; single X chromosome ? (Shi, 1981) 47 2 44 48
Muntiacus reevesi (Atlas, 1968; 2:88) 46 0 44 44
M. feai (Neitzel, in lit.) 13 — — —
HI. Cervids with X-autosome chromosome complex and additional Y chromosome in male
Muntiacus muntjak (muntjak group, female; Wurster and Ait- 8 4 2 10
ken, 1972)
M. muntjak (vaginalis group; Atlas, 1971; 6:291) 6/7 4 0 8
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Table 2. (cont.)
Species and reference (“Atlas” is Hsu and Benirschke, 1967-1976) Diploid Metacentric and Acrocentric Number of
number submetacentric autosomes aulosome arms
autosomes
IV. Cervids with a metacentric or submetacentric X chromosome
Capreolus capreolus (Atlas, 1968; 2:86) 70 0 68 68
C. pygargus (Sokolov et al., 1978) 74 0 72 72
C. pygargus (Neitzel, 1979) 80 0 78 78
Pudu puda (Atlas, 1975; 9:438)
Mazama americana subsp. (Taylor et al., 1969; Jorge and Be-
nirschke, 1977)
Odocoileus virginianus (Atlas, 1967; 1:43)
O. hemionus (Atlas, 1967; 1:42)
Rangifer tarandus (Atas, 1969; 3:135)
Alces alces (americana group; Atlas, 1969; 3:133) 70 2 66 70
Pudu mephistopheles (Neitzel, 1969) 69 3 64 70
Alces a. alces (Gustavson and Sundt, 1968)
Ozotoceros bezoarticus (Neitzel, 1982) 68 4 62 70
Blastocerus dichotomus (Neitzel, 1982) 66 58 70
Mazama americana temama (Atlas, 1976; 10:499; Jorge and Be- 50 20 28 68

nirschke, 1977)

During development, the first set of antlers in most
deer is a pair of unbranched “spikes”, but the earliest
known antlered deer (Dicrocerus and allies) had forked
antlers, so the spikes of Pudu, Mazama, Elaphodus, and
Muntiacus atherodes probably represent a secondary
condition.

KARYOTYPE

A major contribution to our understanding of cervid
karyotypes has been made by Neitzel (1979, 1982),
whose phylogenctic interpretations follow thosc of
Taylor et al. (1969) and largely supersede the conclu-
sions of Todd (1975) and Wang and Du (1982b).
The divergence of cervid and tragulid karyotypes
awaits study, as their chromosomes have not been ho-
mologized (Neitzel, 1982). Deer show considerable in-
terspecific variation in chromosome number. The
primitive karyotype of cervids (Neitzel, 1982) consists
of 70 chromosomes, with 68 acrocentric autosomes
and an acrocentric X chromosome, and is retained
appropriately by Hydropotes inermis (but also by
Mazama gouazoubira). All antlered telemctacarpal deer
examined (Table 2), with the exception of M.
gouazoubira and possibly an undetermined species of
"brocket, have a metacentric X chromosome, which
would seem to be synapomorphic for the group.
Alces and the neocervines all have a pericentric in-
version of an autosome, increasing the number of au-
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tosome arms from 68 to 70. This might be a syn-
apomorphy, but Mazama 1s again cxceptional. One
specimen of M. americana is reported to have 70 auto-
some arms but others have the primitive number of 68
(Table 2).

No member of the Cervini examined has more than
66 autosomes and Neitzel (1982) has confirmed that at
least Dama dama, Cervus elaphus, C. unicolor, C. eldi, and
C. duvauceli share a homologous fusion of two chromo-
somes, reducing the number of autosomes from the
primitive figure of 68. This is evidently a synapomor-
phy of the group. Whether this fusion is shared by the
Muntiacini cannot be determined, as that group of
deer have a karyotype strongly altered by another pro-
cess, tandem fusion. One specics has autosomes fused
with the X chromosome. Otherwise Cervini and
Muntiacini resemble Hydropotes in their acrocentric X
chromosome.

Alces alces, Mazama americana, and Muntiacus muntjak
show regional variation in the number of chromosome
arms and/or the proportion which are centrically
fused. In the latter two specics, karyotypic differences
between populations are so great that one wonders if
more than a single species is involved in cach casc.
Capreolus pygargus, Cervus unicolor, C. mariannus, C. nip-
pon, and probably Pudu mephistopheles and C. duvauceli
(Neitzel, 1979) exhibit polymorphism in the propor-
tion of centric fusions.

Apart from the uncertain position of Mazama, the
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C. (Rucervus) Blastocerus

Ozotoceros
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A. (Hyelaphus) Alces a. americana gp.
Dama

\

Robertsonian fusion:
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autosome arms

Muntiacus
Elaphodus

CupA pygargus

Cap. capreolus

l tandem fusions I [ﬂbmetocentric X chromosomq

Hydropotes

Figure 7. Dendrogram of possible phylogeny of cervid

karyotypes.

pattern of karyotypic evolution in deer seems to be
relatively clear (Figure 7). Parallel reductions in the
diploid number in various lineages can be explained
mostly by successive Robertsonian fusions, while
Capreolus pygargus has probably undergone fission of
autosomes.

VISCERA

The gall bladder is present in tragulids, Moschus, Anti-
locapra, bovids, and some giraffids, but is absent in
Hydropotes and antlered cervids. This absence is prob-
ably a derived character of the Cervidae, indepen-
dently acquired also by giraffids.

The tragulids have a diffuse placenta, but it is
cotyledonous in Moschus (Garrod, 1877b) and the oth-
er advanced pecorans.

The stomach is three-chambered in tragulids, and
four-chambered in Moschus (Flower, 1875; Garrod,
1877a) and other pecorans, by the addition of the
omasum (psalterium).

Phylogenetic Conclusions

For most of the morphological characters which we
have reviewed, it appears that derived conditions have
arisen more than once from ancestral states. No phy-
logeny could be compatable with their all being syn-
apomorphic. The phylogeny which we propose (Fig-
ure 8) therefore aims to'be the most parsimonious that
could be constructed on available evidence, and it at-
tempts to make the least demanding assumptions con-
cerning the convergence of derived characters. Our
interpretation of the divergence of clades leading to
the origin of the Cervidae follows Heintz (1970),
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Leinders (1979), and Leinders and Heintz (1980). The
horned pecorans are not thought to represent a clade,
as assumed by Webb and Taylor (1980), and Moschus
1s brought close to the Cervidae than envisaged by
these authors or by Flerov (1952). We cannot place the
Giraffidae and Bovidae exactly. [See Scott and Janis
(this volume) for additional views of cervid afhmties. ]

Cladistic relationships among the antlered deer re-
quirec more discussion. Matthew (1908) postulated
that the New World deer had originated from hornless
blastomerycines, an assumption requiring that the
cvolution of deciduous antlers, the loss of the gall
bladder, the telemetacarpal condition, the reduction
in the size of the upper canine, and the appearance of
preorbital and pedal glands, had all arisen indepen-
dently in New World and Old World deer. Matthew’s
view was accepted uncritically by Flerov (1952), but
has not usually been supported (Simpson, 1945;
Hershkovitz, 1982). The apparent need for the hy-
pothesis is in any case not based on morphology but
on biogeography—other than moose and caribou, no
fossils indicative of a dispersal of telemetacarpal deer
between Asia and America are known. We consider
the hypothesis that antlered telemetacarpal deer all
represent a clade quite well founded, though not with-
out its problems, and reject Matthew’s (1908) thesis.

