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Colin P. Groves

The following genera are traditionally recog-
nized in the Antilopini: Ammodorcas (dibatag),
Latocranius (gerenuk), Antilope (blackbuck), An-
tidorcas (springbok), Procapra (Mongolian and
‘Tibetan gazelles), and Gazella (other gazelle
groups) (Lydekker and Blaine, 1914; Allen,
1939; Ellerman and Morrison-Scott, 1951;
Grubb, 1993). Additionally, Prodorcas (Mongo-
lian gazelle or Dzeren) is sometimes separated
from Procapra (Tibetan gazelle and Przewal-
ski’s gazelle) (Allen, 1940), and recently Gentry
(1992) and Gatesy and Arctander (this volume)
have shown that Sazga should be reassigned
from the Caprini to the Antilopini.

Of these genera, the first three are mono-
typic, Antidorcas has a single living species but
others arc known as fossils, Procapra sensu
stricto has two species, and Gazella has a large
number of species both living and fossil. Al-
though the number of species in Gazella is
disputed, the following groupings are fairly
clear (Groves, 1985; Vassart et al., 1995):

Subgenus Nanger: G.(N.) dama, soenmer-
ringi, and granti
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G. rufifrons group: includes thomsoni,
perhaps not specifically distinct from G.
rufifrons

G. subgutturosa group: includes leptoceros
and cuvieri

G. bennetti group: perhaps including G.
saudiya

G. dorcas and G. gazella group or groups
of Arabian and North African gazelles

Genetic studies do not at all corroborate
this traditional view of antilopine interrela-
tionships. Wurster and Benirschke (1968) re-
ported the gross karyotypes of many bovid
taxa, including Antilope, Litocranius, Gazella
thomsont, G. dama, Antidorcas, and Saiga. If, as
these authors hypothesized, low chromosome
numbers are derived by successtve fusions from
high ones, the primitive karyotype would be
2n = 60, with autosomes and the X chromo-
some all acrocentric. This primitive condition
was found in both Litocranius and Saiga, and
it occurred also in some of the Caprini; other
taxa had reduced chromosome numbers, and
some of them (Gazella dama and Antilope) had
undergone a fusion between the X chromo-
some and one of the autosomes. Effron et al.
(1976), on the basis of chromosome-banding
studies, confirmed the primitive karyotype of
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Latocranius and concluded that Antidorcas 1s
also quite distinct but less primitive (Ammo-
dorcas was not studied). They further con-
cluded that Antilope is part of the Gazella ra-
diation, perhaps on the Nanger clade, while
the G. rufifrons group (represented by G. thom-
sont) 1s not part of 1t. The additional gazelle
species they studied (G. granti, G. subguttur-
osa, G. leptoceros, G. gazella, G. dorcas, and G.
speker) all turned out to have the X-autosome
translocation. The karyotype of Procapra (or
Prodorcas) gutturosa was described by Soma et
al. (1979) and compared to that of Saga; the
two seemed nearly identical, at least at a gross
level without banding studies. P. gutturosa
thereby joins the list of species retaining the
primitive karyotype. Vassart et al. (1995), on
more detailed evidence than that available to
Effron et al. (1976), agreed that Antilope 1s
part of the Gazella complex, but they favored
a special relationship with the G. subgutiurosa
group and were able to confirm the distinct-
ness of Antidorcas. These authors found that
the karyotype of G. thomsoni is identical to that
of G. rufifrons, and that this species (or species
group) does, after all, have the X to autosome
translocation; in addition, both it and Nanger
have also a Y to autosome translocation.

Evidently, not all is well with the tradi-
tional view of interrelationships. Is there re-
ally such a gross discrepancy between mor-
phological and genetic data, or has one of
these two sources of evidence been misinter-
preted? I here examine the morphological evi-
dence from a cladistic standpoint.

Material and Methods

I compared the skulls, teeth, and horns of
Antilopini in the Natural History Museum,
London, and added a few external features.
Representation of Ammodorcas, Procapra, and
Prodorcas in this collection is poor, and not all
characters could be scored, but the morpho-
logical consistency within the other taxa was
high. On this basis I was confident that the
available specimens of the rarer taxa really
were representative.

