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Introduction

The interrelationships of the species and supraspecific groups of the Bovini have been studied
by a number of authors this century (PrLeriv 1939; SokoLov 1959; BoHLKEN 1958;
GEenTRY 1978), but a few gaps remain, in particular:

1. Are the African and Asian Buffaloes, nowadays universally placed in separate genera
(Syncerus and Bubalus respectively), actually related to one other, or is one or the other
more closely allied to Bos?

2. Is the genus or subgenus Bibos (defined mostly by characters interpreted PrLcriv [1939]
as primitive with respect to Bos) monophyleric, or are some of the species assigned to it
closer to Bos s. s. than others?

3. Does the Yak occupy a place between the Bison and true caule, as Pircriv (1939)
inferred, or is it the closest living relative of Boss. s., as suggested by Sokorov (1959) and
BoHLkeN (1958)2 :

4. Isthe Bison itself a separatelineage from Boss. L., or justa highly specialised member of it ?

The method here adopted is that of cladistic analysis (see below). Previous investigators have

in the main worked from the fossil record; while this method can, if the record is complete

enough, trace the broad outlines of a group’s evolution, a detailed study of the living forms
should by itself reveal the pattern of lineage branching, and such fossils as exist can then be
slotted in.

BonLken (1958) adopts the following classification of the Bovini:

1. Buffalo group
a. Genus Bubalus with two species: B. arnee (Indian buffalo) and B. depressicornis

(Anoa).
b. Genus Syncerus with one species: S. caffer (African buffalo).

2. Caule group
a. Genus Bibos with two species: B. javanicus (Banteng) and B. gawrus (Gaur).

b. Genus Bos with two subgenera: Bos for B. primigenius (Aurochs), the wild ancestor of
most domestic cattle; and Poephagus for B. mutus (Yak). ’
c. Genus Bison with one species: B. bison (Bison).

In this system, Bubalus mindorensis (the Tamaraw) was united with B. arnee and Bison

bonasus (European Bison) with B. bison; while Bibos sanveli (the Kouprey) was interpreted

as a hybrid between Bibos javanicus and domestic varieties of Bos primigenius. GROVES

(1969) disputed the sinking of Bubalus mindorensis, and raised Bubalus quarlesi (Mountain

Anoa) to species rank, separate from B. depressicornis. BOHLKEN himself later (1961)

reversed his opinion about Bibos sauveli and recognised it as a valid species, and used its

intermediate status as a reason to reduce Bibos to subgeneric rank under Bos. The Bison
question — whether B. bonasus is a valid species or not - remains purely a matter of con-
. venience.
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It should be noted that four of the names used by Bonrxew (and followed here) given to
wild populations would be different were strict priority followed as their domesticated
varieties were named first: Bubalus arnee would be B. bubalis, Bibos (or Bos) gaurus would
be B. frontalis; Bos primigenius would be B. taurus; and Bos mutus would be B. grunniens.
The matter of the nomenclature of domestic animals is at present under consideration by the
International Commission on Zoological Nomenclature (see GROVES 1979 and references
therein; van GELDER 1979). It must be noted, of course, that BOHLKEN was well aware of the
nomenclatorial difficulties involved, and was perhaps more than anyone else instrumental in
bringing them into prominence (BOHLKEN 1961).

Material and methods

The skulls of Bovini and Boselaphini were examined visually at the British Museum; when
the salient characters had been listed and checked for cogency and consistency, photographs
were taken for illustration and further study All species were represented except B. sauveli;
four skulls of this taxon were studied in the Paris museum.

There is no dispute that the closest living relatives of the Bovini are the Boselaphini (the
Nilgai, Boselaphus, and Four-horned Antelope, Tetracerus): Sokorov (1959) actually
includes these two genera in the Bovini, but they are much more primitive. Gentry (1978)
defines the progressive characters of the true Bovini; these concern mainly the horns and
brain case.

The cladistic method in the present case seeks to find characters in common between one
or more species of the Bovini and one or both of the Boselaphini; such characters are, as a
working hypothesis, assumed to be symplesiomorph, i. e. retained from the most recent
common ancestor of both groups. The other states of the character are therefore interpreted
as apomorph, or derived; two or more species both showing the derived state of that
character may have acquired it by common ancestry (Synapomorph) or independently
(parallel or convergent). As each character in turn is examined on this basis, if the initial
hypothesis is correct a consistent pattern will emerge: otherwise a different hypothesis must
be sought. The resulting picture may then be compared with the fossil record: although
actual ancestors need not be expected, a predominance of the alleged primitive character
states should appear further and further back in time, and perhaps dates can be tentatively
assigned to the branching points. This method of analysis, illustrated for example by
Devson (1977), is based on the theoretical advances of Henntg (1966).

Results

The 30 skull characters sample can be grouped into five regions: Postcornual, Frontal, Basal,
Rostral and Tympanic.

A. Postcornual region

Characteristic of the Bovini, and distinguishing them from the Boselaphini, is the extreme
shortening and flexion of the postcornual part of the skull compared to the precornual; both
the degree to which this has happened, and the manner in which it has occurred, varies from
species to species.

1. An intercornual ridge is absent in Bubalus and Syncerus, but occurs in all other Bovini;
in Bison and Yak the ridge is flattened and craniocaudally expanded in the midline. As no
ridge is found in the Boselaphini, it seems likely that its presence is a derived character, and
that Bison and Yak are still further modified.

2. The braincase slopes backward and downward in Buffaloes, downward in the Banteng,
and downward and forward in all others — most sharply forward in true Bos. This is a quasi-
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Fig. 1. Occipital view of skull. 1a: Bos gaurus,

B.M. 71. 1430; 1b: Bos primigenius (or nama-

dicus), domestic: “Zebu no. 4 B. M.; 1c: Bos
bison, B. M. 2.8.2.18

evolutionary sequence illustrating the progressive “tucking under” of the postcornual
part.

