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by 

IRMGARD GUDRUN H EINICHEN** 

Inlrodutl;on 

A. HistoricaL considerations leading to karyolyping 

Although the term " cell " as a descriptive term fo r the units composi ng 
cork was int roduced by Hookc in 1665, cytology as a subject was only 
established after th e enu nciat ion of the cell them), by Schlcidcn and 
Schwan n (1838; 1839). The concept that cells a rise by division of 
pre-cx isting cells was crystallized by Virchow (1858), but the details 
could only be worked out during the 'seventies and early eightics, leading 
to the independent a nno uncements of H crtwig and StI"assburgcr in 1884-
1885 that the cell nucleus carried the physica l basis of hered ity, more 
particul arly in the "chromatin" as Fleming had named the sta inable 
part of the nucleus. He was o nc of the foremost in describing its behaviou r 
during division, formi ng threads, splitting lengthwise, shortening a nd 
thickening into "chromosomes" (a term introduced by Waldeyer in 
1888). Van Beneden in 1883 and Heuser in 188 '~ established that each 
of thc longitudina l halves of a split chromosome passes in to onc of the 
daughter nuclei. During the cnsuing yea rs the formc r demonstrated that 
the chromosomes of the offspring are derived equally from both parents. 
Roux and Weiss mann interpreted these discoveries in terms of their 
significance to heredity and evolu t ion (Wilson, 1937; Swanson, 1960). 
Their fu ll sig nificance only beca me apparent a fter the red iscovery of 
Mcndel's classica l resea rch 011 peas by De Vries, Va n T schermak and 
Corrcns in 1900. The linking o f o bserva tions on chro moso ma l behaviou r 
and hercdital Y mechanisms wh ich followed may thus litera lly be sa id to 
constitutc the science of " cytogenetics" . T he " red iscovcl'y" of thc giant 
salivalY chromoso mcs of the Oi plcra greatly aided the understandi ng of 
chromosome structure and its relation to genetic eAcct (White, 1945). 

In the inte rphase somati c cell , no chromosomes are visibl e as such. 
They exist in a despiralized , genetically active form of chromatin, namely 
euchromatin, which at tha t stage is less stain able by the lIsua l histological 
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methods; only scatlered gra nules of heterochromatin, which is spiralized 
a nd genetically inactive, are histologica lly intensely stained . During the 
prophase of mitosis the chromosomes become visible. Contraction , due 
to coiling of the chromonemata , reaches a maximum during metapha~e 
and anaphase, conseque ntly me taphase and anaphase chromosomes arc 
the most suitable for counti ng and for study of thei r morphology. In 
anima ls this applies mostly 10 chromosomes in the metaphase stage. 

The number of chromosomes and their appearance in the dinerent 
anima l species occupied much of the attention of animal cytologists. 
By the midd le 'forties some 1,500 (approximately 0 . 1 % of the total of 
known species) had had thei r chromosome numbers determined, accor· 
d ing to a n es tima te by Whi te (1945). 

Makino (1951 ) listed the chomosome numbers of2754 invert ebra te and 
563 vertebrate species. Of the In vertebra ta mmt of the determinations 
had been done on the Artlll'opoda (2165) particu larly the Insecta (1820). 
Compa ratively less work had been done on the Ve rtebrat ;:I, namely on 
563 species. Of these, the J\tlammalia topped the list, the chromosome 
number of t 76 spccies, mai nly rodents, havi ng been investigated. Of 
the order Perissodactyla only the horse, donkey and the mule had been 
studied at that time. The chromosome numbers given for each of these 
va ried greatl y, not one of them being corrcct. This is not surpri~.ing, as 
the relat ively high number of chromosomes of mammals and inhcrent 
technical problems of ha ndling mammalian chromosomes made accurate 
determinations ext rcmely diflicult . Introduction of improved techn iques 
(Tj io and Leva n, [956; Ford , J acobs and Lajtha , 1958 ; Rothfels and 
Siminovitch, 1958; Nowell , 1960 ; Sandberg, Crosswhite and Gordy, 
1960 ; Meighan and Stich, 196 1) placed this aspect of cytogenetics on a 
sounder footing and greatly facilitated thc work involvcd in counting 
chromosomes and studying their morphology. 

Duri ng the second ha lf of the previous century, concepts concerning 
evolutioll had grea tly stimulated cytological research. The importance 
attached to gene mutat ions in the process of evolution and the realization 
that these occurred at submi croseopical level, dampened the ent husiasm 
for knowledge concerning chromosome numbers and morphology. Sub· 
sequently the realization of the signifi cance of changes in gene sequence 
and thus of aberrations of ch romosome morphology, once agai n focused 
a ttention on studi es of this kind . The finding that certain clinical ~yn· 

d romes in man were linked with chromosomal aberrations intensified the 
intercst of research workers, an interest which was further enhanced by the 
growing importance of radiation biology in a nuciear era. Karyotyping 
has again become extremely important , especially when a comparative 
study is undertaken on the species within a particula r order. This is all 
the more so when there is a danger of some species becoming ext inct. 
With reference to mammals, this importance has been exem plified by the 
recent publica tion of "An Atlas of Mammalian Chromosomes" by Hsu 
and Benirschkc (1967). Annua[ additions to the Atlas are envisaged by 

52 



the aut hors in an attempt to keep it up to date. It is hoped that the present 
investigations on Southern African Perissodactyla will form an impunam 
contribution. 

It is also hoped that this work migh t be of some use in resolvi ng the 
taxonomic uncertainty preva len t in certain sections of the order Perisso­
dactyla. Furthermore, it may lead to better unde rstanding of ka lyotypic 
evolu tion amongst these anima ls and to the revelat ion of possi ble correla ­
tions between karyotypes and other characters used in systematit:s, be 
they anato mical, biochemical or behavioural (Levan, Fredga and Sand­
be'g. 1964). 

B. Sexual dimorphism of the 1/ucleus,' lite sex chromatin 
and nuclear appendagts 

The discovery of sex ual d ifferences visible as chromatic structures in 
the interphasic nuclei of somatic cel ls of females aroused considerable 
interes t, both from the academic a.~ well as from th e practical aspect. 
Herc wou ld be an eminently useful and simple tool in scree ning for ab­
normali ties of the sex chromosomes of animals, provided a prior survey 
had established the regula rity of occurrence or a bse nce of suc h structure.~ 
in the va rious cell types of animals of a particul ar species and sex. 

Two main types of chroma tic st ructures have been found: a rela tively 
small, heteropycnotic mass next to the cell membrane termed the sex 
chromatin (or BaIT body after its discoverer) and nucle;u append ages 
of various shapes attached to the nucleus ofpolymorphonudear neutrophi l 
leukocytes. Using the presence or absence of these to determine the genetic 
sex of an an imal led to the tcrms " nuclear sexing" and " polymorphic 
sexing" respecti vely. 

I. Nuclear Sl!xing 

The Barr body. or sex chromatin. was first discovered by Barr and 
Bertram (1949) in the nucleus of neurons of the cat. Lyon (1962) postu­
lated that this chromatin body represents the heteropycnotic, inactivated 
X·chromosome. The characteristic sex chromatin fo r fema les was fo und 
in primates and ca rnivores. I n the Art iodactyla and Pcrissodactyla sexual 
dimorphism was seen in neu ronal nuclei, but in other ce ll types the nuclear 
chromatin was too coarse and the Barr body t hereforc not clea rly d ist in­
guishable (Moore, 1964). Sex chromatin was also found in cells of the 
vagi nal mu cosa of a fema le mule (Mukherj ec and Sinha , 1964) and in 
cultured cel ls from a hybrid between a donkey and a zebra (Benirschke, 
Low, Sulliva n and Carter, 1964). The cell types showing sex chromatin 
amongst the Perissodactyla were not avai lable for these studies and 
investigations on the Barr body in these anima ls, thelclore, were not 
possible. 

2. Polymorphic stxing 

Nuclear append ages in a fo rlll resem bling d rumsticks occurring on the 
n'JcJei of some of the polymorphonuclear neutrophil Ir:llkncvtes of women 
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were first described by Davidson and Smith (1 954). They regarded the 
occurrence of th ese " drumsti cks" as typical for femal es. Later research 
indicated th at th e " drumstick" represented the late replicati ng X­
chromoso me. 

The morphology a nd occurrence of nucl ear append ages were studied 
more closely. Kosenow and Scupin (1956) found that in man they 
could be classified into lour types: 
.·l -typt : a solid nodul e, connected with a thin fi lament to the nucleus. 
This is the typical drurnstiek (1. 5 to 2 .0 p. in d iameter) a nd is supposed 
to occu r only in the female. 
H-ty/)(· : a sess ile nodule, altached to the nueleus without a filament. 
It has the same size as type A and could be a predccessor th ereof (B6hme, 
1962). It is a lso supposed to OCCllr in fem ales only. 
C-type : intermedi a te forms, sma ller nodul es and filaments, occurring 
in both ma les ilnd femal es . 
D-lJrpe: a " ra cket " - or " ring"-shaped form . It is very ra re and can be 
found in both males and females. 

By cou ll ting th e A, Band C types, disregarding th e rare 0 types, a nd 
empl oy ing th e formula A~H , Kosenow and Scupin (1956) found th a t 
accura te sexing was poss ible. Valu es of less than 0. 4 indica ted a male, 
and of more th an 0 . 4 a female. On the same basis B6hme (1962) found a 
sex ual difference for sheep, the critical distinguishing value being O. I. 

Clea r polymorphi c sex differences were found in horses by Porter 
(1957), Zoaralek ( 1959), Kra ft ( [960) and Relllsch, BrLischke and 
Schulz (1960). 

As blood smea rs were readily obtainable, it was considered worthwhile 
10 in vestigate the possibilities of polymorphic sexing on the wild pcrisso­
da cty les occurring in sO Llth ern Africa . 

C. Sy.rtemofics of fhe order Perissodoctyla 

I. GeneraL 

The oldest Pcri~sodacty lil , H)"llcoflierilllll , ,t typ ical prototype or this 
gro up was found in th e Eocenc in Europe and North Am erica (Thenillsr 

[966 ). The classificat ion, ada pted from ElIcrma n and Mo rriSOll-Scott 
( 195 1), Ha[t ell orth and Trense (1956) a nd Ameli (1967), or the livi ng 
and recently extinct forms of " those hoofed mammals wi th the mid -line 
of th e foot passing through the third toe" (Wood, 194 1), is shown in 
Ta ble I. 

The modern tapirs are considered to be the mos t p rimitive living 
Perissodactyla (Simpson , 1945). From the fo llowing quotation of Wood 
(194 1) the rela tio nship of the Rhinoccrotidae and Equidae may be 
deduced: " Hyrachyidae, springing from a common stock close to the 
ancestry of the horse, represents an Eocene adaptive radiation of the 
ancestra l or, more probably, near ances tral stem rhinoceros." 
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'" U' 

SI/bonlfl: 
~il/lf~lallli~J' : 
Fflllli~ r: 

' I'apirioidca 
' I'api ridac 

Topirus lu ftslris Linn. , 1766 

T. illdicus Dcsmarcsl, 1819 

T. pillchaque (Roulin , 1829) 

T. bairdi (Gill , 1865) 

T able 1 

Classificatioll of the Order Perissodactyla* 

Ccralomorpila 
RhinoccrOlOidca 
Rhinocerotidac 

Diceros bi(omis (Linn. , 1758) 

D. b. bicom is (Linn. , 1758) 

D. b. Iwlmwoodi ( I'. L. Sclatcr, 1893) 

D. h. somalitllsis (Potocki, 1897) 

Cera/ollurium Sillllllll (Bu rchcll, 1817) 

C. s. simum (Burchcl l, 1817) 

C. s. (o/lolli (Lydckkcr, 1908) 

Rhillflceros ullicomis Linl1. , 1758 

I-lippomorpha 
Equoidca 
Equidac 

Equu! caballus Linn ., 1758 

E. przewalskii Poliakov, 188 1 

I:':. hellliollus Pallas, 1758 

E. asilllls Linn. , 1758 
r .... quaggat Gmelin, 1788 

E. ~rtI" i OUSIi:llc t, 1882 

E. u bra Linn. , 1758 

E. --<. --<tbra Linn. , 1758 
E. --< . IwrlmO/mat Malschic, 1898 

E. burellelli (Gray , 1824) 
E. b. bl/relltlli (Gray, 1 82 '~ ) 

RI,illoceros sOlldaicllS Desmarcst, 1822 E. b. al1tiqllorlllll H . Smith , 1841 
E. b. bohmi ~1 atsch ic , 1892 

Diceror/,iIllISSIII1/olftllsis (Fischcr, 1814) f.'. h. ( fawshaii de \\,in lon , 1896 
(= selousi Pocock, 1897) 

*Ach']>lcd f"um ElIcl'man and :\ lorrison-Scott (1 951 ). Haltcnonh and Trcnsc (1956), and Anscll (1967). 
t - rccc' lltl y o:xlillCI. 



2. Main morphological distinctions between Cera(Otheriulll simum alld 
Diceros bicornis alld between Equus zebra and Equus burchelli. 

To avoid possible misi nterpretations, especially amongst the zebras, 
the main differences between the two rhinoceros and zebra species are 
given below: 

I. Size: 
2. Upper lip: 

3. Behaviour: 
4. Nuchal hump: 

I. Size: 
:2. Dewlap on 

th roat: 
3. " Grid-iron" 

pattern on 
croup: 

4. Stripes : 
5. Shadow-stri pes: 
6. Ears: 
7. Tail: 

8. Ground colour 
of face: 

Diceros bicofllis 
Smaller 
Lip more pointed and 
prehensile for browsing 
Very aggressive 
No nuchal hump visible 
(Ansell , 1967) 

Equus ;;.ebra 

Smaller 

Present 

Present 
Do not meet on belly 
Absent 
Long, donkey-like 
Donkey-l ike ; the tassel 
starting lowe r down the 
tai l 

Lower part redd ish­
brown 

Ceratotherium simum 
Large r 
Square lip for grazing 

Not aggressive 
Pronounced nuchal 
hump visi ble when head 
is raised (Ansel l, 1967) 

Equus burchelli 

Larger 

Absen t 

Absent 
Meet on belly 
Present 
Short, horse-l ike 
Horse-like; the tassel 
starting nearer to the 
base of the tail 

All ove r white 10 

yellow 

EqulIs burclulli resembles the horse (0 a greater extent tha n does Equus 
;;.ebra. The lall er is more asi nine in appearance (Bourdelle, 1941 ). 

