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Thank you to all those batty people out there, who emailed their support and encour-
agement for the first issue of ABCN (I did not receive any negative comments!). This 
issue is packed mainly with abstracts from the 13th IBRC held in Poland in August. 
The abstracts presented in this issue are only a fraction of the total number of posters 
and papers presented at the conference. I would encourage readers to get their hands 
on a copy of all the abstracts, as there is some amazing research happening out there 
regarding bats. 

Thank you to the Transvaal museum for hosting ABCN, as well as a website that is 
under construction to support the conservation of bats in Africa. The aim of this web-
site will be to create a central link to all organizations, groups, or individuals who are 
actively involved in the research, rehabilitation, education and conservation of Africa’s 
diverse bats. If you feel you would like to be linked to the newsletter and/or the web-
site, please would those organizations, groups or individuals, contribute a short article 
to the newsletter for the Research and Conservation section, outlining history, present 
and future plans/projects that deal with the conservation of bats in Africa or its associ-
ated islands— Ernest C.J. Seamark 
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See Recent Literature section on page 5 to view abstracts of 
posters and papers presented at the 13th International Bat 
Research Conference in Poland. 

Above: Participants to the 13th International Bat Research Conference Mikolajki, Poland, 23-27 August 2004. 



African Bat Conservation  News Page 3 October 2004 vol.2 

SCIENTIFIC CONTRIBUTIONS 

 

African Bat Conservation News publishes brief notes concerning the biology of bats, new geographical distributions 
(preferably at least 100 km from the nearest previously published record), sparsely annotated species lists resulting 
from local surveys including roost counts and echolocation and sonograms of bat species occurring on the African 
continent and adjacent regions, including the Arabian peninsula, Madagascar, and other surrounding islands in the 
Indian and Atlantic oceans. 

GEOGRAPHICAL DISTRIBUTIONS 
Martienssen’s Mastiff Bat, Otomops martiensseni 
(Matschie 1897) (Molossidae) in Eritrea. 
 

 By: Dieter Kock (Forschungsinstitut Senckenberg, Senckenberg-Anlage 25, D-63350 
Frankfurt a. M., Germany. Email dkock@senckenberg.de) and  
Dietmar Zinner (Dept. Ethology & Ecology, Deutsches Primatenzentrum, Kellnerweg 
4,D-37077 Göttingen, Germany. Email dzinner@gwdg.de) 
 

Key words: Otomops, range extension, cave colony 

Inspection of a disused tunnel (by DZ) on the Eritrean 
railway line from Massawa (Massawah, Massaua, 
Mits’iwa, Mitsiwa’e, the northern Red Sea port of Eri-
trea, 15°37’N - 39°26’E) to the capital Asmara (Asmera, 
on the highland at 2340 m a.s.l.) in Oct. 1997 revealed 
the existence of a larger bat colony. No reference mate-
rial was secured, but the species could easily be identi-
fied as Otomops martiensseni (Matschie 1897) by in-
spection from a distance of 1.5 m and confirmed from a 
photograph taken (Fig. 1)  

The identification rest solely on the position of the local-
ity in relation to the total range of the species, repre-
senting the northernmost occurrence on the African 
continent. The related smaller-sized taxon O. madagas-
cariensis Dorst 1953, is endemic to Madagascar 
(PETERSON et al. 1995) and disjunctly separated by 
many occurrences of O. martiensseni in eastern Africa.  

 
The length of the tunnel is about 120 m and it is located at about 2050 m a.s.l., ca. 15°21’N - 39°01’E, which is some 
8 km east of Asmara. The nearest stations along the railway line are Arborobo ca. 2 km uphill, and Nefasit, a few km 
downhill. The tunnel lies on the eastern side of the escarpment and its altitude is considerably higher than previously 
known for any colony of O. martiensseni in this part of Africa (YALDEN et al. 1996: 1300 m).  

While one side of the tunnel is open (uphill), the other end is nearly completely blocked by an earth slide; its interior is 
completely dark after a few meters, because of the earth slide and the tunnel constitutes a curve. O. martiensseni 
roosted densely packed in two patches on the tunnel roof in complete darkness, ca. 80 m from the uphill entrance. 
Both patches have been 10 m apart and comprised some 500 individuals on the first visit (October 1997). No young 
(smaller) individuals have been noticed at that time and there was only a thin layer of bat guano recognizable. The 
colony remained stable in number as noticed on later visits in April 1998 and October 1998. Recently, we were in-
formed that O. martiensseni continued to be present at least until 1. November 2003 (pers. com. HEZY SHOSHANI).  

Figure 1: Colony of Otomops martiensseni in railway tunnel on Massawa-
Asmara railway line.  

© Peláez & Zinner, 1997 
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This roost could have been occupied by O. martiensseni only very recently. The 280 km railway line from Massawa 
reached Asmara on 6. December 1911 (LANGKNECHT 1995). Initially, vapour and exhaust gasses from steam and die-
sel locomotives surely prevented that bats would roost in any of the 30 tunnels along the line. Only since 1977, when 
bombing during the Eritrean independence war stopped the railway traffic, the tunnel could have become suitable for 
colonization by bats. From 2000 onwards, after the 2nd Eritrean-Ethiopian war, the line was closed for the public. 
Thus, this colony of an estimated establishment a quarter of a century ago represents the historically youngest one 
known for this species. A railway tunnel in central Germany disused since 1974, became a hibernation site of vesper-
tilionid bats at least since 1987, i. e. within 13 years.  

The Eritrean colony is definitely younger than the first establishment of O. martiensseni in Durban, South Africa, after 
this city offered suitable habitats (we do not see any chance for a viable O. martiensseni colony to have possibly 
reached this port aided by ships traveling between Durban and East African ports; TAYLOR et al. 1999). It is also 
younger than the first possible roosting of this bat in the lava tubes of the Chyulu Hills, Kenya, dated approximately to 
the 7-8th century, after these had cooled down. 

The nearest known occurrences of O. martiensseni are to the East and Southwest. In 1997, i.e. as recent as in Eri-
trea, a cave colony of this species comprising some 1500 bats was discovered on the opposite side of the Red Sea in 
Yemen (AL-JUMAILY 1998, 1999: Hud Sawa cave, Ar-Rayadi Al-Gharbi Mts., 2400 m, some 3 km NW of Al-Mahweet, 
15°28´N - 43°33´E; SMF 87648-51). At a comparable distance from Eritrea as this Yemeni colony, O. martiensseni 
was collected in Djibouti (HILL & MORRIS 1971), later specified as from Mt. Day, 11°46'N - 42°39'E, 1471 m a.s.l. 
(LAURENT & LAURENT 2002). This record is erroneously placed in Ethiopia by FENTON et al. (2002: fig. 1) on their dis-
tribution map. Actually, the only precise record from Ethiopia is by LARGEN (1973; SMF 41832-33, 52378) from Sof 
Omar limestone cave, 06°54'N - 40°48'E, at 1340 m a.s.l., 40 km W of Ginir, Bale Jarra, where O. martiensseni was 
roosting in large numbers. Further localities for O. martiensseni in Ethiopia remain undisclosed (FENTON et al. 2002: 
fig. 1).  

This record of O. martiensseni raises the total number of Chiroptera species for Eritrea to 31 (LARGEN et al. 1974: 30 
species recorded from Eritrea), contra HUTSON et al. (2001: 79, 109), who accorded but only 11 species of Microchi-
roptera to Eritrea and no megachiropteran species at all.  
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 Systematic status of Pipistrellus deserti Thomas, 1902 (Vespertilionidae) within the P. kuhlii group 
PETR BENDA1 and MANUEL RUEDI2.  
1Department of Zoology, National Museum (Natural History), Václavské nám. 68, Praha 115 79, Czech Republic.  E-mail: 
petr.benda@nm.cz. 2Department of Mammalogy and Ornithology, Natural History Museum, 1, rte de Malagnou, C. P. 6434, Ge-
neva 1211, Switzerland. E-mail: manuel.ruedi@mhn.ville-ge.ch.  

The Desert pipistrelle Pipistrellus deserti was described initially from the oasis of Murzuk in southwestern Libya. It occurs in most 
arid parts of the Sahara, and is known from at least 15 sites in Morocco, Algeria, Libya, Egypt and Sudan. Records from sub-
Saharan Africa (Ghana, Burkina, Nigeria, Uganda, Kenya, Somalia) were also attributed to this species, but this affiliation is uncer-
tain. Although most authors consider P. deserti as a full species, others judge it as a subspecies, or even as a junior synonym of 
the Kuhl’s pipistrelle, Pipistrellus kuhlii. We analysed Desert pipistrelles from Libya using both morphologic and genetic tech-
niques, and compared them with P. deserti samples from other Saharan countries and with P. kuhlii from the Mediterranean and 
Middle East. P. deserti from Libya is morphologically similar to other populations from the deserts of North Africa. Besides from 
coloration, several meristic characters of P. deserti differ markedly from P. kuhlii. However, molecular reconstructions suggest that 
haplotypes of P. deserti from Libya are imbedded within the phylogenetic tree of P. kuhlii. Furthermore, these genetic data suggest 
that P. kuhlii from Libya and Greece are more closely related to P. deserti than to other P. kuhlii from the Middle East (Syria and 
Iran). Because the Middle Eastern P. kuhlii are also morphologically rather distinct from those of the Mediterranean, we suggest to 
split the Western Palaearctic P. kuhlii into three distinct subspecies. One would correspond to the nominative subspecies P. k. kuh-
lii (circum-Mediterranean), one to a desertic form P. k. deserti living in the Sahara and P. k. lepidus from the Middle East. 

 
 
 Systematic status of North African populations of Pipistrellus pipistrellus complex (Vespertilionidae) 
PETR BENDA1, PAVEL HULVA2, and JIÌÍ GAISLER3.  
1Department of Zoology, National Museum (Natural History), Václavské nám. 68, Praha 115 79, Czech Republic; E-mail: 
petr.benda@nm.cz. 2Department of Zoology, Charles University, Vinièná 7, Praha 128 44, Czech Republic; E-mail: 
hulva@natur.cuni.cz. 3Department of Zoology and Ecology, Masaryk University, Kotlarska 2, Brno 611 37, Czech Republic. E-mail: 
gaisler@sci.muni.cz.  

The distribution of pipistrelles of the Pipistrellus pipistrellus complex (= P. pipistrellus s. l.) reaches only marginally the African con-
tinent, these bats are known from only a narrow strip of the Mediterranean zone in Maghreb and from NE Libya. We analysed mu-
seum specimens of African populations of P. pipistrellus s. l. using both morphologic and genetic techniques. The African represen-
tatives of P. pipistrellus complex comprise two morphologically, genetically and geographically very different sets. One distinct 
population inhabits the Mediterranean part of Cyrenaica, Libya. Belonging to the P. pygmaeus lineage, these bats are represented 
by great and rustier individuals with relatively and absolutely larger massive rostrum and canines. In morphologic traits, this popu-
lation differs significantly from all Western Palaearctic populations of the P. pipistrellus complex. Within the P. pygmaeus lineage 
these bats are exclusive by their echolocation calls: the maximum energy of terminal frequencies is at about 45 kHz. In conclusion, 
we consider the Libyan pipistrelles to represent a separate species. Another distinct African pipistrelle population inhabits the 
Mediterranean parts of NW African countries, Morocco, Algeria and Tunisia. These are small and slightly darker individuals of the 
P. pipistrellus lineage with relatively shorter and narrower part of rostrum. Although both morphologic and genetic differences of 
this population from Eurasian P. pipistrellus s. str. were found, they are not on the specific level. However, the differences from 
European samples (incl. Spanish ones) show a rather step character and therefore potential subspecific level of NW African P. 
pipistrellus has to be taken into consideration. 
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Abstracts from the 13th International Bat Research 
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 Systematic status of African populations of long-eared bats (Vespertilionidae: Plecotus) 
PETR BENDA1, ANDREAS KIEFER2, VLADIMÍR HANÁK3, and MICHAEL VEITH2.  
1Department of Zoology, National Museum (Natural History), Václavské nám. 68, Praha 115 79, Czech Republic; E-mail: 
petr.benda@nm.cz. 2Department of Ecology, Johannes-Gutenberg University, Saarstrasse 21, Mainz 55099, Germany; E-mail: 
akiefer@uni-mainz.de, mveith@uni-mainz.de. 3Department of Zoology, Charles University, Vinièná 7, Praha 128 44, Czech Re-
public. 

