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Abstract

Species and subspecies of zebras are examined using traditional (pelage and craniometric) taxo-
nomic methods, including muttivariate analysis. Mountain Zebras are split into two species, Equus
zebra and Equus hartmannae, because they differ absolutely (100%); Burchell’s or plains zebras,
however, are placed in Equus quagga because there are no absolute differences. The subspecies of
Equus quagga are revised; six subspecies are recognisable. £. zebra, £. hartmannae and E. grevyi

are monotypic.
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Introduction

The genus Equus, the only surviving genus
of the Equidae, is commonly divided into
three subgenera (Groves and Ryper 2000).
The subgenus Equus contains the true
horses; subgenus Asinus probably contains
both asses and hemiones (onagers), and ze-
bras form the third subgenus, Hippougris.
Although LypEKKER (1916) placed one spe-
cies of zebra, Equus grevyi, in a subgenus
by itself (Dolichohippus). both molecular
and morphological studies show that it is
close to the other zebras, and indeed may
be closer to the mountain zebras (E. zebra)
than to the plains zebras (E. quagga)
(Groves and Ryper 2000). Bagrp (1977)
proposed an ontogenetic model to account
for the very different striping patterns in
the zebra species.
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The current taxonomy differs slightly
amonyg different authors. but may be sum-
marized as follows:

Equus zebra group (mountain zebras): Cur-
rently a single species is recognized in the
Equus zebra group, with two subspecies,
E. z zebra and E. z. haromannae. A few
other taxa described for this species-group
are today always placed in the synonymy
of one of other subspecies.

E. burchelli/quagga group (plains zebras):
In this group we include all those zebras re-
ferred to as quaggas, bontequaggas. Burch-
ell’s zebras or plains zebras. Cranially, they
are all much alike, and differ strongly from
mountain zebras (E1sENMANN and DE GIuLt
1974). EiseNManN (1997) showed that the
skull of the extinct Cape quagga is funda-
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mentally like that of Burchell's zebras:
some of the claims of alternative affinities
have actually been based on misidentified
skulls (ErsExmany and Brink 2000). Living
plains zebras, found from South Africa
north to southeastern Sudan, southern
Ethiopia and southern Somalia, exhibit pro-
gressive reduction in striping, and reduction
of contrast between dark stripes and light
interspaces, from the north to the south of
the range, and the Cape quagga, more
southerly still in distribution, is the extreme
of this trend (Rav 1974, 1978). ELLERMAN
etal. (1953, citing Harris 1840) maintained
that the quagga had been sympatric with
plains zebras between the Vaal and Orange
Rivers, in what is now the Free State, South
Africa, but Groves (1985) showed that this
was not the case, and that Harris (1840)
had been misunderstood. Among extant po-
pulations of plains zebras, many subspecies
have been described, depending largely on
striping patterns; HorrsTETTER (1950) went
further, and claimed that East African
plains zebras were a distinct species, even a
distinct subgenus, because they lacked the
infundibula in their lower incisors, whereas
southern African representatives possessed
them (the latter state is normal in lving
equids).

E. grevyi group (Grévy’s zebras): No sub-
species are generally recognised in E. gre-
vyi. The subspecies described by Pocock
(1902), Equus grevyi berberensis, is some-
times regarded as distinct; but the feature
on which it was described, the brown rather
than black stripes, is an age-related not a
geographic one, and characterises all suba-
dults (including the type of Equus grevyi it-
self, in the Paris Museum).

Material and methods

One of us (CPG) collected cranial measurements
of a large number of zebra skulls over several
vears. In this report, they are abbreviated as fol-
lows: Gtest: Greatest skull length; Basl: Basal
length; Palate length; Dil: Diastema length:
Di.br.: Diastema breadth (across lateral ridges);
Pal.br. Palate breadth (internal, at narrowest
point); Teeth: P>-M?* occlusal tength; Incisor: Inci-

sor breadth (breadth across muzzie above - al-

veoli): Orbital breadth (biorbital, at widest parts

of orbital rims); Interorbital breadth (at narrow-
est parts of orbital rims). Zygomatic breadth

{across anterior angles of crista facialis): Postorbi-

tal breadth (narrowest); Op.-in.: Opisthion to in-

ton; Nast: Nasul length (along internasal suture,
from nasal tips to nasion): Nas.L.br.: Nasal greatest
breadth (across both nasals at widest part); Nasal
least breadth (across both nasals at marrowest
part); Face height (1) (molar alveoli to naso-max-

illary suture, wherever it is least); Face height (2)

(molar alveoli to internsal suture, wherever it is

least): Occiput breadth (occipital crest)

Not every measurement could be taken on every

skull.