D. Geographic distribution oJ Perissodactyla 
ill southefll AJrica and taxonomic problems 

conctflling species and subspecies 
DJ ;;.ebra. 

I. Distribution oJ the While or Square-lipped Rhinoceros, Ceratotherium 
simum Slmurn (/Jurchell, 1817 ). 

Shortly after the end of the 19th centur y. th is species was almost 
extinct in southern Afri ca (Ansell , 1967 ). In 1800 the southern square­
lipped rhinoceros was distributed almost throughout sou thern Africa, 
but 80 years late r only a few were left in th e Umfolozi Game R eserve 
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area in Zu lul and (Player and Feely, 1960). Since then , with the help of 
Major Va ughan-Kirby, then Game Conservator for Zulu land, they were 
protected in th is area. Numbers increased again , totalling six hu nd red 
in 1959 (Player and Feely, 1960). Of these, 86 were transrerred to the 
Kruger National Park in 1965 to ensure a wider d istribu tion (Anon., 
1965a). Breeding units were al~o introduced into th e Loskop Dam Nature 
Reserve (Bigalkc, 1963) as well as other smaller reserves in the Transva<ll 
and also to Swaziland (Anon., 1965b) and Rhodesia. 

Several hundred or the nort hern white rhinoceros, Ceratotherium 
simum cOlloni, (Lydekker, 1908) may have survived in Uganda, Sudan, 
Garamba National Park and the Congo. Further inrormation regarding 
its status is very conflicting and doubtrul (Ansell, 1967). 

2. Distribution oJ the lUad or Hook-lipprd Rhinoceros, Diceros bicornis 
bicornis (Linn., 1758). 

Berore Europeans entered the African Continent the black rhinoceros 
was distribu ted almos t throughout Arrica. Today their numbe rs have 
decreased tremendously and only a rew a rc found in South Arrica, South 
West Arrica , the Portuguese Territories, Rhodesia and Zambia. Further 
north, last strongholds exist in Tanzania and Kenya and onl y a few 
specimens re main in Ethiopia , Sudan, Uga nda and the Congo (Sidney, 
1965). 

Severa l black rhinoceroses are found in three game reserves or South 
Africa, namely 180 to 200 animals in the Hl uhl uwe Game Re~erve 
(P. Potter, according to persona l commu nication to Sidney, 1965), 13 
in thc Umfolozi Game Reserve and a bout 50 in the Mkuzi Game Reserve 
(Sidney, 1965). In historic timcs, rhinoceroses al w occurred in the Cape 
Province, but they are now extinct. Reccn liy a pair have been reintro­
duced into the Addo Elephant National Park (Bi gal ke and R"teman, 
1962). 

According to Sidney ( 1965) over 200 black rhinoceroses arc still living 
in the Kaokoveld and the Elasha Game Reserve. Gaerdes, however, in 
an article, circulated privately in 1967, stated that from cOunts made 
by the Chief Warden of South West Africa, Mr. H. de la Bat , only appro­
ximately 60 black rhinoceroses had been found in the Kaokoveld. 

3. Distribution oJ EqulIs zebra Linll., 1758 . 

The mountain zebra of today is found in the mountainous regions of 
the western coastal areas, from abou t lOO miles nort h of Mossamedes in 
Angola, through South West Arrica to the southwestern and southern 
Cape Province (Ansell , 1967). This d istribution is not a continuous onc. 
The subspecies Equus {~bra zebra Li nn., 1758 is found main ly in the 
Mountain Zebra National Pa rk in the Cape and a few animals inhabit 
adjacent regions. It is threatened by extinction ; only some 70 to 80 
individuals are still in existence (Higalke, 1952). At the end or 1970 there 
were 11 4 individuals in the Mountain Zebra Nmiona l I}ark (Ed. ). 

57 



}!.·/fUIIS ;:.ebro horlmol/1/Oe j\1ntschic, 1898, although still found roaming 
th e coastal regiom of Angola and South \Vest Africa in some numbers, 
is at present bcing protected in a new park, the mountain farm "Nau­
klufl", recently proclaimed in the southe rn part of South \Vest Africa 
(Baxter, 1967). 

4. Distribution of Equus burchclJi (Gra)t, 1824). 

In So uth Africa, thcy inhabit the southern sava nnah zone nort h of the 
O range Ri ver. Northwards they formerly occurred in the southern 
savannah of easte rn and northern Botswa na. They still occur in northern 
South West Africa; southern and southeastern Angola; Rhodesia; 
Mozambiquc; Zambia; Malawi; southeastern Congo; Tanzania; R uanda 
Urundi; southern Uganda; south western Kenya; parts of lhe Somali 
arid zon e ; northern Uganda and th e southeastcrn Sudan (Ansell, 1967). 
According to Ansell, they ,He exti nct in several of th e above mentioned 
areas, reintroduced into some and pre~ent today in considcrablc numbcrs 
111 some ga me rescrves. 

The distribution of the existi ng subspecies has not been resolved 
taxotlomica lly. On the borde rs of their geogra phic habi tats thcy arc 
known to intergrade (Ameli, 1967), justifyi ng a se paration, if at all, at 
no higher than Ihc subspccies level. It is generally accepted that the 
zebra from the Kruge r Na tional Park should be ca lled /!:. bllrchelLi allti­
quorum H. Smi th , 1841 and the zebra occurring in central and nol'thern 
Mozambi<lue, eastern Rhodesia and parts of Zambia and Malawi 
E. burchelli craws/mii de Winton, 1896 (= selollsi Pocock, 1897) according 
to Ansell (personal communic:ttion 1967, 1968). The former is also 
known as Chapman's zebra and the latter as the SelOlls zebra . In his 
personal COI1l11lunic:ttion of 1968, Ansell ind icated tbat the ~u bspec ics 
name crowshaii should have priority ove r selollsi and thi~ ~ubspecie~ IS 

referred to as such in this work. 
The taxonomic status of their South \'Vest African counterpart is 

un ccrtain. Ansell (personal communication, 1967) believes that either it is 
E. burchelli bu"helli (Gray, 1824) or th~t t:. bllrchelli burchelli is extinct and 
lhat , if a subspecies 1l~lIne be given, it should be either E. burchelli kaokellsis 
(an end form of E. hurchelli allliquorum), or E. bllrchelli allliquorum. Purely 
as a matte r of convenience and to avoid confusion between the plains 
zebra of the Kruger Na tional P:! rk and those of South West Africa, the 
name E. hurcheili burchelli wi ll be used in this paper for the plains zebra 
of South West Africa. 

The subs pecies, Equlls burclteili dllti(luorum H. Smith 1841 , is at present 
distributed throughout the Transvaal, southern Mozambique, western 
Rhodesia and northern Botswan2.. Names like c/wpmo1l1 Layard, 1865; 
wahibergi Pocock, 1897; trallsvaolensis Ewa rt, 1897; pococki Brasil and 
Pennetier, 1909; kmifmdnni Matschie, 1912; and kaokellsis Zukowsky, 1924; 
have been used . Ansell ( 1967) regards all th ese as synonyms for E. 
l!IIrchelii allliquorum . 
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E. Ka,)'olypts of Perissodacl,),/a 

I. FamilJt: Tapiridae 
Unfortunately no chromosome cou nlS have ye t been carried ou t on the 

only living genus, Tapirus, in habiting South America and Asia. As they 
a rc not ind igenous in southern Africa, and the three or four kept in 
capti vity in Sou th African zoos arc too valuable to be used for experimen­
ta l purposes and a lso beca use modern met hods of immobil ization a rc 
not absolutely sa fe, no materia l fo r stud y was ava il:lble. 

2. FamiLy .- Rilinocuolidae 

No karyoty pes of the Rhinocerotidaeare given in " An Atlas of Mamma­
li:ln Chromoso mes" (Hsu :lnd Bcnirschke, 1967). Recen tl y, Hungerford , 
Chandr:l and Snyder (1967) published an article 011 the chromosomes of 
a fema le black rhi noceros, DiceTOS bicornis. Benirschke (pe rsona l co mmuni­
ca tion, 1967) investigated the chromosomes of the Ind i:ln rhinoce ros 
Rhinoceros unicorn;s, while a preliminary note on th e white rhinoceros, 
Ceralolher;1I11/ simulII simum has also appeared (Heini chen, 1967). The 
northern white rhinoceros, Ctralo/herium sit/wm col/olli , has not yet beell 
invest igated. No stud ies have been made on the J ava nese rhinoceros, 
Rhinoceros sOlldaicus, nor on the Sumalran rhinoceros, Dicerorllin/ls srmw/ren­
sis, of wh ich the only capt ive specimen is in the Copenhagen zoo. 

3. Family: Equidae 

Relat ively recent and reliable karyotype studies have been reported on 
the fo llowing species : Equ/ls cahal/lIs, E. przewalskii, E. hemiQllus, E. asilllls 
and E. grevyi as shown in Table 2. 

Beni rsc hke ( 1964) found the chromosome coun t ofa hybrid betwee n an 
Equlls asinus stall ion and poss ibl y :In Equlls zebra harlma1llWl ma rc to be 48. 
Nei ther parent could be examined and only :l photograph of the marc was 
availa ble. Beni rschke assumed that it was a specimen of E. zebra har/­
maT/f/al , fo r which Hamel10n (according to Bcnirschke, 1966) had found 
a ch romoso me number of2n -: 32. Since E. asill/IS has a diploid number 
of 62 chromosomes, it would havc meant tha t E. Zlbra Iiar/mallllae had 
34 chromosomes, in conflict with Hamerton 's findi ng. Benirsc hke ( 1966) 
concluded that eit her the sta ll ion o r mare had an aberrant karyotype 
or that the marc was an E. Zlhra zebm, wh ich had not the n been in vestiga­
ted . The latter assumption is the onc usually accepted in the lite rature 
(King, Short , Mutton and Hamel10n, 1966; Short , 1967). No fun her 
invest igation on E. zebra zebra h:ls been underta ken until now. 

For E. zebra Ilar/mannae Bcnirschke and Marouf (1967) determined the 
diploid chromosome number as bei ng 32. 

Investigation of the chromosome number and ka ryotype of E. zebra 
zebra was thus an urgent necessity. For this reason it was und ertaken, 
together with a study on E. zebra Iwrlmannat fo r confirmatory and com­
parative purposes. 
A~ regards E. burchelli, Rcnirsehke, Brownh itl and :McFecly (1963) 
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T able 2 

Prl1'ious/;' Published Chromosome JVumbers of the PerissodaciJ'la 

.Helaanlric AcrOCel!tric 
Family Species Subspeciu 211 Chromo- dlTomosome chromosome Rifutllus 

SO rlltS pairs pairs 

Equidae E. pr Ztwalskil 66 
(Przewalski's horse) 

13 19 Benirschke, Malouf and Low ( 1965) 

E. caballus 64 13 18 Benirschke, Brownhil! and Heath 
(Domestic horse) (1962) ; Trujillo, Stcnius, Christian and 

Ohno ( 1962) 
E. asinus 62 19 11 Truj iIlo, et al . ( 1962) ; Benirschke, elal. 
(Donkey) (1962); 
E. hemionus 56 23 4 Benirschke and Malouf ( 1967) 

0> (Onager) 0 
E. grtl!)·i 46 16 6 Mutton , King and Hamerton (1964) 
(Grevy's zebra) 
E . burchelli E. b. anliquorum 44 18 3 Eloff (1966) ; Benirschke and Malouf 

(BurcheH's zebra) E. b. bOhmi 44 18 3 
( 1967) 
Benirschke, Brownhill and l\IIcFecly 
(1 963) 

E. zebra E. z. haT/mannoe 32 13 2 Benirschke and Malouf (1967) ; Hamcr-
(Mountain zebra) ton (according to Benirschke 1966) 

Rhinoeerotidae D. bicomis D. b. bicomis 84 3" 38 Hungerford, Chandra and Snyder 
(Black rhinoceros) (1967) 
R. ullicomis 82 0 40 Benirschke (personal communication, 
( Indian rhinoceros) 1967) 

* = One metacentric pair has been accepted as representing the X-chromosome. 



have studied the chromosomes of E. hurehtlli hOllmi and reponed the diploid 
/lumber to be 44. 

FJoff ( 1966) casually ment ioned in the legend to a photograph of a 
chromosome spread that E. hurehtJli anliquorum has a diploid number of 
44. The determina tion had been done on an animal from the Kruger 
Nationa l Park. Benirschke and Ma louf (1967 ), also found the chromo­
some cou nt to be 44 on onc E. b. (ll/tiqllomnl specimen tha t was investiga ted. 
Benirschke (1967), in a persona l communication, indicated that the 
Damara zebra- probably lhe plains zebra from South West Africa, 
and thus referred to as E. bllrcluLLi burchtlli in th is paper- has 2n = 42 
ch romosomes. 

The chromosome numbers acce pted until now have been summarized 
in Table 2. 

To obtain grea ter ce rtainty and clarit y, inyest igat ions on as many 
subspecies of E. hurcllelli as possible had to be undertaken. It was also 
hoped 10 arrive at findings tha t would be of assistance to the taxonomist. 