Long-eared bats of the genus Plecotus are widespread over most of temperate Eurasia, marginally reaching the African continent 
and Macaronesia. Previously, all African populations were assigned to one species, P. auritus, and later to P. austriacus. We analy-
lysed museum specimens of African long-eared bat populations using both morphologic and genetic techniques. Based on mor-
phological evidence we recognise four well-defined allopatric populations in northern Africa. They differ in fur colouration, skull 
morphology and bacular traits. The molecular data support a division of the African populations into at least three well-separated  
volutionary lineages. With a combination these data we define three species of Plecotus occurring in Africa (incl. the Canary Is-
lands) and describe a new subspecies. Small, very pale greyish-brown Plecotus christii inhabits desert and semi-deserts habitats 
of eastern Sahara (Libyan Desert, Nile Valley of Egypt and N Sudan). Smaller to medium-sized, dark brown P. balensis inhabits 
the Ethiopian Highlands above 2000 m a.s.l. of Ethiopia and Eritrea. This form represents the only known Afro-tropical species of 
the genus. Large, dark greyish P. teneriffae teneriffae occurs on the three western islands of the Canarian Archipelago. A medium-
sized greyish-brown P. teneriffae ssp. was described from the Mediterranean region of Cyrenaica, north-eastern Libya. However, 
this new form is very probably consubspecific with the population which occurs in the Maghreb (Morocco, Algeria, Tunisia and 
Tripolitania). The systematic position of the population of Cape Verde Islands remains uncertain, previous Senegal records are 
considered dubious. 
 
 
Cranial osteology of Pteropus 
NORBERTO P. GIANNINI1, JOHN R. WIBLE2, and NANCY B. SIMMONS1.  
1Department of Mammalogy, American Museum of Natural History, Central Park West at 79th Street,New York NY 10024-5192, 
USA; E-mail: norberto@amnh.org. 2Section of Mammals, Edward O’Neil Research Center, Carnegie Museum of Natural His-
tory,5800 Baum Boulevard, Pittsburgh, Pennsylvania, PA 15206-3706, USA. 

As part of an ongoing program of research on chiropteran morphology, a complete osteological description of the skull of Pteropus 
was undertaken with the aim of providing a reference on morphological description and terminology to bat researchers in particular 
and mammalian morphologists in general. Because bone fusion precludes detailed study of the limits and relationships of cranial 
bones in adult bats, subadults were examined for the primary description. The focus of study were specimens of Pteropus lylei 
housed at the Carnegie Museum of Natural History and the American Museum of Natural History. Additional observations were 
made on specimens of P. livingstonii and P. capistratus. The work has six main sections: description of the skull as a whole in the 
model species, description of the external surfaces of each bone, description of the internal surfaces of the skull, dentition, foram-
ina contents and homology, and development. Foramina contents, muscle attachments, and problematic bone relationships were 
identified (and their homology issues addressed) in two sectioned fetuses (Pteropus giganteus and Pteropus sp.). Terminology 
was standardized whenever possible according to the Nomina Anatomica Veterinaria, and synonymy of a wide set of historically 
used terms was made explicit. Particular topics, such as the pattern of bone overlap, the pattern of occlusion and tooth wear, and 
ontogenetic transformations in general, were given special attention. Extensive comparisons with other megachiropterans were 
made to place the cranial osteology of Pteropus into a broader perspective. 

 
 
Three new approaches for quickly and objectively classifying bat calls when using linear Discriminant Func-
tion Analysis 
KYLE N. ARMSTRONG 
Biota Environmental Sciences Pty Ltd, FF2/186 Scarborough Beach Road, Hawthorn, Western Australia, 
6016, Australia; E-mail: kyle@biota.net.au. 

Three new approaches for providing quick and objective identifications of bat species from echolocation call variables are demon-
strated. All rely on linear discriminant function analysis (DFA) at some stage of the process, but especially in the first instance to 
define distinct species clusters. The approaches utilise a bivariate scatterplot that can be produced from entering the variables 
measured from call sequences into the discriminant functions. All then determine whether a new point falls within the intra-specific 
call variation of each species, or within confidence regions based on that variation. Two of the approaches define this intra-specific 
call variation by a polygon, whereas the third uses confidence ellipses for prediction, which is similar to using Mahalanobis distanc-
tance (commonly employed when using DFAto classify new cases). Each approach varies slightly in terms of its utility (i.e. ease of 
use or setup) and how conservatively they allocate identifications (i.e. the Type I error probability – not providing an identification 
when one should be given, although this is determined by the user in some methods). However, objectivity and the probability of a 
Type II error (i.e. providing identification when none should be given) is independent of method and related to the comprehensive-
ness and homogeneity of the reference dataset, and on decisions made regarding a “species complex”. It is anticipated that these 
approaches will be most useful for inventory surveys, and particularly so when used in conjunction with new automated software. 
The approaches need further testing on comprehensive datasets to illustrate in more detail their relative strengths and limitations. 
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Pattern of ganglioside expression in central nervous system of Myotis sp. bat 
D. DIKI‚1, A. MOJSOVI‚2, I. BIRUS3, H. PETERNEL4, R. SCHNAAR5, and M. HEFFER-LAU‚3 
1Department of Animal Physiology, Division of Biology, Faculty of Science, University of Zagreb, Rooseveltovtrg 6, Zagreb HR-
10000, Croatia; E-mail: zagreb_croatia_2000@yahoo.com. 2Department of Biology, School of Medicine, Zagreb, Croatia. 3Depart-
ment of Biochemistry, Faculty of Medicine, University of Osijek, 4Oikon Zagreb. 5Department of Pharmacology, The Johns Hopkins 
School of Medicine, Baltimore, MD, USA. 

Gangliosides are components of the plasma membrane. They consist of ceramide anchor and different number of sialic acid linked 
to inner or/and outer galactose sugar core chain (Gluc GalGalNAc Gal). Gangliosides are ten times more abundant in CNS of 
higher vertebrates then in any of extraneural tissues. Out of almost 100 different types GM1, GD1a, GD1b and GT1b are major 
forms appearing in CNS. The exact physiological and neurobiological role is still unknown. However there is evidence that they 
participate in neurogenesis, brain development and maturation, synapse formation, memory, communication and adhesion of cells 
and information transduction. Physiologically they serve as NGF, EGF, insulin and interferon sensitivity regulators. Pathophysi-
ologically they bind some biotoxins and participate in some cancerous processes. Furthermore there are recent evidences that 
they participate as CNS homeostatic factors in ectothermic and endothermic animals during hibernation allowing neural functions 
at low temperatures. Immunohistochemicaly, using monoclonal Ab against GM1, GD1a, GD1b and GT1b, we showed the distribu-
tion of gangliosides in CNS of adult Myotis sp. bat. The results are the major starting point for further possible research of hiberna-
tion changes, embryonic neurogenesis of pathways evolutionary specific to bats. Also the results could be used as aid and refer-
ence in biomedical research since they represent a good evolutionary comparison model to human ganglioside research data. 

 
The single pulse analysis – a method for quick identification of ‘peak frequency bats’ (Chiroptera, Vespertili-
onidae) based on their ultrasound 
MATTI MASING 
Department of Zoological Diagnostics, Institution: Sicista Development Centre, Box 111, Tartu, 50002, Estonia; E-mail: 
matti@ut.ee. 

Ultrasound calls of nine species of boreal “peak frequency bats” (PF-bats, PF-species) were studied to find an easy method for 
their identification using a bat detector (Pettersson D240) and sound analysis software (BatSound, version 1.10). The Sony and 
Panasonic cassette recorders were exploited to record bat sounds in the field. The study resulted in developing the present 
method of “single pulse analysis” (SPA) in which either one or only a few pulses (the longest and/or the flattest pulses emitted in 
relatively open habitat), chosen from a sequence of recorded pulses, are used to identify the species of a flying PF-bat. In SPA the 
“peak frequency” (PF) of a chosen pulse is the main character used to identify the species, but other characters like “start fre-
quency” and “end frequency” can be used in addition. It is recommended to measure PF along the last 50% of the pulse length 
(PF50), although the common way of measuring it (along 100% of the pulse length, PF100) is also acceptable. Implementing PF50 
reduces variation and, as a result, the PF overlap between species is reduced as well. Implementing SPA includes the following 
steps: 1) compile a database of bat sounds (DBS) of the study area, 2) develop a key to bat sounds (KBS) using DBS and the 
characters of ultrasound pulses of each species recorded in relatively open habitat, 3) use the classification of ultrasound pulses of 
PF-bats to identify the pulse types, 4) identify an unknown PFbat using the right pulses chosen from its recorded sound, the classi-
fication of bat sounds and the KBS of the study area. During the study of bat sounds the so-called “5 kHz rule” was discovered. It 
appeared that in relatively open habitat the pulses of almost each PF-species have PFs within a strict bandwidth of about 5 kHz. 

Establishing a Western Indian Ocean regional group for the IUCN/SSC Chiroptera Specialists Group 
WILLIAM J. TREWHELLA 
Department of Ecology & Biodiversity, The University of Hong Kong, The Old Rectory, Stansfield, Suffolk CO10 8LT, UK; E-mail: 
will.trewhella@nottingham.ac.uk. 

The IUCN / SSC Chiroptera Specialist Group (CSG) encourages the establishment of regional groups to co-ordinate bat conserva-
tion needs and activities within a region, and provide a source of relevant information. A regional group is being established for the 
Western Indian Ocean (http://horus.cs.nott.ac.uk/WIO/ ) to cover: Madagascar; Mauritius and Rodrigues; Seychelles and Aldabra; 
the Union of the Comoros; the French departments / territories of Mayotte and Réunion; the Tanzanian islands of Mafia, Pemba 
and Zanzibar; and the Socotra Archipelago (Yemen). Madagascar and the West Indian Ocean (WIO) Islands have a high level of 
biodiversity and endemism. Around 64 species of bats (15 Megachiroptera and 49 Microchiroptera) are found in the Western In-
dian Ocean region; five of these are currently listed as Critically Endangered (3 Megachiroptera and 2 Microchiroptera) and one 
Megachiroptera species went extinct in 19th Century. 
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Adaptation of brain regions to habitat complexity: a comparative analysis in bats (Chiroptera) 
KAMRAN SAFI and DINA K. N. DECHMANN 
Zoologisches Institut, Universität Zürich, Winterthurerstrasse 190, Zürich 8057, Switzerland; E-mail: k.safi@gmx.ch,  
dechmann@zool.unizh.ch. 

Vertebrate brains are organised in modules, which process information from sensory inputs selectively and are therefore probably 
under different evolutionary pressures. We investigated the impact of environmental influences on brain structure in bats, using 
regions associated with hearing, olfaction and spatial memory. We compared wing area, as a correlate of habitat complexity with 
the size of these regions, while controlling for phylogeny and body mass. The inferior colliculi, the largest sub-cortical auditory cen-
tre, showed a strong positive correlation with wing area in echolocating bats. However, increasing adaptation to complex habitats 
in echolocating bats did not influence the auditory nuclei, a conglomerate of nuclei associated with hearing. The pteropodids, al-
though not echolocating, showed improved hearing abilities along with increasing adaptation to dense habitats. The size of the 
main olfactory bulb did not increase with wing area suggesting that olfaction may not be used for the localisation of food and orien-
tation. As expected, adaptation to structured habitat was linked to a larger hippocampus in all bats. Our results suggest that mor-
phological adaptations related to flight and sizes of brain regions co-evolved under similar ecological pressures. Thus, we show 
that habitat complexity selectively influences and shapes sensory abilities. 
 
  

Paper session 
 

  Bat systematics and evolution: molecules, morphology, mystery? 
 
Bearing of neuromorphological traits on reconstruction of chiropteran phylogeny 
PAVEL NOEMEC, MARCELA LUCOVA, HANA SKALOVA, and IVAN HORÁ„EK 
Department of Zoology, Charles University, Vini …ná 7, Praha 2, CZ-128 44, Czech Republic;E-mail: pgnemec@natur.cuni.cz, 
horacek@natur.cuni.cz. 