We divided Mountain zebra skulls into (1) Cape

and (2) Hartmann's. We divided Grévy's zebra

skulls into northern and southern samples. but
with relatively few Grévy's skulls there was little
that could be done with them. We divided the
plains zebra (including quagga) skulls into

13 samples as follows:

True quagga (identified as such by their asso-

clated skins, and mostly lacking accurately

known localities), n = 3/3.

. True Burchell’s zebra (identified as such
either by associated skins, or by museum la-
bels or by literature references. and mostly
lacking accurate localities beyond “Cape™ or
“South Africa™), n = 4/6; “true burchelli” is a
very poorly defined concept, about which
more will be said below.

. Kwazulu (and Swaziland), n = 6/7.

Zimbabwe (and Transvaal, Botswana), n = 14/

17. :

Etosha {and Kaokoveld), n = 4/2,

Angola (and Caprivi). n = 8/3.

Western Zambia (and Katanga), n = 7/10.

Malawi (and Eastern Zambia, SE Tanzania).

n=19/6.

Serengeti {(and SW Uganda, SW Kenya).

n=47/31.

. SE Kenya, n = 34/35.

NE Kenya. n = 5/6.

12, Half-maned, so-called because of the asso-
ciated skins: the adult males are maneless,
but the females are maned (L. Baringo to
Karimoja and S.E. Sudan}, n = 15/7.

13. Maneless (Jubaland), n = 1.

The measurements were entered into an SPSS da-

tafile by CHB, who ran a large number of discri-

minant analyses using the measurements (vari-
ables) in different combinations. In some
analyses. the concern was to maximise discrimi-
nant power: in others, to maximise the number
of specimens that could be compared. In Discri-
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minant Analysis, a large number of variables

compared to the number of specimens per group

risks producing a spuriously large degree of se-

paration: preferably, the number of variables in

an analysis should not exceed, nor even approach,

the number of specimens in the smallest group.

We also constructed boxplots for greatest skull

length, to illustrate size differentiation among

samples.

CPG also collected data on pelage characters

from museum skins as follows:

1) Width of striping: measured by the number of

stripes that join the median ventral stripe (“Belly

stripes”). The number is zero in a few specimens;

otherwise, it varies from 3 to > 3.

2) Body colour: categorised as ochery, off-white,

or white.

3) Shadow stripes: categorised as follows:

T+ very strong, on both rump and neck, with
traces of still fainter shadow-stripes alongside.

+  clearly marked on rump but at most faintly
on neck, with no fainter neighbouring stripes.

+  poorly expressed

- none

) Leg stripes: categorised as follows:

—— none at all, and lower sides of rump are also
without stripes

~ none ot only traces below ethbow and stifle

clearly present to carpus (“knee™) and hock,

but at most traces below there

+ all down to hoof, but broken and incomplete
on lower leg

++ complete, unbroken

5) Mane: whether fully developed, reduced

(usually tufty), or absent

In addition, CPG cxamined lower incisors and

classified the infundibulum as present, cup-

shaped or absent on I; and L, (that on I3, never

more than cup-shaped, was always concordant

with those on the other two incisors).

Using SPSS, we ran a series of discriminant ana-

lyses on different combinations of variables, Ana-

lyses using the following five variables (Gtest, Or-

bital, Incisor, Occiput, and Dil in the case of

plains zebras but Nas.Lbr. in the case of mountain

zebras) produced the same discrimination as

those using larger variable sets: using just these

five variables maximised the number of indivi-

duals available for the analyses.

In the case of plains zebras, simultaneous analysis

of twelve groups would result in an unwieldy

comparison, in which differences between many

of the groups would get lost in the smaller discri-

minant functions; so we broke up the analvses

into six sets.