.Ht /hods 

A. Immobilizatio1/ 

~'I ost of the animals from national and private game reserves, farms or 
zoos, were chemically immobilized, making it unnecessary to kill them 
(King, Short, Mutton and Hamerlon, 1966). In some cases an autopsy 
was required for other investigations and then the ani mals were shot. 
In these instances a more rapid collection of material was possible, since 
with immobilization some 10 to 15 minutes elapse before the ani mal 
becomes incapacitated. Immobil ization in many instances was carried 
out with the morphine ana logue, M-99 (Rcckitt), which is the code 
name for the chemica l compound 7-a -( I-R-hydroxy.l-methylbutyl)-6, 
14-endocthenotetrahydro-oripavine hydroch loride, the centra l narcotic 
ana lgesic activity of which is 5,000 to 10,000 times greater than that of 
morphine (Pienaar, va n Niekerk, Young and Van Wyk, 1966). M-99 
has no ';nerve-muscle·pa ra lyzing" effect as do the suecinyl choline 
compounds and is therefore sa fer to use (Harthoorn, 1966). The com­
pound is still being used experimenta lly and accidents are still to be 
expected- it was found that some black rhinoceroses, whic h were to be 
transported to the Etosha Game Park, died when drive n from mountai­
nous regions in the Kaokoveld and im mobilized therea fter. 

More recently *Fentanyl and *Azaperone were used to immobilize 
rhinoceroses in the game parks of Natal. Fentanyl, (R4263-citrate) 
J anssen Pharmaceutica, 1-(2-phenethyl )·4-(N -propionyl-anil ino ). piperi­
dine, is a very potent, shortacting, ana lgesic and anaesthetic with mnr­
phium- like action. Azaperone, (RI929) J anssen PharmacclItica , 1-(3· (4-
fluoro· (bcnzoyl )-propyl).4. (2-pyrid il)-piperaz ine, is a neu roleptic agent 
which prod uces a typica l state of catalepsy, characterized by the absence 
of volu ntary movements and by the state of indifference to the environ -

61 



ment, when ad ministered in thera peutic doses. I t antagonizes the res pira­
tory depressan t eflect of morph ium-like compounds and is a very poten t 
a ntitrauma tic shock agent. The only practical drawback to both these 
drugs is the relatively bigger dosage th at is required. 

Acctylpromazine was used as a tranquili zer, oft en with hyc~ci ne 

hydrobromide as a potentiator. The substa nce or combi na tio n o f sub­
stances was injected by mea ns of dart syri nges p ropelled by a " Cap 
Chur gu n" o r the "Van Rooyen Crossbow" . 

The met hod of immobi lizat ion Llsed in any particu lar instance was 
depend ent upon the preferences of the particula r game rese rve officials, 
who assisted in this work. Some of these methods were field tria ls ofd rugs 
or drug combina tions. The white rhinoceroses, No. c.s.s. I, 2 and 3 
(see Matel ial and Results), were immobili zed by mea ns of a mixture of 
2 mg ~'1 -99, 3 mg acetylpromazine and 100 mg hyoscine hyd ro bromide 
made lip in a solution of 2 ml total volume. During August a nd September 
1968, these drugs were used in the followi ng co mbinations, du ring 
experi me nt a l imlTIobil iza t ions carried out by Dr. M. E. Keep. 

Animal 
number 

Drugs used 

White Sex Age M-99 

Acel)'l­
proma­
Zine 

:/ ?,ape­
H) 'oscine Fentall)" rOlle 

rhinoceroses 

c.s.s. 5 0 
c.s.s. 6 0 
C.s.s. 7 0 
+ inj ection of 
c.s.s. 8 '" 

Adult 
Ad ult 
Adult 

Ad ult 

I mg 
t mg 
It mg 

2 mg 
I mg 
3 mg 

lOO mg 30 mg 
100 mg 52 mg 
100 mg 20 mg 

100 mg 

First dart unsatisfactory eITect , darted again with : 

C.s.s.9 
C.s.s. 10 

9 

9 
+ inject ion of 
Cs.s. 11 7 
Cs.s. 12 ¥ 
C.s.s . 13 ~ 

Black 
rhinoceroses 

D. b.b. I 9 
D .h.h. 2 9 

Ju venile 
Adult 

Adul t 
Adu lt 
Juveni le 

mg 
It mg 
1- mg 

Adult It mg 
J uveni le I mg 

2 mg 
3 mg 
I mg 

75 mg 
50 mg 
100 mg 
75 mg 
100 mg 
lOO mg 
50 mg 

100 mg 
75 mg 

20 mg 
10 mg 
30 mg 
22 mg 
20 mg 

150 mg 

150 mg 

The Eq/llls ?,ebra <ebra specimens were immobi lized with a mixture of 

*I nformat ion kindly supplied by Ethnor (Pty. ) Ltd. 
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2 mg 1'v1-99 and 15 mg acetylpromazine injected intra-muscularly. Of 
1::. zebra hartmanllae one marc and her colt (No. E. z.h. 3 and I) were 
immobil ized by intram uscular injection of succy nyl choline chl oride 
(100, and 50 mg respectively). A stallion (No. E. <..II. 2) and a further 
three mares (No. E.z.II. 4, 5 and 6) were roped in a conal to which 
they had been confined after ca pture the previous day. 

O ne adult E. bllTchelli alltiqllorwlI stallion (E .h.a. 2) in the Kruger 
National Park was immobilized by means of M-99 and acetyl promazine, 
a t the same dosage level as for E. zebra zebra, while the three foa ls (E.h a. I, 
5 and 6) were simply tied down. Th ree animals (E.h.a. 3,4 and 7) were 
shot, as were the four zebra in the Etosha Game Park, the three zebra 
obtained in the controlled hunting area of the '''' ank ie Game Park and 
the two in the Gorongosa National Park. 

B. Cylogrnetic teclmiques 

As a prelimi nary trial, blood cultures of domestic an ima ls were ca rried 
out, in which the origina l culture method of Moorhead , Nowel l, Mellman, 
Battips a nd H unge rford (1960) was followed with a few adaptations by 
Eberl e (personal comm uni ca tion, 1965). On ou r first expedition to 
7.ulu land, bone marrow as welt as blood sa mples for cultures were 
collected, but it was found extremely difficult to collect sterile blood 
under fidd cond itioIlS. As contamination was found to be unavoidable, 
it was dec ided that these studies on wild an imals were best done using 
the bone marrow technique, based on that of Sandberg, Crosswhite and 
Gordy ( J960) with some adapta tions (Gerneke, 1967). 

ROlle marrow rrom ei th er ri b or sternum was used. The most common 
divid ing cells in bone marrow are the polychromatoph ilic etythroblasts 
and early normoblasts (Maximov a nd Bl oom, 1957). Good metaphase 
spreads rrom these cells were used ror the coun ting of chromosomes and 
ror morphological st udies. 

Collectioll of material ill Ilte/feld 

For collection of bone marrow specimens in th e field , a stout wooden 
box was constructed, measuring 2 Il. 2 in. by 2 ft. by 9 in. with angle iron 
reinrorcement around the base. T o this a t ill. socket was weld ed at each 
corner and a simi lar piece was inserted into each angle or the unhinged 
portion of the lid . From t in. piping six legs, two long and rour shorter 
ones, were constructed by threading the one cnd and welding a spike at 
the other. A side projection was welded onto the juncti on between pipe 
and spike, so th at the latter could he rorced into the ground more easi ly 
by foot pressure. A strong meta l projection screwed on to the box at one 
corner provided a firm support for a hand cen triruge. The box a nd lid 
were li ned wi th strips or roam plastic, such as is used ror imula tion in 
the building trade. T he box itselr was subdivided by the sa me materia l 
into compartments of convenient size 10 contain all the bottles and equip­
ment requ ired. Because or this, transport over ro ugh terrain was possible 
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Plate 1. Portable work beneh. 

without breakage. When opened and with the legs screwed into position, 
the box provided a combined contai ner, with everyt hi ng readily avai lable, 
and a work bench (Pla te I ). 

(a) Collection oJ hone marrow 

In view of previous experience (Gernekc, 1967), all bone marrow 
specimens were collected between 6.00 a.m. and 12.00 a.m. Subsequent 
ex periences as deta iled on fo llowing pages suggested the advisabi lity 
of darting animals without undue excitement and physical exertion on their 
part as well as of taking biopsy specimens immediately aftcr immobiliza­
tion. I n the case of animals being shot, the specimens were taken withi n 
ten minutes after death. 

In the case of zebras, bone marrow was aspirated from the caudal part 
of the sternum by inserting a two to three inch long, gauge 16 Salah 
sternal puncture needle into the red marrow of the sternebrae, with­
drawing the plunger from Ihe need le and applying suction after attaching 
a syringe. The syringe and needle were previously moistened by rinsing 
with some of the diluting solution (par. (b) I) which increased suction 
and a lso acted as an anticoagulant. In those cases in which live zebras 
were merely roped and ti ed down , a loca l anaesthet ic- I ml Pl anocaine 
( ~1ayba kcT)-was injected subcutaneously, prior to performing the 
biopsy. 
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In the case of rhinos, it was initially considered too laborious and 
undesirable to roll the rhinoceroses onto their side. Consequently the 
bone marrow samples from the first eight white rhinoceroses (Nos. C.s.s. I 
to 5 and 8 to 10, as individually identified in th e next chapter) were 
obtained from a rib, anyone of the accessible sternal ribs being used . 
The failure to obtain bone marrow in tbis way from one female, No . 
C.s.s. 10, despite several attempts, led to the exploration of the sternum 
as an alternative route. This was found to be less difficult than anticipated 
and sampling from the last five white rhinoceroses and the two b lack ones 
was thus done on the sternum. 

Since we only had needles as descri bed above (suitable for relative 
thin skinned an imals such as the domestic animals), it was necessary to 
inject 5 ml Planoca ine subcutaneously and make an incision, about 
two inches long, through the skin to be able to reach the rib with the 
necdle. The skin had a thickness of almost It inch , with onc inch layer of 
muscle underneath. Considerable effort was needed to force the needle 
through the compact bone of the rib into the spongy bone underneath. 
The skin over the caudal part of the sternum was found to be much 
thinner, than over the rib . A much smaller incision was thus necessary, 
the on ly need for it being to overcome the toughness of this structure 
and thus the amount offoree required when inserting the needle. However, 
there was little difference between rib and sternum in the density and 
thickness of the compact layer of bonc. Biopsies were made as mentioned 
for the zebra and treated as described below. In the case of th e zebra 
stallion (No. E.h.c. i) collected at Wankie and the onc (No. E.h.c. 3) 
in Gorongosa, scrapi ngs were also made from the cut surface of the testis. 
The material was then subjected to the sa me treatment as that of aspirated 
bone marrow. 

(b) Treatment if aspirated bOlle marrow 

I. One to two ml of the bone marrow aspirate was added to 8 ml of 
a 0.6 per cent dextrose and 0. 7 per cent sodium chloride solut ion and 
I ml of a 10 per cent potassium oxalate solu tion as an ti-coagulant in a 
conical centrifuge tube (graduated up to 10 ml ). 

2. The bone marrow suspension was centrifuged at 350 Lp.m. lor 
5 minutes. Supernatant fluid was discarded and 10 ml 01"0.44 per cen t 
aqueous sodium citra te was added. Homogeneous d ispersion of marrow 
cells was obtained by gentle manipulation with a Pasteur pipette. 

3. The tubes with the hypotonic suspension were incubated in a water 
bath a t 3T C for 15 minutes. Under field conditions this was improvised 
by ca rryi ng hot water in a Thermoflask and by continually replenishi ng 
the warm water in a beaker containing the tubcs. The process of cen tri­
fugation was repeated to sepa rate the now swollen cells. The supernatant 
fluid was again discarded . 

+. Without disruption, the cell sed imen t was fixed in =- 5 ml 01" acetic 
methanol ( I ml glacial acetic acid + 3 ml methyl alcohol). The cells 
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were transported to the laboratory in this fixative without any detrimental 
effcct, even aftcr keeping them as long as one month. In fact, it was found 
that better preparations \vere obtained afte r onc to two weeks' fixa tion. 

Procedure continued in lhe laboratory 

5. In the laboratory, the cells were centrifuged as before, the super­
natant fluid W;'lS discarded , and 5 ml of a 45 per cent g lacial acetic acid 
solution was addcd to the cells mixed gently and left in a refrigerator 
for 11- hours. Then the suspension was ce ntrifuged once more and the 
supcrnata nt fluid disca rded again. 

6. Sufficient acetic methanol fixative (sce par. 4) was added to the 
scdimen t to give a moderately turbid cell suspcnsion. Drop preparat ions 
were prepared with a Pasteur pipette, using clean g lass slides, steeped in 
iced water. The cell suspension was allowed to drop onto the sl idc still 
covered by a thin film of cold water. Spreading of thc cell s is caused by 
the methanol-water reaction and is further aided by blowing on the slides. 
Rapid cvaporation was obtained by inte rmittent gent le heating over a 
small namc and blowing. 

7. Whcn the sl ides were dry, they were placed in methyl alcohol for 
three min utes, transferred to 100 per cent May-Griinwald solution 101" 
three minutes, then to a 50 per cent May-Grunwald solulion for three 
minutes and finally stained for two to three hours in a 10 pcr cent Giemsa 
water solution, al ka linized by addition of a few d rops of ammonia. Slides 
were rinsed in running distilled water, cleaned underneath and rapid ly 
dried in a warm air draught. 

8. Any stain deposits were removed by dipping individual slides 
brieAy into ajar of oil of cloves. The slides were then blotted dry and rinsed 
four times in xylol. 

Spreads were selected under low power orthe microscope and cou llled 
und er oil immersion. Ap prox imately 50 spreads werc countcd , or a ll , 
if less than 50 good sprcads were available. 

Mounting or preparations was found unnecessary. I n case or f:'ld ing, 
the staining proccdUl·e was repeated. 

Suitable spreads were photographed using Agf .. Isopa n IFF (15 Din ) 
film. Du Pont 90, high contrast developer was used at 20° C for 5 minll/es. 

Prints we re made on hard , mat paper. Karyograms were co mpiled by 
cutting oUl and pairing the homologous chromosomes. They wcre 
arranged in descending order of size, according to the Denver-sys tcm 
(BoOk and 14 co-workers, 1960). In most cases the chro mosomes werc 
touched-up to revea l more clea rly fi ner detail seen on focusing and not 
brought Out in the photographs. The karyogram thus compiled was 
photographed again. 

