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Abstract

Genetic analysis of bush babies3alago spp.) in European Zoos

Galagos are not very common in zoological garderostly due to their nocturnal
activity. Species recognition based on morpholdgzaracters is very problematic,
therefore the real species determination remaikaawin in many Zoos.

The aim of this thesis was the determination oages$ of the genuSalago from
Czech and other European Zoos based on compariseaqaences of selected genetic
markers and to reveal intraspecific variability. dviragments of the cytochromie
(mtDNA) of a length of 680 bp were sequenced fraimals from three Czech (Prague,
Plzeir, Z4jezd) and five European (Poznan (PL), Frank{idE), Copenhagen (DK),
Amneville (FR), Amersfoort (NL)) Zoos. Subsequentbur data were compared with
already published sequences deposited in GenBankblieg definite species
determination of all Zoo animals.

Genetic data confirmed preliminary determinatiosdzhon morphological traits —
animals from the Zoo in Frankfurt, Copenhagen anthAville belong to the lesser galago
(G. mohali), whereas all the other studied Zoos keep thegigalago G. senegalensis).
Three independent mitochondrial lineages sepatateslirprisingly high genetic distances
(2,3 — 4,2%) were revealed withih senegalensis. One consists of animals from the Zoos
Zajezd, Plza and Amersfoort brought in several imports from ii&a, second is formed
by individuals from the Zoo Prague and Poznan pally from Ghana and Togo. The
third included the GenBank data. The level of gendifferentiation corresponds with
intraspecific variability described in other prirmaspecies and indicates a long time
isolation of animals from different parts of theesgs range and thus suggests
reproductive isolation between them. Thereforecase of mixing different breeds it is
essential to keep in mind their origin and notiibteed animals from different areas.

Keywords: Galago, Zoo, cytochromé, phylogenetics



Abstrakt

Geneticka analyza komb Galago spp.) v evropskych zoologickych zahradach

Komby pati diky své néni aktivitt k ne filis ¢astym chovaniam zoologickych
zahrad. Ukovani jednotlivych druin na zaklad morfologickych znak je zna&né
problematické, proto v mnoha Zoostava druhovaijslusnost komigasto neznama.

Cilem diplomové prace byla druhova determinace &almohi vnitrodruhové
variability komb roduGalago z ¢eskych a evropskych zoologickych zahrad zaloZzena na
porovnani sekvenci vybranych genetickych markerzvitat z celkemii ceskych (Praha,
Plzen, Zajezd) a ti evropskych (Pozna(PL), Frankfurt (DE), Kod& (DK), Amneville
(FR), Amersfoort (NL)) zoologickych zahrad byly &senovany dva fragmenty genu pro
cyt b (mtDNA) o celkové délce 680 bp. Ty byly néaslédporovnany sive
publikovanymi daty a umoznili definitivni stanoverdruhové pisluSnosti zwat
zZ jednotlivych choti.
znacich — zvhta ze Zoo ve Frankfurtu, Kodani a Amneville jsamby jizni Galago
moholi), ve vSech ostatnich zahradach je v chovech koo#za G. senegalensis).

U druhuG. senegalensis byly objeveny iti separované mitochondrialni linie selkvapiw
velkou genetickou diferenciacp (distance 2,3 — 4,2%). Jedna je iMoa zviaty ze
Zooparku Zajezd, Zoo Plaea Amersfoort pochazejicimi zkolika importi z Guinei a
druhou pedstavuji jedinci ze Zoo Praha a Pazmpavodem z Toga a Ghanyeti tvai
data z GenBank. Mira genetické variability mtDNArésponduje s vnitrodruhovou
variabilitou zjiS€nou u jinych primat a tim indikuje dlouhodobou separaci populaci
z riznychcasti arealu a naztwaje reprodukni izolaci jednotlivych linii. Proto je vifpad
slu¢ovani vice chovnych skupin nebietha dbat nagvod chovanych zvat a nekizit
jedince pochazejici Ziznych oblasti.

Kli éovaslova Galago, komby, Zoo, cytochrorb, fylogenetika
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Introduction

1. INTRODUCTION

With increased impact of rapidly growing human pagion on native ecosystems
and wildlife, the importance of zoological gardeas protective institutions saving
endangered species becomes even highlighted. Ngejaztzological gardens serve as last
refugia for many animal species on one hand, onother they should guarantee that
species will keep their identity and maintain themiginal and unique gene pool.
Hybridization of two different species in captivisan be acceptable only in case of
highest need, for example when there is a dirgktaf extinction of one species. Than it is
possible to breed it with some closely related et save at least half of the original
gene pool. Increased inbreeding of small populatignanother, and often unavoidable,
problem of animals bred in Zoos. It leads to acdatian of negative mutations which can
affect the health and fitness of the animal. Takirtg account that most species in Zoos
are kept in much lower numbers than would be regufor long-term viability of the
population (MareSova and Frynta 2008), the temmtatif mixing non-related species is
understandable, moreover in situations when we namteaware that the animals are
actually not related. Especially today, when therboin molecular systematics and
taxonomy caused fusion of some species into orspldrof others into even more, these
guestion are no longer unresolveable. It is natodlpm anymore to determine species on
the basis of DNA barcoding without even knowing aayonomic affinities. Animals of
different origin but recognized as one speciesnamenally kept together and can breed,
the origin of the animals sometimes being takenrasportant. But it is the geographic
origin what can be the first indication not to lmtéhem. Unless we are absolutely sure we
have the same evolutionary lineage (or subspeciésm or however we want to call it)

we should bear in mind these breeding difficulti@alagos are not an exception.
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1.1 GenusGalago

Bush babies of the gen@alago are small primates distributed in the Sub-Saharan
Africa. Their large and forward directed eyes eqegbwith an enhancing layer of tapetum
lucidum clearly indicate their adaptation for nootl life. Galagos eyes and rhinarium are
surrounded by a dark mask that is species-speificis the most common cue to species
determination. Hind limbs are longer than frontbenstrong musculature supporting them
allows galagos make long-distance horizontal Idapa distance exceeding 14-fold the
length of their body (i.e. leaps up to 4 m long)np furry tail serves as a rudder while the
animal glides through the air (Maina 1990).

Biotope preferences of bush babies span from ogeansas and thorny bushveld
across forested miombo habitat with domingktacia and Brachystegia trees, to
continuous primary and secondary forests. In s@ctse biotopes they inhabit ground and
lower floor as well as high canopy of the tallegtes. Galago’s diet consists mostly of
gum and various species of insects. Diet can atsadjusted according to seasonal fruit
offer (Kingdon 1997). All species forage singly. 84drequently, especially in areas with
high density of tree hollows, galagos use theskWslas day shelters. Otherwise they rest
in tree forks or build leaf nests (Kingdon 1997).