Rangifer resembles the New World deer in the
vomerine septum, the number of autosome arms, and
syndrome of urine-rubbing involving tarsal glands. It
seems very improbable that these characters could
represent coincident convergences, as they are so un-

ALCING ODOCOILEINI
MUNTIACINI  CERVINI vormerine septum
CAPREOLINI  tarsaf glands

plesiometacarpal telemetacarpatl

HYDROPOTINI

ANTILOCAPRIDAE antiers

MOSCHIDAE gall bladder lost

double lacrimal fossa
BOVIDAE
metatarsal bridge

GIRAFFIDAE

TRAGULIDAE omasum,

polycotytedonous placenta,
etc.

Figure 8. Cladogram expressing phylogenetic relation-
ships between living cervids and other Ruminantia, with
some imporiant autapomorphic characters indicated. The
assumption that Giraffidae and Bovidae form a clade is
speculative.




related functionally. A phylogenetic relationship
should be seriously considered, and on the basis of the
vomer character, it has already been accepted (Caret-
te, 1922; Flerov, 1952; Hershkovitz, 1982). Since the
neocervines might be paraphyletic if Rangifer is ex-
cluded, the latter is not assigned to a tribe of its own.

Alces resembles the neocervines in the number of
autosome arms, and in the urine-rubbing behavior,
but it does not possess the vomerine septum. As Alces
and related genera are not known as fossils in America
before the Rancholabrean (Kurtén and Anderson,
1980), it scems a rcasonable hypothesis to assume that
alcines and neocervines represent vicarious sister-
groups of a single clade. The taxon ancestral to both
lineages could have colonized American in the Lower
Pliocene. No more than onec species need have been
involved. If of moderate size and living in an environ-
ment not conducive to fossilization, it would have left
no fossil record.

With this interpretation of relations between Alces
and the neocervines, either Mazama species would
have reverted to primitive characters of the X chromo-
some and number of autosome arms (Table 2), or the
derived states would have been acquired indepen-
dently by New World deer. We adopt the former con-
jecture provisionally, appreciating its ad hoc nature.

There can be little doubt that antlered and non-
antlered telemetacarpal deer do not form a hylophyle-
tic clade, but antlered deer could well have evolved
the telemetacarpal condition only once. Capreolus
would therefore form a sister-group to Alces plus the
ncocervines which had not acquired the autosomal
pericentric inversion and urine-rubbing characters of
these taxa. The submectacentric condition of the X
chromosome could be a derived character uniquely
shared by antlered telemctacarpal deer.

We have assumed that the plesiometacarpal condi-
tion is synapomorphic, and hence that modern Mun-
tiacini and Cervini form a clade. Extinct Megaceros,
Croizetocerus, and Fucladocerus belong to the clade, as
they are also plesiometacarpal (Reynolds, 1929;
Heintz, 1970). Muntiacus and Elaphodus share derived
characters of fused tarsal bones, loss of phalanges, and
considerable non-Robertsonian reduction in chromo-
some number. The Cervini are not well defined by
shared-derived character states, though the pattern of
the juvenile pelage is probably an example.

Our classification is based on the systematic con-
clusions listed above, and actually agrees with that of
Simpson (1945) as modified by Ellerman and Mor-
rison-Scott (1951) (Hydrapotes given subfamily rank)
and Groves (1974) {Muntiacini assigned to the Cer-
vinae), except that Rangifer is associated in the same
tribe as the New World genera. A classification based
more rigorously on a cladogram of extant cervid rela-
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tionships would not take into account the affinities of
fossil deer and in any case would be premature.

Systematics of Living Deer Species
TRAGULIDAE

The chevrotains or mouse-deer are the most primitive
of the living Ruminantia (Webb and Taylor, 1980).
Different opinions have been expressed concerning the
interrelationships of the living species. Gentry (1978)
states “There seems cvery likelihood that Tragulus and
Hyemoschus will eventually be sunk in Dorcatherium” (an
Old World Miocene to Phocene genus; Tragulus would
nevertheless have nomenclatural priority). Webb and
Taylor (1980) on the other hand say that “Major dif-
ferences between Tragulus and Hyemoschus, comparable
to those between the Gelocidac and Moschidae, for
example, further emphasize the long distinct evolu-
tionary history of the Tragulidae.” We sympathize
with Gentry’s opinion, for on the basis of external
characters (Pocock, 1919) and the form of the skull
{(Flerov, 1931), the Indian mouse dcer 1s clearly inter-
mediate between the African Hyemoschus and the
southeast Asian Tragulus sensu stricto. It should not
be included in the latter taxon, but assigned to a scpa-
rate genus, Moschiola. Observations on the morphol-
ogy of Tragulus sensu lato should be checked to sce
whether they really apply to both the Asiatic taxa.

Hyemoschus aquaticus 1s the water chevrotain of the
African tropical high forest belt. The metapodials are
short, the median metacarpals remain unfused, and
the fused metatarsals rctain a deep groove between
them.

Moschiola meminna of southern India and Sri Lanka
has completely fused median metacarpals and meta-
tarsals, but in color pattern and skull form is close to
Hyemoschus.

Tragulus sensu stricto includes the common South-
cast Asian mouse deer. The unusual form of the skull
may be derivative, and the genus also differs from the
other tragulids in its dentition, the presence of an in-
ter-ramal gland, a lateral appendage to the penis, and
a bare arca on the pasterns. Gular stripes are re-
tained, but the body color is uniform, not spotted as in
the other genera. 7. napu (formerly termed T javanicus)
is much the larger of the two species, duller in color,
and with lengthened toes. 7. javanicus (former T. kan-
chil) is small, brighter in color, and with short toes.
Both species range widely in mainland Southeast Asia
and Sundaland. Only T. javanicus occurs on Java, and
only T. napu ranges as far as Balabac in the Philip-
pines. Mouse deer occur on many small or very small
Indonesian islands and show much geographic varia-
tion {Miller, 1909). On the smallest islets, only one or
other of the two species occurs.
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MOSCHIDAE

The musk deer are now excluded from the Cervidae
(Flerov, 1952; Webb and Taylor, 1980). They therefore
become the only living members of the Moschidae, a

group which may include the Dremotheriidae of

Ginsburg and Heintz (1966) and Hamilton (1973).
There are at least three species of musk deer, whose
diagnostic characters of the skeleton, pelage, and ecol-
ogy are discussed by Flerov (1952), Kao (1963),
Groves (1976), and Grubb (1982). Recently, two more
species have been distinguished.

Moschus chrysogaster is usually called M. sifanicus, but
the name chrysogaster was originally applied to individ-
uals of the same species and has priority (Grubb,
1982). M. chrysogaster occurs in the Alpine zone of the
eastern and southern edge of the Tibetan Plateau,
extending onto the southern side of the Himalayas. It
is the largest of the musk deer, with a characteristic
long-snouted skull. The pelage is a pale speckled
yellow brown in color, with yellow-tipped cars and a
broad whitish band down the throat. These last two
features are sometimes absent in north Indian popula-
tions which apparently bridge the gap between nomi-
nate chrysogaster and a newly described subspecies,
cupreus, from Kashmir (Grubb, 1982).