Neuromorphological traits constitute the main body of evidence supporting chiropteran diphyly hypothesis. Indeed, early Petti-
grew’s papers challenging the monophyletic origin of bats have been based almost entirely on the neural traits. However, the heat 
of the monophyly/diphyly controversy resulted in the comprehensive revision of their heuristic value for phylogenetic reconstruc-
tion. Virtually none of the strongest pieces of evidence supporting the diphyletic scenario can withstand the critical analysis in the 
light of more recent re-investigations. First, the megachiropteran retinotopic organization of the superior colliculus is not primate-
like, but follows the general mammalian scheme (Thiele et al., 1991). Second, the megachiropteran lamination pattern in the lat-
eral geniculate nucleus is distinctive and differs from that of primates (Kaas and Preuss, 1993). Third, the microchiropteran visual 
system exhibits regressive features indicative of secondary reductions; a poorly differentiated visual system of insectivorous bats 
can not therefore be looked upon as a plesiomorphic state (authors’ unpublished data). Fourth, gross morphology, cyto- and mye-
loarchitectonic organization of the spinal cord do not differ significantly between Mega- and Microchiroptera; commonly discussed 
differences do not refer to any disparate quality or characters with discrete states but to continuous quantitative variables scaled by 
body size and the degree of the neocortex development (Nìm_c et al., 2000; authors’ unpublished data). Finally, quantitative brain 
characters, when analyzed within an appropriate statistical framework, do support the monophyletic origin of bats (Lapointe et al., 
1999). 

 

 
Phylogenetic relationships among Recent chiropteran families and the importance of choosing appropriate 
outgroup taxa 
RONALD A. VAN DEN BUSSCHE1 and STEVEN R. HOOFER2 
1Department of Zoology, Oklahoma State University, 430 Life Sciences West, Stillwater, Oklahoma 74078, USA; E-mail: 
ravdb@okstate.edu. 2Department of Biology, Texas Tech University, Lubbock, Texas 79409, USA; E-mail: srhoofer@hotmail.com. 

Results of recent molecular studies cast doubt on the validity of the superorder Archonta, suborders Mega- and Microchiroptera, 
and infraorder Yinochiroptera and has even led some to consider novel alternatives for the evolution of flight and echolocation in 
mammals. At present, higher-level relationships within Chiroptera still are without consensus and much of this controversy is re-
lated to how bats are related to other mammals and also to relationships among family-level lineages within Chiroptera. Although 
this controversy superficially manifests as differences in the relative merits of morphologic versus molecular data, both classes of 
data are themselves conflicting. We contend that much of the discrepancy among these studies is due to improper choice of out-
group, limited taxonomic sampling, or both. We examined approximately 3 kb of mitochondrial DNA from 104 bats representing the 
taxonomic, geographic, and morphologic diversity within all families (except the monotypic Craseonycteridae) and 58 additional 
taxa representing 12 other orders of mammals. Results of our analyses strongly support other recent work indicating that Archonta 
is not a natural assemblage and that the sister taxon to Chiroptera may include Cetartiodacptyla, Perissodactyla, Carnivora, and 
possibly Pholidota. Using representatives of these taxa as outgroups to evaluate interfamilial relationships within Chiroptera we 
detected strong support for recognition of the suborders Yinpterochiroptera and Yangochiroptera. Within Yangochiroptera, our 
analyses strongly support expansion of the superfamily Noctilionoidea to include the New World Thyropteridae and Furipteridae. 
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 A complete interfamilial molecular phylogeny illuminates Chiropteran biogeographical history 
EMMA C. TEELING, WILLIAM J. MURPHY, OLE MADSEN, PAUL BATES, MARK S. SPRINGER, and STEPHEN J. O’BRIEN 
Laboratory of Genomic Diversity, National Cancer Institute, Bldg. 560, Rm. 21-48, Fort Detrick, Ferderick, Maryland, MD 21702, 
USA; E-mail: emmat@mail.nicfcrf.gov. 

Bitter scientific debates in mammalian evolutionary history have stemmed from the interpretation of alternative phylogenies ac-
quired with different data types and reconstruction methods. This has been most apparent within the Order Chiroptera. To date, 
there are approximately 1,110 extant bat species, globally distributed, and second only to rodents in terms of species numbers and 
ecological diversity. Despite their numbers, the biogeography and evolutionary history of bats are both controversial and poorly 
understood. This has been attributed to an impoverished fossil record, controversial phylogenetic hypotheses and constraints on 
morphological evolution imposed by flight. To address these questions and discriminate between the competing phylogenic hy-
potheses we sequenced 13.7kb of nuclear sequence data from portions of 17 nuclear genes for representatives of all bat families 
and four laurasiatherian outgroups (30 bats, 4 outgroups). This is largest molecular data set both in terms of taxonomic diversity 
(first time a representative of each bat family is included in a molecular phylogenetic analysis) and number of base pairs. The 
basal divergence dates, of all major clades, were estimated using Bayesian analyses and constraints from the fossil record. The 
new timescale, coupled with the complete phylogeny illuminates and differentiates between competing bio-geographic hypotheses. 
Funded in part by DHHS NO1-CO-12400. 
 
 
The evolution of echolocation in bats: a phylogenetic perspective based on nuclear intron sequences 
GEETA EICK1, DAVID S. JACOBS2, and CONRAD MATTHEE1 
1University of Cape Town, Evolutionary Genomics Group, Zoology Department, University of Stellenbosch,Private Bag X1, Matie-
land 7602, Stellenbosch, Western Cape 7602, South Africa; E-mail of GE: eick@sun.ac.za. 2Department of Zoology, University of 
Cape Town, Private Bag, Rondebosch 7701, Cape Town 7701, South Africa; E-mail: djacobs@botzoo.uct.ac.za. 

Existing family-level bat phylogenies based on morphology or different types of molecular data are contradictory. Within the Micro-
chiroptera there are a wide variety of different types of echolocation, and the lack of a robust phylogenetic framework reduces con-
fidence in any inferences that can be drawn about the evolution of echolocation strategies. Most phylogenies do not include many 
extant bat families, while others only used one to two species from each family to construct higher order relationships. We report 
on the utility of supermatrix analyses of four novel intron markers for resolving phylogenetic relationships amongst bat families. 
Seventeen of the 18 recognised bat families (represented by 55 taxa) as well as eight outgroup taxa have been included in the 
analysis. Preliminary analysis of a 1.5 kb intron supermatrix based on two of the intron markers confirms the paraphyly of Microchi-
roptera, with rhinolophoid microbats closely associated with the Megachiroptera. The evolution of echolocation within Chiroptera 
appears to be complex, with nasal echolocation evolving independently three times, once in the lineage leading to the Rhinolo-
phoidea, once in the Nycteridae and once in the Phyllostomidae. Paraphyly of the microbats suggests that high-duty-cycle echolo-
cation evolved independently from low-duty-cycle echolocation twice, once in the Rhinolophoidea and once in the genus Pterono-
tus (Mormoopidae). It also suggests that the possible split in the Yinpterochiroptera was based on one lineage evolving echoloca-
tion and the other greater visual acuity. The genus Rousettus in the latter lineage independently evolved echolocation probably in 
the context of its use of cave roosts. Further insights into the evolution of echolocation will be presented based on extensive phy-
logenetic analyses of a supermatrix containing all four novel intron markers. 

 
 
Bats, clocks and rocks: diversification patterns in Chiroptera 
KATE E. JONES1, OLAF R. P. BININDA-EMONDS2, and JOHN L. GITTLEMAN3 
1Center for Environmental Research and Conservation, Columbia University, 1200 Amsterdam Avenue, MC 5556, New York 
10027, USA; E-mail: kj2107@columbia.edu. 2Lehrstuhl fürierzucht, Technical University of Munich, Alte Akademie 12, 85354 Freis-
ing-Weihenstephan, Germany ; E-mail: Olaf.Bininda@tierzucht.tum.de. 3Department of Biology, University of Virginia, Department 
of Biology, Gilmer Hall, University of Virginia,Charlottesville, Virginia 22904-4328, USA; E-mail: jlgittleman@virginia.edu. 

Understanding if species are unevenly distributed across clades is critical for explaining the evolutionary processes of biodiversity 
as well as preserving the tree of life. For the first time, we quantitatively explore patterns in diversification among the second larg-
est order of mammals, the bats (Chiroptera). We use whole-tree methods that exploit the topological distribution of species diver-
sity and temporal methods that exploit the distribution of speciation events through time. Under multiple statistical models, we 
show that bat among-lineage diversification rate has not been constant and shows more heterogeneity than other mammalian 
clades thus far studied. Whole-tree likelihood-based relative rates tests suggest that clades within the families Phyllostomidae and 
Molossidae underwent a number of significant relative changes in diversification rate. There is also some evidence for rate shifts 
within Pteropodidae, Emballonuridae, Rhinolophidae, Hipposideridae and Vespertilionidae, although the significance of these shifts 
depends on polytomy resolution within each family. Diversification rate in bats has also not been constant, with the number of line-
ages through time revealing that the greatest diversification rate occurred around 25–35 million years ago, a time coinciding with a 
rapid diversification in the flowering plants. 
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Chiropteran phylogeny – the karyological view 
MARIANNE VOLLETH1, HORST HAMEISTER2, and KLAUS-GERHARD HELLER3 
1Institute of Human Genetics, University Hospital, Otto-von-Guericke University, Magdeburg, Germany; E-mail: 
Marianne.Volleth@Medizin.Uni-Magdeburg.de. 2Department of Medical Genetics,University Ulm, Albert-Einstein-Allee 11, D-89069 
Ulm, Germany. 3Institut für Zoologie der Universität Erlangen, Staudtstrasse 5, 91058 Erlangen, Germany. 

Traditionally, the order Chiroptera is divided into two suborders, Megachiroptera and Microchiroptera. In the recent years, several 
molecular genetic studies revealed a closer relationship of Megachiroptera (flying foxes) and Rhinolophoidea, questioning Micro-
chiropteran monophyly. Using conventional techniques, karyotype comparison of different bat families seemed impossible due to 
extensive chromosomal evolution. With the development of fluorescence-in-situhybridization techniques, however, detection of 
homologous chromosomal segments became possible. We used human whole chromosome painting probes to study the karyo-
type composition of six bat families. These experiments showed three clearly separated lineages: First, the Yangochiropteran fami-
lies Vespertilionidae, Molossidae and Phyllostomidae are closely related. Second, the rhinolophoid families studied, Rhinolophidae 
and Hipposideridae share three synapomorphic features. The third lineage is made up by Eonycteris spelaea, the only megachi-
ropteran species studied, showing several plesiomorphic characters. Due to the fact that Rhinolophoidea share features with Yan-
gochiroptera as well as with Megachiroptera, the relationships between this three lineages must be left in an unsolved trichotomy 
at the moment. We hope that further studies, for example comparison with related mammalian orders, e.g., Insectivora, could help 
to elucidate chiropteran phylogeny. 
 
 
 A moveable face: deconstructing microbat phylogeny 
JAMES M. HUTCHEON1 and JOHN A. W. KIRSCH2 
1Department of Biology, Georgia Southern University, P.O. Box 8042 Statesboro GA 30460, USA; E-mail: 
jhutcheo@georgiasouthern.edu. 2Department of Zoology, University of Wisconsin, 250 N. Mills St, Madison WI 53706, USA; E-
mail: jakirsch@facstaff.wisc.edu. 

The microchiropteran infraorders Yinochiroptera and Yangochiroptera were established by Koopman in 1985 in an effort to apply 
cladistic methodology to bat classification. The primary basis for Koopman’s groups was the premaxilla, which Koopman asserted 
to be loosely attached to the maxilla, or moveable, in the Yinochiroptera and fused to the maxilla, or immobile, in the Yangochirop-
tera. Thus one of his infraorders is necessarily based on symplesiomorphy. Notwithstanding, we consider the utility of the premaxil-
lary dichotomy in terms of consistency within groups as well as functional significance; and in light of molecular evidence that 
some yinochiropterans may be specially related to megachiropterans, whilst others are more nearly affiliated with yangochiropter-
ans. We also review names applied to the groups of bats, particularly at the sub- and infraordinal levels, concluding that current 
appellations - including the neologism Yinpterochiroptera - no longer embody the authors’ implied groups or have been so fre-
quently redefined as to be positively misleading. We therefore propose the new subordinal names Vespertilioniformes and Ptero-
podiformes, which are based strictly on the oldest generic names for included taxa (respectively Vespertilio Linnaeus, 1758 and 
Pteropus Erxleben, 1777) and are thus virtually impervious to pre-emption. We also indicate the content of each suborder. 

 

 
 Megachiropteran phylogeny: solving apparent conflict between molecular and morphological data 
NORBERTO P. GIANNINI and NANCY B. SIMMONS 
Department of Mammalogy, American Museum of Natural History, Central Park West at 79th Street, New York NY 10024-5192, 
USA.; E-mail: norberto@amnh.org. 