Whereas adult males live solitarily, females formcial groups with their
offspring. Territory size depends on food offemadl as on overall population density of
galagos in the neighborhood. The highest populat@msity reported by Butynski and de
Jong (2004) for East Africat. gallarum reached four animals per hectare. However,
G. gallarum is the most xerophilous species of all bush balmésbiting the driest
environment with prevalence of thorny shrubs andhideserts, therefore population
densities of other species living in densely farddtabitats are likely to be even higher.
Both males and females advertise their territdoye$oud calls and by scent marks. Scent
is laid indirectly by urinating into the palms &iet hands and feet and then left on branches
while walking around. The territories of males dathales can overlap widely, in some

cases more animals can share the same day slelteetuge (Kingdon 1997).
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1.2 Biogeography

Galagos (family Galagonidae, sometimes referrealstGalagidae as well) are one
lineage of strictly Old World primates radiations Strepsirrhini. Strepsirrhini are
considered as evolutionary primitive or lower prieg total diversity does not reach that
of Haplorrhini (the true primates), their sistead®. When compared with Haplorrhini,
lower primates have relatively smaller brain witthosgly developed olfactory bulbs.
Biogeographically Strepsirrhini are restricted he tropical regions of Asia and Africa
including Madagascar as a centre of their recesttidution. There are only two families
living out of Madagascar: Lorisidae, with patchgtdbution in equatorial Africa, Indian
subcontinent and southeast Asia and Galagonidadiinig Sub-Saharan Africa. Galagos
are absent only from the driest parts of the HdriAfoica, the Cape province and the
wettest regions of the Congo river basin (Fig.Kipgdon 1997; Roos 2003). Masters et
al. (2005) tried to solve the biogeographical redf vicariant distribution of the family
Lorisidae. Expansion of the ancestors of this grisap Africa into Asia is estimated to
happen 70 — 50 millions years ago when both contnevere still connected by
a landbridge linking southeast Arabia and northwedia. A robust analysis of 13 protein-
coding genes performed by Matsui et al. (2009) ettpp this hypothetical scenario
together with the same age estimate. This hypathésiwever, does not explain why
a group of slow moving sedentary lorisids, on tegtnicted to dense forest biotopes, was
able to expand such extensive territory, whereag thgile allies with no such strict

biotope preferences have actually never left Africa
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Perodicticus
Arctoce

Lemuriformes
Chiromyiformes

7

Fig. 1. Geographic distribution of Strepsirrhini. GenBeaodicticus, Arctocebus, Loris and
Nycticebus form the family Lorisidae, which together with @gbnidae form the infraorder
Lorisiformes. From Roos (2003).

Family Galagonidae currently contains 19 descrigpdcies. Their taxonomy
varies significantly, various authors have diffédrepinion on the number of genera as
well as species composition of individual genenargis 1995; Kingdon 1997; Roos et al.
2004; Wilson and Reeder 2005; Masters et al. 2(0f7atterjee et al. 2009). The
classification shown here is based on Kingdon ()98[though | am well aware that it
may be outdated. On the other hand, modern priogigis have not been able to reach
consensus concerning galagos taxonomy and nomereclget. Galagos consist of five
genera:Euoticus, Galago, Galagoides, Otolemur and Sciurocheirus. Distribution of the
genus Euoticus (E. elegantulus, E. pallidus) and the genusiurocheirus (S. alleni,

S gabonensis) is restricted to the central Africa and the Corggsin, the latter mostly
occur along the coast of the Gulf of Guin€tolemur (O. crassicaudatus, O. garnettii,

10
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O. monteiri) live in the south Africa along the 10th paraltdl latitude all across the
continent. Representatives of the species-richesugGalagoides (eight species) have
usually very small distribution ranges that someSmencompass only the nearest
neighborhood of the type locality. It may be caudeg problems with species
identification or by only recent descriptions (as G. rondoensis described in 1997)
restricting the time needed to confirm this spe&ies new localities. Overall distribution
of the genusGalagoides spans from Guinea in the west along the Gulf oinGa coast
eastward up to Mozambique.

The genusGalago contains recently four specie&. gallarum, G. matschie,

G. moholi and G. senegalensis. G. gallarum inhabit arid semidesert biotopes in the
northern Kenya, Ethiopia and Somalia. Especiallyniorthern distribution extent is still
poorly known mostly due to insufficient zoologicalrveys in eastern Ethiopia and
Somalia.G. matschiel, a species best adapted for a life in continuoysidal forests, live

in mountainous areas of eastern Congo (DRC) anghhering Rwanda and Burundi.
Isolated populations are known from the central @ast Uganda. This patchy distribution
pattern can be explained by a lack of informatibalso can, however, signal vanishing of
its natural habitats and a reduction of the orignaage. Distribution of the lesser bush
baby G. moholi) overlaps largely with that of the genGsolemur. It spans from Angola
in a wide belt across Africa up to the Indian Ocelme best known representative of the
family, Senegal bush babys( senegalensis), has the largest distribution range. It goes
from the west Africa (Senegal) through the Sahah® Red Sea coast in Eritrea, in the
east Africa it continues south crossing the equadovn to Zambia.

G. senegalensis currently contains four subspecidsaccatus Elliot 1907, dunni
Dollman 1910 sotikae Hollister 1920 and the nominotypgenegalensis Geoffroy 1796.
Subspeciedraccatus was described from Tanzania from the Mount Kilijaam region
(Elliot 1907),sotikae is restricted to Tanzania, Kenya and Uganidani is known to live
in the Ethiopian highlands and finallgenegalensis covers the rest of the species
distribution, i.e. Sahel, with the type locality 8enegal (Wilson and Reeder 2005). Two
subspecies are recognized witt@n moholi: bradfieldi Roberts 1931 with an unknown
type locality and the nominotyprooholi Smith 1834 with the type locality by the Marico-
Limpopo confluence, South Africa (Wilson and Ree?@05). Geographic distribution of
all Galago species is depicted in Fig. 2.

11
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Galago senegalensis
Galago moholi

Galago gallarum
- Galago matschiei

Fig. 2 Geographic distribution of the genGslago. Based on data from IUCN; Courtenay and
Bearder 1988; Kingdon 1997; Anderson et al. 20Q@yBski and de Jong 2004.

