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OBSERVATIONS, DISCUSSIONS AND UPDATES 
SINGAPORE STATEMENT ON RESEARCH INTEGRITY 

Preamble. The value and benefits of research are vitally dependent on the integrity of research. 
While there can be and are national and disciplinary differences in the way research is 
organized and conducted, there are also principles and professional responsibilities that are 
fundamental to the integrity of research wherever it is undertaken. 

The Singapore Statement on Research Integrity was developed as part of the 2nd World Conference on Research Integrity, 21-24 July 
2010, in Singapore, as a global guide to the responsible conduct of research. It is not a regulatory document and does not represent the 
official policies of the countries and organizations that funded and/or participated in the Conference. For official policies, guidance, and 
regulations relating to research integrity, appropriate national bodies and organizations should be consulted. Available at: 
www.singaporestatement.org 

PRINCIPLES  
Honesty in all aspects of research 

Accountability in the conduct of research 

Professional courtesy and fairness in working with others 

Good stewardship of research on behalf of others 

1. Integrity: Researchers should take responsibility for 
the trustworthiness of their research. 

2. Adherence to Regulations: Researchers should be 
aware of and adhere to regulations and policies related to 
research. 

3. Research Methods: Researchers should employ 
appropriate research methods, base conclusions on 
critical analysis of the evidence and report findings and 
interpretations fully and objectively. 

4. Research Records: Researchers should keep clear, 
accurate records of all research in ways that will allow 
verification and replication of their work by others. 

5. Research Findings: Researchers should share data 
and findings openly and promptly, as soon as they have 
had an opportunity to establish priority and ownership 
claims. 

6. Authorship: Researchers should take responsibility 
for their contributions to all publications, funding 
applications, reports and other representations of their 
research. Lists of authors should include all those and 
only those who meet applicable authorship criteria. 

7. Publication Acknowledgement: Researchers should 
acknowledge in publications the names and roles of 
those who made significant contributions to the research, 
including writers, funders, sponsors, and others, but do 
not meet authorship criteria. 

8. Peer Review: Researchers should provide fair, prompt 
and rigorous evaluations and respect confidentiality when 
reviewing others' work. 

9. Conflict of Interest: Researchers should disclose 
financial and other conflicts of interest that could 
compromise the trustworthiness of their work in research 
proposals, publications and public communications as 
well as in all review activities. 

10. Public Communication: Researchers should limit 
professional comments to their recognized expertise 
when engaged in public discussions about the application 
and importance of research findings and clearly 
distinguish professional comments from opinions based 
on personal views. 

11. Reporting Irresponsible Research Practices: 
Researchers should report to the appropriate authorities 
any suspected research misconduct, including 
fabrication, falsification or plagiarism, and other 
irresponsible research practices that undermine the 
trustworthiness of research, such as carelessness, 
improperly listing authors, failing to report conflicting 
data, or the use of misleading analytical methods. 

12. Responding to Irresponsible Research Practices: 
Research institutions, as well as journals, professional 
organizations and agencies that have commitments to 
research, should have procedures for responding to 
allegations of misconduct and other irresponsible 
research practices and for protecting those who report 
such behavior in good faith. When misconduct or other 
irresponsible research practice is confirmed, appropriate 
actions should be taken promptly, including correcting the 
research record. 

13. Research Environments: Research institutions 
should create and sustain environments that encourage 
integrity through education, clear policies, and 
reasonable standards for advancement, while fostering 
work environments that support research integrity. 

14. Societal Considerations: Researchers and research 
institutions should recognize that they have an ethical 
obligation to weigh societal benefits against risks inherent 
in their work. 

 RESPONSIBILITIES  
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SCIENTIFIC CONTRIBUTIONS 
OBSERVATIONS OF A PTEROPUS RUFUS COLONY IN A DRY 

DECIDUOUS FOREST FRAGMENT OF NORTHERN 
MADAGASCAR 

 
By : Shelly A. Johnson, Rob J.Y. Perryman, Mark D. Steer, and Elise M.S. Belle* 
 
Address for correspondence: The Society for Environmental Exploration, Frontier; 50-52 Rivington 
Street, London, EC2A3QP, United Kingdom. *Email : Elise@frontier.ac.uk. 
 
Key Words: Madagascar, Megachiroptera, Pteropus rufus, roost, deforestation 

In Madagascar, the family Pteropodidae, composed of 
frugivorous and nectarivorous bats, is thought to be 
particularly important for pollination and fruit dispersal 
(BOLLEN and VAN ELSACKER, 2002; RAHERIARISENA, 
2005; LONG and RACEY, 2007). The capability of 
Pteropodidae to act as seed dispersers over long distances 
may be particularly important for forest regeneration in the 
increasingly fragmented forests of Madagascar 
(GANZHORN et al., 2001; HUTCHEON, 2003). These 
forests are subject to high levels of human disturbance and 
deforestation is expected to continue.  

HUTCHEON (2003) suggested that the endemic 
Madagascar flying fox, Pteropus rufus, is in danger of large 
population declines as a result of deforestation. This species 
is known to roost in small ‘gallery forest’ fragments, often 
located on the edge of dense forests outside protected 
areas. The bats are found in dense concentrations with 

colonies of up to 5,000 bats recorded (MACKINNON et al., 
2003). In addition to habitat loss (caused by fire, logging and 
forest clearing), they are threatened by hunting for bushmeat 
(JENKINS et al., 2007; RAHAINGODRAHETY et al., 2008). 
Although hunting of P. rufus is seasonally restricted by law 
in Madagascar, restrictions are not well enforced. Hunting is 
the main factor contributing to the current listing of P. rufus 
as ‘Vulnerable’, with their population having undergone an 
estimated 30% reduction worldwide in the past twenty years 
(ANDRIAFIDISON et al., 2008).  

This study provides new information on the location and 
characteristics of a colonial P. rufus roost located within an 
unprotected forest fragment of the Tsarakibany region of 
northern Madagascar. 

 
METHODS 

The study site is situated 85 km south of Antsiranana 
(formerly known as Diégo Suarez), near the town of 
Anivorano. Base camp resides approximately 0.5 km 
southeast of the village of Tsarakibany (12°46.98’ S, 49°
10.44’ E) (Figures 1 and 2). The area is composed of 
secondary, dry, deciduous forest fragments with no primary 
forest remaining. The majority of these fragments have been 
altered to grow productive species such as mango, banana, 
palm and eucalyptus. Land use for zebu grazing, selective 
logging, and charcoaling are also evident in the area, as well 
as forest clearing for growing rice, maize, and other crops. 

To record roost habitat and behaviours of the Pteropus 
rufus colony, a total of 10 observations were conducted 
between July and November 2008. Observations were made 
from a vantage point approximately 300 m across the valley 
at an elevation of 502 m (12°45.12’ S, 49°9.98’ E), and 
lasted approximately 1 hour between the hours of 6:00 and 
18:00. We recorded the number of bats observed in the 
colony, the relative location of the roosts (height, canopy 
position, number of trees, types of trees) and current 
weather conditions. To avoid colony disturbance, only one 
observation was made below the colony at the roost location 
(12°45.11’ S, 49°10.11’ E) in November 2008 in order to 
confirm habitat data and take photographs to assist in 
habitat and species verifications. 

Vegetation data were also collected in October 2008 
from two 30 m x 10 m transects in the forest patch where the 
roost was located. Within each transect, the diameter at 
breast height (dbh) was measured for all trees >5 cm in 
diameter. Any stumps were classified as naturally fallen or 
cut by humans. We estimated the percentage of vegetation 
cover at 0 m, 10 m, 20 m and 30 m along the transect, by 
looking through a 3 cm x 12 cm tube at canopy, shrub, and 
ground level. At the same points we also measured the 
slope and estimated canopy height with a clinometer. 

 
RESULTS 

Ten counts of the P. rufus colony yielded an average of 
200 ± 31, with a range between 400 and 80 individuals on 
18 August and 24 November, respectively (Table 1). The 
counts were conducted both morning (5 counts: n = 237 ± 

Figure 1: Location of the study area, situated near the 
village of Tsarakibany (12°46.98’ S, 49°10.44’ E), between 
Montagne d’Ambre National Park and Ankarana Special 
Reserve, in the Antsiranana province (represented in light 
grey).  

mailto:Elise@frontier.ac.uk�
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Figure 2: a) Satellite image of the study area showing the village of Tsarakibany and the location of the bat roost, from an 
altitude of 5000 m. b) Detail of the area of forest occupied by the P. rufus colony (Google Earth).  

a) 

b) 



may be underestimates given the distance from observer to 
roost and the presence of dense vegetation. We saw fewer 
bats in the afternoon count on average, which may be a 
result of increased sun exposure as bats then tend to retreat 
behind vegetation, making them more difficult to observe 
(e.g. see BROOKE et al., 2000). Similarly, we observed a 
downward trend over the course of the study.  Continual 
observation of this colony to note population changes over 
time and with increasing disturbance could provide valuable 
information on the ability of this species to survive in the 
face of continued deforestation and disturbance.  

Recent studies have shown that hunting of bats, in 
particular Pteropodidae, is extensive in some regions of 
Madagascar, and directly threatens the survival of some 
populations (JENKINS and RACEY, 2008). In the village of 
Tsarakibany, the killing of bats is considered a fady (local 
superstition or taboo). The presence of this local belief 
presents an ideal opportunity for community-based bat 
conservation, especially with regards to the maintenance of 
forest patches, which harbour bat roosts (RABEARIVONY et 
al., 2008). As observed by RAHAINGODRAHETY et al. 
( 2 0 0 8 )  a n d  R A K O T O A R I V E L O  a n d 
RANDRIANANDRIANINA (2007), we found that local fady 
probably play an important role in the protection of bat 
species. This traditional belief should therefore be integrated 
in the planning of future conservation procedures and 
management plans for P. rufus and other large fruit bats in 
Madagascar. 

Colonial P. rufus roosts present both good opportunities 
for monitoring bat populations and constitute a potential 
attraction for ecotourists which could provide alternative 
incomes for the local communities.  For example, if a small 
community managed reserve was established to protect 
bats (and other wildlife), visitors at nearby Ankarana could 
be attracted to see additional species unique to the region.  
This forest fragment should therefore be the focus of more 
important conservation efforts. We recommend that more 
work be carried out to (i) monitor the occupation and 
population size of the P. rufus roost across seasons and 
years and (ii) assess the possibility of integrating cultural 
beliefs in a management plan to protect bats in northern 
Madagascar and increase conservation support.  

 
Acknowledgements 

We are grateful to the Malagasy authorities, in particular 
the Ministère de l'Environnement, des Forêts et du Tourisme 
for research permits. We would like to thank all the staff and 
volunteers who worked with Frontier in the field and at 
London headquarters. We are also grateful to Richard 
Jenkins and two anonymous reviewers for helpful comments 
on a previous version of this manuscript. 

 
 

November 2010 vol. 23 African Bat Conservation News 
ISSN 1812-1268 

Page 5 

46) and evening (5 counts: n = 164 ± 41). On the first (24 
July) and last (24 November) days of observation, both 
morning and evening counts were taken, with approximately 
44% fewer individuals counted in the evening.  

The P. rufus roost was consistently found in the same 
area of the forested valley (12°45.11’ S, 49°10.10’ E) 
throughout the five months of observation. The majority of 
the colony was found in five to 10 trees within an area 
approximately 200 m x 100 m on a steep (30-40 degree) mid
-slope on the western side of the valley. The bats typically 
roosted from branches near the tops of large (30-40 cm dbh) 
emergent deciduous trees. Results from the two vegetation 
transects revealed moderate vegetation cover at the ground 
and shrub layer (10-50 %) and high cover at the canopy 
layer (>50 %). The forest type was consistent with the rest of 
the study area: a secondary, dry, deciduous forest which 
has been heavily disturbed by human activities. The average 
canopy height was 25 m and the average dbh was 13.1 ± 
0.8 cm. 

Behavioural observations included: noisy squabbling, 
wing fanning, roosting, and occasionally flying around the 
roost as a result of unknown disturbance. We were able to 
ascertain on three occasions that P. rufus were flying down 
the valley in a south or south-westerly direction soon after 
nightfall, although dark conditions and poor vantage points 
prohibited emergence counts. On 22 November, close 
observations revealed the presence of at least four mothers 
with pups clinging to their chests (Figure 3).  It is likely the 
pups were present before this observation, though 
previously not observed due to the distance at which prior 
observations were made. 

 
DISCUSSION 

Our observation of the endemic Madagascar flying fox 
colony (P. rufus) is consistent with previous findings that 
they use large emergent trees for roosts in fragmented 
forest patches (JENKINS et al., 2007; MACKINNON et al., 
2003). It is the only known colony of P. rufus in the 
Tsarakibany area and potentially in the entire region 
between Ankarana and Montagne d’Ambre. Although local 
community members enter the forest on a daily basis (to 
hunt, gather food, and collect wood), this forest patch is 5 
km from the village and receives fewer disturbances than 
surrounding patches. This colony is smaller than others 
previously documented in Madagascar, although our counts 

Figure 3: Female Pteropus rufus with pup in ‘Bat Roost’ 

Table 1.  Observed numbers of Pteropus rufus by date and 
time at colony in Tsarakibany, Madagascar. 

Date Time Observed n 
24-Jul-08 9:30 230 

24-Jul-08 15:45 135 

18-Aug-08 9:00 400 

4-Sep-08 17:00 320 

20-Oct-08 17:45 150 

5-Nov-08 9:15 257 

6-Nov-08 18:00 136 

22-Nov-08 6:00 148 

24-Nov-08 6:00 150 

24-Nov-08 17:45 80 

© Shelly Johnson, 2008 
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Above: Malagasy family clearing land in the forest near 
Tsarakibany, Madagascar, November 2008.  Forest fragments 
are altered for charcoaling, wood collection, and agriculture. 

Above: A group of volunteers from Frontier hike to base 
camp near the village of Tsarakibany, Madagascar. 

© Shelly Johnson, 2008 

Above: The valley between ‘Bat Roost” forest and Tsarakibany 
village, Madagascar, November 2008. The area is composed of 
secondary, dry, deciduous forest fragments with no primary 
forest remaining.  

 © Shelly Johnson, 2008 

Above: Volunteer research assistants from Frontier record 
observation of the Pteropus rufus colony in the forest near 
Tsarakibany, Madagascar. 
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Background 
The survey at Lufupa camp in the Kafue National Park in 

Zambia from 18-31 January 2008 was undertaken as part of 
a Wilderness Safaris guide training course, to give 
participants an experience of an animal they would rarely 
have encountered at close quarters. The survey took place 
in the middle of the wet season (MWIMA, 2001). 

Kafue National Park created in the early 1920’s, but only 
formally proclaimed as a national park in 1950, is the oldest 
National Park in Zambia, and comprises an area of 22,400 
km2 (2,240,000 ha) (ANSELL, 1978; MWIMA, 2001). Three 
different ecoregions are represented within the Park: Central 
Zambezian Miombo woodlands; Zambezian flooded 
grasslands and Zambezian Cryptosepalum dry forests 
(OLSEN and DINERSTEIN, 2002). Lufupa camp is situated 
on the westerly bank of the Kafue River at the junction with 
the Lufupa River (Figure 1), and falls within the Zambezian 
flooded grasslands ecoregion. The camp at Lufupa was 
established as one of eleven visitor accommodation sites in 
the park by 1959 (MWIMA, 2001). 
 

CHIROPTERA OF LUFUPA CAMP, KAFUE NATIONAL PARK, 
ZAMBIA; WITH TAXONOMIC NOTES ON EPOMOPHORUS, 

NYCTICEINOPS, SCOTOPHILUS AND SCOTOECUS 
 
By : Teresa Kearney1, Ernest C.J. Seamark1, Clare Mateke2 and Dave Hood3  
 
1 Vertebrate Department, Ditsong National Museum of Natural History (formerly Transvaal 
Museum), P.O. Box 413, Pretoria, 0001, South Africa. E-mail: kearney@ditsong.org.za 
2 Livingstone Museum, P.O. Box 60498, Livingstone, Zambia. Email: cmateke@gmail.com 
3 Wilderness Safaris, Postnet #118, Private Bag E835, Kabulonga, Lusaka, Zambia. Email: letotse@yahoo.co.uk 

Historical Records 
Distribution maps in ANSELL (1978) indicate that 11 

species have been recorded from close to, or within, the 
boundaries of the Kafue National Park: Nycteris thebaica E. 
Geoffroy St.-Hilaire, 1818, Rhinolophus hildebrandti Peters, 
1878, Rhinolophus simulator K. Andersen, 1904, 
Hipposideros caffer (Sundevall,1846), Nycticeinops 
schlieffenii (Peters, 1859) (recorded as Nycticeius 
schlieffeni), Neoromicia nana (Peters, 1852)  (recorded as 
Pipistrellus nanus), Pipistrellus hesperidus (recorded as P. 
kuhlii), Hypsugo anchietae (recorded as Pipistrellus 
anchietai), Neoromicia capensis (recorded as Eptesicus 
capensis), Scotophilus dinganii (A. Smith, 1833) (recorded 
as S. nigrita (Schreber, 1774)) and Chaerephon pumilus 
(Cretzschmar, 1826) (recorded as Tadarida pumila). 
However, no bat specimens are recorded from the junction 
of the Lufupa and Kafue Rivers (ANSELL, 1978). 

Of the current voucher records in the AFRICAN 
CHIROPTERA REPORT (2010), there is only a single 
individual of Neoromicia capensis (HZM 18.3172) from 
Kafue-NP, collected on 24 July 1959, from Kasempa district, 
Kasompe (14˚07’S 25˚41’E / 1425Ab) by W.F.H. Ansell. 
Although, neither of the coordinates in ANSELL’s (1978) 
gazetteer, for Kasompe camp (14˚04’S 25˚39’E) and 
Kasompe stream (1425Ba – 1425Bb) a tributary of the 
Lufupa River and part of the northern boundary of the Kafue-
NP, are the same as the coordinates documented with the 
specimen of HZM 18.3172.  
 
Methods 

Mist nets and a harp trap were set out for eight nights at 
seven different sites in, or close to, Lufupa camp with 
assistance from the course participants (Table 1). Mist nets 
were either supported on extendable painting poles (3 m) or 
set between ropes hanging over tree branches in a pulley 
system (hereafter referred to as a canopy net). Nets were 
usually opened just before sunset, and those close to the 
ground were usually closed one and a half hours later. On 
the 18th this was due to a storm that broke, but on other 
nights while the closure time tended to coincide with a drop 
in bat activity (as evidenced by a reduction in the number of 
calls detected using the bat detector), it was largely for 
practical and logistical purposes falling in with the other 
activities required of the guides during their training. Nets set 
close to the ground, and accessible on foot from where we 
were staying, were sometimes opened again just before 
dawn for varying periods. On five nights canopy nets (ca. 6 
m above the ground) were left open all night and either 
checked at frequent intervals during the night, or checked by 
06h30 the next day. Several day roosts and a night roost 
were also observed.  

All captured bats were processed recording standard 
field measurements, age, and sex (Table 2). Bats were kept 

Figure 1. Map showing the position of Lufupa camp (red 
triangle) in the Kafue National Park, and the inset showing 
the position of the park within Zambia. 

mailto:kearney@ditsong.org.za�


Elektronic AB, Uppsala, Sweden), at a sampling rate of 44.1 
kHz, a 8-bit mono resolution, and time expansion set at 10.  

Spectrograms and power spectrums were created using 
an interpolated 1024-point Fast Fourier Transform (FFT) in 
conjunction with a Hanning window, with the threshold set at 
16. From search phase calls we measured five variables: (i) 
inter-pulse interval - the millisecond duration between the 
onset of the call and the onset of a subsequent call; (ii) call 
duration – the millisecond duration from the onset of the call 
to the end of the call; (iii) the frequency that contains the 
maximum energy/intensity measured in kHz; (iv) the 
minimum frequency of the call measured in kHz; and (v) the 
maximum frequency of the call measured in kHz. 
Measurements were taken from the spectrogram for 
variables i and ii, and from the power spectrum for variables 
iii, iv and v. 

Identifications in the field and for some of the voucher 
specimens were made using keys and information in 

overnight in separate bags to allow the collection of ecto-
parasites and droppings. Tissue for DNA sequencing was 
also taken from all the bats that were caught. Wing tissue 
was taken with a 3 mm biopsy punch from close to the body 
of individuals that were released, and pectoral muscle was 
taken from voucher specimens.  

Individuals not taken as voucher specimens were 
released close to their point of capture (within 500 m) at 
dusk the day after their capture, or for species that 
echolocate, just before dusk. For individuals of species that 
echolocate, the timing of their release just before dusk was 
chosen to allow the recording of their echolocation release 
calls without interference from calls of other bats already in 
flight. Bats were released from the hand in open areas away 
from vegetation and buildings (actual distances from 
vegetation and buildings were not measured).  Recordings 
of echolocation calls were made with a Tranquility III time 
expansion bat detector (Courtpan Design Limited, UK) after 
the bats were released from the hand. Data was transferred 
from the bat detector to a Mecer laptop computer using 
BatSound Standard software ver. 3.31 (Pettersson 

Site # Collection site description Date Y [S] X [E] 

1 Open woodland adjacent to the Kafue River 18 - 19/01/2008 -14.614300 26.188400 

2 Road around work sheds within dense tree cover 21- 22/01/2008 -14.615590 26.190830 

3 
Road through open woodland 

23 – 24/01/2008 -14.613390 26.188160 

4 Open woodland adjacent to a flooded grassland 25/01/2008 -14.603450 26.189790 

5 Under canopy of large trees on old termite mounds 27/01/2008 -14.614540 26.193450 

6 Around thatch buildings 28 & 31/01/2008 -14.617350 26.191700 

7 Road through open woodland 30/01/2008 -14.607960 26.181110 

Table 1.  Collection site descriptions, collection dates and geographic coordinates for the different collecting sites at Lufupa 
camp, Kafue National Park, Zambia (1426Ca).  

Figure 3. Views of various collecting sites at Lufupa in 
Zambia: flooded grassland adjacent to site four (top), site 
four (bottom left), site seven (bottom right). 

Figure 2. Views of various collecting sites at Lufupa in 
Zambia: site six (top), site one (middle), site three (bottom). 
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Table 2. External body measurements from voucher specimens and released individuals, as well as the mean and standard 
deviation for different sexes of different bat species caught at various sites at Lufupa camp, Kafue National Park, Zambia, in 
January 2008. Forearm length (FA), head length (HL) [from junction with neck to nose tip see CHURCHILL (1998)], tibia 
(Tibia), total body (Total), tail (Tail), hind foot with nail (HF), and ear (Ear) lengths. * denotes individuals taken as voucher 
specimens. Field number 52 was not assigned to any specimen. 

Field # Site Date Sex FA 
(mm) 

Mass 
(g) 

HL 
(mm) 

Tibia 
(mm) 

Total 
(mm) 

Tail 
(mm) 

HF 
(mm) 

Ear 
(mm) 

Epomophorus gambianus crypturus 

ECJS-28/2008* 2 23/01/2008 ♂ 84.6 92.0 57.7 33.5 161.0 - 20.0 24.0 

ECJS-45/2008* 4 25/01/2008 ♂ 88.7 103.0 67.0 - 165.0 - 22.5 25.0 

ECJS-47/2008* 4 25/01/2008 ♂ 86.6 104.0 59.5 - 163.0 - 22.0 25.0 

ECJS-57/2008* 6 28/01/2008 ♂ 88.4 110.0 62.8 - - - - - 

Mean all vouchers - - ♂ 87.08 
±1.89 

102.2 
±7.5 

61.75 
±4.09 - 163.00 

±2.00 - 21.50 
±1.32 

24.67 
±0.58 

ECJS-26/2008* 2 22/01/2008 ♀ 76.1 58.0 45.8 30.0 126.0 - 19.0 23.0 

ECJS-51/2008 5 27/01/2008 ♂ 83.9 104.0 60.0 - - - - - 

ECJS-70/2008 7 30/01/2008 ♂ 83.9 88.0 55.6 - - - - - 

ECJS-71/2008 7 31/01/2008 ♂ 84.7 103.0 58.1 - - - - - 

Mean all released - - ♂ 84.17 
±0.46 

98.33 
±8.96 

57.90 
±2.21 - - - - - 

ECJS-27/2008 2 23/01/2008 ♀ 81.8 76.0 53.0 - - - - - 

ECJS-39/2008 3 23/01/2008 ♀ 76.3 87.0 53.0 - - - - - 

ECJS-40/2008 3 23/01/2008 ♀ 83.7 86.0 54.2 - - - - - 

ECJS-49/2008 5 27/01/2008 ♀ 77.6 67.0 50.6 - - - - - 

ECJS-50/2008 5 27/01/2008 ♀ 78.4 67.0 48.9 - - - - - 

Mean all released - - ♀ 79.56 
±3.08 

76.60 
±9.76 

51.94 
±2.14 - - - - - 

Taphozous mauritianus 

ECJS-58/2008* 6 28/01/2008 ♂ 59.9 25.0 26.0 25.8 109.0 25.0 13.0 18.0 

Hypsugo anchietae 

ECJS-42/2008* 4 25/01/2008 ♀ 32.6 4.9 14.7 12.2 81.0 36.0 6.0 11.5 

Neoromicia capensis 

ECJS-33/2008* 3 23/01/2008 ♂ 31.8 5.2 16.4 11.7 79.5 31.5 7.0 12.0 

ECJS-5/2008* 1 18/01/2008 ♂ 30.7 5.0 16.2 12.3 73.0 29.0 6.5 12.0 

Mean all vouchers - - ♂ 31.25 
±0.78 

5.10 
±0.14 

16.30 
±0.14 

12.00 
±0.42 

76.25 
±4.60 

30.25 
±1.77 

6.75 
±0.35 

12.00 
±0 

ECJS-8/2008* 1 18/01/2008 ♀ 33.3 6.4 17.3 12.8 84.0 35.0 7.0 12.0 

ECJS-23/2008* 2 21/01/2008 ♀ 33.6 5.7 16.4 11.8 84.0 33.5 6.0 13.5 

Mean all vouchers - - ♀ 33.45 
±0.21 

6.05 
±0.49 

16.85 
±0.64 

12.30 
±0.71 

84.00 
±0 

34.25 
±1.06 

6.50 
±0.71 

12.75 
±1.06 

Neoromicia nana 

ECJS-9/2008* 1 19/01/2008 ♂ 28.4 3.1 13.5 10.2 70.0 28.0 5.5 10.5 

ECJS-15/2008* 2 21/01/2008 ♀ 29.8 3.4 13.3 11.0 71.0 32.5 6.0 10.0 

ECJS-54/2008* 6 28/01/2008 ♀ 31.4 4.2 13.6 11.0 74.0 31.5 6.5 10.5 

ECJS-60/2008* 6 28/01/2008 ♀ 29.2 3.8 13.2 11.4 72.5 32.0 5.5 10.0 

Mean all vouchers - - ♀ 30.13 
±1.14 

3.80 
±0.40 

13.37 
±0.21 

11.13 
±0.23 

72.50 
±1.50 

32.00 
±0.50 

6.00 
±0.50 

10.17 
±0.29 

ECJS-53/2008 6 28/01/2008 ♀ 30.2 3.8 13.8 10.7 - - - - 

Continued on next page 



Field # Site Date Sex FA 
(mm) 

Mass 
(g) 

HL 
(mm) 

Tibia 
(mm) 

Total 
(mm) 

Tail 
(mm) 

HF 
(mm) 

Ear 
(mm) 

Neoromicia rueppellii 
ECJS-4/2008* 1 18/01/2008 ♂ 34.8 6.8 17.4 14.8 92.0 38.0 9.5 13.5 

ECJS-3/2008* 1 18/01/2008 F 36.8 7.9 16.6 15.8 90.0 38.0 8.5 13.5 

ECJS-6/2008 1 18/01/2008 ♂ 37.4 8.3 16.2 15.9 - - - - 

ECJS-7/2008 1 18/01/2008 ♂ 36.8 7.3 16.5 15.4 - - - - 

ECJS-11/2008 1 19/01/2008 ♂ 35.6 7.3 16.6 15.5 - - - - 

ECJS-21/2008 2 21/01/2008 ♂ 34.9 7.2 17.1 14.9 - - - - 

ECJS-62/2008 6 28/01/2008 ♂ 34.7 7.3 16.5 14.7 - - - - 

ECJS-63/2008 6 28/01/2008 ♂ 37.2 8.5 17.3 15.3 - - - - 

Mean all released - - ♂ 36.10 
±1.19 

7.65 
±0.59 

16.70 
±0.41 

15.28 
±0.43 - - - - 

ECJS-10/2008 1 19/01/2008 ♀ 35.0 7.0 15.9 15.1 - - - - 

ECJS-34/2008 3 23/01/2008 ♀ 39.2 8.0 16.6 16.0 - - - - 

ECJS-55/2008 6 28/01/2008 ♀ 37.4 8.5 16.7 15.9 - - - - 

ECJS-56/2008 6 28/01/2008 ♀ 37.1 8.7 17.3 15.0 - - - - 

Mean all released - - ♀ 37.18 
±1.72 

8.05 
±0.76 

16.63 
±0.57 

15.50 
±0.52 - - - - 

Neoromicia zuluensis 

ECJS-44/2008* 4 25/01/2008 ♂ 28.9 4.9 14.4 11.4 70.0 30.0 6.0 10.0 

ECJS-43/2008* 4 25/01/2008 ♀ 31.9 4.8 14.6 13.1 80.0 36.0 6.0 11.5 

Nycticeinops schlieffenii 

ECJS-1/2008* 1 18/01/2008 ♂ 30.2 5.0 15.9 13.3 77.0 28.0 4.5 10.5 

ECJS-2/2008* 1 18/01/2008 ♂ 30.9 5.0 15.6 13.1 78.0 30.0 6.5 11.0 

ECJS-25/2008* 2 21/01/2008 ♂ 29.7 5.2 14.3 11.7 75.0 28.5 6.0 11.0 

Mean all vouchers - - ♂ 30.27 
±0.60 

5.07 
±0.12 

15.27 
±0.85 

12.70 
±0.87 

76.67 
±1.53 

28.83 
±1.04 

5.67 
±1.04 

10.83 
±0.29 

ECJS-16/2008* 2 21/01/2008 ♀ 30.8 5.1 14.0 12.5 75.0 28.0 7.0 11.0 

ECJS-22/2008 2 21/01/2008 ♂ 30.4 5.1 14.9 12.6 - - - - 

ECJS-24/2008 2 21/01/2008 ♂ 30.2 6.0 15.3 12.6 - - - - 

ECJS-37/2008 3 23/01/2008 ♂ 30.7 5.1 14.7 12.0 - - - - 

ECJS-48/2008 5 27/01/2008 ♂ 30.4 5.1 14.5 12.4 - - - - 

ECJS-61/2008 6 28/01/2008 ♂ 29.6 4.3 14.9 - - - - - 

ECJS-66/2008 6 28/01/2008 ♂ 30.3 5.2 15.0 12.0 - - - - 

ECJS-68/2008 6 28/01/2008 ♂ 29.3 5.1 14.8 11.6 - - - - 

ECJS-69/2008 6 28/01/2008 ♂ 31.2 5.6 14.5 12.1 - - - - 

ECJS-72/2008 8 31/01/2008 ♂ 29.7 5.6 14.8 - - - - - 

Mean all released - - ♂ 30.20 
±0.59 

5.22 
±0.45 

14.82 
±0.25 

12.19 
±0.37 - - - - 

ECJS-29/2008 2 23/01/2008 ♀ 32.1 5.6 15.2 12.5 - - - - 

ECJS-30/2008 2 23/01/2008 ♀ 30.9 6.7 14.5 12.6 - - - - 

ECJS-38/2008 3 23/01/2008 ♀ 32.1 5.9 14.8 12.2 - - - - 

ECJS-59/2008 6 28/01/2008 ♀ 31.0 5.3 14.9 12.6 - - - - 

ECJS-64/2008 6 28/01/2008 ♀ 32.4 6.0 15.0 12.9 - - - - 

ECJS-65/2008 6 28/01/2008 ♀ 31.9 5.7 14.6 12.1 - - - - 

ECJS-67/2008 6 28/01/2008 ♀ 31.7 6.0 14.8 12.9 - - - - 

Mean all released - - ♀ 31.73 
±0.57 

5.89 
±0.44 

14.83 
±0.24 

12.54 
±0.31 - - - - 

Continued on next page 
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Field # Site Date Sex FA 
(mm) 

Mass 
(g) 

HL 
(mm) 

Tibia 
(mm) 

Total 
(mm) 

Tail 
(mm) 

HF 
(mm) 

Ear 
(mm) 

Scotophilus cf. dinganii 
ECJS-32/2008* 3 23/01/2008 ♀ 51.2 22.0 21.9 21.8 123.0 48.5 10.0 15.5 

Scotophilus cf. leucogaster 
ECJS-12/2008* 2 21/01/2008 ♂ 46.9 17.0 21.1 19.2 116.0 45.0 10.0 11.0 
ECJS-17/2008* 2 21/01/2008 ♂ 48.5 19.0 21.1 19.3 118.0 50.0 10.0 14.5 

Mean all vouch-
ers - - ♂ 47.70 

±1.13 
18.00 
±1.41 

21.10 
±0 

19.25 
±0.07 

117.00 
±1.41 

47.50 
±3.54 

10.00 
±0 

12.75 
±2.47 

ECJS-13/2008* 2 21/01/2008 ♀ 46.8 18.0 21.4 19.1 116.0 47.0 11.0 14.5 
ECJS-14/2008* 2 21/01/2008 ♀ 48.9 20.0 21.4 20.8 120.0 49.0 10.0 13.5 

Mean all vouch-
ers - - ♀ 47.85 

±1.48 
19.00 
±1.41 

21.40 
±0 

19.95 
±1.20 

118.00 
±2.83 

48.00 
±1.41 

10.50 
±0.71 

14.00 
±0.71 

ECJS-20/2008 2 21/01/2008 ♂ 47.5 18.0 21.5 19.8 - - - - 
ECJS-18/2008 2 21/01/2008 ♀ 48.4 18.0 21.3 19.4 - - - - 
ECJS-19/2008 2 21/01/2008 ♀ 48.0 18.0 20.9 18.6 - - - - 
ECJS-31/2008 3 23/01/2008 ♀ 47.7 18.0 21.3 19.7 - - - - 
ECJS-41/2008 3 25/01/2008 ♀ 46.1 17.0 20.4 17.8 - - - - 
Mean all re-
leased - - ♀ 47.55 

±1.01 
17.75 
±0.50 

20.98 
±0.43 

18.88 
±0.85 - - - - 

Scotoecus hindei 
ECJS-35/2008* 3 23/01/2008 ♀ 33.1 10.0 17.9 11.9 91.0 33.0 8.0 11.5 
ECJS-36/2008* 3 23/01/2008 ♀ 32.3 8.7 17.7 11.9 87.0 34.0 8.0 11.5 

Mean all vouch-
ers - - ♀ 32.70 

±0.57 
9.35 
±0.92 

17.80 
±0.14 

11.90 
±0 

89.00 
±2.83 

33.50 
±0.71 

8.00 
±0 

11.50 
±0 

Vespertilioninae sp. 
ECJS-46/2008* 4 25/01/2008 ♀ 31.9 6.0 16.2 12.0 80.0 30.0 6.0 12.0 
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HAYMAN and HILL (1971), MEESTER et al. (1986), 
BERGMANS (1997), TAYLOR (2000), HAPPOLD (1987), 
HAPPOLD and HAPPOLD (1989), and KEARNEY (2005). 
Additional information and keys used in the identification of 
certain voucher specimens were as follows: for 
Epomophorus - CLAESSEN and DE VREE (1991), 
BERGMANS (1997) and BERGMANS and VAN STRIEN 
(2004); for Scotophilus – ROBBINS et al. (1985), and for 
Scotoecus – TAYLOR and VAN DER MERWE (1998) and 
COTTERILL (2001). Spelling of species names in 
Neoromicia follows the corrections indicated by RICCUCCI 
and LANZA (2008). Given the gender of Neoromicia is 
female, whereas Pipistrellus is male, with changes to the 
genus name the gender of certain species names also 
requires correction, for instance Pipistrellus nanus becomes 
Neoromicia nana.   

