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Abstract

This Diploma thesis deal with the coat pattern ofestérn Derby eland
(Taurotragus derbianus derbianus). The body coloration and the coat pattern is a
diagnostic tool for identifying animals, but evesday we know about this subject very
few. The object of this thesis was to describe dékterior of Derby elandTaurotragus
derbianus), to analyse the average stripe and colour cheniatits of coat pattern in the
Western Derby eland and compare it with the Eaggeamt eland Taurotragus derbianus
gigas), and to estimate the coefficient of heritabilib?) for quantitative parameters in the
captive breeding population of Western Derby elamdich was established in Senegal.
For the description of Derby eland we used the gdraphs of both subspecies - we
described the coloration, markings and stripe paté@e found some differences between
the subspecies - e.g. in the number of stripetharbody coloration and also in the white
markings on the head. Then we calculated the aoefii of the heritability, but from these
results we could not confirm that there was a &bility of stripe characters from parents
to offspring. All the details about the coat pattepuld be very important for the precise
description of these animals, for the recognitiérthe individuals and manipulation with

them in the captive conditions and of course fergtudy of this species.

Key words: Coat pattern, heritabilityTaurotragus derbianus derbianus, Taurotragus
derbianus gigas



Abstrakt

Tato diplomova prace se zabyva vzorem srsti u zdpadpoddruhu antilopy
Derbyho {Taurotragus derbianus derbianus). Zbarveni &a a vzor srsti je diagnosticky
nastroj pro identifikaci zwvat, avSak i v dnesni ddlvime o tomto tématu velice malo.
Cilem naSi prace bylo popsat exteriér antilopy Bleob (Taurotragus derbianus),
analyzovat pimérny paiet pruhli a barevné charakteristiky srsti u zapadniho pduddru
antilopy Derbyho a porovnat je s vychodnim poddral{€aurotragus derbianus gigas), a
vypccitat koeficient ddivosti (h?) pro kvantitativni parametry v populazapadniho
poddruhu antilopy Derbyho v lidské §¢ ktera byla zaloZzena v Senegalu. Pro popis
antilopy Derbyho jsme pouZili fotografie obou podlalr - popsali jsme zbarveni, znaky a
vzor pruhi. Nasli jsme #kolik rozdili mezi poddruhy - napv pctu pruhi, ve zbarveni
téla a také v bilych znacich na hawak jsme spitali koeficient @&divosti, ale z &chto
vysledki jsme nemohli potvrdit, Ze by zde bylgjaka ddicnost vzoru prut z rodia na
potomky. VSechny udaje o vzoru srsti by mohly bgtni dilezité pro pesny popisdchto
zvitat, pro rozpoznavani jednotliv@ manipulaci s nimi v zajeti a sanemé pro studium

tohoto druhu.

Kli¢ova slova: vzor srsti, ddivost, Taurotragus derbianus derbianus, Taurotragus

derbianus gigas
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1. Introduction

The body coloration and coat pattern play an ingodrtole in the animal life - it
varies within species, subspecies and even betwediniduals. Their coloration and
markings can help us to recognize individuals (eisflg in the significantly colored
species) and thus contribute to the study of tlesaals. Each animal can have its own
characteristic pattern, which allows us to identifgividuals in groups and herds and so
study the behaviour between the individuals, thdityabto adapt, the relations and
evolution between the species and subspeciesanihelp us to answer many questions. In
this work, we deal with the exterior of Derby elafiurotragus derbianus) which has
quite pronounced coat pattern - it has markingsvamous parts of the body and the
individuals of this species have a very conspicumargling on both flanks.

The Derby eland is divided into two subspecies. Miestern Derby eland,
Taurotragus derbianus derbianus (Gray, 1847), was first mentioned in the 40’shaf 1.9th
century - Dr. E. J. Gray described it on the ba$ig skins and the horns of a male and
female from Senegambia (Gray, 1847). The EasteamtGaland,Taurotragus derbianus
gigas (Heuglin, 1863), was described by Dr. Martin Thexedvon Heuglin, who organised
an expedition to the area of the White Nile (todagudan), where he found the horns of
this eastern subspecies (Heuglin, 1864). The sclespédiffer in the area of distribution
and conservation status — Eastern Giant elan@ssified as "least concern” and it inhabits
Central Africa, Western Derby eland is classifisd'eritically endangered” and it lives in
Senegal (IUCN, 2008). The number of individualsaafstern subspecies in the nature is
estimated to be less than 200 animals (Rereta., 2006) - so it is very close to the
extinction. Number of individuals of the easterbspecies is much larger and nowadays it
has become very popular for trophy hunters.

In both subspecies of Derby eland we have descrithedcoloration and coat
pattern. In Western Derby eland the number of esrijgnd characteristics is same
throughout the life of the animal (Akakgbal., 2004). We have counted the number of the
stripes on both flanks. Then we have describedtiégoaies of the stripe characteristics in
both subspecies: pre-stripe, split on the backt splthe belly, fork on the back, fork on
the belly, arc on the back and stripe with arc (attyer differences were described as

visible anomaly). In the case of coloration we haxamined the colour of the body and of



the neck. We have also described the markings@hehd - tears under the eyes and spots
on the cheeks. Based on those descriptions of iextee have tested the differences
between subspecies and counted the coeficientribfibity.

Finally, we would like to mention that all the tmomy used in this diploma thesis
Is according to Wilson and Reeder (2005).
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2. Literature review

2.1 The mammalian coat pattern and its role

In vertebrates, pigmentation and coloration vatgely from black and white
stripes of zebra to the reticulated giraffe, whigsereddish-brown coat is divided by a
network of fine white lines into large geometricapbs, up to bright colours and bold
patterns of some birds. In many species of anith@&<oat pattern plays a big role in their
behaviour, in their social bonds and relations andthe antipredatory behaviour,
camouflage or warning coloration (Caro, 2005). Whihe diverse patterns of domestic
animals have mainly aesthetic value, the coat pett®f wild animals are of great
importance to their fitness (Mills and Pattersad02).

In mammals, pigmentation can vary across the emir@dy or across individual
hairs. By varying the type of melanin produced ifiedent regions of the body a wide
range of patterns may be achieved (Mills and Psiter2009). Coloration is a diagnostic
tool for identifying mammals, but despite its imfaont function it was not elaborated many
studies on this subject. Animals display diversersoand patterns that vary within and
between species and subspecies. Similar phenogesar in both closely related and
widely divergent taxa. In the scientific world thage recognized three classic hypotheses
for the function of coloration in mammals: conceahty communication, and regulation of
physiological processes (Caro, 2005). Camouflagg bma the single most important
evolutionary force in explaining overall coloratisnmammals (Caro, 2005). In the case of
communication the patches of colored fur may beluse intraspecific signaling - for
example to signal danger to conspecifics (Alvaateal., 1976). The role of coat pattern in
sexual selection in mammals is not so strong (ogghds birds) - it can be observed only in
a minority of primates and other restricted mamamaliaxa (Caro, 2005). Finally, the
coloration of pelage may also influence the themgatation with either dark and white
hairs increasing or decreasing heat gain depemalinbair structure, density, aspect and
wind velocity (Walsberg, 1983).

The overall coloration of the coat can be clasdif&s patterned or uniform. The
markings are usually on the specific body partarsetails and legs. Markings are defined
as an area of color contrasting with the rest ef thdy or with the nearest area of the
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body. Thus, a white tail tip on a white animal wibulot be recorded as such, but a white
tail tip on a black animal or one with a black taduld constitute a marking (Ortolani and
Caro, 1996).

