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Abstract

Ecology and population status of the Serval Leptailurus serval (SCHREBER, 1776)

in Zambia
By
Christine Thiel
(February 2011)

Academic dissertation for the Degree of Doctor of Science (Dr. rer. Nat.) in Zoology at Rheinischen

Friedrich-Wilhelms-Universitat, Bonn.

Little is known about the Serval’s ecology, its needs and population status. This thesis is
providing a new and detailed groundwork on this elusive felid species. The study was
conducted between 2006 and 2008 in Zambia, with the focus area being Luambe National
Park (LNP) in the Luangwa Valley.

Using transect line walking, signs of Serval presence (faeces, spoor and sightings) were
recorded. Analyses of these records revealed new information on the diet, habitat
preferences, the distribution within LNP, and parasite composition in faecal samples. The
most studied fact on Servals found in literature is their diet, through scats analyses,
observations and stomach analyses. Faeces analyses of this thesis supported the previous
studies’ findings that the Leptailurus serval is a rodent hunter. But besides that, they also
prey extensively on birds, on reptiles, and on arthropods. A diet breadth of 0.5 also indicates
a more opportunistic lifestyle. People associate Servals with grasslands and wetlands, but
this study proved the Servals to use also thickets and riverine woodland. This felid needs
water resources nearby and a certain degree of cover, whether it is grass or thickets/bushes.
Closed forests with little ground cover are less preferred or even avoided habitats. parasites
of Servals were never analysed up to now. This analysis revealed Rhipicephalus sanguineus
and Haemaphysalis leachi, both so-called ‘Dog Ticks’, to be the most common tick of

Leptailurus serval.

Additionally, camera traps were set up to calculate the minimum population size of
Leptailurus serval in LNP. In an area of 134 km? composed of 30% potentially preferred
habitat, this study found a density of 9.9 Servals per 100 km?. This study has been the first

density estimation proved by the capture-recapture method with the usage of camera traps.



Zambia-wide collections of scat samples, observations and spoors completed the data to
produce an overview of Zambian Serval populations. Zambian-wide distribution proclaimed
by ANSELL (1978) was reviewed and most of the areas were confirmed. Distribution patterns
of the different pelage morphs of Servals occurring in Zambia, following ANSELL (1978), were
reviewed. His statement on the south-eastern boundary of the distribution of a small spotted

morph could neither be proven nor rejected.

Also the first African-wide species distribution model for the Serval was created with the
software MAXENT. The MAXENT model revealed good results and showed possible
distribution areas mostly south of the Sahara, with hotspots in the highlands of Ethiopia, in
Kenya, Tanzania, Uganda, Rwanda, the eastern highlands of Zimbabwe, and at the South
African coast line. On the basis of the newly gained knowledge on preferred and less
preferred habitats the output map was overlaid and modified with land cover data, eco-region
maps, areas of wilderness and areas of critical or endangered conservation status. If all
these factors are taken into consideration, the potential Serval distribution area decreases,
especially the areas of high probability are endangered and unsuitably influenced to provide

good and stable Serval habitats.

Keywords: Felidae, Serval, Leptailurus serval, diet, habitat, minimum population size, SDM
model, ticks, Zambia, Africa
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Zusammenfassung

Okologie und Populationsstatus des Servals Leptailurus serval SCHREBER, 1776)

in Sambia.
Vorgelegt von
Christine Thiel
(Februar 2011)

Dissertation zur Erlangung des Doktorgrades (Dr. rer. nat.) in Zoologie
an der Mathematisch-Naturwissenschaftlichen Fakultat der
Rheinischen Friedrich-Wilhelms-Universitat Bonn.
Bis jetzt ist Giber den Serval, seine Okologie, seine Anspriiche und seinen Populationsstatus,
wenig bekannt. Diese Arbeit bietet ein neues und detailliertes Basiswissen fur diese
heimliche Katzenart. In den Jahren 2006 bis 2008 bildete zusatzlich zu ausgewahlten Orten
in ganz Sambia der im Luangwa Tal gelegene Luambe National Park (LNP) das vorrangige

Untersuchungsgebiet.

Mit Hilfe von Transektlaufen wurden Anzeichen der Anwesenheit von Servalen (Kotproben,
Spuren und Sichtungen) aufgenommen. Analysen dieser Aufnahmen lieferten neue
Informationen Uber das Nahrungsspektrum, die Habitatpraferenzen, die Verbreitung
innerhalb des LNP und Uber die im Kot vorhandenen Parasitenarten. Die haufigsten
Angaben in der Literatur Uber die Okologie des Servals beziehen sich auf sein
Beutespektrum, untersucht anhand von Kotanalysen, Beobachtungen oder Untersuchungen
des Mageninhalts. Kotanalysen der vorliegenden Arbeit bestatigten die Aussage der
vorangegangenen Studien, dass der Serval ein Nager-Jager ist. Allerdings ernahrt er sich
ebenfalls in grolRen Mengen von Voégeln, Reptilien und Arthropoden. Ein mittlerer Wert der
errechneten Breite des Nahrungsspektrums von 0,5 deutet ebenfalls eine eher
opportunistische Art der Nahrungswahl an. Des Weiteren wird der Serval im Allgemeinen mit
Grasland und Feuchtgebieten assoziiert, aber diese Studie belegt ebenfalls die Nutzung von
uferbegleitender Vegetation und Dickichten. Diese Katze ist auf nah gelegene
Wasservorkommen und auf einen gewissen Grad an Deckung, egal welcher Form, ob Gras,
Dickicht oder Bischen, angewiesen. Habitate geschlossener Walder mit wenig
Bodendeckung werden weniger bevorzugt oder gar gemieden. Die Parasiten der Servale
wurden bisher noch nicht genauer untersucht. Diese Studie stellte eine Zeckenbelastung
fest, die vor allem durch die zwei Hundezeckenarten Rhipicephalus sanguineus und

Haemaphysalis leachi gebildet wird.
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Zusatzlich zu den vorangegangenen Analysen wurden Kamerafallen zur Bestimmung der
minimalen Populationsgréfle von Leptailurus serval im LNP aufgestellt. In einem
Untersuchungsgebiet von 134 km? mit einer Uber 30%igen Abdeckung an bevorzugtem
Habitat konnte eine Dichte von 9,9 Servalen pro 100 km? bestimmt werden. Diese Arbeit
bietet die erste Dichtebestimmung lber die Fang- und Wiederfang-Methode mit Hilfe von

Kamerafallen.

Sambia weite Sammlungen von Kotproben, Sichtungen und Spuraufnahmen haben zur
Vervollstdndigung des Bildes zur Okologie und des Status der sambischen
Servalpopulationen beigetragen. Die Sambia weite Verbreitung nach ANSELL (1978) wurde
Uberprift und die meisten Gebiete bestatigt. Die von ANSELL (1978) beschriebenen
verschiedenen Fellmuster und ihr Vorkommen in Sambia wurden ebenfalls untersucht. Seine
Aussage, dass innerhalb von Sambia die std-6stliche Verbreitungsgrenze der einen Fellform

liegt, konnte hier weder bestatigt noch widerlegt werden.