In some instances where species identifications or the 
current taxonomies were not clear, principal component 
analyses, based on correlation matrices of standardized, 
normally distributed (as measured by the Kolmogorov-
Smirnov test) measurements, were run using STATISTICA 
(STATSOFT, 2006), to quantify differences between 
voucher specimens caught at Lufupa in Zambia and 
identified voucher specimens from other localities. 
STATISTICA was also used for a discriminant function 
analysis. Baculum morphology (KEARNEY et al., 2002) was 
used to confirm the identification of males of four 
Vespertilionidae species. Unfortunately, in the field, ants 
removed four dissected penises (of ECJS-02/2008, ECJS-
05/2008, ECJS-09/2008, and ECJS-25/2008) from vials that 
had been left open to allow the penises to dry. Of these, only 
one was retrieved, either ECJS-02/2008 or ECJS-25/2008.  

The measure of abundance is more commonly recorded 
as number of individuals capture per meter per mist net hour 
of sampling. However, this measure is inadequate without 
the total aerial coverage of the mist nets deployed also 

being clearly stated (KUNZ et al., 2009). To avoid this, a 
calculation of capture effort has been used that incorporates 
in the measure of relative abundance the total aerial 
coverage, by multiplying the area of the mist net (length x 
height) by the amount of time deployed, hence meter-
squared-hours (SEAMARK and KEARNEY, 2007; 
KEARNEY et al., 2008; SEAMARK and KEARNEY, 2008). 
Capture rate (presented as a percentage) is the number of 
bats caught divided by the capture effort.  

As indicated above, relative to published guides from 
several South American and Malaysian localities (see review 
in KINGSTON, 2009), the sampling at Lufupa camp was not 
intended as a thorough study of the species diversity of the 
bat assemblage at Lufupa, and hence was clearly limited in 
sampling effort either measured by number of individuals 
captured or nights sampled. However, given there is little 
information on bat assemblages from this area, the limited 
sample results were nevertheless used in calculations to 
evaluate the completeness of the sampling, i.e. how closely 
the observed species richness reflects the true bat 
assemblage (KINGSTON, 2009). Two expected species 
accumulation curves were produced using EstimateS 
version 8.2.0 (COLWELL, 2009), a sample-based 
rarefaction curve (Mao Tau) and individual-based rarefaction 
curve (Coleman curve). The sample being the number of 
bats captured per group of mist nets per night, i.e. N = 7. 
Additional estimators of species richness (with log-linear 95 
% confidence intervals) were generated using non-
parametric, classic Chao1 and Chao2 species richness 
estimators (CHAO, 1984; COLWELL, 2009). While the 
equations for the two estimators are functionally equivalent, 
Chao1 uses abundance frequencies, i.e. ratios of species 
represented by only one / ‘singleton’ or two individuals / 
‘doubleton’, whereas Chao2 uses incidence frequencies, i.e. 
ratios of species observed in only one / ‘unique’ or two / 
‘duplicate’ samples. 
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Table 3. Echolocation call parameters recorded from released individuals caught at various sites at Lufupa camp, Kafue 
National Park, Zambia, in January 2008, indicating the number of calls analysed, the mean, standard deviation and range. The 
inter-pulse interval between the onset of the call and the onset of a subsequent call (Interval); the call duration from the onset 
of the call to the end of the call (Duration); the frequency that contains the maximum energy/intensity (Power); the minimum 
frequency of the call (Min); and the maximum frequency of the call (Max). Where possible, means of echolocation parameters 
were also calculated from mean individual values, for the different sexes within a species, and for each species.  

Field # Sex Interval  
(ms) 

Duration  
(ms) 

Power  
(kHz) 

Min  
(kHz) 

Max  
(kHz) 

Nycticeinops schlieffenii 

ECJS-30/2008 ♀ 
9 

82.33 ±21.72 
58.00 - 102.00 

10 
7.70 ±0.95 
6.00 - 9.00 

10 
39.32 ±0.69 

38.60 - 40.90 

10 
36.39 ±0.27 

36.10 - 37.00 

10 
55.17 ±5.50 

46.30 - 65.00 

ECJS-38/2008 ♀ 
9 

80.00 ±30.15 
57.70 – 159.90 

12 
7.16 ±0.77 
6.00 - 8.00 

12 
39.15 ±1.03 

37.50 - 40.90 

12 
36.76 ±0.65 

35.90 - 37.70 

12 
56.60 ±6.61 

50.20 - 71.60 

ECJS-59/2008 ♀ 
14 

93.61 ±39.29 
19.00 - 158.00 

15 
7.57 ±1.09 
6.00 - 9.00 

15 
40.69 ±0.60 

40.00 - 42.00 

15 
38.50 ±0.80 

37.20 - 39.70 

15 
57.39 ±5.75 

48.10 - 68.80 

ECJS-64/2008 ♀ 
19 

93.72± 30.78 
73.00 - 161.00 

20 
7.95 ±1.27 

6.00 - 11.00 

20 
37.58 ±0.40 

36.80 - 38.60 

20 
37.58 ±0.40 

36.80 - 38.60 

20 
58.41 ±13.37 
41.60 - 88.40 

ECJS-65/2008 ♀ 
13 

98.00 ±43.06 
46.00 - 161.00 

14 
7.08 ±1.89 

4.00 - 10.00 

14 
40.81 ±1.03 

39.30 - 42.70 

14 
37.90 ±1.11 

36.60 - 39.70 

14 
57.64 ±10.64 
42.50 - 73.60 

ECJS-22/2008 ♂ 
15 

117.33 ±41.935 
70.00 - 164.00 

16 
8.25 ±1.88 

5.00 - 11.00 

16 
37.91 ±0.80 

35.40 - 38.60 

16 
34.92 ±1.87 

29.30 - 36.60 

16 
43.69 ±1.73 

40.20 - 45.90 

ECJS-24/2008 ♂ 
19 

85.26 ±20.58 
72.00 - 157.00 

19 
8.16 ±1.80 

5.00 - 12.00 

19 
41.06 ±0.98 

40.00 - 44.30 

19 
38.28 ±0.52 

37.70 - 39.30 

19 
60.86 ±11.97 
43.80 - 85.40 

ECJS-37/2008 ♂ 
10 

80.00 ±11.86 
65.00 - 94.00 

11 
9.00 ±1.61 

7.00 - 11.00 

11 
40.05 ±1.07 

38.40 - 41.80 

11 
38.15 ±0.80 

37.00 - 39.50 

11 
48.51 ±1.84 

45.40 - 52.00 

ECJS-48/2008 ♂ 
4 

84.92 ±13.79 
67.4 – 97.2 

6 
4.55 ±0.75 
3.50 - 5.60 

6 
42.85 ±1.37 

41.80 - 45.20 

6 
39.50 ±1.56 

37.20 - 41.30 

6 
51.47 ±2.73 

46.60 - 54.50 

ECJS-61/2008 ♂ 
3 

82.33 ±6.02 
76.00 - 88.00 

4 
5.50 ±1.73 
4.00 - 8.00 

4 
41.00 ±0.20 

40.90 - 41.30 

4 
39.18 ±0.30 

38.80 - 39.50 

4 
46.28 ±1.49 

44.30 - 47.90 

ECJS-66/2008 ♂ 
17 

90.41 ±30.55 
50.00 - 161.00 

20 
6.74 ±1.05 
5.00 - 9.00 

20 
40.96 ±0.83 

40.00 - 42.50 

20 
38.06 ±0.84 

36.10 - 39.50 

20 
52.84 ±4.87 

45.20 - 60.90 

ECJS-69/2008 ♂ 
11 

87.10 ±33.29 
53.00 - 161.00 

12 
8.27 ±0.79 
7.00 - 9.00 

12 
38.63 ±0.44 

38.20 - 39.30 

12 
36.17 ±0.61 

35.40 - 37.20 

12 
50.50 ±5.66 

43.60 - 62.50 
Mean 
(n = 5) ♀ 88.51 ±7.88 

80.00 -90.00 
7.49 ±0.37 
7.08 -7.95 

39.51 ±1.32 
37.58 – 40.81 

37.43 ±0.85 
36.39 – 38.50 

57.04 ±1.23 
55.17 – 58.41 

Mean 
(n = 7) ♂ 

89.62 ±12.65 
80.00-117.33 

7.21±1.66 
4.55 – 9.00 

40.35 ±1.66 
37.91-42.85 

37.75 ±1.64 
34.92 – 39.50 

50.59 ±5.50 
43.69 – 60.86 

Mean both sexes 
(n = 12) - 88.51 ±8.71 

80.00-98.00 
7.33 ±1.25 
4.55 – 9.00 

40.00 ±1.52 
37.58 – 42.85 

37.62 ±1.33 
34.92 – 39.50 

53.28 ±5.30 
43.69 – 60.86 

Neoromicia rueppellii 

ECJS-10/2008 ♀ 
11 

72.81 ±38.19 
17.00 - 117.00 

12 
7.50 ±1.31 
6.00 - 9.00 

12 
47.48 ±0.47 

46.80 - 47.90 

12 
45.12 ±0.42 

44.30 - 45.60 

12 
67.33 ±7.19 

57.70 - 82.50 

ECJS-34/2008 ♀ 
- 
- 
- 

1 
7.00 

7.00 - 7.00 

1 
39.30 

39.30 - 39.30 

1 
36.30 

36.30 - 36.30 

1 
61.80 

61.80 - 61.80 

ECJS-56/2008 ♀ 
- 
- 
- 

1 
6.00 

6.00 - 6.00 

1 
39.30 

39.30 - 39.30 

1 
37.50 

37.50 - 37.50 

1 
47.70 

47.70 - 47.70 

ECJS-11/2008 ♂ 
11 

77.81 ±29.45 
39.00 - 111.00 

12 
9.33 ±1.15 

7.00 - 11.00 

12 
45.03 ±2.02 

42.20 - 47.90 

12 
40.83 ±1.56 

39.30 - 45.40 

12 
61.88 ±7.20 

52.50 - 78.20 

ECJS-62/2008 ♂ 
3 

185.66 ±34.07 
165.00 - 225.00 

4 
8.75 ±0.50 
8.00 - 9.00 

4 
43.83 ±0.33 

43.60 - 44.30 

4 
40.60 ±1.66 

38.20 - 42.00 

4 
61.50 ±5.38 

55.00 - 67.90 
Mean 
(n = 3) ♀ 72.81 

- 
6.83 ±0.76 
6.00 – 7.50 

42.03 ±4.72 
39.30 – 47.48 

39.64 ±4.78 
36.30 – 45.12 

58.94 ±10.12 
47.70 – 67.33 

Mean 
(n = 2) ♂ 

131.76 ±76.25 
77.81 – 185.66 

9.04 ±0.41 
8.75 – 9.33 

44.43 ±0.85 
43.83 – 45.03 

40.71 ±0.16 
40.60 – 40.83 

61.69 ±0.27 
61.50 – 61.88 

Mean both sexes 
(n = 5)   131.73 ±76.26 

77.8` – 185.66 
7.72 ±1.34 
6.00 –9.33 

42.99 ±3.61 
39.30 – 47.48 

40.07 ±3.43 
36.30 – 45.12 

60.04 ±7.31 
47.70 – 67.33 

Continued on next page 



Field # Sex Interval  
(ms) 

Duration  
(ms) 

Power  
(kHz) 

Min 
(kHz) 

Max  
(kHz) 

Scotophilus cf. leucogaster 

ECJS-18/2008 ♀ 
- 
- 
- 

1 
7.00 

7.00 -7.00 

1 
44.30 

44.30 - 44.30 

1 
42.00 

42.00 -42.00 

1 
51.60 

51.60 - 51.60 

ECJS-31/2008 ♀ 

1 
144.7 

- 
- 

3 
5.30 ±0.89 
4.60 - 6.30 

3 
42.27 ±1.21 

40.90 - 43.20 

3 
39.20 ±0.46 

38.80 - 39.70 

3 
51.20 ±3.41 

48.40 - 55.00 

ECJS-41/2008 ♀ 
6 

106.8 ±44.84 
53.00 - 161.00 

7 
6.71 ±1.25 
5.00 - 9.00 

7 
40.54 ±0.61 

39.30 - 40.90 

7 
38.77 ±0.56 

37.70 - 39.30 

7 
48.67 ±2.74 

45.90 - 52.70 
Mean 
(n = 3) ♀ 125.75±26.79 

106.80 – 144.70 
6.34 ±0.91 
5.30 – 7.00 

42.37 ±1.88 
40.54 – 44.30 

39.99 ±1.75 
38.77 – 42.00 

50.49 ±1.59 
48.67 – 51.60 
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Results 
Seventy-one bats were caught. Thirty-one individuals 

were kept as voucher specimens (Table 2), to be 
accessioned in the Livingstone Museum, Zambia (although 
museum accession numbers have not yet been assigned to 
the specimens). Forty individuals were released. Attempts 
were made to record echolocation release calls of 32 
individuals, only 20 of which were successful (Table 3), as 
insufficient or no call information was obtained from 12 
individuals.  

Voucher specimens represented both suborders 
Pteropodiformi and Vespertilioniformi (AFRICAN 
CHIROPTERA REPORT, 2010), three different families 
(Pteropodidae, Emballonuridae and Vespertilionidae), seven 
genera (Epomophorus, Hypsugo, Neoromicia, Nycticeinops, 
Scotophilus, Scotoecus, and Taphozous) and 11 different 
(sub)species (Epomophorus gambianus crypturus, Hypsugo 
anchietae, Neoromicia capensis, Neoromicia nana, 
Neoromicia rueppellii, Neoromicia zuluensis, Nycticeinops 
schlieffenii, Scotophilus cf. dinganii, Scotophilus cf. 
leucogaster, Scotoecus hindei, and Taphozous mauritianus) 
(Table 2). Due to unresolved taxonomic problems at the 
species level within Scotophilus and anomalous individuals, 
species identifications within Scotophilus are tentative, and 
one individual was only identified to subfamily level. Given 
the possibility that cryptic species were overlooked amongst 
the released individuals, information about voucher 
specimens and released individuals is separated in Table 2. 
 
Epomophorus gambianus crypturus Peters, 1852 

Fruit bats were observed roosting in eight palm trees that 
were part of a collection of approximately 20 palm trees at 
site six (Figure 2). Counts of individuals at these roosts, 
made by one of the authors (CM), on eight different days 
varied from 32 to 39 individuals. From day to day the 
number and position of individuals was fairly consistent. The 
highest number of bats in one tree was 15, and the lowest 
number was one individual. Trees with the highest number 
of bats appeared to be those where the fronds overlapped 
with those from neighboring trees, and where the bats could 
roost between the fronds, covered by two or more layers, 
which may have afforded additional shade, and, or 
protection from predators. 

Thirteen individuals were caught at six different sites 
(site two, three, four, five, six, and seven) (Figure 2, Figure 
3, Table 2). Of these, nine were caught in the early hours of 
the morning; eight in canopy nets that were left up all night, 
and one in the harp trap. The other four were netted 
between 19h31 and 20h00. Of the males, ECJS-45/2008 
had a distinct brown collar under its chin, which according to 
BERGMANS (1988) usually only occurs in fully grown 
specimens, ECJS-51/2008 was scrotal, and the epaulettes 
of ECJS-70/2008 were not well developed. Two of the 

females, ECJS-39/2008 and ECJS-40/2008, were post-
lactating, the latter also having a perforate vagina. 

Field identification following the key in BERGMANS 
(1997) suggested all individuals were Epomophorus 
gambianus since they all had: conspicuous white ear base 
tufts, calcars, three upper and five lower cheek teeth, six 
thick palatal ridges with the second to the fourth ridge 
undivided (the first four ridges inter-dental and the last two 
post-dental, with the fourth thick palatal ridge half way 
between the third and fifth ridges) (Figure 4), forearm 
lengths in males between 80.0-100.0 mm, and in females 
between 75.0-94.8 mm, and the weights in males between 
91-155 g, and in females between 56-130 g. 

Five voucher specimens were kept, which included the 
smallest female captured (Table 2). In the field all individuals 
were identified as adult on the basis of fused epiphyses, 
however, in three of the vouchers (ECJS-26/2008, ECJS-
28/2008 and ECJS-47/2008) various bones of the skull, 
including pterygoid and basisphenoid, and basisphenoid and 
basioccipital, were not entirely fused and ossified (Figure 5). 
Of these three voucher specimens, the sutures were 
unfused to a similar degree in ECJS-26/2008 and ECJS-
28/2008, and most fused in ECJS-47/2008. 

The literature on Epomophorus refers to the non-adult 
stage by way of a number of different terms, i.e. sub-adult 

Figure 4. Palates, showing palatal ridges of Epomophorus 
gambianus crypturus from Lufupa in Zambia. Female ECJS-
26/2008 (top), male ECJS-45/2008 (bottom). 

© ECJ Seamark, 2008 



Figure 6. Head and shoulder images of Epomophorus 
gambianus crypturus from Lufupa in Zambia. Female ECJS-
26/2008 (top), male ECJS-45/2008 (middle), male ECJS-
47/2008 (bottom). 
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Figure 5. Ventral view of skulls of Epomophorus gambianus 
crypturus from Lufupa in Zambia. Female ECJS-26/2008 
(top), male ECJS-28/2008 (middle), male ECJS-45/2008 
(bottom).The arrow marks the position of the basisphenoid, 
basioccipital fusion. 

(BERGMANS, 1988: 110; CLAESSEN and DE VREE, 
1991:221; BERGMANS and VAN STRIEN, 2004: 254, 266), 
juvenile (BERGMANS, 1988:91, 111, 141; CLAESSEN and 
DE VREE, 1991: 210, 220, 221, 227; BERGMANS and VAN 
STRIEN, 2004: 256, 258) immature (BERGMANS, 1988:77, 
79, 85-87, 90, 93, 94, 96, 101, 102, 105, 107, 109-112, 114, 
115, 118-120, 123, 126-129, 133, 137; CLAESSEN and DE 
VREE, 1991:217,222-225; BERGMANS and VAN STRIEN, 
2004: 250-252, 256-258, 261-265), near / nearly adult 
(BERGMANS, 1988: 135; BERGMANS and VAN STRIEN, 
2004: 256, 259-263), or young adult (BERGMANS, 1988: 
100, 105, 110, 115, 139; BERGMANS and VAN STRIEN, 
2004: 256, 262, 263), yet it is not clear if these differences 
relate to any developmental differences. BERGMANS 
(1988) did indicate immatures have a duller fur colour than 
adults (which can be seen in Figure 6), and 
disproportionately larger feet, and that immature males have 
relatively shorter snouts, with the lengthening of the rostrum 
being one of the last growth processes to take place before 
specimens become fully grown. Maxillary/rostrum elongation 
was also noted during the growth phase of Pteropus 
(GIANNINI et al., 2006). 

BERGMANS (1988:76) suggested adulthood in African 
Pteropodidae, i.e. being fully grown, could be determined 
using various parameters, but most reliably from the fusion 
and ossification of the pterygoid and basisphenoid suture, 
the basisphenoid and basioccipital suture, and phalanges at 
the finger joints. And, secondary sexual characters such as 
collars and epaulets generally only occur when males are 

© ECJ Seamark, 2008 
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full-grown (BERGMANS, 1988:77). CLAESSEN and DE 
VREE (1990) added to this criterion for adulthood the 
ossification of the maxillo-jugal and jugo-temporal sutures. A 
study on the cranial osteology in a related Pteropodidae, 
Pteropus (flying foxes), by GIANNINI et al. (2006), identified 
six composite age stages on the basis of degree of tooth 
eruption, tooth wear, tooth loss, and fusion of the cranial 
elements.  GIANNINI et al. (2006) suggest bone fusion 
appears to continue throughout life in Pteropus, and that for 
the most typically seen stage of bone fusion in adults (stage 
4) the sutures between the pterygoid and basisphenoid, 
basisphenoid and basioccipital sutures, and maxillo-jugal 
are not yet fused. 

BERGMANS (1988) did suggest that fusion of the 
epiphyses is not always easy to observe, which may explain 
the error in the field identification of adult status of 
individuals whose skull sutures were not entirely fused. 
However, little is noted in the literature of the relationship 
between skull and epiphyses fusion rates, and since 
complete ossification of the skull is a lengthy process that 
may not be completed at the stage females are able to 
become pregnant and develop mammae (BERGMANS, 
1988), it is possible that epiphyses may be fused earlier than 
complete skull ossification. 

Observations and measurements of the five voucher 
specimens, in relation to the species accounts by 
BERGMANS (1988; 1997), CLAESSEN and DE VREE 
(1991) and BERGMANS and VAN STRIEN (2004), as well 
as keys of CLAESSEN and DE VREE (1991), confirmed the 
identification of Epomophorus gambianus crypturus for all 
(ECJS-45/2008, ECJS-57/2008, ECJS-28/2008, ECJS-
47/2008), but the smallest female (ECJS-26/2008) (Table 2, 
Figure 5). 

There are very few studies that have assessed the 
variation in size and shape within a species in relation to 
ontogeny, the exception for fruit bats being the study on the 

cranial osteology of Pteropus by GIANNINI et al. (2006). 
Hence, most keys and taxonomic revisions are restricted to 
analyses of adult specimens (MEESTER et al., 1986). 
Unfortunately, this complicates the identification of non-adult 
specimens, and both BERGMANS (1988), and CLAESSEN 
and DE VREE (1991) have indicated that incorrect 
identification of non-adult individuals has previously 
confused the taxonomy of Epomophorus. 

The smallest female of the voucher specimens, ECJS-
26/2008, was caught at site two with another voucher 
specimen identified as Epomophorus gambianus crypturus 
(ECJS-28/2008). ECJS-26/2008 is smaller in overall size, 
with larger teeth, but smaller gaps between the teeth than in 
ECJS-28/2008, which has sutures that are fused to a similar 
degree to those in ECJS-26/2008 (Table 2, Figure 5). 
Relative to the age stages defined for Pteropus (GIANNINI 
et al., 2006) both ECJS-26/2008 and ECJS-28/2008, with M2 
fully erupted but minimal toothwear on all teeth, would be 
placed in stage 2. It was thus unclear whether the observed 
variations were a result of age and thus growth differences, 
or due to species differences. In a plot of zygomatic width 
against greatest skull length (Figure 7) comparing ECJS-
26/2008 with specimen information from BERGMANS 
(1988), CLAESSEN and DE VREE (1991) and BERGMANS 
and VAN STRIEN (2004), ECJS-26/2008 plots closest to the 
nearly adult female paratype of E. anselli from Malawi 
(BERGMANS and VAN STRIEN, 2004). Whereas, in a plot 
of forearm length against greatest skull length ECJS-
26/2008 plots further from the nearly adult female paratype 
of E. anselli from Malawi and closer to E. g. crypturus from 
Malawi and Zambia (Figure 8). 

Dr Wim Bergmans (retired Curator, Zoölogisch Museum, 
Universiteit van Amsterdam, The Netherlands) kindly agreed 
to assist with the identification, and having been sent the 
cranium and mandibles of ECJS-26/2008 and ECJS-
28/2008, he identified ECJS-26/2008 as an immature female 

Figure 7. Plot of zygomatic width (ZW) against greatest skull length (GSL) for Epomophorus specimens collected at Lufupa in 
Zambia (red circles = 1 - ECJS-26/2008, 2 - ECJS-28/2008, 3 - ECJS-47/2008, 4 - ECJS-45/2008, 5 - ECJS-57/2008), 
together with information from published sources, for individuals of E. anselli from Malawi (BERGMANS and VAN STRIEN, 
2004) (green stars = 6 - ♀, 7 - ♂), and mean measurements of individuals of E. cf. labiatus (BERGMANS and VAN STRIEN, 
2004) (pink squares = 8 - ♀, 9 - ♂), E. g. crypturus from Malawi (BERGMANS and VAN STRIEN, 2004) (black triangles = 10  -
♀, 11 - ♂), E. g. crypturus from Zambia (BERGMANS, 1988) (black triangles = 12 - ♂, 13 - ♀), E. labiatus (CLAESSEN and 
DE VREE, 1991) (blue crosses = 14 - ♀, 15 - ♂), and E. minimus (CLAESSEN and DE VREE, 1991) (yellow diamonds = 16 - 
♀, 17 - ♂) . 
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E. g. crypturus, and ECJS-28/2008 as a nearly adult male E. 
g. crypturus. The immaturity of ECJS-26/2008 is indicated in 
part by the small distance between the canine and the first 
cheek tooth, and its identification as E. g. crypturus was 
confirmed by the ratio of the forearm length to greatest skull 
length (as indicated in Figure 8). Dr Bergmans’ correction of 
the sex of ECJS-28/2008, which had previously been 
considered a female, was based on its having a longer, 
‘male form’ of the rostrum. This assessment was made 
comparing rostral length, palatal length and zygomatic width 
measurements, as well as ratios of the greatest skull length 
of ECJS-28/2008, with the rostral length and zygomatic 
width ranges reported in BERGMANS (1988), and Dr 
Bergmans’ unpublished ranges for palatal length. The sex 
was confirmed in the subsequent examination, by one of the 
authors (CM), of the internal organs of all the voucher 
specimens that were kept as alcohol specimens. 

The correction of the sex of ECJS-28/2008 suggested 
there may have been other young females that were 
similarly incorrectly sexed in the field, i.e. ECJS-27/2008, 
ECJS-47/2008, ECJS-49/2008, ECJS-50/2008, and ECJS-
71/2008. According to Dr Bergmans the incorrect sexing of 
young males is a relatively common error in museum 
collections, and it would suggest that examination of the 
genital region of young males may not always be sufficient 

for the identification of sex. Plots of zygomatic width and 
forearm length against greatest skull length (Figure 7, Figure 
8), and the various cranial measurements indicated above, 
indicate that ECJS-47/2008 was also initially incorrectly 
sexed as a female in the field. Of the individuals released, a 
plot of forearm length versus greatest head length of all the 
Epomophorus individuals caught (Figure 9) suggests one 
other individual, ECJS-71/2008, was also incorrectly sexed 

Figure 8. Plot of forearm length (FA) against greatest skull 
length (GSL) for Epomophorus specimens collected at 
Lufupa in Zambia (red circles = 1 - ECJS-26/2008, 2 - ECJS-
28/2008, 3 - ECJS-47/2008, 4 - ECJS-45/2008, 5 - ECJS-
57/2008), together with information from published sources 
for individuals of E. anselli from Malawi (BERGMANS and 
VAN STRIEN, 2004) (green stars = 6 - ♀, 7 - ♂) , and mean 
measurements of individuals of E. cf. labiatus (BERGMANS 
and VAN STRIEN, 2004) (pink squares = 8 - ♀, 9 - ♂) , E. g. 
crypturus from Malawi (BERGMANS and VAN STRIEN, 
2004) (black triangles = 10 - ♂, 11 - ♀), E. g. crypturus from 
Zambia (BERGMANS, 1988) (black triangles = 12 - ♂, 13 - 
♀), E. labiatus (CLAESSEN and DE VREE, 1991) (blue 
crosses = 14 - ♀, 15 - ♂), and E. minimus (CLAESSEN and 
DE VREE, 1991) (yellow diamonds = 16 - ♀, 17 - ♂). 

Figure 9. Plot of head length against forearm length (FA) for 
all Epomophorus specimens caught at Lufupa in Zambia. 
Males (green circle) and females (red triangles) of certain 
sex, individuals of uncertain sex (blue squares). 1 - ECJS-
26/2008, 2 - ECJS-27/2008, 3 - ECJS-28/2008, 4 - ECJS-
39/2008, 5 - ECJS-40/2008, 6 - ECJS-45/2008, 7 - ECJS-
47/2008, 8 - ECJS-49/2008, 9 - ECJS-50/2008, 10 - ECJS-
51/2008, 11 - ECJS-57/2008, 12 - ECJS-70/2008, 13 - ECJS
-71/2008.  

Figure 10. Roost sites of Taphozous mauritianus at Lufupa 
in Zambia. Arrows mark the observed roosting sites on the 
palm trunk and under the thatch eave (left). A Taphozous 
mauritianus roosting under the eave of a thatch roof (right). 



as a female in the field, whereas ECJS-27/2008, ECJS-
49/2008, ECJS-50/2008 were correctly sexed as female. 
With the sexes corrected a total of seven males and six 
females were caught. 
 
Taphozous mauritianus E. Geoffroy St.-Hilaire, 1818 

An adult male (ECJS-58/2008, Figure 11) was mist-
netted flying from a roost under the overhang of a thatch 
roof, at site six, at 18h40 (Table 2, Figure 2). Another 
individual was observed roosting either at the apex of a wall 
under a thatch roof where it became a verandah, or on the 
trunk of a nearby palm tree (Figure 10). Individuals were 
never seen at both sites at the same time, so it was 
assumed it was the same individual that moved between the 
different sites. 

 
Hypsugo anchietae (de Seabra, 1900) 

An adult female taken as a voucher specimen (ECJS-
42/2008, Figure 12) was mist-netted at site four, at 19h13 
(Table 2). The identification was based on external body 
size, cranial shape and size, as well as there being two 
upper incisors and minute premolars (see MEESTER et al. 
(1986) and KEARNEY (2005)). This individual and those 
identified as N. zuluensis were observed to have long dorsal 
fur, noticeably at the edge of the body with the tail, and 
spreading onto the tail until a point between the hind feet, 
and the colour of the tail membrane under the fur was lighter 
than that not covered by fur. 
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Neoromicia capensis (A. Smith, 1829) 
Four adults, two males (ECJS-5/2008, ECJS-33/2008 – 

Figure 13) and two females (ECJS-8/2008, ECJS-23/2008), 
all of which were taken as voucher specimens, were mist 
netted and caught overnight in the harp trap at sites one (at 
05h50), two (around 19h53) and three (between 19h30 and 
19h50) (Table 2, Figure 2). The identifications were based 
on external body size, cranial shape and size, as well as 
there being two upper incisors and no minute premolars 
(see MEESTER et al. (1986) and KEARNEY (2005)). The 
identity of ECJS-33/2008, which was scrotal, was also 
confirmed by baculum morphology (Figure 14). 

 

Figure 11. Male Taphozous mauritianus (ECJS-58/2008) 
from Lufupa in Zambia.  

Figure 12. Female Hypsugo anchietae (ECJS-42/2008) 
from Lufupa in Zambia. 

Figure 13. Male Neoromicia capensis (ECJS-33/2008) from 
Lufupa in Zambia. 

Figure 14. Baculae of a) N. capensis (ECJS-33/2008), b) N. 
rueppellii (ECJS-4/2008), c) N. zuluensis (ECJS-44/2008), 
d) Nyct. schlieffenii (ECJS-1/2008), and e) S. cf. leucogaster 
(ECJS-12/2008 and ECJS-17/2008) from Lufupa in Zambia.  
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Erratum - Figure 14: Baculae of a) N. rueppellii (ECJS-4/2008), b) S. cf. leucogaster (ECJS-12/2008 and ECJS-17/2008), c) N. capensis (ECJS-33/2008), d) N. zuluensis (ECJS-44/2008), and e) Nyct. schlieffenii (ECJS-1/2008) from Lufupa in Zambia.
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Neoromicia nana (Peters, 1852) 
Five adults were mist netted, one male (ECJS-9/2008) 

and four females (ECJS-15/2008, ECJS-53/2008 and ECJS-
54/2008, ECJS-60/2008 – Figure 15), four of them were 
taken as vouchers (see table 2). They were caught  at sites 
one (around 19h07), two (around 19h25) and six (at 19h11, 
and between 18h55 and 20h20) (Table 2, Figure 2). The 
identification was based on external body size, cranial shape 
and size, as well as there being two upper incisors (the 
second of which was almost as long as the first) and minute 
premolars (see MEESTER et al. (1986) and KEARNEY 
(2005)). 

 
Neoromicia rueppellii (Fischer, 1829) 

Twelve adults, seven males (ECJS-4/2008 – Figure 16, 
ECJS-6/2008, ECJS-7/2008, ECJS-11/2008, ECJS-21/2008, 
ECJS-62/2008, ECJS-63/2008) and five females (ECJS-
3/2008, ECJS-10/2008, ECJS-34/2008, ECJS-55/2008, 
ECJS-56/2008), two of which were taken as vouchers (see 
table 2) were caught. They were mist netted at sites one 
(between 19h15 and 20h08 and between 05h30 and 05h35), 
two (at 19h35), three (between 19h15 and 19h30) and six 
(between 18h55 and 20h20) (Table 2, Figure 2). Their 
identification was based on their distinctive colouration, and  
the identity of ECJS-4/2008 was also confirmed by baculum 
morphology (Figure 14). 