1.3 Systematics and taxonomy

As already mentioned above, the order Primates istsn®f two lineages:
Strepsirrhini (lower primates) and Haplorrhini (heg primates). Strepsirrhini are further
divided into three branches (infraorders; | wilbwever, avoid using this taxonomic

12
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designation in the text): 1) strictly Madagascamues (Lemuriformes), 2) aberrant
monotypic group Chiromyiformes containing only thAye-aye pPaubentonia
madagascariensis) restricted also to Madagascar and 3) lorisestopoand galagos
(Lorisiformes). Phylogenetic position of an enigio@roup of tarsiers (Tarsiiformes) who
remarkably resemble strepsirrhines (and espectalagos) remained dubious until the
entrance of modern genetic methods. Before thatesprimatologists reckoned them to
be an inner clade of Strepsirrhini (Napier and Madi967; Schwartz 1984). After the
genetic revolution in DNA sequencing their positioecame stable as a basal lineage of
Haplorrhini, closer relationships to galagos weedirdtively rejected (Koop et al. 1989;
Purvis 1995; Shoshani et al. 1996; Cowan 2006).pHydogeny of Lemuriformes will not
be discussed here in details, they are a sisteqpgod Aye-aye and mutual relationships
among their families have already been satisfyinglyolved (Yoder and Yang 2004;
DelPero et al. 2006; Perelman et al. 2011). Thel thianch of strepsirrhines, lorises and
galagos, is formed by two families: Lorisidae arala@gonidae.

Whereas the systematics of higher primate taxa dlagys been based on
“traditional“ techniques such as craniology, relaships of lower taxonomic levels relies
more on several more variable morphological charac{penile or baculum anatomy,
placement and the shape of hand pads, hair ulicaste, colour) or bioacustic data
(Anderson 1999, 2000, 2001; Perkin 2007). On thasbaf morphological differences
Olson (1979) divided Galagonidae into three gen@talemur, Galagoides a Galago, the
latter two formed by two subgener@alagoides by Sciurocheirus and Galagoides,
Galago by Euoticus and Galago. | will now focus only on the species belongingthe
genusGalago, i.e.gallarum, matschiei, moholi andsenegalensis. Olson (1979) recognized
only senegalensis and gallarum as members of the gen@alago, the other two species
(moholi and matschiel) considered as members of the gemusticus. According to
Olson’s morphological analysgenegalensis was a sister form tgallarum, moholi was
supposed to be a sister lineage to these two. Agnetbrk of Zimmermann (1990) focused
on a study of galagos relationships based on bst@&su He consideredlleni being
a sister tomatschiei, althoughalleni belonged at that time to the genGslagoides
(nowadays is this species a member of the g&ausocheirus). As a sister lineage to
these two was considerednegalensis, the speciesnoholi was sister to all these three
forms — for a better intelligibility: ((Gatschiei, alleni) senegalensis) moholi). This

13
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topology, however, resulted in paraphyly of theug@alagoides with respect tdalago.
Moreover, Zimmermann did not have bioacustic d&t&.agallarum at his disposal what
could affect the final topology. Neither had Pur{1995) data for alGalago species on
hand and could not provide more detailed picturthefphylogeny of the genus, although
his composite primate phylogeny was otherwise based broad and robust karyotype,
behavioral and molecular data. Withatschiei and gallarum missing in his dataset he
determinedsenegalensis being sister tanoholi and removeailleni from their vicinity. Yet
another publication based on sequences of threechahdrial genes (12S rRNA, 16S
rRNA, Cytochromeb) by DelPero et al. (2000) retainsenegalensis in the vicinity of
moholi, the authors, however, placgdllarum as a nearest relative senegalensis and
thus revived the original idea of Olson (1979). T¢wme topology was provided by
Chatterjee et al. (2009), furthermore supportecmynalysis of four more mtDNA genes
(COI, NADH3, NADH4L, NDH4) (Fig. 3) In a majorityfoabove mentioned works we
find most of galagid species belonging to the gdgBalsigo with the generd&uoticus and
Otolemur nested within. This situation rende@alago paraphyletic and taxonomically
unacceptable in consequence. Resurrectioadfgoides and Sciurocheirus helped to
improve this issue, nevertheless, the problem cdpieyletic taxa within Galagonidae was

only shifted ontdGalagoides.
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LORISIFORMES * = Loris lydekkerianus =

* — Loris tardigradus

% — Nycticebus pygmaeus
* [ Nycticebus bengalensis

* Nycticebus coucang

% Perodicticus potto

*¢ Arctocebus aureus

L Arctocebus calabarensis
37,68 Galago demidoff —

* I: Galago alleni
* */95 Galago gabonensis
_*: Otolemur crassicaudatus

Otolemur garnetti
*/88 * — Galago granti
Galago zanzibaricus

% f,g «— Euoticus elegantulus
Galago moholi

*
15 Myr _E Galago gallarum
*/92 Galago senegalensis —

SBpISLIOT

oepibejeo)

Fig. 3. Phylogenetic tree of Lorisiformes based on 7 mtDieénes. The numbers by nodes
represent bayesian posterior probabilities (* wii®&@%)/ percentage of ML bootstrap support.
The scale shows an estimate of divergence times éviyillion years). Redrawn and modified
from Chatterjee et al. (2009). Note: Some depisiaeties from the gen@alago form currently
separate generalleni andgabonensis are Sciurocheirus; demidoff, granti and zanzibaricus are
Galagoides).

1.4 Phenotypic differences betwee@alago species

Individual species of the genZalago are not easy to differentiate at the first
sight. The fur coloration as one of the diagnostiits can vary largely even within one
species. The size and shape of the face mask asasieused character can be used only
with certain practice and even then is the spedgtermination rather unreliable. On the
basis of a general hair coloration and face maskbsadistinguished onlg. gallarum
with certainty, the hair colour is sandy brown &lgw-brown as an adaptation for life in
arid semidesert conditions (Kingdon 1997, Butynaskd de Jong 2004). On the other
hand,G. matschie restricted in distribution to tropical rainforesssthe darkest of them
all. G. senegalensis andG. moholi are both dim greybrown animals indistinguishalbderf
each other at first glance. Anderson (2001) irshisly of microscopic hair structure found

out that onlyG. gallarum can be recognized from the other species on thes luds
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frequency of hair scale§. gallarum has the highest density of these scales on hair, th
three remaining species are indiscernible by theracter. In the same work Anderson
also evaluated the ratio between bifurcated andbmfoincated hair scales. The highest
number of bifurcated was found (. senegalensis (70% scales bifurcated) followed by

G. moholi (18%) and finallyG. gallarum (0%, all scales non-bifurcated). As the author
points out, this character seems suitable to bd tmespecies determination (Anderson
2001).

