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ABSTRACT

Phylogenetic relationships of a sample comprising 248 bats belonging to 19 species
and four families (Hipposideridae, Rhinolophidae, Molossidae and Vespertilionidae) from
Senegal (Western Africa) were investigated with the use of multi-locus sequence data and
non-differentially stained chromosomes.

The karyotypes of Hipposideros ruber, H. tephrus, H. jonesi and H. cyclops were
described for the first time. The standard Hipposideros formula was recorded in H. tephrus,
H. jonesi and H. ruber (2n = 32, FNa = 60, FN = 64). The karyotypes of H. cyclops (2n =
36, FN = 66) and H. gigas (2n = 52, FN = 64) substantially diverged from this typical
chromosomal complement.

Rhinolophus landeri and R. fumigatus shared the same diploid number (2n = 58), but
differed in the chromosome morphology (R. fumigatus — FNa = 60, FN = 64; R. landeri —
FNa = 64, FN = 68). Rhinolophus landeri was found karyotypically distinct to other
African populations, thus signalling a possible presence of cryptic forms within this
species.

The karyotypes of Chaerephon pumilus and Mops condylurus had a 2n =48, FN = 54
and were similar to other previously studied species of this chromosomally conservative
family.

Chromosomal, Bayesian, maximum likelihood and genetic distance analyses
revealed an indication for the existence of cryptic forms among five out of ten examined
species of the West African vespertilionid bats — Pipistrellus hesperidus, Neoromicia nana,
N. somalica, Scotoecus hirundo and Nycticeinops schlieffenii. Additionally, based on the
analyses of eight mitochondrial and nuclear genes and combination of the Senegalese bats
and GenBank data, Glischropus tylopus was found basal to the clade of the East Asian
pipistrelles and Pipistrellus rueppellii was basal to the whole Pipistrellus/Nyctalus clade,
possibly deserving its own genus. Eptesicus was confirmed to be polyphyletic, with E.
nasutus and E. dimissus being phylogenetically distinct to other representatives of
Eptesicus. Neoromicia was confirmed to be diphyletic and Scotophilini appeared as the
second most basal branch of all vespertilionids. The tribes Pipistrellini and Vespertilionini
were defined differently than in recent discussions.

The detection of cryptic taxa, description of new karyotypes and proposals for new
systematic arrangements demonstrate that our knowledge of (West-African) Chiroptera is
still incomplete and that an investigation conducted on a small area can reveal new
important findings, which can considerably contribute to our understanding of both
biogeography and phylogeny.



ABSTRAKT

Fylogenetické vztahy byly zkoumany ve vzorku obsahujicim 248 netopyru patficich
do 19 druhil a ¢tyt Celedi (Hipposideridae, Rhinolophidae, Molossidae a Vespertilionidae)
ze Senegalu (zdpadni Afriky) s pouzitim multilokusovych sekvencnich dat a
nediferencidlné obarvenych chromosomtl.

Karyotypy Hipposideros ruber, H. tephrus, H. jonesi a H. cyclops byly popsany
poprvé. Standardni formule rodu Hipposideros byla zaznamenana u H. tephrus, H. jonesi a
H. ruber (2n = 32, FNa = 60, FN = 64). Karyotypy H. cyclops (2n = 36, FN = 66) a H.
gigas (2n = 52, FN = 64) se napadné¢ lisily od této typické chromosomalni sady.

Rhinolophus landeri a R. fumigatus méli shodny diploidni pocet chromosomuti (2n =
58), ale lisili se jejich morfologii (R. fumigatus — FNa = 60, FN = 64; R. landeri — FNa =
64, FN = 68). Rhinolophus landeri se karyotypové odliSoval od ostatnich africkych
populaci, coz miize signalizovat pfitomnost kryptickych forem v ramci tohoto druhu.

Karyotypy Chaerephon pumilus a Mops condylurus obsahovaly 48 chromosomu (FN
= 54), coz odpovida standardni sad¢ nalézané u ptislusniki této celedi.