Echolocation release calls were recorded from five 
individuals, three females and two males (Table 3). Although 
based on small samples sizes, the only significantly different 
call parameter between the sexes was call duration (t = 

3.624, d.f. = 3, P = 0.036), with males emitting significantly 
longer calls than females (Table 3). Relative to call 
information reported for N. rueppellii from Kenya, Zimbabwe 
and South Africa, by TAYLOR et al. (2005), FENTON and 
BELL (1981), and ALDRIDGE and RAUTENBACH (1987) 
respectively, the mean duration was closest to that reported 
from Kenya and Zimbabwe, but the mean interval was 
higher than that from Kenya although the ranges were 
similar. The frequency with the most energy was between 
that reported for Kenya and Zimbabwe. The lowest 
frequency was similar to that from South Africa and 
Zimbabwe, which were higher than that for Kenya, and the 
highest frequency was similar to that from Kenya, but lower 
than that from Zimbabwe and South Africa. 
 
Neoromicia zuluensis (Roberts, 1924) 

Two adults, a male (ECJS-44/2008) and a female 
(ECJS-43/2008 – Figure 17) were mist netted at the same 
time, in the same net, at site four (at 19h23) (Table 2). The 
identification was based on external body size, cranial shape 
and size, as well as there being two upper incisors and no 
minute premolars (see MEESTER et al. (1986) and 
KEARNEY (2005)). The identity of ECJS-44/2008 was also 
confirmed by baculum morphology (Figure 14). 

 
Nycticeinops schlieffenii (Peters, 1859) 

Twenty adults, 12 males (ECJS-1/2008, ECJS-2/2008, 
ECJS-22/2008, ECJS-24/2008, ECJS-25/2008 - Figure 18, 
ECJS-37/2008, ECJS-48/2008, ECJS-61/2008, ECJS-
66/2008, ECJS-68/2008, ECJS-69/2008, ECJS-72/2008) 
and eight females (ECJS-16/2008, ECJS-29/2008, ECJS-
30/2008, ECJS-38/2008, ECJS-59/2008, ECJS-64/2008, 

Figure 15. Female Neoromicia nana (ECJS-60/2008) from 
Lufupa in Zambia.  

Figure 16. Male Neoromicia rueppellii (ECJS-4/2008) from 
Lufupa in Zambia. 

Figure 17. Female Neoromicia zuluensis (ECJS-43/2008) 
from Lufupa in Zambia. 

Figure 18. Male Nycticeinops schlieffenii (ECJS-25/2008) 
from Lufupa in Zambia. 
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ECJS-65/2008, ECJS-67/2008), four of which were taken as 
vouchers (see table 2) were caught.  They were found at 
sites one (at 19h15), two (from 19h25 until 20h37, and found 
when checked at 05h45), three (at 19h50 and 20h05), five 
(at 19h10), and six (from 19h08 until 20h01) (Table 2, Figure 
2). The majority were mist netted, but one individual was 
retrieved from a night roost at site six, after it was observed 
disappearing into a crack in an old dried branch being used 
as a roof support in a dining area. Only one male was 
observed to be scrotal – ECJS-37/2008. They were 
identified by overall size, having a single upper incisor, and  
with the fur being a single colour along the length of the hair.  
The identities of ECJS-1/2008, and either ECJS-2/2008 or 
ECJS-25/2008 were also confirmed by baculum morphology 
(Figure 14). 

Echolocation calls were recorded from 12 individuals, 
five females and seven males (Table 3). The only 
significantly different call parameter between the sexes was 
maximum frequency (t = 2.541, d.f. = 10, P = 0.029), with 
females emitting a significantly higher maximum frequency 
than males (Table 3). Relative to the call information 
reported for Nyct. schlieffenii from two localities in Kenya 
(O’SHEA and VAUGHAN, 1980; TAYLOR et al.,  2005), two 
localities in Zimbabwe (FENTON, 1975; FENTON and 
BELL, 1981), and Swaziland and South Africa (TAYLOR, 
1999; ALDRIDGE and RAUTENBACH, 1987), the duration 
was longer than previously reported.  However, the 
frequency with the most energy and the lowest and highest 
frequencies were most similar to the means reported for 
Swaziland (TAYLOR, 1999), but they were also close to or 
within the ranges reported from Kenya (TAYLOR et al., 
2005). 
 
Scotophilus cf. dinganii (A. Smith, 1833) 

One adult female (ECJS-32/2008, Figure 19), which was 
taken as a voucher, was mist netted at site three between 
19h15 and 19h30 (Table 2, Figure 2). This individual was 
larger than the other Scotophilus caught at Lufupa (Table 2, 
Figure 20), and in the field keyed out on forearm length to S. 
dinganii in the key for African species by HAYMAN and HILL 
(1971), a key for Nigerian bats by HAPPOLD (1987), and 
the key to Southern African species by MEESTER et al. 
(1986). Whereas, in the keys of TAYLOR (2000) for 
Southern African bat species, and HAPPOLD et al. (1987) 
for Malawian bats, as well as the information in ROBBINS et 
al. (1985), the forearm length of ECJS-32/2008 occurs in an 
overlap between S. dinganii, S. viridis and S. leucogaster. 

A PCA was run on seven, mostly skull related 
measurements, following the measurements in ROBBINS et 
al. (1985), although excluding condylobasal length in order 

to include measurements of the co-lectotype of N. 
leucogaster Cretzschmar, 1826 from ROBBINS et al. (1985). 
The analysis of 51 individuals included five Scotophilus 
voucher specimens from Lufupa in Zambia, together with 
specimen information from ROBBINS et al. (1985) that 
included measurements of type specimens, and specimens 
mentioned in JACOBS et al. (2006) that included a new form 
identified as ‘S. dinganii-44 kHz’. New specimen 
measurements are given in Table 4. The plot of the first 
(85.42 %) and second (10.05 %) components, which is 
similar to a plot obtained by ROBBINS et al. (1985), shows 
that ECJS-32/2008 was larger than the other Scotophilus 
individuals caught at Lufupa in Zambia, but was smaller than 
all other S. dinganii, and plotted between S. dinganii and a 
group of S. viridis, S. leucogaster and S. dinganii-44 kHz 
(Figure 21).  This variation does not appear to be related to 
variation in age. Based on the four toothwear classification 
stages proposed by RAUTENBACH (1986), ECJS-32/2008 
has a toothwear of class C,  and  the toothwear classes of 
ECJS-12/2008, ECJS–13/2008, ECJS–14/2008, and ECJS-
17/2008, are C, C, C, and D respectively. Pending further 
analyses including molecular analysis of tissue from this 
individual, the provisional identification for ECJS-32/2008 as 
S. cf. dinganii. Eigenvector scores of principal component 
one are all the same sign and quite similar in values, 
although the smallest and largest values are for zygomatic 
breadth and inter-orbital width respectively (Table 5).  On 
the second principal component eigenvector scores have 
different signs, inter-orbital width has the most negative 
score, whereas lower tooth row length has the most positive 
score (Table 5). 

 
 
 Figure 19. Female Scotophilus cf. dinganii (ECJS-32/2008) 

from Lufupa in Zambia. 

Figure 20. Dorsal view of the skulls of ECJS-32/2008 (top) 
identified as S. cf. dinganii, and ECJS-13/2008 (bottom) 
identified as S. cf. leucogaster. 

© ECJ Seamark, 2008 
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Figure 21. Plot of the first and second components of a PCA of seven measurements from Scotophilus specimens collected at 
Lufupa in Zambia (red circles = 1 - ECJS-12/2008, 2 - ECJS-13/2008, 3 - ECJS-14/2008, 4 - ECJS-17/2008, 5 - ECJS-
32/2008), specimens in the Ditsong National Museum of Natural History collection mentioned in Jacobs et al. (2006) of S. 
dinganii (blue crosses = 6 – TM 47495, 7 – TM 47497, 8 – TM 47500, 9 – TM 47501, 10 – TM 47502), S. viridis (green 
squares = 11 – TM 39481, 12 – TM 47503) and S. dinganii-44 kHz (purple diamonds = 13 – TM 47504, 14 – TM 47507, 15 – 
TM 47508), and information from type specimens (black open circles) of S. dinganii (16), S. n. colias (17), S. n. herero (18), 
Nycticejus leucogaster (19), S. damarensis (20), Scotophilus nux (21), S. nigritellus (22), and means of S. viridis (green 
squares) from Ghana (23), Benin (24), Sudan and Ethiopia (25), Kenya (26), Tanzania (27), Malawi and Zimbabwe (28), 
Mozambique – Mague (29), Mozambique – Tette (30), South Africa – coast (31), and South Africa – Punda Milia (32), S. 
leucogaster leucogaster (brown stars) from Senegal (33), Ghana (34), Benin (35), and Nigeria (36), S. leucogaster damarensis 
(yellow triangles) from Botswana (37) and Namibia (38), and S. dinganii (blue crosses) from Ghana (39), Nigeria (40), Zaire 
(41), Uganda (42), Somalia (43), Kenya – Kitale (44), Kenya – coast (45), Zimbabwe (46), Mozambique (47), Botswana (48), 
Namibia (49), South Africa – KwaZulu-Natal (50), South Africa – Punda Milia (51), as reported in ROBBINS et al. (1985).  

Table 4. Measurements of seven variables, following those used by ROBBINS et al. (1985), from various Scotophilus 
specimens, including those from Lufupa camp, Kafue National Park, Zambia. Forearm length (FRM), length of the upper 
toothrow from canine to third molar (LTR), width across the outside edges of the last upper molar teeth (M3-M3), breadth of 
rostrum (BR), least inter-orbital breadth (IOB), zygomatic breadth (ZB), braincase breadth (BBC). See text for specimens 
details. 

# FRM LTR M3-M3 BR IOB ZB BBC 
ECJS-12/2008 46.90 6.34 8.15 6.24 4.92 12.79 9.02 
ECJS-13/2008 46.80 6.24 8.30 6.53 4.88 12.67 9.07 
ECJS-14/2008 48.90 6.38 8.30 6.40 4.84 12.71 9.04 

ECJS-17/2008 48.50 6.21 8.41 6.56 4.86 13.23 9.02 

ECJS-32/2008 51.20 6.61 8.80 7.04 4.96 13.56 9.12 

TM 39481 49.27 5.91 8.35 6.68 4.82 13.02 9.08 

TM 47495 53.90 7.33 9.61 7.49 4.89 14.30 9.93 

TM 47497 52.60 6.93 8.94 7.34 4.72 13.90 9.44 
TM 47500 54.50 7.27 9.28 7.45 4.72 14.13 9.51 

TM 47501 56.20 7.50 9.44 7.50 4.77 14.30 9.85 

TM 47502 55.70 7.20 9.45 7.33 4.93 14.33 9.74 

TM 47503 50.70 6.22 8.21 6.59 4.72 12.59 8.87 

TM 47504 48.10 6.46 8.65 6.59 4.94 13.29 9.12 

TM 47507 46.00 6.30 8.03 6.77 4.70 12.60 8.62 

TM 47508 46.00 6.09 7.91 6.31 4.52 12.25 8.79 

TM 47496 51.60 6.92 8.94 7.54 4.95 - 9.34 

TM 47498 53.55 7.09 9.12 7.01 4.83 - 9.51 

TM 47499 51.80 7.28 9.25 7.44 4.78 - 9.76 

TM 47505 49.30 6.14 8.10 6.26 4.51 - 8.72 

TM 47506 48.70 6.17 8.34 6.13 4.85 - 9.03 

TM 47510 51.00 6.32 8.23 6.51 4.63 - 8.59 

TM 47511 46.40 6.28 8.37 6.65 4.95 - 9.26 
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Scotophilus cf. leucogaster (Cretzschmar, 1826) 
Nine individuals, eight adults and one sub-adult (ECJS-

41/2008), of which three were male (ECJS-12/2008, ECJS-
17/2008 – Figure 22, ECJS-20/2008) and six were female 
(ECJS-13/2008, ECJS-14/2008, ECJS-18/2008, ECJS-
19/2008, ECJS-31/2008, ECJS-41/2008), were mist netted 
at sites two (from 19h15 until 19h35) and three (between 
19h15 and 19h30, and between 02h45 and 05h30) (Table 2, 
Figure 2). Two males (ECJS-12/2008, ECJS-17/2008 – 
Figure 22) and two females (ECJS-13/2008, ECJS-14/2008) 

were taken as vouchers, the remaining individuals were 
released. Both the males taken as voucher specimens were 
scrotal, with testes lengths of 11 and 12 mm respectively. 

In Africa, the taxonomy and hence identification of 
Scotophilus is particularly confusing (ROBBINS et al., 1985; 
SIMMONS, 2005). Unfortunately, JACOBS et al. (2006) 
followed SIMMONS’ (2005) distribution information for S. 
leucogaster and omitted S. leucogaster from their analysis of 
southern African Scotophilus, in which they described a 
cryptic species on the basis of genetic, morphological and 
echolocation call data. However, it appears the distribution 
information indicated by SIMMONS (2005) for S. 
leucogaster is incomplete, since SIMMONS (2005) does 
recognize S. damarensis Thomas, 1906, described from 
Namibia, as a valid synonym and subspecies of S. 
leucogaster, and in the comments for S. leucogaster, 
SIMMONS (2005: 467) indicates that it “includes 
damarensis, see ROBBINS et al. (1985)”. And, ROBBINS et 
al. (1985) recognize both S. l. leucogaster and S. l. 
damarensis, with the latter occurring in Angola, Botswana, 
Namibia and Zambia. 

The PCA plot of seven measurements (described above 
in S. cf. dinganii) shows two separate groups with one of the 
voucher specimens from Lufupa, Zambia (ECJS-32/2008 
discussed above and identified as S. cf. dinganii) plotting 
between the two groups (Figure 21). The first group includes 

Figure 22. Male Scotophilus cf. leucogaster (ECJS-17/2008) 
from Lufupa in Zambia. 

Figure 23. Plot of the first and second components of a PCA of six measurements of Scotophilus specimens as indicated in 
Figure 21, with the addition of S. dinganii (blue crosses = 52 - TM 47496, 53 - TM 47498, 54 - TM 47499), and S. dinganii-44 
kHz (purple diamonds = 55 - TM 47505, 56 - TM 47506, 57 - TM 47510, 58 - TM 47511).  

Table 5. Eigenvector scores of principal components one 
and two of a PCA based on seven cranial measurements of 
51 individuals of different species of Scotophilus. See Table 
4 for explanations of the measurement abbreviations. 

  Factor 1 Factor 2 

FRM -0.948709 0.041943 

LTR -0.961867 0.176193 

M3-M3 -0.974297 0.139736 

BR -0.964580 0.138404 

IOB -0.605886 -0.793853 

ZB -0.976330 0.031992 

BBC -0.976904 -0.029852 

Table 6. Eigenvector scores of principal components one 
and two of a PCA based on six cranial measurements of 58 
individuals of different species of Scotophilus. See Table 4 
for explanations of the measurement abbreviations. 

  Factor 1 Factor 2 

FRM -0.934310 -0.089126 

LTR -0.962509 -0.187377 

M3-M3 -0.973130 -0.136968 

BR -0.953491 -0.131118 

IOB -0.605485 0.794300 

BBC -0.970458 0.042242 
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means of individuals identified as S. dinganii from different 
geographic localities in Africa from ROBBINS et al. (1985), 
individuals from JACOBS et al. (2006) identified as S. 
dinganii (TM 47495, TM 47497, TM 47500, TM 47501, TM 
47502), the neotype of S. dinganii (NMHR 1064), type 
specimens of species currently synonomized with S. dinganii 
(S. n. colias Thomas, 1904 [BMNH 1902.7.6.11] and S. n. 
herero Thomas, 1906 [BMNH 1907.1.1.449]), as well as the 
holotype of Scotophilus nux [BMNH 1903.2.4.5]. The other 
group includes individuals identified by ROBBINS et al. 
(1985) as S. viridis and S. leucogaster, type specimens of 
species currently synonomized with S. viridis (S. nigritellus 
De Winton, 1899 [BMNH 1899.6.15.9]), and S. leucogaster 
(Nycticejus leucogaster Cretzschmar, 1826 [probably RMNH 
27432, since ROBBINS et al. (1985) indicate that a co-
lectotype rather than the lectotype was measured] and S. 
damarensis Thomas, 1906 [BMNH 1907.1.1.463]), and 
individuals identified by JACOBS et al. (2006) as S. viridis 
(TM 39481, TM 47503) and S. dinganii-44 kHz (TM 47504, 
TM 47507, TM 47508). This latter group also included all, 
but one, of the voucher specimens from Lufupa, Zambia. 

In the group of S. viridis, S. leucogaster and S. dinganii-
44 kHz, the mean of individuals from coastal localities in 
South Africa identified as S. viridis and an individual 
identified by molecular techniques as S. viridis (TM 39481) 
overlap with the mean of individuals of S. leucogaster from 
Botswana and Namibia. Also, the holotype of S. damarensis 
Thomas, 1906 (currently synonomized with S. leucogaster) 
overlaps with S. viridis, and plots closer to the holotype of S. 
nigritellus de Winton, 1899 from Ghana (currently 
synonomized with S. viridis) than to the mean point of 
individuals identified as S. l. damarensis from Namibia or the 
co-lectotype of N. leucogaster Cretzschmar, 1826, from 
Sudan. THOMAS (1906: 175) in describing S. damarensis 
indicated it may prove to be a subspecies of S. nigritellus, 
“from which it may readily be distinguished by its pale brown 
colour”. 

If the identifications in ROBBINS et al. (1985) are 
correct, the means for individuals identified as S. viridis are 
distributed roughly in relation to their geographic distribution. 
Scotophilus viridis from more north-westerly localities (i.e. 
Benin and Ghana) are largest on the first and second 
principal component axes, in contrast to specimens from 
more south-easterly localities (i.e. from the coast in South 
Africa), which are smaller on the first and second principal 
component axes. The exceptions are specimens from 
Mague, Mozambique that plot closer to more North African 
specimens. The opposite pattern appears to occur for 
individuals identified as S. leucogaster, with bats from more 
north-westerly localities (i.e. S. l. leucogaster from Nigeria 
and Ghana) being smaller on the first and second principal 
component axes, than bats from more south-westerly 
localities (i.e. S. l. damarensis Namibia and Botswana). As 
indicated by ROBBINS et al. (1985) no overlap was found 
between S. viridis and S. leucogaster where both species 
occur sympatrically. 

The individuals identified as S. dinganii-44 kHz by 
JACOBS et al. (2006) overlap in the PCA plot with S. viridis 
and S. leucogaster, and as with S. viridis, individuals from 
more northerly localities appear larger on the first and 
second principal component axes than individuals from more 
southerly localities. Individuals from Zambia identified by 
JACOBS et al. (2006) as S. dinganii-44 kHz (TM 47508, TM 
47507) plot close to S. viridis from South Africa, 
Mozambique, Zimbabwe, Malawi and Kenya as reported by 
ROBBINS et al. (1985), as well as an individual from Zambia 
(TM 47503) identified by JACOBS et al. (2006) as S. viridis. 

Whereas, S. dinganii-44 kHz from South Africa (TM 47504) 
plots closer to S. l. leucogaster from more northern parts of  
Africa. There are no additional, meaningful patterns of 
separation on the third principal component, which only 
separates the type specimen of S. n. herero Thomas, 1906 
from all the other individuals. Eigenvector scores of principal 
components one and two are discussed above in the section 
on S. cf. dinganii. 

Seven additional individuals from JACOBS et al. (2006) 
that were left out of the PCA above of seven measurements 
because of broken zygomatic bones, were included in a 
PCA of six measurements (excluding zygomatic breadth) 
based on 58 individuals. Three additional individuals 
identified as S. dinganii (TM 47496, TM 47498, and TM 
47499) plotted with other individuals identified as S. dinganii 
(Figure 23). However, the clear geographic separation of the 
individuals identified as S. dinganii-44 kHz was no longer 
apparent with the addition of four individuals from Zambia 
identified as S. dinganii-44 kHz, since two (TM 47505 and 
TM 47510) overlapped with individuals identified as S. 
viridis, the type of S. damarensis Thomas, 1906, and 
another S. dinganii-44 kHz (TM 47508) from Zambia (Figure 
23). The other two (TM 47506 and TM 47511) clustered with 
individuals identified as S. l. leucogaster, S. l. damarensis, 
new records from Lufupa, TM 39481 identified in JACOBS et 
al. (2006) as S. viridis, and another S. dinganii-44 kHz (TM 
47504) from South Africa (Figure 23). This separation 
cannot be explained by differences in tooth wear or sex. 
Eigenvector scores of principal component one are all the 
same sign and quite similar in values, although the smallest 
and largest values are for least inter-orbital width and inner 
width between the upper third molar teeth respectively 
(Table 6). On the second principal component eigenvector 
scores have different signs, inter-orbital width has the most 
positive score, whereas lower tooth row length has the most 
negative score (Table 6).  

These results showed slightly more overlap between 
individuals identified as S. viridis and S. dinganii-44 kHz, 
than in the stepwise discriminant function analysis (DFA) in 
JACOBS et al. (2006) of 27 skull and mandible 
measurements from 23 individuals identified as S. viridis and 
S. dinganii-44 kHz, which only showed an overlap of two 
individuals identified as S. viridis with two individuals 
identified as S. dinganii-44 kHz. Although the measurements 
that contributed most to the separation in the PCA were 
amongst those that contributed significantly to the DFA. 
Clearly further research, including more extensive sequence 
analyses, is needed to clarify the taxonomy of S. viridis, S. 
leucogaster and S. dinganii-44 kHz. Pending further 
analyses the provisional identification of the specimens from 
Lufupa in Zambia is S. cf. leucogaster. 

Echolocation release calls were recorded from three bats 
identified in the field at Lufupa in Zambia as Scotophilus cf. 
leucogaster (Table 3). One (ECJS-18/2008) had a similar 
peak frequency to that reported by JACOBS et al. (2006) for 
S. dinganii-44 kHz, the other two individuals had lower peak 
frequencies, ECJS-41/2008 with a mean of 40.54 kHz being 
very similar to the frequency with most energy reported for 
S. viridis (FENTON and BELL, 1981: 40 kHz]), while that of 
ECJS-31/2008 fell between the peak frequencies of S. 
dinganii-44 kHz and S. viridis. 
 
Scotoecus hindei Thomas, 1901 

Two adult females (ECJS-35/2008 - Figure 24, and 
ECJS-36/2008), both of which were taken as voucher 
specimens, were mist netted at site three (at 19h33 and 
19h45), in the same net, about 4m above a dirt road (Table 



condylo-canine length respectively (Table 8). On the second 
principal component eigenvector scores have different signs, 
maxillary tooth row length has the most positive score, 
whereas least inter-orbital width has the most negative score 
(Table 8). These results are similar to those in TAYLOR and 
VAN DER MERWE (1998), with the exception that the signs 
are opposite and on the second principal component inner 
width between the upper third molar teeth has a larger score 
than maxillary tooth row length. There was no separation of 
the different species when plotting the second and third 
(4.67 %) principal components. 

Excluding M 2618, a two group discriminant function 
analysis of the remaining specimens distinguishes between 
S. hindei and S. albigula (Chi-square = 35.54206, d.f. = 7, P 
= 0.000009), with no overlap in the discriminant score 
ranges between the two species. The a posteriori 
classification was 100 % correct for both S. hindei and S. 
albigula. Identification of new specimens as either S. hindei 
or S. albigula is possible using the values in Table 9. A 
discriminant score for an unknown is calculated by 
subtracting the overall mean from the corresponding 
measurement of the unknown, multiplying the result with the 
corresponding coefficient, and summing the resulting values. 
Score ranges for the species are -3.75531 to -1.81626 
(mean = -2.70637) for S. hindei, and 1.41135 to 4.89319 
(mean = 2.97700) for S. albigula. 
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Figure 24. Female Scotoecus hindei (ECJS-35/2008) from 
Lufupa in Zambia. 

Figure 25. Ventral surface of Scotoecus hindei (ECJS-
35/2008) from Lufupa in Zambia. The arrow indicates the 
abdominal position of the mammae. 

2, Figure 2). The abdominal position of the mammae was 
clear from the post-lactating condition of ECJS-35/2008 
(Figure 25). 

A PCA based on seven measurements used by TAYLOR 
and VAN DER MERWE (1998) in a taxonomic note on 
Scotoecus from Malawi, was run comparing the two 
Scotoecus voucher specimens from Lufupa in Zambia (new 
specimen measurements are given in Table 7) with 
previously published specimen information of 32 individuals 
representing S. albigula, S. albofuscus, S. hindei hindei, S. 
hindei falabae, S. cf. hindei and S. hirundo, from HILL 
(1974), HAPPOLD et al. (1987), TAYLOR and VAN DER 
MERWE (1998), and COTTERILL (2001). As identified by 
TAYLOR and VAN DER MERWE (1998) a plot of the first 
(81.32 %) and second (6.90 %) principal components  
(Figure 26) separates, largely according to size, between 
individuals assigned to S. hirundo, S. hindei falabae, and S. 
hindei hindei. However, with the addition of more individuals 
assigned to S. albigula from COTTERILL (2001) the 
separation of S. albigula from the other species was more 
evident. The only overlap between species is that both 
individuals assigned to S. albofuscus overlapped with 
individuals assigned to S. hindei and S. albigula. However, 
S. albofuscus can be separated from both S. hindei and S. 
albigula on the basis of a paler color of the wing and fur on 
the ventral surface of the body (HILL, 1974; HAPPOLD, 
1987; HAPPOLD and HAPPOLD, 1989; HAPPOLD and 
HAPPOLD, 1997). M 2618 (# 30 in Figure 26) from Malawi, 
previously identified as S. albigula by HAPPOLD et al. 
(1987), as S. hirundo by HAPPOLD and HAPPOLD (1997) 
who followed KOOPMAN (1993), and as S. hindei albigula 
by TAYLOR and VAN DER MERWE (1998), plots closest to 
individuals identified as S. hindei, and is therefore here re-
identified as belonging to S. hindei. Both specimens from 
Lufupa in Zambia plot with individuals previously identified 
as S. cf. hindei from Malawi, rather than with other 
individuals from Zambia that were identified as S. albigula. 
Eigenvector scores of principal component one are all the 
same sign and quite similar in values, although the smallest 
and largest values are for least inter-orbital width and 

Table 7. Measurements of seven variables, following those used by TAYLOR and VAN DER MERWE (1998), from Scotoecus 
specimens caught at Lufupa camp, Kafue National Park, Zambia. Condylo-canine length (CCL), mastoid width (MW), width 
across the outside edges of the last upper molar (M3M3), length of the upper toothrow, from anterior surface of the canine to 
the posterior surface of the third molar (CM3), least inter-orbital width (LIW), braincase width (BCW), width across the outer 
edges of the upper canines (CC). 

# CCL MW M3M3 CM3 LIW BCW CC 
ECJS-35/2008 14.32 9.63 7.17 5.81 4.87 7.92 5.39 
ECJS-36/2008 14.14 9.06 7.38 5.85 4.85 7.70 5.40 

© ECJ Seamark, 2008 

© ECJ Seamark, 2008 



November 2010 vol. 23 African Bat Conservation News 
ISSN 1812-1268 

Page 24 

SIMMONS (2005) currently recognizes four species: S. 
albigula Thomas, 1909, S. albofuscus (Thomas, 1890), S. 
hindei Thomas, 1901, and S. hirundo (de Winton, 1899). 
These results suggest that S. hindei falabae (Thomas, 
1915), which was recognized as a valid subspecies by 
SIMMONS (2005), should be recognized at the full species 
rank, i.e. S. falabae, as described by THOMAS (1915), 
although this still needs confirmation from other forms of 
data.  
 
Vespertilioninae sp.  

A single adult female (ECJS-46/2008) was mist netted at 
site four (at 19h53) (Table 2). On external morphology and 
cranial size this individual appears similar to Neoromicia 
capensis, but it only has one upper incisor on each side, 
whereas N capensis usually has two upper incisors on each 
side. This individual, however, does not match the key 
characteristics of any other genus or species that has only 
one upper incisor, since it is smaller than any Scotophilus 
species, has a more gracile rostrum than any of the 
Scotoecus species, and although being most similar to 
Nycticeinops schlieffenii, it is larger than any of the other 
Nyct. schlieffenii caught at Lufupa, in Zambia (Table 2). 

Figure 27 shows how the dorsal cranium shape of ECJS-
46/2008 is more like that of ECJS-8/2008 identified as N. 
capensis, than ECJS-1/2008 identified as Nyct. schlieffenii, 
as a result of the longer, broader rostrum. Comparing 
images of the head, ear, and tragus of ECJS-46/2008 with 
voucher other specimens of N. capensis and Nyct. 
schlieffenii from Lufupa (Figure 28) also indicates that 
ECJS-46/2008 appears more similar to N. capensis. 

Investigating other species currently synonomized with 
Nyct. schlieffenii (see SIMMONS (2005) and AFRICAN 
CHIROPTERA REPORT (2010)), the original type 
description of MCZ 8272 from Kenya, described by ALLEN 
(1911) as Nycticeius africanus indicates it is larger in size 
than other individuals synonomized with, and identified as, 

Figure 26. Plot of the first and second components of a PCA of seven measurements from Scotoecus specimens collected at 
Lufupa in Zambia (red circles = 1 - ECJS-35/2008, 2 - ECJS-36/2008), and specimens of S. hirundo (purple crosses = 3-8) 
from HILL (1974), S. hindei hindei (blue diamonds = 9-13) from HILL (1974) and HAPPOLD et al. (1987), S. hindei falabae 
(orange stars = 14-17) from HILL (1974), S. albofuscus (yellow squares =  18-19) from COTTERILL (2001) and TAYLOR and 
VAN DER MERWE (1998), S. albigula (black open circles = 20-30) HAPPOLD et al. (1987) and COTTERILL (2001), S. cf. 
hindei (green triangles = 31-34) from TAYLOR and VAN DER MERWE (1998). 

Table 8. Eigenvector scores of principal components one 
and two of a PCA based on seven cranial measurements of 
34 individuals of different species of Scotoecus. See Table 7 
for explanations of the measurement abbreviations. 

  Factor 1 Factor 2 

CCL -0.980287 0.024723 

MW -0.851191 0.060833 

M3M3 -0.931862 0.229456 

CM3 -0.901024 0.316180 

LIW -0.813724 -0.495098 

BCW -0.884879 -0.274148 

CC -0.939059 0.075328 

Table 9. Results of a two-group discriminant function 
analysis of Scotoecus hindei and S. albigula. Variables 
follow those used by TAYLOR and VAN DER MERWE 
(1998). See Table 7 for explanations of the measurement 
abbreviations. 

Variables Overall mean Coefficients 

CCL 14.59619 1.6300 

MW 9.437619 1.0750 

M3M3 7.309524 1.1016 

CM3 5.67667 -5.8401 

LIW 4.911905 6.5118 

BCW 8.132380 1.9395 

CC 5.439524 -0.8943 



Figure 27. Dorsal view of the skulls from Lufupa in Zambia, of ECJS-1/2008 identified as Nyct. schlieffenii (left), ECJS-
46/2008 (middle) currently only identified as Vespertilioninae, and ECJS-8/2008 identified as N. capensis (right). 

Nyct. schlieffenii  (Table 10 and Table 11). Judith Chupasko 
(Curatorial Assistant, Harvard Museum of Comparative 
Zoology, USA) kindly measured the holotype of Nyct. 
africanus, for a PCA based on 11 cranial measurements 
following the measurements in KEARNEY (2005), but 
excluding the mandible measurement since the mandible is 
missing for the holotype of Nycticejus Schlieffenii Peters, 
1859. The PCA included ECJS-46/2008, together with other 
individuals from Lufupa in Zambia that were identified as 
Nycticeinops schlieffenii (new specimen measurements are 
given in Table 12), the holotype of Nycticejus Schlieffenii 
Peters, 1859 (ZMB 585), the holotype of Nycticeius 
africanus G.M. Allen, 1911 (MCZ 8272)] (measured by 
Judith Chupasko), and the holotype of Nycticeinops s. 
fitzsimonsi Roberts, 1932 (TM 6550). 

A plot of the first (57.81 %) and second (18.67 %) 
principal components of the PCA separates the holotype of 
Nycticeius africanus G.M. Allen, 1911 (# 10 in Figure 29) on 
the second axis from all the other individuals, although it 
overlaps on the first axis with other individuals identified as 
N. capensis (Figure 29). ECJS-46/2008 plots closest to 
individuals identified as N. capensis and is separated on the 

first axis from the holotype of Nyct. schlieffenii and other 
individuals identified as Nyct. schlieffenii. A plot of the 
second and third (7.58 %) principal component axes (not 
shown) still separated the holotype of Nycticeius africanus 
G.M. Allen, 1911 from all the other individuals, while the 
remaining individuals did not separated into the different 
species. Eigenvector scores of principal component one are 
all the same sign and quite similar in values, although the 
smallest and largest values are for post-orbital width and 
condylo-incisor length respectively (Table 13). On the 
second principal component eigenvector scores have 
different signs, width of the upper fourth premolar has the 
most positive score, whereas post-orbital width has the most 
negative score (Table 13). 

Variability in the presence and absence of teeth, 
particularly incisors and minute premolars, is not uncommon 
in Vespertilionidae (THOMAS and WROUGHTON, 1908; 
VOLLETH et al., 2001), although the gain or loss is not 
usually symmetrical, i.e. on both the left and right sides at 
the same time. It is possible that ECJS-46/2008 is N. 
capensis with an aberrant dental formula; however, pending 
the molecular results of the tissue taken from ECJS-
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Table 10. External body measurements (in mm) of type specimens currently synonomized with Nycticeinops schlieffenii taken 
from original description texts, and recently collected voucher specimens from Lufupa camp, Kafue National Park, Zambia. 
Total body (Tot), head and body (HB), tail (Tail), hind foot (HF), ear (Ear), and forearm lengths (FA). 