Apart from hair structure and coloration, the sar&l shape of the hand pads is
another character used for species recognition.dHpads differ between galagos
depending on the environment inhabited and the &k size of preferred food source
(Anderson 1999; Anderson et al. 200@). gallarum is significantly different from all
other species in terms of the size of the firstdhaad (that one by thumlg}. senegalensis
is distinguishable fron®. moholi by differences in size and shape between theHamt
the fifth hand pad (Fig. 4) (Anderson 1999). Witlive last two species no intraspecific
variability in the hand pads shape and size wasddB. senegalensis should be therefore
easy to recognize fror. moholi by this method (Anderson et al. 2000). Both specie
differ also in the metacarpal width (Anderson 199%he two-millimeter difference
between an average hand sdnegalensis (12.92 mm) andmoholi (10.8 mm) can
nevertheless hardly help in species identificatidoreover, there is no need to highlight
that without a certain practice and a sufficientnparative material relying on the hand
pad method is rather doubtful.

If the list of characters mentioned so far has sedususpicion of their very limited
usefulness and applicability, than the next oné eefinitely not be very helpful either.
Research of the morphology of the copulatory orgaria primates driven primarily by
the aim to study social systems, territorialityparental success rate (Dixson 1987; Verrell
1992). However, it has also found its utilizationthe taxonomy of galagos. Detailed
study of the surface area and the glans peniststeuperformed by Anderson (2000)
proved that the glans d&. matschiel is significantly bigger and covered with higher
number of keratinized spines than thoseGofsenegalensis and G. moholi. These two
species are impossible to be distinguished by éméleo structure traits (Fig. 4) (Anderson
2000). Indisputable disadvantage of this methaglifiats limited applicability to only half
of the material available. Alternative study of fes has not been invented yet.

16
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Vocal communication reaches diverse degrees oflolewent among primates. Its
research is usually at a very developed level.lliws to study animals on greater
distances often without even the necessity of thieact observation. Especially galagos,
nocturnal creatures living in complex impenetraldavironment, are much more
dependent on vocal signals than other diurnal gemarhere was 18 different sound
signals detected iG. senegalensis so far (Zimmermann 1985). They are mostly related
various behavioral stimuli or are sexually or dangispecific. Ambrose (2003) discovered
variation in vocalization ofSciurocheirus alleni related to geographic origin of the
animals. Different populations use own dialects tmmmunication and thus form
culturally separated groups. On the other hand,efsah et al. (2000) did not detect any
intraspecific variability inG. moholi all over its distribution range. But in search of
divergences betweds. moholi andG. senegalensis Anderson et al. (2000) found out, that
all homological signals differ significantly (Figt). Since vocal communication is also
used in courtship and mating behaviour (ZimmermB®85), this interspecific separation
of senegalensis andmoholi clearly points out that strong prezygotic reprdokgcisolation
mechanisms impeding hybridization must have alreadjved.

17
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Fig. 4. Comparison of morphological and bioacustic charaobé Galago speciesA Hand pads,
B Detail of penile structureé; Oscillograms of six vocal signals @ moholi andG. senegalensis.
In A andB is G. alleni considered a part of the genGslago; G. matschiei is missing inA,
G. gallarumin B. Redrawn and modified from: (Anderson 1999, 20%derson et al. 2000).
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1.5 Galagos in Czech Zoos

Prague Zoological garderht{p://www.zoopraha.gzkeeps a group of galagos

obtained from the Zoo in Moscow in 2002. The whotdony is formed of descendants
and grand-descendants of one couple born in MosBavents of this couple were caught
in the wild in Ghana. Galagos breed in the Pragae #&gularly, the group currently
consists of ca 10 animals (galagos are nocturriivary swift and since there is no need
to capture them regularly, concrete number is nobwha exactly). According to
morphological characters (penis shape), this amsirasd right inbetwee®. senegalensis
and G. moholi (Brandl pers. com.). According to the face maskepa these animals
resemble moresenegalensis. Taking into account where parents of the origioalple
were imported from and where both species occurgm@gphic origin indicates that these
animals belong t&. senegalensis. There was also one group of galagos in the psisses
of Zoo Prague in the past, but these animals dicoreed and died out without leaving
any descendants. The Zoo in the city of Rlkeeps two species of galagos, the Garnett’s

galago QOtolemur garnetti) and the Senegal bush baby determined even tbspscific

level asG. senegalensis senegalensis (www.zooplzen.cy Senegal bush babies were for
Zoo Plzen captured in the wild in Guinea. Their origin arldoamorphological features
confirm the species determination @ssenegalensis (Brandl pers. com.). From the same

import are animals deposited now in the Zoo Zajéazip://zoopark-zajezd.cg/ Zoo

Ostrava keeps the two same species of galagidsrasina Plzéa (O. garnetti,
G. senegalensis). Their Senegal galagos are animals and theirsamseobtained from the
Prague breed<s. senegalensis from Prague and Pli#eas well as oné&. moholi from
Frankfurt are depicted in Fig. 5.

The Zoo Prague leads the European stud book fayghesGalago. The stud book
serves as a register where any Zoo keeping gal@g@sy other animals) can easily find
the origin of its animals. It has the essentiak riol maintaining the global integrity of the
breed. Moreover, the stud book can be used forigineg population development and
thus help to manage breeding. The curator, namalelPBrandl at the moment in the
Prague Zoo, leading the book can give recommenaatiegarding future plans with the

breed, population viability or inbreeding avoidand#éogether, the Zoo with a stud book
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Introduction

for some species or genus should be the resporsitherity and as such it should have as
many information as possible about these animals.

G. moholi - Frankfurt

G. senegalensis - Prague

Fig. 5. Face masks d@b. moholi andG. senegalensis from different Zoos.
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2. AIMS OF THE STUDY

* to provide a definite species determination of gatafrom the European Zoos by

comparison of their sequential data with alreadylisbhed sequences

* to confirm/disprove reliability of morphologicalaits used to distinguish individual

species

» to find out whether animals belonging to one speaie genetically uniform or exhibit

any degree of intraspecific variability

* in case of presence of intraspecific variabilitgess whether the differences between
recovered lineages should be reflected in separatiadhese lineages and prevention

of keeping them together
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Material and Methods

3. MATERIAL AND METHODS

3.1 Material

For the purpose of genetic determination of galdgw® various European ZOOs
into species, animals from as many founder poparatias possible were sampled. All
animals were preliminarily determined on the basismorphological characters as
G. senegalensis andG. moholi. The complete list of the material, the ZOOs addals and
original countries of import are listed in Table 1.