Ebenfalls zum ersten Mal wurde ein Art-Verbreitungs-Model fir den Serval flr ganz Afrika
mit der Software MAXENT erstellt. Das MAXENT Model erbrachte gute Ergebnisse und
zeigte maogliche Verbreitungsgebiete vor allem sidlich der Sahara, mit Bereichen der
hochsten Wahrscheinlichkeit in den Hoéhenlagen in Athiopien, in Kenia, Tansania, Uganda,
Ruanda, in den 6stlichen Gebirgen Simbabwes und entlang der Kistenlinie Stdafrikas. Auf
der Grundlage der bekannten Habitatpraferenzen wurde dieses Model mit Karten zur
Landnutzung, zu den Oko-Regionen, Schutzgebieten und stark bedrohten Bereichen
Uberlagert. Diese Betrachtung aller Umstinde beeinflusste die potentiellen
Verbreitungsgebiete des Servals in groRem Male, insbesondere die Gebiete mit hoher
Wahrscheinlichkeit geeigneter Lebensraume wurden stark reduziert und negativ beeinflusst,
so dass eine stabile und nachhaltige Population an diesen Orten vielleicht nicht mehr

moglich ist.

Schlagworter: Felidae, Serval, Leptailurus serval, Nahrungsanalysen, Habitatsanalysen,

minimale Populationsgrofle, MAXENT Modell, Zecken, Sambia, Afrika
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The Story of the Serval and how it got its spots
(A Tswana Story)

Long, long ago Tortoise was slowly crawling home when he met Serval on his
path.

“Hello old friend,” said Serval heartily. “Have you found much to eat
today?” “No,” replied Tortoise sadly. “Hardly anything at all.”

Serval began to dance up and down and chortle with laughter. He had a

mischievous idea. “Follow me, poor old Tortoise. And when you get to my
home, I will have supper ready for you.”
Tortoise gratefully accepted as Serval turned around and gaily bounced
along the track that led to his home. Tortoise followed as fast as he
could. But he was very slow, especially when he went uphill. Though he was
tired, the thought of a lovely meal kept him going, so on he plodded.

When Tortoise eventually reached the patch of scrub Serval called home,
Serval laughed to himself. As soon as he caught sight of Tortoise, he
teased him. “Goodness me, what a long time that took!”

“I’m sorry,” apologized Tortoise as he regained his breath, “but surely
you have had enough time to get the meal ready, so do not grumble.”

“Oh, yes indeed!” replied Serval. “There is your meal,” he chortled,
pointing up to the branches overhanging his home. Poor Tortoise could only
look wistfully at the distant meal, well out of reach.

Serval was very pleased with his prank and ran off laughing. All
Tortoise could do was slowly crawl off to his home hoping that tomorrow
would bring a decent meal. He also began to plot his revenge.

Several weeks later, Tortoise sent Serval an invitation to eat with him.
Serval was surprised; but knowing Tortoise to be a good-natured fellow, he
thought to himself, “Oh well, Tortoise must have seen the joke and bears
me no malice. I’11 go along and see what I can get out of him.

As it was dry season, Tortoise had burned a patch of grassland near his
home by the river. Serval had to cross this large patch of land to get to
the savory smell waiting from Tortoise’s home.

“Ah, my friend Serval,” said Tortoise. “Look at the state of you! You
are covered with black spots and your paws are filthy. Run back to the
river and clean yourself up and then you can come and have supper. You
really do have poor manners!”

Serval scampered off to the river to wash, as he was keen to taste the
supper that so good. On his return, he had to cross the burned ground
again. He arrived just as dirty as before.

“That will never do! Off to the river with you and get properly cleaned
up!” shouted Tortoise, with his mouth full of food.

Serval went back to the river time and time again, but try as he might,
he was always dirty on his return. And each time Serval returned, Tortoise
refused to serve him. Serval could see that the delicious food was
disappearing fast.

As Tortoise gulped down the last morsel of food, Serval realized that he
had been tricked. With a cry of embarrassment, he hurried across the
burned ground for the last time and ran all the way home.

“That will teach you a lesson, my friend,” said Tortoise, laughing the
last laugh. Full and content, Tortoise withdrew into his shell for a good
night’s sleep.

To this day, Serval is still covered in black spots from the soot of the
burned vlei.

When Lion Could Fly and other tales from Africa. Told by Nick Greaves, illustrated by Rod Clement. Struik Publisher, South Africa. 2000
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What sort of philosophers are we,
who know absolutely nothing of the origin and destiny of cats?
- Henry David Thoreau

1. Introduction

1.1. Carnivore and Serval conservation

Modern technologies have improved and facilitated studies in ecology and behaviour;
analyses of living wild animals can be performed in an easier and more detailed way than
several years ago. Molecular methods have been developed, allowing non-invasive study of
wildlife populations via hair samples (FORAN et al. 1997) or scat collection (PIGGOTT AND
TAYLOR 2003, BHAGAVATULA 2006, NAPOLITANO et al. 2008, MIOTTO et al. 2007A) for many
applications including species presence/absence surveys, population size estimations,
assessments of genetic structure, and prey use analyses (AVISE 1996). Also methods such
as camera trapping, abundance estimation via transect counts or habitat modelling have
evolved tremendously (CLARK et al. 1993, NIELSEN & WOOLF 2002, BUCKLAND et al. 2004,
LARUE 2007, Rowcliffe & Carbone 2008).

The effects of habitat loss, fragmentation, and degradation on carnivore populations and their
prey species are still only partially known (CREEL 2001). Many species of wild felids are
becoming endangered due to habitat disturbance (NOWELL & JACKSON 1996) through human
activity, including e.g. burning firewood, agricultural land use, trophy hunting and subsistent
hunting. These effects need to be analyzed and the impacts on wild cats determined.
Understanding the needs and threats of these species is the most important step towards

their protection.

The Serval Leptailurus serval (SCHREBER, 1777) is known as a cat of the Sub-Saharan
region, inhabiting a variety of habitats besides the rainforest areas. Formerly the Serval was
known to exist in northern Africa as well where it became nearly extinct; these populations
are likely to have been isolated from sub-Saharan populations for at least 6.000 -7.000 years
(GOUTTENOIRE 1954, LAMBERT 1966, SWIFT 1975, SMITHERS 1983, DE SMET 1989). But as
recent research shows, e.g. in the Ferlo North Faunal Reserve, Senegal, and in Free State,
central South Africa (CLEMENT 2007, HERRMANN et al. 2008), the Serval can be found again
in places where it was believed to be extinct. This is positive for the conservation of this
species, but at the same time, it reminds us that there are still many unsolved questions

about this species.