   Sex Tot HB Tail HF Ear FA 

Nycticejus Schlieffenii Peters, 1859 ♂ 68.58 -  29.26 -  11.9 -  
Scotophilus minimus Noack, 1887 ♀ -  34.0 23.00 5.5  8.0 -  
Scoteinus schlieffeni australis Thomas & Wroughton, 1908 ♂ -  50.0 28.00 -  12.0 31.0 

Scoteinus schlieffeni bedouin Thomas & Wroughton, 1908 ? -  41.8 28.80 -  9.5 30.0 

Scoteinus schlieffeni albiventer Thomas & Wroughton, 
1908 ♂  - 50.0 30.00 -  9.0 32.0 

Nycticeius africanus Allen, 1911 ♂ 85.00  - 35.00 6.5 12.0 33.0 

Scotoecus cinnamomens Wettstein, 1916 ♀ -  47.0 33.00 -  12.0 32.0 

Scoteinus schlieffeni fitzsimonsi Roberts, 1932 ♂ -  48.0 32.00 6.0 11.0 30.0 

ECJS-01/2008 ♂ 77.00 -  28.00 4.5 10.5 30.2 

ECJS-02/2008 ♂ 78.00 -  30.00 6.5 11.0 30.9 

ECJS-25/2008 ♂ 75.00 -  28.50 6.0 11.0 29.7 

ECJS-46/2008 ♀ 80.00 -  30.00 6.0 12.0 31.9 



Figure 28. Images of the head (top row), ears (middle row), and tragus (bottom row) from Lufupa in Zambia, of ECJS-1/2008 
identified as Nyct. schlieffenii (left column), ECJS-46/2008 (middle column) currently only identified as Vespertilioninae, and 
ECJS-8/2008 (right column) identified as N. capensis. 
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46/2008, this individual is provisionally, only identified to the 
subfamily Vespertilioninae. 
 
Species richness  

Voucher specimens indicate a species richness for 
Lufupa camp in the Kafue National Park in Zambia of 11 
Chiroptera species. In comparison with published figures for 
other protected areas in South Africa the species richness is 
higher than Oribi Gorge (BOURQUIN and MATHIAS, 1984) 
and Tembe Elephant Park (MONADJEM et al., 2007) with 
six species each, Lapalala Wilderness Area with nine 
species (KEARNEY et al., 2008), and Messina Nature 
Reserve with eight species (SEAMARK and KEARNEY, 
2008), but lower than the 13 species each recorded for 
Hluhluwe-Umfolozi Park  and Ithala (SEAMARK and 
KEARNEY, 2004), and 19 recorded for the uMkhuze section 
of the Greater St. Lucia Wetland Park (D'CRUZE et al., 
2008). 

In comparison with three other areas in South Africa, 
Kliphuis in the Western Cape Province (SEAMARK and 

KEARNEY, 2007), and Lapalala Wilderness Area 
(KEARNEY et al., 2008) and Messina Nature Reserve 
(SEAMARK and KEARNEY, 2008) in Limpopo Province, the 
capture rate at Lufupa camp in the Kafue National Park in 
Zambia (Table 14) was 1.13 times less than at Kliphuis, 
28.94 times more than at Lapalala, and 2.29 times less than 
at Messina. Although this measure gives a relative indication 
of the number of individuals in an area, it does not take into 
account any possible effect of variation in the time of year 
the fieldwork was done at each of the sites. 

The species richness for Lufupa is the same as that 
indicated by the species maps in ANSELL (1978) for species 
recorded from close to, or within, the boundaries of the 
Kafue National Park, however, the species composition is 
different. ANSELL (1978) did not record in the Kafue 
National Park the following six species that were recently 
caught at Lufupa: Epomophorus gambianus crypturus, 
Neoromicia rueppellii, N. zuluensis, Scotophilus cf. 
leucogaster, Scotoecus hindei, and Taphozous mauritianus. 
On the other hand, no N. thebaica, R. hildebrandti, R. 



# CIL BH ZB BB POW WFM WAS WOUC WIM1 WPM4 LM1 

ECJS-1/2008 11.98 4.43 7.35 6.81 3.92 3.53 1.43 3.77 2.41 0.93 1.09 

ECJS-2/2008 12.60 4.65 7.58 6.67 3.92 3.39 1.36 4.05 2.40 0.99 1.12 

ECJS-16/2008 12.20 4.43 7.38 6.43 3.76 3.30 1.25 4.03 2.53 0.94 1.14 

ECJS-25/2008 11.79 4.30 7.17 6.18 3.59 3.19 1.29 3.93 2.45 1.06 1.07 

ECJS-46/2008 13.41 4.65 8.06 7.10 3.70 3.57 1.62 4.40 2.67 1.11 1.22 

MCZ 8272 13.19 5.36 7.38 7.85 3.92 3.97 1.53 4.44 2.84 1.03 1.21 

TM 6550 11.91 4.50 6.99 6.39 3.66 3.19 1.32 3.78 2.36 0.90 1.02 

TM 6551 11.72 4.43 7.27 6.42 3.46 3.07 1.39 3.86 2.45 0.91 1.06 

ZMB 585 12.29 4.36 7.18 6.34 3.60 3.32 1.51 3.79 2.43 1.09 1.33 

ECJS-5/2008 12.67 4.66 7.16 6.90 3.48 3.55 1.35 4.06 2.31 1.11 1.16 

ECJS-8/2008 13.67 4.91 7.85 7.18 3.66 3.42 1.52 4.55 2.77 1.24 1.29 

ECJS-23/2008 13.38 4.50 7.42 6.85 3.57 3.31 1.46 4.41 2.46 1.22 1.31 

ECJS-33/2008 13.55 4.83 7.32 6.63 3.52 3.51 1.61 4.47 2.53 1.14 1.17 

Table 12. Measurements of 11 variables, following those used by KEARNEY (2005), from specimens from Lufupa camp, 
Kafue National Park, Zambia identified as Neoromicia capensis (ECJS-5/2008,ECJS-8/2008, ECJS-23/2008, ECJS-33/2008), 
Nycticeinops schlieffenii (ECJS-1/2008, ECJS-2/2008, ECJS-16/208, ECJS-25/2008), and Vespertilioninae (ECJS-46/2008), 
as well as various type specimens of Nycticeinops (MCZ 8272 – holotype Nycticeius africanus G.M. Allen, 1911 [measured by 
Judith Chupasko], TM 6550 – holotype Nycticeinops s. fitzsimonsi  Roberts, 1932, TM 6551 - topotype Nycticeinops s. 
fitzsimonsi  Roberts, 1932, and ZMB 585 - Nycticejus Schlieffenii Peters, 1859). Condylo-incisor length (CIL), braincase height 
(BH), width between the outer edges of the mandibular articular surfaces (ZB), braincase width (BB), post-orbital width (POW), 
width of the foramen magnum (WFM), width of the mandibular articular surface (WAS), width across the outside edges of the 
upper canines (WOUC), width between the inner surfaces of the upper first molars (WIM1), width of upper fourth premolar 
(WPM4), and length of the upper first molar (LM1). 
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Table 11. Cranial and dental measurements (in mm) of various type specimens currently synonomized with Nycticeinops 
schlieffenii, taken from original description or other texts, or as measured by one of the authors (TK), together with those for 
voucher specimens from Lufupa camp, Kafue National Park, Zambia. Zygomatic width (ZW), braincase width (BCW), 
interorbital width (IOW), width between upper second molar teeth (M2-M2), length of the upper canine to third molar teeth (C-
M3) and mastoid width (Mst).  

  Skull 
length ZW BCW IOW M2-M2 C-M3 Mst 

Nycticejus Schlieffenii Peters, 1859 

12.29 
(condylo-
incisor – 

TK) 

-  6.34 
(TK) 

3.60 
(TK)  - -  -  

Scotophilus minimus Noack, 1887  13.5 9.00 6.00 4.00 -  -  -  

Scoteinus schlieffeni australis Thomas & Wroughton, 
1908 

13.00 
(greatest)  - 7.00 4.00 6.00 3.80 -  

Scoteinus schlieffeni bedouin Thomas & Wroughton, 
1908 

12.20 
(greatest)  - 6.30 3.30 5.60 3.50 -  

Scoteinus schlieffeni albiventer Thomas & Wroughton, 
1908 

12.6 
(greatest)  - 7.30 4.00 5.90 3.80 -  

Scoteinus schlieffeni albiventer (holotype remeasured 
by ROSEVEAR, 1965) 13.10  - 6.70 3.50 5.60  - -  

Nycticeius africanus Allen, 1911 13.60 
(greatest) 9.40 -  4.00 -  4.50 8.00 

Scoteinus schlieffeni fitzsimonsi Roberts, 1932 
12.30 (from 
canines to 
occiput) 

8.00 6.20 -  5.50 4.30 -  

ECJS-01/2008 12.44 8.46 6.79 3.97 5.38 4.39 7.38 

ECJS-02/2008 12.92 8.65 6.65 3.89 5.44 4.42 7.60 

ECJS-25/2008 12.12 8.17 6.22 3.61 5.33 4.32 7.11 

ECJS-46/2008 13.82 9.43 7.10 3.66 5.82 4.88 8.06 
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Figure 29. Plot of the first and second components of a PCA of 11 cranial measurements of individuals from Lufupa in Zambia 
identified as Nycticeinops schlieffenii (blue triangles = 1- ECJS-1/2008, 2 - ECJS-2/2008, 3 - ECJS-16/2008, 4 - ECJS-
25/2008) and Neoromicia capensis (green squares = 5 - ECJS-5/2008, 6 - ECJS-8/2008, 7 - ECJS-23/2008, 8 - ECJS-
33/2008), the unidentified individual (red diamond = 9 - ECJS-46/2008), together with (as black circles) the holotype of 
Nycticeius africanus G.M. Allen, 1911 (10 - MCZ 8272), the holotype of Nycticeinops s. fitzsimonsi  Roberts, 1932 (11 - TM 
6550) a topotype of Nycticeinops s. fitzsimonsi  Roberts, 1932 (12 - TM 6551), and the holotype of Nycticejus Schlieffenii 
Peters, 1859 (13 - ZMB 585). 
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Table 14. Total number of individuals caught per site, 
together with capture effort (meter-square-hours), and 
capture rate. 1 Bats were captured at site six coming out of 
roosts in buildings, whereas at other sites the mist nets did 
not appear to be as close to roost sites. 2 Since capture 
efforts are probably not comparable if the mist nets were 
close to or not close to roosts, the totals were also 
calculated for sites excluding site six. 

Site Total  
individuals 

Capture 
Effort 

(m2hrs) 
Capture Rate 

(%) 

1 11 185.25 5.94 
2 19 227.70 8.34 
3 11 203.46 5.41 
4 6 166.50 3.60 

5 4 184.96 2.16 
61 17 56.16 30.27 
7 2 110.40 1.81 
Total 70 1134.43 6.17 
Total2 53 1078.27 4.92 

Table 15. Observed (Sobs) and estimated species richness (SChao1 and SChao2), with 95 % confidence intervals (CI).  

Sobs ± 1 SD 
Schao1 
Mean 

95% CI Schao2 
Mean 

95% CI 
Lower Upper Lower Upper 

12  ± 2.60 16 12.56 40.72 30 14.53 139.97 

Table 13. Eigenvector scores of principal components one 
and two of a PCA based on 11 cranial measurements of 13 
individuals of Nycticeinops schlieffenii and Neoromicia 
capensis. See Table 12 for explanations of the 
measurement abbreviations. 

  Factor 1 Factor 2 
CIL -0.926 0.262 
BH -0.812 -0.388 
ZB -0.688 0.048 
BB -0.855 -0.396 
POW -0.219 -0.812 
WFM -0.751 -0.486 
WAS -0.781 0.202 
WOUC -0.909 0.193 
WIM1 -0.820 -0.218 
WPM4 -0.676 0.657 
LM1 -0.678 0.473 
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Figure 31. Expected species accumulation / rarefaction 
curves (unbroken line): sample-based / MaoTau curve. 
Curves above and below (broken lines) indicate the 95 % 
confidence intervals calculated by EstimateS version 8.2.0 
(COLWELL, 2009).  

simulator, H. caffer, P. hesperidus and C. pumila recorded 
by ANSELL (1978) as occuring in Kafue National Park were 
recently caught at Lufupa. A collection of bats made in 
September and October 1990 in the Ikelenge Pedicle of the 
Mwinilung District in northwest Zambia, which is north of the 
Kafue National Park, recorded 12 different species of 
Chiroptera (Epomophorus wahlbergi, Neoromicia capensis, 
N. nana, Hypsugo anchietae, Scotophilus dinganii, 
Hipposideros caffer, H. ruber, Rhinolophus clivosus, R. 
sakejiensis, Nycteris thebaica, N. macrotis, and Mops 
niveiventer) (COTTERILL, 2002). This included 
representatives from the families of Hipposideridae, 
Rhinolophidae, Nycteridae and Molossidae that were all 
taken from roost sites in buildings, caves, or large hollow 
trees (COTTERILL, 2002). 

Not having recorded any species belonging to the 
families of Hipposideridae, Rhinolophidae, Nycteridae and 
Molossidae at Lufupa may have been the result of the 
sampling techniques, i.e. largely based on netting, using 
only one small harp trap, with insufficient searching for day 
roosts, and no passive echolocation monitoring. Although, it 
is also possible that species of these families were more 
poorly represented at Lufupa due to a lack of suitable roost 
sites in the area, both man-made (in particular buildings with 
attics) and natural (caves and large hollow trees). 
Considering other possible biases that may have influenced 
capture success, the lunar phase was full moon on the 21st, 
and rain / storms preceded (25th, 27th), occurred during 
(30th), and at the end (18th, 19th) of netting sessions. 

The results of the sample-based rarefaction / expected 
species accumulation curves for both number of individuals 
and number of samples, in which the plots rise slowly and 
have no discernable asymptotic plateau (Figure 30, Figure 
31), provide support that the survey of bat fauna at Lufupa 
was not complete and not all the species found in the area 
were caught. The non-parametric estimators of species 
richness that as conservative / minimum estimators should 
be viewed as lower bounds of total species numbers 
(COLWELL, 2009) are shown in Table 15, and also indicate 
that the sampling was not complete. According to Chao1, 
which is relatively insensitive to sample size (KINGSTON, 
2009), the 95 % confidence interval for the total estimated 
species richness ranges from 12.56 to 40.72 species (Table 
15), suggesting that the sampling of the species at Lufupa 
was between 27.01 and 87.58 % complete (mean = 68.75 

Figure 30. Expected species accumulation / rarefaction curves (unbroken line): individual-based / Coleman curve. Curves 
above and below (broken lines) indicate the 95 % confidence intervals calculated by EstimateS version 8.2.0 (COLWELL, 
2009).  
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%). Whereas, with Chao2 the 95 % confidence interval for 
the total estimated species richness ranges from 14.53 to 
139.97 species (Table 15), suggesting that the sampling of 
the species at Lufupa was between 7.86 and 75.70 % 
complete (mean = 36.67 %). 

Two other studies have published results of diversity 
measures / biodiversity functions for bats in Africa that 
indicate more complete sampling efforts. RAUTENBACH et 
al. (1996) used rarefaction curves, following KREBS (1989), 
to examine bat species richness at six different sites within 
the Kruger National Park in South Africa, and found the 
expected number of species at the different sites ranged 
from seven species in the most southerly woodland area, to 
15 species in the most northerly riverine area. This was in 
comparison to the eight and 14 species actually recorded 
from the respective sites. WEBALA et al. (2004) recorded 15 
bat species from three different vegetation communities in 
Meru National Park in Kenya, while Chao1 estimated 15.7 
bat species, and the species accumulation curve peaked at 
15 species.  
 
Conclusion 

The confirmation of six additional species of Chiroptera 
occurring in the Kafue National Park (E. gambianus 
crypturus, N. rueppellii, N. zuluensis, S. cf. leucogaster, S. 
hindei, and T. mauritianus) is important for the conservation 
value of the area. Further survey work at Lufupa, increasing 
the sampling effort, sampling at different times of the year, 
and using a range of sampling techniques, including more 
active searching for day roosts, should identify more 
Chiroptera species in the area. 
 
Acknowledgments 
Wilderness Safaris is thanked for the invitation to undertake 
the fieldwork as part of their guide training course. We also 
thank all the course participants who assisted with the 
fieldwork. Zambian National Parks approved the permit 
(receipt # 346560) to collect vouchers. 
 
References 
 
AFRICAN CHIROPTERA REPORT, 2010. African Chiroptera 

Project, Pretoria. i - xviii, 1-4325. Available at 
http://www.Africanbats.org. 

ALDRIDGE, H. D. J. N., and RAUTENBACH, I. L., 1987. 
Morphology, ecolocation and resource partitioning in 
insectivorous bats. Journal of Animal Ecology 56(3): 763-
778. 

ALLEN, G. M., 1911. Bats from British East Africa. Bulletin of the 
Museum of Comparative Zoology 54(9): 321-331. 

ANSELL, W. F. H., 1978. The mammals of Zambia.The National 
Parks and Wildlife Service, Chilanga, Zambia., I ii, 1-126, 
maps A-J, maps 1-204. 

BERGMANS, W., 1988. Taxonomy and biogeography of African fruit 
bats (Mammalia, Megachiroptera). 1. General introduction; 
Material and Methods; Results: the genus Epomophorus 
Bennett, 1836. Beaufortia 38(5): 75-146. 

BERGMANS, W., 1997. Taxonomy and biogeography of African fruit 
bats (Mammalia, Megachiroptera). 5. The genera 
Lissonycteris Andersen, 1912, Myonycteris Matschie, 1899 
and Megaloglossus Pagenstecher, 1885; General remarks 
and conclusions; Annex: key to all species. Beaufortia 
47(2): 11-90. 

BERGMANS, W., and VAN STRIEN, N., 2004. Systematic notes on 
a collection of bats from Malawi. I. Megachiroptera: 
Epomophorinae and Rousettinae (Mammalia, Chiroptera). 
Acta Chiropterologica 6(2): 249-268. 

BOURQUIN, O., and MATHIAS, I., 1984. The vertebrates of Oribi 
Gorge Nature Reserve: 1. The Lammergeyer 33: 35-44. 

CHAO, A., 1984. Nonparametric estimation of the number of 

http://purl.oclc.org/estimates�
https://sites.google.com/site/africanbats/�


November 2010 vol. 23 African Bat Conservation News 
ISSN 1812-1268 

Page 31 

KEARNEY, T. C., VOLLETH, M., CONTRAFATTO, G., and 
TAYLOR, P. J., 2002. Systematic implications of 
chromosome GTG-band and bacula morphology for 
Southern African Eptesicus and Pipistrellus and several 
other species of Vespertilioninae (Chiroptera: 
Vespertilionidae). Acta Chiropterologica 4(1): 55-76. 

KINGSTON, T., 2009. Analysis of species diversity of bat 
assemblages. Pp 195-215. In: Ecological and behavioral 
methods for the study of bats. KUNZ, T.H. and PARSONS, 
S. (Eds.). The John Hopkins University Press, Baltimore. 

KOOPMAN, K. F., 1993. Order Chiroptera. Pp. 137-241. In Mammal 
species of the world: a taxonomic and geographic reference 
2nd edition. WILSON, D. E. and REEDER, D. M. (Eds.). 
Smithsonian Institution Press, Washington, DC and London. 

KREBS, C.J., 1989. Ecological methodology. Harper and Row, New 
York.  

KUNZ, T.H., HODGKINSON, R., and WEISE, C.D., 2009. Methods 
of capturing and handling bats. Pp 3-35. In: Ecological and 
behavioral methods for the study of bats. KUNZ, T.H. and 
PARSONS, S. (Eds.). The John Hopkins University Press, 
Baltimore. 

MEESTER, J. A. J., RAUTENBACH, I. L., DIPPENAAR, N. J., and 
BAKER, C. M., 1986. Classification of Southern African 
Mammals. Transvaal Museum Monograph No. 5: i-xi, 1-359. 

MONADJEM, A., RESIDE, A., and TAYLOR, P. J., 2007. Bats 
recorded from Tembe Elephant Park, KwaZulu-Natal, South 
Africa. African Bat Conservation News 13: 2-3. 

MWIMA, H. K., 2001. A Brief History of Kafue National Park, 
Zambia. Koedoe 44(1): 57-72. 

OLSEN, D. M. and DINERSTEIN, E., 2002. The Global 200: Priority 
ecoregions for global conservation. Annals of the Missouri 
Botanical Garden 89: 125-126. 

O'SHEA, T. J., and VAUGHAN, T. A., 1980. Ecological observations 
on an East African bat community. Mammalia 44(4): 485-
496. 

RAUTENBACH, I. L., 1986. Karyotypical variation in Southern 
African Rhinolophidae (Chiroptera) and non-geographic 
morphometric variation in Rhinolophus denti Thomas, 1904. 
Cimbebasia (A) 8(15): 129-139. 

RAUTENBACH, I.L., FENTON, M.B. and WHITING, M.J., 1996.  
Bats in riverine forests and woodlands: a latitudinal transect 
in southern Africa. Canadian Journal of Zoology 74: 312-
322. 

RICCUCCI, M. and LANZA, B., 2008.  Neoromicia Roberts, 1926 
(Mammalia, Vespertilionidae): correction of gender and 
etymology.  Hystrix, Italian Journal of Mammalogy 19(2): 
175-177. 

ROBBINS, C. B., DE VREE, F., and VAN CAKENBERGHE, V., 
1985. A systematic revision of the African bat genus 
Scotophilus (Vespertilionidae). Annalen van het Koninklijk 
Museum voor Midden-Afrika, Zoologische Wetenschappen, 
246: 51-84. 

ROSEVEAR, D. R., 1965. The bats of West Africa. Trustees of the 
British Museum (Natural History),  London. i-xvii, 1-418. 

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

SEAMARK, E. C. J., and KEARNEY, T. C., 2007. Field Notes 
(February 2005): Kliphuis camp site, Cederberg, Western 
Cape Province South Africa. African Bat Conservation News 
13: 4-5. 

SEAMARK, E. C. J. and KEARNEY, T., 2008. Bats of Messina 
Nature Reserve, Limpopo Province, South Africa. African 
Bat Conservation News 18: 5-7. 

SIMMONS, N. B., 2005. Order Chiroptera. Pp. 312-529. In Mammal 
Species of the World: A taxonomic and geographical 
reference 3rd edition. WILSON, D. E. and REEDER, D. M. 
(Eds.).  The John Hopkins University Press, Baltimore. 

STATSOFT, Inc. (2010). STATISTICA (data analysis software 
system), version 9.1. www.statsoft.com. 

TAYLOR, P. J., 1999. Echolocation calls of twenty southern African 
bat species. South African Journal of Zoology 34(3): 114-
125. 

TAYLOR, P. J., 2000. Bats of Southern Africa: Guide to biology, 
identification, and conservation. University of Natal Press, 
Pietermaritzburg. -i-vii, 1-206 pp. 

TAYLOR, P. J., GEISELMAN, C., KABOCHI, P., AGWANDA, B., 
and TURNER, S., 2005. Intraspecific variation in the calls of 
some African bats (Order Chiroptera). Durban Museum 
Novitates 30: 24-37. 

TAYLOR, P. J., and VAN DER MERWE, M., 1998. Taxonomic notes 
on dark-winged house bats of the genus Scotoecus Thomas 
1901, in Malawi. Durban Museum Novitates 23: 64-66. 

THOMAS, O., 1906. New African mammals of the genera 
Cercopithecus, Scotophilus, Miniopterus, Crocidura, 
Georychus, and Heliophobius. The Annals and Magazine of 
Natural History ser. 7, 17 (98): 173-179. 

THOMAS, O., 1915. A new bat from Northern Nigeria. The Annals 
and Magazine of Natural History ser. 8, 16(95): 447-448. 

THOMAS, O., and WROUGHTON, R. C., 1908. The Rudd 
exploration of S. Africa. - X. List of Mammals collected by 
Mr. Grant near Tette, Zambesia. Proceedings of the 
Zoological Society of London 3: 535-553. 

VOLLETH, M., BRONNER, G., GÖPFERT, M. C., HELLER, K.-G., 
VON HELVERSEN, O., and YONG, H.-S., 2001. Karyotype 
comparison and phylogenetic relationships of Pipistrellus-
like bats (Vespertilionidae; Chiroptera; Mammalia). 
Chromosome Research 9(1): 25-46. 

WEBALA, P.W., OGUGE, N.O., and BEKELE, A., 2004. Bat species 
diversity and distribution in three vegetation communities of 
Meru National Park, Kenya. African Journal of Ecology 42: 
171-179. 

 
Submitted: 1 January 2010 
Accepted: 19 July 2010 
Responsible Editor: V. Van Cakenberghe 
 
 

Above: Clare Mateke together with one of the Wilderness 
Safari guides opening a canopy net system at Lufupa camp,  
Kafue National Park, Zambia. 

Above: Ernest Seamark with training guides dismantling a 
harp trap at Lufupa camp,  Kafue National Park, Zambia. 

© ECJ Seamark, 2008 © ECJ Seamark, 2008 



November 2010 vol. 23 African Bat Conservation News 
ISSN 1812-1268 

Page 32 

RECENT LITERATURE 

New data on piscivory in Myotis capaccinii 
Ostaizka Aizpurua, Iñaki Odriozola, David Almenar, Joxerra Aihartza & Inazio Garin 
University of the Basque Country, Bilbao, Basque Country; ostaizk@gmail.com, odrilarra@hotmail.com, dalmenar@ono.com, 
joxerra.aihartza@ehu.es, inazio.garin@ehu.es  
Long-fingered bat (Myotis capaccinii) forages almost exclusively over aquatic habitats and its main prey are insects that 
emerge from water. Nevertheless in three out of nine studies on its food habits fish appeared among consumed items. We 
present a long-term survey (2008 and 2009) on the seasonal frequency of fish remains in faeces of the long-fingered bat in the 
colony where piscivory for this species was firstly discovered in 2003 (Dénia, Alacant, Eastern Iberian Peninsula). Individuals 
roosted there from late April to late July in 2008, and from late March to late November in 2009. During these periods we 
collected samples of 50 pellets beneath the colony every two weeks in 2008 and weekly in 2009. Arthropod remains in faeces 
were similar in composition and relative volume to populations elsewhere, i.e. dominance of dipterans of aquatic origin. We 
detected fish remains in two periods – out of 10 – in 2008, but in 2009 they occurred yearlong (80% of weeks); frequency of 
occurrence was 2% in 2008 and 4% in 2009. Quantity of fish remains per pellet varied from a single scale to 100% of the pellet 
volume. We observed two outstanding peaks in fish consumption in both years, the first upon arrival to the roost and the 
second around the beginning of summer. We identified consumed fish as belonging to the order Cyprinodontiformes, with 
three species re-corded in the area, of which Gambusia holbrooki is the most abundant. These results confirm piscivory as a 
non-exceptional but common behaviour in Myotis capaccinii. Its occurrence is low, though varying, either within and between 
years. Thus, piscivory may easily slip researchers’ notice depending on the temporal pattern of sampling. Besides, the varying 
pattern of occurrence suggests that ecological factors affecting prey availability may play a role in it. 
 
Phylogeography and population genetic structure of Rhinopoma microphyllum in Iran 
Vahid Akmali1,2,3, Ali Farazmand1, Jamshid Darvish4 & Mozafar Shairifi2 
1University of Tehran, Tehran, Iran; v_akmali@yahoo.com, afarazmand@khayam.ut.ac.ir. 2Razi University, Kermanshah, Iran; 
sharifimozafar@gmail.com 3Iranian National Elite Foundation, Tehran, Iran 4 Ferdowsi University, Mashhad, Iran; darish_J2001@yahoo.com 
The greater mouse-tailed bat (Rhinopoma microphyllum) is a medium-sized bat with a free tail. It possesses a large 
geographical range, covering most of the arid and warm areas of the Old World. The taxonomic status of R. microphyllum in 
Iran is not so clear, as different researcher groups have reported only one or two subspecies. The nominotypical subspecies in 
Iran is R. m. microphyllum and a new subspecies R. m. harrisoni was reported in southern Iran. R. m. harrisoni is smaller than 
the nominotypical form, the skull lacks a prominent sagittal crest and the rostrum is triangular. However, the differences 
between the putative subspecies are very slim, the validity of R. m. harrisoni seems questionable and the name is considered 
a synonym of the nominotypical form. Here we present the results of phylogeography study of this species using 567 bp 
sequences of the mitochondrial control region examined in samples taken from several localities of Iran and throughout whole 
over range of this species. Based on the data of control region sequences, we found high gene diversity (0.86) among Iranian 
populations although there were not any significant differences between various colonies. The sequence data support 
separation between Iranian and Levantine populations. In the Bayesian phylogenetic tree, all Iranian samples were grouped in 
the same clade, while Levantine samples reported in study belonged to another clade. The statistical parsimony network 
analyses also showed no clear differentiation between the designated haplotypes among Iranian samples. These results 
support the division indicating that all Iranian populations belong to one subspecies, however we suggest that the Iranian form 
is different from that in the Levant and Africa and belongs to R. m. harrisoni. 
 
A phylogenetic analysis of Pteropodidae based on multi-locus molecular data 
Francisca C. Almeida1, Norberto P. Giannini2,3 & Nancy B. Simmons3 
1University of Barcelona, Barcelona, Spain; falmeida@ub.edu, falmeida@amnh.org 2Tucumán National University, Tucumán, Argentina; 
norberto@amnh.org 3American Museum of Natural History, New York, USA; simmons@amnh.org 
Pteropodidae is among the most diverse bat families with approximately 180 species and 46 genera. The last formal 
classification into subfamilies and tribes was published in 1997 by Bergmans. Since then, a number of molecular phylogenetic 
studies have provided support for some of these groupings while others have been contradicted. Relationships among tribes 
and subfamilies remained largely unresolved. These studies, however, were based almost exclusively on mitochondrial 
markers and the most taxonomically inclusive analysis sampled only 26 of the 46 recognized genera. In order to develop a 
better picture of the evolutionary history of pteropodids, we carried out a phylogenetic study of the family based on newly- -
generated sequences of 4 nuclear loci as well as mitochondrial loci already available for species of the group. Our 
concatenated matrix included more than 8 kb. Taxonomic sampling was increased to 42 pteropodid genera, represented by 56 
species. In an attempt to improve resolution in contentious parts of the phylogeny, exhaustive statistical analyses were carried 
out to control for sequence bias and minimize systematic bias. Special attention was given to the choice of appropriate 
sequence evolution models for maximum likelihood analyses. The resulting trees showed high support and resolution of 
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subfamilies and tribes, and suggest an early basal split of Pteropodidae into 7 (maybe 8) main clades. Nevertheless, 
relationships among these highly-supported groups were not well resolved despite the large amount of data and all analytical 
efforts. We discuss this result as an indication of an early explosive radiation of the pteropodid clade. 
 
Each flying fox on its own branch: A phylogenetic tree for Pteropus 
Francisca C. Almeida1, Simone Loss2, Norberto P. Giannini2,3, Kristofer M. Helgen4 & Nancy B. Simmons2 
1University of Barcelona, Barcelona, Spain; falmeida@ub.edu, falmeida@amnh.org 2American Museum of Natural History, New York, USA; 
simoneloss@gmail.com, simmons@amnh.org 3Tucumán National University, Tucumán, Argentina; norberto@amnh.org 4National Museum of 
Natural History, Washington, USA; helgenk@si.edu 
Pteropus (flying foxes) is one of the most speciose genera of bats, with over 65 species presently recognized. The 
morphologic diversity of the Pteropus species has made recognition of phylogenetic species groups highly problematic and 
contentious. Speciation in Pteropus appears largely influenced by geographic distribution patterns. Most Pteropus species 
occur exclusively on islands, many are restricted to a few islands within an archipelago, and the range of the genus includes 
remote islands of the Indian and the Pacific Oceans. Large distances between islands and limited dispersal abilities provide a 
perfect scenario for the evolution of new species through allopatric speciation. Pteropus thus provides a very interesting 
context in which to studying genetic and morphologic differentiation during speciation. However, to pursue such research 
objectives, it is necessary first to have a good understanding of the phylogenetic relationships among species and levels of 
genetic differentiation. A species tree can provide clusters of closely related species, which should be ideally sampled in 
studies focused on speciation mechanisms. Here we present a phylogenetic study of Pteropus based on 2 mitochondrial 
genes (cytochrome b and 12S). We assembled matrices including all publicly available sequences and sequences generated 
specially for this study. Because some species are highly endangered and some are actually extinct, many of sequences 
presented here were obtained from wing punches of museum specimens. We were able to gather DNA sequence information 
for 50 species, with sequence fragment sizes ranging from 300 bp to more than 2000 bp in the concatenated matrix. As 
expected, most phylogenetic clusters do not corroborate previous species group assignments based on morphology alone. 
The Pteropus phylogeny presented here suggests very low levels of genetic differentiation within some species groups, 
indicating very recent or incipient speciation. Biogeographic patterns and their implications for speciation are discussed for 
each species clusters. 
 
Molecular systematics of the family Molossidae based on nuclear and mitochondrial genes 
Loren K. Ammerman, Dana Lee & Marie Tipps 
Angelo State University, San Angelo, USA; loren.ammerman@angelo.edu 
Our current understanding of the relationships among genera of bats in the family Molossidae (100 species, 16 genera) is 
based largely on morphological data. Relationships among the genera of free-tailed bats have not been tested with molecular 
data and thus, the objective of this study was to construct a phylogeny of representative members of this family using DNA 
sequence data. We collected sequence data from one mitochondrial locus (ND1) and 3 nuclear loci (DMP1, FibI7, and RAG2) 
from members of the family Molossidae (subfamily Molossinae) and outgroups from the family Vespertilionidae and Natalidae. 
Taxonomic sampling was greatest for the ND1 dataset (12 genera, 32 species) and lowest in the Fibrinogen intron 7 dataset 
(10 genera, 21 species). Sequence from the 4 genes totaled 3028 bp. Each dataset was analyzed separately using maximum 
likelihood and Bayesian methods. Nuclear divergence values (uncorrected ‘p’) averaged 5% among molossid genera, while 
mitochondrial divergence in the ND1 dataset averaged 15%. Few intergeneric relationships were significantly supported by the 
mitochondrial data, however monophyly of most genera was supported. Nuclear results supported a “New World” clade 
consisting of Eumops, Molossus, Promops, Molossops (including Neoplatymops), Cynomops and Nyctinomops. Our analysis 
also showed significant support for a Promops-Molossus clade and a Chaerephon-Mops clade although the position of these 
clades in relation to the others is not well supported. We conclude that although additional data and taxonomic sampling will 
be necessary to completely understand relationships within the family Molossidae, the hypotheses of relationship supported by 
this analysis are inconsistent with published morphological phenograms. 
 