2.1.1 Evolution and coat pattern genes

Pigmentation patterning has long captured theestesf biologists, largely because
of the tremendous diversity in color pattern amangnals. The colours of organisms are
produced by molecular pigments or by the physicééractions of light waves with
biological nanostructures (Prum and Torres, 20@juctural colours, produced by the
latter mechanism, are an important component opttenotype of many animals (Parker,
1999). Many of the most striking pigment pattermsiid in nature are the result of regional
differences in pigmentation, such as stripes oélara or the white head and tail of a bald
eagle Haliaeetus leucocephalus). Understanding the genetic and developmentakbafsi
variation in form and structure of the animal calayn is of central importance to
developmental biology. Pigment patterns presenaal system in which to study how
developmental changes generate differences in footh within and between species
(Mills and Patterson, 2009). But there is veryditinformation about the molecular or
cellular processes that generate complex pattemoh ss stripes and spots, or how
alterations in those processes might produce diftephenotypes. It is difficult to explore
these issues, because the closely related speajeshow highly divergent patterns, while
distantly related species can appear strikinglylamiMills and Patterson, 2009).

In vertebrates, several mechanisms may contrilsutegional variation in melanin
type and density. During embryogenesis, neuralt @els arise along the dorsal neural
tube, and some differentiate into melanoblastsc(ps®rs of melanocytes), which migrate
ventrally along the body. Melanoblasts typicallyezrthe epidermis, where some remain,
while others localize to the hair follicles andfdrentiate into melanocytes (Hoekstra,
2006). Melanocytes synthesize melanin pigment, ggekit into melanosomes and then
transfer those melanosomes to keratinocytes foosigpn into developing hairs (Mills
and Patterson, 2009). Though mammals have onlypmmeent cell type, the melanocyte,
these cells can produce either eumelanin (blackibyar pheomelanin (yellow/red) and
can switch rapidly between the synthesis of thegepgigment types (Mills and Patterson,
2009).
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In mammals, increased production of eumelanin andreesponding reduction in
pheomelanin synthesis generates a melanic phenotyipeh may be dark brown or
entirely black. This switch is primarily controlldaly the interaction of two genes: the
melanocortin receptor 1 (Mclr) and agouti (Millsdaiatterson, 2009). Like black
phenotypes, changes in a variety of genes can cgaallesv, orange, or red coloration in
vertebrates, but unlike black, these colours caprbduced by a wide range of pigments.
The loss of function mutations in Mclr or dominamaitations in agouti cause increased
pheomelanin synthesis, generating a yellow or at (Mills and Patterson, 2009). The
blue-coloured skin is caused by thick arrays ofagan fibers in the dermis. The precise
colour produced is dependent on the diameter efdiln the array, with smaller-diameter
fibers reflecting shorter-wavelength light. Theaals produced can therefore range from
ultraviolet to (rarely) yellow or orange, althoudilue is most common (Mills and
Patterson, 2009).

2.1.2 Colours

Across the mammalian species there are at leastdifferent coat colours (white,
pale, red, grey, dark) to match the typical backgh(Caro, 2005). Species that are white
or become white in winter are found in arctic anddra biomes. White fur might scatter
solar radiation toward the skin and so it can bgeeted in cold climes - the best example
is a polar bearl{rsus maritimus) which has a white body colour all year round, anctic
fox (Vulpes lagopus) with arctic harel(epus arcticus) that both turn white in winter (Caro,
2009). Pale species are found in very hot enviroimmesuch as deserts and open
environments, because the pale fur reflects ligetd and grey species can be found in
rocky habitats. These findings can occur also witbme species, for example in oldfield
mice (Peromyscus polionotus) - individual desert rodents with paler coats fmend on
pale soils, and those with darker coats are fountlackened lava beds (Belk and Smith,
1996). The dark species are found in closed enmmesrts and in dense or tropical forests,
because dark fur enhances water evaporation mawdlyethan cool surfaces. But the
problem is that these robust associations do ndienaaclear-cut case for concealment,
because coats of different colour have differirgytioregulatory properties (Caro, 2005).

Another type of the coloration is albinism. It isacacterized by reduced melanin in

the skin, hair and eyes. Albinism has evolved regaig in widely divergent taxa and is
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caused by a single genetic mutation that is thoughbave no adaptive significance
(albinos are removed from populations rapidly) @&005). The opposite of albinism is
melanism (black or very dark brown pelage), maydumd in 20% of individuals in some
populations. The functional advantages of melanam unclear, maybe it could be
important for temperature regulation in humid hatsit such as tropical forests (Caro,
2005). For example it can be seen in some prediatorg in tropical forests, such as black
panther - in fact melanistic jaguaPanthera onca), and jaguarundiRuma yaguarondi)
(Majerus and Mundy, 2003).

2.1.3 Coat pattern

Changing the type of pigment can lead to the diffiees in coloration over the
entire body of an animal - result is the coat pattehich has a different structure in each
animal species (Caro, 2005). The stripes can bedfonly in some areas of the body - like
the rings on the tail of a ring-tailed lemuretnur catta), or may be repeated across the
body, like those of a zebra. Spots can be reguldr repeated, like those found on a
leopard Panthera pardus), or broad and irregular, like the black and wipgttern of dairy
COWS.

A coat with the appearance of dappled light, foaragle, might be expected in a
diurnal, solitary species that live in forests, veherypsis is a likely mechanism by which
an animal could escape notice. This has been ooedinin artiodactyls; in particular, there
is a very tight association between young havingtted coats and young being
sequestered during the first week after birth (hisigecies). Among carnivores, spotted
species tend to be arboreal and to live in closdaitéits, whereas striped species are found
in grasslands (Caro, 2005).

The importance of banding is not clear. It is diffi to find some evidence about
disruptive coloration in mammals. Numerous artidgdachave remarkable black or white
bands on the flanks and leg markings that couldtfan to break up the body’'s outline;
but although these markings are found in speciatsate diurnal and live in open country
and in desert habitats, few associations betwetnpally disruptive coloration and these
behavioral and ecological variables stand aftertroimg for phylogeny (Stoneet al.,
2003). Patches of color and coat pattern, ratteer tdverall coloration, may also be used as

intraspecific signals - the placement of these hggicon the body often hints at their
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function. For example, badges of dominance ardylike be at the front of the animal
whereas indicators of body condition that signahhbitity to avoid predators or a readiness

to mate are likely to be at the rear (Caro, 2009).

2.1.4 Seasonal and life cycle alterations to colaiand patterns

Changing ecological pressures throughout the ontpogef an organism can
necessitate corresponding changes in the organiappsarance. Animals, that live in
seasonal ecosystem, change their pigmentation tohn{for example artic fox). Some
animals can exhibit specific coloration during tinating season. Permanent changes in
colour or patterning can be very common. In a nunmdfemammals this change is a
relatively simple one: cubs of pum®&ufma concolor) and fawns of white-tailed deer
(Odocoileus virginianus) have spots, while older individuals of their Speado not (Mills
and Patterson, 2009). On the other hand, someea$ttiicture and colors can remain the
same throughout the life. For example, in Westeenblp eland Taurotragus derbianus
derbianus) the number and shape of white stripes on th&$laloes not change during the
life (Akakpoet al., 2004).