IS
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Results

Craniometric study
Equus zebra group

Using the first set of variables (Gtest, Occi-
put, Orbital, Naslbr, Incisor), figure |
shows that there is sexual dimorphism in
E. z. zebra, with females appearing larger
than males, but no sexual dimorphism is ap-
parent for E. z. hartmannae. The two sub-
species group separately in figure 1, with
zebra on the left (low values for function
1) and hartmannae on the right. Functions
1 and 2 contain 55 and 29.5% of the total
variance respectively, so both supply impor-
tant information. The structure matrix
showed that size is the predominant cause
of separation on Function 1, with Gtest, Oc-
ciput and Orbital contributing most heavily
to the difference, while on Function 2 the
variable Occiput contrasts with Orbital.
There is no overlap between the two sub-
species, with 100% correct classification.

Figure 2 compares the greatest length of the
skull for males and females from the two
subspecies. The sexual dimorphism within
zebra is evident, but there is no evidence
of sexual dimorphism in hartmannae. The
males of zebra are considerably smaller
than those of hartmannae, with no overlap
between them; the females of zebra are

Canonical Discriminant Functions
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Fig. 1. Canonical Discriminant Functions for the Equus
2ebra group. The analysis includes adults only. Mea-
surements: gtest, occip, orb, inc, nas.L.br
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Fig. 2. Box plot for greatest length of skull for £. ze-
bra group.

smaller than the hartmannae females, but
there is some overlap.

In summary. E. z. zebra is smaller than
E. 2. hartmannae; males of zebra are smal-
ler than females, whereas in hartmannae
the two sexes are the same size. £ 7 hart-
mannae has a relatively narrower muzzle
and shorter nasals and diastema.

E. burchelli/ quagga group

Set 1: Southern groups 3-6

We found that males-only, females-only and
combined-sex analyses gave the same re-
sults, so here we present only the results
for the combined-sex analysis. Figure 3
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Fig. 3. Canonical Discriminant Functions for E. quagga
southern.

shows that for groups 3-6 (Kwazulu. Zim-
babwe, Etosha, Angola) there is consider-
able overlap, with some average separation
between each group. Functions 1 and 2
contain 83.8 and 13.6% of variance respec-
tively. The structure matrix showed that
shape is contributing to the separation; on
Function 1, those higher on DF1 are smal-
ler, with narrower occiput but broad muz-
zle, while those higher on DF2 are larger
and, especially, broader, with relatively
short muzzles. There is much overlap be-
tween the groups, with only 59.1% correct
classification; the Kwazulu sample is better
distinguished than the other groups, 80%
of skulls being correctly classified, com-
pared to 66.7% of Etosha and 61.1% of
those from Zimbabwe and Transvaal, and
only 30% of those from Angola. There is
little size difference between samples; for
ail groups except Angola, the males are on
average larger than the females.

Set 2: Southern groups 1 and 2 (quagga and
burchelli s.s.)

In this case, we kept the sexes separate. Fig-
ure 4 shows that quagga and burchelli do
not separate cleanly from each other, de-
spite the very low specimen-to-variables ra-

Canonical Discriminant Functions
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Fig. 4. Canonical Discriminant Functions for Southern
adults for groups 1 & 2 {(quagga and burchelli). Speci-
mens are identified as follows:

guagga: 49, Leiden; 50, 52, Paris; 53, USNM: 54, Am-
sterdam; 55, Berlin

burchelli: 51,58,66,68, Leiden; 60, 61, 63, Beriin; 62,
Amsterdam; 64, London
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tio which actually predisposes towards se-
parating samples; instead, there are three
clusters. two of which contain specimens
from both groups, the other only burchelli.
The largest group contains all bar one of
the group 1 €quagga) specimens and three
of the group 2 (burchelli) female specimens.
Burchelli females tend to be higher on DF2
than all other specimens, burchelli males
tending to be lower on this function than
all others. Functions 1 and 2 contain 62.4
and 35.3% of variance respectively. Size is
the predominant cause of variation, with
Occiput exhibiting negative weighting in
Function 1; there is more shape variation
in Function 2, with Incisor and Orbital ne-
gatively weighted. There is much overlap
between the groups, with only 68.8% cor-
rect classification. In both subspecies the fe-
males are on average larger than the males
(plot not shown).

Set 3: Southern groups 2-5 (southern plains
zebras and burchelli s.)

We ran an analysis with “true Burchell’s ze-
bra” included as a sample of southern
plains zebra; it has much the same dispersal
as the Kwazulu sample (plot not shown).
Figure 5 shows that males of “true Burch-
ell's zebra” are on average smaller than
Kwazulu males, whereas females are not.