Several studies in the last decade have investigated megachiropteran phylogeny using molecular techniques. These analyses 
refuted most traditional taxonomic groupings and recovered other groups with no obvious morphological support, suggesting over-
whelming morphological homoplasy, especially in traits related to feeding habits like nectarivory. In order to address this conflict, 
we constructed a large morphological matrix including characters from diverse systems including osteology (skull, dentition, post-
cranium), integument (patagia, fur, rhinarium, pinnae), digestive tract (tongue, buccal mucose), and female reproductive tract. We 
combined our morphological data with the available sequences of the 12S rDNA, tDNA-valine, 16S rDNA, and cytochrome b, and 
the nuclear gene c-mos. Under direct optimization of molecular and morphological data, special efforts were directed at lowering 
all transformation costs through use of aggressive searches including ratchet, tree fusing, and iterative pass optimization. We 
found that although morphology alone recovers trees somewhat different from and partially incompatible with DNA-only trees, the 
combination of the two sources of evidence yielded a well-resolved, well-supported phylogeny of the Megachiroptera that easily 
reconciled the morphological and molecular signals. Successively recovered groups were nyctimenines, cynopterines, dobsoni-
nes, pteropines, a reduced macroglossine clade, rousettines, and myonycterines + epomophorines, with Megaloglossus and 
Eonycteris within myonycterines and rousettines, respectively. The robustness of the approach becomes more evident when con-
sidering the average 3-fold increase in support of suprageneric groups common to those recovered by the molecular partition 
alone. In conclusion, the combined analysis reveals low conflict, previously underestimated morphological support for molecular 
groups, and hidden molecular support for taxonomic groups. 
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 A complex inter-species phylogeny reveals distinctive biogeographic patterns of diversification in triple 
nose-leaf bats (Triaenops spp.) in Madagascar 
AMY L. RUSSELL1, ERIC PALKOVACS1, STEVEN M. GOODMAN2, JULIE RANIVO3, and ANNE D. YODER1 
1Department of Ecology and Evolutionary Biology, Yale University, P.O. Box 208105, New Haven, CT, 06520-8105, USA; E-mail: 
amy.russell@yale.edu, eric.palkovacs@yale.edu, anne.yoder@yale.edu. 2Department of Zoology, Field Museum of Natural His-
tory, 1400 S. Lake Shore Drive, Chicago, IL 60605, USA; E-mail: SGoodman@wwf.mg. 3Department of Animal Biology, University 
of Antananarivo, Madagascar. 

The island of Madagascar has been isolated from other landmasses for the last 88 million years. This long period of isolation has 
resulted in a unique fauna, with high rates of endemicity among its native mammals, birds, fish, and reptiles. High levels of en-
demicity are found among Madagascar’s bat fauna, as well, with 60% of native bat species being endemic, including one endemic 
family (Myzopodidae). We used mitochondrial DNA sequence data to examine phylogeographic structuring among species of the 
genus Triaenops. The species T. furculus and T. rufus are distributed sympatrically along the western coast of Madagascar, while 
T. auritus is known only from the type specimen collected from the extreme northern end of the island. A fourth species, T. per-
sicus, is located in eastern Africa and Arabia. We found little differentiation among populations from throughout the range of T. 
rufus. Similarly, populations of T. furculus from west-central and southwestern Madagascar show little differentiation. However, 
populations from the northern portion of the range of T. furculus are significantly differentiated from other parts of the species (?) 
range, and morphological evidence indicates that these populations may instead belong to T. auritus. These data are consistent 
with two potential hypotheses as to the origin of the genus: 1) an African origin with multiple crossings of the Mozambique Channel 
separating Africa from Madagascar, or 2) a Malagasy origin with subsequent dispersal into Africa. 

 

 
Genetic structure in serotine bats, Eptesicus serotinus, at two different geographic scales from mtDNA se-
quences 
JAVIER JUSTE, CARLOS IBAÑEZ1, and JOAQUIN MUÑOZ2 
1Department of Evolutionary Biology, Estacion Biologica Doñana (CSIC) Seville, Avda Mª Luisa s/n, Seville 41080, Spain; E-mail: 
juste@ebd.csic.es.  2Department of Applied Biology, Estacion Biologica Doñana (CSIC), Mª Luisa s/n, Seville 41080, Spain.  

The main goal of this project is to investigate the social structure of the serotine bat, Eptesicus serotinus. We have studied the 
genetic structure among different populations of serotines using a highly variable mitochondrial DNA fragment (D-loop) and at dif-
ferent geographic scales: first, between Morocco and Iberia and secondly among colonies in southern Spain. A 500 bp fragment of 
the HV1 region was sequenced and aligned for a total of 244 bats belonging to 12 different colonies from Andalusia (southern 
Spain) and Morocco. Data were analyzed from both phylogenetic and network approaches. Preliminary results suggest on one 
hand, a high genetic similarity between Andalusia and northern Morocco. On the other hand, Andalusian populations showed a 
high variation in their haplotypes diversity and genetic structure, despite being some of them only a few kilometers apart. In fact, 
fixation indexes indicate that females, at least, show high phylopatry and colony fidelity. 
 
 
 
 Sympatric speciation in the insectivorous bat Scotophilus dinganii 
DAVID S. JACOBS1, GEETA EICK2, M. CORRIE SCHOEMAN1, and CONRAD MATTHEE1 
1Department of Zoology, University of Cape Town, Private Bag, Rondebosch 7701, South Africa; E-mail: 
djacobs@botzoo.uct.ac.za, schoeman@botzoo.uct.ac.za. 2Department of Zoology, University of Stellenbosch, Private Bag X1 
Matieland, Stellenbosch 7602, South Africa.  

We investigated the possibility of the existence of a cryptic species within Scotophilus dinganii by sampling Scotophilus at two 
sites in South Africa and three sites in Zambia. Here we show that 1) there are two forms of Scotophilus with yellow venters – a 
smaller form with a forearm of 45–52 mm and a larger form with a forearm of 51–60 mm; 2) the two forms differ in their echoloca-
tion behaviour – the smaller form has a peak echolocation frequency of 44 kHz which differs from that used by the larger form (33 
kHz) and S. viridis (40 kHz); 3) the 44 kHz and 33 kHz Scotophilus differ in their cytochrome b sequences by an average of 3.4% 
and both differ from S. viridis by an average of 8.9% and 8.6%, respectively; and 4) the 44 and 33 kHz Scotophilus are sympatric. 
The forearm and peak echolocation frequency of the 33 kHz Scotophilus is the same as that of S. dinganii. On the other hand, 
although the 44 kHz Scotophilus is similar in size to S. viridis it differs from S. viridis genetically, in its echolocation behaviour and 
in its yellow venter. We thus propose that the 44 kHz Scotophilus and the currently recognized S. dinganii are sibling species and 
that sympatric speciation was possibly mediated by disruptive selection on body size and/or echolocation. 
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A molecular appraisal of the Myotis myotis - blythii - punicus species complex: the Good, the Bad and the 
Ugly! 
MANUEL RUEDI1, PETR BENDA2, PIERRE BERTHIER3, and DINO SCARAVELLI4 
1Department of Mammalogy and Ornithology, Natural History Museum, 1, route de Malagnou, C. P. 6434, Geneve 1211, Switzer-
land; E-mail: manuel.ruedi@mhn.ville-ge.ch. 2Department of Zoology, National Museum, Václavské nám _stí 68, 115 79 Prague 1, 
Czech Republic. 3Zooogical Institute, University of Bern, Baltzerstrasse 6, 3012 Bern, Switzerland. 4Riserva Naturale Orientata e 
Museo naturalistico di Onferno, p. Roma 1, I 47855 Gemmano (RN), Italy.  

Recently separated populations or species present a real challenge for the taxonomists who wish to understand the evolution of 
speciation, mainly because lineages are not expected to segregate instantly into reciprocally monophyletic assemblages. Thus, 
ancestral polymorphism, incomplete lineage sorting, or episodes of hybridization may complicate the outcomes of phylogenetic 
reconstructions in such situations. In an attempt to define the number of major evolutionary units in the species complex of the 
large Myotis from the Western Palaearctic, we sampled and sequenced a mitochondrial DNA marker for 130 individuals. Surpris-
ingly, this large data set segregated into two very distinct clades: the first one corresponded to a long-suspected new species, M. 
punicus, from North Africa (see Castella et al., 2000), while the other included a mixture of all European and Middle-eastern M. 
myotis and M. blythii. This suggests the existence of only one major evolutionary unit within large Myotis in continental Europe, a 
result which contradicts previous morphological, genetical and ecological data. In order to investigate further the existence of a 
single evolutionary unit in Europe, we sampled 80 individuals each of M. myotis and M. blythii in two areas of strict sympatry and 
analysed them with several nuclear DNA markers. 98% of the genotypes were assigned correctly to either species, with no evi-
dence of hybridization. We used these apparently contradictory results from both classes of DNA markers to propose a scenario 
for the evolution of this interesting species complex. 
 
 
 Phylogeography of Pipistrellus pipistrellus / P. pygmaeus complex (Chiroptera: Vespertilionidae) 
PAVEL HULVA1, IVAN HORÁ„EK1, PETR P. STRELKOV2, and PETR BENDA3 
1Department of Zoology, Charles University, Vini …ná 7, 128 44 Prague 2, Czech Republic; E-mail: hulva@natur.cuni.cz. 2Zoologi-
cal Institute of the Russian Academy of Sciences, Universitetskaja nabereznaja 1, 199034 St. Petersburg, Russia. 3Department of 
Zoology, National Museum, Václavské nám _stí 68, 115 79 Prague 1, Czech Republic. 

The recent situation in Pipistrellus pipistrellus / P. pygmaeus complex is characterized by (a) considerable morphologic similarity, 
(b) different design of echolocation calls – 45 and 55 kHz, (c) genetic distance about 11% based on mtDNA, and (d) broad co-
distribution of both forms over most of the European range. In order to reconstruct the history of this assemblage, we performed 
phylogeographic analysis based on 402 bp portion of cytochrome b gene from 68 pipistrelle bats representing the whole range. 
The accent on filling gaps in geographic sampling enabled us to discover further cryptic variability within the complex in Libya and 
Morocco. The resultant phylogenetic tree consists of clade I (P. pygmaeus s. str. and Libyan samples) and clade II (P. pipistrellus s. 
str. and Moroccan samples). The distance of Libyan population (5–7% from P. pygmaeus s. str.) suggests its species status. The 
species status of Moroccan population is also discussed. The genealogical structure is relatively low (almost absent in P. pyg-
maeus s. str.) in European forms, which largely contrasts with deep divergences in the Mediterranean region. Based on discovered 
phylogeographic patterns, we proposed the allopatric speciation model of main lineages with Mediterranean region as the source 
area. These outcomes were further corroborated with molecular clock estimations (correlation with Messinian salinity crisis), analy-
sis of echolocation calls, morphology and the fossil record. 
 

 Behaviour and Communication 
 

 
Effects of emotion on bat communication calls 
SABINE SCHMIDT 
Institute of Zoology, Tieraerztliche Hochschule Hannover, Buenteweg 17, Hannover 30559, Germany; E-mail: 
sabisch@zoologie.tiho-hannover.de. 

Acoustic communication plays a prominent role in the social behaviour of bats. Consequently, rich social call repertoires have 
been found, typically consisting of sequences of short syllables specifically combined in different social contexts. While call pa-
rameters mediating group-, genderand individual-specific signatures have been described, the question of how bats transmit emo-
tional states acoustically has not been addressed, so far. As a first functional hypothesis, I postulated that the parameters irrele-
vant for identification may inform conspecifics about the affective state of the caller. A review of bat communication literature re-
vealed that emotions may be preferably coded in sequence parameters, e.g. the number of syllables, total call duration, and the 
overall frequency contour of a call. This hypothesis was tested by examining the structure of landing strophes of the Indian False 
Vampire, Megaderma lyra, emitted by identified individuals in two situations representing different arousal states: when the bat 
landed without physical contact to others, or during landings resulting in direct body contact. Parameters tested were the number 
of syllables in a strophe, the median inter syllable intervals and the median peak frequency of the strophe. The number of syllables 
was increased and the median inter syllable intervals tended to decrease in situations with body contact. This provides is a first 
experimental evidence for an effect of the emotional state of the caller on sequence parameters, thus confirming our hypothesis. In 
contrast, the median peak frequency did not differ significantly in the two situations, and may convey individual rather than emotio-
tion-specific information. 
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Sensory systems and spatial memory in the Megachiropteran bat Rousettus aegyptiacus 
RICHARD HOLLAND, PAULWINTER, and DEAN A. WATERS 
Biology Department, University of Leeds, University of Leeds, Leeds LS2 9JT, UK; E-mail: bgyraho@leeds.ac.uk. 