M. leucogaster is recognized as a scparate species by
Cai and Feng (1981) under the name chrysogaster. Its
pelage is melanized, dark brown to black, with localiz-
ation of agouti-banded hairs and no neck stripes. Itis
smaller than the previous species, of which P.G.
thinks it is a subspecies; C.P.G. considers it to repre-
sent M. berezovskii. 1t is recorded reliably only from
Sikkim, Bhutan, mtervening parts of Chinese Tibet,
and Nepal (Groves, 1976, 1980; Cai and Feng, 1981;
Grubb, 1982).

M. fuscus has just been described by Li (1981) from
the Salween Valley in Yunnan, and is also the species
in north Burma. It is like the dark Nepalese musk deer
but is even more melanized. Pale phacomelanin ban-
ding of the hairs is completely absent and there are no
light-colored markings at all. The status of fuscus is
puzzling: In pelage, it seems most like leucogaster, but it
is smaller, within the size range of berezovskii with
which it apparently occurs.

M. berezovskii is found in wooded arcas of western
China, marginally sympatric with M. chrysogaster, from
the Sichuan mountains to the southeast coast and into
northern Vietnam. The population of Vietnam north
to Guangsi (M. b. caobangis Dao 1977) is regarded as a
small-sized subspecies (Groves 1980). M. berezovskii is
the smallest species, dark brown but finely speckled
all over with buff, with two whitish stripes down the
neck and black ear tips.

M. moschiferus of Siberia, northern China, and
Korea is a large species with more specialized limb
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anatomy than the other musk deer, including much
longer metapodials (Flerov, 1952), a more complicated
Juvenile pattern of stripes as well as spots which are
often retained in adulthood, softer pelage, and a pair
of white throat stripes as in M. berezovskii.

ANTILOCAPRIDAE

The prongbuck (Antilocapra americana) has recently
been assigned to the Bovidae (O’'Gara and Matson,
1975), but Leinders (1979) and Leinders and Heintz
(1980) indicate that it is more probably a cervoid.

CERVIDAE: HYDROPOTINAE

Hydropotes is a true deer but a primitive onc in its large
laniary canines and the absence of antlers. Drem-
otherium of the European Lower Miocene may lie near
the ancestry of Hydropotes (Sigogneau, 1968; Hamilton,
1978). Flerov (1950) derived Hydropotes from the ances-
try of the Muntiacini, therefore implying that it was
secondarily antlerless, but there is little to be said for
this view.

The Chinese water deer (H. inermis) is the only spe-
cies. The Chinese and Korean populations have been
classed as different subspecies (Howell, 1929). Flerov
(1952) has suggested that the curious form of the ante-
rior dentary is an adaptation towards feceding on sub-
merged water plants, but his explanation is not very
clear and he did not account for the pinched-in form of
the premaxillac which could secem to be part of the
same functional complex.

CERVIDAE: ODOCOILEINAE: CAPREOLINI

Only a single species of roe deer has been recognized
by many authors, but von Lehmann (1958, 1960) has
drawn attention to the considerable differences be-
tween the western capreolus group and the eastern
tygargus group of subspecics. The karyotypes are also
very different (Table 2). Stubbe and Bruholz (1979)
have hybridized representatives of these two groups
and found that male hybrids are sterile, while females
are fertile. The hybrids moreover show hybrid vigor,
being at four to five months already larger than their
dams. Coupled with the morphological evidence, this
would seem to be sufficient grounds for considering
that two specics are involved, C. capreolus of Europe
and the Middle East, and C. pygargus of Siberia and
China.

The European roe (C. capreolus) is the smaller of the
two (HBL 100~136 cm, SH 75-91.5 cm, GL 190-216
mm—sexes combined). It is grey-brown to pale grey
In winter, red-brown or dark brown in summer. The
antlers are close together at the base, short (25-30 cm
long), directed up, and little tuberculated. The skull is
broad at the orbits with a compressed muzzle, and




very small bullae. 1t is widely distributed in Western
Europe as far cast as Byelorussia and the Crimea,
perhaps as far as the Volga. It is also found in Asia
Minor, Transcaucasia, Palestine, northern Iraq, and
northern Iran. The species probably has several dis-
tinguishable races: Harrison (1968) recognized a very
pale Kurdistan race, coxi, geographically isolated
around the Tigris headwaters, and a Turkish race,
armenius. Von Lehmann (1960) listed in addition Euro-
pcan subspecies capreolus, transsylvanicus, canus, and
whittali but without diagnosing them.

The Siberian roe (C. pygargus) is larger (HBL 115-
151 em, SH 77-100 cm. GL 207-253 mm—sexes and
races combined). It is grey to red in winter with a
creamy or red-creamy belly, and reddish in summer.
The antlers are widely separate at the base, slant up-
ward, are long (38 cm or more), and strongly tubercu-
lated. The skull is narrow, long-faced, broadened over
the canines, and with large bullac (Flerov, 1952;
Heptner et al., 1961).

C. pygargus ranges to the Soviet Far East and Korea,
Sichuan, Gansu, the Central Asian Mountains, and
west at least to the Volga. According to Heptner et al.
(1961) it is known from the right bank of the Volga and
from the lower Don, so that it might be marginally
sympatric with C. capreolus. A thorough description of
the ecology of the two species where they meet, and of
their precise dispersion, would be most desirable. C.
pygargus also occurs on the northern flank of the
Caucasus.

As many as five subspecies may be recognized
(Flerov, 1952; Heptner et al.; 1961):

1) C. pygargus pygargus is distributed. from the Urals
and perhaps from still further west, to Transbaikala
and northwestern Mongolia. Dimensions for the sexes
combined are HBL 119-151 cm, SH 80-100 c¢cm, GL
215-253 mm. Color is grey with belly creamy in win-
ter, but redder in summer. Antlers are strongly lyrate.
2) C. p. caucasicus is not recognized by Flerov (1952)
and Heptner et al. (1961) admit that the differences
between it and the nominate race are unclear. It is
found geographically isolated on the northern slopes
of the Caucasus, and contrasts markedly with the roe
of the southern flank which belongs to C. capreolus.
Skull length (GL 216-238) is in the lower end of the
range for the nominate race, but outside the range
(GL 184-213) for the Transcaucasian form of the Eu-
ropean roe.

3) C. p. tianschanicus is another subspecies, of similar
dimensions (GL218-238 mm), not recognized by
Flerov and not clearly distinguished from the nomi-
nate race. It is restricted to the slopes of the Tianshan
range.

4y C. p. bedfordi of the Soviet Far East, Korea, and
Manchuria south to Shansi (type locality) is rather
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distinctive. It is somewhat small in size (HBL about
122 ¢m, GL 211-236 cm—sexes combined), ochery-
red to grey-red in winter, with a red-tinted rump pa-
tch and underside, and bright red in summer.

5) C. p. melanotis, the race of Gansu (type locality) and
Sichuan, is still smaller (GL 207-223 mm). En-
gelmann (1939) gives some body dimensions (HBL
115~129 c¢m, SH 77-81 c¢m). It is red in summer and
grey to red-grey in winter. Engelmann’s measure-
ments suggest that the antlers are smaller than those
of other races, somewhat closer together, and less
lyrate. Allen (1930) regarded melanotis as a synonym of
bedfordi; the type localities are relatively close.