Samples were taken using an uninvasive method afabiswabs. Animals were
fixed tightly in one hand and the inner side ofitlaheeks was wiped by a sterile swab.
Two samples were taken from each animal to prothdechance to repeat DNA extraction
if needed. Swabs were subsequently put into thesligigef microvials and immersed in

96% non-denaturated ethanol and stored at — 18°C.

Tab. 1. Material used for genetic analyses. Names oZth®s of individual breeds are followed
by the international country code.

Species Z00 Country of origin| Analyzed animals
Prague, CZ Ghana 5
Zijezd, CZ Guinea 3
G. senegalens's b, nan, pL Togo 2
Plzey, CZ Guinea 1
Amersfoort, NL | Guinea 2
Amneville, FR Unknown 1
G. mohoali Frankfurt, DE Unknown 3
Copenhagen, DK Unknown 1
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3.2 DNA extraction

To extract DNA from the swabs, the ethanol hadgedmoved from the vials first.
The microvials were centrifuged for a short timehagh speed so the tissue cells were
settled down on the bottom of the vial. The supamavas pipeted out. In order to dry the
samples entirely and get rid of all the ethandd, thals were let in a heating block at 56°C
until the swabs were dry. As the next step, 180@f the ATL buffer (a component of
a commercial isolation Qiagen DNAeasy® Tissue Widls added and the solution was left
macerating for 10 min in order to loosen the cklien the swab. Subsequently the swab
was removed from the vial and A0of proteinase K was added to the mixture to yse
cells. The next steps followed the DNA extractigotpcol provided by the manufacturer
(Qiagen). Extracted DNA was stored at -18°C.

3.3 PCR, sequencing

To amplify selected fragment of the mtDNA cytocheim gene two pairs of
primers amplifying 307 and 373 bp were used (F)g(Kbcher et al. 1989; Irwin et al.
1991):

L14841 5'- AAAAAGCTTCCATCCAACATCTCAGCATGATGAAA -3
H15149 5' - AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA -'3
L15513 5- CTAGGAGACCCTGACAACTA -3’
H15915 5- AACTGCAGTCATCTCCGGTTTACAAGAC -3
£841 H1 5144_9 2351 3 H15£1_5
Gluf : ; § HThr

! -

r » Cytochrome b < |

Fig. 6. Targeted regions (grey) of the dgene amplified in the study.
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Polymerase chain reaction (PCR, Sambrook et al9)19&s performed in the
termocycler QB-96 (Quanta Biotech) operated by Ac800 android. Table 2 shows
composition of chemical mixture used for PCR. Negatcontrols (i.e. without DNA
added) were employed in every amplification to detgossible contamination. PCR
program is listed in Table 3. Presence and thetthenf amplified DNA fragment was
controlled using 1% agarose gel and a length stdn@eneRuler™ 100bp DNA Ladder,
Fermentas). Quality of PCR products was checkedabyeye under the UV light.
Successfully amplified samples were purified by ammercial Qiaquick® PCR
Purification Kit (Qiagen) following manual thereifinally, a mixture of PCR product,
1M primer and HO was prepared for sequencing. Sequencing was ctatiwn ABI
PRISM 3100 Avant Genetic Analyzer at the LaboratoiyDNA sequencing, Faculty of

Science, Charles University in Prague.

Tab. 2. PCR mixture composition

Chemical compounc Ammount (ul)
Nucleotide fre H,O 8-8.t

PCR Master Mix (Fermentas) 12.5
Primers 10pmojil 1-1.25

DNA 2

total 25

Tab. 3. PCR program

Step °C time
1. Initial denaturatio 94 7

2. Denaturation 94 307
3. Annealing a7 457
4. Extension 72 1
5. Final extension 72 10°
Number of cycles 35

7. Storage 4
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3.4 Alignment

Material and Methods

The quality of DNA sequences obtained from the eatjal laboratory was

controlled in Geneious 5.3.6 (Drummond et al. 20Tt)e same software was used to

assembly corresponding sequences, alignments chtmrmated sequences was performed

with Clustal W (Thompson et al. 1994) as implemédnte Geneious. Prior to analyses,

sequences were translated into amino acids in tegall software (Tamura et al. 2011)

using the vertebrate mitochondrial translation cddes did not reveal any stop codons or

gaps suggesting that all protein coding sequenage Wnctional and no pseudogenes

were amplified. The second targeted region terrashély a stop codon confirming that we

have reached the end of the bygene. To nest our samples of galagos within thelya

Galagonidae, sequences of all other family memlbaweslable in the GenBank were

downloaded. Their complete list is given in Tabled.dmur catta sequence was used to

root the tree.

Tab. 4. List of the GenBank sequences used to nest oarvdétin the phylogeny of

Galagonidae.

GenBank accesion no.

Species

Sample origi@dlago only)

AF212970
AF271409

AF271410
AF212971
AY441470
AY441471
AF212969
AY897401
AY897400
AF271411
AY441468
AF212964
U53575

U53581

U53579

AF271412
AY441467
Z35095

Galago gallarum
Galago matschiel

Galago moholi

Galago moholi

Galago moholi

Galago senegalensis
Galago senegalensis
Euoticus elegantulus
Euoticus elegantulus
Galagoides demidoff
Galagoides granti
Galagoides zanzibaricus
Lemur catta
Loristardigradus
Otolemur crassicaudatus
Otolemur garnettii
Sciurocheirus gabonensis
Sciurocheirus alleni

Somalié

Burundi

Duke University, USA

University of Witwatersrand, RSA
Unpublished data

Unpublished data

Stuttgart Primate Facility, DE
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3.5 Phylogenetic analyses