Rousettus aegyptiacus is able to orient using vision or echolocation. These two sensory systems have different processing con-
straints which may lead to differences in the way R. aegyptiacus uses landmarks to remember locations in space when using vi-
sion or echolocation. In addition little is known about the way different sensory systems that indicate the same thing interact, in this 
case the location of landmarks in space. Does learning about a location in space using vision allow a bat to remember that location 
when only echolocation is available? Here we present data that demonstrates that R. aegyptiacus uses the same spatial memory 
mechanism to learn the location of a perching place when only vision is available and when only echolocation is available. How-
ever, learning about a location when only vision is available does not allow the animal to perform the task when only echolocation 
is available, the task must be relearned. 
 
 
 
 

 Sensory ecology in bats foraging behaviour 
 

 
 
Optimising localisation performance in echolocation 
MARC W. HOLDERIED1, GARETH JONES2, and OTTO VON HELVERSEN1 
1Zoological Institute, University of Erlangen, Staudstr. 5, Erlangen D-91058, Germany; E-mail: mholderi@biologie.uni-erlangen.de, 
helver@biologie.uni-erlangen.de. 2School of Biological Sciences, University of Bristol, Woodland Road, Bristol, BS8 1UG, UK; E-
mail: Gareth.Jones@bris.ac.uk. 

Echolocating bats obtain three-dimensional images of their surroundings in complete darkness by emitting sonar signals and 
evaluating returning echoes. When flying close to objects, bats risk collision and therefore depend on the accuracy of images – 
particularly in the perceived distance of obstacles, which is coded by the time delay between call and echo. Yet, during flight, such 
accuracy is perturbed first because bats call and receive echoes at different positions and second because echoes are modified by 
Doppler shifts. Certain call designs avoid both sources of ranging error, but only for a limited range of distances (the ‘distance of 
focus’; DOF). Here we show that bats using broadband echolocation calls adjust call design in a range-dependent manner so that 
nearby obstacles are localized accurately. Such behaviour is adaptive because it reduces collision risk. Bats also reduce call dura-
tion as they approach obstacles to avoid overlap between target echo and outgoing pulse. Both duration and bandwidth of calls 
influence DOF independently, with lower bandwidths and longer residual durations giving greater DOF. Our findings give a new 
perspective on the adaptive significance of echolocation call design in nature, and have implications for sonar engineering. 

 

 
 
Sniffing it out: sensory ecology of fruit-eating bats 
ELISABETH K. V. KALKO 
Experimental Ecology, University of Ulm, Albert-Einstein Allee 11, Ulm 89069, Germany; E-mail: Elisabeth.Kalko@biologie.uni-
ulm.de. 

Fruit-eating bats (Chiroptera) face several sensorial challenges when searching for food. They have to detect, identify, and localize 
fruit in clutter-rich environments such as forest canopies or dense understories. Often, fruits are nestled among leaves. This makes 
detection by echolocation particularly difficult as echoes from the background overlap with echoes from the fruit and also compli-
cates use of visual cues. Taking several bat-dispersed plants as an example I show how plants “advertise” their fruits to bats and 
how bats use multi-modal cues to find, classify, and select among fruits. Examples range from 1) figs (Ficus sp.) where large num-
ber of fruits ripen synchronously over a few nights broadcasting species-specific odour plumes to attract bats or where fruits 
change colour when ripe and are exposed on leafless branches or trunks to 2) pepper plants (Piperaceae) with spike-like fruit 
stands that attract bats with a combination of scent and a characteristic shape facilitating localisation by echolocation and 3) to 
fruits of a curcubid vine (Gurania sp.) that dangle in open space between canopy and subcanopy, offering echo-cues to foraging 
bats. In frugivorous Microchiroptera, echolocation plays in addition to olfaction and to a limited degree vision an important role for 
localisation and in part also for detection of ripe fruit. In contrast, Megachiroptera rely entirely on visual and olfactory cues for find-
ing ripe fruits. These sensorial differences are well reflected in different fruit-syndromes of plants such as figs that are dispersed by 
both, Micro- and Megachiroptera. 
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Does ethanol in ripe fruit serve as an olfactory cue and/or as an appetitive stimulant to Egyptian fruit bats, 
Rousettus aegyptiacus 
CARMI KORINE1, FRANCISCO SANCHEZ1, BERRY PINSHOW1, and ROBERT DUDLEY2 
1Marco and Louise Mitrani Department of Desert Ecology, Jacob Blaustein Institute for Desert Research, 
Ben-Gurion University of the Negev, Midreshet Ben-Gurion 84990, Israel, E-mail: ckorine@bgumail.bgu.ac.il, fsan-
chez@bgumail.bgu.ac.il, pinshow@bgumail.bgu.ac.il. 2Department of Integrative Biology, University of California, Berkeley CA 
94720-3140, USA; E-mail: wings@socrates.Berkeley.edu. 

Fruit is central to the diet of many frugivorous bats. Because the nutritional contents of food vary with respect to odor, color and 
texture, the sensation and perception of these may be relevant cues in the feeding ecology of frugivorous bats. In fleshy fruit, for 
instance, color and sugar concentrations may change during the ripening process. Sugars, in turn, are fermented by yeasts to pro-
duce alcohols, predominated by ethanol to which bat olfaction may be sensitive. We studied the role of ethanol as an olfactory cue 
for detection of ripe fruit by the Egyptian fruit bat, Rousettus aegyptiacus, and its possible role as an appetitive stimulant. In odor 
preference experiments, we observed that ethanol (in mango juice) at concentrations > 1% deterred the bats from feeding. The 
effects of ethanol on appetite changed with season. During summer, food consumption of an artificial liquid food preparation con-
taining low concentrations of ethanol (0.01%; 0.1%; 0.5%) did not differ significantly from consumption of the control diet (no etha-
nol), whereas at higher ethanol concentrations (1% and 2 % v/v), food consumption decreased significantly. During winter, food 
consumption at low concentrations (0.1%; 0.3%; 0.5%) was significantly lower than of the control diet. Our data indicate that Egyp-
tian fruit bats can use the odor of ethanol to assess food suitability, and that ethanol elicits avoidance at concentrations greater 
than 1%, which often characterizes overripe and unpalatable fruit. 
 
 
Comparing chiropteran colliculi: Neuroanatomical correlates of bat sensory ecology and foraging strategy 
JAMES M. HUTCHEON 
Department of Biology, Georgia Southern University, P.O. Box 8042 Statesboro GA 30460, USA; E-mail: 
jhutcheo@georgiasouthern.edu. 

Variations in sizes of superior and inferior colliculi, olfactory bulb, and auditory nuclei were examined using a data set for 140 spe-
cies of bats. Using both conventional and phylogenetically based analysis of covariance (log body mass as covariate), I tested 
several hypotheses that relate the sizes of the colliculi to variation in foraging ecology, categorized here as phytophagous and in-
sectivorous. In some analyses, the category phytophagous was split into phytophagous pteropodid and phytophagous phyl-
lostomid to examine differences between two distinct clades of bats. Because the Megachiroptera orient primarily by vision and 
olfaction, whereas all other bats rely on laryngeal echolocation to locate their prey, I hypothesized the superior colliculus of phyto-
phagous bats should account for a larger proportion of the total volume of the corpora quadrigemina than in insectivores. This hyp-
pothesis was supported by these analyses. I also examined the relationship in volume of olfactory bulb and auditory nuclei to the 
proportional size of the superior colliculus and conclude that there is some evidence for a positive association between superior 
colliculus and olfactory bulb size. 
 

 
 Morphology and Physiology  

 
 

 
 Why tribosphenic? On mystery of chiropteran teeth 
IVAN HORÁ„EK1 and FRANTIŠEK ŠPOUTIL2 
1Department of Zoology, Charles University, Vini …ná 7, CZ 128 44 Praha, Czech Republic, E-mail: horacek@natur.cuni.cz. 2De-
partment of Zoology, University of South Bohemia, Branisovska 35, Ceske Budejovice, Czech Republic. 

The tribosphenic molar, a synapomorphy of all mammalian clades, is retained and with few cladespecific modifications strictly con-
served in nearly all microbats. Our contribution is intended to discuss why just such a type of dental arrangements is so constant 
and why possible variations on it are largely constrained. We reexamined state of 22 fine dental characters in 60 taxa of vespertili-
onid bats and in some of them also investigated micromorphology of the molar enamel coat with particular respect to the patterns 
of enamel maturation. The results suggest that the major goal of tribosphenic organisation is in its modular structure and in that the 
respective structural modules interface at broad suture zones. In combination with delayed enamel maturation this allows exten-
sive spatial rearrangements during late odonotogenesis and the perieruptional enlargements of the tooth which produce a maximi-
sation of adult occusion space. Moreover, heterochrony of the enamel maturation and delayed final setting of the tooth design also 
allows a fine response of adult tooth design to the most derived rearrangements of the dental and oro-facial context (i.e. the rear-
rangements appearing late in ontogeny) and, hence, a very rapid and effective adaptive microevolution (within the functional limits 
of tribosphenic design). 
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Feasibility of active flight in bats: prerequisites and consequences 
IRINA KOVALYOVA1 and LEONID TARABORKIN2 
1Department of Evolutionary Morphology, Institute of Zoology NASU, ul.B.Khmelnitskogo 15, Kyiv 01601 GSP-30, Ukraine. 2De-
partment of Chair of Scientific, Analytical, and Ecological Devices and Systems, National Technical University of Ukraine, 37, 
prosp. Peremoghy, Kyiv 03056, Ukraine; E-mail: leotar@naeps.ntu-kpi.kiev.ua. 

The aim of the present study was to establish the prerequisites (morphological, ecological, and ethological) indispensable for reali-
zation of active flight in bats, their consequences, and to reveal the reasons of distinctions in morphology and behaviour of the 
studied groups of bats. The main morphological differences of respiratory systems of actively flying vertebrates, in particular bats, 
from non-flying ones, were searched in organs of external breathing. Material used was composed of representatives of two bat 
families (Rhinolophidae and Vespertilionidae), and some non-flying mammals (Insectivora, Primates). Different data on bat echolo-
cation, ethology, and types of locomotion, plus some environmental factors (especially the Earth’s gravity), were also taken into 
account. We concluded that respiratory-motor organs of external breathing (thoracic cage, ventralthoracic musculation, dia-
phragm) and lungs in bats differ in relation to: 1) the usage of different types of locomotion; 2) arrangement of the centerline of an 
animal’s body with regard to the vector of gravitation and duration of their co-directivity; 3) usage of different echolocation systems. 
We developed our hypothesis put forward in 1994, that the decisive prerequisite for realizing active flight in bats was a wing mem-
brane, which functions not only as an organ of locomotion, but also as an organ of external breathing, and, alongside with pulmo-
nary structures, represents a vast diffusive surface. 

 
 
Peculiarities of the prenatal development of digestive system of bats 
NATALYA F. ZHUKOVA and MICHAIL F. KOVTUN 
Schmalhausen Institute of Zoology, Academy of Sciences of Ukraine, ul. B. Khmelnitskogo 15, Kyiv 01601GSP-30, Ukraine;E-mail: 
igor_dzeverin@yahoo.com. 

The canalization of processes of the laying, development and functioning of digestive system in onto- and phylogenesis is univer-
sal for all mammals. A significant difference in duration of the embryogenesis and amount of the embryos at investigated mammals 
of the comparable sizes (Chiroptera: Rhinolophus ferrumequinum, Myotis blythii, Nyctalus noctula; Rodentia: Mus musculus) is 
reflected in different intensity of growth of embryos as a whole and organs of digestive system, but not on a degree of their differ-
entiation. The comparative analysis of the embryos of the investigated Chiroptera and Rodentia species at late stages of develop-
ment (21–23 stages) has shown, that in this period the formation both differentiation of tissues and organs of digestive system is 
finished and is shown species specificity (in the form and topography of a stomach, pancreas and liver, different length of the de-
partments of intestine, formation and orientation of intestine loops etc.). One of the peculiarities of development of digestive sys-
tem in the bats is the slow growth of the hindgut, which keeps the primary location, and also it is possible to qualify presence of 
structures and functions identical by those small intestine (villi, Paneth cells, activity of the digestive enzymes), that as recapitula-
tion, which is in the postnatal period promotes increase of efficiency of digestion of food. Heterochrony, which are shown in one 
longer prenatal development of bats (hence, and the greater duration of separate stages of development) in comparison with oth-
ers mammals of the similar size, obviously, are connected first of all with key in evolution Chiroptera morphogenesis of the locomo-
tion organs of a qualitatively new type. The mechanism of prolongation of the prenatal development of bats, probably, consists in 
their ability to decrease in body temperature and metabolic rate and, in this connection, delay all physiological and morphogenetic 
processes. 