Diet composition, resource partitioning and trophic niche overlap in forest foliage gleaning bats 
Michal Andreas1, Antonín Reiter2 & Petr Benda3,4 
1The Silva Tarouca Research Institute for Landscape and Ornamental Gardening, Průhonice, Czech Republic; andreas@vukoz.cz 2South 
Moravian Museum, Znojmo, Czech Republic; reiter@znojmuz.cz 3National Museum (Natural History), Praha, Czech Republic; 
petr_benda@nm.cz 4Charles University, Praha, Czech Republic 
A diverse bat community was studied using netting. Faeces samples were collected for later diet composition analyses under 
binocular microscope. In order to compare in detail diet compositions, quantify trophic niche overlaps and illustrate resource 
partitioning, the species were studied in sympatry. Presented study is primarily aimed at forest bats applying foliage gleaning 
foraging strategy (Myotis nattereri, M. bechsteinii and Plecotus auritus). Previous studies demonstrated a big local and 
seasonal variation in their diets which consequently indicates certain flexibility of these species. Results of the presented study 
proved foliage gleaning foraging strategy of the species and relatively effective partition of resources. Once a certain diet item 
comprises for one bat species an important food resource, it is consequently usually exploited much fewer by the other two bat 
species. The diet compositions vary more distinctly among the entire guild of forest foliage gleaning bats than they differ 
between them and their morphological siblings or evolutionarily related species (e.g. Plecotus auritus vs P. austriacus or 
Barbastella barbastellus, Myotis nattereri vs M. emarginatus). Results are not fully consistent with prediction of sensory 
ecology presuming that bats with longer ears feeds more frequently on prey generating sounds. Results do not support a 
hypothesis that rare bats may exploit narrower range of prey. A relatively rarer Myotis bechsteinii has wider trophic niche, 
whereas more common Plecotus auritus exploits narrower range of prey. Comparison of diet composition and morphological 
and echolocation parameters shows that larger species is more durophagous, species with longer ears is moths eating 
specialist and species with higher call intensity and peak frequency exploits small dipterans probably in uncluttered habitats. 
 
 
 
 
 



November 2010 vol. 23 African Bat Conservation News 
ISSN 1812-1268 

Page 34 

The relationship between geographic range size and niche breadth in African horseshoe bats 
Jonathan Aronson & David S. Jacobs 
University of Cape Town, Rondebosch, South Africa; Jonathan.Aronson@uct.ac.za, David.Jacobs@uct.ac.za 
A fundamental question in ecology is why some species have larger geographic range sizes than others. For example, there 
are distinct differences in the geographic range sizes among African horseshoe bats (Rhinolophidae) with some species being 
widespread across the continent (e.g. Rhinolophus clivosus) while others have restricted distributions (e.g. Rhinolophus 
capensis). The aim of this research was to determine why these differences in range size exist among African Horseshoe bats. 
We tested the Niche Breadth Hypothesis which predicts that more widely distributed species will have a greater niche breadth 
resulting in a positive relationship between geographic range size and niche breadth. Niche breadth was measured along two 
axes namely habitat use and diet which are important factors that define bat niches. Habitat breadth was measured using 
acoustic monitoring to quantify microhabitat use in three habitat categories namely high-clutter, semi-clutter and edge. Dietary 
diversity was measured by analysing faecal pellets collected from captured bats for the diversity of prey taxa consumed and 
the diversity of prey size. In addition, bat niches were also investigated with computer modelling using the Ecological Niche 
Factor Analysis. The species with the largest range size, R. clivosus, had the greatest niche breadth on the habitat axis 
(Shannon-Wiener H’=0.9298) and on the diet axis (Simpson’s diversity index/FNB = 2.42) as predicted. However, the species 
with the smallest range size, R. capensis, did not have the lowest niche breadth (H’=0.5627, FNB=1.87) contrary to our 
prediction. These results suggest that niche breadth is an important factor determining the distribution of a species but that 
other factors are also likely to influence how species are distributed. 
 
The influence of abiotic factors on the distribution of bats in South Africa 
Hassan Babiker & David S. Jacobs 
University of Cape Town, Rondebosch, South Africa; Hassan.babiker@uct.ac.za, david.jacobs@uct.ac.za 
Identifying the factors influencing patterns of species distribution and richness is a challenging task. The complexity lies in that 
there is no single cause for the patterns of species distribution. However, the relationship between the environment and the 
distribution of organisms is considered a fundamental issue in ecology. This relationship is a central theme in ecology and is 
used to identify the limits to species distributions and species responses to environmental gradients. With increased rates of 
extinction as a result of anthropogenic habitat loss and climate change, practical understanding of how different aspects of the 
environment affect distribution and abundance of species is vital. The evidence for the influence of biotic factors on bat 
community structure in South Africa is ambiguous. Therefore, abiotic factors might play a major role in determining patterns of 
bat species distribution and community structure in South Africa. Such data are crucial to the documentation of bat biodiversity 
in South Africa and for the development of effective conservation plans in the region. We report the effect of selected 
environmental variables on bat species range sizes in South Africa. Based on a marked east-west aridity gradient in South 
Africa, we hypothesize that vegetation type would affect the distribution of bats in South Africa. In addition, environmental 
variables related to precipitation should correlate positively with bat species range sizes, while temperature should correlate 
negatively, with bat species range size in South Africa. We use a correlative model; Maxent (Maximum Entropy method) to 
assess environmental factors that are expected to influence South African bat species based on their known distributional 
records. 
 
Volant Viruses: a metaviromic study of a West African bat population 
Kate S. Baker1,2, M. Caccamo3, G. Daly1, N. Bexfield1, P. Kellam4, Richard Suu-ire6, David T. S. Hayman1,2,5, J. Heeney1, Andrews A. 
Cunningham2, James L. N. Wood1 & P. Murcia1 
1University of Cambridge, Cambridge, United Kingdom; kate.s.baker@gmail.com 2Zoological Society of London, London, United Kingdom 
3Genome Analysis Centre, Colney, United Kingdom 4Wellcome Trust Sanger Institute, Hinxton, Cambridge, United Kingdom 5Veterinary 
Laboratories Agency, Weybridge, Addlestone, United Kingdom 6Wildlife Services, Forestry Commission, Accra, Ghana  
Bats constitute a significant reservoir of pathogens that can spill-over and/or emerge in both animal and human populations. 
This is illustrated by past outbreaks of SARS and Ebola haemorrhagic fever in humans, as well as Hendra and Nipah virus 
diseases in humans, horses and pigs. Active surveillance to characterise the viral richness within bat populations is thus 
critical for determining the potential for the emergence of new and known viruses from these animals. In a recent review, 
multiple geographical regions were predicted as ‘hot-spots’ for infectious disease emergence from wildlife, including Ghana 
(West Africa). Populations of fruit bats roost in close association with people in Ghana, including large numbers (n=233,185 in 
January 2010) in the capital city, Accra. This fruit bat population has already been demonstrated to have neutralising 
antibodies against both henipaviruses and a Type II Lyssavirus. Next generation sequencing (NGS) technology has greatly 
enhanced sequencing capabilities and has proved a unique tool for detecting previously-uncharacterized viruses. We applied 
a NGS approach to detect viruses in the Ghanaian fruit bat population, from which we have identified numerous novel viral 
sequences. 
 
Noteworthy records of bats from Yemen 
Petr Benda1,2, Masaa M. Al-Jumaily3, Antonín Reiter4 & Abdul Karim Nasher3 

1National Museum (Natural History), Praha, Czech Republic; petr_benda@nm.cz 2Charles University, Praha, Czech Republic 3Sana’a 
University, Sana’a, Yemen 4South Moravian Museum, Znojmo, Czech Republic; reiter@znojmuz.cz 
New records of some previously rarely found bat species from Yemen are presented. Epomophorus labiatus and Neoromicia 
guineensis were recorded in Yemen for the first time, both species occur solely in the westernmost part of Yemen. The most 
important and/or numerous records were made for Rousettus aegyptiacus, Eptesicus nasutus, Hypsugo ariel, Scotophilus 
dinganii, Plecotus cf. balensis, Miniopterus natalensis, Tadarida aegyptiaca, and Chaerephon nigeriae. Additional distribution 
data are given also for Hipposideros tephrus, Taphozous perforatus, Coleura afra, Nycticeinops schlieffenii, and Chaerephon 
pumilus. Rousettus aegyptiacus was found in 15 new localities throughout the Yemeni mainland, it was previously known only 
from four sites localised in southwestern Yemen and in Hadramaut. Eptesicus nasutus, Plecotus cf. balensis and Chaerephon 
nigeriae had been known from one Yemeni site each. The former two species were evidenced from one new locality each, C. 
nigeriae was found in three new sites in western Yemen. Five new sites in Hadramaut and easternmost Yemen are reported 
for Hypsugo ariel. 
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Species diversity of bats along an altitudinal gradient in southern Malawi 
Michael Curran1,2, Mirjam Kopp1, Jan Beck1 & Jakob Fahr3 
1University of Basel, Basel, Switzerland; curran@ifu.baug.ethz.ch, mirjkopp@gmail.com, jan.beck@unibas.ch 2Swiss Federal Institute of 
Technology (ETH), Zurich, Switzerland; 3University of Ulm, Ulm, Germany; jakob.fahr@uni-ulm.de 
Altitudinal gradients are useful in ecological research for investigating general hypotheses on the environment-diversity 
relationship at a local scale. The traditional view that species diversity declines monotonically with altitude has been 
challenged in recent years by a range of empirical patterns and competing hypotheses. Efforts to explain altitudinal richness 
patterns have highlighted the importance of climate, and a global climate model was proposed using bats as a model group. 
Altitudinal studies of bat species diversity are, however, still sparse in the tropics (a region of particular interest in this respect) 
and skewed towards Asia and the Americas. Here we present results from an altitudinal study of species richness and 
assemblage structure from Mount Mulanje, Malawi. Using mist nets, harp traps and acoustic monitoring, we sampled nine 
sites across three altitudinal habitat zones (lowland forest, mid-altitude forest, and montane forest-scrubland mosaic). Our 
results show conflicting patterns between diversity indices, which decrease with altitude, and estimated species richness, 
which remains high until the mid altitudes before declining sharply. The location of the peak in species richness is largely 
congruent with predictions of a recently published model that assumed varying effects of water and temperature limitations 
depending on latitudinal position. In an effort to link large-scale climate influences to local predictors of species richness, we 
quantified habitat structure at each sample site with measures of canopy cover and vegetation density. Local species richness 
was significantly correlated with habitat structure. Furthermore, changes in habitat structure explained the turnover of species 
between sites and indicated distinct altitudinal assemblages. We discuss various interpretations of possible mechanisms 
linking climate with increased species richness and functional foraging group diversity in relation to these results, and conclude 
with conservation recommendations in the face of continuing degradation of montane forest habitats across south-eastern 
Africa. 
 
The urban crowd: Foraging ecology of Eidolon helvum from the non-migratory subpopulation in Accra, 
Ghana 
Dina K. N. Dechmann1,2, Richard Suuire3, Martin Wikelski1,2 & Jakob Fahr4 
1University of Konstanz, Konstanz, Germany; ddechmann@orn.mpg.de, martin@orn.mpg.de 2 Max-Planck Institute for Ornithology, Radolfzell, 
Germany 3Wildlife Division of the Forestry Commission, Accra, Ghana; suuire@hotmail.com 4University of Ulm, Ulm, Germany; 
jakob.fahr@uni-ulm.de 
Eidolon helvum is one if not the most abundant African mammal as well as a key seed disperser and long-distance migrant, 
but details of the long- and short-distance movements remain largely unknown. We followed the nightly foraging movements of 
seven individuals when the majority of bats had left Accra for their yearly migration. We recorded high accuracy locations and 
acceleration data with miniaturized GPS-loggers. All bats foraged almost exclusively on introduced and/or cultivated fruit, 
especially neem (Azadirachta indica), but also papaya, mango, oil palm and banana. Only two individuals included wild figs in 
their diet. All bats performed highly stereotypic foraging flights (up to 4 nights per individual). Even though distances of up to 
37 km from the roost were covered (mean 18.6±11.8 km), all except one bat foraged in urban or suburban surroundings, 
sometimes flying over forest to get there. Given the large body size of the bats (285–325 g), foraging areas (excluding roosting 
and commuting locations) were surprisingly small (core area: median = 3.9 ha, range 2.3–4.9 ha, 50% kernel density; foraging 
area: median = 23.9, range = 9.9–52.9 ha, 95% kernel density). In fact, the core area usually encompassed only a few food 
trees. Acceleration data revealed rather short foraging periods, with bats frequently returning to the roost at 2:30–3:00 
(12.3±6.2% flying, 15.3±7.2% climbing or otherwise active on tree). We speculate that E. helvum may increasingly cover its 
energetic requirements from human--generated resources and thus not all individuals may need to migrate to follow the fruiting 
trees during the rainy season. State-of-the-art GPS technology, which yields data accurate enough for the identification of 
individual food trees, will help to shed more light on this important bat tracks spatio-temporal fluctuations in resource 
availability. 
 
When size matters: The influence of competition on bat body size 
Gwenaëlle Delcros1, Peter J. Taylor2 & Corrie M. Schoeman1 
1University of KwaZulu-Natal, Durban, South Africa; gwendelcros@gmail.com, Schoemanc@ukzn.ac.za 2University of Venda, Thohoyandou, 
South Africa; Peter.Taylor@univen.ac.za 
There is evidence that competition influenced the body size patterns of animalivorous bat ensembles at local and intermediate 
regional scales in southern Africa. However, only one savanna ensemble and one parameter of body size (mass) was 
investigated, despite the fact that the savanna biome covers 54% of southern Africa and body size of bats can be quantified by 
a variety of parameters. We investigated the influence of competition on different parameters that define body size of 
animalivorous bats (mass, forearm length, two wing parameters, and two skull parameters) at six study sites in the savanna 
biome of southern Africa. We used null models to simulate the random body size patterns expected in the absence of 
competition and analysed the deviations of the observed patterns from these expected random patterns. There was little 
evidence that competition influenced the body size distribution of ensembles and functional groups at local and regional 
scales. At a few (1–3) local study sites, wing area and skull size of bats classified to ensemble and open-air and clutter 
functional groups displayed non-random patterns consistent with predictions from competition theory. After controlling for 
phylogeny, only skull size of open-air bats at four local sites displayed non-random patterns. At the intermediate regional 
scale, wing area and skull size of bats belonging to the ensemble and the clutter functional group displayed nonrandom 
patterns consistent with predictions from competition theory and only after controlling for phylogeny. Moreover, biotic filters 
such as prey defences and abiotic filters such as the physics of flight and sound probably also interacted with competition at 
local and/or regional scales to influence the body size of sympatric bats. Future studies should investigate alternative 
parameters that define bat community structure such as echolocation parameters and skull shape to better determine the 
influence of competition on the phenotypic structure of animalivorous bat ensembles in the savannas of southern Africa. 
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Biome transitions as centres of diversity: habitat heterogeneity and diversity patterns of West African bat 
assemblages across spatial scales 
Jakob Fahr1 & Elisabeth K. V. Kalko1,2 
1University of Ulm, Ulm, Germany; jakob.fahr@uni-ulm.de 2Smithsonian Tropical Research Institute, Balboa, Panama 
It is widely accepted that species diversity is contingent upon the spatial scale used to analyze patterns and processes. 
Recent studies using coarse sampling grains over large extents have contributed much to our understanding of factors driving 
global diversity patterns. This advance is largely unmatched on the level of local to landscape scales despite being critical for 
our understanding of functional relationships across spatial scales. In our study on West African bat assemblages we 
employed a spatially explicit and nested design covering local to regional scales. Specifically, we analyzed diversity patterns in 
two contrasting, largely undisturbed landscapes, comprising a rainforest area and a forest-savanna mosaic in Ivory Coast, 
West Africa. We employed additive partitioning, rarefaction, and species richness estimation to show that bat diversity 
increased significantly with habitat heterogeneity on the landscape scale through the effects of beta diversity. Within the extent 
of our study areas, habitat type rather than geographic distance explained assemblage composition across spatial scales. Null 
models showed structure of functional groups to be partly filtered on local scales through the effects of vegetation density 
while on the landscape scale both assemblages represented random draws from regional species pools. We present a mixture 
model that combines the effects of habitat heterogeneity and complexity on species richness along a biome transect, 
predicting a unimodal rather than a monotonic relationship with environmental variables related to water. The bat assemblages 
of our study by far exceed previous figures of species richness in Africa, and refute the notion of low species richness of 
Afrotropical bat assemblages, which appears to be based largely on sampling biases. Biome transitions should receive 
increased attention in conservation strategies aiming at the maintenance of ecological and evolutionary processes. 
 
Signal design of the sonar clicks of Rousettus aegyptiacus 
Maya Geva1,2, Yossi Yovel1 & Nachum Ulanovsky1 
1Weizmann Institute of Science, Rehovot, Israel; yossi.yovel@weizmann.ac.il, nachum.ulanovsky@weizmann.ac.il 2Hebrew University of 
Jerusalem, Jerusalem, Israel; maya.geva@mail.huji.ac.il 
Echolocating bats of the genus Rousettus produce click-based sonar signals using their tongue (lingual echolocation). Click 
based sonar signals are often considered rudimentary and believed to enable only crude biosonar performance. However, the 
main argument supporting this belief, namely the click‘s reported long duration, was recently shown to be an artifact: In fact, 
the sonar clicks of Rousettus bats are extremely short, ~50–100 microseconds, similar to the duration of biosonar clicks in 
dolphins. This poster will compare the signal-design characteristics of the biosonar vocalizations of Egyptian fruit bats 
(Rousettus aegyptiacus) to the ‚model species’ of laryngeal echolocation, the big brown bat (Eptesicus fuscus) by theoretically 
analyzing the autocorrelation function and the wideband ambiguity function of their sonar signals. These theoretical analyses 
are used to make experimental predictions about the sonar performance of these two bats, with the surprising result that - on 
some parameters – the Egyptian fruit bat may be as good as, or even better than the big brown bat. These predictions are in 
part confirmed by available empirical data showing that in tasks that are relevant for Egyptian fruit bats, such as accurate 
landing or detection of medium- -sized objects in complete darkness, click-based echolocation enables performance similar to 
laryngeal echolocators. Therefore, our comparison suggests that click-based echolocation in bats should be regarded as a 
viable echolocation strategy, which is in fact similar to the biosonar used by most echolocating animals, including whales and 
dolphins. 
 
Cenozoic patterns of origination and extinction in bat communities 
Gregg F. Gunnell 
University of Michigan, Ann Arbor, USA; ggunnell@umich.edu 
The Cenozoic record of fossil bats is not uniformly rich but does offer useful information about the origin and diversification of 
chiropterans. First and last appearance data (FADs and LADs) for known occurrences of bats were compiled at the generic 
level. 278 bat genera were recognized of which 138 represent living species only (nearly 50% of all bat genera lack a fossil 
record). Occurrences of the remaining 140 genera were recorded from 16 binned time intervals beginning in the late early 
Eocene (52 mya) through the Pleistocene with resultant temporal ranges documenting bat originations (FADs) and extinctions 
(LADs). Only during the Oligocene (34 to 24 mya) do LADs outnumber FADs. In all other intervals except the Pleistocene, 
originations and extinctions track together with FADs always outnumbering LADs leading to a general increase in diversity 
throughout the Cenozoic. In the Pleistocene there is a dramatic increase in the number of FADs compared to LADs, probably 
reflecting the more complete fossil record. Range-through genera (genera occurring in more than one bin) remain at relatively 
low levels until the beginning of the middle Miocene (16 mya) when range-through taxa begin a steady increase in numbers 
with many modern genera becoming established by that time. Lazarus taxa (genera not continuously represented) are 
relatively rare, occurring only within three extant genera (Asellia, Megaderma, and Scotophilus). When plotted against a 
Cenozoic paleotemperature curve, the chiropteran pattern of FADs-LADs differs somewhat from non-volant mammals, 
especially from the late early through middle Eocene. Bat FADs and LADs both decrease through this interval while other 
mammals see increases in FADs initially followed by increases in LADs. Much of the difference between these records can be 
traced to the very poor bat fossil record from the early Cenozoic rather than necessarily reflecting differing responses to 
climate change. 
 
Molecular phylogeny of African “pipistrelle” bats (Vespertilionidae) suggests new clades, rearrangement 
of genera, and extensive cryptic diversity within species 
Maria Helbig1, Thomas Datzmann1, Frieder Mayer1 & Jakob Fahr2 
1Natural History Museum, Humboldt University, Berlin, Germany; maria.helbig@uni-ulm.de 2University of Ulm, Ulm, Germany; jakob.fahr@uni-
ulm.de 
The taxonomy and putative phylogenetic relationships of Pipistrellus species (sensu Hill & Harrison 1987) were based on 
morphologic characters in the past while several recent molecular studies indicated paraphyletic groups. So far, taxon 
sampling of African “pipistrelles” has been fairly limited. In our study, we included a broad taxonomic and geographic set of 
African Pipistrellus-like bats and analyzed their phylogenetic relationships with both mitochondrial (16S rRNA, tRNA-Leucin, 
ND1) and nuclear (RAG2 and vWF) genes. Our phylogeny reveals several deep nodes with high statistical support and 
confirms previous molecular studies in the delineation of two tribes: Pipistrellini and Vespertilionini. However, the broad taxon 
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sampling shows that current definitions of the genera Neoromicia and Hypsugo are para- or polyphyletic. Monophyletic groups 
are achieved if African Hypsugo are transferred to the genus Nycticeinops. In addition, the taxa capensis and somalicus 
should be included in the genus Laephotis. We further suggest that the taxa nanus and rueppellii as well as a clade comprising 
brunneus, rendalli and tenuipinnis should be assigned to genera that need to be either newly created or resurrected from 
current synonymy. Based on the mitochondrial data of a larger data set of African pipistrelles, we document intraspecific 
sequence divergences up to 10 percent within seven species: bellieri, brunneus, grandidieri, guineensis, hesperidus, nanulus, 
and nanus. These large genetic distances, which are partly mirrored in the biogeographic distribution of lineages, implicate 
extensive cryptic diversity within these clades and call for a broad geographic sampling to assess their taxonomic status. 
 
Modelling continental species richness of African bats at high resolution 
K. Matthias B. Herkt1, Günter Barnikel1, Martin Wegmann2, Elisabeth K. V. Kalko1,3 & Jakob Fahr1 
1University of Ulm, Ulm, Germany; matthias.herkt@gmail.com 2University of Würzburg, Würzburg, Germany & German Aerospace Center 
(DLR)  3Smithsonian Tropical Research Institute, Balboa, Panama 
Revealing both current and historical factors driving species richness critically depends on the quality as well as the spatial 
resolution (grain) of primary data. Most previous approaches studying species richness from continental to global scales were 
based on generalized and coarse distribution ranges. This coarse resolution might preclude an understanding of drivers of 
species richness at finer scales. In order to circumvent these impediments, we established a comprehensive database 
comprising point records of all bat species (>240) occurring on mainland Africa. This database “AfriBats” integrates >100,000 
records gathered from own field surveys, publications and >40 museum collections in Europe, North America and Africa. We 
produced species distribution models (SDMs) to predict potential distribution ranges with high resolution (1 km2), employing 18 
environmental variables (representing topography, land cover, hydrology, and climate) and a filtered set of bat occurrences 
extracted from AfriBats. We first illustrate biases present in the occurrence data and their effects on predicted distribution 
ranges. Second, we propose a multi-criterion selection strategy that considers spatial accuracy, topicality and taxonomic 
certainty of records in order to increase the reliability of our models. Resulting single-species models were corrected to 
approximate realized niches using (1) expert knowledge to eliminate distant biogeographic regions predicted as suitable but 
hitherto not documented, and (2) a novel approach to correct for patches predicted as suitable habitat but deemed too isolated 
and/or too small to support viable populations. We combined the final models and present the resulting first high-resolution 
map of African bat richness with a continental extent, which forms the basis for ongoing analyses to identify drivers of bat 
diversity. We further show how patterns of species richness change when considering different taxonomic and functional 
subgroups only. 
 
Rousettus aegyptiacus in the Mediterranean: Distribution, chorology and perspecives 
Ivan Horáček1, Petr Benda2,1, Pavel Hulva1, Rasit Bilgin3,  Mounir Abi-Said4, Rena Karanouh5, Nursel Aşan6, İrfan Albayrak6, 
Ahmet Karataş7, Haris Nicolaou8, Tomáš Bartonička9 & Radek K. Lučan1 
1Charles University, Praha, Czech Republic; horacek@natur.cuni.cz 2National Museum (Natural History), Praha, Czech Republic 3 Boğazici 
University, Bebek, Istanbul, Turkey 4American University of Beirut, Beirut, Lebanon 5Speleoclub du Liban, Beirut, Lebanon 6University of 
Kirikkale, Kirikkale, Turkey 7University of Niğde, Niğde, Turkey 8Ministry of Environment, Nicosia, Cyprus 9Masaryk University, Brno, Czech 
Republic 
The Mediterranean population of Rousettus aegyptiacus presents the only offshoot of the family Pteropodidae beyond limits of 
the tropical zone. In the pattern of its distribution throughout the Mediterranean region the species differs essentially from all 
other mammals. The extensive field study during last decades resulted in (a) nearly a complete revision of all known roosts in 
the region, (b) refining its distribution status and abundance trends in different parts of the region, (c) very fine DNA sampling 
for a detailed phylogeographic analysis, and (d) estimation of total population size and conservation problems of the species in 
the region. With more than 10% of mtDNA divergence from neighbouring sub-Saharan populations, the Mediterranean fruit bat 
can be looked upon as a separate species obviously endemic to the Mediterranean region. The genetic variation within that 
species is relatively low which suggests its spread from a single refugium, supposedly situated in Levant. In some regions (e.g. 
Turkey) the species exhibits a clear expansion during the recent decade (including the westward shift in the renage margin), in 
others there is a clear population decline (Cyprus) or relatively stable population development (Lebanon, Jordan, Egypt). Using 
the refined distributional information we tried to estimate the total abundance of the Mediterranean species: against 
expectancy it can be even lesser than 75,000 individuals. 
 
What, if anything, can variation in echolocation calls tell us about speciation in bats? 
David S. Jacobs 
University of Cape Town, Rondebosch, South Africa; david.jacobs@uct.ac.za 
The close correlation between echolocation and phenotypic traits directly involved in the production and reception of 
echolocation signals suggests that echolocation plays a significant role in speciation of bats. Analyses of echolocation 
variation may therefore illuminate the process of speciation in bats. I used echolocation variability amongst southern African 
rhnolophids to test two hypotheses on the divergence in these bats. Firstly, divergence was the result of harmonic hopping and 
secondly that selection favoured discreet frequency bands amongst species because it facilitated communication. Although 
the distribution of echolocation within clades loosely followed hypothetical harmonic series, species that echolocated close to 
the fundamental of the harmonic series were more derived, contrary to the prediction of harmonic hopping. On the other hand 
species whose echolocation calls deviated from allometry, used frequency bands not utilized by other species, as predicted by 
a communication hypothesis. This suggests that these deviant frequencies allowed these species to colonize habitats already 
occupied by congenerics, without compromising comunication. However, the overlapping distributions of species with similar 
frequencies and the disjunct distribution of species with different frequencies contradict the communication hypothesis. The 
validity of these analyses is dependent upon the robustness of the topography of the phylogeny we used as well as on the 
accuracy of the species distributions. 
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The pipistrelle bats of Macaronesia: A phylogeographic approach 
Javier Juste, Domingo Trujillo & Carlos Ibáñez 
Doñana Biological Station (CSIC), Sevilla, Spain; juste@ebd.csic.es 
The distribution and taxonomical identity of the bats of Macaronesia is still being revised from molecular backgrounds. Recent 
studies have confirmed the endemic consideration of several taxa and the close biogeographic relationships both among the 
different archipelagos and with the Palaearctic fauna. Two pipistrelle species are known from these islands: Pipistrellus kuhlii 
and P. maderensis being the first widely distributed across Southern Europe whereas the second is considered as endemic 
from Madeira and the Canary islands. In this study we analyzed the phylogenetic and evolutionary relationships of the two 
species of the island Pipistrellus using a sampling representing all the archipelagos and in relation to mainland populations 
from Morocco and the Iberian Peninsula. Our phylogenetic hypotheses are based on sequences of two mtDNA and one nDNA 
markers and were obtained under several phylogenetic reconstructions criteria. Additional distribution comments and 
conservation considerations will be presented. 
 
Waiter, there’s a bat in my soup! Implications of fruit bast as bushmeat in Ghana, West Africa 
Alexandra Kamins1, Olivier Restif1, Marcus Rowcliffe2, Andrew A. Cunningham2, Yaa Ntiamoa-Baidu3 & James L. N. Wood1 
1University of Cambridge, CIDC, Cambridge, United Kingdom; aok23@cam.ac.uk, or226@cam.ac.uk, jlnw2@cam.ac.uk 2Institute of Zoology, 
London, United Kingdom; Marcus.Rowcliffe@ioz.ac.uk, A.Cunningham@ioz.ac.uk 3University of Ghana, Accra, Ghana; ynbaidu@ug.edu.gh 
Hundreds of thousands of fruit bats (Eidolon helvum) line the city streets of Accra, the capital city of Ghana. These bats live in 
the heart of the metropolis, seeming quite content to feed on cultivated fruits and orchards. However, this urban environment 
comes with certain risks: 41 hunters we interviewed killed almost 35,000 bats in one year in southeastern Ghana, and the 95 
meat vendors we interviewed sold over 100,000 bats as food each year. These bats travel a complex commodity chain, and 
can be hunted over 200 km away from the market in which they are eventually sold. The commonly percieved increase in bat 
numbers in Accra and corresponding perception of reduction in heavily hunted areas suggests that the densely urban city may 
actually provide protection against hunting, of which these fruit bats are taking advantage. Understanding the connection 
between humans and bats in these urban environments is vital to proper conservation as well as prevention and management 
of bat-borne zoonotic diseases. 
 
Genetic diversity of vespertilionid bats from West Africa – preliminary results 
Darina Koubínová1, Nancy Irwin2, Pavel Hulva1 & Jan Zima3 
1Charles University, Praha, Czech Republic; darina.koubinova@gmail.com, hulva@natur.cuni.cz 2University of York, York, United Kingdom; 
ni503@york.ac.uk 3Institute of Vertebrate Biology AS CR, Brno, Czech Republic; jzima@ivb.cz 
Phylogenetic studies of the family Vespertilionidae in Africa were performed mainly with the use of morphological and 
cytogenetic approach and the interest was focused especially on populations distributed in the northern and southern parts of 
the continent. In the region of West Africa, the family Vespertilionidae (not considering Miniopterinae) is represented by more 
than 50 species belonging to 11 genera, but despite of that the information about their phylogeny and genetics is very scarce. 
The aim of our project is to analyse the genetic diversity of bats of the family Vespertilionidae from Senegal (West Africa) for 
the first time and to increase the amount of the scarce data from the whole West Africa. The samples were collected during 
seven expeditions at fourteen collecting sites mainly at the area of the Niokolo Koba National Park in the southeastern part of 
the country. Standard Giemsa-stained karyotypes of 50 specimens provisionally assigned to seven genera (Pipistrellus, 
Hypsugo, Neoromicia, Vespertilio, Scotoecus, Myotis, Nycticeinops) were described. Sequences of cytochrome b 
mitochondrial gene from more than 200 specimens from Senegal together with published data were used for the preliminary 
phylogenetic analysis. Variations at the molecular and karyotypic levels were compared and certain specimens were chosen 
for the final analysis which will be performed with the use of one additional mitochondrial and two nuclear genes. 
 
Toward a molecular phylogeny for Molossidae of Africa and Western Indian Ocean region 
Jennifer M. Lamb1, Taryn M. C. Ralph1, Theshnie Naidoo1, Peter J. Taylor2, Fanja RAtrimomanarivo4, William Stanley3 & 
Steven M. Goodman3,4 
1University of Kwa-Zulu Natal, Westville, South Africa; lambj@ukzn.ac.za 2University of Venda, Thohoyandou, South Africa; 
Peter.Taylor@univen.ac.za 3University of Antananarivo, Antananarivo, Madagascar; fanjahrat@yahoo.fr 4Vahatra, Antananarivo, Madagascar 
5Field Museum of Natural History, Chicago, USA; wstanleyfieldmuseum.org, sgoodman@fieldmuseum.org 
We present phylogenetic information based on new nuclear Rag2 and mitochondrial cytochrome b sequence data for 6 genera 
of Molossidae (Chaerephon, Mops, Mormopterus,  Otomops, Sauromys, Tadarida) and 15 species, primarily from Africa and 
the Malagasy region (Madagascar and neighbouring islands), and further include sequences of 17 mainly New World taxa 
sourced from Genbank. There is strong support for the monophyly of the Molossidae included in this study. The monotypic 
genus, Tomopeas, is the most basal member of the extant Molossidae. The Malagasy region taxa Mormopterus jugularis and 
M. francoismoutoui are supported as a basal clade with an age of ~31.2 MYR, and are not monophyletic with the South 
American form, M. kalinowskii. Asian Otomops wroughtoni and O. formosus and Afro-Malagasy O. martiensseni and O. 
madagascariensis form a strongly- -supported ~19.8 MYR-old clade whose broader relationships among Molossidae are not 
clearly defined. There is strong support for a ~17.2 MYR-old combined Chaerephon/Mops clade, in which members of these 
genera show some paraphyly. The monophyly of the genus Tadarida, represented in our analyses by T. brasiliensis from the 
New World and T. fulminans, T. aegyptiaca and T. teniotis from the Old World, is not upheld, although there is good support 
for a geographically-disjunct 9.8 MYR-old grouping which includes Chaerephon jobimena (Madagascar), Tadarida aegyptiaca 
(Africa) and T. brasiliensis (America). Sauromys is maintained as a monotypic genus, although there is support for its 
association with Tadarida fulminans and the Chaerephon/Mops clade, the latter of which comprises M. midas, M. leucostigma, 
M. condylurus, M. bakarii, C. pumilus, C. pusillus, C. leucogaster and C. nov. sp. (eastern Madagascar). An ~18.37 MYR-old 
New World clade comprising representatives of Eumops, Nyctinomops and Molossus was well-supported. 
 