Although the IUCN Wild Cats Status Survey and Conservation Plan (NOWELL & JACKSON
1996) has identified no specific research priority to investigate the distribution and ecology of

Leptailurus serval, | believe that it is necessary to examine the ecology and the population
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status of this cat, as there is no information about these aspects, except the Ngorogoro
Crater, Tanzania (GEERTSEMA 1981 & 1985) and on South African farmland (BOWLAND
1990). Despite the fact that this species seems to be widely spread throughout sub-Saharan
Africa no studies have been carried out to determine the Servals’ habitat needs or to identify
possible threats. Hence, it is difficult to reliably assess its role as one of the important

predators of the savannah regions or its conservation status and vulnerability.

The species can be described as an umbrella species for savannah biotopes, especially for
the most endangered humid savannahs. Increased interest in and popularity of such
carnivores could also help to protect these biotopes. As GEERTSEMA (1985) and BOWLAND
(1990) mentioned, the key to Serval conservation is wetland habitat conservation. By
calculating the minimum population size for Luambe National Park (LNP) this study can help
dimensioning the area necessary to maintain a stable and viable Serval population. LNP is
well known for its high abundance of Servals. Determining the minimum population size in
this area can also help to more accurately modulate an estimated minimum population size

of Servals living in Zambia.
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1.2. Project Background and motivation

The newly established (2006) Serval Monitoring Project is currently the only existing in situ
Serval project. Little has been achieved since the last field studies on Servals by
A. GEERTSEMA (1985) in Tanzania and J. BOWLAND (1990) in South Africa. Servals are
common wild felids of the savannah, but due to their cryptic nature it is extremely difficult to

monitor their populations.

When | had the chance to choose my own project and study animal in the LNP in Zambia, |
took the opportunity to examine the Serval, Leptailurus serval. | had been fascinated by cats,
having worked on them previously and wanted to look into one of the least known cats.
Information about these animals is scarce or incomplete, and often hasn’t been peer
reviewed (SUNQUIST & SuUNQUIST 2002). | was also keen for the challenge to work in a

country with habitats and cultures very new to me, whilst studying such an elusive species.

This study relies on data collected in LNP (300 km?), which is situated in the centre of the
Luangwa Valley, the southern extension of the East African Rift Valley. Here, tourism and
research had very little impact until 2004, while poaching was consistently high. With the
potential of LNP to function as a stepping stone between the two large National Parks in the
southern and northern end of Luangwa valley, it is imperative that studies on fauna and flora,
and their conservation status, are carried out in the area to prepare and implement further
management plans. Additionally eight other study sites could also be examined and later

compared to the finding in LNP.
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1.3. Objectives

All data were collected in the years 2006 (June-October), 2007 (June-October) and 2008
(June-October), with a total 15 months of field work. Methods were chosen to provide results

to the following objectives:

1. Determination of the prey spectrum.
= Are there any prey preferences — is the Serval a generalist or an opportunist?
= Do Servals feed on the same prey in different regions of Zambia?
2. ldentification of habitat preferences of Leptailurus serval.
= Are there annual changes in habitat preferences?
= Are there dietary changes between different populations within Zambia?
3. Identification of parasite species within Serval faeces.
= Are these parasites the ones using Servals as hosts?
= Do these parasite species change at different locations within Zambia?
= Is there a correlation in LNP between tick composition and precipitation?
Identification of Serval distribution within Luambe National Park.
Determination of the minimum population size of the Serval Leptailurus serval in LNP.

Confirmation of the Serval distribution map in Zambia as shown by ANSELL (1978).

N o o bk

Modelling of a distribution map for Leptailurus serval built on presence data in

combination with climate variables with the Program MAXENT.

To provide data for most of these questions the method of transect line walking was chosen.
During the transect walks faeces, spoors and sightings were recorded. These signs of Serval
presence were used for dietary analyses, parasite composition determination, habitat
preference analyses, and distribution pattern identification of Servals within LNP. In addition,

randomly found signs of Serval presence completed this data.

Camera traps and olfactory baiting stations were set up in LNP in the first two seasons (2006
& 2007) to prove Serval presence, too. After the first two study years the distribution pattern
of Leptailurus serval within LNP was identified, so that a camera trap grid was set up in 2008
specifically to calculate the minimum population size of the local Serval population in the

demonstrated area of presence.

Prey spectrum determination was done by an extensive scat analyses while a collection of
the small mammal diversity in LNP illustrated the prey preferences of the local Serval

population in LNP.

Furthermore, signs of Serval presence were searched for Zambia-wide to compare prey

spectrum and parasite composition between nine study areas in order to make an overall

4
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statement on Zambian Servals. In addition, this presence data was reconciled with the only
existing distribution map of Zambia (ANSELL 1978). Moreover, sightings and pictures of
Zambian Servals were included into a newly created map of pelage morphs within Zambia,
postulated by ANSELL (1978). Presence records, completed with presence data from
international databases and published literature, were used to calculate an Africa-wide
distribution model for this felid with MAXENT.
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1.4. Leptailurus serval (SCHREBER, 1777)

Until now, little has been known about Serval ecology. There has not been a single
ecological study about this cryptic wild cat recently, the last large studies being by
GEERTSEMA (1985) in Tanzania and BOWLAND (1990) in South Africa.

© Philipp Henschel / PANTHERA ¢

The name ‘Serval’ is believed to be derived from the Portuguese language. Not knowing
what they had seen, early explorers named the newly discovered animal in the eighteenth
century “lobo-cerval”’, meaning lynx (ROSEVEAR 1974, SUNQUIST & SUNQUIST 2002). The book
CONCISE OXFORD DICTIONARY OF WORD ORIGINS (1986) states that the word ‘Serval’ means

‘lynx’ or ‘bush cat’.

The Serval is an elegant and fast hunter of the African Savannah. The first impression on
observing this cat is one of extremes - a long neck, very long legs and the slim face is
dominated by very large oval-shaped ears (Fig. 1.1). The legs of a Serval are the longest
legs of any cat in comparison with the rest of the body and the hind legs being longer than
the front ones. Body size and the short tail length are similar to the lynx. Fur patterns
resemble the cheetah. The coat is yellowish-buff to reddish-yellow, with black markings
consisting either of large spots that merge into stripes on the neck and back, or of numerous

small spots (Fig. 1.1). The underside is whitish-yellow, and unmarked.

Due to its tall legs, the high position of the head enables the Serval to hunt small mammals in
high grass. The big ears help to locate prey. The Serval is believed to be specialist hunter for
rodents, but also feeds on reptiles, birds or amphibians. Like a Fox, the Serval hunts with a
very high leap onto the prey. With the sharp, hook-like claws, Servals can also reach into

small holes to catch their prey.