 
 

 Roosting Ecology  
 

 
Bat associations in a group of non-breeding Mehely’s horseshoe bat, Rhinolophus mehelyi, kept in a flight 
cage 
MOZAFAR SHARIFI and VAJIHOLAH AKMALI 
Department of Biology, Razi University, Faculty of Science, Kermanshah, Baghabrisham 67149, Iran; 
E-mail: sharifimozafar@hotmail.com, v_akmali@hotmail.com 

A group of thirteen (8 females and 5 males) Mehely’s horseshoe bats, Rhinolophus mehelyi, kept in a flight cage during autumn 
and winter were subjected to random availability of roosts of different size. On the basis of weekly photographs taken from different 
groups of bats occupying various roosts average distances between individuals were calculated in order to identify consistency of 
bat associations formed in the flight cage. The average centrality (mean distance between any individual with all other individuals) 
was used to identify relationships between body mass and sex of individuals and their position in the groups. It was discovered 
that in large roosts (18 cm in diameter) random changes in the number of roosts (1–6) did not affect the grouping of bats. In small 
roosts (14 cm in diameter) random changes (1–6) caused splitting of single associations into either two or three ones. Results ob-
tained in this experiment suggest that, regardless of the size of groups, females with higher body mass tend to have lower social 
distance (r2 = 0.77) indicating that larger individuals tend to locate at the centre of groups. In males, no significant correlation (r2 = 
0.02) between body mass and social distance was detected. 
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 Sociality in bats: causes and consequences 

 
 
Roost selection, social organization, and mating systems in the Chiroptera 
THOMAS H. KUNZ 
Center for Ecology and Conservation Biology, Department of Biology, Boston University, Boston, Massachusetts 02215, USA; E-
mail: kunz@bu.edu. 

Our understanding of how the roost environment influences social behavior and mating systems in bats is still in its infancy. Re-
search on several species has revealed a wide range of mating systems, including leks, multi-male/multi-female groups, season-
ally variable, single male/multi-female aggregations, year-round harems with labile female groups, seasonally variable, multi-
male/multifemale groups year round, multi-male/multi-female groups, and monogamy. Available data on both foliage and cavity-
roosting species, suggests a predominance of female-biased roosting groups. One hypothesis for the formation of female aggre-
gations is that suitable roost resources are limiting. When breeding females occupy roosts that can be defended by males (mating 
territories), the potential for polygyny will likely depend on the site fidelity (or group cohesion) of females. Whether females select 
males on the basis of roost quality or some characteristic of the male is unclear. In most species that have been studied, male 
mating strategies appear to be based on territorial defense of roosts. In these situations, a polygynous mating system can be at-
tributed largely to variation in behavioral cohesiveness of reproductively active females. Observations of several species suggest 
that tree cavities, caves with solution cavities, and some types of foliage (including plant parts modified into tents) offer resources 
that are potentially limiting, but also can be defended mostly by single males. In some species in which large aggregations are 
known, a subordinate male in a harem group may be tolerated, where they may ultimately assume the status of the dominant 
male. Observations that other males assemble in bachelor groups suggests that harem males and the subordinate male may pre-
vent other males from gaining access to preferred roosts or female groups during reproductively receptive periods. 
  
On colony and social structure in bats 
GARY F. MCCRACKEN 
Department of Ecology and Evolutionary Biology, University of Tennessee, 569 Dabney Hall, Knoxville, TN 37922, USA; E-mail: 
gmccrack@utk.edu. 

Bats found roosting together in the same place at the same time are generally referred to as a colony. Previous authors have de-
fined and categorized social and mating systems in bats according to roosting group (i.e. colony) structure. This approach was 
taken because more was known of colony structure than social structure, and was a bow to simplicity in systematizing and com-
partmentalizing what is, in fact, a continuum. In fact, colony composition of most bats is fluid, and bats often roost at different sites 
with different individuals. Evidence suggests that even solitary bats are social, and several recent studies demonstrate, that colony 
structure in bats may not map onto their social structure. Thus, if our goal is to understand the social structure of bats, colony com-
position can be misleading or even irrelevant. These points are illustrated by recent studies of bat colony structure, social struc-
ture, and evidence for social interactions; including: 1) fission-fusion social systems in several species of bats which demonstrate 
that the conventional perception of a colony from a perspective of social system can be misleading; 2) molecular data that often do 
not map onto colony structure, suggesting that colony structure and social group structure occur on different scales; 3) information 
exchange, individual recognition, and communication that occur outside of roost sites but may be important to social structure. 
This paper is intended to illustrate that studies on social behavior of bats have come far since Dwyer (1971) first posed and refuted 
the question “Are bats socially conservative?”. 
 

 
 

 Community Ecology  
 

 
The influence of prey defense, competition and environmental factors on the structure of insectivorous bat 
ensembles in South Africa 
CORRIE M. SCHOEMAN and DAVID S. JACOBS 
Department of Zoology, University of Cape Town, Private Bag Rondebosch , Cape Town 7701, South Africa; E-mail: schoe-
man@botzoo.uct.ac.za, djacobs@botzoo.uct.ac.za. 

We tested the influence of biotic (moth defences and competition) and abiotic factors (environmental factors) on the structure of 
seven insectivorous bat ensembles representing different geographic regions in South Africa. In all ensembles peak echolocation 
frequency was significantly correlated with the incidence of moths in the diets of the bats. This suggests that prey defence is an 
important factor in structuring these ensembles. We used wing and echolocation parameters to calculate the distance in morpho-
space between the species of ensembles, and between species in functional groups (clutter/edge and clutter foraging species) 
within each ensemble. If competition has influenced the structure of these ensembles, the species comprising them should be 
more regularly spaced and the distance between them should be larger than that in ensembles randomly drawn from regional spe-
cies pools representing different biogeographic scenarios. Univariate null model analyses revealed that species were regularly 
spaced in 50% of ensembles and minimum distances between species were significantly larger in 20% of ensembles. In contrast, 
these distances were significantly less than expected in 70% of ensembles. Multivariate null model analyses, using minimum 
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spanning trees determined by the first two principle components of wing and echolocation parameters, found species nearer than 
expected from each other in morphological space, but nevertheless evenly spaced. We therefore conclude that prey defence and 
environmental constraints on wing and echolocation parameters are the main factors structuring these ensembles and that compe-
tition played a minor role, if any. 
 
 Ectoparasite loads and their impact on the physical condition of Schreiber’s bat, Miniopterus schreibersii 
SOFIA I. LOURENÇO and JORGE PALMEIRIM 
Departamento de Biologia Animal, Centro de Biologia Ambiental, Faculdade de Ciências da Universidade de Lisboa, Campo 
Grande C5, 1749-016 Lisboa, Portugal; E-mail: silourenco@fc.ul.pt, palmeirim@fc.ul.pt. 

Parasitism is often an important constraint of the physical condition of animals. Although bats harbor a wide range of parasites, 
very little is known about their impact on the condition of these hosts. We studied the seasonal variation of ectoparasite loads on 
Miniopterus schreibersii, and the possible impact of ectoparasites on the physical condition of bats in different phases of their an-
nual cycle. Ectoparasites were regularly collected from 1,040 bats during a full yearly cycle. Five species of bat flies (Nycteribiidae 
and Streblidae), one tick (Ixocidae) and several species of mites (Macronyssidae and Spinturnicidae) were found. The patterns of 
seasonal abundance differed among parasite species, but they all tended to be more abundant during the summer. Overall, para-
site loads were unrelated to age or sex of the bats, except for pregnant females, which tended to have more parasites. The impact 
of the parasites on the physical condition of the bats was tested during early hibernation, late hibernation, nursing and mating. In 
none of these phases of the annual cycle parasites seemed to have a significant impact on the physical condition of the hosts. 
 

Feeding Ecology Session 
 
Bat pollination in a West African rain forest community 
STEFAN PETTERSSON 
Department of plant ecology, Botanical Institute, Göteborg University, Göteborg Box 461, 40530, Sweden; E-mail: 
stefan.pettersson@botany.gu.se 

The aim of this study was to investigate the interaction between bats and flowers at the community level in a rain forest in Ivory 
Coast, during twelve calendar months. Bats were caught in five permanent plots between 2001 and 2004. Presence of pollen in 
the fur and feces of bats were used as indirect measures of flower visitation. Flowering phenology was studied for five bat visited 
tree species in the area and their density were estimated by line and square transect samplings. Megaloglossus woermanni and 
Myonycteris torquata are the only of seven regularly captured fruit bat species which, judged from pollen presence, utilize nectar 
as a food source in this area. Preliminary results show that six tree species, representing four families and four genera, are the 
major food source for M. woermanni. In addition, two unidentified pollen species were found on two occasions. A majority of M. 
torquata carried pollen from three of the identified species, which suggest they are highly attractive to this bat species. The 
phenological data shows that the flowering periods are sequential in four of the plant species, while the fifth have a steady state 
flowering all year round. Recapture data suggest that M. woermanni has a fairly limited foraging range and pollen findings, phenol-
ogy and tree density data supports a stationary strategy. In M. torquata findings of pollen from plant species not occurring or flow-
ering locally indicate that this species has a larger foraging range. 
 
Products of fermentation and other possible odor cues for bats 
FRANCISCO SÁNCHEZ1, CARMI KORINE1, BERRY PINSHOW1, ROBERT DUDLEY2, and MARCO STEEGHS3 
1Mitrani Department of Desert Ecology, Jacob Blaustein Institute for Desert Research, Ben-Gurion University of the Negev, Sede 
Boqer Campus, 84990 Midreshet Ben-Gurion 84990, Israel; E-mail: fsanchez@bgu.ac.il, ckorine@bgu.ac.il, pinshow@bgu.ac.il. 
2Department of Integrative Biology, University of California, Berkeley CA 94720-3140, USA; E-mail: wings@socrates.berkeley.edu. 
3Department of Molecular and Laser Physics, University of Nijmegen P.O. box 9010, NL-6500 GL Nijmegen, The Netherlands; E-
mail: marcoste@sci.kun.nl. 

Yeasts occur in all fleshy fruits and metabolize sugars to obtain energy. In this process, these yeasts produce alcohols and other 
chemicals, ethanol being the main by-product. It has been hypothesized that fruit-eating bats use the volatile products of fermenta-
tion as odor cues to find fruits and assess their palatability. We used the Egyptian fruit bat, Rousettus aegyptiacus, to test the pre-
diction that concentrations of ethanol similar to those in ripe fruit attract the bats, whereas higher concentrations, as might be 
found in overripe fruit, are deterrent. The odor of aqueous ethanol solutions (0.001%, 0.01%. 0.1%, and 1%, v/v) was not attractive 
to the bats compared to plain fruit juice or water. Solutions of ethanol in mango juice with concentrations from 0% to less than 1% 
were equally preferred. By contrast, those above 1% were avoided. R. aegyptiacus is able to use ethanol vapor as a cue to 
choose food, avoiding ethanol concentrations higher than 1%. Since the percentage of ethanol in ripe wild fruits varies from 
~0.01% to ~1%, these results suggest that the ethanol emitted from fruits may be used by R. aegyptiacus to recognize unpalatable 
fruit. We also analyzed volatile substances emitted from two species of fruit (in different stages of ripening) consumed by the R. 
aegyptiacus under aerobic and anaerobic conditions. Preliminary data suggest that products of fermentation different from ethanol, 
as well as other alcohols that are not products of fermentation, may serve as odor cues for fruit-eating bats. 
 

 
 
 
 



ECHOLOCATION IN BATS AND DOLPHINS 
 
Editors: J.A. THOMAS, F.M. CYNTHIA, AND V. MARIANNE 
Year: 2004 
Published by: University of Chicago Press 
Pages: 631pp. 
 
Table of Contents: 

1. Echolocation Signal Production, Feedback, and Control Systems  

2. Auditory Systems in Echolocating Mammals 

3. Performance and Cognition in Echolocating Mammals 

4. Ecological and Evolutionary Aspects of Echolocating Mammals  

5. Echolocation Theory, Analysis Techniques, and Applications 

6. Possible Echolocation Abilities in Other Mammals 
 
The editors of this book have put together sections that cover the major aspects of the science literature on echo-
location in bats and dolphins. This is the first effort to offer a comparison of the sonar capabilities of the two or-
ders. They live in vastly different environments and scientists have concentrated on different sonar problems. 
However, over time, enough quantitative studies have been made to finally offer comparison data. The introduc-
tion provides a short overview of signals, target range, target localization, and auditory integration. This is the 
only chapter in the book that compares the research. All of these topics are covered in detail in the articles with 
most being order or species specific. 