3. The postcornual constriction, between the occipital and parietal segments (see
Hootjer 1958, who shows that PrLeriv’s identification of the supraoccipital was in error),
is very marked in Buffaloes and in Bibos, though among the latter less so in B. sanveli than in
B. javanicus and in B. gaurus (Fig. 1a); it is less marked in the Yak (about the same as the
Kouprey) and poorly marked in true Bos (Fig. 1b) and Bison (Fig. 1<). As the braincase is
shortened the occiput is pushed upwards, progressively crowding out the constriction.

4. Connected with the previous character, but not entirely coincident with it, is the
suppression of the nuchal ridge. This is strongly developed in Buffaloes and Gaur (Fig. 1a),
as in Boselaphines; it is weaker in Bison (Fig. 1c), Banteng, Kouprey and Yak, and hardly
developed at all in true Bos (Fig. 1b).

5. As the occiput is pushed upwards, the parietal/interparietal region is shortened and
telescoped into it. So the relation between the lengths of these two parts of the postcornual
region, from being 1:2 or more in the Boselaphini, becomes 1:1 in Syncerus and Bibos
gaurus, about 1.5:1in Bubalus, Bibos javanicus and B. sawveli, and 2-3:1 in Bison, Bos mutus
and B. primigenius. HopGsoN (1841) expressed this and the previous two characters as far as
the Nepal forms were concerned by describing the posterior skull surface in “the common
bull of Nepal” as a trapezium entirely occupied by nuchal insertions; in the Yak, as an equila-
teral triangle divided into two parts, occipital and “parieto-frontal”; and in the “Gowri Gao”
(= Gaur) as sphenoidal, deeply indented at the centre by the temporal fossae.
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6. The lateral corners of the nuchal crest swing forward in the Boselaphini, as they do in
Bubalus and in Bos primigenius; somewhat backward if at all in Bos mutus, and distinctly
backward in all other forms.

7. Primitively, the braincase is roofed over largely by the parietals (and interparietal,
where present), and some parietal share is retained in most Bovini; but in Bos primigenius
and its domestic derivatives none remains. The fronto-parietal suture closes early in life in ail
forms, but prenatally in these true cattle.

8. As a final index of parietal reduction, related especially to the elimination of the
postcornual constriction, is the position of the nuchal ridge relative to the horn-cores. In the
Buffaloes, Gaur and Banteng the ridge is well below the lower edges of the horn- cores; in the
Kouprey and Yak it is pushed somewhat above, and in Bison and true cattle well above.

In the characters of the postcornual region, therefore, the Buffaloes would appear to be
the least advanced of the Bovini, with the Bison and the true cattle most derived; the other
species are variably intermediate.

B. Frontal region

Unlike the characters of Group A which all form a functional-evolutionary group, the
characters of Group B are more disparate, though they obviously affect each other to some
degree.

9. The forehead is primitively short in Bovids, with the horn pedicels arising not far
behind the orbits. It remains shortin Buffaloes and Bison, but is considerably lengthened in
all other species. P1LGRiM (1939) measured frontal and parietal lengths, giving the relation
between them as 2:1 in living Boselaphines, 2-3:1 in Bubalus, and 4—6:1 in Bos and Bikos, the
latter tending to be lower than the former. This ratio is somewhat inefficient, depending on
parietal shortening as well as frontal lengthening. A rather better ratio would be that between
breadth (between orbits) and length, which in PrLeriv’s material is 1:1 in Bubalus, much
less than this in Bos and Bibos, and more than this in Bison; but even this is influenced
additionally by orbital tubularity and the position of nasion (characters 14 and 23 below).

10. The supraorbital foramina, in dorsal view, are level with the middle of the orbits in
most Bovids (with their anterior rims in Tetracerus). In Buffaloes (Figs. 2a, b) they are level
with the upper margins of the orbits; in Bison (Fig. 2¢c), somewhat above; in other species
(Figs. 2d~f), well above. It appears that the foramina are carried upwards as the forehead is
lengthened.

11. In shape, the foramina are primitively broad in Buffaloes (Fig. 3a) and Bison, but
elongated and narrow in the other species (Fig. 3b).

12. The channels descending from the supraorbital foramina are broad and short, as in
Bovids generally, in Buffaloes and Bison; they are actually absent in Boselaphines. They are
elongated and narrow in the other forms and lead upward towards the horn-pedicels as well
as downwards; and in these forms the channels tend to be groove-like and may be partially
roofed over; however, in Yak and true cattle the grooves (though just as narrow) may be
nearly obsolete.

13. Accessory supraorbital foramina are rare in Bovidae, and appear not to occur in Bo-
selaphini; they do not occur in Buffaloes, but are the usual condition in other Bovini, Bison
included. Hootjer (1958) notes the variability in number, even on two sides of the same
skull, of these accessory foramina in the Banteng.

14. The orbits are flush with the cranial surfaces in most Bovids, as in Boselaphines,
Syncerus (Fig. 2a), Banteng (Fig. 2d), Kouprey, and most true cattle (Fig. 2b); but slightly
wbular in Bubalus (Fig. 2b), Gaur and Yak (Fig. 2¢), and strongly so in Bison (Fig. 2¢).
GRIGSON (in press, pers. comm.) notes an allometric influence on tubularity in western
breeds of true cattle and the European aurochs. GuTHRIE (1966) correlates orbital tubularity
in Bison with the development of the facial mat of hair: this explanation would also hold for
the Yak but clearly will not do in other cases.