Servals are usually crepuscular and nocturnal, but will hunt in the day during the wet season
or if feeding a litter (VAN AARDE & SKINNER1986). During the heat of the day they often rest in
abandoned burrows, in high thick grass or under a shady bush. SMITHERS (1971) points out

the preferences of Servals for damp, wet habitats.

6
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In emergencies they climb trees, but normally move on the ground. They are believed to be
solitary cats. Social interactions between the sexes are limited to short periods when they
travel and rest together. As the female comes into heat, these periods become more frequent

and prolonged.

After a 65-75 days gestation, one to four kittens are born in an old burrow, rock crevice or
under a thicket (ESTES 1999). Their eyes open in 9 to 12 days, and they take their first solid
food at three weeks. Females take care of the litters on their own. At around 18 months, the
young are chased out of the mother's home range and forced to disperse. Longevity in the
wild has not been reported but is expected to be around 12 years. Servals have lived to over

23 years of age in captivity (GURTLER 2006).

The Serval is widely distributed over Africa south of the Sahara (Fig. 1.4), but is mostly

dependent on water accessibility and cover (ESTES 1999).

There have been long debates about the systematics of the felids. Different methods have
been used to classify the cat family, using morphological (Pocock 1917, HEMMER 1978,
GROVES 1982, HAST 1989, MATTERN & MCLENNAN 2000), behavioural (LEYHAUSEN 1979), and
genetic features. Researchers have used vocalizations (PETERS & HAST 1994, PETERS &
TONKIN-LEYHAUSEN 1999, PETERS et al. 2009), shapes of the pupils (NEFF 1982, NOWAK
1991), hybridization records, karyotype (WURSTER-HILL & CENTERWALL 1982, KRATOCHVIL
1982, MATTERN & MCLENNAN 2000) and more recently DNA analyses (SALLES 1992,
JOHNSON & O’BRIEN 1997, PECON-SLATTERY & O’BRIEN 1998, BININDA-EMONDS et al. 1999,
MATTERN & MCLENNAN 2000, O’'BRIEN et al. 2008). Lately the cat family has been divided into

37 species; however numbers vary between 36 and 39 species, depending on the author.

The genus Leptailurus was not always accepted as a separate genus. The Serval was first
named by SCHREBER (1776) by monotype as Felis serval. This name was valid until the 90’s
of the 20" century, but is still used today by laymen. SEVERTZOV (1858) first brought up the
genus Leptailurus. SEVERTZOV (1858), GROVES (1982), and MCKENNA & BELL (1997)
considered Leptailurus as a subgenus of Felis. Another unsolved problem was to agree on
the taxonomic relationship of Leptailurus to other cat groups. POCOCK (1917) positioned it
with Leopardus; whereas WEIGEL (1961), HEMMER (1978), and BININDA-EMONDS et al. (1999)
placed it with Felis, Lynx, and Caracal. SALLES (1992) grouped it with the Leopard Cat
(Prionailurus bengalensis), and JOHNSON & O'BRIEN (1997) as well as MATTERN & MCLENNAN
(2000) with Caracal and Profelis. The taxonomy by WOZENCRAFT (1993) supports the
existence of eight different cat lineages (Fig. 1.2). This taxonomy is accepted by the
Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES),
the World Conservation Monitoring Centre (WMCC) and the Wild Cats Status and



C.Thiel Ecology and population status in Zambia Chapter 1

Conservation Plan (SuNQuIST & SUNQUIST 2002). In these eight lineages the Serval is not
united with a lineage but stands by itself. In 2006 researchers from the Laboratory of
Genomic Diversity at the National Cancer Institute in Maryland did a whole raft of genetic
analyses using X chromosomes, Y chromosomes, Autosomes and Mitochondrial DNA from
all living cat species (JOHNSON et al. 2006). These led to a recently published phylogenetic
tree (Fig. 1.3, O’'BRIEN 2008), where the Serval is now within the Caracal lineage of Africa.
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Another unanswered question is how many subspecies of Leptailurus serval exist. There are
two different types of pelage pattern with the Serval; the big spotted form, as described
above, and the small spotted form which looks freckled and shows nearly no stripes (Fig.
1.1). These two marking types originally led to a classification done by Pocock (1907) into
two separate species, with the large spotted cats called Serval, and the speckled variety
called Servaline (Felis brachyuran WAGNER, 1841). Only in 1917 POCOCK revised his own
statement of the year 1907 and re-classified the Servaline as a subspecies of the nominate
race of the Serval (Pocock 1917). It has since been found that the small spotted subspecies
occurs in dense vegetation and secondary forests, while the big spotted Serval inhabits
grasslands, bush and open savannahs. 17 morphologically different subspecies are listed by
ALLEN (1939), 14 subspecies of the big spotted morph and 3 of the small spotted one.
SMITHERS (1978) examined specimens from one locality in southern Africa and differentiated
six subspecies within this sub-region alone. WILSON & REEDER (2005) state that there are 18
subspecies. The whole published literature contains numbers between 24 and 6 subspecies,
often without any citation which makes their validity doubtful. No genetic analysis on this

subject exists so far.
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1.5. Study area

Previously known as Northern Rhodesia, Zambia was founded in 1924, and gained
independence in 1964. With its size of 752,614 km?, the country lies in the central southern
part of Africa, surrounded by Zimbabwe, Botswana, Namibia, Angola, Democratic Republic
of Congo, Tanzania, Malawi and Mozambique. Zambia is classified as a tropical country, but
as it has an average altitude of 1300 m above sea level the climate is more moderate.
Roughly speaking, Zambia is a relatively high situated flat country with a large valley system
in the eastern part. This valley system is formed by the Zambezi and Luangwa rivers. The
only true mountainous region is in the north-east of Zambia is the Nyika Plateau at 2164 m
above sea level (KUEPPERS & KUEPPERS 2001). Another physiogeographical feature is the
variety of basins, formed by aeolian soil accumulations, e.g. the Busanga-Kafue and
Bangweulu basin at the north-central boundary to the Democratic Republic of the Congo

(KUEPPERS & KUEPPERS 2001).
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Zambia has a democratic form of government and elections are held regularly every five
years, the last in 2006, followed by an irregular election in 2008 due to the death of acting
president Levy Mwanwasa. At independence in the year 1964 the population was 3.2 million,
and this has since tripled. Zambia is one of the most urbanized countries in Sub-Saharan
Africa with about 35% of its population living in urban areas. The official language is English
and despite some 72 language groups in Zambia, the incidence of ethnic conflict is low.
Although it is surrounded by a number of countries that have undergone very turbulent times
in the past four decades, Zambia has been one of the most stable countries in southern
Africa. The majority of Zambians depend on agriculture-related activities for livelihood, with
67% of the labour force employed in agriculture (UNITED NATIONS DEVELOPMENT
PROGRAMME: GLOBAL ENVIRONMENT FACILITY 2007). The importance of this sector to
Zambian people is also illustrated in the 75% of Zambia’s 600.000 farms being ‘small scale’
(less than 9 hectares) (REPUBLIC OF ZAMBIA 2000). The Zambia Poverty Reduction Strategy
Paper (PRSP) in 2002 defines tourism development as the second most important sector for
economic growth and poverty reduction after agriculture (ZAMBIA POVERTY REDUCTION
STRATEGY PAPER 2002).