Chromosomy, Bayesianské metody, maximalni pravdépodobnost a analyza
genetickych distanci naznacily existenci kryptickych forem u péti z deseti vySetfenych
druhti zapadoafrickych vespertilionidnich netopyrtt — Pipistrellus hesperidus, Neoromicia
nana, N. somalica, Scotoecus hirundo a Nycticeinops schlieffenii. Na zakladé analyz osmi
mitochondridlnich a jadernych gent a kombinace sekvenci senegalskych netopyrii s daty z
genové banky (GenBank) bylo dale zjisténo, Ze Glischropus tylopus je bazalni v kladu
vychodoasijskych pipistrelt a Pipistrellus rueppellii je bazalni v celém kladu rodu
Pipistrellus/Nyctalus a pravdépodobné zasluhuje oddéleni do vlastniho rodu. Byla
potvzena polyfilie rodu Eptesicus, pficemz E. nasutus a E. dimissus byli fylogeneticky
odlisni od dalSich zastupcii rodu Eptesicus. Dale byla potvrzena difylie rodu Neoromicia a
tribus Scotophilini byl druhou nejbazdln€jsi skupinou vsech vespertilionidi. Triby
Pipistrellini a Vespertilionini byly definovany odlisn¢ od nedavnych zjisténi.

Detekce kryptickych taxontl, popis novych karyotypli a ndvrhy na nové systematické
uspofadani ukazuji, Ze naSe znalosti (zapadoafrickych) letounti jsou stdle netplné a Ze
Setfeni provedené na malém uzemi je schopno odhalit nové diilezité poznatky, které mohou

vyrazn€ prispet k nasemu chapani biogeografie a fylogeneze.



Introduction

Current systematics and phylogenies of all kinds of organisms are still largely based
on morphological characters and partially on cytogenetics. However, the recent expansion
of molecular techniques revealed that many traditionally recognised groups are artificial,
defined on the bases of convergent traits. Nevertheless, all three approaches have their
limitations, especially when inexpertly used, and therefore combination of several methods
(morphology, cytogenetics, ecology, nuclear and mitochondrial sequences) is desirable for
correct reconstruction of the evolutionary relationships.

The plethora of extant species and frequent occurrence of morphologically
undistinguishable forms, make Chiroptera one of the most complicated orders among
mammals from the phylogenetic and systematic point of view (Simmons, 2005). However,
closely related, phenotypically similar species can differ with respect to their genetics and
vice versa (Baratt et al., 1997). The application of molecular methods in chiropterology
revealed many cryptic taxa in different regions of the world and changed numerous
traditional phylogenetic hypotheses (e.g. Ibafiez et al., 2006; Reardon et al., 2008; Kruskop
et al., 2012). The number of ecological niches available in the tropics and subtropics of
Africa evokes presumptions of existence of yet undetected species diversity and of
evolution of high number of cryptic species.

The sub-Saharan region of Western Africa belongs to one of the most under-explored
areas of the continent. It is currently being threatened by deforestation, fragmentation of
wooded savannah and desertification. Investigation of the local bat fauna is thus important
not only for our understanding of general principles of ecology, evolution, biogeography,
but also even for potential conservation of endangered species.

Aims of the study

The aims of the dissertation thesis were to examine phylogenetic relationships of
selected African bats with cytogenetic and molecular approaches, focused on species
obtained in Senegal, West Africa. Specific objective was to investigate non-differentially
stained karyotypes in specimens belonging to the families Hipposideridae, Rhinolophidae
and Molossidae and compare the results with related species and other African populations.
The other main task was to reconstruct the phylogenetic relationships within the
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representatives of the family Vespertilionidae, with the use of combined cytogenetic and
molecular data, to assess genetic divergence of the Senegalese species to other
geographically distant African populations, and potentially to uncover cryptic taxa. The
dissertation represents a part of a bigger project “Species diversity and ecology of selected
West African vertebrates” focused on the fauna of the Niokolo-Koba National Park in

Senegal and funded by the Grant Agency of the Academy of Sciences of the CR.

Material and methods

The tasks of the thesis were solved by two approaches, cytogenetic and molecular.
The first one included analyses of standard non-differential Giemsa stained karyotypes and
the latter involved examination of eight mitochondrial and nuclear genes. Phylogenetic
analyses of own and GenBank data were performed using the Bayesian methods and
maximum likelihood. Altogether 248 bats (16 hipposiderid, 2 rhinolophid, 17 molossid and
213 vespertilionid specimens) originating mainly from Niokolo-Koba (Senegal, West
Africa) were analysed.

Results and discussion

The thesis is based on three scientific works (two published papers and one
submitted manuscript), which represent solving of the aims described above.

Karyotypic data were obtained in 15 species and the standard description of
chromosomal number (diploid number of chromosomes — 2n) and morphology (number of
autosomal arms — FNa, number of chromosomal arms — FN) was performed.