In classifying th e chromosomes, the standanli zcd nomcnclature 
suggested by Levan , Fredga and Sandbcrg ( 1964), was followcd according 
to which me tacentric, submetacentric, su btelocentric and acrocentric 
chromosomcs are recognized. As, however, the origi nal binomial system 
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Plate 2 ( I and 2). Fl"ontal and lateral facial views of Ceratotherium simllm simum. 
(3 and 4). Frontal and lateral facial views of Diceros bicomis bicomis. 

of metacentric- acroce ntric, as described ea rlier by White ( 1945), is very 
conven ient and pop ular but liable to confusion when used along with 
the Levan-Fredga-Sandberg system, the terms " mcta-submetacentric" 
and "acro-subtclocentric" will be used wheneve r it is convenient to refer 
to two classes only. 

(c) Polymorphic sexing 

Blood smears were made from each anima l, stained in 10 per cent 
C iemsa for :L onc hour and th erea fter examined under oil immersion 
lor nuclear appendages of the polymorphonuclear leukocytes. Five 
hundred such cells were examined for each animal. 

Malerial and Resulls 

T he details regardi ng material are more conveniently descri bed und er th is 
heading. 

A. Ceralolherium simum simum (Burchell, 181 7) 

I. ,\4a(enal 

During February 1967 bone marrow a nd blood were collected and 
blood smears made from one male and one femal e white rhinoceros 
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(Nos. c.s.s. I and 2) in the Umfolozi Game Reserve, Zulu land, Natal. 
On a subsequent expedition in April , bone marrow was collected from a 
male (No. Cs.s. 3). Bone marrow was a lso collected and blood smea rs 
made some two to there hours after deat h from a fema le (No. C.s.s. 4), 
ki ll ed by a t rain in the Sabie Sand Game Reserve. 

Pla te 2 ( I and 2). 

Simila r collections were made during August and September 1968 in 
an a rea adjoining the Umfolozi Game Reserve from two adult males and 
onc juvenile male (Nos. Cs.s. 5 to i ) as well as from fou r adult female.~ 
and two juven ile females (Nos. C.s.s. 8 to 13). 

2. Results 

(a) Chromosome nwnber and ka,)'otype 

Due to technical difficulties initia lly experienced under field condit ions, 
unsa tisfactory spreads were obtained from rhinoceros Nos. c.s.s. I and 2. 
in the case of No. c.s.s. 4, loo long a t ime had ela psed after dea th to 
obtain any cells at Ihe metaphase stage. Despite several attempts, no 
bone marrow could be aspirated from the rib of animal No. c.s.s. 10. 
The poor resul ts obtained from th e bone marrow of cases Nos. c.s.s. 5, 
6,8 and g led to re·appraisal of th e whole technique. in all these cases the 
a nimals had been chased a considerable distance before being da rted. 
T o test the effect of excitement and physica l st ress, a pilot test was done 
on a horse. The results of th is test are g iven under section H a t the cnd 
of this chapter. 

Re<:ause other observations had to be made as well , anything from 
one-half to one houl" had elapsed between the time the above-mentioned 
animals had come 10 a standstill and drawing of the sa mple. T his also 
applied to a nimals Nos. c.s.s. 7 and 11, which had been chased only a 
couple of yards before being darted. I n view of these experiences, eve ry 
effort was made in the case of Nos. Cs.s. 12 and 13 to reduce excitell1elll 
a nd physica l exertion to a minimum before dart ing and to pe rform the 
biopsy immed ia tely a fter immobili zation. T his was achieved in the case 
of No. C.5.S. 12, bu t in the case of No. C.S.5. 13 about three-quarters of an 
hour had elapsed between achievemcnt of co mplete immobilization and 
performance of the biopsy. 

T he rcsults of the chromosome counts and tim es of bonc marrow 
collection arc given in Table 3. 

The karyoty pe is illustrated in Plate 3 by means of typical spreads 
( I and 2) and ka l) 'ograms (3 and 4). From Table 3 it is clea r that the 
white rhinoceros has a chromosome count of 2n 82. As seen in the 
karyograms, Plate 3 (3 and ,~ ) , the autosomal chromosomes arc a ll acl"O­
subt elocentric, although numbers 6 a nd 8 could be submetacentric. 
T he acro-subtclocentric cllI"omosomes can be d ivided into two groups : 
Grou p A chromosomc.~ 1- 8: Subtelocelllric; numbers 6 and 8 could also 
be placed under a submetacentric group . G l"OUp B chromosomes 9- 40: 
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Pla,c 3. Mitotic chromosomes of Ceralo/haium .s;11II0/1 sim/ll1l. 

(1) Male (Ko. C.s.s. 3) and (2) female (No. C.s.s. 12) metaphase spread , 
± X 1,200. 
(3) ~\'Iale karyogram , ± X 1,800 and (4) fcmal o! karyogra m, == A 1';00 
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Table 3 

Chromosome counts of Ceratothenu711 simwlI 5;mllm. 

Total No. 
Animal Time of 211 chromosomt mlll/ber 'J 

, 

spreads 
/l1Imber Sex Age collection 79 80 81 82 83 84 8S cOllllted 

CS.s. I ; Adult 8.30 a.m. 0 0 I 3 2 0 0 6 
c.s.s. 3 ; Adult 10.00 a.m. 0 I 4 24 3 3 36 
c.s.s. S ; J uvenile 8.45 a.m . No mitoses IOllnd. 
c.s.s. 6 ; Adult 12.40 p.l11. No mitoses fOllnd. 
C.s.s . 7 J Adult 9.20 <I.m. 0 0 3 0 0 0 4 
C.s.s. 2 Adult 11 .30 a .m. I 2 I 0 I 7 
c.s.s. 8 Adult 9.45 a.m. No mitoses found. 
C.s.s . 9 J uvenile 11.00 a.m. No mitoses found. 
c.s.s. II Adult 11.30 a .m. No mitoses found. 
c.s.s. 12 Ad ult 9.45 a.m. ,~ 36 S 2 50 
C.s.s . 13 J uvenile 10.IS a .m. No mit oses found. 

Total 2 4 10 68 I I 5 3 103 

Acrocentric; but numbers 9- 15, 20 and 32 appear to be somewhat 
thickened at the onc cnd, above the centromere. 

The large X-chromosome is mctaccntric, while the Y is a small acro­
centric chromosome. The sex-chromosomes resem ble those of the Equidac 
very closely. 

(b) POl,;'I1I01/J/iiC sexill.!] 

T able 4 

Polymorphic scxi ng of Ceratotherium SilllUfII simufII. 

.No. of celis No. of apj)endages TotaL No. A + B* 
. In/lllal without 7) /)e Type Tjpe T.ype if crUs C 
!lumber Sl'A a/'penda/{.l'J cl I! C /J counted 

c.s.s. I ; 496 I I 0 2 SOO 00 

c.s.s. S ; 498 0 0 2 0 SOD 0,00 
c.s.s. 6 ; 499 0 0 0 SOO 0 ·00 
C.s.s. 7 ; 49i 0 I 2 0 500 O.SO 
c.s.s. 2 4H 17 3 :) I SOO ·"00 
C .. r.s. .] 484 10 5 0 I SOO 00 

C.s.s. 8 460 30 6 4 ° 500 9,00 
C.s . .5 . 9 461 2S 8 .] 2 500 8 .2S 
Cs.s. II 4i4 IS 7 3 I SOO 7. 33 
c.s.s. 12 I 479 13 .] I 3 500 17,00 
C.s.s . 13 , 479 14 4 I 2 SOO 18.00 

" --: Formula according to Kosenow and Scupin (1956). 
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Plate 4. Appearance of drumsticks in Pcrissodaclyla. 

Zebra preparations. Arrow indicates the drulnsiick. 
( I) No. E.t..h. 4 A-T ype: a solid nodule, wi th ft1amell\. 
(2) No. E.h.o. 6 U-T ype: a sessile nodu le, without filamCILt. 
(3) No. E..b.b. 2 C-T ypc: intermediate for ms. 
(4) No. E.b.fI . 6 A- and C: I'ypc : (5 and 6) No. 1':.:..11. 3 D-T ype: (5) 
" rachct"-shapcd form ; (6 ) ';ring"-shaped or sc~silc. 
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The resu lts of the countS made of nuclear appendages occurring o n 
neutrophils in blood smears arc shown in T a ble 4. The vario us types of 
nuclear append ages arc illustra ted in Pl ate 4, which is a com posite 
illustra tion, obta ined from various zebra preparations, but is representa­
ti ve of all the an imal species studied. No clear species differences were 
apparent as far as the morphology of the nuclear appendages is concerned. 

D-forms found in these investigations rese mble those illustra ted by 
Gerneke ( 1965) lor the hippopotamus. They had different sizes and were 
ei ther sessile, Pla te ,~ (6), or, like the A-Type, con nec ted to the nucleus 
with a thin fil a ment, Pia le 4 (5). Both drumsticks on these two figures 
have a black dot at the periphery. 

Only o ne drumstick (nuclear appendage type A) was fo und among 
500 neutrophi ls in the case or a male, whereas 10 to 30 were found in the 
fema les. 

B. Dictros hicoTllis hicoTllis (Li nn. , 1758). 

Pl a te 2 (3 and 4). 

I. ."'oleria! 

Blood smea rs were made and bone marrow coll ected from one adult 
female (Ko. D.h.h. I) and one juvenile female (No. D.h.h. 2) d uring 
September 1968 in the Hluhl uwe Game Reserve, Zul u la nd, Natal. The 
two animals could o nly be immobilized a t 1.30 p.Il1 ., so that the bone 
marrow biopsy on the adul t and juvenile was taken at 2. 15 p.m. and 3. 15 
p.m. respectively. These anima ls were cau tiously sta lked and the biopsy 
done immed iately after immobiliza tion. Unforlllnat ely, no material from 
a male could be obtained. 

2. Results 

(0) Chromosome lIumher alld ka,}'of)'Pe 

:\"0 mitotic figu res were evident in the adult female; in the juvenile 
severa l good chro mosome spreads were fou nd. Collection had been done 
on a cool, ra iny day. The resulrs o f the cou nts are give n in Table 5. 

. llIill/tI! 
IIl/mher 

f) .b.b . 1 
f). b.b. 2 
T ota l 

T able 5 

Chromosome counts of IJiceros bicort/is bicomis. 

StX 

Time of '211 dlr01ll0S(llW lIumher 
. Ige colltclion 81 82 83 84 85 86 87 

Adult 2. 15 p.ln. 
.1 lI \"enil e 3.15 p.m. 

:\0 mitoses found. 
1 2320 3 0 
12320 3 0 

72 

Total.N"o. 
rif spreads 

coullted 

30 
30 
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Plale 5. J\·li totic chromosomes of Diceros bitomis bicomis. 
( I) Female (No. D.h.h. 2) metaphase spread, ± X 1,200. 
(2) Female karyogram , ± x 1,900. 

A spread from the black rhinoceros female is ill ustra ted in Plate 5 ( I) 
and the karyogram in Plate 5 (2). Fro m Table 5 it is seen that the black 
rhinoceros has a chromosome coun t of 2n = 84, the sa me as found 
recently in a fema le b lack rh inoceros investigated by Hungc rfo rd , 
Chandra and Snydcr (1967). 

As shown in the karyogram, Plate 5 (2), the au tosomal chromosomes 
consist of onc group being meta-submetacc:ntric (1- 4), and anot her 
group acro-sublcloccn lric (5- 41 ). 
Grou p A chromosomes 1- 4: M cta-su bmctaccntric; numbers I and 2 
submetaccnlric and numbcrs 3 and 4 metacentric. 

Group B chromosomes 5- 4 1: Acro-subtcIoccntric ; nu mbers 5 la 8, 13, 
19.21 and n , subtclocent ri c and nu mbers 9 Tt') 12, 14 to 18, 20 a nd 23 
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la 41 arc all acrocentric with numbers I i , 25, 26, 33 and 35 to 3i appear­
ing somewhat thickened at the onc cnd, above the centro mere. 

Since no male material was obta ined, the sex chromosomes could not 
definitely be ident ified. I f, however, the chromosomes arc compared 
with those from the wh ite rhin oceros, it is seen that the onc a lmost 
metacen tric pair has the sa me size and morphology as the X-chromosomes 
of the white rhinoceros. 

(b) PolJ'l1Iorphic sexillg 

The incidence of the nuclear appendages in neutrophils in blood 
smears or the remales is shown in T able 6. Very likely the males will also 
have the same paucity or type A and type B appendages, as is the case 
in all the ot her species or this animal order. 

Table 6 

Polymorphic sexing of DiceTOS bicornis bicomis. 

No. of cells No. of appendages Total No. 
wifhout TJpe Type TJ'pe Type of cells Allimal 

/lumber Sex appendages :I B C f) cOlmfed 

D.h.h . 1 
D.h.h. 2 

I. Alaterial 

, 
, 476 

'1.s2 

c. 

17 4 3 0 500 
13 3 2 0 500 

Equus ;;.ebra ;;.ebra [.inn. , li58. 

Plate 6 ( I, 2 and 3) 

A+B 
C 

7.0 
8.0 

During two expeditions 10 the Mountain Zebra National Park in March 
and April 1967, bone marrow was taken from three adult stallions 
(Nos. E.;;..;;.. 1,2 and 3) and onc adult marc (No. E.;;..;;.. 4). 

The fir!it expedition was an opportun isti c attempt during the removal 
of a killer .~ tallion. T he animal (No. E.;;. .;;. . I) used for specimen collection 
could on ly be obtained al 1.00 p.m. No blood smears were made. Con­
sequently a !iccond expedition had to be arranged specifically for the 
collection of material , which consistcd of bone ma rrow and blood smears. 
Bl ood smears werc also made from an adu lt marc (No. E.z.;;.. 5) from 
which no bone marrow could be obtained. 