Zambia lies at the heart of the Miombo Eco-region, listed as a WWF Global 200 Eco-region
because of its high species richness (OLSON et al. 2001). It is also referred to as the
Zambezian Regional Centre of Endemism (WHITE 1998), an area of some 3,770 million km?,
covering parts of 11 countries and extending from the Katanga Province (DRC) to the Vaal
River in South Africa. The Miombo Eco-region supports important populations of fauna,

particularly large mammals, and flora.

Zambia’s National Protected Areas System is considerably larger than the global mean. The
most important areas in Zambia are the 19 National Parks (NP) and 35 Game Management
Areas (GMAs) — together they cover over 30% of the territory of Zambia (Fig. 1.5).
Conventional tourism, based on game-viewing, is the main economic use permitted within a
NP. A full 85% of the GMAs were intentionally created as buffer areas to NPs. In total, these
areas cover over 22% of the total country. The rationale is that NPs should protect nucleus
breeding populations of wildlife; spillover populations may then be utilized in GMAs, for the
benefit of the local communities living in these zones. Trophy hunting is an important

economic activity in GMAs that have viable wildlife populations.
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(source: ZAWA-Zambia Wildlife Authority). Luambe National Park is marked with an arrow.

The main study area, Luambe National Park (LNP), is situated in the Luangwa valley in the
eastern part of Zambia (Fig. 1.5). LNP is located on the Luangwa River, which forms a large
valley, 800 km in length, from the Mafingi Hills to the confluence with the Zambezi River at
the border with Mozambique (ASTLE 1999). The largest width is approximately 100 km. The
Luangwa Valley forms an extension of the Great Rift Valley, which runs along a fault line
from the Dead Sea in Israel down through eastern Africa (Fig. 1.6). The valley floor is mostly
open, with the western side of the valley the escarpment rising abruptly into the Muchinga
Mountains, whilst the eastern side of the escarpment rises more gradually. The Luangwa
Valley is part of the Zambezian Regional Centre of Endemism (WHITE 1983) and provides
habitat to populations of some globally threatened species including Black Rhinoceros
(Diceros bicornis), African Painted Dogs (Lycaon pictus), African Elephant (Loxodonta
africana), Cookson’s Wildebeest (Connochaetes taurinus cooksoni) and Thornicroft Giraffe
(Giraffa camelopardalis thornicrofti). The latter two are also endemic subspecies in the
Luangwa Valley (WILSON & REEDER 2005).

The dominant vegetation type in the valley is the Mopane Forest, which is a mixed forest
dominated by Colophospermum mopane. Other tree species like the Baobab (Andansonia
digitata), Acacia (Acacia spp.), African Star Chestnut (Sterculia africana), Teak (Tectona
spp.) and Woolly Caper-bush (Capparis tomentosa) also occur here. Ecosystems such as

Combretum-Terminalia woodland, savannah, humid savannah and riverine forests are also

12



C.Thiel Ecology and population status in Zambia Chapter 1

present. Environmental conditions are typical for a tropical country. In the rainy season
(October-April) precipitation rises up to 900 mm in the north of the valley. The river floods
and as it recedes; lagoons remain beside the main channel. The river does not dry out
completely at LNP but by the end of the dry season flows are reduced to a minimum.
Temperatures are about 10 °C in July and 45 °C in November (KUEPPERS & KUEPPERS
2001). Figure 1.7 shows the mean monthly rainfall, daylight and temperature recorded at the
meteorological station at Mfuwe airport, which lies in the southern part of the valley, for the
year 2007.

The LNP lies at around 550 m above sea level encompassing approximately 350 km?
(JACHMANN 2000). LNP is situated between two other large National Parks close by, the
South and North Luangwa National Park, and the Luangwa River forms its western border
(Fig. 1.5). Luambe National Park has existed since the 1970°s. In 2002 the Zambian Ministry
of Tourism, Environment and Natural Resources rated the status of Luambe National Park as
“declining” (REPUBLIC OF ZAMBIA 2002). In 2004 a German NGO “Luangwa Wilderness”
signed a Memorandum of Understanding with ZAWA (Zambia Wildlife Authority) to
co-manage this National Park. Rangers have been hired and poaching has been reduced.
Scientific research on flora and fauna only started in 2005. Despite these facts much more
need to be done and to learn about this area and its wildlife and vegetation. In 2009 Neil
Anderson submitted the first detailed vegetation map for Luambe National Park (ANDERSON
2009).
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Figure 1.8: Luangwa River at the western border of Luambe National Park.
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Besides Luambe National Park, other study sites were visited and examined for Serval
occurrence using sightings and other direct observations such as spoor and droppings. The
eight different study areas are distributed throughout Zambia (see Fig. 1.9): Kafue National
Park, Kasanka National Park, Kahl Amazi Farm, Kushiya Farm, Lilayi Lodge, Lower Zambezi

National Park, North Luangwa National Park, and South Luangwa National Park.
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Flgure 1.9: Zambia and the eight study sites outside LNP in 2008.

The Kafue National Park (Fig. 1.10) is one of the world’s largest National Parks at
22.400 km?. Many water courses run through it: Lufupa, Lunga and Kafue River with the
Itzehi-tezhi dam. The Kafue NP is well known as Africa’s region of the richest antelope
diversity. Its characteristic landscapes are the Lufupa-Forest, the large open pastures and in

the south bushland and a Kalahairi like area.

The Kasanka National Park (Fig. 1.11) with its 450 km? is one of the smallest National Parks
in Zambia. It is run by the Kasanka Trust LTD., a private organization. It contains swamp
areas and is close to the world famous Bangweulu Swamps. It is known for its rare birds and

antelopes, like Sitatunga, Black Lechwe and Puku.

15



C.Thiel Ecology and population status in Zambia Chapter 1

Figure 1.10: Floodplain habitat in Kafue National Park.

Figure 1.11: ermitaria islands in swampyareas of Kank NtionI Park.
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The Khal Amazi Farm (Fig. 1.12) is situated west of Lusaka, about 10km off the city borders.
It comprises of 2500 ha and is divided into a commercial part and a wild game area. There is
a dam in the centre of the farm as well as a large power line running through. The wild game
area supports 250 cattle, but otherwise there is low human disturbance, apart from the
private dirt roads leading through. The vegetation is dominated by Mopane forest and

grassland. The area is surrounded by farmland for maize and livestock.