 
 
 
 



November 2010 vol. 23 African Bat Conservation News 
ISSN 1812-1268 

Page 39 

Movement ecology of GPS-tracked Rousettus aegyptiacus: Bats as long-distance dispersal vectors of 
seeds 
Ran Nathaan1, Asaf Tsoar1, David Shohami1, Yoav Bartan1, Ofir Altstein1 & Nachum Ulanovsky2  
 1Hebrew University of Jerusalem, Jerusalem, Israel; asaf.tsoar@mail.huji.ac.il, yoavb@savion.huji.ac.il, ofira@savion.huji.ac.il, 
rnatan@cc.huji.ac.il 2Weizmann Institute of Science, Rehovot, Israel; nachum.ulanovsky@weizmann.ac.il 
The emerging movement ecology paradigm aims at integrating movement research, based on elementary components that 
have long been recognized in specific fields of research. The study of seed dispersal by animals inherently involves (at least) 
two key players – a dispersed plant and a dispersing animal – hence can be portrayed by a two-level nested design of the 
movement ecology framework. This facilitates the links among the apparently unrelated research fields of animal navigation, 
optimal foraging and passive seed dispersal. These fields of research have recently been revolutionized through recent 
advances in tracking technology, genetic markers and individual-based modeling. We outline the basic principles of this 
approach, and illustrate its application for a system of fleshy-fruited plants dispersed by Egyptian fruit bats. GPS-tracked 
Egyptian fruit bats flew long commuting flights, but foraged within a small area of 0.052 km2 (median convex hull) per bat, 
strongly showing preferring human settlements (795±490 m from the nearest settlement center). A spatially- -explicit 
simulation of the seed rain generated by bats revealed similar seed shadows around both fruiting and neighboring non-fruiting 
trees, and seed deposition mostly under trees other than the source tree. Mechanistically derived seed dispersal kernels, 
estimated from empirical measurements of gut retention time and bat tracks, showed a typical leptokurtic pattern with an 
exceptionally fat tail indicating high levels of long-distance dispersal of up to 21 km. A new allometric scaling of seed dispersal 
by animals shows that the mean and the maximum distances of seeds dispersed by the Egyptian fruit bat (and presumably 
other fruit bats as well) are considerably higher than expected for either nonvolant frugivorous mammals or flying frugivorous 
birds. The mechanistic approach demonstrated here demonstrated here can advance the study of plant-animal interactions 
and important ecosystem-level processes such as seed dispersal in general, and help elucidate the role of fruit bats as major 
dispersers of native and potentially invasive fruit-tree species in particular. 
 
Geographic variation in echolocation calls of the endemic Rhinolophus capensis 
Lizelle Janine Odendall & David S. Jacobs 
University of Cape Town, Rondebosch, South Africa; lizelle.odendaal@uct.ac.za, david.jacobs@uct.ac.za 
Investigating geographically divergent phenotypic traits within a species can provide insight into processes that eventually 
result in speciation. We investigated divergence in echolocation calls of populations of the Cape horseshoe bat, Rhinolophus 
capensis. Echolocation, body size, wing morphology and skull parameters associated with call production and reception, were 
compared amongst adults from three populations situated in the centre (mesic winter), western (arid winter rainfall) and 
eastern (mesic summer) limits of the species distribution. The latter two populations were situated in ecological transition 
zones (ecotones) between vegetation biomes. Ecotone populations deviated slightly from the allometric relationship between 
body size and peak frequency for the genus and there was no relationship between body size and peak frequency across 
populations. Ecotone populations were significantly heavier than the central population. However, one ecotone population 
used the highest call frequencies while the other used the lowest. Divergence in call frequency could not be explained by 
climatic or habitat differences. Instead, nasal chamber length was the best predictor of peak frequency and it was also not 
correlated to body size. Thus, selection may have acted directly on peak frequency altering skull parameters directly involved 
in echolocation independently of body size. The evolution of echolocation is thus uncoupled from body size in R. capensis. 
Within each population, females were larger and used higher frequencies than males, which implies a potential social role of 
peak frequency for R. capensis. Differences in frequencies among populations may have been initiated by random founder 
effects and compounded by genetic drift and/or natural selection, resulting in the evolution of local acoustic signatures. 
 
Disease investigations in Eidolon helvum in the Gulf of Guinea islands 
Alison J. Peel1, Andrés Loras Fernández2, Kate S. Baker1, David T. S. Hayman1, Alexandra Kamins, Stephen J. Rossiter3, 
David R. Sargan1, Andrew A. Cunningham2 & James L. N. Wood1 
1University of Cambridge, Cambridge, United Kingdom; alisonpeel@gmail.com, kate.s.baker@gmail.com, dtsh2@cam.ac.uk, 
drs20@cam.ac.uk, jlnw2@cam.ac.uk. 2Zoological Society of London, London, United Kingdom; A.Cunningham@ioz.ac.uk, 
aferlasvet@hotmail.com 3Queen Mary University, London, United Kingdom; s.j.rossiter@qmul.ac.uk 
Ongoing studies in continental Africa have identified the straw-coloured fruit bat, Eidolon helvum, as a reservoir for potentially 
zoonotic viruses (henipa- and lyssa-viruses) and a common source of bush meat. We have also determined that E. helvum 
exists as one large panmictic population with extensive gene flow throughout sub-Saharan Africa, with no evidence of 
segregation according to presumed North-South migration routes. This panmictic population structure appears to have 
resulted in widespread seroprevalence to henipavirus and Lagos Bat Virus (LBV) across Africa. Non-migratory island 
populations in the Gulf of Guinea, however, show evidence of genetic differentiation from the continental population, with two 
to three colonisation events to the islands. It is currently unknown if these small, isolated populations of E. helvum are 
reservoirs of the viruses found on the continent. Investigating this could provide great insight into infection dynamics and the 
ability for these viruses to persist in small, isolated populations, compared with the large continental metapopulation. E. 
helvum bats were sampled on each the islands of São Tomé and Príncipe, and Bioko and Annobón (Equatorial Guinea) to 
investigate further the genetic population structure, colonisation events, and to assess the henipa- and lyssa-virus infection 
status of these small, isolated populations. 
 
Conservation status of bats of the island of São Tomé, Gulf of Guinea 
Ana Rainho, Christoph F. J. Meyer, Sólveig Thorsteindóttir & Jorge M. Palmeirim 
University of Lisbon, Lisboa, Portugal; amrainho@fc.ul.pt, cmeyer@fc.ul.pt, solveig@fc.ul.pt, palmeirim@fc.ul.pt 
The bat fauna of São Tomé is characterized by a remarkably high degree of endemism; four out of the ten species known to 
occur on this small oceanic island and one subspecies are endemic. However, while many bat species on the island are 
considered threatened, little is known about their distribution, population status and how they may be affected by human 
activities. Here, we report on the results of a survey that was conducted between September and November 2009. Our 
ultimate goal was to identify potential threats and priority areas for species protection such as important roosting sites – 
knowledge that can aid in the planning and implementation of appropriate conservation measures. The study revealed the 
presence of a bat species not previously known to occur on the island, Myotis tricolor. Our findings suggest that the 
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disturbance or destruction of roosts constitutes a threat to many of the bat species on São Tomé, especially cave-roosting 
ones, calling for legal protection of those species and monitoring of key roosting sites. Although the flying fox species Eidolon 
helvum and Rousettus aegyptiacus are seemingly abundant on the island and appear to be able to sustain current levels of 
exploitation, hunting may be a problem for the island endemic Myonycteris brachycephala, whose population size seems to be 
greatly reduced. To avoid overexploitation of these species, awareness campaigns among hunters are necessary, alongside 
legal protection measures such as the establishment of a closed season during the bats’ period of reproduction and prohibition 
of capturing bats in colonies. Finally, lack of knowledge about the general biology, ecology, and population status is a serious 
obstacle to the conservation of some of the bat species of São Tomé and there is a dire need for future research into little-
known species such as the island endemic Tadarida tomensis. 
 
Out of the dark: Diurnal activity in Hipposideros ruber on São Tomé island, West Africa 
Danilo Russo1,2, Guglielmo Maglio3 & Jorge Palmeirim4 
1University of Naples Federico II, Portici (Napoli), Italy; danrusso@unina.it 2University of Bristol, Bristol, United Kingdom 3Science Centre Aree 
Espositive, Napoli, Italy; maglio@cittadellascienza.it 4University of Lisbon, Lisboa, Portugal; palmeirim@fc.ul.pt 
Apart from sporadic cases of daytime flights, bats are strictly nocturnal. The hypothesis on the origin of bat nocturnality that 
has so far received more experimental support is that it has evolved to minimize the risk of predation by avian diurnal 
predators relying on vision. Geographical settings characterized by a lower risk of diurnal predation should in theory allow bats 
to be active in daytime too, especially to increase foraging success. Oceanic islands are ideal study areas to look for changes 
in bat temporal niche since they often feature simplified avian assemblages with fewer birds of prey. However, the cases so far 
documented concern the Samoan flying fox (Pteropus samoensis) and only one echolocating bat, the Azorean bat Nyctalus 
azoreum. We report on an insular population of Hipposideros ruber on the island of São Tomé (Gulf of Guinea) performing 
frequent diurnal flights in the absence of forest-dwelling avian predators. We carried out emergence counts at three roost sites 
from four hours after dawn until dark and found that although emergence peaked around sunset, diurnal activity was frequent 
at all sites. Heavy rain caused abrupt returns to roosts, so by counting returning bats we estimated that up to ca. a fifth of a 
colony may be out during daytime. Bat detector surveys showed that bats keep echolocating in daytime and may forage, as 
revealed by feeding buzzes occasionally recorded. Gaining extra-foraging time can be vital in areas such as São Tomé where 
in the rainy season heavy showers may strongly limit the time available for feeding. However, many daytime fliers chased 
each other and chases were apparently often the cause for bats leaving the roost to perform at least short flights, i.e. diurnal 
activity has also a social function. A comparison between the sex ratio of bats mistnetted while leaving the roost or returning to 
it in daytime and that estimated by sampling bats inside the roost suggests that daytime activity is mostly performed by males, 
possibly in relation to the social interactions we recorded. We ruled out that the phenomenon was restricted to a single region 
because we recorded it at several sites across the island. 
 
Environmental correlates of bat species richness in Central and southern Africa: Effects of spatial 
structure, taxonomy and model selection 
Corrie M. Schoeman1, F. D. P. (Woody) Cotterill2, Peter J. Taylor3 & Ara Monadjem4 
1University of Kwazulu Natal, Durban, South Africa; schoemanc@ukzn.ac.za 2University of Cape Town, Rondebosch, South Africa; 
fcotterill@gmail.com 3University of Venda, Thohoyandou, South Africa; Peter.Taylor@univen.ac.za 4University of Swaziland, Kwaluseni, 
Swaziland; ara@uniswacc.uniswa.sz 
Understanding patterns and drivers of species richness at broad geographic scales remains one of the most challenging but 
important goals of biogeography, and one that has recently come to utilize macroecological variables, which are invoked as 
proxies delimiting species’ niches. Although some consensus exists regarding the primary roles of hypotheses based on 
environmental determinants, most of the evidence comes from diversity patterns of conspicuous taxa from Europe and the 
New World. We tested five broad-scale hypotheses (ambient energy, productivity, habitat heterogeneity, climatic 
heterogeneity, and climate) based on known georeferenced collection data of 116 bat species occurring in Central and 
southern Africa. We analysed the trends between bat species richness and environmental variables for the order Chiroptera as 
a whole, and separately for eight families (Pteropodidae, Emballonuridae, Hipposideridae, Miniopteridae, Molossidae, 
Nycteridae, Rhinolophidae, and Vespertilionidae). Species richness of the order Chiroptera and all the animalivorous families 
correlated more significantly with longitude than latitude. Conversely, species richness of the fruit bats was more significantly 
correlated with latitude than longitude. Environmental variables contributed differentially to Maxent model development of 
ecological niches and potential geographic distributions of bat species, but Jackknife analyses showed that temperature 
seasonality, when used in isolation, contributed the most to model development for the majority of bat species (particularly if 
>20 collection records). Ordinary least squares regression, partial regression, and spatial autoregressive models indicated that 
environmental variables linked with (1) the ambient energy and climate hypotheses were the best predictors of the species 
richness of all bat species, fruit bats, vespertilionids, rhinolophids, and hipposiderids; (2) the productivity and climatic variability 
hypotheses were the best predictors of the species richness of emballonurids and nycterids; (3) the climatic variability and 
ambient energy hypotheses were the best predictors of miniopterid species richness and; (4) the climate hypothesis was the 
best predictor of the species richness of molossids. Our results reveal that the roles of environmental determinants of bat 
species richness gradients in the Old World are complex. This likely reflects the interplay between the different ecologies of 
bat families and biogeographic history, mediated by significant climatic and geological changes across Africa since the 
Eocene. 
 
Estimating diversity: How many bat species are there? 
Nancy B. Simmons & Andrea L. Wetterer 
American Museum of Natural History, New York, USA; simmons@amnh.org 
The last comprehensive list of chiropteran species was published in Mammal Species of the World in 2005. This list included 
1116 bat species and an additional 934 subspecies. Although this diversity is impressive and bats comprise around 20% of 
extant mammalian species, many new species remain to be discovered, and new analytical tools are increasing the pace of 
the discovery process. In the last decade many new bat species have been recognized based on combinations of genetic data 
(mostly mitochondrial gene sequences), morphology, and echolocation call structure. Although some new species are 
collected in the field and immediately recognized as new, many others are found in museum drawers or studies of populations 
thought to belong to other nominal taxa. Newly recognized species generally fall into two categories: (1) species new to 
science that have never before been captured or recognized, or (2) species previously thought to be subspecies or population 
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variants but shown to be distinct based on genetic data. In many cases, morphological examination of populations found to be 
genetically distinct has confirmed that they are different and best treated as distinct species. However, studies of nuclear 
genes have shown that some instances of geographic partitioning detected using mitochondrial genes do not reflect 
speciation, but rather mitochondrial lineage sorting resulting from female philopatry. The majority of new taxa described 
recently come from diverse and poorly-known tropical faunas and/or regions where water barriers have made it difficult to 
interpret patterns of morphological variation. Rather than decreasing gradually over time, the pace of discovery of new species 
has remained relatively constant for most of the last 100 years, with a burst of recent discoveries in the last decade. We 
discuss the role that genetics, echolocation call recordings, online databases, and the Internet is having on perceived patterns 
of species diversity in bats. 
 
 
Variability of echolocation calls of bats from Madagascar as observed by the Expedition Biriki 
František Špoutil, Pavel Linhart, Simona Poláková, Veronika Dorňáková, Petra Tumová & Šárka Demelová 
University of South Bohemia, České Budějovice, Czech Republic; fanda-sp@prf.jcu.cz, pavel.linhart@centrum.cz, simpolak@seznam.cz, 
Nikuska.D@seznam.cz, petra.matylda@centrum.cz, lurka.sarka@seznam.cz 
Expedition Biriky ran over the November 2008 (in the end of dry season) and its goal was to record as much sounds of 
Madagascar as possible, including bats. The records of echolocating bats were obtained almost every night in the time up to 3 
hours from the dusk. The record spots were not only the main national parks and their surroundings, like Andasibe-Mantadia, 
Ranomafana, Andringitra and Zombitse-Vohibasia, but also the passing cities (Antananarivo, Fiannarantsoa, and Toliara) and 
other places (the coastal area near St. Augustin). We have collected ca. 30 records of echolocation calls from the wide range 
of biotopes from coastal areas up to about 1500 m a. s. l. in the central mountains, and from the rain forest to arid south-
western areas. Interestingly, just one record was obtained in the urban area, indicating (despite of imperfections in the 
recording method) less abundance of bat species and individuals in the cities of Madagascar. 
 
Should we standardize international English common names of bats? 
Samantha Stoffberg1, Philip A. R. Hockey2 & Corrie M. Schoeman3 
1University of Stellenbosch, Stellenbosch, South Africa; stoffberg@sun.ac.za 2University of Cape Town, Rondebosch, South Africa; 
phil.hockey@uct.ac.za 3University of KwaZulu-Natal, Durban, South Africa; schoemanc@ukzn.ac.za 
The increasing rate at which new bat species are being described, coupled with the growing public involvement in bat interest 
groups and bat-related issues, provides us with an opportunity to reconsider the English common names used for bats. The 
scientific binomial ascribed to each species provides a means of unambiguously identifying a taxon: this protocol is regulated 
by the International Code of Zoological Nomenclature. However, no equivalent regulations, or even guidelines, govern the 
common names that are ascribed to species. This has resulted in many different names being used to describe a single bat 
species, or in some cases, even a single family of bats. Here we draw your attention to some of the severe inconsistencies 
associated with the current English common names of bat species, at levels ranging from species, through genera to families. 
We also propose a set of principles, based on those adopted by the Committee on English Names for (the more than 10 000 
species of) Birds of the World, which could be used to develop a definitive list of international English names for the (ca. 1200) 
bats of the world, removing existing inconsistencies. Such standardization will benefit both scientists and the public in 
communicating unambiguously about bats and their identities. 
 
The evolution of high-frequency echolocation in horseshoe bats: Moth hearing, body size or habitat? 
Samantha Stoffberg1, David S. Jacobs2 & Conrad A. Matthee1 
1University of Stellenbosch, Stellenbosch, South Africa; stoffberg@sun.ac.za, cam@sun.ac.za 2University of Cape Town, Rondebosch, South 
Africa; david.jacobs@uct.ac.za  
Horseshoe bats (family Rhinolophidae) are characterized by echolocation frequencies that are, on average, higher than those 
used by other bat families. Here we use a phylogenetic approach to investigate the ancestral echolocation condition in the 
Rhinolophidae to test three hypotheses regarding the evolution of high frequency echolocation in this group of bats: (1) the 
Allotonic Frequency Hypothesis (high frequency echolocation in the Rhinolophidae coevolved with moth hearing and there 
should be a trend of increasingly higher frequencies from older to more recent taxa); (2) the Allometry Hypothesis 
(echolocation frequency is negatively scaled with body size and evolutionary changes in echolocation frequencies are 
correlated with changes in body size in the Rhinolophidae); and (3) the Foraging Habitat Hypothesis (evolution of echolocation 
frequency is associated with changes in habitat type). We used a combined Bayesian tree based on multiple gene fragments 
and reconstructions of ancestral states were performed using both discrete and continuous characters. The Allometry and 
Foraging Habitat Hypotheses were specifically tested by investigating whether frequency and body size, and frequency and 
habitat, have coevolved. 
 
Cryptic species of horseshoe bats (Rhinolophidae) of the Rhinolophus hildebrandtii complex in southern 
Africa 
Peter J. Taylor1, Samantha Stoffberg2, Ara Monadjem3, Corrie M. Schoeman4 & Woody Cotterill5 
1University of Venda, Thohoyandou, South Africa; Peter.Taylor@univen.ac.za 2University of Stellenbosch, Stellenbosch, South Africa; 
samanthastoffberg@gmail.com 3University of Swaziland, Kwaluseni, Swaziland; ara@uniswacc.uniswa.sz 4University of KwaZulu-Natal, 
Durban, South Africa; schoemanc@ukzn.ac.za 5University of Cape Town, Cape Town, South Africa; fcotterill@gmail.com 
Hildebrandt’s Horseshoe Bat (Rhinolophus hildebrandtii), one of the three species in the fumigatus-group, is endemic to the 
Afrotropical region. These large species are easily distinguished from most sub-Saharan horseshoe bats on size and noseleaf 
width. This ongoing study is employing genetic and morphological characters to characterize cryptic diversity in what we now 
recognize as the R. hildebrandtii species complex. Our analyses reveal that cryptic populations have been overlooked in the 
R. hildebrandtii complex, which differ from the smaller R. eloquens and R. fumigatus. mtDNA molecular analyses 
demonstrated paraphyly among southern African specimens previously identified as R. hildebrandtii. Some extraordinarily 
large specimens with distinctive noseleaf and cranial characters (from two mountainous areas of northern Mozambique and 
eastern Mpumalanga, South Africa) form a monophyletic group distinct from R. hildebrandtii individuals collected from 
lowlands regions of southern Africa. This raises the question as to whether one or more undescribed species of R. 
hildebrandtii exist, or whether another recognised taxon of similar size (possibly R. eloquens) has been overlooked in southern 
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Africa. The latter hypothesis was excluded by extensive morphometric analyses of museum specimens including holotypes 
and topotypes. These analyses distinguish morphologically and genetically distinct populations; the first from the two 
mountainous populations and the second from the lowland population. The two populations of this large montane form also 
exhibit cranial shape differences that concur with shallow genetic divergences between them. Sonotype differences distinguish 
Mpumalanga animals (PF=33) from those from lowland Mozambique belonging to the “common” clade (PF=35–38 kHz). 
Furthermore, additional sonotypes (PF of 38 and 46 kHz occurring sympatrically at two localities in Zimbabwe and PF=44 and 
33 kHz in the Kruger National Park) suggests that additional undescribed taxa await description within the R. hildebrandtii 
species complex. 
 
Factors affecting the emergence times of several sympatric insectivorous bat species 
Alicia Tomas & David S. Jacobs 
University of Cape Town, Cape Town, South Africa; alijestom@gmail.com 
The terrestrial environment is subject to constant rhythmic changes including light intensity, temperature, humidity, changes in 
day length and duration of twilight). Organisms have to adapt to these changing environmental conditions to survive and 
reproduce usually by limiting their activity to parts of the day or night when conditions are favourable. Factors that influence 
these rhythms can be divided into extrinsic environmental factors (e.g. predation, food availability and weather conditions) and 
intrinsic factors (e.g. foraging mode, diet and foraging habitat). The aim of this study was to test several hypotheses 
accounting for different emergence times amongst sympatric insectivorous bat species. We recorded the emergence times of 
several species of bats (Myotis tricolor, Rhinolophus capensis, R. clivosus, Miniopterus natalensis, Neoromicia capensis, 
Tadarida aegyptiaca) within the same community at De Hoop Nature Reserve in South Africa, by visual observation and 
recording echolocation calls as the bats emerged. We also measured predation risk, food availability, and recorded the 
weather conditions this community experienced during a single season (summer). These data will be used to determine the 
relationship, if any, between emergence times and both intrinsic and extrinsic factors to evaluate several hypotheses. 
 
Rousettus aegyptiacus: Unexpected foraging movements in a predicable heterogeneous landscape 
Asaf Tsoar1, Nachum Ulanovsky2, Yoav Bartan1, Ofir Altstein1, Giacomo Dell’omo3, Alexei L. Vyssotski4 & Ran Nathan1 
1Hebrew University of Jerusalem, Jerusalem, Israel; asaf.tsoar@mail.huji.ac.il, yoavb@savion.huji.ac.il, ofira@savion.huji.ac.il, 
nathanr@vms.huji.ac.il 2Weizmann Institute of Science, Rehovot, Israel; nachum.ulanovsky@weizmann.ac.il 3Technosmart, Rome, Italy; 
giacomo.dellomo@iss.it 4Institute of Anatomy, University of Zurich, Zurich CH-8057, Switzerland, a.vyssotski@gmail.com 
Optimal foraging theory asserts that an optimal forager should minimize energetic and risk costs associated with movement 
while maximizing the gain from food consumption during the foraging bout. Therefore, all else being equal, nearby food 
sources are expected to be favored by central place foragers over distant ones. Recent miniaturization and power reduction in 
GPS technology enables us, for the first time, to assess this basic prediction by monitoring bat movements over relatively large 
spatial scales with high spatiotemporal resolution. Using a miniature GPS datalogger (mass range 6.9–11.1 g), we collected 
high resolution, three-dimensional, location data of Egyptian fruit bats (Rousettus aegyptiacus). Bats were captured upon 
departure from their cave, equipped with a GPS data logger on their back, and released at the capture site (N=28). Tracked 
fruit bats exhibited long (14.6±3.7 km), straight (straightness index: 0.96±0.03) and fast (33.0±5.2 km/hr) continuous 
commuting flights in relatively high altitudes above ground level (108±52.6 m) upon departing from their roost after sunset and 
while flying back from the foraging site to the roost before sunrise. Bats exhibited high fidelity to their foraging tree, returning to 
the same fruit tree night after night (97.5% of the foraging bats flew repeatedly to the same location within 3 consecutive 
nights), often using the same flyway. In all but one case, bats did not select the closest fruit tree to forage from, but flew to 
large distances passing on their way many trees of the same species and ripeness state. Bats were also found to be loyal to 
their roost, yet occasionally switch to neighboring roosts. This roost switch might result from capture trauma or attributed to 
minimization of nightly foraging flights. 
 
GPS tracking of Rousettus aegyptiacus: First evidence for large-scale navigational map in a mammal 
Nachum Ulanovsky1, Asaf Tsoar2, Yoav Bartan2, Ofir Altstein2, Giacomo Dell’Omo3, Alexei L. Vyssotski4, Yossi Yovel1 & Ran 
Nathan2 
1Weizmann Institute of Science, Rehovot, Israel; nachum.ulanovsky@weizmann.ac.il, yossiyovel@hotmail.com 2Hebrew University of 
Jerusalem, Jerusalem, Israel; asaf.tsoar@mail.huji.ac 3Technosmart, Rome, Italy; giacomo.dellomo@iss.it 4University of Zurich, Zurich, 
Switzerland; a.vyssotski@gmail.com  
The ability to navigate is crucial for animals, yet navigational mechanisms are poorly understood, especially in mammals. Here 
we report the first GPS-tracking of bats. Egyptian fruit bats commuted from their cave to a remote fruit-tree in high, fast and 
very straight flights, and returned to the same individual feeding-tree night after night. Bats that were displaced 44 km south 
homed to one of two goal locations – cave or feeding-tree – that allowed ruling out navigation based on beaconing, route-
following, or path-integration mechanisms, and suggested instead map-based navigation. Bats released within a deep natural 
crater exhibited severe disorientation, while bats released atop crater-edge homed well – indicating navigation by the 
geometric configuration of distal visual landmarks. These results provide the first evidence for large-scale navigational map in 
mammals. 
 
What is new in systematics of the genus Scotophilus (Vespertilionidae) in Africa? 
Peter Vallo1, Petr Benda2,3 & Petr Koubek1 
1Institute of Vertebrate Biology AS CR, Brno, Czech Republic; vallo@ivb.cz, koubek@brno.cas.cz 2National Museum (Natural History), Praha, 
Czech Republic; petr_benda@nm.cz 3Charles University, Praha, Czech Republic 
Palaeotropical genus Scotophilus belongs to systematically most complicated bat groups of the family Vespertilionidae. Sub-
Saharan Africa and the adjacent region of Arabia inhabiting species S. dinganii consists of rather intuitively grouped forms with 
forearm lengths 51–58 mm and yellow coloration of their venters. Only recently, molecular analysis revealed paraphyly of this 
taxon and suggested an existence of cryptic species complex. Preliminary analysis of mitochondrial cytochrome b gene 
sequences obtained from new material and complemented with published data widens the information on phylogenetic 
arrangement of the complex with emphasis on so far little surveyed West African and South Arabian populations. However, 
this new phylogenetic reconstruction of the genus Scotophilus rather provokes further questions than yields final answers on 
systematics. It is caused mainly by controversial taxonomic affinities of some tested specimens, which implies limited validity 
of morphological traits currently acknowledged for determination. This in turn obscures boundaries among S. dinganii and so 
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far apparently well defined African species S. leucogaster and S. viridis. Our results confirm the published existence of several 
unrelated mitochondrial lineages within current S. dinganii in further regions of Afrotropics. Genetic diversity revealed in 
African Scotophilus thus needs a more detailed investigation and formal revision of systematics, not only of the particular 
species S. dinganii but also of the whole intrageneric content. 
 
Of bats and molecules: A genomics perspective. 1. Karyotype evolution illuminated by FISH 
Marianne Volleth 
Otto-von-Guericke University, Magdeburg, Germany; marianne.volleth@med.ovgu.de 
Since more than three decades, karyotype analysis based on banded chromosomes is a useful tool for judging phylogenetic 
relationships in bats. For example, the diploid chromosome number and three characteristic Robertsonian fusion 
chromosomes helped to transfer all karyologically studied former African Eptesicus species except one (E. hottentotus) to a 
separate genus, Neoromicia, which is a member of the tribe Vespertilionini and therefore not closely related to the genus 
Eptesicus. In the early 1990th, a molecular-genetic technique called fluorescence in-situ hybridization (FISH) was developed. 
Denatured DNA of metaphase chromosomes and denatured probe DNA consisting of sequences of interest are allowed to 
hybridize „in-situ“ on the microscopic slide. Chromosomal segments harbouring DNA sequences homologous to the probe 
DNA are indicated by the emitted visible light of the fluorescent dye used for probe detection. The advantage of FISH 
compared to chromosome banding techniques is the identification of homologous chromosomal segments even when 
rearrangements have changed the banding pattern dramatically.Therefore, only FISH enables karyotype comparison of 
species belonging to different bat families. Probes containing DNA sequences of whole chromosomes from different species, 
e.g. human, Myotis myotis or the lemur Eulemur macaco, have been used to compare the karyotypes of representatives of ten 
bat families. The most important result of this study is the detection of two cytogenetic characters serving as synapomorphies 
for Pteropodiformes (i.e. Rhinolophoidea plus Pteropodidae). The cytogenetic basis in both cases is a small paracentric 
inversion hardly detectable with banding techniques. On the other hand, no cytogenetic synapomorphy could be found for 
Vespertilioniformes, which are clearly of monophyletic origin based on the results of molecular genetic studies. 
 
Gallery forests boost bat diversity in southern Mali, West Africa 
Natalie Weber1, Laurent Granjon2 & Jakob Fahr1 
1University of Ulm, Ulm, Germany; natalieweber@gmx.de, jakob.fahr@uni-ulm.de 2IRD, UMR CBGP (INRA/IRD/Cirad/Montpellier SupAgro), 
Dakar, Senegal; granjon@ird.fr 
It is commonly assumed that diversity of tropical bats decreases from forests to drier vegetation biomes. However, the 
transition zone between forests and savannas is characterized by a habitat mosaic, which offers suitable habitat patches for 
numerous forest species that have their centre of distribution in the forest zone. This vegetation mosaic is therefore expected 
to support high species richness of bats caused by habitat heterogeneity. To test this hypothesis, we assessed diversity and 
assemblage structure of bats in gallery and ravine forests in four regions in southern Mali. Our new surveys comprised 51 
species, including 30 species recorded for the first time and increasing the total from 25 to 55 species for the country. Several 
new records constitute significant range extensions, mostly of species usually found in the forest biome further south. We 
further recorded several cave-roosting species that show an overall patchy distribution, with fragmented populations in the 
mountainous regions of West Africa. The four study regions differed in species richness and showed considerable species 
turnover, which might be caused by complex biogeographic and topographic connections with other (source) regions. On the 
larger scale, our data testify to the enormous importance of gallery and ravine forests, which despite their small area contribute 
significantly to bat diversity on the landscape scale. In view of current land use conflicts between national authorities and local 
communities, appropriate co-management plans need to be designed and implemented by the different stakeholders as to 
protect these keystone habitats in southern Mali on the long-term. 
 
Derived characters of higher-level chiropteran clades 
Andrea L. Wetterer1,2, Nancy B. Simmons1 & Gregg F. Gunnell3 
1American Museum of Natural History, New York, USA; awetterer@amnh.org, simmons@amnh.org 2State University of New York at Stony 
Brook, Stony Brook, USA 3University of Michigan, Ann Arbor, USA; ggunnell@umich.edu 
Recent molecular research into the relationships of mammals indicates that Chiroptera is part of a large clade - Laurasiatheria 
- that includes pholidotans, carnivores, cetaceans, artiodactyls, perissodactyls and eulipotyphlans. This is in contrast to the 
previously prevailing view, based on morphological data, that Chiroptera was part of Archonta. In light of this new view of 
higher-level relationships of Chiroptera, we provide a detailed list of chiropteran synapomorphies using the PhyloCode format. 
There appears to be a single dental synapomorphy and two postcranial synapomorphies of the clade that includes all extant 
bats, which we term Chiroptera. The remaining synapomorphies of the clade are soft tissue features that would not be 
preserved in fossils that we have therefore attributed to Chiroptera. We define the clade Apo-Chiroptera, which comprises 
Chiroptera as well as the Early to Middle Eocene fossil families Onychonycteridae, Icaronycteridae, Archaeonycteridae, 313 
Hassianycteridae, and Palaeochiropterygidae. There are two craniodental characters that are unambiguously diagnostic of 
Apo-Chiroptera; all other known or putative apomorphies are postcranial features that are part of the flight apparatus. Within 
Chiroptera, the traditional arrangement of bats into two suborders (i.e., Megachiroptera and Microchiroptera), which is based 
on morphological data, has been strongly challenged by molecular data, which supports a conflicting hypothesis, identifying 
two groups of bats: Yinpterochiroptera comprises the non-echolocating Pteropodidae (formerly Megachiroptera) and the 
echolocating Rhinolophoidea, while Yangochiroptera includes the remaining echolocating taxa (formerly in Microchiroptera). 
We find few morphological characters that can be interpreted as unequivocal synapomorphies of either Yinpterochiroptera or 
Yangochiroptera; nearly all of the support for these two clades is molecular. 
 