To avoid taxonomic con fusion and possible misinterpretation, photo­
graphs were taken from each an imal in rrontal, lateral or latero-ventral 
and dorsal view. A typical example is shown in Plate 6 ( I, 2 and 3). The 
only d ifference between lhe two subspecies or E. ,,-ebra, found during these 
studies, is that E. z. itar/matlllae Plate 6 (4, 5 and 6) i~ in general a littl e 
bigger than E. ;;.. ;;:ehra. 

2. Resl/lts 

(a) r:hTomosome number alld ka~)'otypt 
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Plate 6. ( I) Fronta l and latero-ven tra l; (2) lateral and (3) dorsa l views of 
EIIIIUS ::,{bra u bro. (4) Fron tal and la lero-\'cnlral; (5) fro nt al a nd (6) 
dorsal views of I£qulfs ubra harlmOllllflt. 
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T able 7 

Chromosome COU IllS of /:"qIlIlS zebra zebra. 

Total No. 
. llIimal Time cif 211 chromosome lIumber cif sprtads 
lIumbtr Sty Age 'of/tclioll 30 31 32 33 34 coullted 

E.z.z. I ,; Adult 1.00p.m. ~o mitoses found. 
E.z.z.2 ,; Adult 1O. '~5 a.m. I 6 42 I 0 50 
E. z .z . 3 ; AduLt 8.30 a.m. I 5 -16 0 0 52 
I:'; . .;;. .z . 4 Adult 11.00a.m. I 6 -10 2 50 
Tota l 3 17 128 3 152 

h will be noted from T a ble 7 that in the case of stallion No. E. z.z. 
from which bonc marrow was collected at 1.00 p.m., no mitoses could 
be found. A metaphase spread of cells from a male and a female E. z . 
zebra and :I ka lyogram, prod uced by pairing off homologous chromo­
somes from these spreads, arc shown in Plate 7 ( I, 2, 3 and 4). Equus 
zebra zebra was found to have a diploid chromosome number of 32 
(Table 7). 

The chromosomes arc divided into two groups: 
Group A chromosomes 1- 13: meta-submetacentric. (Nos. 1- 3,8, I I and 
13 arc almost metacentric, while Nos . 4-7, 9, 10 and 12 arc more sub­
met:lcentric). 
Group B chro mosomes 14- 15: acro-subtelocentric. No. 14 subtelocentric 
and No. 15 acrocentric. 

The sex chromosomes eompri~e a large submetacentric X- and a small 
submetacentric V-chromosome. The X-chromoso me resembles that of 
the donkey, therefore differing slightly from that of the horse, which is 
more met acentric. 

(b) Poi.Y7llorp/lic sexing 

The results of the counts of nuclear appendages arc give n in T able 8. 
Mare No. K z.z . 5 had an exceptionally high drumstick conn l. 

Allimal 
lIumbrr 

E.z. z . 2 
E.z . .t..3 
E.z.z.4 
E. z .z . .) 

Sex 

,; 
,; 

T able 8 
Polymorphic sexing of Equus zebra zebra. 

No. of celLs No. of appendages 
without 0 'pe Type T;tpe T;'fJe 

appl!lldages A 13 C f) 

500 0 0 0 0 
498 I I 0 0 
473 23 3 0 I 
-144 36 13 5 0 

T otal No. 
of cells 
coullted 

500 
500 
500 
500 

I). Equus z.ebra !tartmmmae Matschic, 1898. 
Plate 6 (4, 5 and 6). 
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A+ B 
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0 

'" 
'" 9.8 



'1 l 45, 1 . 

1ft 11 11" .8 ~G 011 «. 
3 • 10 11 11 ., ., " I. 

123 4 5 678 

a\\ lCH RI "I BR lId 00 n« 
4 9 10 11 12 13 14 15 lIlC 

I'lall' 7. ,\lilOlic ch rommomes or f:q/ll/S ::ebra ::ebm. 

( I) :\ laJc (:\0. E.::.::. 2), and (2) rema le (Xo. 1:".::.::.4), mClaphasc sprcad, 
± ;.< 1,200. 

(3) :\'lalc karyogTam, ± X 2,500 alld (4) remale karyogram _!: X 2,200. 
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Plate tl. Mitotic chromo.>omcs of £quus zebra hartmallllQL. 

( I) i\'lalc (No. E.;:..". 2), and (2) female (No. E.::, ."- 5), metaphase spread 
± X 1,200. 
(3) Male kal'yogram, ± x 2,200. 
(4) Female karyogram, ± x 2,200. 
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I. Material 

Bone marrow speci mens and blood smea rs were obtained from a colt 
(No. £.<..11. I) and a stallion (No. £.<..11. 2) and four mares (Nos. E. <..II. 
3,4, 5 and 6) on two neighbouring ga me farms in the vicinity of Wind­
hock, South West Africa. 

2. Results 

(a) Chromosome number and kaT)'otype 
The results of the chromosome coun ts arc show n in T able 9, from 

which it is clear that the diploid number ofchromo50mes in the Hartmann 
zebra is 32. 

T able 9 

Chromosome counts of £ qlWS zebra lIarfma1/1/ae. 

Total No. 
Animal Time of 2n chromosome number of spreads 
number S.X Ag' collection 30 31 32 33 34 counted 
£.<..11 . I <l ± I yea r 10.45 a.m. 0 2 12 I I 16 
E.<..II. 2 <l ± 2 years IO.OOa.m. I 4 44 2 0 51 
E.<..". 3 ? ± 5 years 11.15 a.m. 0 3 21 2 0 26 
E.;:..h . 4 ? ± 3 years 9.45 a.m. 0 0 7 0 I 8 
E.;:. .II. 5 9 + 7 years 11.00 a .m. 0 0 12 I 2 15 
E.;:..II. 6 9 .t I year 11 .30 a.m. All mitotic figures in anaph(lse 

stage. 

Total 9 96 4 4 11 6 

On visua l inspection the morphology of the chromosomes, Plate 8 
(I and 2), was found to be identical to tha t of E.:;:..:;:.ebra, Plate 7 (I and 2) 
and th us the karyotypes, Plate 7 and 8 (3 and 4), arc identical. 

I n a number of spreads from zebra No. E.<. .h. 2, the mitotic figures 
were already in th e anaphase stage, yet one chromosome was sti ll clearly 
seen to be in the metaphase stage. This late-sepa rating chromosome was 
thus assumed to be the X-chromosome (Plate 9). By pa iring off the 
chromosomes during construction of the karyogram~, the identity of this 
chromosome as the X-chromoso me was confirmed. 

(b) Polymorphic sexillg 

The results of the counts for nuclear appendagf~ have been compiled 
in T able 10. Clear sex differences exist. The secont! youngest mare zebra 
(No. E.:;:..h. 4) had an exceptionally high drumstick count (T a ble 10), 
while a five yea r old mare (No. £.<..11. 3), with a colt of about one year, 
had a number of degenerating vaclloles adjacent to the neutrophil nuclei, 
of the D-type described previously. 
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Plntc 9. Mitot ic early anaphase spread of EqllllS ;:.ehra hartmmwar. Arrow 
indicates late-separating ch romosome. 

:inimal 
munhrr 

1:;.z.lI . / 
£.z.II.2 
E.;:..1I.3 
£. ;:..11. 4 
E.;:..II. 5 
R.z.II.6 

T able 10 
Polymorphic sexing of Eqllll.f zehra Iwrtmmmae. 

No. oJ cells No. oJ appendages Total No. 1/ + 8 without 1j'P' T) pe Typ, 7)/)e of cells . 
Sex appellflagrs A 8 C D counted C 

; 498 1 1 0 0 500 00 

; 499 0 0 0 1 500 0 
480 13 3 1 3 500 16. 0 
467 29 3 1 0 500 32 .0 
48-1 13 2 1 0 500 15 0 
48-1 12 2 1 1 500 I'LO 

E. EqulIs burclltlli hurclltlli (Gray, 1824). 

Plate 10 (1, 2, 3 and 4). 
Beca use of the uncertainty of the exact taxonomic Sla tus of subspecies 

of the plains zebra of South \\"est Africa (sce above ) and in \"iew of 
Henirsch ke's fi nd ings (sce above), investiga tions on the ka'l'otype of 
E. /mrchelti occurring in that region was undertaken (Heinichen, in press). 

I. .A.'iaterial 

Four zebras, two stallions (Nos. E. h.h. I and 2) and lwo mares (Nos. 
E.h.h. 3 and 4) were shot during a survey of d iseases and parasitism of 
wild life in the Etosha Game Park in the northern part ofS.W.A. , towards 
the cnd of .J uly, 1967. Bone marrow biopsies and blood smears were 
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Plate 10. ( I and 2). Venu'al and dorsal views of lightly striped specimm of 
Eqlllls burchtlli bllrchtfli female. 

(3 and 4) Velllral and don al views of darkl y striped SpCl'iml'11 of F:qllus 
bll"ht lli bllrchelli male, 

(5) Lateral and caudal views of ElJlIlIs bllrellt lli flllliljllOflllll. 
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collected immediately after death. For rererence purposes the two ex­
tremes or markings round in these rour animals a rc illustrated on Plate 
10 (I, 2, 3 and 4). 

2. Results 

(a) Chromosome number and karyotype 

The result~ or tile chromoso me counts are listed in Table 11. The 
diploid chromosome number or 44 was round ror this subspecie~. 

Table I 1 

Chromosome counts or Equus burchelli burchelli. 

Total No. 
Animal Time of 2n cliromosome number of spreads 
number S" Age collection 42 43 H 45 46 cOllnted 

E.b.b. I " ± 5 years 9.00 a.m. 2 8 37 2 I 50 
E.b.b.2 " + 9 years 10.00 a.m. 3 5 39 4 0 51 
E.b.b.3 , ± 8 years 8.00 a.m. No mitoses round. 
E.b.b. 4 , ± 8 years 9.15 a.m. 2 5 22 3 I 33 
Total 7 18 98 9 2 134 

.l\s shown in the karyogra m,S, Plate 11 (3 and ,~ ) , chromosomes can be 
classified into two groups: 
Group A chromosomes 1- 18: meta-submetacentric (Nos. 1- 4, 7, 10, [ I, 
13, 14 and 17 have approximately submedian centromeres, whereas 
5,6,8,9, 12, [5, 16 and 18 have median ones). 
Group B chromosomes 19- 21: all, onc la rge ilnd two sma ller pairs are 
acrocentric. 

Both the X- and the small V-chromosome a l'e metacentric. The 
X-chromosome resembles tha t orthe horse very closely. 

(b) Poiymorphic suing 

The results or the counts or nuclear appendages or the polymorpho­
nuclear neu trophil leukocytes are given in Table 12. As berore, the sex 
difference is distinct. 

Animal 
number 

E.b.b. I 
E.b.b.2 
E.b.b.3 
E.b.b.4 

Tablc 12 

Polymorph ic sexing or Equlls burcfulli bllrcfulli. 

No. of cells No. of appendages Total No. r4 + B 
witllOllt Type Type Type TJpe DJ cells :..... __ 

Sex appmdages A BeD counted C 

500 
497 
480 
479 

o 
I 

16 
16 

o 
o 
3 
3 
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500 
500 
500 
500 
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0.5 

19.0 
19 .0 



9 ,. 
" " " " " " 

ttl\ Ilk ,. IUt If" M~ 
3 " " " 2. " X Y 

1»)1» () Ill» t) «x 
, , , , • • , • 

8« (" Kf Cl " nft "" 1111 
9 10 11 It " 14 U " 

• 

4 17 11 " l a 2. " Plate 11. l ... l ilOt ic chromosomes of EqulIs hllrcht lli burchtlli. 

( I) Male (No. E.b.h. 1), and (2) female (No. E.h.h. 4), meta phase spl"cad , 
± x 1,200. 
(3) ~ I a le karyogram, ± x 1,600 and 
(4) femate karyogram , ± x 1,600. 
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F. £"'1''''' b",""II; ""';'1''''''''' H . ~milh, 1841. 

Plate 10 (5). 

I. Ma/trial 

During <I n expedi tion to lite Krugcr J'a lio lla l Pa rk in Apt;! 1967, 
bone marrow biopsies were done on a colt and three stallio ns (Nos. 
E.h.o. I , 2, 3 and 4-, respectively) and two filli es and onc marc (Nm. 
£ .h.a. 5, 6 a nd 7, res pecti vel y). Blood smears were collected from Nos. 
E.b.a, [ , 3, 4, 6 and 7. As stated earlier, the three foals had Ixcn tied 
down , stallion 1'\0. 1::.b.lI. 2 had been ch emically immoLil izcd , whi le 
stall ions Nos. E.h.a. 3 and,," and the ma rc No. E. h.a. 7, had been shot 
during operalions fo r the a r tifi cial reductio n of the Q\'crcrowd ed zeb ra 
population. 

2. RiSll ltS 

(a) Chromosome IIIlmber flnd k(/ ~)'otyPt 

T he chromosome !lumber was found to uc 211 44 (T ab le 13). It 
is noteworth y that Ihe chromosomes from the three foals we re .~mallcr 

than those of the adul t allil1l;}I.~ . The same ... lso applics to the m;Irrow 
cell~ in genera l. 

Table 13 

Chromosome numbe r of Eqlllls hUl'chelli lIflliquorllm. 

T ollIl No. 
.ll1illl([[ Tilll (' <!l 211 chromosome Ilumber of spm lds 
IIIlmbtr Sf'\' . lge collectioll +2 43 44 45 46 cOIIII/('d 

I .. :.h.a. 1 i Foal 9.45 a.m. 1 1 42 4 2 50 
E.h.fl . 2 i 2 year:; 11.00 a.l11. 1 6 :19 ' f 1 ;) 1 
E.h.(I. 3 ; 5 yea rs 6.00 a.m. I 5 57 4 1 6H 
Eh .a. 4 ; ., 4 yea rs 6.30 <t.rn. 3 6 32 1 0 45 
E.h.a.5 Foal lOAf) a.m . 2 2 41 5 0 50 
E. h.a. 6 Foal IUSa.m. 2 5 38 3 0 '18 
E. h.a. 7 . 2 ye<ll'S 10.30 a.m. 2 6 42 2 1 53 
Total 12 3 1 291 23 5 %5 

These chl'Oll1osomes we re f(lIl1ld to be morphologi cally ill(li stingui ~hablc 

from those of the other subspecies, EI/uus burchelli hurchelli, as will be noted 
on comparing the micropho tographs of the two sp reads and the two 
karyog rallls illu ~ t rated in Pla te I1 ( I, 2, 3 a nd 4) wit h those of Pla te 12 
( I, 2, 3 and 4). 