Kushiya Farm (Fig. 1.13) is situated near Mazabuka, approximately 500 km southwest of
Lusaka. This area has high levels of agricultural activity, both arable (sugar cane and maize
cultivation) and pastoral. The Kushiya Farm has 3000 ha where half of this area is for
commercial use with crop growing (using crop rotation methods) and livestock farming and
the other half is used as commercial game farm for hunting. The fields are mostly bare soil or
grassland with bordering trees. The wild game area comprises bushy grassland with forest

sections on rocky ground, sometimes big boulders are visible.

Lilay Lodge is a tourist venue east of Lusaka, approximately 20 km out of the city borders.
The area is 600 ha large and contains a lodge area for around 20 guests. The rest of the
property is used for game drives, hiking and riding trails. There are two small ponds as well

as two artificial troughs for the game. The vegetation is mostly grassland with bushes and

trees. The area is surrounded by farmland for maize and livestock.

Figure 1.12: Power line and Giraffes at Kha Amazi Farm, otside Lusaka.
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The Lower Zambezi National Park (Fig. 1.14) lies on the Zimbabwean border, at the
Chongwe and Zambexi rivers. It is Zambia’s youngest National Park and its size is 4000 km?.
The park slopes from the Zambezi Escarpment down to the river, across two main woodland
savannah eco-regions, distinguished by the dominant trees, Miombo (Brachystegia spp.) and

Mopane (Colophospermum mopane). At the river's edge floodplain habitat is found.

South Luangwa National Park borders Luambe National Park to the north. The National Park
is 9050 km? and probably the most visited park in Zambia. It runs along the Muchinga
Escarpment and is dominated by Miombo Forest and open grassland, as well as floodplain
habitat along the Luangwa River. It is run by a private organization, the South Luangwa

Conservation Society, in cooperation with the government (ZAWA).

The North Luangwa National Park is situated close to the northern border of Luambe
National Park. The Frankfurter Zoologische Gesellschaft (Frankfurt Zoological Society) is
running a Black Rhino Project there and supports the governmental management of the
Park. The park is 4,636 km? in size, and is also enclosed by the Muchinga Escarpment. Main
vegetation types are Miombo and Mopane Forest, as well as floodplain habitat along the

Luangwa River, some open grassland and Acacia forest.
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Figure 1.13: Area around Kushiya

Farm, ou‘tside'MazébuI:a.

Figure 1.14: Riverine vegetation in Lower Zambezi National Park.
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Figure 1.16: View from the lower part of Muchinga Escarpment onto North Luangwa National Park.
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2. Diet

This chapter is describing the Serval’s diet in Zambia with the focus on Luambe National

Park. Therefore the prey spectrum will be identified. There are answers to questions as:

1. Are there annual changes in food composition in Luambe National Park?,
2. Is there a change in the prey spectrum depending on areas within Zambian
biotopes?,

3. Is the Serval an opportunist or a specialist in its food choice?

2.1. Introduction

The majority of available information about the Serval's diet is based on anecdotal accounts
or incidental observations (FITzSIMMONS 1919, PIENAAR 1969, DORST & DANDELOT 1972,
KINGDON 1977, ROWE-ROWE 1978). However, some studies have described the Serval’s diet
from direct observations, stomach contents analyses and scat analyses (SMITHERS 1978,
SMITHERS & WILSON 1979, GEERTSEMA 1985, BOWLAND 1990). Through scat analyses
BOWLAND (1990) found that in Natal 75% of the Serval’s diet is made up of rodents and
shrews, with birds constituting 19%, reptiles 4% and insects 3%. GEERTSEMA (1985)
determined that Servals in the Ngorogoro Crater have an average daily intake of 12 rodents,
0.9 snakes and 0.2 birds, with an average consistency of 43% small mammals,
33% amphibians, 9% birds, 6% reptiles and 9% insects/arthropods in their diet. Annually the
individuals studied fed on 4000 rodents, 260 snakes, 130 birds and an unknown, but large
quantity of insects (GEERTSEMA 1985, ANONYMOUS 1995). In ZIMBABWE, SMITHERS (1978) and
SMITHERS & WILSON (1979) examined 65 stomach contents and found 71% mammal,
13% bird, 8% reptile, 6% insect and 2% amphibian remains. In Zimbabwe and South Africa
Vlei Rats (Oftomys angoniensis & O. irroratus) are the chief prey species of Servals
(SMITHERS 1978, BOWLAND & PERRIN 1993), which indicates their affinity for vlei areas,
aquatic grasslands and savannah (DE GRAAFF 1981). Duiker (Sylvicapra grimmia) and Oribi
(Ourebia ourebi) have been listed as prey species by DORST & DANDELOT (1970). However,
SMITHERS (1978) suggested that the Serval is incapable of tackling such large prey items.
Servals are also known as notorious poultry raiders; these incidences were observed mostly
in South Africa, Tanzania and Zimbabwe. Since 1990, no further studies on the Servals’ diet

have been conducted, and information for Zambia is actually completely absent.

Servals are predominantly nocturnal, but also active in the early mornings and late
afternoons (VAN AARDE & SKINNER 1986, SKINNER & SMITHERS 1990). Hunting activity occurs
at diurnal or/and nocturnal times depending on the area (ROWE-ROWE 1978, VAN AARDE &
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SKINNER 1986). GEERTSEMA (1985) stated that activity pattern depend on disturbance by
humans, habitat and terrain conditions, prey availability and habit. The Serval’s suite of
morphological refinements, unique among cats, makes this elegant felid a rodent specialist.
The elongated legs raise the Serval above tall grasses and with its long flexible spine, allows
it to accomplish four-metre-long jumps. As the Serval's hunting behaviour rarely includes
long chases (GEERTSEMA 1976, KINGDON 1977) or arboreal tactics (GEERTSEMA 1976, PINAAR
et al. 1980), the Serval has little need for any speed or balance compensation and so its tail
is relatively short. Hunting involves sound, more than vision (HUNTER 2000). The prey is often
killed on impact by pouncing (ROSEVEAR 1974, SMITHERS 1978, STOTT 1980, GEERTSEMA
1985). If the first leap misses, the Serval will follow through with its attack with a series of
rapid pounces in pursuit of the fleeing target. The claws are shaped to dig out prey and
investigate holes, e.g. while hunting for Mole Rats of the genus Trachyoryctes and
Cryptomys (VERHEYEN 1951, RAHM & CHRISTIAENSEN 1963). Birds and insects can also be
caught in the air by jumping and clapping the front paws together (ROSEVEAR 1974, KINGDON
1977, SMITHERS 1978, LEYHAUSEN 1979). Servals are capable of hunting in wet areas with up
to 30 cm of water (SMITHERS 1978, GEERTSEMA 1985). Scavenging appears to be very rare,
as GEERTSEMA (1985) recorded this in only 0.2% of her observations.