The best-fit model of sequence evolution was seteddty jModelTest 0.1.1
(Posada 2008) under the Akaike Information CriterjfaIC). This was the general time
reversible model taking into account the shapdefgamma distribution parameter (GTR
+ G). Two fundamental methods were employed for Ilgg@netic computations:
Maximum likelihood (ML) and Bayesian inference (BNIL analyses was conducted
using PhyML 3.0 (Guindon et al. 2010) with the msameighbor interchange (NNI) and
the subtree pruning and regrafting (SPR) tree ingareent, and adopting the best fitting
model as chosen by jModelTest. Nodal support fer Mi tree was assessed by 1000
bootstrap pseudoreplications (Felsenstein 1985)wB$ performed in MrBayes 3.1.2
(Huelsenbeck and Ronquist 2001) implementing tis¢-fiiemodel, with two runs and four
chains for each run for 5xi@enerations. Sampling frequency of every"@éneration
produced 50 000 sampled trees. After each analysitog-likelihood scores were plotted
against generation time to assure whether the lues achieved stationarity.
Subsequently, first 20% of trees (10 000) was dasxhas a burn-in. A 50% majority rule
consensus tree was produced from the posterioribdisbn of trees, and posterior
probabilities were calculated as the percentageapfpled trees recovering any particular
clade (Huelsenbeck and Ronquist 2001). Yet anatifehod, maximum parsimony (MP),
producing ultrametric trees was used for a dategetaining only the genuSalago to
show more clearly differentiation among lineagel.ckown groups in an ultrametric tree
are equidistant from the root and usually providsilg readible pattern. MP analysis was
performed by PAUPup 1.0.3.1 (Calendini and MarthD®) as a graphic platform of
PAUP* 4.0b10 (Swofford 2002) under the heuristiarsh with 100 random stepwise
addition and tree-bisection-reconnection (TBR) bhaswapping. To measure between-
species genetic differences, uncorregiatistances were calculated in MEGA 5 (Tamura
et al. 2011)P-distances are summarized in Tab. 5 and Tab. 6.

To construct the haplotype network | had to avdiel problem with missing data
(i.e. nonsequenced animals) within the datasethise can highly influence the topology
of the network and thus all deduced interpretati@idy et al. 2007). The haplotype
network was therefore based only on the first tdeegion of the cyib (307bp, primers
L14841 and H15149) for which all animals have bseocessfully sequenced. Only the
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four species of the gen@&alago were included into this analysis. Haplotype nekwoas

constructed in Network 4.6.1.0 using the medianijg algoritm (Bandelt et al. 1999).
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Results

4. RESULTS

As already mentioned, the GTR + G was selectetdeambst appropriate model of
sequence evolution. Base frequency as calculatgilladelTest was as follows: f(A) =
0.3200, f(C) = 0.3308, f(G) = 0.1033, f(T) = 0.248@amma shape parameter = 0.2510.
The final alignment containing all available repmestives of family Galagonidae reached
the length of 680 bp, 255 positions were varialolé 475 of them parsimony informative
(Lemur catta as an outgroup exluded). When only species betgnig the genu&alago
were assessed, the number of variable position®O®agith 42 of them being parsimony
informative.

ML analysis resulted in a topology with log-liketibd = -3552.90147 which was
comparable to the one recovered from MrBayes (nmlean= -3608.15). Both trees
resulted in the same topology. All studied generened monophyletic clusteres except of
the genussalagoides which was polyphyletic witles. demidoff standing completely apart
from the two other specie§&(granti, G. zanzibaricus). All species of the genuSalago
formed very well supported (100/1; bootstrap supp@iues are always in the order
ML/BI from no on) monophyletic clade. Within thisamophylum, the GenBank sequence
of G. matschiei (AF271409) formed a sister lineage to all remajngpecimens, the latter
clade being well supported (87/1). This clade csissof three well defined clusters,
however, their mutual relations remained unresoldgdrhe first included animals from
the Zoos in Z4jezd, Plieand Amersfoort. Except of one animal from Zoo Rldéfering
in two nucleotide position, all haplotypes werentieal. Because of those two mutations
the within-groupp-distance for this lineage exceeded zero value@83¥). 2) The second
group was formed by animals from the Zoos PragueRoznan. Unfortunately, | did not
succeed in sequencing of the second targeted regioyt b in any of Prague’s animals,
therefore the comparison is based only on the tingfeted region. These two Zoos share
the same haplotype and it is very unlikely thatnieleotide sequence from the hind part
of the cytb of Prague’s animals would differ when the firgiioa is identical. 3) The third
cluster consisted of the GenBank dataf gallarum and G. senegalensis and the
GenBank as well as oud. moholi sequences, however this group did not recieve
a noticeable ML bootstrap support (-/98).

* genetic distance is proportion of variable nutiges versus the number of conserved sites expiesse

a proportion of 1, i.e. for instancealistance eguals 0.01 means 1% genetic divergence
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Results

G. gallarum from Somalia ands. senegalensis of an unknown original source form
a well supported clade (80/0.99) sisteGanoholi (97/1).

Animals from the Zoo Amneville and Copenhagen shadentical haplotype
differing in 4 mutational steps from those from fkiurt. Average between-species

genetic distances within the Zoo sample§&oimoholi are equal to 0.012. Surprisingly, the

GenBank sequences Gf senegalensis do not cluster together with the Zoo samples and

are more closely related 3. gallarum instead. Average-distance of the GenBank
senegalensis from those from the Zoo Prague and Poznan is Qf0@8 those from the
Zoo Plzea, Zajezd and Amersfoort is 0.042. Genetic distaret@veen both Zoo groups of
senegalensis equals 0.023. The between-lineage comparisoseadgalensis clades is
summarized in Table 5. A full list of uncorrectedngtic distances within the genus
Galago is shown in Table 6. The final phylogenetic treshown in Fig. 7.

Tab. 5. Average genetic distances between the threegaseafG. senegalensis.

G. senegalensis 1 2

1. GenBank

2. Ghana + Togo] 0.028

3. Guinea 0.042 0.023

Tab. 6. Uncorrected pairwise distances comparing betvieeage divergence. Major clades

recoverd in our analysis are separated by lindg,@re representative for each Zoo depicted.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
AF271409___matschiei
AF212970 gallarum 0.063
AF271410_moholi 0.063 0.04
AF212971_moholi 0.059 0.036 0.004
AY441470_moholi 0.063 0.032 0.016 0.012
Amneville_moholi 0.063 0.04 0.008 0.004 0.008
Copenhagen_moholi 0.063 0.04 0.008 0.004 0.008 O
Frankfurt_moholi 0.063 0.032 0.024 0.02 0.008 0.016.016
AY44147_senegalensis 0.067 0.012 0.051 0.047 0.08D51 0.051 0.043
AF212969_senegalensig 0.063 0.008 0.047 0.043 0.08.047 0.047 0.04 0.004
Praha_senegalensis 0.055 0.024 0.055 0.051 0.04 47 0.0.047 0.04 0.028 0.024
Poznan_senegalensis 0.055 0.024 0.055 0.051 0.04047 0.0.047 0.04 0.028 0.024 O
Zajezd_senegalensis 0.059 0.036 0.059 0.055 0.048510 0.051 0.043 0.04 0.036 0.02 0.02
Plzen_senegalensis 0.067 0.043 0.067 0.063 0.050590.0.059 0.051 0.047 0.043 0.028 0.028 0.008
Amersfoort_senegalensi 0.059 0.036 0.059 0.055430.00.051 0.051 0.043 0.04 0.036 0.02 0.02 0 0.008
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The result of the MP analysis (Fig. 8) highlightset above mentioned
differentiation of G. moholi on one side and the two independent lineages of
G. senegalensis on the other. In contrast with both previously aldged computational
methods, MP analysis clusters beghegalensis groups together.