The major research and scientists working in the field are represented. A section on echolocation in other mam-
mals is included. The book consists of articles by scientists within a section covering topics such as auditory sys-
tems, signal production, cognition, ecology, and evolution, among others. Articles about bats and dolphins are 
within each of these sections. This provides the reader with the opportunity to read a section and compare the 
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Open Meeting of the IUCN/SSC Chiroptera Specialist Group 
 
Education, education, education! Lessons from conservation initiatives for the Critically Endangered fruit 
bats Pteropus livingstonii, P. rodricensis and P. voeltzkowi in the Western Indian Ocean, concerning locally-
based bat population monitoring programmes 
W. J. TREWHELLA1, K. M. RODRIGUEZ-CLARK2, N. CORP3, A. ENTWISTLE4, S. R. T. GARRETT5, E. GRANEK6, K. L. 
LENGEL7, V. J. POWELL8, M. J. RABOUDE9, P. F. REASON10, and B. J. SEWALL11 
1Department of Ecology & Biodiversity, The University of Hong Kong, The Old rectory, Stansfield, Suffolk, CO10 8LT, United King-
dom; E-mail: will.trewhella@nottingham.ac.uk. 2Laboratorio de Ecología y Genética de Poblaciones, Centro de Ecología, Instituto 
Venezolano de Investigaciones Científicas, Venezuela. 3Institute for Development Policy and Management, UK. 4Fauna and Flora 
International, UK. 5Bristol Zoo Gardens, UK. 6Department of Zoology, Oregon State University, USA. 7Philadelphia Zoo, USA. 
8North of England Zoological Society, Chester Zoo, UK. 9Forestry Quarters, Mauritian Wildlife Foundation, Rodrigues, Mauritius. 
10Action Comores. 11Department of Wildlife, Fish, and Conservation Biology, University of California at Davis, USA.  

Pteropus livingstonii, P. voeltzkowi, and P. rodricensis are three Critically Endangered fruit bats found on Western Indian Ocean 
islands that are threatened by habitat loss and persecution. Surveys in the 1980s and 90s indicated populations of less than 200 
bats for all three species. As a result, multi-disciplinary conservation initiatives that included environmental education programmes 
were established for these bats. These environmental education programmes were important in increasing local awareness about 
the bats and their conservation, establishing community-based environmental NGOs, and supporting bat population monitoring 
programmes. In all three cases, the monitoring programmes with their considerable local involvement have revealed bat popula-
tions that were larger than originally thought. Current estimates are ~ 1,200 for P. livingstonii, ~ 5,100 for P. rodricensis, and ~ 
6,900 for P. voeltzkowi. The education programmes have also had direct conservation outcomes and impacts for these bats. Im-
portant lesson for conservation can be learnt by comparing the successes and failures of existing programmes, by regularly evalu-
ating programmes, and by recognising the need for multidisciplinary approaches and effective partnerships between local and 
international organisations. 

BOOKS 
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two orders. There is a comprehensive listing of the literature cited in all the articles for each section. This acts as 
a literature review and upon scanning the articles one can get the full range of the research being conducted. 

Reviewer: Paula J. Wolfe, Associate Librarian Science and Engineering Team University of Arizona Li-
brary. http://www.e-streams.com/es0707/es0707_3424.html.  
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HORSESHOE BATS OF THE WORLD (CHIROPTERA:  
 RHINOLOPHIDAE) 
 
Authors: G. CSORBA, P. UIHELYI AND N. THOMAS 
Year: 2003 
Published by: Alana Ecology 
Pages: 160pp. 
 
Definitive work covering 70 species from 17 groups. Each species is described with sec-
tions on characters (external, cranial and dental) recognised subspecies, morphology, tax-
onomy, ecology, echolocation, distribution and conservation status. The volume contains a 
key to groups and species, a gazetteer, many line illustrations and colour photos illustrating 
many of the species. 



BENDA, P., KIEFER, A., HANÁK, H. & VEITH, M. 2004. Systematic status of African populations of long-eared 
bats, genus Plecotus (Mammalia: Chiroptera). Folia Zoologica 53(Monograph 1): 1-47. 

ABSTRACT: Long-eared bats of the genus Plecotus 
are widespread over most of temperate Eurasia, margin-
ally reaching the African continent and Macaronesia. 
Previously, all African populations were assigned to one 
species, P. auritus, and later to P. austriacus. We ana-
lysed museum specimens of African long-eared bat 
populations using both morphologic and genetic tech-
niques. Based on morphological evidence we recognise 
four well-defined allopatric populations in northern Africa. 
They differ in fur coloration, skull morphology and bacu-
lar traits. The molecular data support a division of the 
African populations into at least three well-separated 
evolutionary lineages. With a combination of these data 
we define three species of Plecotus occurring in Africa 
(incl. the Canary Islands) and describe a new subspe-

cies. Small, very pale greyish-brown Egyptian long-eared bats (P. christii Gray, 1838) inhabit 
desert and semi-deserts habitats of eastern Sahara (Libyan Desert, Nile Valley of Egypt and 
northern Sudan). Smaller to medium-sized, dark brown Ethiopian long-eared bats (P. balensis 
Kruskop et Lavrenchenko, 2000) inhabit the Ethiopian Highlands above 2000 metres a. s. l. This form represents the only Afro-
tropical species of Plecotus. Large, dark greyish Canarian long-eared bats (P. teneriffae teneriffae Barret-Hamilton, 1907) occur on 
the three western islands of the Canarian Archipelago. A medium-sized greyish-brown Gaisler’s long-eared bat, P. teneriffae 
gaisleri subsp. n., is described from the Mediterranean region of Cyrenaica, north-eastern Libya. Due to the lack of substantial 
morphological differences we preliminarily consider the Maghrebian population of long-eared bats to be consubspecific with P. 
teneriffae gaisleri subsp. n. The systematic position of the population of Cape Verde Islands remains uncertain. 

Above: Plecotus christii  - Petr  Benda 

© Petr Benda 

© Petr Benda 

Above: Plecotus gaisler — Petr Benda 

BOLLEN, A., VAN ELSACKER, L. & GANZHORN, J. U. 2004. Tree dispersal strategies in the littoral forest of 
Sainte Luce (SE-Madagascar). Oecologia 139(4): 604-616. 

ABSTRACT: Zoochory is the most common mode of seed dispersal for the majority of plant species in the tropics. Based on the 
assumption of tight plant-animal interactions several hypotheses have been developed to investigate the origin of life history traits 
of plant diaspores and their dispersers, such as species-specific co-evolution, the low/high investment model (low investment in 
single fruits but massive fruiting to attract many different frugivores versus high investment in single fruits and fruit production for 
extended periods to provide food for few frugivores), and the evolution of syndromes which represent plant adaptations to dis-
perser groups (e.g. birds, mammals, mixed). To test these hypotheses the dispersal strategies of 34 tree species were determined 
in the littoral forest of Sainte Luce (SE-Madagascar) with the help of fruit traps and tree watches. The impact of fruit consumers on 
the seeds was determined based on detailed behavioral observations. Phenological, morphological and biochemical fruit traits 
from tree species were measured to look for co-variation with different types of dispersal. No indication for species-specific co-
evolution could be found nor any support for the low/high investment model. However dispersal syndromes could be distinguished 
as diaspores dispersed by birds, mammals or both groups (mixed) differ in the size of their fruits and seeds, fruit shape, and seed 
number, but not in biochemical traits. Five large-seeded tree species seem to depend critically on the largest lemur, Eulemur ful-
vus collaris, for seed dispersal. However, this does not represent a case of tight species-specific co-evolution. Rather it seems to 
be the consequence of the extinction of the larger frugivorous birds and lemurs which might also have fed on these large fruits. 
Nevertheless these interactions are of crucial importance to conserve the integrity of the forest. 
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AGBOOLA, F. K. & OKONJI, R. E. 2004. Presence of rhodanese in the cytosolic fraction of the fruit bat 
(Eidolon helvum) liver. Journal of Biochemistry & Molecular Biology 37(3): 275-281. 

ABSTRACT: Rhodanese was isolated and purified from the cytosolic fraction of liver tissue homogenate of the fruit bat, Eidolon 
helvum, by using ammonium sulphate precipitation and CM-Sephadex C-50 ion exchange chromatography. The specific activity 
was increased 130-fold with a 53% recovery. The Km values for KCN and Na2S2O3 as substrates were 135 +/- 2.2 mM and 195 
+/- 0.7 mM, respectively. The apparent molecular weight was estimated by gel filtration on a Sephadex G-100 column to be 36,000 
Da. The optimal activity was found at a high pH (pH 9.0) and the temperature optimum was 35 degreeC. An Arrhenius plot of the 
heat stability data consisted of two linear segments with a break occurring at 35 degreeC. The apparent activation energy values 
from these slopes were 11.5 kcal/mol and 76.6 kcal/ mol. Inhibition studies on the enzyme with a number of cations showed that 
Mg2+, Mn2+, Ca2+, and Co2+ did not affect the activity of the enzyme, but Hg2+ and Ba2+ inhibited the enzyme. 

JOURNAL ARTICLES 
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JACOBS, D. S., EICK, G. N., RICHARDSON, E. J. & TAYLOR, P. J. 2004. Genetic similarity amongst phenotypi-
cally diverse little free-tailed bats, Chaerephon pumilus. Acta Chiropterologica 6(1): 13-21. 

ABSTRACT:The African molossid Chaerephon pumilus shows extensive variation in colour, 
size and echolocation across its wide distributional range with a light-winged form in north-
eastern Africa and a dark form in southern Africa. There is also much variation in supposedly 
diagnostic characters (e.g., degree of palatial emargination) amongst the dark form of this 
species in southern Africa. These differences suggest that there may be cryptic species within 
C. pumilus. We used phylogenetic and phenetic analyses of sequence data from the mito-
chondrial cytochrome-b gene of a number of C. pumilus individuals to investigate the status of 
the light and dark-winged forms of this species and to evaluate the possibility of cryptic spe-
cies within the dark-winged form of C. pumilus in southern Africa. We evaluated species status 
by comparing the level of sequence divergence amongst C. pumilus with the level of se-
quence divergence between known species in the genus. These included C. ansorgei, C. 
chapini, C. nigeriae and C. jobensis. Intrageneric sequence divergences among the Chaere-
phon spp. included here ranged from 6.51 to 11.18%, whereas the average sequence diver-
gence between the light and dark forms was 0.9%. This suggests that these two forms are not 
distinct species. Individuals of the dark form of C. pumilus were genetically indistinguishable 
from each other having the same cytochrome b haplotype. We thus found no evidence of 
cryptic species in southern African C. pumilus. 