(b) Po{ymorphic sexillg 

The results of sex determinat ion, according 10 ( 'ount~ of nucleiu' 
appendages, arc .~hown in T ab le 14·. As befo rc, there was a di~tinc t 
sex difference. 
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Plate 13. ( I, 2 and 3).Ventral , dorsal and frontal views of Equus burthelli emu:· 
shoii female from Gorongosa. 
(4, 5 and 6). Ven tral , dorsal and frontal views of Equus burchdli crawshaij 
male fi·om Gorongosa. 
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Plate 14. ( 1, 2 a nd 3). Ventral , dorsal and lateral facial vit'ws of EquUJ hurchelli 
female from the \ Van kie a rea. 
(4 , 5 and 6) . Ventral , dorsa l a nd frontal views of Ef/ IIIIS hllrchtlli malt: from 
the \ Vankie area . 
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:inilllal 
!lumber 

E.b.a. 1 
E.b.a.3 
E.lUl. 4 
I:;.b.a. 6 
H.b.a.7 

T a ble 14 

Polymorphic sex ing of Eqlllls bllrchelli allliquorulll . 

No. of celis No. of ap/mu/ages Total No. 
without TY/Je 7jope 7jope Type of cells 

Sex a/J/Je1u/ages A " C f) coullfed 

J 
,; 
,; 

500 0 0 0 0 
500 0 0 0 0 
498 2 0 0 0 
459 29 9 2 I 
48 1 14 4 I 0 

G. r,'I/III1S bllrchelli a awJ'haii de Winlon , 1896. 
( _~ selollsi Pocock, 1897). 

Pla tes 13 and 14 ( I , 2, :{, 4, 5 and 6). 

500 
500 
500 
500 
500 

11 + " ---
C 

0 
0 
00 

19.0 
18.0 

Since there is sti ll some uncertainty about the westward limits of 
1:.'.b. crawJhaii in Rhodc~ ia (sec above), it was decided to obta in materia l 
f'rom zcb ras in two diHcrcnt areas. 

1. /!Iatrriat 

T hree animals (Nos. I~·.b. c . I , 2 and 4) of' the 'vVa llk ic Game Reservc 
ill Rh odesia and two ze bras (Nos . H.b.c. 3 and 5) of the Gorongosa 
Na tional Park were investiga ted in Jul y 1968. Bone marrow biopsies 
and blood smears were collected immediately aner the anima ls had becH 
shot. 

The striping of' the ze bras [i'om Gorongosa (sce Pl ate 13) was found to 
he quite d ifferent to that from th e Wa nkie area (see Plate 14). The animals 
from Wankie resemble E. burchelii allliquorum a nd E. burcheLli burcheLli, 
wh ile the Gorongosa type has no shadow st ripes, is more black with 
thin white stripe,> a nd has th e redd ish brown colou r on the face like the 
mountain zebras, but restricted to the lateral aspect. I t is li kely that 
the Wankie zebras represent a n intermed iate type between E. burcheLli 
allliqllorum and E. bllrchelli craws/wii (Ans ell , personal communication 
1968). T hey have been grouped here uncl er E. b. crawslwii purel)' as a 
malle I' of' convenience. 

2. ResullJ' 

(a) Chromosome /lumber and kalJ'ol)'pe 

The res ul ts of the chromosomc cou nts are shown in T a blc IS. Til e 
di ploid chromosome nu mber was a lso found to be 44. 

Table 15 

Chromowme counts of EIjIllH bllrcheLli crawshaii. 
(a) COl/ills 011 dividillg bOlle marrow celLs 



To/n/ ,rl/o. 
Animal Time of 211 chromosollle IIIlmber of sjJl'ttu/J 
/III/nb" Se\' :1.W· collrc/iOIl 42 43 44 45 46 cmm/rlf 

E.b.c. 1* ,; 1:: 8 years 12.00 p.m. 2 16 2 0 21 
E.b.c. 2* ,; Foal 12.30 p.m. I 4 0 7 
E.b.c.3 ,; Adult 11.~Oa.m. 0 8 I 11 
E.b.c. 4* ? Adult 12.1 5p. m. I 5 35 I I 43 
E.b.c.5 9 -£- 6 years 9.45 a. m. 4 4 33 3 0 44 
Total 8 12 96 8 2 12G 

(b) COllnlS 0 11 mtio/ic sperma/oc)'/es 
Total No. 

Animal Time of " chromosome nllmher of spreads 
nllmber S'x Age collu/ion 20 21 22 23 24 coun/ttl 

E.b.c. 1* ,; -L 8 years 12.00 p.l11. I 2 44 3 2 52 
E.h.c.3 ,; Adult 11.30a.m. I 2 41 4 2 50 
Total 2 " 85 7 4 102 

These chromoso mes were rou nd to be morphologica lly indisting uishable 
rrom those or the other subspecies, Eqllus bllrchelli bllTeludli and Eqllll.S 
burelulLi anliqllOTlI1lZ, as shown in the spreads and ka lyograms illustrated 
in Plate 15 ( 1, 2,3 and 4), nor was there any di flcrell ee in thi .~ res pen 
between the zebras rrom the Wa nki e a rea and GOI'ongosa. 

*Likcly to be intermedia te types, resembling E. hurchelli antiqllorum. 

(b) Polymorphic sexing 

The sex d ifference was distinct as before and the results or eouilI s of 
nuclear a ppendages arc shown in Table 16. 

T able 16 

Polymorphic sexing or EqllllS bllrelltlli crnlllslwii. 

No. of et/is No. of ajJpendages Total No. 
A + B Animal witholll Typ, Type Type Typ' of cells 

IIl1mber Sex appenda.t:es A 11 C J) coullted C 

£.h .c. 1* ,; 496 0 0 2 2 500 0-0 
E.b.c. 2* ,; 498 I 0 I 0 500 1-0 
E.b.c. 3 ,; '1·98 0 0 2 0 500 0-0 
E.h.c. 4* 1 485 10 3 0 2 500 <X> 

E h.c. 5 \- 485 11 2 I I 500 13-0 
H_ The ~fful of excitemelll and j,/iysictli slress. 

To test the effect or excitement and physical stress on the number of 
chromosome spreads obtained by bone marrow biopsy, the rollowing 
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pilot test was undertaken . An aged sta llion that had to be destroyed for 
other purposes, was quietly hand led and placed und er Fl uot ha ne inha la­
tion anaesthesia and a sterna! bone marrow biopsy pe rfo rmed. Three 
days later the animal was driven hard fo r 40 minutes and sla ughtered 
immediately a fte rwards. 

,<\' ithout delay a second biopsy was pe rfo rmed. T rea tment or the two 
specimens was identica l. The incidence of mitotic figures obtained from 
the two biopsy speci mens is compared in T able 17. 

Preparation 

1/IuIlher 

Total 

1 
2 
3 
4 
5 

Average 

T able 17 

Total numher f:!f mitoses 

Biopsy I 
No plrysical stress 

45 
55 
40 
52 
35 

227 

45 .4 

Biopsy 2 
Aft" physical stress 

12 
13 
9 
7 
3 

44 

8.8 

Alt hough this was on ly a prel iminary tria l on one ani ma l, the results 
suggest that excitement and physical Stress have a depressing effect on 
the number of mitotic figures observed in bone ma n·ow biopsy specimens, 
a lt hough, remarkably enough, more cells a rc noted in th e preparations. 

On the strength of these preliminary results, rhinoce roses Nos. c.s.s. 12 
and 13 were on ly chased a short d istance before bei ng darted and rhi no­
ceroses Nos. D.h.h. I and 2 were cautiously stalked a nd not chased at a ll. 

Discussion and Conclusions 

The ensui ng discussion a nd conclusions refer to ma mmals on ly, although 
some statements may be applica ble to other classes o r phyla. 

A. Mitosis alld the mitotic cycle 

The existence of a diumal mi totic cycle is generall y accepted (Bullough, 
1963). Gerneke (1 967 and personal communica tion, 1966) incidentally 
found some evidence fo r such a cycle in the bone ma rrow of ma mmals, 
both domestic and wild. 

In the case of the white rhinoceros the small number of spreads fo und 
in Nos. C.s.s. I and 2 (T able 3) are d irect ly referable to technical d iffi ­
culties experienced in the ea rly stages of the work . I n the case of No. 
C.s.s. 3 (Table 3) bone marrow was collected a t 10.00 o'clock in the 
morning and yielded su ffic ient spreads. 
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It is considered that other factors, whi ch wil[ bc disc lt s~. ed sllb~e([llcntly, 

cOlltriblll ed lo th e poor result s obtai ned in the c; 1.~e of white rhin oceroses 
No~. c.s.s. 5 to 9 and 11 . Bone marrow biopsy was performed 011 black 
rhinoceroses No . D .h.h. I at 2. 15 p .m. and no mitoses were found , whe reas 
the material fi'om No. /J .h.h. 2, coll ected at 3. 15 p.m. , yielded a reasonable 
number of spreads, suggesting th e occu rrence of iI second mit oti c wave 
in the afternoon (perha ps occ urring only in juveniles). 

No mitoses could be found in the case of No. H.;:. .;:. . I (T abl e 7) [i'om 
which thc collection was done at 1.00 p.m. , whereas sufTicient metaphase 
spreads wcre obtained from th e other mountain zebras from wh ich 
mat erial was collected between 8 .30 a.lll. and 11.00 a.lll. In th e case of 
Eq1luJ hllrchelLi a good yield of mit otic spreads was obtained between 
9.00 a .lll. and 11.15 a .m. Although in some instances reasonable prepa­
rations were obtained as late as 12.00 p.lll. and 12.15 p .m. (Nos . E.h.c. I 
and 4), there was a tend ency for more anaph ase stages to a ppear in 
mat erial ta ken lat er in the morning . Interesting enough, No. /::. h.h. 3 
yielded no mitoscs a t 8.00 a .m. , whereas Nos. E. h.o. 3 and 4, collected 
at 6.00 a.lll. and 6.30 a .lll. respecti vel y, yielded an adeq uate number of 
mitoti c fig ures for chromosome counting, but the cycle was still a t the 
ea rl y metaphase stage . It may bc noted th a t the material from No. 
E.h.h. 3 was collected during winter at a longitude furth er west. 

The impression is al so gained that young an imal s, approximately onc 
year of age or less, have a mitotic cycle more sharpl y circumscribed in 
terms of time than older an imals. 

Because he found fewcr Iysoso mes in mitotic cells than in cells in th e 
interphase stage, Allison (1967) believed mitotic inhibition to be released 
by enzymes freed by breakdown of Iysmorne memb ranes, sllch en zymes 
then ac ting as mit otic stimulants . 

Bullough (1963 ) tri ed to find an expla nation more directl y linked to 
externally visible factors. He postulat ed that aclrenalin , probab ly in 
combination wit h cha lone , a t issue specific substan ce, acts a.~ a mitotic 
inhibitor. In this way mitoti c rhy thm and the rhythm of the animal 's 
activity a rc in versely linked. 

The numbe r of observations mad e and the na ture of Ihe inves tigat ion 
do not allow one to come to any defin it e conclusions, but nevertheless 
pl)int to a llumber of external factors as having some in([uence on the 
duration of milOti(: cycl e and number of di vidin g cell s formed in this 
cyc le. Possible influences tllat suggest themselves arc: I. tempera ture, 
2. daylight , 3. time of year (seasons), 4. longitude and latilllcl e, 5. height 
above se,l-!cvcl and 6. age of the animal. These may influence the activit y 
of the animal , ei th er d irectly or indirectl y, a nd it would a ppear as if 
acti vit y were the main factor. These sugges tions need further experimental 
study, which should include observations on a number of diurn al and 
[J octural " cycles" and the occurrence of such "cycles" in noctllrnal 
animals. 

As already ind icated above there is suggestive evidence th at ext"lt ement 
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and physical stress as well as dclayed collection after immobilization, had 
a depressing clTect on the number of mitotic figures obtained by bone 
marrow biopsy. I t is difficult to believe that such an effect could be due 
to unusually rapid completion of the milOses; it is more likcly that cir· 
culatory changes in the bone marrow would affcct sampl ing. 

I t was not the purpose of this work to determine wh ich fac tors influence 
the number of mitotic figures obtained, but the possibility of there being 
a specific, chronological cycle, as wel l as stress effects, is mentioned for 
the benefit of others. 

On dea th of the animal , all dividing cells complete their mitosis. D ue 
to lack of oxygen, no new mitoses are initiated and "cell death" gradually 
takes place. h is therefore essential to collect bone marrow within half 
an hour after death, otherwise mitotic figures may be too scarce. 

B. Chromosome numbers 

I. Rhinoceros 

In a previous article ( I-Ieinichen, 1967) Ceratot/Jerium simum simum 
(2n = 82) was described incidentally as possessing the highest chromo­
some number in mammals. Since then , however, H ungerford, Chandra 
and Snyder ( 1967 ) reported a female Diceros bicomis to have 84 chromo­
somes. The chromosome count of the onc black rhinoceros female in ­
vestigated here was also found to be 2n = 84. I n contrast to the findings 
or the authors mentioned, four instead of three meta-submetacentric 
chromosome pa irs were observed. This difference may merely represent 
a difference in interpretat ion but ind icates that fu rther observations 
should be made. The I ndian rh inoce ros, Rhinoceros linicomis has been 
described by Ben irschke (personal communication, 1967) as also posses· 
sing 82 chromosomes as the diploid number. 