Groves

When the data were collected (in 1991), T
was not aware of Gentry’s argument that Saiga
was part of the tribe, so characters of this
genus were at first scored using the literature
only. Only later, in May 1997, could I check the
characters of Saiga on actual material in the
Muscum of Comparative Zoology, Harvard
(MCZ 5007 [male] and 1774 {female]).

The cladistic analysis was done using
PAUP 3.1.1, with seventy-four characters and
fourteen taxa (appendix 15.1). Many charac-
ters are multistate. In such a case, one has two
options. One can treat them as unordered,
which means, for example, that a change from
character state 0 (absent) to 2 1s treated equiv-
alently to the change from 0 to 1 or the change
from 1 to 2. Or one can treat them as ordered,
in which case the change from 0 to 2 is twice
as far, in evolutionary terms, as from 0 to 1 or
1 to 2. The data codes are given in table 15.1.
In this case, I analyzed the data in both or-
dered and unordered form, although all the
multistate characters scemed logically ar-
ranged in an ordered sequence. 1 wanted to
test traditional views of relationships (as de-
scribed above) and two other combinations
that seem to be suggested by the genetic find-
ings. In PAUP, one can constrain the results so
that a particular clade appears while the other
relationships assort freely. I ran three con-
straints, as follows:

“Gazella,” enforcing a clustering of the
traditional genus Gazella (including Nan-
ger and G. rufifrons)

“rufifrons,” Antilope, Nanger, and Gazella
(but without G. rufifrons)

“nanger,” the same as “rufifrons” but tak-
ing Nanger out of the constrained group

In cladistic analysis, it is assumed that
cvolutionary change 1s a relatively rare event,
and the most parsimonious tree or cladogram
(the one that requires the fewest evolutionary
changes, or steps) is sought. Yet sometimes the
most parsimonious solution is clearly nonsen-
sical, and other solutions, nearly as parsimo-
nious, must be scriously considered. T used
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Table 15.1.  The Coded Dataset of Appendix 15.1 as Run in This Analysis

25

Ammodorcas

2021100211 2001

3223112104 1111000171 0001010011 1100012302 NRN0H0 3111110010
Litocranius 0001001113 0000111000 1100101122 1010023302 2311011200 3102213010 2001110111 101
Antidorcos 3203132004 2211000002 1031110010 2101114201 0110000210 1011001102 0226110201 2110
Saiga 32010372722 2210001002 1031101010 0001007001 0100011001 1001113112 2121111310 0001
Procapra 2020032772 0110101010  0030171022° 0001024000 0301001111 _, 1111201001 2220010300 0001
Prodorcas 2000032277 0110101011 0030110022 0001024000 1301001200 2100002101 0121171300 0001
Antilope 2201030002 0001001002 1171001100 2011120132 1011000100 1111001002 1211211000 on
Nanger 2201010001 0001100010 1111100170 2011120032 1011001101 2112212001 1219111100 2100
6. rufifrons 3211010001 0100000010 1121100110 4011120012 1011001000 0011000002 1221111200 1110
6. subguttrosa 2101030002 0101101010 1117001100 4122114132 2100110210 1011201101 221211000 2171
6. bennetti 7200020002 0101110110 1111000100 3112111122 2300110000 1111101101 2222111000 2100
6. dorcas 1010120000 0101111010 1111001100 3012111032 2200110001 0011202001 2221111000 2110
6. gozella 2110120000 0101111010 1117001100 3022112022 2200110000 1011202001 2221111000 2100
Caprini 0000000600 0000000000 0000000000 0000000000  00000O0OOC 0000000000

0000000000 0000

bootstrap analysis, which reruns the analysis a
number of times (here, 100 times), each time
randomly removing one of the characters and
replacing it with a dummy character or a re-
peat of one of the others. The results record
the percentage of trees in which each clade ap-
pears and thercfore give an estimate of the
support there is for each clade. The default
bootstrap in PAUP keeps only clades with
greater than 50 percent support; all associa-
tions that fail to meet this criterion are dis-
solved. This is why the bootstrap results re-
ported here have a much longer tree length (or
number of evolutionary steps) than the simple
heuristic parsimony runs.