2.1.5 The adaptive significance

Camouflage or concealment may be the most impor&ason for the coat pattern
of many species. Animals can remain concealed wn&noverall coloration resembles or
matches the natural background of their environni@Entler, 1978). Concealment may be
achieved through disruptive coloration - by cortiregcolors or irregular marks that break
up the body’s outline (Merilaita, 1998). A type thie camouflage can be also crypsis, in
which overall body colour resembles the generabwobf the habitat, or pattern blending,
in which colour patterns on the body match patteinkght and dark in the environment
(Caro, 2005). Animals may also attain concealmgtitay have a lighter ventral surface
and dark dorsum, because this may counteract ttie stiects - lightening the dorsum and
shading the ventrum - when it shines from abovétigi1988). This arrangement is one of
the most common pigment patterns found among vertieta For most taxa, it is difficult

to relate coloration or markings to crypsis or gnagousness, because animals that are
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easy to notice close up may be difficult to seeoaglway off (zebras are highly
conspicuous nearby but difficult to see at a dsta(Caro, 2005).

The contrast between an animal and its backgrowmertls also on ambient
illumination and spectral reflectance to the baokigd - an animal may be cryptic at one
time of day but not later on (Burtt, 1981), or anghione background but not another
(Endler, 1990). There can be also a problem tha@n@mal may be conspicuous to humans
but not to nonprimate animals. Primates have ttypes of colour-sensitive retinal cones,
whereas carnivore predators possess only two. & thay be cryptic to humans but
conspicuous to birds, which have four types of soribe additional one of which is
sensitive to ultraviolet lightCaro, 2005).

The second major evolutionary force thought to ésponsible for coloration of
particular body parts may be the communication betwconspecifics. The systematic
proofs from artiodactyls and carnivores show, thatmarkings on the face, ears, legs, tail,
and rump serve to the intraspecific signaling -séhemarkings are associated with
conditions in which they are most visible (diuraativity and open habitats) and are seen
in gregarious species (Caro, 2005). White or dade$ are seen in social ungulates, white
patches on the ears in forest-living carnivores emaspicuous legs in diurnal desert and
grassland ungulates. Conspicuous tail colorationngulates is strongly associated with
being diurnal and living in groups, whereas sommigares exhibit black tail tips in
grassland habitats (Caro, 2005). Coloration as coencation has been advanced most
thoroughly in primates. The patterns and colours atso serve for the interspecific
communication. Artiodactyls use colour patchesrioagce pursuit-deterrent signals aimed
at predators. These signals may inform an approgagbiedator that it has been detected.
They may also inform the predator of the prey'sditon and hence its probability of
escaping (Caro, 1995). For instance, when pursyeeild dogs, Thomson’'s gazelles
(Eudor cas thomsonii) stot vigorously and lift their tails, perhapsflaunt their white rump
patch (FitzGibbon and Fanshawe, 1988).

The coat pattern may also signal reproductive damdidominance, health, or even
genetic quality to potential mates (Pagel, 1994)e Tadaptive significance of sexual
coloration can be observed in some species wityggabus mating systems (Caro, 2005).
Male lions carry manes, some of which are blackred® others are sandy-coloured like
the rest of the coat. Black mane coloration is essed with higher food intake, with age,

with testosterone concentrations, and with cooterironments. The dark-maned males
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have longer reproductive life spans and higherpoiffig survival. The lionesses prefer to
mate with the darkest-maned male in their coali{MMest and Packer, 2002).

The final hypothesis for the coloration in mammaésls with physiological and
physical functions that are involved in regulatibgdy temperature (by reflecting or
absorbing radiation, or by providing a surface thalhances or reduces evaporation) and
reducing glare from the sun, although predictiegarding these functions vary according
to whether skin or hair colour is under discussi@md depend on physical properties of
hair follicles (Walsberg, 1983). Some findings sesjgthat white face markings in
ungulates, and possibly white rump patches, ateune&ntal in reducing heat load in open
desert or grassland habitats because they reiatt(Garo, 2005).

2.2 The coat pattern of ungulates

The even-toed ungulates exhibit a range of hues biack through grey and red to
pale (Caro, 2009). The predation pressure is seepetkey selective force acting on
coloration in this order of mammals. Many aspedétsotoration in ungulates are related to
concealment — it appears the principal force dgvime evolution of coloration in
ungulates with communication, and then thermordmuiaplaying less of a role (Stoneir
al., 2003). And also the role of coloration in mateick is minor, because there is a small
number of ungulate species that are sexually dmobht@. In even-toed ungulates, there is
no evidence for spotted or striped coats being b in intraspecific communication
because they are not associated with gregariou¢8tsseret al., 2003).

The striped coats in adults of artiodactyl speaiesfound in light forests groups,
while spotted young across all artiodactyls are teedense forests. The striped and spotted
young are associated with hiding species (motheagel their neonates alone, when they
forage) - it supports strongly a concealment hypsith (Stoneet al., 2003). On the other
hand, spotted pattern of adults might provide a haesm to reduce intraspecific
aggression - spotted coats resemble those of yioumgny species and might therefore act
as a signal of subordination (Stormeal., 2003).

All 6 species of Hippotraginae (for example gemsb@kyx gazella) have light or
white coloured bodies and faces with black wiggethpatches and patches between eyes

and nostrils that may be joined depending on suispeand individual (Caro, 2009).
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Artiodactyls with both black and white facial margs are diurnal and live in
intermediate-sized groups, and species with coonepg faces live in grassland or
bushland habitats suggesting communication (Stetrar, 2003). Artiodactyls with white
faces are found in open environments, however, esiiyg of thermoregulation (Geist,
1987). Blackbuck Antilope cervicapra) have a white chin and eye rings contrasting with
black or dark brown upperparts - many artiodadigge black or white eye rings (e.g. dik-
dik Madoqua kirkii) or spots on their face (e.g. saoRseudoryx nghetinhensis) that
probably draw attention to pre-orbital glands wikthich they scent and mark their
territories (Caro, 2009).

Dark leg markings, which may serve as another fofndisruptive coloration, is
associated with open environments - dark legsesg s desert living species and those in
large social groups (Stoner al., 2003). Species with white leg markings are asdedi
with diurnality and live in grassland or bushlandbhats (Stonert al., 2003). The
contrasting leg coloration is very common in Bowedahere, members of some genera
have white legsCapra sp., Pseudovis sp.), or white stockings (bontebokDamaliscus
pygargus pygarus, goral -Naemorhedus goral or gemsbok ); or white spots on the fetlocks
(nilgai - Boselaphus tragocamelus, Derby eland and sao la) or elsewhere on the s{eagk
tahr - Hemitragus hylocrius) (Caro, 2009). Other species show black frontalases on
the forelegs Kobus sp.,Capra sp.,Pseudovis sp., chiru +Pantholops hodgsonii); or black
upper legs (e.g. hartebeestAlcelaphus buselaphus, gemsbok, blackbuck); or black
stockings (a fewCephalophus sp.); or black spots on the fetlocks (nilgai, Beddand,
impala -Aepyceros melampus) or elsewhere on the leg (e.g. common elamdurotragus
oryx) (Caro, 2009).