Two rodents, Dipodomys merriami mern'ami with a " 2n = 86 ± " and 
Gromys breviceps breviceps wi lh "2n = 84 ± ", (Cross, 1931 ) arc a lso amongst 
those with high numbers. Cross ( 1931 ), however, was uncertain and 
listed the m as "approximately" 84 and 86. The squash techniques used 
in earlier days were not accurate in determining such h igh numbers. 
If these two rodents arc omitted, as is the Case in " An Atlas of Mammal ian 
Chromosomes" (Hsu and Benirschke, 1967), then Diceros bicomis (2n = 84) 
has the highest known chromosome number in mammals, C. simum simum 
and R. Ullicornis (2n = 82) the second highest, and Tarsius bancanus 
(2n = 80) (Kl inger, 1963) and the dog (2n = 78) third and fourth 
respectively . 

2. Z ebra 

As a result of th is study it can be definitely concluded that both Equus 
zebra zebra and Equus zebra hartmamwe have a chromosome number 
2n = 32. This confirms the figure given by Benirsehke and Malouf (1967) 
fo r E. z. hartmanllae and that of H amerton (personal communication to 
Renirschke, 1966). Of the two explanations given for a diploid chromo· 
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some number of 48 possessed by a hybr id between an E. asinus stallion 
and a mare that was possibly E. l. harlmannae (see above), it is now 
clear that the first a lternative is probably the more correct one, namely 
that the don key sta llion had an aberran t chromosome number. 

In contrast 10 Benirschke's finding of42 chromosomes for the " Dama ra 
zebra", this sludy has revealed that the plains zebra from Sou th West 
Africa, to which Benirschke probably referred, has 44 chromosomes. 

As no differences were found between E. l. lebra and E. l. harlmannat 
nor between E. burchdli burchdli, E. burchdli antiqu.oru.m and E. burcht lli 
crawshaii, it is concluded that, at the subspecies level, chromosome 
numbers do not offer a means of distinction. In the case of E. b. burchtlli 
and E. b. antiquomm it has to be remembered that the subspecies status 
of the South West African plains zebra is by no means resolved and the 
same applies to the zebras in the north-western (Wankie) region of 
Rhodesia (see above). 

The three species of zebra namely E. grtvyi, E. burchdli and E. ltbra 
thus have diploid chromosome numbers of 46, 44 and 32 respectively 
(see Table 18). 

3. ChrOmJJsomt number as a characltristic of sptcies 

As shown in Table 18 a division at species level according to the 
chromosome number is possible amongst the Eq uidae, but not amongst 
the Rhinocerotidae. In the la tter instance Rhinoceros unicomis and Ctrato­
tht rium simum simum both have 82 chromosomes, but the chromosomes of 
thc onc species are morphologically distinct from those of the other : the 
white rhinoceros possesses on ly eight subtelocentric autosomal chromo­
some pai rs, whereas the Indian rhinoceros has 10 slIch pairs. 

In view of this, one could postulate in a genera l way that if two animal ~ 
have a different chromosome number they shou ld be regarded as speci­
fically distinct. An exception to this rule occurs in cases of chromosome 
polymorph ism, which has been described in several animal species: 
spiny mouse (Wahrma n and Zahavi, 1955); common shrew (Ford, 
Hamerton and Sharman, 1957) ; impala (Wallace and Fairrall, 1967) 
and silver fox (Gustavsso n and Sundt, 1967). The latter authors found 
35, 36 and 37 chromosomes in a study on four silve r foxes. Wallace and 
Fairrall (1967) counted 60 chromosomes in 17 impalas, 59 in 14 indivi­
duals and 58 in three. No externally visible morphological distinction 
could be made between these three groups. 

The converse of the above rule, namely, that if two animals have the 
same chromosome number, they should belong to the same species, does 
not hold at all. It has already been pointed Ollt that the Indian and the 
white rhinoceros have the same chromosome number. O n the other 
hand their karyotypes are morphologically distinct. Similar examples 
are quoted in Table 19: 
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Table 18 

Presently known chromosome numbers of Ihe Perissodactyla 

Family Species Subspecies 

Equidae E. PT zewalskii 
(Przewalski's horse) 
E. caballus 
(Domestic horse) 

E. asinus 
(Donkey) 
E. hemionus (Onager) 
E. grevyi (Grevy's zebra) 

E. b. burchelli 
E. burchelli E. b. antiquQrum 
(Burchell's zebra) 

E. b. biihmi 
E. b. crawshaii 

E. z ebra E. z. zebra 
(Mountain zebra) E. z. hartmannae 

Rhinocerotidae D . bicornis D. b. bicornis 
(Black rhinoceros) 
R. unicornis 
(Indian rhinoceros) 
C. simum C. s. simum 
(White rhinoceros) 

2" 
chromo­
somts 

66 

64 

62 

56 
46 
44 
44 

44 
44 
32 
32 

84 

82 

82 

M elacenlric 
(=mela­

sub-mela­
u ntric ) 

chromosome 
pairs 

13 

13 

19 

23 
16 
18 
18 

18 
18 
13 
13 

Acrountric 
(= acro­
sub-telo­
centric) 

chromosome 
pairs 

19 

13 

11 

" 6 
3 
3 

3 
3 
2 
2 
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(1962) 
Benirschke and Malouf (1967) 
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Heinichen (in press) 
£loff (1966) ; Benirschke and Ivl alouf 
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H cinichcn (1967) 
Bcnirschke and Malou f ( 1967) ; H cinichen 
(in press) ; Hamerton (according to Be-
nirschke, 1966) 

4 37 Present invcstigation; *Hungerford , Chan­
dra and Snyder (1967) 

o 40 Bcnirschkc (personal communication, 
1967) 

o 40 H cinichen (1967) 
*See " Discussion and Conclusions" 



Table 19 

Examples of distantly related species having the same 
chromosome number but different koryotypes. 

Chromosome 
Order Family Genus and species number 

Rodentia Sciuridae Tamiasciurus hudmnicus 46 
slreatori (Red squirrel) 

Rodentia Heteromyidae Perognathus intermedius (Rock 46 
pocket mouse ) 

Rodentia Cricetidae .Microlus pennsy[vanicus 46 
pennsylvanicus (Meadow vole) 

Rodentia Cricetidae Baiomys lay[ori subaler 48 
(Nort hern pygmy mouse) 

Rodentia Cricetidae Onychomys [eucogasler 48 
(Northern grasshopper mouse) 

Carnivora Procyonidae Bassariscus as/u/us 38 
(Ringlailed cat ) 

Carnivora Felidae Felis catus (Domestic cat ) 38 
Primates Callithricidae Callithrix jacchus 46 

(Common marmoset ) 
Primates Hominidae Homo sapiens (Man) 46 

[t is even possible LO have distinct species with the same chromosome 
number and apparently morphologically identical karyotypes (Table 16). 

Order 

Lagomorpha 

Lagomorpha 

Carnivora 
Carnivora 
Carnivora 

Carnivora 

Artiodactyla 

Artiodactyla 

Table 20 

Examples of closely related species having apparently 
morphologically identical kaT)'otypes. 

Family Genus and species 

Leporidac Lepus alieni alieni (Antelope 
jack rabbit) 

Leporidae Lepus californicus eremicus 
(Black-tailed jack rabbit) 

Canidae Canis familiaris (Dog) 
Canidae Canis ia/ralls (Coyote) 
Ursidae Selenarcios Illibetanus (Asiatic 

black bear) 
Ursidae Ursus americanus (American 

black bear) 
Cervidae Odocoileus Itemiollus (M ule 

deer) 
Cervidae Odocoiieus virginianus 

(White-tailed deer) 
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Chromosome 
number 

48 

48 

78 
78 
74 

74 

70 

70 



On comparing the data in Tables 19 and 20, obtained from Hsu and 
Benirschkc (1967), it will be noted that generally species with the same 
chromosome number, but belonging to different families, have a different 
karyoty pe, whereas species with the same fami ly, as a rule have apparently 
morphologically similar ka ryotypes (the word "apparently" has been 
used, as no detailed measurements have been made on the ch romosomes). 
Exceptions, however, do occur, as in the case of the meadow vole and 
pygmy mouse (Table 19). 

In the final analysis it must be concluded that an identical chromosome 
number and an identical karyotype may not be advanced uncritically 
for the idelllity of species, neither may differences in chromosome number 
be accepted as proof of difference in species, unless onc excludes chromo­
some polymorphism. 

4. Hybrids 

For successfu l hybridization there should be: I. mating compatibility 
(although this may be overcome theoretically by artificia l insemination); 
2. compatibi lity of the gametes; 3. genetic compatibility and 4. accepta­
bility of the hybrid conceptus to the maternal uterus. 

Under natural conditions the behaviour of the population is such that 
mating between anima ls from different species is not likely to occur. 
Hybridization is the result of artificial circumstances, as a rule man-made. 
Incompatibility of gametes has been postula ted where an attempt at 
hybridization has not resulted in the development of a fertilized ov um. 
Attempts at crossing goats with sheep have resulted in non-viable embryos 
and the fourth reason quoted above has then been advanced (Berry, 1938). 

Interspecific hybrids in the Equidae are well known. In this regard it is 
of interest to note that th is occurs despite considerable difference in 
chromosome number in many instances. In all of these cases the diploid 
number of the hybrid was equa l to the sum of the haploid number of both 
pa rents (Benirschke, 1966), with the exception of the donkey x E. -t. 
hartmannae cross referred to previously. Even in this case it seems likely 
that the donkey stallion had an aberrant number of chromosomes. 
Clearly, genetical compatibility is not a simple malleI' of chromosome 
number or karyotype and the mechanism of the first and subsequelll 
divisions of the zygote are not upset by the disparity between chromosomes 
contributed by the male and female cells. In amphimixis, the twO sets 
of chromosomes come together and the mitotic spindle seems well able 
to deal with the unexpected disparity. 

In meiosis, however, the disparity between maternal and paternal 
chromosomes causes the mechanism to break down and, as a rule, no 
viable gametes a re formed, with the result that the hybrid is sterile. 
Benirsch ke (1966) is very sceptical about the supposed fertility of the few 
cases of marc mules described in the literature. King et al. (1966) mentions 
" block" in the meiotic division of the primary spermatocyte at late 
pachytene to diplotene stage as the cause of fai lure to produce gametefi 
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in a male E. burchelli bOhmi x female E. asinur hybrid, and possible physio­
logical disturbance before the meiotic prophase in male E. gre~yi x female 
E. cabal/us hybrids. 

The fert il ity of the hybrid between E. pr{ewalskii and E. cabal/us 
announced by Koulischer and Frechkop (1966) fo rms an exception to 
th e rule. This horse, as mentioned in the article, " may not be a pure 
Prjewalski 's horse". It may also have a closer relationship to E. caballus 
than exists between E. caballlls and E. asinus. 

On accoun t of the relatively common ferti lity of the hybrids between 
Vu/pes fululls and Vulpes vulpes, Gustavsson and Sundt ( 1967) do not 
consider them as distinct species, but rather as subspecies . 

Where polymorphism occurs, the so-called " hybrids" between males 
having a specific chromosome number and females of the same species 
having a different chromosome number seem to be fertile. In other words, 
it is not a simple matter of difference in chromosome numbers which 
must be held responsible for meiotic failure. 

C. K arJ'otypes 

Levan et aJ. (1964) stated t hat it is important to identify chromosomes 
and to try to recognize homologies between those from one species and 
another. In this way it may be possible to find a "standard" karyotype 
for a particular taxon. When considering the various karyotypes as 
constructed for the Perissodactyla, it does not seem possible to postulate 
a hypothetica l standard . The morphological relationship between the 
autosomes seem to have a certain evol utionary significa nce, which is 
discussed under the appropria te heading below. On the other hand there is 
a simila ri ty in appearance of the sex-chromosomes throughout the order. 

I. Sex-chromosomes 

(a) Sex chromosomes of the Rhinocerotidae (see also Hg. I) 
The relationship between Rhinocerotidae and the Equidac is revealed 

in their sex chromosomes, since the rhinoceroses have sex chromosomes 
very much si milar to those of the horse (see next subsection). 

It would be most interesting to compare the karyotype of the Tapi ridae 
wit h those of the above families. 
(b) Sex chromosomes of IIle Equidae (see also r i·g. I ) 

Previous studies (Mutton el al., 1964; Benirschke el al., 1963; Benirschke 
and Malouf, 1967; H ei nichen, 1967 and H ein ichen, in press) and the 
presen t results have revealed that the three zebra species : E. greuyi, 
F.. (ebra and E. burclu lli have X-chromosomes ra nging from meta- to 
submetacentric. According to M Ullon et af. (1 964), Trujillo et al. (1962 ) 
and Benirschke and Malouf (1967), the X-chromosome of the donkey 
differs in structure from tha t of the other Equidac in bei ng the most 
submetacentric, in fact a lmost subtelocentric. In E. pr{ewalskii, E. hemionus 
and E. {ebra the position of the centromere of the X-chromosome rcsembles 
more closcly that of the don key, whereas in E. grevyi and E. burchtlli it is 
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si tuated in a more median position , similar to the X-chromosome of the 
horse. Bourdelle (1941 ) describes E. <,ebra as having more asi nine features 
(especially the cars and ta il ), while the other zebras arc more horse-like. 
At this stage one can do no more than point out that a relationship exists 
between the externa l features and the position of the centromere on the 
X-chromosomes amongst some members of this order, a relationship 
which proba bly is purely coincidental. 

Differences in centrometric position in Y -chromosomes also exist. As 
revealed in Fig . 1, three species have an acrocentric V-chromosome 
(Hsu a nd Benirschke, 1967). Although Mutton et al. (1964) descri bed 
E. grevyi as having a metacentric V-chromosome and E. burche/li an acro­
centric V-chromosome, Benirschke et al. (1963) list the V-chromosome 
in both these species as a small metacentri c element. In these studies, 
the V-chromosome of E. <,ebra was classified as submetacetric, whereas 
all members of E. burchelli had a metacentric V-chromosome. 