Results

Both ordered and unordered unconstrained
runs gave a single shortest tree (ordered:
length 336, consistency index 0.375; un-
ordered: length 279, consistency index 0.448),
shown in figure 15.1. The ordered tree is very
asymmetrical and conflicts strongly with both
traditional and chromosome (Effron et al.,
1976; Vassart et al., 1995) models. The un-
ordered tree contrasts a Gazella/ Antilope/ An-
tidoreas group with a Saiga/ Procapra/ Litocra-
nius/ Ammodorcas group, in partial agreement
with the chromosome model. Noteworthy is
that in neither tree does a genus Gazella, as
traditionally defined, emerge.

Constraint “Gazella” (fig. 15.2) increased
tree length somewhat (ordered, three trees:
length 341, consistency index 0.371; un-
ordered, six trees: length 281, consistency
index 0.445). Only the ordered tree is shown
here. In each case, Litocranius is the sister
taxon of other Antilopini. In both cases Am-
modorcas and Antidorcas share a clade, and so
do Nanger and G. rufifrons. All trees are, broadly
speaking, consistent with thc chromosome
model.

Constraint “rufifrons” (not shown) de-
creased tree length again (ordered, three trees:
length 338, consistency index 0.373; un-
ordered, one tree: length 280, consistency
index 0.446). The Ammodorcas/ Antidorcas as-
sociation reappears.

Constraint  “nanger” produced three
shortest trees when ordered (length 340, con-
sistency index 0.371) and one when unordered
(Iength 280, consistency index (.446). The
trees are not figured here: they simply reverse
the positions of Nanger and G. rufifrons from
the “rufifrons” trees.

All these trees proved to be poorly sup-
ported. Bootstrap analysis gave rather differ-
ent trees (fig. 15.3). The ordered bootstrap
tree (length 409, consistency index 0.308) is
compatible with the chromosome trees, espe-
cially with that of Effron et al. (1976), al-
though bootstrap values are not high on most
branches. The unordered bootstrap tree (length
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Fig. 15.1. The most parsimonious cladograms (trees) resulting from the dataset of table 15.1: above, ordered; befow, unordered.

100 — Ammodorcas
100 b—— Antidorcas
Antilope
100 67 [ Nanger
100 L —— G. rufifrons
100 ———— G. subgutiurosa
100 G. bennetti
100 G. dorcas
100 ——: G. gazella
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Caprini

Fig. 15.2. The majority rule consensus tree (depicting those clades that appeared in more than half, and the percentage of trees in
which they appeared) resulfing from constraint “gazella,” in which the traditionally defined genus Gazella is constrained to form ifs own
clade. Only the analysis with the character states ordered is shown.
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fig. 15.3. Boofstrap trees: above, ordered; below, unordered. In the first case, the figures above the lines record the percent of times
the clade in question appeared. In the second case the figures are not shown, but they are nearly identical, except that the
Ammodorcas/Antidorcas clode has diseppeared, its occurrence having dropped below 50 percent.

327, consistency index 0.382) is identical, ex-
cept that it does not associate Ammodorcas
with Antidorcas.

Discussion

There is little agreement among the various
trees, but there are some surprising areas of
consistency. There is almost always a clade con-
taining Antilope and the traditionally defined
genus Gazella, while the other taxa may or may
not form a clade of their own. Procapra and
Prodorcas usually form a clade, with which
Saiga is often associated. The other clade that
fairly consistently, and unexpectedly, emerges
is one combining Ammodorcas and Antidorcas.

Litocranius frequently appears as the sister
taxon to the other Antilopini.