CERVIDAE! ODOCOILEINAE. ALCINI

There is only one living species of elk or moose (Alces
alces), but the European/West Siberian and the East
Siberian/American populations are highly distinctive
{Flerov, 1952), really ranking as semispecies. It would
be interesting to investigate the border area between
the two to examine how far reproductive isolation
might have progressed. The western form is uniform
brown in color over the body and neck; the muzzle is
pale; the haunches, lower flanks, belly and upper seg-
ments of the limbs are darker than the back and neck,
grading with the latter. The lower segments and pos-
terior surfaces of the limbs tend to be whitish. There is
little scasonal change in color. The nose 1s not greatly
humped, and the bare spot at its tip, between the
nostrils, is elliptical. The rostrum is relatively shorter,
with proportionally longer nasal processes of the pre-
maxillae; and the diploid number is 68. However, in
the ecastern (including North American) races, the
black throat, inter-ramal region, and lower parts of
the body contrast strongly with the grey-brown upper
part of the flanks and neck. But the legs are light
brown on their lower segments and posterior surfaces.
There is a distinct seasonal change in color: colors are
most vivid in August, becoming lighter and more con-
trasty in winter and spring. The muzzle is greatly
swollen, and the bare spot at its tip 1s pear-shaped or
T-shaped, while the rostrum is relatively longer, but
with proportionally shorter nasal processes of the pre-
maxillac. The diploid number is 70.

Within the western form, Flerov (1952) discrimi-
nated the living Alces alces alces, widespread from Eu-
rope to the Yenisei River, and A. a. caucasicus from the
Circassian foothills. The latter became extinct at the
beginning of the last century, and is known only from
its skull and antlers; the skull was smaller and differed
in minor features from that of the nominate race, and
the antlers were weak and not palmated.

Within the eastern form, Flerov (1952) recognized
no separate subspecies: for him, all East Siberian and
North American moose were A. a. americana. Peterson
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(1952) and Heptner et al. (1962) did, however, recog-
nize a number of subspecies. For Siberia, the latter
authors distinguished A. a. pfizenmayeri, from most of
Siberia east of the Yenisci, and A. a. cameloides from the
Amur drainage north to the Stanovoi mountains and
the upper Lena River. The latter is much smaller,
with shorter muzzle, shorter legs usually rather light
in color, and weak, unpalmated antlers, contrasting
markedly with the massive broadly palmate antlers of
the morc widespread race. Recently, Chernyavskyi
and Zheleznov (1982) have scparated the very large
moose of castern Siberia (Indigirka to Anadyr basins)
from A. a. pfizenmayeri as a new subspecies, A. a.
buturlini. Ranges of GL for bulls are 560-575 (5
cameloides), 569620 (11 pfizenmayer), and 578—668 mm
(14 buturlini).

For North America, Peterson (1952) distinguished
subspecies gigas (Alaska), andersoni (Western and
Central Canada), shirasi (Rockics), and americana
(Eastern Canada). He thought that each race diverged
in its own glacial refuge. A. a. gigas is very big (GL
582-686 mm in 22 bulls), the largest subspecies, and
blackish with a rusty-brown “saddle”, not unlike
pfizenmayeri but less grey on the back. The other races
are smaller (GL 559-660 mm in 78 bulls). Andersoni is
more rusty brown in color, americana decper brown
with a reduced saddle, while shirasi has a pale
brownish saddle. These differences and the reported
skull characters are not very striking, and it seems
that much geographic variation in American moose is
clinal. Youngman (1975) considers andersoni an inter-
grade population, connecting gigas with the other
forms and not worthy of subspecific rank. He agrees
that gigas was formerly confined to a Beringian refuge.
But at that time did it form a population continuous
with burturlini? The naming of this new subspecies
raises questions about the validity of described races
of east Siberian and American moose which cannot be
resolved here.

CERVIDAE: ODOCOILEINAE: ODOGOILEINI

Phylogenetic relationships within the endemic New
World genera have yet to be evaluated. As discussed
earlier, the spike-antlered genera (Mazama and Pudu)
may be derived from species with forked antlers.
Haltenorth (1963) included Pudu within Mazama,
while Hershkovitz (1982) separated Pudu tribally from
the other genera and regarded it as the most primitive
of the necocervines. But it has several speciahizations,
and we believe that some of its supposed primitive
characters are actually derivative. We keep Mazama
and Pudu apart provisionally.

Different opinions have been expressed concerning
affinities among the branch-antlered genera. Neitzel
(1982) suggested that Odocoileus, Ozotoceros, and
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Blastocerus form a clade, as they share derived ka-
ryotypic characters which are not present in the other
ncocervine she studies, Mazama gouazoubira. However,
the derived characters are apparently also shared by
Pudu, and in part by other Mazama species (Table 2),
so are not sufficient evidence that Odocoileus forms a
clade among the necocervines with Ogzofoceros and
Blastocerus. Hershkovitz (1972, 1982) has indeed sug-
gested that Odocoileus is not immediately related to
these genera, a view partly supported by the form of
the antler. In Hippocamelus, Blastocerus, and Ozotoceros,
the first anterior antler branch lies in front of the first
posterior branch, and all branching is more or less in
the same plane. But in Odocoileus, the pattern is differ-
ent. The first anterior antler branch, or brow fine (Al;
Figure 4) sticks up vertically and lies anteromedially,
while the first posterior branch, which continues the
beam, is situated postero-externally and then curves
outwards and upwards, then forwards and inwards,
branching at least twice. In the smallest members of
the genus, the South American races of O. virginianus,
the anterior tine is relatively large, suggesting that it is
not an adventitious snag but a true antler branch. It is
relatively smaller in North American populations of
this species, and tends to be much reduced or absent
in O. hemionus, wherc P2 and A2 both fork. The result
1s an antler superficially with the same branching pat-
tern as that of Blastocerus, but the two are not homolo-
gous tine for tine (Pocock, 1933; Figure 4).

The karyotype of Hippocamelus is unknown, but
Ozotoceros and  Blastocerus  share two homologous
Robertsonian fusions of autosomes recorded from no
other deer (Neitzel, 1982), and this is suggestive evi-
dence that they at least form a clade. Flerov (1952)
had anticipated this result, for he placed them in the
same subgenus. If their sharing of vestibular nasal
glands is unique, this is further evidence for a relation-
ship. But we think they are too different in other re-
spects to be regarded as congeneric before the phy-
logeny of the neocervines is reassessed. Sharing of
derived characters does not give a clear cladistic pic-
ture of relationships within the group as yet.

PUDU

The pudu are the smallest deer. Though similar to
Mazama, they differ in the fusion of cubonavicular and
cunciform bones, the relatively broader lateral in-
cisiform teeth, and the more primitive pedal glands.
The genus has just been revised very thoroughly by
Hershkovitz (1982). P. mephistopheles is the more primi-
tive specics of Colombia, Equador, and Peru. P. puda
(sic—Hershkovitz shows that this is the original spell-
ing) occurs in Chile and neighboring parts of Argen-
tina. Of the characters which Hershkovitz considers to
be primitive in the genus, we suggest the following




may actually be derived: broadened lateral incisiform
teeth; absence of tarsal and metatarsal tufts and
glands; unspotted fawn of P. mephistopheles.