Set 4: North versus south (groups 3-5, 7-8
and 9-13 with 6 as unknown)

Figure 6 shows that northern specimens
(groups 9-13) exhibit the largest variance,
spanning the ranges of all other groups, in
respect to both functions. The southern spe-
cimens tend to be higher on both functions
than the other groups, but there is much
overlap. The Zambian specimens are lower
on average than the southern for Function
2, and similar for Function 1, and within
the range for northern in respect to Func-
tion 2, with a tendency to be higher for
Function 1. Angola (group 6) falls within
the range for southern specimens, and is
high for both functions. Functions 1 and 2
contain 73.5 and 26.5% of variance respec-
tively. Size is again the predominant cause
of variation in Function 1, with breadth
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Fig. 6. Canonical Discriminant Functions for £, quagga
Nerth compared to South.

variables and Diastema length less heavily
weighed than Greatest length, and Occiput
exhibiting shape contrast to other variables
for function 2. There is much overlap be-
tween the groups, with only 62.9% correct
classification. The box plot for skull length
(Fig. 7) shows that the Angola specimens
are larger than all other groups. After An-
gola, the Southern specimens are largest,
then Zambia, then Northern. Angola is
most different from the Northern sample,
and most similar to the Southern: Zambia
falls with the ranges of both Southern and
Northern, but is again closer to Southern.
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Set 5: Northern and Central Groups 7-9
Figure 8 shows that W. Zambian and Mala-
wi specimens are indistinguishable, and
placed positively, whereas Serengeti speci-
mens fall fairly heavily to the negative side,
but there is much overlap for all groups.
Functions 1 and 2 contain 92.8 and 7.2% of
variance respectively. Size was the predomi-
nant cause of variation in function 1, with
Incisor weighted slightly negatively; speci-
mens are not elongated proportionally, but
larger ones are relatively narrow. There is
much overlap between the groups, with
only 73.2% classification accuracy, the Ser-
engeti sample being classified 76% accu-
rately, while Malawi and W. Zambia are
69.6 and 66.7% correctly classified respec-
tively.

Set 6: Northern groups 9-13

Figure 9 shows that SE Kenya specimens
(group 10) tend to be lower in respect to
both functions (especially DF1), and the
“half-maned” specimens tend to be higher
than the other groups. NE Kenya overlaps
considerably with all groups excepr for
“half-maned”, and is slightly higher than
Serengeti in respect to Function 1. The un-
grouped (maneless) specimen falls such that
it borders all other samples. Functions 1
and 2 contain 73.3 and 23.8% of variance
respectively. Size is yet again the predomi-
nant cause of variation in both functions,
especially DF1, with Dil exhibiting nega-
tive weight for function 1, and Incisor for
function 2; Gtest and Dil. have very low
weight on DF2. There is overlap between
the groups, with only 58.6% overall correct
classification. Groups 9, 10 and 11 (Seren-
geti, SE Kenya and NE Kenya) have very
low levels of correct classification, but strik-
ingly. the “half-maned” zebras (group 12)
have 87% correct classification, and very
few members of other groups are in turn
classified as “half-maned”; the ungrouped
(maneless) specimen was preferentially
classified with “half-maned”, but could be-
long with any, or none, of the other groups.
The box plot of skull length (Fig. 10) shows
that the “half-maned” males are very much
larger than all other zebras, the females
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from the ~“half-maned” group being smaller
than the males on average. All the other
groups exhibit little difference between the
sexes, with Serengeti and NE Kenya males
slightly smaller and SE Kenya males
slightly larger than their female counter-
parts. The maneless specimen is closer to
the maned groups, not in this case to “half-
maned”, in size.

E. grevyi

Figure 11 shows that Kenya specimens are
similar, with no evidence for sexual di-
morphism. Ethiopia females tend to be low-
er than the Kenya groups in respect to both
functions. The ungrouped (Ethiopia male)
specimen is highest on Function 2 and mid-
range for Function 1; it is higher than its fe-
male counterparts are for Function 2, but
not Function 1. Functions 1 and 2 contain
74.7 and 25.3% of variance respectively.
Size is the predominant cause of variation
in function 1, and shape in function 2. There
is much overlap betwecn the groups, with
78.6% correct classification. There is little
size difference between any geographic
groups.