2.2.1 The zebra stripes

The bold black and white striped patterns are shbwithe three living species of
zebra — plains zebrd&quus burchelli), mountain zebraHguus zebra) and Grevy’s zebra
(Equus grewyi). The stripes in plains zebra are highly variableoationg to regions and
individuals (Kingdon, 2004). The northernmost réieeb. boehmi) is most completely and
boldly striped, decreasing southward. The coataafng is longer and softer with brown
stripes (Estes, 1991)he mountain zebra has vertical stripes regulgrced on the neck

and body, on the rear there are 3 or 4 very mahaikzontal stripes, legs are thinly
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horizontally striped (Kingdon, 2004). These animhbve white belly without stripes
(Estes, 1991).Black stripes of the face change to orange-browrthe nose and around
the mouth and nostrils (Kingdon, 2004). Stripestiomre in the mane and the dewlap — to
increase the impression of thickness of the nespe@ally in adult males (Kingdon,
2004). The Grevy’s zebra has close narrow stripelsier on the neck and chest extending
through mane, belly is unstriped (Estes, 1991). Sthipes are regular on the body, head
and limbs, but the width varies (Kingdon, 2004)efidhare some hypotheses about reasons
for the striped patterns of zebra coats: protectimm predators, social functions,
thermoregulation, and protection from tsetse flBossina sp.) (Ruxton, 2002).

One of the most established hypothesis suggedtzébaa stripes have perplexing
effect on predators, thus making it difficult foredators to distinguish a single individual
from a herd. Morris (1990) suggests that the s¢ripk even a single individual, when
viewed up close, are enough to dazzle and confysedator. There is also a theory that
stripes make a zebra look bigger. According to theory, as propounded by Cott (1966),
Vaughan (1986) and Morris (1990), the stripes ereat optical illusion that increases the
apparent size of the animal. This illusion may scmaally cause predators to misjudge the
range when leaping for the zebra. The theory ttigges provide camouflage in tall grass
was not approved. But another theory say, thatendtiipes make zebra very visible in full
daylight, they break up the animal’s outline wheewed from a distance in poor lighting
conditions near dusk and dawn (McLeod, 1987) -diand hyenas commonly hunt at these
times.

There is the theory, that the stripes can havethkssocial functions. Morris (1990)
suggests that variations in striping between irthligls could be used as a means of
individuals identifying each other. But he alsosayat a herd of wild horses (lacking in
the striping pattern) also has accurate individdahtification and every member of the
herd is known individually to other members. Itherefore hard to say that the individual
identifying is the reason of the black and whité&qra.

The black and white coloration of the zebras hae &d to the theory that stripes
serve as a mechanism of thermoregulation. Morr@9@) suggests that rotary breezes
could be created by differential cooling of theddd@nd white zones. He suggests that this
might explain why the quagg&dquus quagga), from the cool south of Africa, had less

distinct striping.
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The last theory of the origin of stripes deals wvthile protection from tsetse flies.
Waage (1981) compared the number of flies that \@#racted to black, white and striped
model animals. The striped model attracted smafiestber of flies. Gibson (1992) used
targets that were either monochrome white, blackyrety, or had horizontal or vertical
black and white stripes. These targets were expesgfdy and in combinations. It was
observed that tsetse were generally less attractestripes than to solid colours, they
appear to avoid horizontally striped objects; digantly fewer tsetse were caught on a
horizontally striped target than on a nearby transpt target, even with host odour present
and no other conspicuous targets near the odoucesolihe important knowledge is that
zebras spend a big amount of their time in closeiprity to other mammals (De Boer and
Prins, 1990). Thus, even if odour attracts fliesnfra distance, striping could still be
effective by protecting the zebra when other maséie targets are nearby.

The extinct quagga was morphologically divergentaat colour from all extant
equids (horses, zebras and asses). The interéstinge of the quagga is that the front half
of the animal had brown zebra-like stripes, whetbasrear looked more like a horse -
brown in colour. It was formerly abundant in Souéttiica and it became extinct around
100 years ago. Until very recently, the quagga e@ssidered to be a separate species
from the three extant types of zebra. However, Dialysis of preserved skins (Higuchi
et al., 1987) has shown that it was not a distinct sgebie a subspecies of the plains
zebra. But the morphological analyses of the quagghother zebra species have different
conclusions. In a study based on cranial measursmtre quagga was found to be as
different from plains zebra as the plains zebifads the mountain zebra (Klein and Cruz-
Uribe, 1999). Another study, based on pelage a$ agelcranial characters, found the
quagga and the plains zebra to be highly similar amgued for subspecific status of the
quagga (Groves and Bell, 2004). The question is tlvhyquagga had fewer stripes than the
plains zebra, or the mountain zebra, with whidhadl an overlapping range?

The theory that zebra stripes provide an effeatiyptic defence against tsetse flies
appears to be backed by the strongest evidence.eWowthe evidence is not yet
conclusive, and evidence needed to test criticgdiye other theories will be difficult to

obtain.
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2.2.2 The coat pattern of giraffes

The skin pigmentation of giraffes is uniformly dagkey, but the coat markings are
highly labile (Mitchell and Skinner, 2003). The gra colour of is brown to dark chestnut
(sometimes black - males darken with age), and liroken up into patches and blotches
by a network of light-coloured hair, the pattermdividually unique (Estes, 1991).

The markings of giraffes can be adapted to locatltmns by natural selection and
contribute to camouflage (Mitchell and Skinner, 200rheir coat markings break up the
body outline especially when sunlight filters thghurees and scrub, and they are difficult
to see even when they are no more than a few matrag (Mitchell and Skinner, 2003).
Coat patches also seem to have another functiont &man camouflage that may
contribute to survival - the patches can act asnthewindows through which giraffes
dissipate heat (Skinner and Smithers, 1990). Ipassible, that the complicated body
coloration of giraffes serves as a thermoregulagystem. So in giraffes the mechanism
seems to combine camouflage and temperature regulat

Among giraffes, the detailed geometric configunasi@f the darkened pelage areas
differs across subspecies, but in all types offigisa the blotches darken with age,
especially among males (Berry, 1973; Estes, 19819. blotches in the torso area change
gradually from a brownish to black colour, whileetfacial area of older males becomes
grey (Berry, 1973). The age of initial transitiohtbe blotches from brown to black in
males is not very well known, as is the duration tiofie required for full colour
transformation. Berry and Bercovitch (2012) fouhdttthe change of pelage coloration in
males of Thornicroft's giraffeGiraffa camelopardalis thornicroftii) takes an average 1.8
years and that males are completely covered wilitldack blotches at an average age of
9.4 years.

2.2.3 The coat pattern of Tragelaphini

The tribe Tragelaphini include the medium-sizedédoy large antelopes: bushbuck
(Tragelaphus scriptus), sitatunga T. spekii), nyala . angasi), mountain nyala T
buxtoni), greater kuduT{. strepsiceros), lesser kuduT. imberbis), bongo T. eurycerus),
common elandTaurotragus oryx), and Derby elandTaurotragus derbianus) (Wilson and
Reeder, 2005).
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The coloration in this tribe is quite similar - favto dark brown or black, females
tan to red-brown. Animals have vertical stripes lmoth flanks, white chevron or bar
between eyes, cheek spots, white throat patch laest crescent (except greater kudu and
nyala), upper forelegs with garters. They have pooiced sexual dimorhism - males have
bulky spiral horns (females are hornless - excepgb and elands), and they darken with
age. The markings are concealing rather than rexgalerving to break up the animal’s
form (disruptive coloration) and enabling it to deinto the background. However, some
markings are clearly important for social commutarg notably the dorsal crest and
white scut (Estes, 1991).