Differences between chromosomal complements of the bat populations from
Senegal and other regions of Africa were found in four vespertilionid (Neoromicia
somalica, N. nana, Scotoecus hirundo, Pipistrellus hesperidus) and one rhinolophid
(Rhinolophus landeri) species.

The karyotypes of four species belonging to the family Hipposideridae
(Hipposideros ruber, H. tephrus, H. jonesi and H. cyclops) were described for the first
time. H. ruber, H. tephrus and H. jonesi had the typical Hipposideros karyotype (2n = 32,
FNa = 60, FN = 64). Variations to this conservative complement were found in H. cyclops
(2n =36, FN = 66) and H. gigas (2n = 52, FN = 64). These cytogenetic findings as well as



the recent molecular results (Vallo et al., 2008; Taylor et al., 2012) suggest separation of H.
cyclops and H. gigas to a distinct genus. Furthermore, H. gigas from West Africa and south
African H. vittatus, which share the unusual 2n of 52, should be possibly classified within
a single species.

The karyotypes of R. fumigatus and R. landeri from Senegal were similar to
previous findings (Rautenbach, 1986); however, R. landeri differed karyotypically from its
conspecifics by the presence of two additional pairs of bi-armed autosomes, thus indicating
the existence of cryptic forms within this species.

Mops condylurus and Chaerephon pumilus (2n = 48; FNa = about 54) were
karyotypically similar to other various species of this chromosomally conservative family
(Rautenbach et al., 1993).

Neoromicia rendalli and Nycticeinops schlieffenii had complements similar to the
previous findings (Ruedas et al., 1990; Kearney et al., 2002). However, Neoromicia
somalica, N. nana, Scotoecus hirundo and Pipistrellus hesperidus were found
karyotypically distinct from their conspecifics (Rautenbach et al., 1993; Wolleth et al.,
2006). The possible separate taxonomic status of the populations examined was
consequently supported also with genetic distances.

The combined analyses of the eight mitochondrial and nuclear genes of the
Senegalese specimens with GenBank data revealed Pipistrellus rueppellii as the basal
lineage of the Pipistrellus/Nyctalus clade and as probably deserving a separation to a
distinct genus. Additionally, Neoromicia was confirmed to be diphyletic.

Further support was gained for previously unresolved phylogenetic positions using
data obtained from GenBank. Eptesicus was confirmed to be polyphyletic, with E. nasutus
and E. dimissus being distinct to the rest of this genus. The tribe Scotophilini represented
the second most basal group of all vespertilionids and the tribes Pipistrellini and
Vespertilionini were defined differently than in other recent studies (Roehrs et al., 2010,
2011). Glischropus tylopus nested within the Pipistrellus/Nyctalus group, forming a basal
branch to the (East) Asian group of pipistrelles.

Conclusions

The results from West Africa show that even examination of populations on a

relatively small area can reveal interesting and novel findings, including cryptic taxa,



intrageneric and intraspecific karyotype variations and changes in phylogenetic
relationships. The detection of one rhinolophid and five vespertilionid cryptic taxa, which
belong to separate phylogenetic clades, indicates a long isolation from other African
populations and imply high probability of findings of more uncovered cryptic taxa in this
region.

This study provides further support that karyotypic data are useful, independent and
simple phylogenetic markers to identify cryptic species or divergent clades.

New taxa and suggestions for systematic rearrangements based on the molecular and
cytogenetic approaches demonstrate that morphologically similar species that occur in
Africa are in many cases a result of convergent evolution, because in reality they belong to
phylogenetically distant groups. This demonstrates that there are still many detail issues
waiting to be uncovered in (African) Chiroptera.
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Uvod

Systematika a fylogeneze nejruznéjsich druhti organismi jsou stale do zna¢né miry
zalozeny na morfologii a caste¢né také na cytogenetice. Soucasné rozsahlé pouzivani
molekularnich technik odhalilo, ze mnohé tradicné rozliSované skupiny jsou umélé,
definované na zdkladé¢ konvergentnich znakd. Nicméné vSechny tfi pfistupy maji sva
omezeni, zejména pokud jsou pouzivany bez dostateCnych zkuSenosti a tudiz je pro
spravnou rekonstrukci evolu¢nich vztahi Zddouci kombinace n€kolika metod (morfologie,
cytogenetiky, ekologie, jadernych a mitochondrialnich sekvenci).