MAZAMA

These are relatively small or very small deer with sim-
ple spike-like, unbranched antlers, very short tails, no
or rudimentary tarsal glands, a long decp cleft for
posterior interdigital glands, and basicranial lordosis.
Mazama has been reviewed by Allen (1915), Tate
(1939), and Cabrera (1960). M. americana (red brocket)
is a widely distributed species ranging from southern
Mexico to northern Argentina. Tate (1939) excluded
smaller reddish brockets of Central America from the
americana group. Their very distinct karyotype (Table
2) may indicate that they represent a separate species,
for which the name would be M. temama. M.
gouazoubira (brown brocket) has a more restricted dis-
tribution and does not occur in Central America, ex-
cept perhaps as the form permira of Isla San Jose off
Panama (Hall, 1981). These two specics are broadly
sympatric and range up to about 2000 m in the Andes.
The other species of brocket occur at higher altitudes,
3-4000 m. M. rufina (rufous brocket) of the mountains
of Venezuela and Ecuador is much smaller than the
two lowland brockets. The status of a supposed low-
land subspecies nana of Brazil, Argentina, and Para-
guay (Cabrera, 1960) requires clarification.
Haltenorth (1963) separated bricenii from rufina as a
species to include M. chunyi. But topotypes of rufina in
the British Museum are extremely similar to briceniz,
while M. chunyi of Bolivia and Peru is quite distinct
and still smaller than M. rufina. Hershkovitz (1959)
noted the resemblances of M. chunyi to Pudu, but re-
garded them as superficial.

HIPPOCAMELUS

These are larger deer, but with relatively short limbs,
rather narrow cars, simple forked antlers, and large
uninvaginated face glands. Juveniles are unspotted.
The skull base is straight, and there are several
derived dental characters (no protoconal folds, broad
incisiform crowns, reduced molar styles). H. antisensis,
the taruca of Peru, Ecuador, Bolivia, and northern
Argentina is the smaller of the two montane specics. It
is pale-colored, with a dark V-mark on the forehead,
and when flecing displays a large light rump patch (J.
Merkt, pers. com.). H. bisulcus, the huemal, occurs
along the cordillera of Chile and Argentina. It is the
largest South American deer after Blastocerus di-
chotomus, and differs from H. antisensis in its dark color,
short premaxillae, and truncated nasals. Apparently
no distinct rump patch is evident (McNamara, pers.
com.). Hershkovitz (1982) surmused that the huemal

originated from a taruca-like ancestor, paralleling the
relationship between the species of Pudu.

0ZOTOCEROS

The pampas deer (0. bezoarticus), a specialized grass
feeder of Brazil, Uruguay, and Argentine, has been
divided into three subspecies (Cabrera, 1943) whose
status should perhaps be re-evaluated. Derivative
characters include the absence of forefoot glands, no
protoconal folds, the most hypsodont cheek teeth
among South American deer, the advanced molariza-
tion of PMy, and intermediate condition of the n-
cisiform crowns. The juvenile is spotted as in Mazama
and like that genus and Blastocerus, the tail is short and
bushy. There are no metatarsal tufts and metatarsal
glands are usually not present (Hershkovitz, 1958),
but adults often retain upper canines. The face glands
arc well developed and there is lordosis of the
basicranium, while the anters are usually three-
pointed. With its narrow cars, absence of black
muzzle markings, pale eye ring and labial marks, and
rclatively small size, the pampas deer looks very dif-
ferent from the related marsh deer.

BLASTOCERUS

A monotypic species of Brazil, Bolivia, Paraguay, Ar-
gentina, and formerly Uruguay, the marsh deer (5.
dichotomus) is the largest South American cervid. Its
red color, very broad cars, and black muzzle and
shank markings arc distinctive. It agrees with
Odocoileus in its broad incisiform teeth, the absence of
canines, the shape of the cars, and the retention of
protoconal folds, but similaritics in the form of the
It differs from
Odocoileus and rescmbles Ozotoceros in that the tail 1s

antlers are superficial (Figure 4).

shorter and more bushy and the face glands arc more
developed. The important similarities in karyology
and nasal glands have already been mentioned. It di-
flers from the other branch-andered genera in the
straight basicranium and the unspotted pelage of the
young. Metatarsal glands and tufts arc absent, again
a distinction from Odocoileus. From the karyological
evidence, Haltenorth (1963) was creating a polyphyle-
tic taxon in placing Blastocerus in the same subgenus as
Odocoileus.

ODOCOILEUS

The genus is characterized by the form of the antlers,
with their relatively long and curved beams, the rela-
tively long, evenly haired tail, very small face glands,
the presence of tarsal and anterior and posterior inter-
digital

basicranial lordosis, somewhat enlarged auditory

glands, very strongly molarized PM,,
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bullae, rather extensive ethmoid fissures, and the
presence of spots in the young. While some of these
characters recall the pampas and marsh deer, it is not
clear what the cladistic relationship between
Odocoileus and these taxa might be. There is the pos-
sibility that as a group, they are polyphyletic,
Odocoileus having originated independently from a
fork-antlered ancestor. Pending further studies, we
have not amalgamated Ogzofoceros and Blastocerus with
Odocoileus.

O. virginianus, the white-tailed deer, has an extensive
distribution from the savannas of northern South
America and the northern Andes to southern Canada.
Systematics has been reviewed by Kellogg (1956) and
Hershkovitz (1948) who recognized 37 subspecies.
There 1s considerable geographic variation in size.
The North American subspecies are the largest: The
maximum condylobasal length of the largest males
recorded from cach race of Canada and most of the
U.S. was 287-322 mm (Kellogg, 1956). For subspecics
of the U.S. Caribbean coast, the range was 275-292
mm. Small insular subspecies of Georgia and South
Carolina had values of 251-273 mm, with 240 mm for
the Florida Key deer (0. v clavium). For Mexico and
Central America, the range was much lower, 224-254
mm. There is also variation in the mectatarsal gland
and tuft which are usually present in northern Mexico
and further north, but usually absent from Oaxaca
and southward (Hershkovitz, 1958; Quay, 1971).
Hershkovitz (1958) distinguished lowland South
American races with a “permanent summer” pelage
from highland races with a “permanent winter”
pelage.

Much geographic variation in the white-tailed deer
is probably clinal. However, we think there is suffi-
cient evidence to recognize two subspecies groups, the
tropical cariacou group, usually with no metatarsal
glands or tuft, and smaller in size, and the temperate
virginianus group, usually with a metatarsal gland and
tuft, and significantly larger is size, except for some
insular populations. Davis and Lukens (1958) have
already suggested that the Central American popula-
tions may be specifically distinct from O. virginianus.