The coloration of the bushbuck is highly variab&graphically and individually -
there are recognized 27 subspecies (Kingdon, 200w).northern and western forms are
reddest with best-developed markings, includinghéss-like diagonal lines on shoulder in
T. s. scriptus (Estes, 1991) The southern and eastern forms are yellow (Estes, 1991)
and they have fewer markings - sometimes almos$towitmarkings or lightly marked with
spots and stripes on the legs (Kingdon, 2004). Bettes darken with age, but males far
more than females (Estes, 1991). Coloration oftwsiga is also geographically and
individually variable. The adult males are greysnoto chocolate-brown, females brown
to bright chestnut. Calves are bright rufous-redplNy-coated, spotted, and striped (Estes,
1991). They have 8-10 dorsal stripes (Kingdon, 20Bdults (especially males) are long-
coated and markings therefore less distinct thanbilishbuck’s. They have white neck
patches, dorsal crest is often brown. Females amohg/ of nyala are bright chestnut,
smooth-coated, They have 8-13 contrasting whiipestr(Estes, 1991), no more than 18
(Kingdon, 2004). They have also spots on the caedtnose chevron (Estes, 1991). Males
are charcoal grey (except tan lower legs) and haiith fringe of dark hair from throat to
hindquarters and white dorsal crest (longest ibejri(Estes, 1991). The body colour of
males darkens with age and vertical stripes fadk raay almost disappear (Kingdon,
2004). In mountain nyala, females are without h@mnd they look like a doe. Adult males
have a deep chest, dorsal mane and the body doloratsepia brown which darkens with
age. They have white spots on the ears, face,ttar@hchest (Kingdon, 2004). Males of
the lesser kudu are blue-grey and they darken agth females and young are bright red-
brown (Estes, 1991). These animals have 11-15 dedihed vertical white stripes
(Kingdon, 2004). The nose chevron is incomplete #rey have 2 cheek spots, tail is

bushy with black tip and white underside, legs tareny with black and white patches
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(Estes, 1991). The throat and chest are marked gatdmetrical white spots (Kingdon,
2004). Males have short white dorsal crest buthmoat beard (Estes, 1991). The greater
kudu is reddish brown to blue-gray (darkest in SoAfrica), males darken with age
(Estes, 1991). It has 4-12 vertical white stripestbe flanks (Kingdon, 2004). These
animals have prominent nose chevron and small chpets, there are no throat or chest
patches (Estes, 1991). Both sexes have dark legrgablack-tipped tail with white
undersite and dorsal crest, beard is only in m@sses, 1991). Bongo is bright chestnut
(darker on head, neck, chest, belly, and legs)eMdhrken with age - old individuals are
nearly black (Kingdon, 2004). Markings are cleatBfined - animals have 12-14 stripes
continuing into black-and-white dorsal crest, lavg@te chest crescent and cheek patches,
ears edged with white, a broad nose chevron, legsldd black and white. Calves are
similar to adults, but they have lighter colourwieduced dark areas and bushy tail (Estes,
1991). The coloration of common eland is individpahnd geographically variable.
General colour is tawny, young are reddish bronam@on eland has 10-16 white stripes,
a dark dorsal crest, white markings on legs, aadkbgarters on upper forelegs and around
hooves (Estes, 1991). Adult males develop a tuftark hair on the forehead and nose, a
massive neck, an enlarged dewlap, and a shory; sadk mane. Males turn blue-grey with
age (Estes, 1991) and the neck and shoulders daikenhe age (Kingdon, 2004). There
are three recognized subspecies. 0. oryx is tawny and the adult animals lose their
stripes,T. o. livingstonel has brown body coloration with 12 and more stripeshe flank,

T. 0. pattersonianus is more reddish with 12 and more stripes (KingdtiQ4). The Derby
eland is richer in colour than the common eland lzaimore pronounced markings (Estes,
1991). It has 8-12 vertical white stripes on ttanKs (Kingdon, 2004). Coloration of body
is grey sandy or reddish, the belly has a blacipestfrom front to back (Wilson and
Mittermeier, 2011). Adult males have a black ne€kgdon, 2004) and they tend to turn
grey as they age (Wilson and Mittermeier, 2011)esEhantelopes have a prominent neck
ruff and large rounded ears which are clearly ndriestes, 1991). Both sexes have a
short brown to black spinal mane from the neckhi middle of the back (Wilson and
Mittermeier, 2011). They have a dewlap betweenctiia and chest, it begins on the chin
instead of at the throat like in common eland (Esi®©91). All four legs have two separate
garters of white and black just about the hooves tae upper forelegs have a posterior
black spot (Wilson and Mittermeier, 2011). Theree d&wo recognized subspecies:

Taurotragus derbianus derbianus is reddish with on average 15 stripes on the flank
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(Fig. 1), Taurotragus derbianus gigas is grey sandy with 12 stripes on average (Fig. 2)
(Kingdon, 2004).

Figure 1. Typical coloration ofaurotragus derbianus derbianus, adult male (Bandia
reserve in Senegal, 2013).

Figure 2. Adult male ofTaurotragus derbianus gigas in Cincinnati Zoo, USA. © Jeff
Whitlock, 2006. Source: www.theonlinezoo.com
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3. Objective

The object of this thesis is firstly to describe txterior of Derby eland. All the
information about the coat pattern are very impurtfar the following work and study of
these animals - especially in the case of the westigbspecies, because when you know
the coat pattern of each animal, you can distirigthe individuals in the herd very well.

Then we would like to analyse the average stripeatour characteristics of coat
pattern in Western Derby eland (WDE) and compaemtiwith Eastern Giant eland
(EGE). All designated stripe characteristics atntbin both subspecies and we would like
to know if the subspecies differ in their numbed aatio. With the help of these results we
would like to find the difference in the exteridrtbe subspecies. So our first hypothesis is
that the differences between the subspecies woaldodmarily in the number and
characteristics of the stripes.

In the end we would like to estimate the coeffitiai heritability (h2) for
quantitative parameters in contrast with environtalenariation for the population of
Western Derby eland. Our second hypothesis is tiiatnumber of stripes and their

characteristics would be heritable from the parémtbe offspring.
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4. Materials and methodology

4.1 Locality and breeding management

In 2000, the first semi-captive Western Derby elaogulation was established in
western Senegal with an objective to establish ablgi population in semi-captivity
(NeZerkovéet al., 2004). The conservation programme was launchddas been running
till present. The animals are held under shepheeg#ding management in two nature
reserves - the Bandia and Fathala Reserve {Kolaet al., 2012).

The Bandia Reserve is a fenced area situated 6Sdkith-east of Dakar, on the
south-western border of the classified forest Bar{fiorét classée de Bandia) (NeZerkova
et al., 2004). The Bandia Reserve was the first site evbiee wild-captured Western Derby
elands were placed after the capture operatio®@92The Fathala Reserve is the fenced
area of the Fathala Forest (Forét de Fathala)tsduan the west coast of Senegal, near the
northern border of the Gambia (NeZerkaval., 2004). The Fathala Reserve is the second
reserve with Western Derby eland semi-captive padpar, with two breeding herds and
one bachelor herd (Kalkovaet al., 2012).

The original breeding herd of Western Derby elandststed of 6 founders (one
male and five females), which were captured inNihekolo Koba National Park in May
2000 and transported to the Bandia Reserve (Anbogiet al., 2004). The reproduction of
animals started in 2002 in the Bandia Reserve @idgmale calves born, and in June 2012
the Western Derby eland in semi-captivity formegagpulation of 83 living individuals
(Kol&ckovaet al., 2012).

4.2 Studied animals

The present population of Western Derby eland wddd in 5 breeding herds:
three in the Bandia Reserve (Bandia 1: 5 malesldnfémales, Bandia 2: 4 males and 9
females, Bandia 3: 3 males and 8 females) and mwtba Fathala Reserve (Fathala 1: 2
males and 5 females, Fathala 3: 1 male, 2 femadesl)fwo bachelor herds (Bandia 4: 17
males, Fathala 2: 15 males) (Kétavaet al., 2012). Among these are 57 adults (30 males
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- four breeding males, 27 females), 14 sub-addlisnjales, 3 females) and 12 calves (6
males, 6 females). A total of 100 offspring wererbfsom 2000 to 2012 (Kot&kovaet al.,
2012).