Velké mnoZstvi soucasnych druhti a Casty vyskyt morfologicky nerozliSitelnych
systematického uhlu pohledu (Simmons, 2005). Nicméné blizce ptibuzné, fenotypove
podobné druhy se mohou liSit geneticky a naopak (Baratt et al., 1997). Aplikace
molekularnich metod v chiropterologii odhalila mnoho kryptickych taxonti v nejriiznéjSich
oblastech svéta a zménila fadu tradinich fylogenetickych hypotéz (naptiklad Ibafiez et al.,
2006; Reardon et al., 2008; Kruskop et al., 2012). Pocet existujicich ekologickych nik v
africkych tropech a subtropech evokuje predpoklady existence dosud nezjisténé¢ druhové
rozmanitosti a evoluce velkého poctu kryptickych druht.

Subsaharska oblast zapadni Afriky patii k jedném z nejméné prozkoumanych
oblasti kontinentu. V soucasné dobé je ohrozena odlesiovanim, fragmentaci stromové
savany a desertifikaci. Vyzkum tamni netopyii fauny je tedy dilezity nejen pro naSe
chapani obecnych principt ekologie, evoluce, biogeografie, ale také pro ptipadnou ochranu

ohrozenych druht.

Cile prace

Cilem disertacni prace bylo prozkoumat fylogenetické vztahy vybranych africkych
netopyrl s vyuzitim cytogenetickych a molekularnich ptistupd, se zaméfenim na druhy
ziskané v Senegalu, zapadni Africe. Konkrétnim zamérem bylo vySetfeni nediferencialné
obarvenych karyotypli jedinci patticich do celedi Hipposideridae, Rhinolophidae a
Molossidae a porovnat vysledky s piibuznymi druhy a jinymi africkymi populacemi.
DalSim hlavnim 0kolem byla rekonstrukce fylogenetickych vztahti v ramci celedi

Vespertilionidae, s vyuZitim kombinace cytogenetickych a molekularnich dat, porovnani



genetickych divergenci vybranych senegalskych druhti od jinych geograficky vzdalenych
africkych populaci a ptfipadné¢ detekce kryptickych taxonil. Disertace predstavuje cast
vétsiho projektu "Druhova diversita a ekologie vybranych zapadoafrickych obratlovet" (se
zaméfFenim na faunu senegalského narodniho parku Niokolo-Koba), ktery byl podporovan

Grantovou agenturou AV CR.

Material a metodika

K dosazeni cili disertace bylo vyuzito dvou pfistupii, cytogenetického a
molekularniho. Prvni z nich zahrnoval vysetfeni nediferencialnich konvenénich karyotypti
obarvenych Giemsou a druhy analyzu osmi mitochondridlnich a jadernych geni.
Fylogenetické vypocty s vyuzitim vlastnich dat a Gdaji z genové banky (GenBank) byly
provedeny pomoci Bayesianskych metod a maximalni pravdépodobnosti. Celkem bylo
analyzovano 248 netopyrt (Hipposideridae — 16, Rhinolophidae — 2, Molossidae — 17 a
Vespertilionidae — 213 jedinct) pochazejicich pfevazné z Niokolo-Koba (Senegal, zapadni
Afrika).

Vysledky a diskuse

Disertace je zaloZena na tfech védeckych ¢lancich (dvou publikovanych a jednom
zaslaném rukopisu), které¢ predstavuji fesSeni cili popsanych vyse.

Udaje o karyotypech byly ziskdny u 15 druh@i a byl proveden standardni popis
poctu chromosomil (diploidni poc¢et chromosomil — 2n) a morfologie (pocet autosomalnich
ramen — FNa, pocet chromosomalnich ramen — FN).

Rozdily mezi chromosomalnimi sadami populaci netopyri ze Senegalu a dalSich
oblasti Afriky byly nalezeny u Ctyf vespertilionidd (Neoromicia somalica, N. nana,
Scotoecus hirundo, Pipistrellus hesperidus) a jednoho rhinolophida (Rhinolophus landert).