Within the Antilope/Gazella clade, the
shortest trees (unless constrained otherwise)
and the bootstrap results agree in making the
traditional genus Gazella polyphyletic. The
relationships among Antilope and the three
components of Gazella sensu lato are difficult
to resolve, though the balance of evidence fa-
vors an association between Antilope and
Gazella sensu siricto. To regain a taxonomy
based on monophyly, one of two courses must
be followed: cither Gazella should be sunk
into Antilope (which name has priority), or
Gazella split into three groups: subgenus
Nanger would be raised to generic rank, and a
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further genus recognized for rufifrons (and
thomsoni if this is a separate specics). Fitzinger
(1869:159) introduced a generic name Eudor-
cas (“Halbgazelle”) to contain the single
species Eudorcas laevipes, today regarded as a
subspecics of rufifrons (Groves, 1985). This
name (of which a synonym is Korin, Sclater
and Thomas, 1898) is available for a genus
containing rufifrons.

To reduce the gazelles to species under
Antilope would cause dismay and confusion. It
would be far preferable to usc the already fa-
miliar name Nanger in a generic sense and to
create in essence only one new nomenclatura]
combination, Eudorcas rufifions.

Condusions

1 propose the following clades for the Antilo-
pini:

1. Lutocranius.

' Non-Litocranius clade. Derived states of
characters 1, 6, 23, 34 (reversed in Am-
modorcas), 60 (reversed in Ammodorcas), 62
(reversed in Ammodorcas), 63.

2. Saiga/ Procapra (synonym Prodorcas) clade.
Highly derived states of characters 23, 26
(parallel to Ammodorcas clade), 68; reversal
of character 43 (parallel to Gazella). The
uniquely derived conditions are therefore
the closure of the lingual wall of P, and the
total lack of a rhinarium.

2. Ammodorcas/ Antidorcas  clade. Derived

states of characters 5 and 14 (parallel to

some taxa of Antilope clade), 70 (parallel to

Litocranius); highly derived states of char-

acters 4, 7, 10, 26; reversal of 47 (parallel to

some taxa of Antilope clade). The uniquely
derived conditions are, therefore, the
strongly marked longitudinal ridges be-
tween the rings on the horns, the clearly
ringed horn cores, the broadly grooved
posterior surface of the horn cores, and the
buccal midwall stylids on the lower molars.

Antilope/Gazella clade. Derived states of

.28 and 33 (parallel to Litocranius), 31 and

35 (parallel to Antidoreas), 62 (parallel to

2"

Groves

Antidorcas and Saiga), 67 (parallel to Antj-
dorcas and taxa of the Saiga clade), and of
39. It is curious that, for a clade that reap-
pears in all but the shortest unordered trec,
there is in fact only one uniquely derived
condition: the.medially short nasals,

3. Gazella. Derived states of characters 6 and
10 (shared with Antilope), 34, 41 (parallel 1o
Litocranius), 45; reversals in characters 43
(parallel to Saiga clade), 44 (parallel to An-
tidorcas and Saiga). Conditions of the la-
crimal and the basioccipital tuberosities are
thus the uniquely derived conditions of this
genus. Species groups include the G subgut-
turosa group (includes G. leptoceros, G, cu-
vier), the G. bennetti group (includes G.
saudiya), and the G. dorcas/ gazella group.

3. Eudorcas. Highly derived states of charac-
ter 1 (parallel to Antidorcas Saiga), 23, 41
(parallel to G. subgutturosa), 68; shares de-
rived states of characters 2, 36 with Any;-
lope and Nanger, 29 with Nanger, 60 with
Antilope. Uniquely derived states concern
P, and the rhinarium.

3". Nanger. Highly derived state of 44; sharcs
derived states of character 15 with Ga-
zella, 14 and 39 with Gazella and Antilope,
29 with Eudorcas, 2, 36, 44 with Ludorcas
and Antilope. The derived states are, there-
fore, all shared mosaically with other mem-
bers of the clade.

3" Antilope. Highly derived state of character
20; shares highly derived states of charac-
ters 6, 10 with Gazella; of character 60
with Eudorcas; of characters 2, 36 with
Ludorcas and Nanger. Loss of a premolar
is the only uniquely derived state of this
genus, though outside the data set one
would cite the spiraled horns and the
male’s specialized breeding pelage.