Median joining haplotype network (Fig. 9) shows atlehaplotype structure
concordant with those obtained from all tree-carding methods. None of the
monophyletic groups (i.emoholi, matschiei, gallarum, senegalensis from GenBank,
senegalensis from Guinea andenegalensis from Ghana and Togo) shared haplotype with
any otherG. moholi formed quite structured cluster of haplotypes whay be caused by
many various sources of tissues or sequences asdntlny various possible places of
geographic origin of the samples. On the other h@&ndenegalensis from Ghana + Togo
and from Guinea formed more star-like pattern wotie central haplotype with only
several detached individuals. Rather than by lichiariation within these lineages this

may be caused by very limited sampling localitegsresenting each clade.
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Fig. 7. Phylogeny of the family Galagonidae based on datlable in GenBank and our
sequences of animals from European Zoos. Both MLBintrees resulted in the same topology,
only the Bl tree is presented. Numbers by nodedaotstrap values of the ML analysis followed
by bayseian posterior probabilities. Values bel®@%4qML) and 0.9 (Bl) not shown.
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1_Praha
2 _Praha
3_Praha
4 Praha
5 Praha

10_Poznan
G. senegalensis 11 _Poznan

Ghana & Togo

6_Zajezd
7_Zajezd
8_Zajezd
12_Plzen
17_Amersfoort
18_Amersfoort

9 Amneville

13_Copenhagen
G. moholi 14_Frankfurt
15_Frankfurt
16_Frankfurt

Fig. 8. Strict consensus maximum parsimony phylogenegie d6f galagos from European Zoos.
Colours of individual lineages correspond with emkin the haplotype network.
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G. moholi
G. senegalensis
Ghana, Togo

G. senegalensis
Guinea

G. senegalensis
GenBank

Fig. 9. Median joining haplotype network of the germdalago. Colours of individual lineages
correspond with colours in the MP tree.
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5. DISCUSSION

This work relied on a material collected in a foaihbuccal swabs in European
Zoos. As one of the most non-invasive methods décting tissue for genetic analysis
(behind faeces sampling), buccal swabs are widstyl in works with endangered species
or in forensics (Rudbeck and Dissing 1998). Howgeggtracting DNA from swabs claims
higher sterility and the vyields are usually muchvéo when compared with DNA
extraction from regular tissue pieces (musclegrligpleen etc.). When workig with the
primate DNA, the risk of contamination by humarhigher than in other taxa, especially
in amplifications with universal vertebrate PCRnpers. For our purposes of sequencing
mtDNA which is usually easier to amplify than nwaleDNA (higher amount in cells,
absence of heterozygotes) the buccal swab weréfieienut cell source. So even if DNA
extracted directly from tissue resulted in higheelds and easier amplifications, the
advantage of buccal swabs as a non-invasive colieotethod is still overwhelming and
can hardly be replaced by for instance ear cliggiagos.

The results of the genetic analyses of the combufedset of our samples of
galagos from various Zoos and the GenBank sequeareesh some degree concordant
with already published works (DelPero et al. 2080ner and Turmelle 2003; Roos et al.
2004; Masters et al. 2007; Chatterjee et al. 2089).already reported by Stiner and
Turmelle (2003), the genusuoticus formed a basal lineage sister to all other gaklgid
although with a rather low bootstrap support. Tiwlpgeny based on seven mtDNA
genes supporting sister relationship betwEeoticus andGalago provided by Chatterjee
et al. (2009) seems more robust and probable. Aleroanalyzed genera formed
monophyletic clades in our results, the only exicepivas the genuSalagoides. Whereas
Galagoides zanzibaricus andG. granti form a monophylum¢. demidoff stays completely
apart of these two. This morphologically problematigroup aptly called
»a wastebasket taxon of plesiomorphic species’ by DelPero et al. (2000) consists of more
independent genera with retained ancestral chasactmpeding more accurate
morphological distinction.

To my big luck, all species recognized nowadaysiambers of the genu@alago
were available in the GenBank. In both ML and Balgses the genuSalago was clearly

monophyletic with supports leaving no doubts abtaishared common ancestor. Inner
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relationships withinGalago differ in almost every publication: all authors evtnad
gallarum at their disposal (DelPero et al. 2000; Stiner @ndnelle 2003; Chatterjee et al.
2009) consideredallarum sister tosenegalensis, these two than sister tooholi. In other
works wheregallarum sample was missing (Roos et al. 2004; Mastersl.e2QD7),
senegalensis was recognized as a closest relativenobioli. Unlike the others, Stiner and
Turmelle (2003) were not able to resolve mutuahtrehs withinGalago, although they
were the first who analyzed all four species. Themo doubt that comparing publications
where some species were not included does notyreadlke much sense, therefore
a comprehensive study on more independent genes alindpecies was needed.
Chatterjee’s et al. (2009) results based on seu®iNA and three nDNA genes can be
taken as the most reliable, howeveatschiei was not included in the analyses.

Since my dataset is a compilation of all these ishbd data a certain degree of
overlap in the results is not surprising. The segaeof G. matschiei from the central
African Burundi is the most distinct from the otheand represents a basal branch. All
animals determined aS. moholi cluster together with the GenBamhoholi sequences
confirming thus its monophyly. Unfortunately thepé of origin of neither the GenBank
nor the Zoomoholi is known. According to the degree of variabilityoie halpotype
shared) among these sequences all animals wergeagpaimported from different
populations. Average intraspecific differentiatiorthin moholi clade equals 1.2% which
does not exceed standard degree oflrytariability in one species (Johns and Avise
1998).

The GenBank sequences fyallarum andsenegalensis cluster together. Although
the sequence aallarum and one ofenegalensis (AF212969) are from one publication
and could indicate contamination, the second samptenegalensis (AY441471) from
different source and clustering with the fisshegalensis implies a contamination was not
likely. The topology is especially remarkable whear Zoo samples are taken into
account. Even though they were morphologically mheiteed asG. senegalensis by many
independent Zoo curators they do not form a cluskesely related with the GenBank
senegalensis. The easiest explanation of this topology wouldntisidentification of one
G. senegalensis with G. gallarum which would be then deposited in GenBank under the
latter name. Confusion of these two species seathsrrunlikely since they can be easily
recognized on the basis of different face maskratilon (Butynski and de Jong 2004;
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de Jong and Butynski 2010 and the gallery thereByt even in the case of
misidentification, senegalensis would evince quite high degree of intraspecifiaefec
variability and, moreover, would not be a monoptglepecies. When the within-species
variability of moholi is compared with that one eénegalensis, then we can still clearly
seemoholi forming a well defined and isolated lineage whersmegalensis falls apart
into three independent clusters corresponding Bxadgth the geographic origin sites.
When we assume individuatoholi samples have different geographic origin as wied,
distinction withinsenegalensis is even more obvious.