In the case of Western Derby eland we used the flata African Studbook
(published since 2008 by Czech University of Lifeiéhces Prague and Prague Zoo),
where each individual from the captive populatiorSenegal is photographed from both
sides (data from 115 individuals). For a descriptad EGE we used photographs from

various sources with identified locality of origi®2 individuals).

4.3 Data collection and analysis

For description of the coat pattern of Derby elardused the photographs of both
subspecies to determine the pattern characteratidsthe colour variations. We counted
the number of stripes, number of anomalies in thpes and we determined coloration of
each individual. From analyses of these photograpihsiesignated stripe characteristics
for description of each individual.

To distinguish the subspecies, we used the coefii@f difference - CD, (based on
the rule of 75% difference between the subspebayy et al., 1953)for quantitative data:
number of stripes on the right and left flank, nembf splits of the stripes on back and on
belly, number of forks on the stripes on back andelly, sum of all characters on the left
and on the right flank. Then, in programme STATISAIL0, all the quantitative data were
analyzed by using Mann-Whitney U test. And by usPearson’'s chi-squared test we
analyzed the qualitative data: body coloration kneaoration, presence of tears under the
eyes, shape of spot on the left and right cheek&sgmce of stripes with arc, visible
anomalies, presence of back arc, presence of ppe-sin the left and right flank. With the
use of same test we have also analyzed the depsndénhe qualitative data on sex and
age.

To determine the coefficient of heritability ingadation of Western Derby eland it
is necessary to know the data of quantitative atara in the parental generation and
offspring. To identify the individual animals anttetmaternity we focused on each animal
in particular - using photos from both sides frandbook. Every year the identification of
new born calves takes place in both reserves iedganThe maternity is confirmed by the
mother-calf relationship and by the suckling ofeatain calf from a certain female. To

27



count the coefficient of heritability between paeserand offspring, we used linear
regression in STATISTICA 10. We performed the linezgression analysis between the
diameter of parents and offspring. We also examthedelationship of number of stripes
and their characteristics across the maternal.lingsrogramme STATISTICA 10 we used
Kruskal-Wallis test - we counted with five materrades named from the initials of

founding females: Dalaba, Salémata, Bembou, Maapal amba.
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5. Results

Our studied sample had 206 individuals of two sebms of Derby eland (115 of
Western Derby eland and 92 of Eastern Giant elamt) in some characteristics we
observed both flanks separately (e.g. number gfest). In the sample of WDE we had
photographs of both flanks in all individuals, vehih the animals of eastern subspecies we
had available only photographs of one flank. Schae a total of 322 photographs - 164 of
the left flank and 158 of the right flank, both spbcies together.

In the studied sample of Derby eland we describpdsaible stripe characteristics -
pre-stripe, split on the back, split on the belbyrk on the back, fork on the belly, arc on
the back and stripe with arc (Fig. 3). These chargstics were found in both subspecies.
Pre-stripe is the first stripe from head, which ihegoefore or on the shoulder blade and
ends at the elbow (Fig. 4). Pre-stripe can be s¢pa@ifrom other stripes on the chest by a
visible gap. The split of the stripe can occur lo@ back or on the belly of the animal. It is
a gradual breakdown of the stripe into two brandfés. 5). On the back and belly of the
animal the fork on the stripe can also occur s & istripe division into three branches, thus
creating a kind of fork. Arc on the back is a cactren of two stripes (mostly the last
stripes on the stern of the animal) into the ardlmnupper part (Fig. 6). Stripe with arc
does not go straight down from the back to theybéllit there is a clearly visible arc on it.
Any differences in banding, which did not fall undieese seven categories were described
as visible anomaly (Fig. 7). With regard the animalloration, we described four colour
variations: light beige, beige, light red and ligtnown. We have also defined three colour
variants of neck: light brown, brown and black. @w head of the animals we have
described two pattern characteristics: tears antsgm the faces (Fig. 8). Tears are small
white stripes that start just under the inner coofethe eye and continue until the nasal
bone. Regarding the spots on faces - each aninsah Isanall white spots of various shape
on both cheeks, we described four options: roursjfest, strip, double spot, ellipsoidal
spot.

In the studied sample, the mean number of stripeSMDE on the left flank was
13.79+£1.22 SD and on the right flank 13.8+1.15 $&n@e 10-17), for EGE on the left
flank 13.29+1.35 SD and on the right flank 13.4441SD (range 10-18). The coefficient

of difference (CD), calculated for quantitative aladid not demonstrate a difference
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between the subspecies within the studied sampddl the results were below the

subspecies border 1.28 (Magr al., 1953), therefore the subspecies did not differ in
observed characteristics. The quantitative dat& \&kso analyzed by using Mann-Whitney
U test. There was found a difference between thsEcies in the number of stripes on
the left flank (Graph 1 in annexes) - the animdlsvestern subspecies had more stripes
(median=14) than the individuals of eastern sulispe@nedian=13). And there was also
found a difference in the number of splits of thepss on the right flank (Graph 2 in

annexes) - bigger number of this characteristic wadlse eastern subspecies.

i

@ Zmzana Balonova

Figure 3. Characteristic of stripes in Derby elaad: pre-stripe, b — stripe with arc, ¢ —
split on the back, d — split on the belly, e — forkthe back, f — fork on the belly, g — arc

on the back.
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Figure 5. Split of the stripe on the back, Westeatby eland (Bandia reserve in Senegal,
2013).
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Figure 6. Back arc, Western Derby eland (Bandiarkesin Senegal, 2013).

@ Zuzana Balunova

Figure 7. Stripe anomaly, Western Derby eland (Bareserve in Senegal, 2013).
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Figure 8. Markings on the head of Western Derbyncela tears and spot on the cheek,
adult female (Bandia reserve in Senegal, 2013).

In the results of the descriptive statistics, theese significant differences between
the subspecies in the body coloration (p<0.001p6rl). The dominant body colour in
WDE was beige, while in EGE the dominant colour Vlight brown which was not
observed in WDE. The individuals of western subssebad more brown neck than the
animals of eastern subspecies which had more bftak or light brown neck (p=0.0035)
(Graph 3 in annexes). In the EGE there were somwiduals without tears under the
eyes, while in WDE all the individuals from studieample had the tears (p<0.001) (Graph
4 in annexes). Regarding the spots on the face, W&Ethese spots more ellipsoidal and
elongated while EGE more rounded - shape of spaheteft cheek (p=0.0017) (Graph 5
in annexes) and on the right cheek (p=0.0001) (b6am annexes). In EGE there were not
common the stripes with arc (p=0.0001) (Graph 7ammexes) and also the back arc
(p<0.001) (Graph 8 in annexes), in WDE these cheariatics were represented more

frequently.
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Subspecies x Body coloration
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Graph 1. Dependence of the body coloration on tihsecies, Pearson's chi-squared test,
p<0.001.