These clades could be recognized as sub-
tribes but, pending at least the examination of
“neotragines” (dwarf antelopes), some of
which may also belong to the Antilopini (Gen-
try, 1992), and of fossil species referred to
Gazella sensu lato, 1 do not recommend this
course of action at present,
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Appendix 15.1. Characters for a Cladistic Analysis of the
Antilopini

Horns

1. Rings on anterior surface (0) flattened: Lizo-
cranius; (1) not prominent: G. dorcas; (2) rather
prominent: Procapra, Prodorcas, G. bennetti, Nanger,
Antilope, G. subgutturosa, G. gazella; (3) very promi-
nent: Ammodorcas, Antidorcas, Saiga, G. rufifrons

2. Rings (0) very close set: Litocranius, Pro-
capra, Prodorcas, G. dorcas; (1) rather close-set: G.
gazella, G. subgutturosa; (2) more widely spaced:
Antilope, Antidorcas, Saiga, G. rufifrons, G. bennetti,
Nanger, Ammodorcas

3. Rings (0) hardly or not at all angulated in
front: Litocranius, Antidorcas, Saiga, Prodorcas, G.
bennetti, Nanger, G. subgutturosa, Antilope; (1)
slightly angulated in front: G. dorcas, G. gazella, G.
rufifrons; (2) strongly angulated at front: Ammodor-
cas, Procapra

4. Longitudinal ridges between rings (0) ab-
sent: G, bennetti; (1) very poor: Litocranius, Saiga,
G. rufifrons, G. subgutturosa, Nanger, Antilope; (2)
poor: Procapra, Prodorcas, G. dorcas, G. gazella; (3)
clear: Antidorcas, Ammodorcas

5. Rings (0) equal in prominence back and
front: Litocranius, Saiga, Procapra, Prodorcas, G.
bennetts, G. rufifrons, Antilope, Nanger, G. subguttur-
osa; (1) much flatter behind than in front: Ammodor-
cas, Antidorcas, G. dovcas, G. gazella

Horn Cores

6. Horn cores of males (0) very compressed, trans-
verse diameter about 50% of anteroposterior:
Litocranius; (1) 60%: Ammodorcas, G. rufifrons,
Nanger; (2) 65-80%: G. bennetts, G. dorcas, G.
Gazella; (3) nearly circular in cross section: Anti-
dorcas, Saiga, Procapra, Prodorcas, Antilope, G.
subgutturosa

7. Anterior surface with (0) no traces of rings,
merely irregularly pitted: Antilope, Gazella (all); (1)
with irregular, shallow, short grooves: Litocranius;
(2) with traces of rings: Ammodorcas, Antidorcas

8. Groove on convexity of anterior surface (0)
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poor: Antidorcas, Aniilope, Gazella (all); (1) deep:
Litocranius, Ammodorcas

9. Groove on convexity of anterior surface (0)
from basc, fading out higher up: Ammodorcas, Anti-
dorcas, Antilope, Gazella (all); (1) halfway up:
Litocranius

10. Posterior surface with (0) hardly any

grooves: G. dorcas, G. gazella; (1) shallow grooves:

G. rufifrons, Nanger; (2) only one deep groove: An-
tilope, G. subgutiurosa, G. bennetti; (3) long, decp,
regular grooves: Litocranius; (4) similar, but
grooves broader: Ammodorcas, Antidorcas

Maxillary Teeth

11. P2 (0) not reduced: Litocranius, Antilope, Pro-
capra, Prodorcas, Gasella (all), Nanger; (1) very
small, oval: Ammodorcas; (2) tiny: Saiga, Antidorcas

12. P3 (0) both styles very prominent, giving
premolar a winged appearance: Litocranius, Anti-
lape, Nanger; (1) antero-cxternal style and lingual
fold prominent: Ammodorcas, Procapra, Prodorcas,
G. rufifrons, G. subgutiurosa, G. dorcas, G. gazella,
v benneti; (2) veduced: Antidoreas, Saiga

13. P4 antero- and postero-external styles (0)
large, winglike: Litucranius, Antilope, Gazella (all)
Nanger; (1) small: Ammodorcas, Antidorcas, Satga,
Procapra, Prodorcas

-~

14. Molars (0) not elongated: Litocranius,
Saiga, Procapra, Prodorcas, G. rufifrons; (1) very
elongated, especially distal selene: Ammodorcas, Anti-
doreas, Antilope, G. subgutiurosa, G. bennetti, G. dor-
cas, G. gazella, Nanger