The degree of genetic variability with@® senegalensis spanning from 2.3 to 4.2%
is in agreement with mtDNA differentiation in othprimates. Melnick et al. (1993)
reported a difference of 3.75% between the rheMadca mulatta) and the Japanese
macaque NI. fuscata). In even closer related primates, lemurs, Pasteti al. (2003) in
their multilocus study brought an evidence for bspecific distinction betweelBulemur
fulvus fulvus andE. f. rufus reaching 2.33 — 2.41%. For another subspeciekeobame
lemur E. f. rufus andE. f. collaris), Yoder et al. (1996) shows a distinction of 4.2fthe
cyt b gene. Johns and Avise (1998) summarized previdudies on cytb genetic
distances for pairs of sister species across vatilgroups, most mammalian sister
species diverge in 4 — 7%.

By combining all these information it is apparehatt individual groups of
G. senegalensis are distinct on at least subspecific level. Howgwbe most distinct
lineage are the GenBank animals with an unknowgiro(meaning geographic location of
the original wild populations) so they cannot betba basis of geographic distribution
certainly ascribed to any recognized subspeciegnd@ls from the Zoos in Zajezd, Pize
and Amersfoort originally imported from Guinea dhe closest to the type locality of
G. senegalensis in Senegal and as such could belong to the nonpiosubspecies. On
the other hand, according to available data (Kimg@i©97), the nominotypic subspecies
should span from Senegal eastwards to Sudan artdJgasda thus covering also Ghana
and Togo, the original locality of galagos keptapdn the Zoo Prague and Poznan. This
cannot be resolved until material from the typealitg in Senegal is analyzed. But as
Kingdon (1997) also notices the boundaries betwileese populations (i.e. subspecies) are
still uncertain, so both Zoo lineages can belongoime already described subspecies. This
would cause a massive expansion of the range tfldison of one of the east African
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subspeciesbfaccatus, dunni, sotikae) on one hand and dramatic shrinkage of the rahge o
the truesenegalensis on the other. In the case of the GenBank datsefeagalensis we can
only guess where they are from. Final resolutiorthid problem would be to sequence
animals from type localities of all subspecies whigould clearly delimit what lineages
bear which subspecific name.

Thus, with the current knowledge, the galagos kepite Zoos Prague and Poznan
should be held separately from the animals kefidijezd, Plz& and Amersfoort. Despite
their morphological determination &S. senegalensis they evince substantial genetic
differences testifying long-term independent evolutof each clade. We can easily
overlook speciation in its beginnings. Althoughmight not cause problems like viability
decrease or health problems in potential hybri@égepkg both lineages together would
result in creating a ,Zoo lineage®, an entirely nanimals we might not encounter
anywhere in the wild with. This has already happeie gibbons (Geissmann 1984;
Mootnick 2006).

Unlike G. senegalensis, G. moholi do not exhibit such a degree of variability, if
there are any geographically correlated distinstime are not able to detect them for the
time being. So the restrictions suggesting sepadifateeds obenegalensis do not apply to
mohoali, at least for animals from the studied Zoos.

All members of the family Galagonidae exhibit cartaonservativeness in their
morphological characters as can be seen in theahlastaxonomy, in the case of
Galagoides paraphyly or in the subtle morphological differeacbetweenGalago
senegalensis andG. moholi. The inability to notice some phenotypic differer(d there is
any) between our two Zosenegalensis lineages is then not surprising, moreover when
none curator has a comparative material for botthem at disposal. Lacking detailed
morphological data this molecular evidence is naw @nly lead how to assign possible
new imports of galagos from the west Africa. Inage& of new imports, the animals should
be genotyped before they will be intermixed wittmgoalready existing breeding group
with known affinities.

Next task should be to find out whether there ameraorphological, behavioral or
bioacustic differences between the two Zoo lineadeking into account problematic
determination of individual species of the ge@aago this may be a bit of a challenge.
Morphology has been thoroughly studied into theghdéBst details such as hair
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ultrastructure (Anderson 2001), but usually in ssdcomparing different species,
intraspecific variability was not taken into coresidtion or was minimal (Anderson 1999,
2000, 2001). Contradictory results were reporteavarks on intraspecific variability in
vocalization. Whereas Anderson et al. (2000) di¢l reweal any variation accross the
range ofGalago moholi, Ambrose (2003) found four distinct types of vazation in
Sciurocheirus alleni on relatively small area covering Gabon, Cameiaah Bioko Island.
Possible variability in vocalization @alago senegalensis remains to be discovered. From
genetic point of view, nuclear genes should beyaeal to reveal whether galagos differ
only on the level of mtDNA with high mutational gaor if there are also differences in
more conservative nuclear genes. In a case ofnigndariability in nuclears then the

guestion of existence of independent subspeciembes really interesting.
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. CONCLUSIONS

» Galagos from the Zoos in Frankfurt, Amneville andp€nhagen were genetically
determined a<s. moholi, galagos from all the other analyzed European Za®s
G. senegalensis. These results are in concordance with the moqggncdl
determination. Therefore morphological charactesduto distinct these two species
are reliable.

 G. moholi exhibit only a minor intraspecific variability isequences for the cyt
gene. Average within-species differences reach 1v8at falls into the standard
intraspecific variance inside one species in pranat

* Individuals ofG. moholi from the Zoos we have analyzed can be bred togethe

* There are three lineages tlaatsenegalensis clusters into:

1) animals from the Zoos in Prague and Poznan whosestors have been imported
from Ghana and Togo

2) animals from the Zoos in Z4jezd, Rizand Amersfoort originally from Guinea

3) the GenBank data

» Average genetic distance between individsaegalensis lineages spans from 2.3 -
4.2%. This range is comparable with distinctionsund in other primates on
subspecific or even specific level.

* Individuals of G. senegalensis from Prague and Poznan can be bred together, las we
as can be animals from Zajezd, Rlzmd Amersfoort. Nevertheless, these two groups
should remain in mutual isolation.

* New potential imports from Africa should be genagirst to find out what group
they belong to, only after that animals could begenmixed with already existing

breeds.
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