In some characteristics we have confirmed a depwmed®n sex and age. In
subspecies WDE the correlation between age and boldyation (p=0.026) (Graph 9 in
annexes), age and neck coloration (p=0.0003) (G@phand between sex and body
coloration (p=0.0001) (Graph 10 in annexes) wadioord. In adults, the ratio between
beige and light beige was balanced, while the juesrhad more individuals with beige
body coloration and the light beige was minor. Ow tcontrary, in yearlings the
predominant colour was light beige. Darker necloion was more frequent in older
than in young individuals. Black neck was minorthe juveniles and yearlings, while in
the adult animals was very common. There was &lsacorrelation between the sex and
body coloration - beige was the main body colouiemales, while in males the dominant
colour was light beige closely followed by beige. subspecies EGE the correlation
between age and body coloration (p=0.037) (Graphinllannexes), age and neck
coloration (p=0.003) (Graph 12 in annexes), sexlaoaty coloration (p=0.006) (Graph 13

in annexes), sex and neck coloration (p<0.001)kedad in annexes) and between sex and

34



the occurrence of tears under the eyes (p=0.02Zp{G15 in annexes) was confirmed. In
adults the most common body coloration was liglotr and light red, while in juveniles
it was beige and in yearlings it was light beige v& could say that the adults were darker
than the young animals. In the case of the corogldietween the age and neck coloration
the result was clear - in the young individuals than colour was light brown, while in
the adult animals the dominant colour was black #meh brown. So darker neck
coloration was more frequent in older than in youmgjviduals like in WDE. There was
also the correlation between sex and body colaratiemales were mostly light red, while
males were light brown. Opposed to WDE, at subggse&GE there was confirmed a
correlation between sex and neck coloration and laétween sex and the occurrence of
the tears under the eyes. Dominant colour of tlok e males was black, while females
had mostly light brown neck. And in the case ofd¢eaales had more individuals without

tears than females.

Age x Neck coloration - WDE
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Graph 2. Dependence of neck coloration on the my@astern Derby eland, Pearson's chi-
squared test , p=0.000311.
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In the case of counting the coefficient of herii&pwe used the quantitative data
from captive population of Western Derby eland. [géeformed the analysis between the
diameter of parents and their offspring - the digant correlation was confirmed in the
number of stripes on the left flank (p=0.0472) (@ra&8) and in the sum of the stripes on
both flanks (p=0.0279) (Graph 16 in annexes). Butboth cases the coefficient of
heritability was very low (in the number of stripes the left flank— h?=0.35 and in the
sum of the stripes on both flanks h2=0.40). Thus, the results indicate that we cain n

confirm that there is a heritability of stripe cheters from parents to offspring.

Average of parents and offspring - number of stripes on left flank

W=8,7723 +0,5497% r=0,2240, p=0,0472
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Graph 3. Coeficient of the heritability counted fbe number of stripes on the left flank,

linear regression, p=0.0472.

In the end, we examined the relationship of quativie data across the five
maternal lines — D, S, B, T, M. The significantference between the maternal lines was
confirmed in the number of the splits of stripestba back (p=0.0227) (Graph 4) and in
the sum of the stripe characters on the left flgpg#0.0454) (Graph 17 in annexes). In both
cases, the greatest abundance of these characsawsss found in the maternal line M - so

36



the biggest number of the splits on the back anthefstripe characteristics on the left
flank can be found in animals from the materna# lfter the female Malapa.

Sum of characters on left flank - maternal line B, D, M, S, T
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Graph 4. Dependence of sum of the characters ornethdlank on the maternal line,
Western Derby eland, Kruskal-Wallis test, p =0.0454
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6. Discussion

The description of Derby eland in the scientifitedature is not unified. Some
characteristics are consistent, but we can find esaitescriptions with pronounced
differences. The description of the body coloratisnmostly identical - from tawny
(Akakpo et al., 2004) and reddish to grey sandy (Kingdon, 2004})s problematic to
observe the body coloration in Derby eland, becdusan be affected by the subspecies,
age and sex as we described in our results butbgldbe condition of the animal and by
the season and climatic conditions, which can lbectdd also by the different area of
distribution. For example according to Kingdon (2P€he adult males have black neck -
this contention can be confirmed by our results tha neck coloration darken with the
age.

In Western Derby eland the number of stripes rem#ie same since the birth of
the animal, and by the age does not change (Akekao 2004), so it can be possible that
the same principle can be found also in the eastdvepecies. In both subspecies of Derby
eland we described the stripe pattern and theestiiaracteristics. Thanks to these features
it could be easier to observe the animals whicé livlarge herds and at the first glance
they appear to be very similar. The recognitiortha individuals can be very important
especially in the case of critically endangeredter@ssubspecies. It can be used in the
manipulation with the animals - in the creation amanagement of the breeding herds, in
the transfers of animals and veterinary proced{Ketackovaet al., 2011).

Then we counted the number of stripes of Derbydeard our results do not match
with the number of stripes indicated in the scientiiterature. According to Wagner
(1855) both subspecies have the bright white stripdich are in EGE brighter in front of
the body than in the rear, while in WDE they areaclanywhere. But he determined the
number of stripes together for thaurotragus sp. eryx andderbianus). He described 2-15
white stripes on the flank and he claimed thatbethern subspecies had more and clearer
stripes than the southern subspecies. Accordirkgrigdon (2004) the Derby eland has 8-
12 vertical white stripes on the flanks. But acaogdo our results the minimum number of
the stripes was 10 and the maximum was 18 (thiemme was observed on the right flank
of one animal of the eastern subspecies). So thealoange of the number of stripes in

our studied sample was 10-17. We can also finddifierences in the number of stripes
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between the subspecies. Kingdon (2004) states tkigatWestern Derby eland has on
average 15 stripes on the flank and the Easternt@iand has 12 stripes on average.
According to Wilson and Mittermeier (2011) the mduals of western population tend to
be richer in colour and they have 14-15 stripes|eathe individuals of eastern population
have only 12 stripes. Gray (1847) also claimed thatwestern subpecies has 14 or 15
narrow perpendicular white stripes on each sidéhefbody. But in other article dealing
with the western subspecies (Akakgal.,2004) we can find that the number of stripes of
this subspecies is 11-16 and the most common rarggween 13 and 15. Our results can
confirm the assertion of Kingdon (2004) and Wilsamd Mittermeier (2011) that the
western subspecies has more stripes than the reabteour studied sample the mean
number of stripes was 14 on flank in WDE and in¢hee of EGE the mean number was
13 stripes on flank.

According to Groves and Grubb (2011) there weremmwphometric differences
among the subspecies (they compared the sampi@sStmlan, Central Africa and West
Africa) and their inspection of photos showed nosistent external differences. Thus they
assumed that all giant elands, from Gambia to tites Would be taxonomically the same.
In our results the coefficient of difference didtrdemonstrate a significant difference
between the subspecies. However, the next requises] the differences not only in the
number of stripes on the left flank and in the nembf splits of the stripes on the right
flank but also in some other coat patterns. Reggrthe stripe pattern in EGE there were
not common the stripes with arc and also the baickwnas not very frequent. While in
WDE the back arc is very frequent in the observedugation. So can we say that the
stripe anomalies are more common in WDE? Not steqlihere was found one difference
where the eastern subspecies dominated - it widi® inumber of splits of the stripes on the
right flank (bigger number of this characteristiasxffound in EGE).

In WDE all the individuals from our studied samphed the tears, while in the EGE
there were some individuals without tears undeetfes. In our studied sample of EGE we
observed a lot of old males which were killed agplry animals. The absence of tears
under the eyes was described mainly in the phopbgraf these older males, so it is
possible that the darkening of the coloration aéddy the age can be reflected also by the
loss of white tears under the eyes in this subsgedtn the case of spots on the face we
have also found a difference between the subspaslagner (1855) mentioned the spots

on the cheeks in both subspecies and the shapesd spots described as rounded in EGE
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and oblong in WDE. We can confirm this assertionoloy results, where the WDE had
these spots more ellipsoidal and elongated whild& EGre rounded. In summary, we
could say that the differences between the subspete visible also in the coloration of
the head.