Karyotypy ¢tyi druhi patiicich do ¢eledi Hipposideridae (Hipposideros ruber, H.
tephrus, H. jonesi a H. cyclops) byly popsany poprvé. H. ruber, H. tephrus a H. jonesi méli
karyotyp typicky pro rod Hipposideros (2n = 32, FNa = 60, FN = 64). Rozdily od této
konzervativni sady byly nalezeny u H. cyclops (2n = 36, FN = 66) a H. gigas (2n =52, FN
= 64). Tato cytogenetickd zjiSténi, stejné jako nedavno publikované molekularni vysledky

(\Vallo et al., 2008; Taylor et al., 2012) naznacuji, ze by druhy H. cyclops a H. gigas mohly
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byt oddéleny do samostatného rodu. Hipposideros gigas ze zapadni a H. vittatus z jizni
Afriky by méli byt zatazeni do jediného druhu, jelikoz sdili neobvykly karyotyp (2n = 52).

Karyotypy R. fumigatus a R. landeri ze Senegalu byly obdobné jako v pfedchozich
ptipadech (Rautenbach, 1986). AvSak karyotyp R. landeri se lisil od jedinct patficich do
stejného druhu ptitomnosti dvou dalSich partt dvouramennych autosomt, coz naznacuje
existenci kryptickych forem v rdmci tohoto druhu.

Mops condylurus a Chaerephon pumilus (2n = 48; FNa = cca 54) se karyologicky
neliili od jinych druht této karyotypové konzervativni ¢eledi (Rautenbach et al., 1993).

Druhy Neoromicia rendalli a Nycticeinops schlieffenii mély sady podobné
predchozim zjisténim (Ruedas et al., 1990; Kearney et al., 2002). AvSak Neoromicia
somalica, N. nana, Scotoecus hirundo a Pipistrellus hesperidus byli natolik karyotypoveé
odli$ni od pfislusnikt stejného druhu (Rautenbach et al., 1993; Wolleth et al., 2006), zZe by
mohli byt povaZovani za kryptické taxony, coz bylo nasledné podpoteno také zjisténymi
genetickymi distancemi.

Kombinovana analyza osmi mitochondrialnich a jadernych geni senegalskych
jedincti s Gdaji z genové banky (GenBank) odhalila, ze Pipistrellus rueppellii je bazalni ke
kladu Pipistrellus/Nyctalus a pravdépodobné i zasluhuje oddéleni do samostatného rodu.
Déle byla potvrzena difylie rodu Neoromicia.

S pomoci dat ziskanych z genové banky (GenBank) byly navrzeny nékteré diive
nevyfesené topologie fylogenetické divergence. Byla potvrzena polyfilie rodu Eptesicus,
priCemz E. nasutus a E. dimissus se vyc¢lenili od zbylych zastupct tohoto rodu. Tribus
Scotophilini tvotil druhou nejbazaInéjsi skupinu vSech vespertilionidi a triby Pipistrellini a
Vespertilionini byly definovany odlisné od zjisténi z jinych nedavnych studii (Roehrs et
al., 2010, 2011). Glischropus tylopus byl zatazen do skupiny Pipistrellus/Nyctalus, jakozto
bazalni linie k (vychodo)asijské skuping pipistrelld.

Zavéry

Vysledky ze zapadni Afriky ukazuji, Ze i vySetfeni populaci na relativné malém
uzemi miize odhalit zajimavé a nové poznatky, véetné kryptickych taxond, novych nebo
odli$nych karyotypu v ramci rodl nebo druhtd a pochopeni fylogenetickych vztaht. Nalez
jednoho kryptického taxonu v c¢eledi Rhinolophidae a dalSich péti, které patii do

oddélenych fylogenetickych linii v ramci celedi Vespertilionidae, indikuje jejich dlouhou
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izolaci od ostatnich africkych populaci a naznacuje vysokou pravdépodobnost existence
dalSich zatim neodhalenych kryptickych taxont v této oblasti.

Rovnéz bylo znovu potvrzeno, Ze karyotypové udaje mohou byt uziteCnymi,
nezavislymi a jednoduchymi fylogenetickymi znaky, slouZicimi k identifikaci kryptickych
druhti nebo divergentnich kladi.

Podnéty k ustanoveni novych taxonti a k systematickym zménam zaloZenym na
molekularnich a cytogenetickych poznatcich ukazuji, Ze morfologicky podobné druhy,
které se vyskytuji v Africe, jsou v mnoha pfipadech vysledkem konvergentniho vyvoje,
nebot’ tyto druhy ve skutecnosti patii k fylogeneticky vzdalenym skupindm. Je zfejmé, Ze u
(africkych) letount stale existuje velky prostor pro nové objevy a uptesnovani dosavadnich

znalosti.
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