GEERTSEMA (1985) noted that hunting success of Serval is very high compared to other
felids. In Ngorogoro Crater, a Serval caught its prey in 48.1% of attempts in the day and this
increased to 52.3% at night. A female Serval which had to feed its young had a hunting
success rate of 62% (GEERTSEMA 1985). When taking only rodents into account hunting
success is 81% (GEERTSEMA 1985). STOTT (1980) reports on Servals in Ethiopia and Kenya
deliberately waiting for the spotlights of the cars to aid their hunt next to the road; this
seemed to increase their hunting success and they didn't show any signs of alarm at human
presence. In contrast Servals in Kenya ran away from cars during the late afternoon although
they were regularly exposed to car traffic. The Serval is a solitary cat, although there have
been observations of associative hunting (RAHM & CHRISTIAENSEN 1963, KINGDON 1977,
SMITHERS 1978, STOTT 1980). However, KINGDON (1977) observed that wild cats sometimes
hunt in pairs or family groups 3-30 m apart at the same spot which can be misinterpreted as

group hunting.

Detailed dietary information is often obtained by sorting the contents of faeces to identify the
origin of bones and other hard tissue that survive digestion (SHAwW 2006). Servals don’t cover
their faeces (SMITHERS 1978, SKINNER & SMITHERS 1990, WALKER 1996) and do not deposit
them at the same locations (GEERTSEMA 1985, WALKER 1996). They deposit their faeces
mainly on roads and tracks (Fig. 2.1) placed in the grass, on sand, and sometimes on other
carnivores’ droppings (GEERTSEMA 1985, SKINNER & SMITHERS 1990, SKINNER & CHIMIMBA

2005, own observation). The faeces are sausage shaped and fairly long (Fig. 2.2), in relation
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to the animal’s size, and are about 2 cm in diameter (SMITHERS 1978, WALKER 1996).
GEERTSEMA (1985) observed that the faeces of a Serval varies in colour from dark brown to

pale grey with sometimes visible particles (bones, teeth, jaws) on the outside. The droppings

are held together by hair and feather materials.

Figure 2.1: Serval scat on a trail. Figure 2.2: Typical shape and size of Serval faeces.

Attempting to quantify and identify the relative abundance and thus the importance of

different food types using scat analysis does present some problems:

1. Varying digestibility of different prey types causes the proportions of the remnants
in the scats to differ from the actual intake proportion (PUTMAN 1984).
The remains of certain types of prey are not easy to quantify (PUTMAN 1984).
Different passage rates of prey species and parts may lead to overestimation of
consumed prey, especially if sequentially passed scats are collected (FLOYD et al.
1978, HiISCOCKS & BOWLAND 1989, BOWLAND & BOWLAND 1991, BAKER et al.
1993).

4. Large prey may leave less evidence, as it is only partially eaten and has less
indigestible parts compared to body size than small prey (BOWLAND & BOWLAND
1991).
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Passage rates were tested in Servals by BOWLAND (1990) and BOWLAND & BOWLAND (1991)
with captive individuals, living indoors. They were fed Raftus raffus and Mastomys
natalensis. The majority of bones and hair passed through with the first and second scat
although one prey’s hair could be represented in up to seven scats with an average of
4.2 days passage period. BOWLAND (1990) tried to determine a correction factor for the
calibration between digested biomass and undigested mass of the remains as well as the
percent age detectability of various prey types to gain the exact numbers of consumed prey.
The detectability trials showed a high degree of individual variation making any calculation of
a correction factor impossible; the same was the case with the biomass correction factor. As
the Servals’ diet is relatively uniform, BOWLAND (1990) decided not to apply a correction
factor. Relative contributions to the diet made by each prey category can be expressed in
terms of prey occurrence or transformed to represent proportional contribution to biomass
ingested. This approach has been used in numerous felid studies including those of Ocelot
(Leopardus pardalis) (EMMONS1988), Jaguar (Panthera onca) (RABINOWITZ & NOTTINGHAM,
1986), Leopard (Panthera pardus) (HENSCHEL 2002, STOMMEL 2009) and African Golden Cat
(Profelis aurata) (HART et al. 1996).

Under my supervision a Diploma Thesis was conducted with this PhD by Margit SCHMITT
(ScHMITT 2009). Margit SCHMITT found the feeding ecology of the Servals of Luambe
National Park in Zambia to be similar to the results of studies conducted in South Africa,
Tanzania and Zimbabwe by BOWLAND (1990), GEERTSEMA (1985) and SMITHERS (1978),
which define the Serval as a rodent specialist. The raw data of Schmitt’s study is used within

this thesis.
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2.2. Methods

2.2.1. Determination of prey components in the Serval diet

Serval scats were opportunistically collected, whenever and wherever they were
encountered, rather than by systematic survey. During this study scats were located either
on small roads, paths, sometimes singly on prominent positions on tree roots, termite hills
(Fig. 2.3) or grass lumps. No evidence was found of latrine sites but sometimes Serval scats
were found placed on top of other carnivore scats, e. g. in Civet (Civettictis civetta) latrines or
Genet (Genetta genetta) faecal sites (Fig. 2.4 ). Each scat was labelled according to
collection date, location (using a handheld GPS, Garmin eTrex legend) and relative age of

the scat.

S f b

Figure 2.3: Serval scat on top of a termite iII ) Figure 2.4: Serval scat toether deposited with
in Kasanka NP. other carnivore species scat in Kafue NP.

Scat samples were air-dried, then put into plastic bags filled with silica gel to keep them dry
before transporting to Germany. If samples were fresh (up to 2 weeks old, depending on their

condition) a piece was separated for later DNA analyses.

Faeces were identified by associated tracks, their characteristic morph, length and diameter;
shape was the main indicator. Misclassification of scats from similar species like African
Wildcat (Felis silvestris lybica), Caracal (Caracal caracal), Civet (Civettictis civeta), Genet
(Genetta genetta), Leopard (Panthera pardus) or the Side-striped Jackal (Canis adustus)
were minimized on site by experienced collectors and later through guard hair analyses.
Unidentifiable samples were discarded; such as samples bigger then 2.4 cm in diameter (as
they could also be of Leopard origin) and samples smaller then 1.7 cm (possibly African
Wildcat scat).

In the laboratory scats were photographed and diameters were measured at the thickest part
of each scat sample, this was followed by softening in 70% ethanol. After 2-4 days in ethanol
the faeces were softly crushed, washed and their different components were sorted and

classified (Fig. 2.5). Teeth, jaws, bone fragments, feathers, vegetation and other identifiable
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remains were separated from the rest of the scat, which mostly consisted of hair. All longer
hair, which presumably did not belong to the prey species, was sorted and collected

separately.

Figure 2.5: Sorted components of faecal samples and their storage.