Of course the data and results can be affecteddnyrfactors. The body and neck
coloration and some markings like the tears underelyes and spots on the cheeks can
depend on the animal’s age, sex or condition asd @h the climatic period. All the data
were taken from the photographs so there is alssipitity that the data (especially the
body and neck coloration) are affected by the tyali the photographs and the conditions
in which they were taken. And in the case of thekbarc, there is a possibility, that the
data in EGE are undervalued - it can be affectethbypoor quality of some photographs
and because there was not optimal visibility onlthek of the animal in some photographs
of this subspecies.

In the captive population of Western Derby eland awented the coefficient of
heritability. By this method we wanted to ascertdinhe number of stripes and their
characteristics is inherited from the parents &dfispring. For example in some breeds of
horses the primitive markings (so-called zebra mgd) are very common, characteristic
for the primitive horses like Norwegian Fjords, laralic horses, Hutzul horses or
Przevalsky horses but they also occur in low fregies among warm- and cold-blooded
breeds, such as Quarter horses (Stachurska, 199@).according to the study of
Stachurska (1999) the markings on front legs in hbeses seem to be inherited in a
dominant way. But the inheritance of other formsh&f markings (e.g. the dorsal stripe) is
not clear. Several genes may produce the stripgheoneck and shoulder, as well as on
the forehead. In the case of Western Derby elaatetivould be also the possibility to
determine the parents of the calves by the strigacters which are inherited - so the
exterior of calf would be similar to that of the ther or sire. The related individuals often
have similar phenotypes, however Kruuk and Hadfi¢i07) alleged that these
similarities may be due to the effects of sharedrenments as much as to the effects of
shared genes. And from our results of the coefiic@ heritability in the population of
Western Derby eland we can not confirm that thera heritability of stripe characters
from parents to offspring.

Our calculations did not confirm any relation beém the parents and offspring in

exterior. Can we say that the coat pattern in Wiedberby eland is not heritable? We have
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examined the relationship of stripe characteriséicoss the maternal lines. We thought,
that these results could also tell something abmiinheritance of coat pattern. From the
five maternal lines (D, S, B, T, M) the greatestiradiance of the number of the splits of

stripes on the back and of the sum of the stripeadters on the left flank was found in the
maternal line M (after the female Malapa) even giothis founder female had only one

split on the belly. From this result we can sayt 8@me stripe characteristics are inherited
from the mother to the offspring and there canlbe a possibility that these characters are
inherited from the sire.

The results of the external difference betweensthtespecies can be also affected
by the genetic factors. We have detected that thera possibility that the stripe
characteristics and their number are inherited ftbenparents to the offspring in WDE.
But in the founding of this captive population thevere only 6 animals (Antoninowh
al., 2004). So there is a problem, that these six dets could bring into the present
population some characteristics which are not gidiar the whole population of Western
Derby eland. Based on this fact, we can speculdteidata are not affected by the low
genetic variation in the western subspecies, atldeife is a possibility that we compared
the eastern subspecies only with a small cutowestern population that may not be a
typical and representative.
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7. Conclusion

We described the exterior of Derby eland in bothspecies and we analysed the
average stripe and colour characteristics of cadtepn in WDE and compared it with
EGE. But our first hypothesis that the differendetween the subspecies would be
primarily in the number and characteristics of #igpes was not confirmed. The results
showed that the differences in the quantitative datre only in the number of stripes on
the left flank and in the number of splits of thepes on the right flank. The difference
between the subspecies was predominantly foundhén qualitative data. We found
significant differences in the body coloration, keoloration, presence of the tears under
the eyes, the shape of the spots on the cheekpreékence of the arc on the stripes and in
the presence of the back arc.

Then we calculated the coefficient of heritabilib?) for quantitative parameters in
the population of Western Derby eland. Our secoypbthesis was that the number of
stripes and their characteristics would be hergtdidm the parents to the offspring in this
population. The significant correlation was confanin the number of stripes on the left
flank and in the sum of the stripes on both flarlBst in both cases the coefficient of
heritability was very low so from these results wannot confirm that the stripe
characteristics are inherited from parents to oifgp We also examined the relationship
of quantitative data across five maternal linese $ignificant difference was confirmed in
the number of the splits of stripes on the backiartde sum of the stripe characters on the
left flank. The greatest abundance of these cheniatits was found in the maternal line M
- after the female Malapa. These results support hypothesis, so there could be a

possibility, that some stripe characteristics aterited from the parents to offspring.
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Figure 1. Split of the pre-stripe on the back, WastDerby eland (Bandia reserve in
Senegal, 2013).

Figure 2. Split of the stripe on belly, one-yearlenaf Western Derby eland (Bandia

reserve in Senegal, 2013).
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Figure 3. Markings on the head of Eastern Giamdelatears and spot on the cheek, adult
male in Cincinnati Zoo, USA. © Jeff Whitlock, 2006ource: www.theonlinezoo.com

Figure 4. Adult females of Eastern Giant eland inchnati Zoo, USA. © Jeff Whitlock,
2006. Source: www.theonlinezoo.com
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Graph 1. Dependence of the number of stripes oethéank on the subspecies, Mann-
Whitney U test, p=0.032553.
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Graph 2. Dependence of the number of splits okthipes on the back (the right flank) on
the subspecies, Mann-Whitney U test, p= 0.048089.
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Subspecies x Neck coloration
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Graph 3. Dependence of neck coloration on the ®disp Pearson's chi-squared test,
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Graph 4. Dependence of the presence of tears tineleryes on the subspecies, Pearson's
chi-squared test, p<0.001.
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Graph 5. Dependence of the spot on left face omsubspecies, Pearson's chi-squared test,
p=0.001660.
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Graph 6. Dependence of the spots on the right facehe subspecies, Pearson's chi-
squared test, p=0.000182.
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Subspecies x Stripe with arc
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Graph 7. Dependence of the presence of stripe avithon the subspecies, Pearson's chi-
squared test, p=0.000076.
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Graph 8. Dependence of the presence of back atieeosubspecies, Pearson's chi-squared
test, p=0.000002.
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Age x Body coloration - WDE
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Graph 9. Dependence of the body coloration on gjeeim Western Derby eland, Pearson's

chi-squared test, p=0.025624.
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Graph 10. Dependence of body coloration on sex @sté&fn Derby eland, Pearson's chi-
squared test, p=0.000145.
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Age x Body coloration - EGE
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Graph 11. Dependence of the body coloration oragjegein Eastern Giant eland, Pearson's
chi-squared test, p=0.036904.
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Graph 12. Dependence of the neck coloration oragfgein Eastern Giant eland, Pearson's
chi-squared test, p=0.002927.
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Sex x Body coloration - EGE
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Graph 13. Dependence of body coloration on thars&astern Giant eland, Pearson's chi-
squared test, p=0.005877.
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chi-squared test, p<0.001.
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Sex x Presence of the tears - EGE
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Graph 15. Dependence of the presence of tears timel@yes on the sex in Eastern Giant

eland, Pearson's chi-squared test, p=0.021657.
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Graph 16. Coeficient of the heritability counted floe sum of stripes on the left and right
flank, linear regression, p=0.0279.
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Graph 17. Dependence of sum of the characters eneth flank on the maternal line,
Western Derby eland, Kruskal-Wallis test, p =0.0454
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