KEARNEY, T.C., & SEAMARK, E.C.J. 2004. Correction of a montane (Drakensberg) record of lesser yellow 
house bat Scotophilus viridis (Chiroptera: Vespertilionidae). Durban Museum Novitates 29: 123-125 

 
  

© Peter Taylor 

Above:  L i t t le  f ree- ta i led bats 
(Chaerephon pumilus) from Hells Gate, 
KwaZulu Natal, South Africa, indicating 
colour variation from the same roost—
Peter Taylor 

Above: Top -  lateral view of skulls; middle - ventral view of skulls; 
bottom - dorsal view of skulls & mandibles of (from left to right in 
each photo): Eptesicus hottentotus hottentotus (A. Smith 1833), 
Algeria State Forest, Cederberg, Western Cape (TM38411); E. 
hottentotus bensoni Roberts 1946, Garden Castle, KwaZulu Natal 
(DM1887, DM1888); Scotophilus viridis (Peters 1852), Malibai pan, 
Mkuzi G.R., KwaZulu Natal (TM35255). – Teresa Kearney & 
Ernest Seamark 

Above: Top - dorsal view of skins; bottom - ventral view of skins of 
(from left to right in each photo): E. hottentotus hottentotus (A. Smith 
1833), Algeria State Forest, Cederberg, Western Cape (TM38411); 
middle- E. hottentotus bensoni Roberts 1946, Garden Castle, 
KwaZulu Natal (DM1887); Scotophilus viridis (Peters 1852), Malibai 
pan, Mkuzi G.R., KwaZulu Natal (TM35255). Note that E. hottentotus 
fur has a black base (bicolored fur), while  this is absent in Scotophi-
lus (unicolored fur).  – Teresa Kearney & Ernest Seamark 

GRIMMBERGER, E. 2004: Beitrag zum Paarungsverhalten des Gambia-Epauletten-Flughundes - Epomopho-
rus gambianus (OGILBY, 1835). Nyctalus (N.F.) 9(4): 405-407. 
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MEYER, C. F. J., SCHWARZ, C. J. & FAHR, J. 2004. Activity patterns and habitat preferences of insectivorous 
bats in a West African forest-savanna mosaic. Journal of Tropical Ecology 20(4): 397-407 

ABSTRACT: We studied activity patterns and habitat use by insectivorous bats in Comoé National Park, Ivory Coast. Bat forag-
ing activity was quantified along five transects representing three different habitat types using acoustic monitoring and captures 
with mist nets and harp traps. Aerial insect abundance was assessed using a light trap; in addition shrub and tree arthropods were 
sampled. Bat activity was significantly and positively related to insect availability and ambient temperature, whereas increased 
visibility of the moon had a negative influence on flight activity. Together, these factors best explained both total bat activity and 
activity of bats hunting in open space and edge habitats. The interaction between temperature and light intensity was the best pre-
dictor of activity by species foraging in obstacle-rich forest habitats, however, the regression model had a low predictive value. 
Overall, a large proportion (c. 50%) of the variation in bat activity appeared to be a consequence of transect- and/or habitat-
specific influences. We found a significant non-linear relationship between the activity of QCF (quasi-constant frequency) and FM-
QCF (frequency modulated - quasi-constant frequency) bats and the phase of the moon, with lowest levels of activity occurring 
near full moon. We interpret this lunar-phobic behaviour as a reflection of a higher predation risk during moonlit periods. For FM 
(steep frequency modulated) and CF (constant frequency) bats, no significant correlation was found, although there was a trend 
suggesting that these bats at least were not negatively affected by bright moonlight. Foraging activity of bats was positively corre-
lated with the abundance of atympanate moths; however, no such correlation was found for tympanate moths. 

 

  

Above: Arial view of Comoé National Park, Ivory 
Coast, shows the general pattern of the habitat mo-
saic, i.e. forest islands embedded in a matrix of bush-
tree-savanna.— Jakob Fahr 

© Stefan Porembski 

Above: View of Comoé National Park, Ivory Coast, shows the habitat type of relatively 
open bush-tree-savanna.— Jakob Fahr 

© Jakob Fahr 1999 

Above: View of Comoé National Park, Ivory Coast, 
shows the construction of the canopy system with 
four 12 x 3 m mist nets stacked on each other, result-
ing in a capture area of 144 square meter.— Jakob 
Fahr 

© Jakob Fahr 2000 

Above: View of Comoé National Park, Ivory Coast, shows the corner of one of the tran-
sects which were established in relatively open bush-tree-savanna.— Jakob Fahr 

© Njikoha Ebigbo 1999 
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SEAMARK, E.C.J. & KEARNEY, T.C. 2004. Bats (Chiroptera) of Ithala Game Reserve, northern KwaZulu-Natal, 
South Africa. Durban Museum Novitates 29: 1-4. 

ABSTRACT: In 1980 Rautenbach et al. (1981) recorded 11 species of bats from five families at Ithala Game Reserve. Eighteen 
years later we caught six of the 11 bat species caught by Rautenbach et al. (1981), Rhinolophus clivosus Cretzschmar, 1828, 
Myotis tricolor (Temminck, 1832), Neoromicia capensis (A. Smith, 1829), Neoromicia nanus (Peters, 1852), Scotophilus dinganii 
(A. Smith, 1833) and Tadarida aegyptiaca (E. Geoffroy, 1818), as well as two new species for the reserve, Hipposideros caffer 
(Sundevall, 1846) and Miniopterus schreibersii (Kuhl, 1819). The five species previously recorded by Rautenbach et al. (1981) 
which we did not capture were: Epomophorus wahlbergi (Sundervall, 1846), Nycteris thebaica E. Geoffroy, 1813; Rhinolophus 
blasii Peters, 1867, Miniopterus fraterculus Thomas and Schwann, 1906, and Eptesicus hottentotus (A. Smith, 1833). 

PETTERSSON, S., ERVIK, F. & KNUDSEN, J. T. 2004. Floral scent of bat-
pollinated species: West Africa vs. the New World. Biol. J. Linn. Soc. 82(2): 
161-168. 

ABSTRACT: Floral scent of seven West African bat-pollinated tree species, belonging to 
six families, was collected in situ from flowering individuals using headspace adsorption. The 
seven species shared neither any specific compounds nor any other discernible pattern in 
their floral scent composition. Most of the identified compounds are common in the floral 
scent of species pollinated by a variety of animals. Adansonia digitata (Bombacaceae) was 
the only African species found to have a substantial proportion of sulphur compounds in its 
floral scent. This feature contrasts with the sampled New World bat-pollinated plants, which 
frequently contain these compounds. The floral scent of Ceiba pentandra (Bombacaceae), 
native to both South America and Africa, contained no sulphur substances, contradicting a 
previous study in the New World that identified the major floral compounds as dimethyl disul-
phide and dimethyl trisulphide. We suggest that the differences in the floral scent of C. pen-
tandra, including the absence of sulphur compounds in the African variety, result from the 
different selective regimes exerted by the Pteropotidae bats, in Africa, and Phyllostomidae 
bats, in the New World, that visit their flowers. 

Above: Taï National Park (5°52’ N, 
7° 20’ W), Rain forest, flower of 
Pentadesma butyracea, each flower 
produce up to 10ml of nectar and 
flowers for one night, 13 September 
2003.—Stefan Pettersson 

Above: Taï National Park (5°52’ N, 
7° 20’ W), Rain forest, buds and 
fruits of Pentadesma butyracea, 13 
September 2003. — Stefan Petters-
son 

Above: Taï National Park (5°52’ 
N, 7° 20’ ), Rain forest, inflores-
cence of Anthocleista noblils, 12 
February 2004.  - Stefan Pet-
tersson 

© Stefan Pettersson 2004 

Above: Taï National Park (5°52’ N, 
7° 20’ W), rain forest, Maranthes 
aubrevillei, 9 October 2001. - 
Stefan Pettersson 

© Stefan Pettersson 2001 

Above: Taï National Park 
(5°52’ N, 7° 20’ W), Rain 
forest, flowers of Maran-
thes aubrevillei, 9 Febru-
ary 2004. - Stefan Pet-
tersson 

© Stefan Pettersson 

Above: Taï National Park (5°52’ 
N, 7° 20’ W), Rain forest, inflo-
rescence of Parkia bicolor, inflo-
rescence flowers for one night , 
5 December 2000.—Stefan 
Pettersson 

© Stefan Pettersson 2000 

Above: Comoe National Park, Savanna, 
scent collection from an inflorescence of 
Ceiba pentandra, Tree approximately 
20m high, 9 November 2000. - Stefan 
Pettersson 

© Stefan Pettersson 2000 

© Stefan Pettersson 1998 

Above: Delta du Saloum National 
Park (13°37’N, 16°27’ W), Sa-
vanna, Nectar in Parkia biglo-
bosa, each inflorescence produce 
up to 7ml of nectar, 6 March 1998 
- Stefan Pettersson 
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© W. White 2003 

Above: Rufous Hairy bat (Myotis bocagei) captured at St Lucia S27.5961 
E32.2174. 1 May 2003- Wendy White  

© W. White 2003 

Above: German volunteers from Daimler Chrysler helping to set a net 
across the uMkuze river S27.5990 E32.3016 21 August 2003. This net 
caught seven Myotis bocagei and five Neoromicia africanus nanus in one 
hour between 18h10 and 19h10. Two of the M. bocagei were collected 
(DM7528, DM7529). Four of the Myotis bocagei were caught simultane-
ously at 18.35 and two were also caught simultaneously at 19h10, this 
would seem to contradict previous observations that these are a solitary 
species. This location is the site of the new bridge and northern entry gate 
to the UMkuze game Reserve, it will be interesting to re-net here after the 
construction is completed to see if the bats remain in the area or move off 
to a quieter stretch of the river.—Wendy White 

TAYLOR, P. J., COTTERILL, F.P.D., VAN DER MERWE, M., WHITE, W. & JACOBS, D.S. 2004. New bio-
geographical records of five rare bat species (Chiroptera: Rhinolophidae and Vespertilionidae) from South 
Africa. Durban Museum Novitates 29: 104-109.  

 
 ABSTRACT: Extensions of the previously recorded distribution 
ranges of five rare bat species in South Africa are reported: Rhinolo-
phus swinnyi (Family Rhinolophidae), Kerivoula argentata, Myotis 
bocagei, Glauconycteris variegatus and Scotoecus albofuscus 
(Family Vespertilionidae). In the case of three of the vespertilionid 
species which are associated with moist savanna and wood-
land/forest habitat elsewhere in Africa, new collecting records indi-
cate southward extensions (and biogeographic continuity) along the 
coastal forest-grassland vegetation mosaic of eastern KwaZulu-
Natal. IUCN Red List categories are discussed for each of the five 
species at the national and international levels in the light of the new 
data.  

© P.J. Taylor 2001   

Above: Swinny’s Horseshoe bat (Rhinolophus swinnyi ) from In-
sizwe mine, South Africa (DM7084, ♂).— Peter Taylor 

Above: Members of the Bat Interest Group of KwaZulu-Natal on 
there way to Insizwe mine, with a general view of the hill in the 
background where the mine is situated— Peter Taylor 

© P.J. Taylor 2001   

Above: Members of the Bat Intrest Group of KwaZulu Natal 
(BatsKZN) in the Insizwe mine. — Peter Taylor 

© P.J. Taylor 2001   



VAN CAKENBERGE, V. 2003. Comment on the proposed conservation of the specific name of Vespertilio nanus Peters, 
1852 (currently Pipistrellus nanus; Mammalia, Chiroptera). Bulletin of Zoological Nomenclature 60(4): 314-315. 
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NOTICE BOARD 

34th Annual North American Symposium on Bat Research 
 
Salt Lake City, Utah, 27-30 October 2004. 

 

Further information: http://nasbr.org/SaltLakeCity/NASBR_SLC.html 

5th Systematic Society of Southern Africa  
Conference 
Goudini Spa, Worcester, Western Cape Province, South Africa, 2-4 February 2005. 

Further information contact: Dr. Conrad A. Matthee cam@sun.ac.za. 

Zoological Society of Southern Africa Conference  
June/July 2005 

Further information: http://www.ru.ac.za/conferences/zooento2005  

Bats, Roofs, and Pesticides Workshop (Durban, South Africa) 

Date: Saturday 16th October 2004     Time: 09h30 to 15h30 

Venue:  JS Steel auditorium, Durban Natural Science Museum, 1st floor City 
Hall, Smith St (opposite the Playhouse) 

Cost:     R50.00 per person, which includes a manual and coffee or tea.  

The Bat Interest Group of KwaZulu-Natal would like to invite you to a workshop 
on bats, roofs, and pesticides. The programme will cover:- A basic introduction to bats; the law; pesticides and wild-
life; legal ways of dealing with bat problems and bat exclusion techniques. 

 To book please phone Fiona on 083 944 1411.  Please book in advance for catering purposes. 

Conferences 

Workshops 
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Introduction to the Bats of South Africa (Pretoria, South Africa) 
By: Teresa Kearney (Collection Manager, Vertebrate Department, Transvaal Museum) 
Date: Saturday 13th November 2004     Time: 09h30 to 13h30 

Venue:  Transvaal Museum 

Cost:     R 20-00 adults, R 10-00 children 

• Illustrated talk on basic bat biology, how to recognize different bats (visually and using a bat detec-
tor), where to find bats, & current research. 

• Tour of the museum bat collections 
 
Should you be interested in attending please book in advance by phoning or emailing Jakkie Luus (012) 3227632 or 
luus@nfi.co.za. 

 

Talks 

Courses 
Bat Rehabilitation Course (Durban, South Africa) 
Date: 22—24 April 2005      

Venue:  JS Steel auditorium, Durban Natural Science Museum, 1st floor City 
Hall, Smith St (opposite the Playhouse). 

Courses may have to be cancelled or changed depending on unforeseen cir-
cumstances, booking well in advance is essential. For further information con-
tact: Fiona on 083 944 1411 or Wendy White wendywhite@telkomsa.net. 

Introduction to Bats (Durban, South Africa) 
Date: Saturday 11th June 2005      

Venue:  Shongweni Nature Reserve 

 Courses may have to be cancelled or changed depending on unforeseen cir-
cumstances, booking well in advance is essential. For further information con-
tact: Fiona on 083 944 1411 or Wendy White wendywhite@telkomsa.net. 
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