O. hemionus is clearly divided into two semispecics,
the black-tailed decr (columbianus subspecies-group)
and the mule deer (hemionus group), which meet along
the western edge of the Rockies and interbreed or nar-
rowly intergrade along a very extensive front, fully
described by Cowan (1936, 1956). The black-tailed
deer is more like the allopatric white-tailed deer in
morphology: It is the less similar mule deer which is
sympatric with the latter. The mule deer also extends
over a much wider range of habitats, and in its antlers
and pelage is the most derived taxon in the genus. As
a species, O. hemionus also differs from O. virginianus in
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its more molarized premolars and specialized tarsal
gland hairs (Muller-Schwarze et al., 1977),

RANGIFER

It has been supposed that the caribou is of Asiatic or
perhaps Beringian origin (Kurtén and Anderson,
1980), and possibly related to the Wisconsin Glacial
Rangifer fricki of North America (Flerov, 1952). Ban-
field (1961) regarded fricki as a palacosubspecics of R.
tarandus but it is now known to be a short imbed deer
with threc-tined antlers, and has been assigned to a
monotypic genus Navahoceros (Kurtén and Anderson,
1980), possibly related to Agalmoceros of Equador and
Bolivia, another extinct deer with short metapodials
(Hoffstetter, 1952). A further possible relative of
Rangifer is the Patagonian Pleistocene deer Mor-
enelaphus  brachyceros (Lydckker, 1898; Frick, 1937,
Flerov, 1952). The anters of Morenelaphus are unlike
those of any living South American deer but resemble
Rangifer anters in their length and the presence of
palmate brown and distal tines. The beam is relatively
much longer, however, and the distal palmate antler-
branch is very short, while there is an additional ante-
rior tine between the two palmate ones, so the homol-
ogy is not certain. However, no other potential relative
of Rangifer has been identified, and it is possible that
caribou evolved from a Morenelaphus-like ancestor and
reached North America from Patagonia along the cor-
dillera. Other North American temperate or boreal
species of South American origin include the extinct
dire wolf (Canis dirus) and the porcupine Erethizon dor-
satum (Kurtén and Anderson, 1980).

Banfield (1961) has revised the genus Rangifer, re-
cognizing a single species with nine subspecies, and
Siivonen (1975), Nieminen (1980) and Espmark (1981)
have reconsidered the European wild and domestic
populations. Three distinct semispecies or subspecies
groups of reindeer can be distinguished (Banfield,
1963)—the woodland caribou group, the tundra taran-
dus group, and the Arctic Island pearyi group. The first
two range across the Holarctic and the third is re-
stricted to arctic Canada and Greenland. It is not
clear whether the Spitzbergen reindeer (R. tarandus
platyrhynchus) belongs with the tundra or with the Arc-
tic Island group. Unaware of Banfield’s study,
Michurin (1965) described R. t. taimyrensis from the
Taimyr Peninsula, western Siberia. From the descrip-
tion, it would appear to be no more than a deme with
certain average distinguishing features, not recogniz-
able as a subspecies.

Tundra reindeer interbreed or intergrade with
woodland populations, but there arc also areas where
they are seasonally sympatric outside the breeding
scason, and geographically segregated so as to be re-



productively isolated during the arctic summer. The
zone of intergradation running from Alaska through
the Yukon to British Columbia is extensive and of con-
siderable interest, since it probably dates only from
postglacial times. Banfield (1961) interpreted most of
the Alaskan populations as intergrades between the
tundra races R. (. groenlandicus (Canadian Arctic) and
R. t. granti (Alaskan Peninsula) on the one hand, and
the woodland caribou R. i. caribou on the other. Yet in
his discussion, he makes it apparent that some sup-
posed intergrade populations were identical with typi-
cal granti, others with typical groenlandicus, while cer-
tain adjacent populations assigned to caribou showed
some tundra reindeer characters. Therefore a fuller
investigation of this zone is probably desirable before
a more definitive taxonomic allocation of populations
can be made.

Representatives of the tundra and Arctic Island
groups (R. (. groenlandicus, R. t. pearyi) intcrgrade on
Banks Island and Victoria Island in the Canadian
Arctic, but both subspecies apparently coexist with-
out interbreeding even during the reproductive season
on Queen Elizabeth Island (Manning, 1960; Manning
and Macpherson, 1961; Thomas and Everson, 1982).

The phylogenetic relationships between the semi-
species of reindeer and caribou have hardly been in-
vestigated. The pearyi group is presumably derived
from tundra reindeer which were stranded in a Peary-
land glacial refuge (Macpherson, 1965). Either the
tundra or the woodland form could be ancestral to the
other, but which? Most Pleistocene records of reindeer
in Europe, and certainly those for Britain, are of
tundra reindeer (Reynolds, 1933). But one might ex-
pect that adaptations for a tundra existence would be
derivative, and that by anaiogy with other boreal un-
gulates where the more northerly species are more
specialized, caribou were primitively forest animals.

CERVINAE: MUNTIACINI: ELAPHODUS

Cranially, the tufted deer (E. cephalophus) is very differ-
ent from the muntjacs—the muzzle is short but very
broad, and the lacrimal pit is extremely large, larger
than the orbit, so that the lacrimal bone extends fur-
ther forward, almost closing the ethmoid fissure; the
pedicles do not extend as bony ridges along the front-
als and are short and thin; the antlers are extremely
small; and PM, is more molarized, with a large
metaconid.

Four subspecies have been described: the nominate
cephalophus (Sichuan); ichangensis (Ichang); fociensis
(Fukien); and michianus (Zhejiang). The British Mu-
seum has the types or other material from these four
areas, as well as a specimen from the Myitkyina dis-
trict, northern Burma. Preliminary studies suggest
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that no subspecies should be recognized and that geo-
graphical variation is probably clinal.

MUNTIACUS

Except for the frontal ridges, which are peculiar to the
genus, the general form of the skull in Munticaus is
more like that of Axis (Hyelaphus) than Elaphodus. Tt
would be interesting to know whether this re-
semblance is more than superficial, and how the living
muntiacines might be related to the various rather
poorly known fossil genera of muntjac-like deer.

The number of species of Muntiacus is not certain.
Five arc currently recognized. Suspicions that two
species of mungac live sympatrically on Bornco have
recently been substantiated (Groves and Grubb,
1982). In addition to M. muntjak, a yellower endemic
species (M. atherodes) occurs throughout the island
and is of particular intcrest because of the very small
spike antlers which are normally never shed.

The Chinese muntjac, M. reevesi, is smaller, more
compactly built and of a duller color than M. muntjak,
but otherwise similar. Its chromosome complement
(2N = 46) is not grossly reduced however (Table 2).
The two species may overlap in distribution in south-
ern China (Sokolov, 1957). M. reevesi is individually
variable, but there is little or no geographic variation
on the mainland (Allen, 1930). From our research,
only the Taiwan form, micrurus, seems distinguishable.
It is significantly smaller, and the car-backs are red
rather than yellow.

Fea’s muntjac (M. feai), always a poorly known spe-
cies, has rccently been bricfly reviewed by Grubb
(1977), who for the first time described the skull. So
far, cleven museum specimens have been traced, from
southern Tibet and China, to the Burma-Thailand
border. Fradrich (1981) has described a living exam-
ple and Ngampongsai (pers. comm.) has noted other
captive specimens. Its karyotype (2N = 13; Neitzel, in
lit.) is intermediate between M. reevesi and M. munijak.

The only specimen of M. rooseveitorum known hails
from Laos and was described as intermediate between
M. muntjak and M. reevesi, but with curiously hyper-
trophied mental gland tufts (Osgood, 1932). It has not
been compared with M. feai, however, and similar
gland tufts are also found in some specimens of M.
muntjak.