Teeth and jaws, as well as other pieces of bone, were used to identify mammal species,
bones, beaks and feathers were used for birds, scales for reptiles and some chitin pieces for
insects. Remains were determined using reference material of the Zoological Research
Museum Alexander Koenig (ZFMK), which has a large collection of all of these taxonomic
groups as well as highly trained staff. Additionally reference material of small mammals had
been collected in the years 2006 and 2008 during the study period within the study area
(ScHMITT 2009). Parasites and vegetation were treated separately. If components were still
dirty after the washing procedure they were cleaned in an ultra-sonic bath. After this, all parts
were air-dried (vegetation, feathers, skeletal remains, prey hair) or stored in 99% ethanol

(parasites, scales, carnivore hair, unidentified parts).

Vegetation was noted and categorized in ‘grasses’ and ‘other vegetation’ and unidentified
parts were recorded. Prey hair was stored in plastic bags only to be examined if skeletal

remains would not lead to a conclusion about their origin.
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Parasites were stored to be determined with the help of PROF. EBERHARD SCHEIN from the
Institute of Parasitological and Tropical Veterinary Medicine of the Free University Berlin (see
Chapter 3).

Scales of reptiles were compared with ZFMK collection material and identified with the help
of PROF. DR. WOLFGANG BOHME.

Birds of the ZFMK collection were used as reference material to identify the remains of
recovered feathers, beaks and claws with DR. RENATE VAN DEN ELZEN’s supervision.

Mammal bones were divided into teeth/jaws and bones. The bones were separated again

into small bones from small rodents and large bones from unknown origin.

The teeth and jaws were mounted onto Plasticine® (Fig. 2.6) and identified with a dissecting
microscope. Reference material from the ZFMK and from the supervised study of SCHMITT
(2009) was used to identify the samples at family, genus or species level, supported by
DR. RAINER HUTTERER. The numbers of one type of tooth (specified upper/lower jaw, right/left

side) indicated the amount of consumed individuals.

Figure 2.6: Teeth of rodents ready to identify.
(Picture by Margit Schmitt)
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2.2.2. Guard hair analysis

Due to grooming behaviour Servals swallow their own hair (BOWLAND 1990) and this hair can
therefore be extracted from the remains of the consumed prey. Once isolated from the
faeces, guard hair analysis represents a useful way of identifying the species that deposited
the faecal samples. The hair of mammals is divided into 5 groups, but for analyses of
cuticular and medulla the guard hair is the most accurate type in distinguishing at species
level (MATHIAK 1938, MAYER 1952, DAY 1966). The cuticular is the outer layer of the hair and
the medulla is the core (which is highly pigmented). Both are unique for each species
(BRUNNER & COMAN 1974) in the relation to each other (Fig. 2.7) as well as in shape
(Fig. 2.8).

Macroscopic analyses are possible as the hair does not loose its characteristics even over
extended periods of time (OLI 1993). Single hairs were also studied with bare eyes or with a
magnifying glass (10x). Contour, length, width, colour and pattern were the recorded criteria.
There is only one description of serval hair, done by SMITHERS (1989): “The hair of the guard
coat on the upper parts is soft and while shorter on the head about 10 mm is fairly even in
length over the remainder of the body at about 30 mm. The individual hairs of the guard coat
conform to the colour of the area in which they are situated either being black on the black
markings or lighter on the background colour these latter with lighter tips. The underfur is
dense, wavy and shorter than the hairs of the guard coat and tends to have a tinge of grey at
the base. Interspersed through the coat are numerous tactile hairs up to about 60 mm in
length with pale bases and broad black tips. The hair of the guard coat on the tail is slightly
longer than that on the upper parts at 30-35 mm and is even in length throughout.” Following
KEOGH (1985) findings that storing and preserving of hair in a museum does not harm its
structure, a reference collection of different carnivore species was created with hair samples
from skins from the ZFMK and from skins of wild carnivores shot by professional hunters
around Luambe National Park. Hair was taken from different parts of the body. To reduce

damage of the hair only the hands were used to pull them out of the skin.

Before examination of the medulla the hair samples were cleaned with ethanol and dried. Up
to five single guard hair were fixated with Euperal® and a cover glass, and the slides left to
dry for several days. The medulla patterns were compared to the reference collection of
several carnivores (Fig. 2.6). The samples were photographed with a camera (Olympus

DP 50) on a microscope (Olympus BX51TRF) at 600x enhancement.
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Figure 2.7: Medulla of guard hair (left: Serval; right: Banded Mongoée (Mungos mungo)).

.

For the cuticular analysis, the hair samples were cleaned with Ethanol, dried and most of the
proximal hair was held on a 0.75 mm x 1 cm x 2 cm celluloid plate and brushed over with a
small brush soaked with acetone (after WACHTER et al. 2004). The hair thereby sinks into the
celluloid plate. After 3 to 5 seconds hair was removed and left the characteristic contours of
the cuticular as a negative imprint (Fig. 2.9) on the celluloid plate. The cuticular patterns were
viewed in the impression of the hair surfaces and compared to the same reference collection
of several carnivores. The samples were photographed with a camera (Olympus DP 50) on a

microscope (Olympus BX51TRF) at 600x enhancement (Fig. 2.8).

For all the faecal samples of the right shape and size as mentioned in 2.2.1 the origins of
extracted hair were determined using three possible identification methods: a) cuticular
patterns, b) medulla patterns and ¢) macroscopic structure. HARRISON (2002) studied the
reliability of these three methods to distinguish between felid and non-felid hair. He stated
that one criterion alone is not secure enough for identification but all variables need to be
considered. Hence, samples are marked as ‘positive’ if at least two of the three mentioned
categories pointed to the Serval as origin. Other samples showing clear indications for other
species as origin, the samples were discarded as ‘negative’. Other samples with no
conclusive proof to any origin were classified as ‘unclassified’, containing two subclasses:
1. ‘without guard hair’, where determination was not possible due to missing guard hair; and
2. ‘unidentified’ where no conclusive hair structures could be found or only one out of these

three categories pointed to the Serval.
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Figure imprint of hair samples Figure 2.9: Celluloid plate with imprints
on celluloid plate (Picture by Margit Schmitt)
(top: Side-striped jackal, down: Serval).

2.2.3. Data analyses

Dietary composition was expressed as ‘frequency of occurrence’ (FO) - the percentage of
scats in which a particular item was found, and as ‘percentage occurrence’ (PO) - the
number of times a prey item was found, expressed as a percentage of all items recorded
(LOCKIE 1959).

The term ‘prey item’ here refers to the classification of prey to the lowest taxonomic
resolution possible. This was taken to species level whenever feasible; however, in some

cases prey could be determined to the level of family or order only.

An estimate of the minimum number of consumed prey items was given by counting claws,
tooth types, and beaks or other skeletal remains in each