2. Karyotype evolution in the Perissodaclyia 

Of special interest is the fact that the known diploid chromosome 
numbers for the Perissodactyla range from 32 to 84. Decrease of chromo­
some number often a ppears to be accompanied by a decrease in number 
of acro-subtelocen trics a nd a n increase in number of meta-submetacen tric 
chromosomes, as illustrated in T able 18 and Fig. I. 

It has been postulated that a decrease in acro-subtelocentrics could be 
due to the so-called Robensonian fusion or centric fusion as well as 
tandem fusion (Bender and Chu, 1963 ; Gustavsson and Sund!, 1967; 
Chiarelli, 1968). A study of the karyotype of E. pr<,iwa[skii and E. <,ebra 
(both with 26 meta-submetacentric chromosomes) proves t hat the decrease 
of acro-su btelocentrics is not necessari ly accompanied by an equivalent 
increase of meta-submetacentrics. Some of the smaller chromosomes 
could possibly have been lost during the evolution of the Equidae since 
thei r origin in the Eocene of Europe and North America (Thenius, 1966). 
Higher organ isms, however, are veT)' sensitive to chromosome loss, 
hence a more acceptable explanation could be that translocations had 
occurred with subsequen t loss of heteroch romat ic centromeres. Such 
translocations need not necessarily lead to the formation of meta-submeta­
centric chromosomes: such chromosomes may revert to acro-subtelo­
centric o nes especially as a resull of pericentric inversion. The black and 
white rhinoceroses could well serve as a n exa mple of such reversion: 
the bl ack rhinoceros has 84 chromosomes a nd the white rhinoceros 82, 
yet the black rhinoceros has four pairs of meta-submetacentric chromo­
somes a nd the white rhinoceros none. 

The graph in Fig. 1 follows a direction parallel to the evolution of the 
Perissodactyla, from rhinoceroses (and tapirs?), being the most primitive, 
with the hig hest chromosome number and acro-subtelocentric chromo­
somes, to the Equidae, with the lowest chromosome number and acro­
subtelocentric chromosome pairs (Table 18). The zebras, with the lowest 
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chromosome count and number of acro·subtclocentric chromosomes, 
are the most specializcd as Thenius (1966), regards them. 

The suggestion, that the more high ly specialized anima ls have a smaller 
chromosome counl and few acro~su btclocent l' ic chromosomes, has also 
been made for a number of animal groups among the primates (Bender 
and Chu, 1963). 

Specialization of an imals does not necessarily mean that they a re more 
intelligent. I n fact a horse seems more int elligent to us than a zebra. 
The horse with a higher chromosome number, may have more chromo­
some material (and possi bly more genes) with a greater chance of varia­
tion. Even if the zebras have the sa me number of genes, they will be pre­
sent in fewer linkage groups, that is, a greater number of them will be 
linked, with the result that a smaller chance exists for recombin a tion 
by independent assortment and therefore also a decrease in variation of 
genetic characteristics could be expected. During diplotene of meiosis, 
chiasmata (the cytologica l ex pression of genetical crossing over) a re 
formed (Swanson, 1960). Length of the chro moso me determines 10 a 
certain extent the number of crossovers th at can occur. I t is a well-known 
fact that one crossover inhibits the occu rrence of another in its immediate 
vicinity. This phenomenon is known as chiasma-interference. I n Drosophila 
this interference is complete for 10 map units (Swanson, 1960). h is clear 
then, tha t if the dista nce between two genes increases, the cha nces of 
crossi ng ove r occurring increases. Onc would expect that if zebras have 
the sa me number or genes on fewer chromosomes tha n horses and donkeys, 
the crossover percentage or zebra chromosomes will be lower than th at 
of horses and donkeys. 

The zebras, with a sma ller chromosome count, inhabit onl y sma ll 
parts of lhe African continent. Today, mainly through the action of man, 
th eir distribution area is still decreasing. Th is applies es pecia lly to thc 
mounta in zebras inhabiting onl y a very sma ll part of South Africa and 
he re being rcstricted to th e mountainous regions (Bigalke, 1952). The 
chance of th eir becoming extinct through j ust a slight change in their 
" evolutionary niche" is certainly much greatcr than for horses and 
donkeys. The latter two species, however, owe their present wide distri ­
butio n to a great extent to the fact that th ey have become domesticated. 
In fact, the horse has been rc-i nt roduced la the American con tinent 
where it previously had become extinct. Here it has also bee n a ble to 
p ropagate itself in the feral state. 

The Rhinocerotidae, with a high ch ro mosome count are a lso threatened 
with extinction. Cooke (1950) rega rds them as very primitive and not 
subject to rapid cha nges. Thcir chromosome com plement , most a utosomal 
chromosomes being acro-subtclocentri c, a lso bears this out. They have 
undergone little ada ptive change, in ract these an imals do 1I0t seem to 
have changed at all since their origin in the Eocene (Then ius, 1966). 
Reasons for thei r threatened extinction in modem times must rather be 
sought in the fact tha t they have a long genera tion time an d in man 's 
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superstit ious belief in the medicina l value of rh ino horn . 
T he argu ment, that decrease in ch romosome number leads to a lessening 

of the scope for genetic va riation, would not seem to hold in the case of 
the rhi noce ros. It is therdore clear tha t, despi te the pa rallel ism between 
karyotype evolu tion and animal evolution, oversimplified concl usions 
;1I'e not justifi ed. 

Polyploidy plays an important r61e in plant evolu tion, but among 
ani mals there is little evidence for its existence (White, 1945). I n the r.'\mily 
Cercopi thecidae, chro mosome nu mbers of 48, 54, 60, 66 and 72 (a ll 
mul tiples o( 6) were found and polyploidy was suggested as an explanation 
for this phenomenon (White, 1945). White, howeve r, raised severa l 
object ions to this as an ex plana tio n : I. It is difficult to understand how 
Ihe sex determin ing mec hanism of a polyploid pri mate would function. 
2. Each species of the Cercopithecidae has onc chromosome pai r with 
a seconda lY constriction. If some of the species developed by polyploidy 
one wou ld find severa l nu mbers of Ihese constrictions. 3. The DNA 
va lues wc re measu red and were found the same among all Ihese species. 
I f polyploidy was the reason for the di fferences in chromosome number, 
then the DNA va lue should also be different. 

Polyploidy could never be used as an expla nation for thc wide range 
of cbro mosome nu mbers fo und in the PerissodaClyla, as it presupposes 
doubling or a certa in basic chromosome numbe r with increase in evolu­
tiona ry sta tus. In this order there is a progressive decrease in num ber 
which does nOt OCClll' in relative sllbmul tiples. 

A better concept of ka tyolype evolut ion can only be gai ned once thc 
karyotype of a much greatcr number of existing mammals becomes 
known. 

O. Taxonomy and cytogenetics 

The Cradock mountain zebra and the moun tain zebra of S. \V.A. seem 
to be eonspccific: their kal yotypcs a rc morphologica lly and nu merically 
identica l (sce Pla tc 7 and 8) (no relati\'e a rm lengths could be determined, 
d ue 10 insufficiency or spreads ava ilable for this part icular pu rpose, 1101' 

were DNA determinalions possible). T herefore the practice or regarding 
the onc as E. zebra <.ebra and the other as E. <.tbra hartmtl1mae is purely 
a subspecifi c (nol specific) taxonomic d ifrerent ia tion and onc 011 wh ich 
most taxonomists agree (Ansell, 1967). 

Simi larly the pl ains zebras of southern Africa, as wcl l as Gran t's 
zebra (occu rring north of the middle Zambezi , Luangwa and Rovuma 
rivers according to Ansell , 1967) appear to be conspccificjudgi ng by their 
ka ryotypcs (sce Pl a tes It, 12 and 15; Benirsc hke et al., 1963). 

In this rcspect the ka lyotypes do not assist in clari fy ing the taxonomic 
problem at suhspecics level. At best , it has confi rmed the existing classifi­
ca tion at the species level. 

OiITerences among anima ls wilh the sallle chromosome nu mbe r arc 
usually morphologica l, resulting in two subspecies or rathe r races, as 
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is seen in the zebras, where distinctions between the subspecies a rc based 
mainly on the stripe pattern of the animals (stripe pattern and colour 
could be the same as differences in hair- or eyecolour in man or distinc­
tions as described by Cabrera (1936) caused by the animals' geographic 
distribution ). 

These studies can only give some support for the taxonomists and not 
solve their problems. All the subspecies of a particular species of zebra 
have an identical chromosome number, which is typical fo r the species 
to which they belong. Taxonomists can and do still place them in various 
su bspecies mainly according to the basic pattern formed by the stripes. 

As only four to seven representatives of each species were examined 
(examination of more animals was practically impossible) variati ons of 
the lypical numbers may perhaps still be encountered, but then as 
examples of polymorphism only, and this at low frequency. Nevertheless, 
this work forms a basis from which further expansions can be made . 

E. Polymorphic sexing 

I n all the animal species studied, distinct polymorphic sexmg was 
possible, the relative frequency of drumsticks serving as the most useful 
guide . The highest number of this type of nuclear appendage found in the 
male was two and the lowest number in females was ten per 500 poly­
morphonuclear leukocytes . Kosenow and Scupins' formula was not useful , 
because of the frequent absence of nuclear appendages of the C-type, 
giving a value of 00 for both males and females in these cases. The poly­
morphic sexing in the southern African forms of the Perissodactyla is thus 
simplified: only the drumsticks need to be counted. 

The vesicular D-type appendages shown in Plate 4 (5 and 6) differ 
in some detail from those desc ribed by Kosenow and Scupin (1956) 
and have to my knowledge been described only by Gerneke (1965) in 
the hippopotamus. The suggestion was made there that they resemble the 
" paranuclear vacuoles" appearing with "cell death", studied by Bessis 
(1964). Possibly these structures could be similar to the degenerating 
vacuoles occurring near the junction of the nucleus and lhe cytoplasm 
described by Dustin (cil. Bcssis, 1961). 

Sumlllary 

A cytogenetic survey was undertaken on the southern African species and 
subspecies of the order Perissodactyla, taking advantage of the relatively 
recent improvements whereby chromosome number and kalyotypes could 
be established with greater accuracy. 

Material was obtained from male and female animals either chemically 
immobilized , caught or shot in va rious game parks or ga me farms in 
South Africa, South West Africa, Rhodesia and Mozambique. The bone 
marrow biopsy technique based on that of Sandberg, Crosswhite and 
Gordy (1960) with some adaptations (Gerneke , 1967) was employed. 
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Several, up to about 50, good chromosome spreads were counted and 
karyograms were constructed. Simultaneously blood smears were made 
and the nuclear appendages on 500 neutrophil polymorphonuclear 
leukocytes counted to determine the feasibility of polymorph ic sexing. 

The following results were obtained : 

.Me/acelltric Acrocentric 
{ = meta-submeta- ( = acro-subrtlo- Number 

211 Chromo- centric) chromo- centric) chromo- <if 
Sptcies somes some pairs some pairs animals 

Cera/otherillm 
slmum 82 0 40 5 

Diceros bicornis 84 4 37 I 
Equw burchtlli 44 18 3 15 
Equw ~tbra 32 13 2 8 

The subspecies of Equus burcheUi, namely E. b. burclltlti, E. b. allliquormll 
and E. b. crawshaii (= se/ousi) and intermedia te types between the latter 
two a ll have the sa me chromosome number, namely 2n = 44, and mor­
phologically apparently ident ical karyograms. The same applics to the 
subspecies of Equw zebra, E. ~. ~ebra and E. ~. har/mannae, with a d iploid 
chromosome numbcr of 32. 

The karyotypes of the different species of the Perissodactyla wcre 
compared with each other. There is a g reat va ria tion in number and mor­
phology of the karyotypes, so that no morphological relationship between 
the autosomes was fou nd , alt hough a similarity was recognized in the 
sex chromosomes throughout t he ordcr. The sex chromoso mes of the 
rhinoceroses resemble those of the horse. 

Karyotype evolution among the Perissodactyla was difficult to explain. 
Robensonian fus ion, whereby a decrease of chromosome number is 
accompanied by a dec rease in number of acro-subtelocentric chromo­
somes could not be th e only reason for the existence of such a wide range 
from 32 to 84 chromosomes in this order. Robertsonian fusio n must have 
been accompanied by ot her phenomena, such as tandem fusion, trans­
locations with subsequent loss of heterochromat ic centromeres, trans­
locations reverting to acro-subtelocentric chromosomes as a result of 
pericentric inversion or possibly the loss of very small chromosomes. 
Polyploidy cou ld not be offered as an explanation here. 

These cy togenetic stud ies could not assist in cla rifying lhe taxonomic 
problems among the zebras at subspecies level. Nevert heless, it has con­
firmed the existing classification a t species level, wi th every species of this 
order having its specific diploid chromosome coun!. 

It was concl uded that an identical chromosome number and an identi­
cal karyotype may not be adva nced uncritically for the identity of species, 
neither may differences in chromosome number be accepted as proof 
of difference in species, unless one excludes chromosome polymorphism. 

103 



Although no chromosomes of hybrids were stud ied , the find ings of 
other aut hors on hybrids were d iscussed , showing that in nearly all 
known hybrids of the Equidae, the di ploid numbe r of the hybrid was 
eq ua l to the sum of the ha ploid number of both parents a nd that all 
Equ idae hyb rids, excludi ng a few excep tional mul es, were sterile. 

Suggestive evidence was fou nd fo r the existence of a mitotic cycle with 
peak activi ty during a bout 9 to 11 a .lll. Although not specifically in­
vestigated , indica tions were found that activity of the animal (and thus 
external fac tors in fl uencing t hat activity) may play a role, yet that 
physical st ress, excitement, a nd del ay in collect ion of bone marrow 
after immobilization may possibly depress the number of mitotic figures 
o btained, presuma bly due to circu latory changes in the bone marrow. 

Clearcut sex diITerenees ex ist in all the species a nd subspecies exami ned ; 
the fema le sex ca n be det.e rmi ned by counting typica l " drumsticks" only . 
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