Geographic distribution of parasites of the insectivorous bat, Miniopterus natalensis (Miniopteridae), in 
South Africa 
Simon Wood1, David S. Jacobs1 & Kerstin Junker2 
1University of Cape Town, Cape Town, South Africa; Simon.Wood@uct.ac.za, David.Jacobs@uct.ac.za 2Onderstepoort Veterinary Institute, 
Pretoria, South Africa; JunkerK@arc.agric.za 
Bat ectoparasites belong to five different Orders, with six families exclusive to bats, and so similarly do bat endoparasites 
represent a great diversity of species. These parasite communities can be so overwhelming that the bats may be forced to 



The second largest order of mammals, Chiroptera comprises more than one thousand 
species of bats. Because of their mobility, bats are often the only native mammals on 
isolated oceanic islands, where more than half of all bat species live. These island bats 
represent an evolutionarily distinctive and ecologically significant part of the earth’s 
biological diversity. 
  
Island Bats is the first book to focus solely on the evolution, ecology, and conservation of 
bats living in the world’s island ecosystems. Among other topics, the contributors to this 
volume examine how the earth’s history has affected the evolution of island bats, 
investigate how bat populations are affected by volcanic eruptions and hurricanes, and 
explore the threat of extinction from human disturbance. Geographically diverse, the 
volume includes studies of the islands of the Caribbean, the Western Indian Ocean, 
Micronesia, Indonesia, the Philippines, and New Zealand. 
  
With its wealth of information from long-term studies, Island Bats provides timely and 
valuable information about how this fauna has evolved and how it can be conserved.  

BOOKS 
FLEMMING, T.H. and RACEY, P.A. (Eds). 2010. Island Bats: Evolution, Ecology and 

Conservation. The University of Chicago Press, Chicago, 560pp. 

Several years in the making, this book is co-published by Wits University Press and the 
South African National Biodiversity Institute (SANBI). It is a full-colour book including colour 
plates of bats, skull photographs, and spectrograms of bat echolocation calls. Full-colour 
distribution maps comprise the core of the book, and these accurate point maps (with mod-
eled potential ranges overlaid) illustrate the distribution of 102 species of bats throughout 
south-central Africa. Previous works provided only shaded range maps. The maps included 
here are based on some 5500 species-locality records based on museum specimens (from 
15 museum collections around the world), of which most were personally identified by one of 
the authors. 

Significantly, the book includes several synthetic chapters on the evolution, biogeography, 
ecology and echolocation of bats. Species accounts provide information on a wide range of 
biological topics and include colour photographs of bats (82 species), skull and dental photo-
graphs (85 species) and accurate time-expanded echolocation call spectrograms (56 spe-
cies). Identification is aided by detailed character matrices (an acknowledged improvement 
on dichotomous keys), which are useful for identification in the field as well as from museum 
voucher specimens.  

MONADJEM, A., TAYLOR, P.J., COTTERILL, F.P.D., and SCHOEMAN, M.C. 2010. Bats of 
Southern and Central Africa: A Biogeographic and Taxonomic synthesis. Wits 
University Press, Johannesburg, 596pp. 
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change their foraging habitats and their roosts to avoid them. With so many parasite species intimately related to bats, studies 
of them may offer valuable insight into the biological, systematic and phylogenetic aspects of their hosts. This study aimed to 
test several hypotheses on the factors which influence the geographic distribution of internal and external parasite species of 
the insectivorous bat, Miniopterus natalensis (Miniopteridae), in South Africa. The three main objectives were: (1) to identify 
species of internal and external parasites infecting M. natalensis colonies from selected localities in South Africa. (2) to 
investigate variation in relative parasite loads of the M. natalensis communities with regard to locality, climate and altitude. (3) 
to determine prevalence of infection and influence of host sex on species composition of parasite communities and parasite 
burden. I then hypothesized that: (1) both ecto- and endoparasite infection loads will vary between colonies in different 
geographical provinces. Predicting that bats occurring in those regions with more variable habitats will harbour (a) more varied 
ecto- and endo-parasite species, and (b) higher intensities of infection by those parasites. (2) host sex will have no effect on 
either ecto- or endoparasite infection intensity. Predicting that no differences between male and female host infection intensity 
or species diversity by either ecto- or endoparasites. (3) host body size affects the level of parasite infection. Predicting (a) that 
greater host body mass will correlate with greater ecto- and endoparasite species diversity, and (b) that greater host body 
mass will correlate with higher endoparasite load, but (c) that no such relationship exists in ectoparasitic bat flies. 
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REPORTS 
AFRICAN CHIROPTERA REPORT. 2010. African Chiroptera Project, Pretoria. i - xviii, 1 - 

4325 pp. 

The African Chiroptera Report 2010 is currently most comprehensive in the presentation of 
information on extant and fossil/extinct African bat and their known synonyms.  Species specific 
information associated with the taxa has also been compiled. 
Information that may answer specific requirements of a user, i.e. more information about 50,069 
voucher specimens, or specimen collectors, has been drawn from across the database and is 
presented in separate appendices.  The 2010 release of the report includes two new 
appendixes: appendix 8 includes the abstracts from papers that are contained in the references 
table of the database while appendix 9 covers a gazetteer of the collecting localities of bats 
within Africa. The gazetteer information in appendix 9 has been ordered into five different sub 
appendixes: Hierarchical, general alphabetical, country alphabetical, quarter degree, altitudinal, 
to facilitate the use. 

 
The report can be downloaded free of charge from https://sites.google.com/site/africanbats/african-chiroptera-report 
 
Download sections of the African Chiroptera Report 2010: 
Main report: https://sites.google.com/site/africanbats/african-chiroptera-report/ACR_2010_Main_Report.pdf [14.5Mb] 
Appendix 1: Current Taxonomy https://sites.google.com/site/africanbats/african-chiroptera-

report/ACR_2010_Appendix_1a.pdf  [73kb]  
Appendix 2: Voucher specimens https://sites.google.com/site/africanbats/african-chiroptera-

report/ACR_2010_Appendix_2a.pdf [16.2Mb]  
Appendix 3: Synonyms https://sites.google.com/site/africanbats/african-chiroptera-report/ACR_2010_Appendix_3a.pdf 

[2.9Mb]  
Appendix 4: Collector Information https://sites.google.com/site/africanbats/african-chiroptera-

report/ACR_2010_Appendix_4a.pdf [5.9Mb]  
Appendix 5: Keys from the Literature https://sites.google.com/site/africanbats/african-chiroptera-

report/ACR_2010_Appendix_5a.pdf [1.9kb]  
Appendix 6: Images of Type Specimens  https://sites.google.com/site/africanbats/african-chiroptera-

report/ACR_2010_Appendix_6a.pdf [3.8Mb]  
Appendix 7: Summary of Characteristic Information https://sites.google.com/site/africanbats/african-chiroptera-

report/ACR_2010_Appendix_7a.pdf [475kb]  
Appendix 8: Abstracts https://sites.google.com/site/africanbats/african-chiroptera-report/ACR_2010_Appendix_8a.pdf 

[1.5Mb]  
Appendix 9: Gazetteer https://sites.google.com/site/africanbats/african-chiroptera-report/ACR_2010_Appendix_9a.pdf 

[4.9Mb] 
 
GIS DATA: 
As with previous the previous issue of the report, the voucher specimen data contained in the African Chiroptera Database is 
made available. This information has been converted to ESRI Shape files, and can be opened in any GIS software application 
or alternatively the various dbf files can be imported into any database software. Please note that there is no guarantee to the 
accuracy of the spatial data. 
 
Download all distribution data for taxa - https://sites.google.com/site/africanbats/african-chiroptera-

report/ACR_2010_Taxa_distribution.zip [1.5Mb] 
Download all taxa records for all African countries - https://sites.google.com/site/africanbats/african-chiroptera-

report/ACR_2010_Taxa_country.zip [1.2Mb] 
 
Any mistakes, misrepresentation of data, or omitted publications can be reported to the managing editors of the database 
(AfricanChiropteraReport@Africanbats.org). This will allow corrections and updates to be made in the next report (July 2011). 
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ABAYOMI, T. A., OFUSORI, D. A., AYOKA, O. A., ODUKOYA, S. A., OMOTOSO, E. O., AMEGOR, F. O., 
AJAYI, S. A., OJO, G. B., and OLUWAYINKA, O. P., 2009. A comparative histological study of the 
tongue of rat (Rattus norvegicus), bat (Eidolon helvum) and pangolin (Manis tricuspis). International 
Journal of Morphology 27(4): 1111-1119. 

Abstract: This study assessed the micro anatomical differences in the tongue of rat, bat and pangolin with a view to 
establishing the functional anatomical differences of these mammalian tongues on their dietary pattern. Ten rats, ten bats and 
ten pangolins were used for this study. The animals were sacrificed and the tongue excised and processed for light 
microscopical study adopting the following stains: Haematoxylin Eosin, Verhoeff Gieson and Masson trichrome. The results 
showed non papillation of the keratinized stratified epithelium of pangolin tongue unlike the papillation seen in the tongue of 
the rat and bat. While the filiform papillation seen in the rat was bristle like, the filiform papillae in the bat were crown-like. 
There was also an unusual dense collagenous ring in the proximal portion of the pangolin tongue which was absent in other 
mammals. There were taste buds along the lateral walls of the vallate papillae in the distal portion of the tongue of rats and 
bats but none was found in the pangolins. In conclusion, the morphology of the tongues of these mammals showed a 
relationship between their feeding pattern and the adaptive changes in the microanatomy of their tongue. 

AMITAI, O., HOLTZE, S., BARKAN, S., AMICHAI, E., KORINE, C., PINSHOW, B., and VOIGT, C. C., 2010. 
Fruit bats (Pteropodidae) fuel their metabolism rapidly and directly with exogenous sugars. Journal 
of experimental biology 213: 2693-2699. DOI: 10.1242/jeb.043505 

Abstract: Previous studies reported that fed bats and birds mostly use recently acquired exogenous nutrients as fuel for flight, 
rather than endogenous fuels, such as lipids or glycogen. However, this pattern of fuel use may be a simple size-related 
phenomenon because, to date, only small birds and bats have been studied with respect to the origin of metabolized fuel, and 
because small animals carry relatively small energy reserves, considering their high mass-specific metabolic rate. We 
hypothesized that ~150ƒng Egyptian fruit bats (Rousettus aegyptiacus  Pteropodidae), which are more than an order of 
magnitude heavier than previously studied bats, also catabolize dietary sugars directly and exclusively to fuel both rest and 
flight metabolism. We based our expectation on the observation that these animals rapidly transport ingested dietary sugars, 
which are absorbed via passive paracellular pathways in the intestine, to organs of high energy demand. We used the stable 
carbon isotope ratio in exhaled CO2 (d13Cbreath) to assess the origin of metabolized substrates in 16 Egyptian fruit bats that 
were maintained on a diet of C3 plants before experiments. First, we predicted that in resting bats ƒd13Cbreath remains constant 
when bats ingest C3 sucrose, but increases and converges on the dietary isotopic signature when C4 sucrose and C4 glucose 
are ingested. Second, if flying fruit bats use exogenous nutrients exclusively to fuel flight, we predicted that ƒd13Cbreath of flying 
bats would converge on the isotopic signature of the C4 sucrose they were fed. Both resting and flying Egyptian fruit bats, 
indeed, directly fuelled their metabolism with freshly ingested exogenous substrates. The rate at which the fruit bats oxidized 
dietary sugars was as fast as in 10ƒng nectar-feeding bats and 5ƒng hummingbirds. Our results support the notion that flying 
bats, irrespective of their size, catabolize dietary sugars directly, and possibly exclusively, to fuel flight. 

BECQUART, P., WAUQUIER, N., MAHLAKÕIV, T., NKOGHE, D., PADILLA, C., SOURIS, M., OLLOMO, B., 
GONZALEZ, J.-P., DE LAMBALLERIE, X., KAZANJI, M., and LEROY, E. M., 2010. High prevalence of 
both humoral and cellular immunity to Zaire ebolavirus among rural populations in Gabon. PLos 
ONE 5(2): e9126.  

Abstract: To better understand Zaire ebolavirus (ZEBOV) circulation and transmission to humans, we conducted a large 
serological survey of rural populations in Gabon, a country characterized by both epidemic and non epidemic regions. The 
survey lasted three years and covered 4,349 individuals from 220 randomly selected villages, representing 10.7% of all 
villages in Gabon. Using a sensitive and specific ELISA method, we found a ZEBOV-specific IgG seroprevalence of 15.3% 
overall, the highest ever reported. The seroprevalence rate was significantly higher in forested areas (19.4%) than in other 
ecosystems, namely grassland (12.4%), savannah (10.5%), and lakeland (2.7%). No other risk factors for seropositivity were 
found. The specificity of anti-ZEBOV IgG was confirmed by Western blot in 138 individuals, and CD8 T cells from seven IgG+ 
individuals were shown to produce IFN-gamma after ZEBOV stimulation. Together, these findings show that a large fraction of 
the human population living in forested areas of Gabon has both humoral and cellular immunity to ZEBOV. In the absence of 
identified risk factors, the high prevalence of "immune" persons suggests a common source of human exposure such as fruits 
contaminated by bat saliva. These findings provide significant new insights into ZEBOV circulation and human exposure, and 
raise important questions as to the human pathogenicity of ZEBOV and the existence of natural protective immunization. 

BENDA, P., and GVOŽDIK, V., 2010. Taxonomy of the genus Otonycteris (Chiroptera: Vespertilionidae: 
Plecotini) as inferred from morphological and mtDNA data. Acta Chiropterologica 12(1): 83-102. 
DOI: 10.3161/150811010X504617 

Abstract: Two alternative opinions on geographic variation and taxonomy of the genus Otonycteris are available in the 
literature; (1) the genus is rather invariable and includes one monotypic species, or (2) local populations of the genus are 
rather diverse and create up to five subspecies and/or represent a complex of more species. We analysed a relatively 
extensive material of Otonycteris from all essential parts of its distribution range, using both morphological and molecular 
genetic approaches to revise taxonomic status of the genus. Results of our analysis suggest rather manifold taxonomic 
arrangement of the genus. Morphological comparisons of cranial and bacular characters revealed three distinct geographically 
separated morphotypes in the set of examined bats; (1) in North Africa and in the western part of the Middle East (Levant and 
Mesopotamia), (2) in the eastern part of the Middle East (E Arabia and Iran) and (3) in Central Asia (incl. NE Iran, Afghanistan 
and Pakistan). Molecular genetic comparisons of two mitochondrial genes revealed two deeply separated clades differing in 
uncorrected p-distances at > 11.8% (cytochrome b) and > 9.3% (ND1), respectively. These clades correspond with two groups 
of morphotypes, (1+2) and (3), and we therefore regard the respective populations as two separate species, O. hemprichii and 
O. leucophaea. Within the species rank of O. hemprichii sensu stricto, three sublineages were found, each tentatively 
considered to be a separate subspecies. 
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BIOLLAZ, F., BRUYNDONCKX, N., BEUNEUX, G., MUCEDDA, M., GOUDET, J., and 
CHRISTE, P., 2010. Genetic isolation of insular populations of the Maghrebian bat, Myotis punicus, 
in the Mediterranean Basin. Journal of Biogeography: 1-11. DOI: 10.1111/j.1365-2699.2010.02282.x 

Aim  We investigate the population genetic structure of the Maghrebian bat, Myotis punicus, between the mainland and 
islands to assess the island colonization pattern and current gene flow between nearby islands and within the mainland.  
Location North Africa and the Mediterranean islands of Corsica and Sardinia. 
Methods We sequenced part of the control region (HVII) of 79 bats across 11 colonies. The phylogeographical pattern was 
assessed by analysing molecular diversity indices, examining differentiation among populations and estimating divergence 
time. In addition, we genotyped 182 bats across 10 colonies at seven microsatellite loci. We used analysis of molecular 
variance and a Bayesian approach to infer nuclear population structure. Finally, we estimated sex-specific dispersal between 
Corsica and Sardinia. 
Results Mitochondrial analyses indicated that colonies between Corsica, Sardinia and North Africa are highly differentiated. 
Within islands there was no difference between colonies, while at the continental level Moroccan and Tunisian populations 
were highly differentiated. Analyses with seven microsatellite loci showed a similar pattern. The sole difference was the lack of 
nuclear differentiation between populations in North Africa, suggesting a malebiased dispersal over the continental area. The 
divergence time of Sardinian and Corsican populations was estimated to date back to the early and mid-Pleistocene. 
Main conclusions Island colonization by the Maghrebian bats seems to have occurred in a stepping-stone manner and 
certainly pre-dated human colonization. Currently, open water seems to prevent exchange of bats between the two islands, 
despite their ability to fly and the narrowness of the strait of Bonifacio. Corsican and Sardinian populations are thus currently 
isolated from any continental gene pool and must therefore be considered as different evolutionarily significant units (ESU). 
 
 
BOURNE, S., 2009. Bats of the Mascerene Islands. The Australasian Bat Society Newsletter 32: 21-22.  
 
 
BRUYNDONCKX, N., BIOLLAZ, F., DUBEY, S., GOUDET, J., and CHRISTE, P., 2010. Mites as biological 

tags of their hosts. Molecular Ecology 19: 2770-2778. DOI: 10.1111/j.1365-294X.2010.04699.x 
Abstract: Movements and spatial distribution of host populations are expected to shape the genetic structure of their parasite 
populations. Comparing the genetic patterns of both interacting species may improve our understanding of their evolutionary 
history. Moreover, genetic analyses of parasites with horizontal transmission may serve as indicators of historical events or 
current demographic processes that are not apparent in the genetic signature of their hosts. Here, we compared mitochondrial 
variation in populations of the ectoparasitic mite Spinturnix myoti with the genetic pattern of its host, the Maghrebian bat Myotis 
punicus in North Africa and in the islands of Corsica and Sardinia. Mite mitochondrial differentiation among populations was 
correlated with both host mitochondrial and nuclear differentiation, suggesting spatial co-differentiation of the lineages of the 
two interacting species. Therefore our results suggest that parasite dispersal is exclusively mediated by host movements, with 
open water between landmasses as a main barrier for host and parasite dispersal. Surprisingly the unique presence of a 
continental European mite lineage in Corsica was inconsistent with host phylogeographical history and strongly suggests the 
former presence of European mouse-eared bats on this island. Parasites may thus act as biological tags to reveal the 
presence of their now locally extinct host. 

BYNG, J. W., RACEY, P. A., and SWAINE, M. D., 2009. The ecological impacts of a migratory bat 
aggregation on its seasonal roost in Kasanka National Park, Zambia. African Journal of Ecology 48: 
29-36. DOI: 10.1111/j.1365-2028.2009.01074.x 

Abstract: The ecological impacts of migratory species on their seasonal environments are poorly known. The effects of several 
million straw-coloured fruit bats (Eidolon helvum), which migrate seasonally to Kasanka National Park, Zambia each year, on 
the small area of mushitu 'swamp' forest in which they roost, were investigated. The structure of the mushitu forest was 
profoundly altered by the presence of E. helvum, with increased roost tree mortality, lowering and opening of the forest canopy 
and a decrease in tree basal area. Eidolon helvum are also thought to increase the severity of fires within their roost site 
because the structural changes result in a drier microclimate. The effects of increased nitrogen and phosphorous input were 
less apparent. These findings suggest that the ecological impact of this migratory bat species on its seasonal environment 
could ultimately threaten the long-term viability of its seasonal roost. 

DECHER, J., NORRIS, R. W., and FAHR, J., 2010. Small mammal survey in the upper Seli River valley, 
Sierra Leone. Mammalia 74(2): 163-176.  

Abstract: In 2006 an inventory of small mammals was conducted on the upper Seli River in central Sierra Leone on the 
southwestern fringe of the Loma-Man portion of the Guinea Highlands as part of the baseline surveys conducted for the 
Bumbuna Hydroelectric Project (BHP). We recorded a total of 35 mammal species, including three shrews (Soricomopha), 19 
bats (Chiroptera), 11 rodents (Rodentia), one primate, and one carnivore. New, or first well-documented species for Sierra 
Leone are the shrew Crocidura nigeriae, the bats Myonycteris torquata, Rhinolophus denti knorri, and the rare horseshoe bat 
Rhinolophus ziama endemic to Upper Guinea. Also reported are two bat specimens apparently representing an undescribed 
species of Neoromicia related to N. nana. We support the creation of a protected area as an offset for areas lost to the 
inundation of the BHP reservoir. 

DENYS, C., MISSOUP, A. D., TCHIENGUE, B., ACHOUNDONG, G., EKOBO, A., BILONG BILONG, F., 
LEMBE, D. M., and NICOLAS, V., 2009. Altitudinal distribution and anthropogenic influence on small 
mammal assemblages on Mount Kupe, SW Cameroon. Bonner zoologische Beiträge 56(3): 159-173.  

Abstract: We conducted a taxonomical inventory of small mammal biodiversity on Mount Kupe, SW Cameroon, the second 
inventory on that mountain after M. Eisentraut's more than 50 years ago. Our survey yielded a total catch of 19 species of 
mammals: 16 rodents, two bats, and one shrew. For each species we summarize data on natural history and discuss 
taxonomical and distributional aspects. We observed a difference between the rodent assemblages of the lowland (below 
1000 m) (including Praomys misonnei) and the upper sub-montane and montane forest (1500–2000 m) (including Hylomyscus 
cf. walterverheyeni, identified for the first time from the Cameroon Mountains). This seems to correspond to previously 
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described vegetation changes between 1000 and 1500 m. The inhabited and cultivated zones at the base of Mt. Kupe yielded 
eight widely-distributed rodent species. A number of taxonomical problems concerning montane forest species remain to be 
solved. 

DREXLER, J. F., CORMAN, V. M., GLOZA-RAUSCH, F., SEEBENS, A., IPSE, A., KRUPPA, T., MULLER, M. 
A., KALKO, E. K. V., ADU-SARKODIE, Y., OPPONG, S., and DROSTEN, C., 2009. Henipavirus RNA in 
African Bats. PLos ONE 4(7): e6367. DOI: 10.1371/journal.pone.0006367 

Background:Henipaviruses (Hendra and Nipah virus) are highly pathogenic members of the family Paramyxoviridae. Fruit 
eating bats of the Pteropus genus have been suggested as their natural reservoir. Human Henipavirus infections have been 
reported in a region extending from Australia via Malaysia into Bangladesh, compatible with the geographic range of Pteropus. 
These bats do not occur in continental Africa, but a whole range of other fruit bats is encountered. One of the 
most abundant is Eidolon helvum, the African Straw-coloured fruit bat. 
Methodology/Principal Findings: Feces from E. helvum roosting in an urban setting in Kumasi/Ghana were tested for 
Henipavirus RNA. Sequences of three novel viruses in phylogenetic relationship to known Henipaviruses were detected. Virus 
RNA concentrations in feces were low. 
Conclusions/Significance:The finding of novel putative Henipaviruses outside Australia and Asia contributes a significant 
extension of the region of potential endemicity of one of the most pathogenic virus genera known in humans. 
 
DZIKWI, A. A., KUZMIN, I. I., UMOH, J. U., KWAGA, J. K. P., AHMAD, A. A., and RUPPRECHT, C. E., 2010. 

Evidence of Lagos Bat Virus Circulation among Nigerian Fruit Bats. Journal of wildlife diseases 46
(1): 267-271.  

Abstract:  During lyssavirus surveillance, 350 brains from four species of fruit bats and one species of insectivorous bat were 
collected from seven locations in Northern Nigeria during May to October, 2006. Lyssavirus antigen was not detected in the 
brains, and isolation attempts in mice were unsuccessful. However, serologic tests demonstrated the presence of lyssavirus-
neutralizing antibodies in bat sera. Of 140 sera tested, 27 (19%) neutralized Lagos bat virus, and two of these additionally 
neutralized Mokola virus. The positive samples originated from the straw-colored fruit bat (Eidolon helvum) and the Gambian 
epaulet bat (Epomophorus gambianus). No neutralizing activity was detected against other lyssaviruses including rabies, 
Duvenhage, and West Caucasian bat viruses. 

FAHR, J., and KALKO, E. K. V., 2010. Biome transitions as centres of diversity: habitat heterogeneity and 
diversity patterns of West African bat assemblages across spatial scales. Ecography. DOI: 10.1111/
j.1600-0587.2010.05510.x 

Abstract: It is widely accepted that species diversity is contingent upon the spatial scale used to analyze patterns and 
processes. Recent studies using coarse sampling grains over large extents have contributed much to our understanding of 
factors driving global diversity patterns. This advance is largely unmatched on the level of local to landscape scales despite 
being critical for our understanding of functional relationships across spatial scales. In our study on West African bat 
assemblages we employed a spatially explicit and nested design covering local to regional scales. Specifically, we analyzed 
diversity patterns in two contrasting, largely undisturbed landscapes, comprising a rainforest area and a forest-savanna 
mosaic in Ivory Coast, West Africa. We employed additive partitioning, rarefaction, and species richness estimation to show 
that bat diversity increased significantly with habitat heterogeneity on the landscape scale through the effects of beta diversity. 
Within the extent of our study areas, habitat type rather than geographic distance explained assemblage composition across 
spatial scales. Null models showed structure of functional groups to be partly filtered on local scales through the effects of 
vegetation density while on the landscape scale both assemblages represented random draws from regional species pools. 
We present a mixture model that combines the effects of habitat heterogeneity and complexity on species richness along a 
biome transect, predicting a unimodal rather than a monotonic relationship with environmental variables related to water. The 
bat assemblages of our study by far exceed previous figures of species richness in Africa, and refute the notion of low species 
richness of Afrotropical bat assemblages, which appears to be based largely on sampling biases. Biome transitions should 
receive increased attention in conservation strategies aiming at the maintenance of ecological and evolutionary processes. 

FENTON, M. B., 2010. Convergences in the diversification of bats. Current Zoology 56(4): 454-468.  
Abstract: Twenty-five characters or suites of characters from bats are considered in light of changes in bat classification. The 
characters include some associated with flower-visiting (two), echolocation (12), roosting (six), reproduction (two) and three 
are of unknown adaptive function. In both the 1998 and 2006 classifications of bats into suborders (Megachiroptera and 
Microchiroptera versus Yinpterochiroptera and Yangochiroptera, respectively), some convergences between suborders are the 
same (e.g., foliage roosting, tent building), but others associated with echolocation differ substantially. In the 1998 phylogeny 
convergences associated with echolocation (high duty cycle echolocation, nasal emission of echolocation calls) occurred 
among the Microchiroptera. In the 2006 phylogeny, they occur between Yinpterochiroptera and Yangochiroptera. While some 
traits apparently arose independently in two suborders (e.g., foliage-roosting, tent building, low intensity echolocation calls, 
noseleafs, nasal emission of echolocation calls, high duty cycle echolocation behaviour), others appear to have been ancestral 
(roosting in narrow spaces, laryngeal echolocation, stylohyal-tympanic contact, oral emission of echolocation calls, and small 
litter size). A narrow profile through the chest is typical of bats reflecting the thoracic skeleton. This feature suggests that the 
ancestors of bats spent the day in small crevices. Features associated with laryngeal echolocation appear to be ancestral, 
suggesting that echolocation evolved early in bats but was subsequently lost in one yinpterochiropteran lineage. 

FUJII, H., WATANABE, S., YAMANE, D., UEDA, N., IHA, K., TANIGUCHI, S., KATO, K., TOHYA, Y., KYUWA, 
S., YOSHIKAWA, Y., and AKASHI, H., 2010. Functional analysis of Rousettus aegyptiacus ''signal 
transducer and activator of transcription 1'' (STAT1). Developmental and Comparative Immunology 
34 : 598-602. DOI: 10.1016/j.dci.2010.01.004 

Abstract: Bats are now known as the source of several diseases in humans, but few studies regarding immune responses and 
factors associated with bats have so far been reported. In this study, we focused on STAT1, one of the critical components in 
interferon (IFN)-signaling and antiviral activity, which is often targeted by viral proteins to reduce antiviral activity and increase 
viral replication. We found that Rousettus aegyptiacus STAT1 (bat STAT1) is phosphorylatable and translocates to the nucleus 
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when stimulated with human IFN-a (hIFN-a). Furthermore, phosphorylation of bat STAT1 and inhibition of nuclear 
translocation was observed in IFN-stimulated cells infected with the HEP-Flury strain of rabies virus, in the same manner as in 
other mammals. Additionally, quantitative real-time RT-PCR revealed that bat STAT1 mRNA was highly expressed in the liver, 
while low in muscle and spleen. 

FURMAN, A., ÖZTUNÇ, T., and ÇORAMAN, E., 2010. On the phylogeny of Miniopterus schreibersii 
schreibersii and Miniopterus schreibersii pallidus from Asia Minor in reference to other Miniopterus 
taxa (Chiroptera: Vespertilionidae). Acta Chiropterologica 12(1): 61-72.  

Abstract: In this study we investigated phylogenetics of Miniopterus schreibersii schreibersii and M. s. pallidus from Asia Minor 
by means of two mitochondrial DNA markers, NADH dehydrogenase subunit 2 (ND2) and cytochrome-b) (Cytb). The average 
genetic divergence between reciprocally monophyletic M. s. schreibersii and M. s. pallidus was 5.6% on ND2 and 3.5% on 
Cytb. In all phylogenetic trees, the clade with M. s. schreibersii and M. s. pallidus was placed within Palearctic-Ethiopian 
Miniopterus taxa. There was a considerable genetic divergence (ca. 8% in Cytb) between M. s. pallidus from Israel and M. s. 
pallidus from Turkey, Iran, and Nagorno-Karabakh, indicating that they probably are not the same taxon. Time to the most 
recent common ancestor of M. s. schreibersii and M. s. pallidus was estimated to be between 1.98 to 0.60 Myr BP (ND2 data) 
and between 1.95 to 0.45 Myr BP (Cytb data). 

GATOME, C. W., SLOMIANKA, L., MWANGI, D. K., LIPP, H.-P., and AMREIN, I., 2010. The entorhinal cortex 
of the Megachiroptera: A comparative study of Wahlberg's epauletted fruit bat and the straw-
coloured fruit bat. Brain Structure and Function  214(4): 375-393.  

Abstract: This study describes the organisation of the entorhinal cortex of the Megachiroptera, straw-coloured fruit bat and 
Wahlberg's epauletted fruit bat. Using Nissl and Timm stains, parvalbumin and SMI-32 immunohistochemistry, we identified 
five fields within the medial (MEA) and lateral (LEA) entorhinal areas. MEA fields E (CL) and E (C) are characterised by a poor 
differentiation between layers II and III, a distinct layer IV and broad, stratified layers V and VI. LEA fields E (I), E (R) and E (L) 
are distinguished by cell clusters in layer II, a clear differentiation between layers II and III, a wide columnar layer III and a 
broad sublayer Va. Clustering in LEA layer II was more typical of the straw-coloured fruit bat. Timm-staining was most intense 
in layers Ib and II across all fields and layer III of field E (R). Parvalbumin-like staining varied along a medio-lateral gradient 
with highest immunoreactivity in layers II and III of MEA and more lateral fields of LEA. Sparse SMI-32-like immunoreactivity 
was seen only in Wahlberg's epauletted fruit bat. Of the neurons in MEA layer II, ovoid stellate cells account for similar to 38%, 
polygonal stellate cells for ~8%, pyramidal cells for ~18%, oblique pyramidal cells for similar to 6% and other neurons of 
variable morphology for similar to 29%. Differences between bats and other species in cellular make-up and cytoarchitecture 
of layer II may relate to their three-dimensional habitat. Cytoarchitecture of layer V in conjunction with high encephalisation 
and structural changes in the hippocampus suggest similarities in efferent hippocampal -> entorhinal -> cortical interactions 
between fruit bats and primates. 

GOODMAN, S. M., WEYENETH, N., IBRAHIM, Y., SAID, I., and UEDI, M., 2010. A review of the bat fauna of 
the Comoro Archipelago. Acta Chiropterologica 12(1): 117-141. DOI: 10.3161/150811010X504635 

Abstract: Recent fieldwork and associated molecular and systematic studies on the bat fauna of the Comoro Archipelago 
(Grande Comore, Anjouan, Mohéli, and Mayotte) have provided new insights into the locally occurring species, their origins, 
and evolutionary history. Based on museum specimens, published studies, and our fieldwork, we provide a review of the 
Chiroptera of this archipelago. The Comoros, composed of in situ formed volcanic islands of recent geological age, occur 
midway between Madagascar and the African continent, and approximately 300 km of sea separate this island group from 
these two potential source areas for bat colonization. Ten species are documented in the Comoro Archipelago and the 
occurrence of one other species remains uncertain. Of these 10 taxa, one was new to science (Miniopterus aelleni) and two 
were new for the archipelago (Mops leucostigma and Chaerephon leucogaster), and all three of these taxa are shared with 
Madagascar. The only endemics to the Comoros are the fruit bats Pteropus livingstonii and Rousettus obliviosus, and the 
vespertilionid Myotis anjouanensis. Certain species occur on all four islands, while others have more limited distributions. Of 
the species known from the archipelago, five taxa or sister species occur on Madagascar, which appears to be the source of 
colonization, rather than the African continent. Based on current phylogeographic information, only one taxon, Miniopterus 
griveaudi, shows a clear pattern of genetic differentiation between different islands in the archipelago. Hence, in most cases a 
distance of 40-80 km separating the different islands does not form a measurable dispersal barrier to gene flow. 