For over a century, only five specimens of the hairy-
fronted muntjac (M. crinifrons) had been recorded, but
recently the species has become well known (Sheng
and Lu, 1980). It appears to be relatively common,
living in a restricted range in castern China, in the
provinces of Zhejiang, Jiangxi, and Anhui, in stecp
mountain forest at about 1000 m. In the same region,
M. reevesi lives in the lowlands and tufted deer at inter-
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mediate altitudes. Brief descriptions and measure-
ments have been published by Sheng and Lu, and it
will be useful to see photographs of the living animal
and to determine the karyotype.

The last species, the red or “Indian” muntjac (M.
muntjak), is relatively large with particularly large
antlers and long robust pedicles. There is consider-
able geographical variation in colour and size. The
Indonesian populations (revised by van Bemmel,
1952) and thosc of Malaya form the nominate muntjak
group of subspecies. They arc deep mahogany red,
with dark brown limbs and a diploid chromosome
complement of cight in the female, nine in the male
(Table 2). The populations of Burma, Yunnan, Indoc-
hina, the Indian peninsula and Sri Lanka are yellower
with little or no dark color on the limbs and constitute
the vaginalis subspecies group. The chromosome num-
ber is the lowest among mammals, six in the female,
six or seven in the male. The X chromosomes are
fused to different autosomes in cach subspecics group
(Wurster and Aitkin, 1972), and White (1978) main-
tains that such a karyotypic difference would be in-
compatible with hybrid fertility. Consequently, a spe-
cies boundary might well exist, perhaps at the
Isthmus of Kra, by analogy with other Oriental
fauna. The northern populations would be known as
M. vaginalis.

There is much homology in G-banding of the
chromosomes of M. reevesi and M. (muntjak) vaginalis,
the karyotype of the latter being derivable by tandem
translocation from that of the former (Shi et al., 1980;
Neitzel, 1982), but spermatogenesis in the male hybrid
1s arrested at carly prophase (Shi and Pathak, 1981).

CERVINAE: CERVINI

The Cervini have antlers with at Ieast three tines. The
species which most resembles muntjac in the form of
its antlers is the hog deer, Axis (Hyelaphus) porcinus
(Flerov, 1952), where the pedicel is long, in line with
the antler beam, and in the frontal plane; the brow
tine is erect and makes an acute angle with the beam;
and the postero-internal tines (P2) bend in and back,
rather as the posterior tines of muntjak curl inwards
at the tip.

Cervini with three point antlers may show various
modifications on the hog deer plan, but can be
classified into two groups according to the proportions
of the terminal fork (Teilhard de Chardin and
Piveteau, 1980; Teilhard de Chardin and Trassaert,
1937). Either the antero=external terminal tine (A2)
is longer than the postero-internal one (P2) and in line
with beam, as in the hog deer; or the postero-internal
tine becomes the larger and is deflected upwards and
backwards, taking over the course of the beam (Figure
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5). This derived condition presages a four point antler,
where the enlarged branch (P2) will fork once more
and initially will again have the postero-internal ter-
minal tine (this timc P3) relatively small: It would
have to enlarge before further branching were to
occur.

It is therefore possible to arrange antlers in a series
from more primitive to more derived types, but each
derivative statec could have arisen on more than one
occasion.

In some Cervini, there are divergent trends in
antler branching: Dama and Cervus (Rucervus) resemble
Rangifer or Megaceros in switching branch dominance
from the posterior dichotomous fork to the anterior
onc as the antlers grow. Elaphurus has the anterior
branch dominant from the start. And Cervus (Cervus)
elaphus has evolved a large supernumcrary tine, the
bez, between Al and A2 (brow and trez), perhaps as
an elaboration of a snag like those of C. (Rucervus) eldi
or Axis axis (Figure 6).

In attempting a reconstruction of the phylogeny of
the Cervini, a cladistic approach has to rely on
characters other than the antlers, though few appro-
priate ones are yet available. The structure of the feet
may provide one guidcline. The fallow deer (Dama)
combines a primitive condition of the foot glands with
several other primitive features, but also some distinc-
tive specializations. It may be regarded as the sister
taxon to the rest of the living Cervini, presumed to
form a clade in that they have derived pedal charac-
ters—either more advanced pouch-shaped foot
glands, and in the hind fect alone (Axis), or no foot
glands at all, with the interdigital skin naked (Cerous,
Elaphurus).

For more dctailed relationships, the karyotype
provides some clues. The Cervini share a homologous
pair of metacentric autosomes (Neitzel, 1982). In ad-
dition, C. (Rusa) unicolor, C. (Rucervus) eldi, and C.
(Rucervus)  duvauceli share four other homologous
Robertsonian fusions (Neitzel, 1979). There would
seem to be little doubt that Rusa and Rucervus at least
form a clade within Cervus. However, not all C. (Rusa)
unicolor share all these fusions, nor does the closely
related C. (Rusa) mariannus (Table 2). Polymorphism
for the number of fusions, so far inadequately dis-
closed, could account for this apparent discrepancy.
Neitzel (1969) indecd records a C. (Rucervus) duvauceli
which was heterozygous for two fusions that are
homozygous in other species with otherwise a less spe-
cialised karyotype. The situation is complex and fur-
ther studies are awaited before definitive phylogenetic
conclusions can be drawn.

Axis axis, C. (Cervus) nippon, C. (Przewalskium) al-
birostris, C. (Rusa) mariannus, and C. (Rusa) timorensis
also have supernumerary Robertsonian fusions but




their homologies are not yet known. From mor-
phological evidence, it seems likely that Axis axis and
C. (Cervus) nippon at least derived their fusions, wheth-
er by the joining of homologous chromosomes or not,
independently from Rusa and Rucervus.

DAMA

The fallow deer have antlers of a strongly modified
four-tine form. It is clear from the ontogeny and from
specimens where the antlers are not palmate, that a
switch in branch-dominance occurs at the third dicho-
tomy, so that A3 forms the “palm”. P3 is much small-
er and often incorporated into the latter (Figure 6).
The Pleistocene Dama clactoniana is supposedly an-
cestral to the extant species, but the antlers were dif-
ferently formed, with a supplementary tine between
A2 and the palm (Sickenberg, 1965). The extinct
Chinese Dama sericus (Teilhard de Chardin and
Trassaert, 1937) is probably related to AMegaceros.
“Cervus” nestii, a European Villafranchian deer with
simple four-tine antlers is a putative ancestor for Dama
(Azzaroli, 1948).

Fallow deer have primitive characters of spotted
pelage, no mane, long tail, foot glands in the forefeet
as well as in the hind feet, broad central incisors, and
brachyodont cheek teeth with almost no trace of basal
pillars. But the bullae are not inflated, and there are
usually no canines. Fallow deer also have some rather
distinctive morphological features that set them apart
from other Cervini—the large functional preputial
glands with prominent gland-tuft, the hypertrophied
larynx, nasals which are shortened medially but have
lateral projections extending forward to meet the pre-
maxillae, distinctive antlers, and distinctive markings,
with a light strip placed higher up the flank than in
other spotted deer.

The post-glacial refuge or refuges of Dama dama
dama and therefore its “natural” distribution have still
not been determined (Chapman and Chapman, 1975),
but it has been dispersed artificially over an immense
area of the world (Chapman and Chapman, 1980).
Work by Miss J. Pemberton (University of Reading)
has demonstrated a remarkable uniformity at many
genetic loci in the introduced British populations,
which may reflect the small size of the source
population.