Non-metric features

Table 1 gives the results of surveys of skin
characters, and of presence of infundibula,
In this, groups 9-11 were combined as
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“East Africa™, because no differences were
found between them. Most samples have
only a low number of stripes (3—4) joining
the median longitudinal ventral stripe. but
the Malawi sample always has 5 or 6. There
are only a few specimens in other samples
with as many as 3, and these are all in Zim-
babwe, W. Zambia and East Africa, never
in Etosha or Kwazulu.

The body colour is distinctly ochery in the
southernmost samples (Kwazulu, Etosha),
but whiter in the northern. Both groups,
however, have individuals that are best de-
scribed as “off-white ™.

Shadow-stripes are always present, and
nearly always well-developed, in the south-
ernmost samples, but poorly expressed or
absent in the northern; they are hardly ever
present at all in the Malawi sample, or (as
far as the small sample size goes) in the
“half-maned” sample. In Zimbabwe and
Angola there is great variability, the former
spanning the entire range from well-ex-
pressed to absent.

Leg-stripes are rarely well-developed, and
never complete, in the southernmost sam-
ples, they are always complete in the north-
ern samples, and again they span the entire
range in the Zimbabwe group. The Angola
sample, in this case, is much more like the
northern animals, though more variable.
This is the character in which there is the
most striking differentiation among north-
ern and southern groups.
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Table 1. Distinguishing characters of living populations of Equus quagga

3. 5. 4, 5. 7. 8. 9-11. 12.
Zulu Etosha  Zimbabwe Angola Zambia Malawi  EAfrica  “Half-maned”
Belly stripes
3-4 5 23 36 4 7 - 25 3
5 - ~ 2 - 1 13 3 -
>5 - - - - - 15 - -
Body colour
ochery 2 8 5 1 2 - - -
off-white 2 [ 25 3 2 10 7 -
white - - - - 4 18 27 3
Shadow stripes
++ 5 10 2 - - - - -
+ 1 21 27 3 1 - 3 -
= - 4 23 2 2 1 13 -
- - - 6 1 5 29 36 4
Leg stripes
- - 5 1 - - - - -
- 5 10 2 - - - - -
+ 6 14 15 - - - - -
+ 1 3 24 5 - - - -
++ - - 3 1 7 28 52 4
Infundibulum
present 1 2 3 1 - 1 1 -
cup - - 6 6 1 10 15 -
absent - - 1 - - 7 11 4

The mane is always well-developed in the
southern zebras, but shorter in the northern
and missing altogether in some from the far
north of the species’ range. Two museum
skins from Sudan, both males, are maneless.
Of two, again both males, from Karamoja in
Uganda. one is maneless and the other has
a “tufty” mane. From Baringo, two males
are maneless, three “tufty”, three maned:
two females are both “tufty”.

At L. Shamo. in the southern Ethiopian Rift
Valley, zebras are maned (P. Morgis, in litt.
31/8/1973), and a skin from L. Abaya is
“tufty”, but manelessness recurs east of here:
Dracorort (1914) records maneless zebras
on the Juba, and Ziccarnpt (1959) described
Zebra burchelli isabellu from there, as a sub-
species distinguished by its manelessness.
One female from the upper Tana (the type
of grunti) and one male from Mt. Kenya are
maneless. CPG saw many zebras, all maned,
opposite Mnazini on the middle Tana River.
From the Athi Plains and Kedong Valley, se-

ven skins, and numerous live specimens seen
by CPG, are all maned; but Kavser (1970) re-
corded a single maneless one in Amboseli.
and Mour (1962) figured a nearly-maneless
zebra in Ngorongoro. Motr (1962) consid-
ered the evidence known to that date, and
concluded that manelessness was predomi-
nant, perhaps universal, among adult males
in southern Sudan and Uganda and perhaps
northwestern Kenya, but that females and ju-
veniles were always maned, while maneless-
ness was found, not necessarily universally,
in both sexes in northeastern Kenya and So-
malia. She also noted that in the regions
where maneless is common the ear-backs
tend to be strikingly white, without the dark
tone and long black apical zone usual in
plains zebra ears. The genetic basis of all this
is unclear, but her summary agrees excel-
lently with our findings on the museum ma-
terial.

The state of the infundibulum of the lower
incisors can often not be made out because