15. Molar styles (0) well developed: Ammodor-
cas, Antidorcas, Saiga, Antilope, G. rufifrons; (1) less
or notdeveloped: Procapra, Prodorcas, G. subguttur-
osa, G. benuetti, G. dorcas, G. gazella, Nanger, Lito-
cranius

16. Mesial selene of molars with (0) strong
convexity between mesial and central styles: Am-
modorcas, Antidoreas, Saiga, Antilope, Procapra,
Prodorcas, G. rufifrons, G. subguiturosa, Nanger; (1)
evenly concave: Litocranius, G. dorcas, G. gazella,
G benetti

17. Distal selene of molars (0) with flat buccal
wall: Ammodorcas, Antidorcas, G. bennetti, G. rufi-
Srous, Nanger; (1) concave: Antilope, Saiga, Procapra,
Prodorcas, G subgutturosa, G. dorcas, G. gazella,
Litocranius

18. Lingual valley of molars (0) less deep:
Litocrauius, Antidorcas, Saiga, Antilope, Procapra,

Groves

Prodoreas, G. subgutturosa, G. rufifrons, G. dorcas, G.
gazella, Nanger; (1) deep: Ammodorcas, G. bennetti

Mandibular Cheekteeth

19. Premolars (0) short, simple: Litocranius, Anti-
dorcas, Saiga, Antilope; (1) clongate, complex: Am-
modorcas, Procapra, Prodorcas, Gazella (all), Nunger

20. P, (0) not reduced, well-formed: Lito-
cramus, Procapra, Gazella (all), Nanger; (1) very
small: Ammodorcas, Prodorcas; (2) (potentially) ab-
sent: Saiga, Antidorcas, Antilope

21. Py (0) clongate: Ammodorcas, Procapra,
Prodorcas; (1) much shorter: Litocranius, Saiga, An-
tlope, Gazellu (all), Nanger, Antidorcas

22. P, (0) clongate: Ammodorcas, Antidorcas,
Saiga, Procapra, Prodorcas; (1) much shorter:
Litocranius, Antilope, Gazella (all), Nanger

23. P, with lingual wall (0) open both mesially
and distally: Ammodorcas, Litocrantus; (1) mesially
open, distally nearly closed: Antidorcas, Antilope, G,
subgutturosa, G. bennetti, G. dorcas, G. gazella,
Nanger; (2) mesially open, distally fully closed: G.
rufifrons; (3) closed both mesially and distally:
Saiga, Procapra, Prodorcas

24. Molars (0) shorter: Litocranius, Procapra,
Prodorcas; (1) clongate: Ammodorcas, Antidoreas,
Saiga, Antilope, Gazella (all), Nanger

25. Lingual stylids of molars (0) well-devel-
oped: Ammodorcas, Antilope, G. bennetti, G. subgui~
turosa, G. gazella, G. dorcas; (1) less developed: An-
tidorcas, Saiga, Procapra, Prodorcas, G. rufifrons,
Nanger, Litocranius

26. Buccal midwall convexities of molars (0)
not developed into stylids: Litocranius, Antilope,
Gazella (all), Nanger; (1) pot developed into
stylids, but very angular: Procapra, Prodorcas; (2)
developed into stylids: Ammodorcas, Antidorcas

27. Buccal valleys of molars (0) deep: Am-
modorcas, Antidorcas, Prodorcas, Nanger, G. hennetti,
G. rufifrons; (1) less developed: Litocranius, Pro-
capra, Saiga, Antilope, G. subguiturosa, G. dorcas, G.
Gazella

28. Lingual valleys of molars (0) hardly devel-
oped: Ammodorcas, Antidorcas, Suiga, Procapra,
Prodorcas; (1) much more so: Litocranius, Antilope,
Gazella (all), Nanger

29. Anterior folds of molars (0) very well de-
veloped: Antilope, G. bennetti, G. subgutiurosa, G. ga-
zella, G. dorcas; (1) very small, better developed on
lingual side: Ammodorcas, Antidorcas, Saiga, Nanger,