Although the Mesopotamian fallow deer is super-
ficially very similar to the common species, its antlers
are most peculiar, with a flattened proximate section
of the beam, very reduced brow tine, and narrow dis-
tal palmate region often represented only by back-
pointing tines (Haltenorth, 1959). It formerly ranged
from Lebanon to Iran, and had been introduced to
Cyprus, where remains from archacological sites sug-
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gest that it may have been domesticated (Zeuner,
1958). We treat it as a subspecies, D. d. mesopolamica.

AXIS (HYELAPHUS)

The hog deer has been regarded as the most primitive
of the Cervini (Flerov, 1952). In size and proportions it
is similar to Muntiacus, and its antlers arc of a prim-
tive form. It differs in details of the juvenile spotting
pattern, absence of canines, swollen auditory bullae,
and much reduced lacrimal pit, with the ethmoid fis-
sure closer to the orbit, characters mostly typical of
the Cervini.

The hog deer ranges from northern India through
Burma and Thailand to Indo-China. Western and
castern subspecies (A. porcinus porcinus and A. p. an-
namiticus) arc usually recognized but have not been
critically compared. The hog deer also occurs on Sni
Lanka, where it may have been introduced, and
Pocock (1943a) considered this population repre-
sented a further subspecies, 4. p. oryzus. “Rusa” op-
penoorthi of the Javanese Plio-Pleistocene was appar-
ently a representative of the hog decer (von
Koenigswalk, 1933), and deer referred to Axis were
present on Palawan in the late Pleistocene (Fox, 1979),
though perhaps they were rusas. The Bawean deer, A.
kuhli (on Bawean Island between Java and Borneo),
and the Calamian deer, A. calamianensis (Calamian Is-
lands, north of Palawan, Philippines), are similar to
the hog decr. Their origin could be interpreted in two
ways. Either they originated from hog deer that were
introduced by human agency, perhaps by traders from
India, within the last 2000 years, as may be the case
with A. p. “orpzus™; or they are peripheral populations
of an otherwise extinct Sundaland representative of
the hog deer, a descendent of A. oppenoorthi. Both A.
kuhli and A. calamianensis may have survived the in-
undation of the Sunda Shelf and the spread of forests
at the end of one of the Quaternary glaciations. Both
Bawean, near the mouth of the eastern drainage of
former Sundaland, and the Palawan group of islands,
are separated from the rest of the Sunda Shelf by
relatively deep water, and would not have been part of
Sundaland except briefly at times of extreme sca-level
lowering. This could explain why they survived in
these two places, while in the rest of Sundaland
hyelaphine deer were replaced by rusas.

Indo-Chinese hog deer appear to be brighter in col-
or than Indian populations, more strecaked and less
speckled because of the broader pale bands towards
the tips of the body hairs. But we have seen few speci-
mens. Bawean deer arc in Surabaya and Singapore
zoos, and C.P.G. briefly studied specimens in the mu-
seums of Bogor and Amsterdam. Calamian deer are in
Howletts Zoo, England (Shave, 1980) and there are
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specimens in the Field Museum, Chicago (Sanborn,
1952, and examined by P.G.). As far as our data go,
the differences between the Indian hog deer and the
insular forms are consistent (Table 3). A few other
differences appear between the Bawean and Calamian
deer, noticeably the very wide spread of the antlers of
the former, but the variation within the hog deer
seems to encompass them both. Comparing the pho-
tographs published by Shave (1980) with photographs
in the literature and taken by C.P.G. of the other two
species, we have the impression that the Calamian
deer is longer-legged and more slender than the others
and is probably a valid species. A. kuhli differs much
less from A. porcinus but the straighter antlers, the less
contrasting dorsum/flank tones, the more contrasting
hair bands, and the bushier tail do appear to be con-
sistent distinctions. Provisionally we retain it as a
species.

Table 3. Characters of three species of Axis
(Hyelaphus); measurements in mm

A. porcinus A, kuhlii A. calamianensis
GL (males) 225-241 213-234 204-239
Antler length 306-444 306-480 205313
Burr to brow 48--66 57 35-43
tine origin
Antler shape well straighter well curved
from side curved
Terminal tine  shorter, shorter, longer, acute
in relation acute points angle
to tip of angle back
beam
Dark back yes no no
contrasts
with fawn
flanks
Dark shafts of somewhat much less
hairs con-
trast with
light tip
Inner white white bufly
haunches
Muzzle black black white
White inside not much  not much much-—bases
ears and at all white
roots
Legs as body as body much darker
Dark mat on  yes yes no
forehead
Tail not bushy  bushy bushy

Relationships of Living Deer

41

AXIS (AXIS)

The chital, Axis axis (reviewed by Pocock, 1943a), di-
flers from the hog deer in its larger size and different
proportions, in retaining the full spotting pattern in
the adult, and in skull features (broadened paroccipi-
tal processes, long nasals, different shape of the eth-
moid fissure, and smaller bullae). It also has a derived
karyotype, and its antlers are modified from the prim-
itive three-point pattern: They are very long, A2 is
hypertrophied, long and straight; P2 is relatively
larger than in the hog deer, deflected towards A2,
subparallel to it and not directed backwards; the
brow-tine/beam angle is obtuse, not acutc; the antlers
describe a lyrate rather than a V-shaped outline; and
snags are often present near or on the brow tine.
There are long hairs at the distal end of the preorbital
gland which are normally folded inwards and en-
closed in its slit-like opening. When the gland is ever-
ted, the hairs are rolled outwards, forming an oily tuft
at the end of the gland pouch (Graf and Nichols,
1967), presumably facilitating scent dissemination. All
these derivative characters suggest that the chital may
not be as phylogenetically close to the hog deer as is
often implied, but do not preclude the genus Axis from
being holophyletic.

The chital is naturally restricted to the Indian Pen-
insula and Sri Lanka, but formerly occurred as far
east as Java (von Koenigswald, 1933) where it was
part of the Trinil and Djetis faunas, and there was a
closely related species in Japan (Otsuka, 1967). Other
fossil deer referred to the genus or subgenus Axis have
not been conclusively shown to resemble 4. axis rather
than three-point antlered deer generally.

CERVUS

A clade composed of Cervus and Elaphurus includes the
Cervini with derived characters—large size; coarse
pelage unspotted in adults; a mane of long hairs at
least in males; short tail; prominent rump patch; all
macisiform teeth with broad crowns; small auditory
bullae; hypsodonty, with basal pillars and prominent
styles and columns on molars; large metaconid on
PM,. But not all species within Cervus have all of even
these few derived character states. C. alfredi and C.
nippon have spotted adult pelage, and narrower lateral
incisiform teeth; C. mariannus has the latter feature and
together with C. alfredi and some races of C. unicolor, a
primitive three-point antler, albeit with some appar-
ently derived features; C. duvauceli, C. schomburgki, C.
eldi, and particularly C. nippon retain swollen auditory
bullac. C. elaphus and C. nippon have more brachyodont
teeth than the others. Most species do not have an
enlarged rump patch or a greatly shortened tail. We
recognize four species-groups, treated here as sub-