GOODMAN, S. M., CHAN, L. M., NOWAK, M. D., and YODDER, A. D., 2010. Phylogeny and biogeography of 
western Indian Ocean Rousettus (Chiroptera: Pteropodidae). Journal of Mammalogy 91(3): 593-606. 
DOI: 10.1644/09-MAMM-A-283.1 

Abstract: We examined patterns of genetic variation in Rousettus madagascariensis from Madagascar and R. obliviosus from 
the Comoros (Grande Comore, Anjouan, and Mohéli). Genetic distances among individuals on the basis of 1,130 base pairs of 
the mitochondrial cytochrome b (Cytb) locus were estimated from specimens collected from 17 sites on Madagascar, 3 sites 
on Grande Comore, 3 sites on Anjouan, and 2 sites on Mohéli. We observed little variation in Madagascar and nearshore 
island samples (maximum 1.1% ) and interisland Comoros samples (maximum 1.8%). In contrast, pairwise distances between 
different sampled sites on Madagascar and the Comoros varied from 8.5% to 13.2%. For 131 Malagasy animals, 69 unique 
haplotypes were recovered with 86 variable sites, and for 44 Comorian individuals, 17 unique haplotypes were found with 30 
variable sites. No haplotype was shared between Madagascar and the Comoros, adding to previous morphological evidence 
that these 2 populations should be considered separate species. Cytb data showed that Rousettus populations of Madagascar 
(including nearshore islands) and the Comoros are respectively monophyletic and display no geographic structure in haplotype 
diversity, and that R. madagascariensis and R. obliviosus are strongly supported as sister to each other relative to other 
Rousettus species. Genotypic data from 6 microsatellite loci confirm lack of geographic structure in either of the 2 species. In 
pairwise tests of population differentiation, the only significant values were between samples from the Comoro Islands and 
Madagascar (including nearshore islands). Estimates of current and historical demographic parameters support population 
expansion in both the Comoros and Madagascar. These data suggest a more recent and rapid demographic expansion in 
Madagascar in comparison with greater population stability on the Comoros. On the basis of available evidence, open-water 
crossings approaching 300 km seem rarely traversed by Rousettus, and, if successful, can result in genetic isolation and 

http://dx.doi.org/10.3161/150811010X504635�
http://dx.doi.org/10.1644/09-MAMM-A-283.1�


November 2010 vol. 23 African Bat Conservation News 
ISSN 1812-1268 

Page 50 

subsequent differentiation. 

GOODMAN, S. M., MAMINIRINA, C. P., BRADMAN, H. M., CHRISTIDIS, L., and APPLETON, B. R., 2010. 
Patterns of morphological and genetic variation in the endemic Malagasy bat Miniopterus gleni 
(Chiroptera: Miniopteridae), with the description of a new species, M. griffithsi. Journal of 
Systematics and Evolutionary Research 48(1): 75-86.  

Abstract: Over the past decade, major advances have been made concerning the systematics and species diversity of 
Malagasy bats, largely based on specimens collected during inventories and associated morphological and molecular genetic 
studies. Herein we describe a new species of endemic bat from southern Madagascar, Miniopterus griffithsi sp. n., which is the 
sister taxa to Miniopterus gleni, a taxon described in 1995 (holotype from Sarodrano, just north of the Onilahy River in the 
southwest). Based on current information, M. griffithsi is found in the sub-arid bioclimatic zone, south of the Onilahy River, and 
M. gleni occurs in a variety of different bioclimatic zones, north of the Onilahy River to the northern portion of the island and on 
the near shore island of Ile Sainte Marie. The realization that M. griffithsi was a separate entity was first based on 
phylogeographic studies of the M. gleni complex. Comparisons using 397 bp of mitochondrial cytochrome b found a 
divergence of 1.2% within animals occurring across much of Madagascar north of the Onilahy River, 0.07% in those south of 
the Onilahy River, and 7.4% in populations separated by this river. Subsequently, morphological characters were identified 
that supported the specific separation of populations occurring south (M. griffithsi) and north of the Onilahy River (M. gleni), 
which include tragus shape, pelage coloration, and skull proportions. 

GUNNELL, G. F., WORSHAM, S. R., SEIFFERT, E. R., and SIMONS, E. L., 2009. Vampyravus orientalis 
Schlosser (Chiroptera) from the Early Oligocene (Rupelian), Fayum, Egypt - body mass, humeral 
morphology and affinities. Acta Chiropterologica 11(2): 271-278. DOI: 10.3161/150811009X485512 

Abstract: Vampyravus orientalis, from the Oligocene of Fayum, Egypt was the first fossil bat described from Africa. It is 
represented by a single, relatively large humerus from an unknown horizon in the Jebel Qatrani Formation. Based on 
regression analyses of skeletal proportions of modern bats, we developed a set of equations to estimate body mass of fossil 
bats from known skeletal elements in order to test the hypothesis that Vampyravus could have been within the body size range 
of other Fayum bats, including several recently described taxa from the Jebel Qatrani and underlying Birket Qarun Formations. 
Our findings indicate that only Witwatia could have had a body mass similar to Vampyravus. Witwatia is known only from 
Quarry BQ-2 (Late Eocene, Priabonian) in the Birket Qarun Formation. Therefore Vampyravus is between 2 and 7 million 
years younger, depending on where within the Jebel Qatrani Formation it was found. Also, a recently discovered distal 
humerus of Witwatia from BQ-2 demonstrates that this taxon differs substantially from Vampyravus in comparable morphology. 
Vampyravus is distinct from all other Fayum fossil bats. Vampyravus shares characteristics of the proximal and distal humerus 
with several extant bat groups including phyllostomids, some rhinolophoids, natalids, emballonurids, and rhinopomatids. The 
latter two families are represented by fossil forms in the Fayum. Although Vampyravus is much larger than either the Fayum 
emballonurid or rhinopomatid, relatively large size typifies many taxa representing modern bat groups in the Fayum, making it 
all the more conceivable that Vampyravus could belong to one of these families. 

HAN, J. E., GOMEZ, D. K., KIM, J. H., CHORESCA, C. H. JR., SHIN, S. P., and PARK, S. C., 2010. Isolation of 
a zoonotic pathogen Kluyvera ascorbata from Egyptian Fruit-bat Rousettus aegyptiacus. Journal of 
Veterinary Medical Sciences  72(1): 85-87.  

Abstract: The Egyptian fruit-bat Rousettus aegyptiacus which had been raised at the private commercial aquarium in Seoul, 
Korea for indoor exhibition was found dead and submitted to College of Veterinary Medicine, Seoul National University for 
postmortem examination. A pure bacterium of Kluyvera ascorbata was isolated from the blood specimen. The isolation of K. 
ascorbata from fruit bat is very important, because it is the most infectious agent of the genus Kluyvera that cause serious 
diseases to animals and human. Fruitbats which are distributed in pet shops through black-market in Korea although unproven 
become popular pet nowadays. This situation enhances chance of zoonosis. This paper describes the first isolation of K. 
ascorbata from the Egyptian fruit-bat. 

HAYMAN, D. T. S., EMMERICH, P., YU, M., WANG, L.-F., SUU-IRE, R., FOOKS, A. R., CUNNINGHAM, A. A., 
and WOOD, J. L. N., 2010. Long-term survival of an urban fruit bat seropositive for Ebola and Lagos 
Bat Viruses. PLos ONE 5(8): e11978. DOI: 10.1371/journal.pone.0011978 

Abstract: Ebolaviruses (EBOV) (family Filoviridae) cause viral hemorrhagic fevers in humans and non-human primates when 
they spill over from their wildlife reservoir hosts with case fatality rates of up to 90%. Fruit bats may act as reservoirs of the 
Filoviridae. The migratory fruit bat, Eidolon helvum, is common across sub-Saharan Africa and lives in large colonies, often 
situated in cities. We screened sera from 262 E. helvum using indirect fluorescent tests for antibodies against EBOV subtype 
Zaire. We detected a seropositive bat from Accra, Ghana, and confirmed this using western blot analysis. The bat was also 
seropositive for Lagos bat virus, a Lyssavirus, by virus neutralization test. The bat was fitted with a radio transmitter and was 
last detected in Accra 13 months after release post-sampling, demonstrating long-term survival. Antibodies to filoviruses have 
not been previously demonstrated in E. helvum. Radio-telemetry data demonstrates long-term survival of an individual bat 
following exposure to viruses of families that can be highly pathogenic to other mammal species. Because E. helvum typically 
lives in large urban colonies and is a source of bushmeat in some regions, further studies should determine if this species 
forms a reservoir for EBOV from which spillover infections into the human population may occur. 

HEFFNER, R. S., KOAY, G., and HEFFNER, H. E., 2010. Use of binaural cues for sound localization in large 
and small non-echolocating bats: Eidolon helvum and Cynopterus brachyotis . Journal of the 
Acoustical Society of America 127(6): 3837-3845. DOI: 10.1121/1.3372717 

Abstract: The authors determined the ability of two old-world non-echolocating bats, Eidolon helvum and Cynopterus 
brachyotis, to use binaural time and intensity difference cues for localization. The bats were trained to localize pure tones 
throughout most of their hearing range from loudspeakers located 30° to the left and right of midline. Both species easily 
localized high frequency tones, indicating they could use the interaural intensity difference cue. However, neither was able to 
localize low frequency tones even when the tones were amplitude modulated thereby indicating that they could not use 
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ongoing phase difference cues. The authors now know of eight mammals that do not use binaural phase cues for localization, 
and some possible reasons for this inability are explored. 

HIZEM, M. W., and ALLEGRINI, B., 2009. Contribution à la connaissance des chiroptères du Parc National 
de Bou Hedma (Tunisie). Poiretia 1: 5-9.  

Abstract: In May 2008, a bat survey was realised in Bou Hedma National Park (Tunisia). Two methods were used: captures 
and sound recordings with an ultrasonic detector. During this survey, only six of the eight species previously known were 
recovered: Pipistrellus kuhlii, Eptesicus isabellinus, Miniopterus schreibersii, Myotis punicus, Tadarida teniotis and Plecotus 
gaisleri. Reproduction of Kühl's Pipistrelle can be confirmed in the park and the first tree roost for this species in Tunisia was 
discovered in an old Acacia tortilis subsp. raddiana. 

JIMÉNEZ, S., and HAZEVOET, C. J., 2010. First record of Straw-coloured Fruit Bat Eidolon helvum (Kerr, 
1792) for the Cape Verde Islands. Zoologia Caboverdiana 1(2): 116-118.  

 
KEARNEY, T. C., and VAN SCHALKWYK, E., 2009. Variation in the position within the tooth row of the 

minute premolars of Citugo lesueuri and C. seabrae (Chiroptera: Vespertilionidae), and re-
identification of some museum voucher specimens. Annals of the Transvaal Museum 46: 117-120.  

 
KING, T., and DALLIMER, M., 2010. The fruit bats (Chiroptera: Pteropodidae) of the Lesio-Louna Reserve, 

Bateke Plateau, Republic of Congo. Mammalia 74: 63-69. DOI: 10.1515/MAMM.2009.073 
Abstract: We present the results of the first survey of the fruit bats of the Lesio-Louna Reserve in the Republic of Congo, an 
area representative of the larger Bateke Plateau region of the country. Mist-netting was conducted in 2002 during four 
seasonal sampling periods: late wet season, early dry season, late dry season and early wet season. Five species were 
recorded. Two were frequently trapped, Micropteropus pusillus (n=102 individuals) and Epomops franqueti (n=57). The 
remaining three were captured only occasionally, Myonycteris torquata (n=5), Hypsignathus monstrosus (n=2) and 
Megaloglossus woermanni (n=2). In agreement with studies of other fauna, our results confirm that the Bateke Plateau 
supports species associated with both forest and savanna habitats. However, species typical of forested habitats were also 
netted in forest edge and neighbouring savanna, suggesting that these species utilise surrounding habitat within the forest-
savanna mosaic characteristic of the study area. We found statistically significant seasonal variation in juvenile body mass and 
forearm length in E. franqueti and in adult female nipple length in M. pusillus, suggesting breeding seasonality in both these 
species in the reserve. 

KOFOKY, A. F., RANDRIANANDRIANINA, F., RUSS, J., RAHARINANTENAINA, I., CARDIFF, S. G., 
JENKINS, R. K. B., and RACEY, P. A., 2009. Forest bats of Madagascar: results of acoustic surveys. 
Acta Chiropterologica 11(2): 375-392. DOI: 10.3161/150811009X485602 

Abstract: Spectral and temporal features of echolocation calls produced by 15 insectivorous bat species in three families from 
Madagascar are described. In addition we provide a library of bat vocalizations that can be used for acoustic inventories 
involving heterodyne and time-expansion bat detectors. Time-expanded recordings of calls from 153 bats from 15 species 
were analyzed using five commonly used temporal and frequency variables measured from spectrographs. Echolocation calls 
for six species (Scotophilus tandrefana, S. marovaza, Emballonura tiavato, Neoromicia spp., N. malagasyensis and Triaenops 
auritus) are described for the first time. A discriminant function analysis revealed that a function based on the five measured 
variables provided a correct overall classification of 82.2%. Three groups of echolocation calls based upon the temporal and 
frequency characteristics of calls are recognized. The Constant Frequency group consists of hipposiderids and Emballonura 
spp., the Frequency Modulated/Quasi-Constant Frequency group is dominated by vespertilionids, and one species, Myotis 
goudoti, is in the Frequency Modulated group. Further we describe the utility of using acoustic sampling in inventory and 
monitoring studies, and in investigations of habitat use. 

KRÄHLING, V., DOLNIK, O., KOLESNIKOVA, L., SCHMIDT-CHANASIT, J., JORDAN, I., SANDIG, V., 
GÜNTHER, S., and BECKER, S., 2010. Establishment of Fruit Bat cells (Rousettus aegyptiacus) as a 
model system for the investigation of Filoviral Infection. PLoS Neglected Tropical Diseases 4(8): 
e802. DOI: 10.1371/journal.pntd.0000802 

Background: The fruit bat species Rousettus aegyptiacus was identified as a potential reservoir for the highly pathogenic 
filovirus Marburg virus. To establish a basis for a molecular understanding of the biology of filoviruses in the reservoir host, we 
have adapted a set of molecular tools for investigation of filovirus replication in a recently developed cell line, R06E, derived 
from the species Rousettus aegyptiacus. 
Methodology/Principal Findings: Upon infection with Ebola or Marburg viruses, R06E cells produced viral titers comparable 
to VeroE6 cells, as shown by TCID50 analysis. Electron microscopic analysis of infected cells revealed morphological signs of 
filovirus infection as described for human- and monkey-derived cell lines. Using R06E cells, we detected an unusually high 
amount of intracellular viral proteins, which correlated with the accumulation of high numbers of filoviral nucleocapsids in 
the cytoplasm. We established protocols to produce Marburg infectious virus-like particles from R06E cells, which were then 
used to infect naý¨ve target cells to investigate primary transcription. This was not possible with other cell lines previously 
tested. Moreover, we established protocols to reliably rescue recombinant Marburg viruses from R06E cells. 
Conclusion/Significance: These data indicated that R06E cells are highly suitable to investigate the biology of filoviruses in 
cells derived from their presumed reservoir. 
 
KRUGER, J.-L., DELL, L.-A., BHAGWANDIN, A., JILLANI, N. E., PETTIGREW, J. D., and MANGER, P. R., 

2010. Nuclear organization of cholinergic, putative catecholaminergic and serotonergic systems in 
the brains of five microchiropteran species. Journal of Chemical Neuranatomy 40: 210-222. DOI: 
10.1016/j.jchemneu.2010.05.007 

Abstract: The current study describes, using immunohistochemical methods, the nuclear organization of the cholinergic, 
catecholaminergic and serotonergic systems within the brains of five microchiropteran species. For the vast majority of nuclei 
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observed, direct homologies are evident in other mammalian species; however, there were several distinctions in the presence 
or absence of specific nuclei that provide important clues regarding the use of the brain in the analysis of chiropteran 
phylogenetic affinities. Within the five species studied, three specific differences (presence of a parabigeminal nucleus, dorsal 
caudal nucleus of the ventral tegmental area and the absence of the substantia nigra ventral) found in two species from two 
different families (Cardioderma cor; Megadermatidae, and Coleura afra; Emballonuridae), illustrates the diversity of 
microchiropteran phylogeny and the usefulness of brain characters in phylogenetic reconstruction. A number of distinct 
differences separate the microchiropterans from the megachiropterans, supporting the diphyletic hypothesis of chiropteran 
phylogenetic origins. These differences phylogenetically align themicrochiropterans with the heterogenous grouping of 
insectivores, in contrast to the alignment of megachiropterans with primates. The consistency of the changes and stasis of 
neural characters withmammalian phylogeny indicate that the investigation of the microchiropterans as a sister group to one of 
the five orders of insectivores to be a potentially fruitful area of future research. 

KRUGER, J.-L., DELL, L.-A., PETTIGREW, J. D., and MANGER, P. R., 2010. Cellular location and major 
terminal networks of the orexinergic system in the brains of five microchiropteran species. Journal 
of Chemical Neuranatomy 40: 256-262. DOI: 10.1016/j.jchemneu.2010.07.004 

Abstract: The present study describes the distribution of Orexin-A immunoreactive cell bodies and terminal networks in the 
brains of five microchiropteran species. Given the specialized flight and echolocation abilities of the microchiropterans it was of 
interest to examine if any specific differences in a generally phylogenetically homogenous neural system could be found. The 
orexinergic neurons have been found within the hypothalamus of all species studied, and were represented by a large cluster 
that spanned the anterior, dorsomedial, perifornical and lateral hypothalamic regions, with a smaller cluster extending into the 
region of the medial zona incerta. Evidence for orexinergic neurons in the ventrolateral hypothalamus adjacent to the optic 
tract was not observed in any microchiropteran species. The terminal networks of the orexinergic neurons conformed to that 
previously reported in a range of mammalian species, with dense terminal networks being found in the hypothalamus, 
cholinergic pedunculopontine and laterodorsal tegemental nuclei, the noradrenergic locus coeruleus complex, all serotonergic 
nuclei, the paraventricular nuclei of the epithalamus and adjacent to the habenular nuclei. Thus, apart from the lack of neurons 
in the ventrolateral hypothalamus, the orexinergic system of the microchiropterans appears typically mammalian. 

KUZMIN, I., NIEZGODA, M., FRANKA, R., AGWANDA, B., MARKOTTER, W., BREIMAN, R. F., SHIEH, W., 
ZAKI, S. R., and RUPPRECHT, C. E., 2010. Marburg virus in fruit bat, Kenya. Emerging Infectious 
Diseases 16(2): 352-354. DOI: 10.3201/eid1602.091269 

 
KUZMIN, I. V., MAYER, A. E., NIEZGODA, M., MARKOTTER, W., AGWANDA, B., BREIMAN, R. F., and 

RUPPRECHT, C. E., 2010. Shimoni bat virus, a new representative of the Lyssavirus genus. Virus 
Research. DOI: 10.1016/j.virusres.2010.01.018 

Abstract: During 2009, 616 bats representing at least 22 species were collected from 10 locations throughout Kenya. A new 
lyssavirus, named Shimoni bat virus (SHIBV), was isolated from the brain of a dead Commerson's leaf-nosed bat 
(Hipposideros commersoni), found in a cave in the coastal region of Kenya. Genetic distances and phylogenetic 
reconstructions, implemented for each gene and for the concatenated alignment of all five structural genes (N, P, M, G and L), 
demonstrated that SHIBV cannot be identified with any of the existing species, but rather should be considered an 
independent species within phylogroup II of the Lyssavirus genus, most similar to Lagos bat virus (LBV). Antigenic reaction 
patterns with anti-nucleocapsid monoclonal antibodies corroborated these distinctions. In addition, new data on the diversity of 
LBV suggests that this species may be subdivided quantitatively into three separate genotypes. However, the identity values 
alone are not considered sufficient criteria for demarcation of new species within LBV. 

LEROY, E. M., EPELBOIN, A., MONDONGE, V., POURRUT, X., GONZALEZ, J.-P., MUYEMBE-TAMFUM, J. 
J., and FORMENTY, P., 2010. Human Ebola outbreak resulting from direct exposure to fruit bats in 
Luebo, Democratic Republic of Congo, 2007. Vector-Borne and Zoonotic Diseases 9(6): 723-728.  

Abstract: Twelve years after the Kikwit Ebola outbreak in 1995, Ebola virus reemerged in the Occidental Kasaď province of the 
Democratic Republic of Congo (DRC) between May and November 2007, affecting more than 260 humans and causing 186 
deaths. During this latter outbreak we conducted several epidemiological investigations to identify the underlying ecological 
conditions and animal sources. Qualitative social and environmental data were collected through interviews with villagers and 
by direct observation. The local populations reported no unusual morbidity or mortality among wild or domestic animals, but 
they described a massive annual fruit bat migration toward the southeast, up the Lulua River. Migrating bats settled in the 
outbreak area for several weeks, between April and May, nestling in the numerous fruit trees in Ndongo and Koumelele 
islands as well as in palm trees of a largely abandoned plantation. They were massively hunted by villagers, for whom they 
represented a major source of protein. By tracing back the initial human-human transmission events, we were able to show 
that, in May, the putative first human victim bought freshly killed bats from hunters to eat. We were able to reconstruct the 
likely initial human-human transmission events that preceded the outbreak. This study provides the most likely sequence of 
events linking a human Ebola outbreak to exposure to fruit bats, a putative virus reservoir. These findings support the 
suspected role of bats in the natural cycle of Ebola virus and indicate that the massive seasonal fruit bat migrations should be 
taken into account in operational Ebola risk maps and seasonal alerts in the DRC. 

MASON, M. K., HOCKMAN, D., JACOBS, D. S., and ILLING, N., 2010. Evaluation of maternal features as 
indicators of asynchronous embryonic development in Miniopterus natalensis. Acta 
Chiropterologica 12(1): 161-171. DOI: 10.3161/150811010X504662 

Abstract: The timing of early reproductive events for the Natal long-fingered bat, Miniopterus natalensis, was examined during 
its breeding season (August to December) in its maternity roost at the De Hoop Nature Reserve (South Africa). This migrating 
species is monoestrous with copulation occurring around April in South African populations. Embryonic development is stalled 
during hibernation by delayed implantation of the blastocyst. As a result, limb bud stage embryos (CS13) are first noted in 
other South African populations in mid-September. The timing of these reproductive events for the De Hoop population is 
similar with bats arriving at the maternity roosts in September and embryos at the limb bud stage (CS13) being noted in this 
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month. Pregnancy was not synchronous in the population with bats dissected on the same day exhibiting differences in the 
stage of development of their young (CS11 to CS21 being the largest range). Maternal features (progesterone concentration, 
body mass and abdominal distension) were analysed to determine if they provided a reliable estimate of embryonic stage. The 
progesterone concentrations of pregnant bats showed a similar profile to the Kwa-Zulu Natal and the Eastern Cape 
populations. Though progesterone concentration did increase as pregnancy progressed, it was not an accurate predictor of 
embryonic stage. Maternal body mass did not correlate with the stage of embryonic development. However, abdominal 
distension determined by palpation is an accurate field based predictor of the stages of pregnancy: no abdominal distension, 
small to medium abdominal distension and large abdominal distension distinguished between non-pregnant bats and those 
carrying either early (CS11-CS15) or mid-developmental stages (CS16-CS21), respectively. 

MASSETI, M., 2010. Mammals of the Macaronesian islands (the Azores, Madeira, the Canary and Cape 
Verde islands): redefinition of the ecological equilibrium. Mammalia 74: 3-34. DOI: 10.1515/
MAMM.2010.011 

Abstract: The fossil and subfossil mammal scenario of the oceanic islands of Macaronesia – the Azores, Madeira, and the 
Savage Islands (Portugal), the Canary Islands (Spain) and Cape Verde – is disconcertingly scant, consisting almost 
exclusively of the same taxonomic groups characterised by a homogeneous composition of species. The very few endemites 
can be referred essentially to three species of chiroptera in addition to three murids, which became extinct on the Canaries in 
historical times, and one representative of the taxonomic group of the Soricomorpha, the Canarian shrew, Crocidura 
canariensis Hutterer, Lopez-Hurado and Vogle 1987. It is the sole non-volant mammal still dispersed on the Canary Islands, 
where its occurrence is reported from Fuerteventura, La Graciosa, Lanzarote, and possibly from the two islets of Lobos and 
Montaña Clara. Owing to its vicinity to continental Africa, the Canary archipelago is the only one in the Eastern Atlantic islands 
to have been characterised by a non-volant mammalian fauna, whereas such elements do not appear to have been diffused in 
either the Azores or Cape Verde throughout the entire recent Quaternary. The current mammalian composition of these 
islands is characterised by the presence of species of almost entirely continental and anthropochorous origin. Evidence shows 
that the extant occurrence of non-volant mammals appears to be almost exclusively a result of human introduction during the 
late Holocene. The timing of such processes and the biological success of certain introductions (i.e., naturalisation) raise 
questions about the proper use of terms such as "natural" or "artificial" when dealing with expansions of anthropochorous 
range. 

METCALFE, K., FFRENCH-CONSTANT, R., and GORDON, I., 2009.  Sacred sites as hotspots for 
biodiversity: The Three Sisters Cave complex in coastal Kenya. Oryx 44(1): 118-123.  

Abstract: Sacred sites, particularly in forests, often form unofficial protected areas because their biodiversity is preserved and 
protected by the local people looking after the sites. Here, we survey the biodiversity of the Three Sisters Cave complex, a 
sacred site or kaya in a fragment of East African coastal forest in south-east Kenya. We show that, despite the tiny size of this 
non-gazetted forest reserve, it contains many of the threatened species of both flora (121 species) and fauna (46 species) 
representative of Kenya's coastal forest. Following the overexploitation and widespread destruction of coastal rainforests in 
Kenya, such sacred sites represent key biodiversity hotspots as well as forest islands in the now largely deforested coastal 
plain. Other non-gazetted forest sacred sites may represent undocumented sources of biodiversity that may contribute towards 
conservation of this threatened coastal habitat. 

MONADJEM, A., RAABE, T., DICKERSON, B., SILVY, N., and MCCLEERY, R., 2010. Roost use by two 
sympatric species of Scotophilus in a natural environment. South African Journal of Wildlife 
Research 40(1): 73-76.  

Abstract: Roost use by African bats is poorly known, particularly for those using cavities in trees. Two sympatric species of 
Scotophilus were fitted with transmitters and tracked to their respective roosts in a natural savanna site in Swaziland. Both 
species roosted exclusively in trees, apparently preferring Combretum imberbe trees with large girths. The conservation of 
such roosting trees may be critical to the continued persistence of cavity-nesting insectivorous bats in African savannas. 

PORTER, C. A., PRIMUS, A. W., HOFFMANN, F. G., and BAKER, R. J., 2010. Karyology of five species of 
bats (Vespertilionidae, Hipposideridae, and Nycteridae) from Gabon with comments on the 
taxonomy of Glauconycteris. Occasional Papers of the Museum, Texas Tech University 295: 1-7.  

Abstract: We karyotyped five species of bats from Gabon. Glauconycteris beatrix and G. poensis both have an all-biarmed 2n 
= 22 karyotype, consistent with the recognition of Glauconycteris as a genus distinct from Chalinolobus. One specimen of 
Hipposideros caffer had a 2n = 32 karyotype similar to that published for this species from other areas in Africa. We report a 
2n = 52 karyotype for  Hipposideros gigas which is identical to that found in H. vittatus. The slit-faced bat Nycteris grandis has 
a 2n = 42 karyotype similar to that known in other species of Nycteris . 

RACEY, P. A., GOODMAN, S. M., and JENKINS, R. K. B., 2009. The ecology and conservation of Malagasy 
Bats.In FLEMING, T. H. and RACEY, P. A. (Eds). Island Bats - Ecology, Evolution and Conservation. 
Chicago University Press, Chicago. 369-404pp. 

RALISATA, M., ANDRIAMBOAVONJY, F. R., RAKOTONDRAVONY, D., RAVOAHANGIMALALA, O. R., 
RANDRIANANDRIANINA, F. H., and RACEY, P. A., 2010. Monastic Myzopoda: the foraging and 
roosting ecology of a sexually segregated Malagasy endemic bat. Journal of Zoology: 1-10. DOI: 
10.1111/j.1469-7998.2010.00724.x 

Abstract: We studied the social organization, use of foraging habitat, roost switching and diet of the sucker-footed bat 
Myzopoda aurita in south-eastern Madagascar. All 138 bats caught were males, 18 of which were selected for radio-tracking. 
The areas individual bats used for foraging varied between 7 and 108 ha (100% minimum convex polygon). Bats foraged close 
the roost for the first hour after emergence, then travelled up to 1.8km away. Compositional analysis revealed that they 
selected coffee plantations, degraded humid forest and wooded grassland more than any other habitats. All 133 roosts located 
consisted of the partially unfurled leaves of Ravenala madagascariensis and housed between nine and 51 individuals. Bats 
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changed roosts every 1–5 days. Their diet comprised mainly of Lepidoptera and Coleoptera. No ectoparasites were observed. 
Myzopoda aurita is one of the few mammals endemic to Madagascar that uses disturbed patches of vegetation and is not 
therefore threatened by deforestation, although it may be affected by loss of roosts for building materials. The search for 
females continues. 

RAZGOUR, O., KORINE, C., and SALTZ, D., 2010. Pond characteristics as determinants of species 
diversity and community composition in desert bats. Animal Conservation 13: 505-513. DOI: 
10.1111/j.1469-1795.2010.00371.x 

Abstract: Although water availability is known to affect landscape-scale patterns of wildlife diversity and distribution in arid 
environments, little is known about the microhabitat characteristics that shape the local-scale distribution of desert bats. We 
examined the relative importance of pond microhabitat characteristics for the conservation of bats, and hypothesized that in 
arid environments, patterns of bat diversity and community composition relate to the size of the pond and its hydroperiod (the 
number of months a pond holds water), a term we use to distinguish between permanent, semi-permanent and temporary 
ponds. We combined acoustic monitoring with video recording and an experimental approach to study bat activity over natural 
ponds in the Negev Desert, Israel. We found that both within and between ponds bat species richness and activity significantly 
increased with pond size. An experimental reduction of pond size led to a significant reduction in bat species richness and 
activity and affected the bat community composition. In contrast to pond size, pond hydroperiod did not affect bat diversity, as 
temporary ponds had equivalent levels of bat species richness and activity to permanent ponds. However, hydroperiod did 
couple with pond size to affect the bat community composition, whereby non-desert bat species that have a higher frequency 
of drinking were associated with larger and more permanent ponds. Our results highlight the importance of larger temporary 
ponds (ponds over 15m in length and 0.5m in depth) for the conservation of biodiversity in arid environments. 

REARDON, T., 2009. Mega Micro, Yino Yango; what's going on? And who do bats relate to now? The 
Australasian Bat Society Newsletter 32: 39-40. 

 
RISKIN, D. K., and RACEY, P. A., 2010. How do sucker-footed bats hold on, and why do they roost head-

up? Biological Journal of the Linnean Society 99(2): 233-240.  
Abstract: Individuals of most bat species hang head-down by their toenails from rough surfaces, but Madagascar's endemic 
sucker-footed bat (Myzopoda aurita) clings head-up to smooth leaves using specialized pads on its wrists and ankles. We 
investigated the adhesive performance of 28 individuals and found that attachment performance on brass was not affected by 
the presence or absence of a seal around the pad-surface interface. Furthermore, on smooth acrylic, the wrist pads were more 
than nine-fold weaker when lifted perpendicular to the surface than when pulled parallel to it. The unimportance of a seal and 
the difference in strength in those directions on a smooth surface are characteristic of wet adhesion, but not of suction. Thus, 
despite its name, the sucker-footed bat appears to adhere using wet adhesion. We observed that when wrist pads were 
pushed anteriorly, they unpeeled easily from the surface because of deformation of the pads. This most likely permits rapid 
detachment during crawling, but would also cause passive detachment if bats roosted head-down. This provides an 
ecomorphological explanation to the head-up roosting behaviour of these unique bats. The results obtained in the present 
study thus link morphology, behaviour, and roosting ecology for an enigmatic Malagasy endemic. 

TOUSSAINT, D. C., MCKECHNIE, A. E., and VAN DER MERWE, M., 2010. Heterothermy in free-ranging 
male Egyptian Free-tailed Bats (Tadarida aegyptiaca) in a subtropical climate. Mammalian Biology 
75: 466-470. DOI: 10.1016/j.mambio.2009.06.001  

 
VAN THIEL, P. A. M., DE BIE, R. M. A., EFTIMOV, F., TEPASKE, R., ZAAIJER, H. L., VAN DOORNUM, G. J. 

J., SCHUTTEN, M., OSTERHAUS, A. D. M. E., MAJOIE, C. B. L. M., ARONICA, E., FEHLNER-
GARDINER, C., WANDELER, A. L., and KAGER, P. A., 2009. Fatal human rabies due to Duvenhage 
virus from a bat in Kenya: Failure of treatment with coma-induction, ketamine and antiviral drugs. 
PLoS Neglected Tropical Diseases 3(7): e428. DOI: 10.1371/journal.pntd.0000428 

 
WEYENETH, N., GOODMAN, S. M., and RUEDI, M., 2010. Do diversification models of Madagascar's biota 

explain the population structure of the endemic bat Myotis goudoti (Chiroptera: Vespertilionidae)? 
Journal of Biogeography: 1-10 + supporting information. DOI: 10.1111/j.1365-2699.2010.02393.x 

Aim Three mechanisms have been proposed to explain the adaptive radiations and species diversifications of Madagascar's 
biota: the ecogeographical constraint, the riverine barrier and the micro-endemism models. On the intraspecific level, each 
model predicts different patterns of gene flow across the island's physical and ecological features. To evaluate these models, 
phylogeographical analyses were conducted on a widespread and endemic species of bat, Myotis goudoti (Vespertilionidae). 
Location Madagascar. 
Methods In order to reconstruct the phylogeographical history of M. goudoti, the mitochondrial D-loop and the cytochrome b 
gene were sequenced for 195 bats from 41 localities. Phylogenetic reconstructions and a minimum spanning tree were used to 
infer haplotype relationships. The effect of barriers on gene flow was evaluated using analyses of molecular variance and 
pairwise population differentiation. Mismatch distribution and coalescence-based estimates were conducted to infer the 
demographic history of M. goudoti. Results The sequenced individuals showed 159 distinct D-loop haplotypes, most of them 
being unique to a single location. Populations were significantly structured (FST = 0.170, P < 0.001) across Madagascar, but 
only a minor part of the overall genetic variance was explained by any of the three models. Shared ancestry of lineages across 
most physical or ecological barriers was common, whereas the uncovered genetic differences between southern and central-
northern populations were unexpected. 
Main conclusions Major barriers predicted by the three biogeographical models do not explain the segregation of 
mitochondrial lineages of M. goudoti across Madagascar. This is not simply attributable to the high dispersal ability of this 
species, as populations are notably structured. The genetic contrast between southern and central-northern populations, 
separated by a zone of admixture, suggests that these areas currently support populations that expanded during the Late 
Pleistocene. This latitudinal differentiation of populations has been observed in less vagile animals, such as geckos and 
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lemurs, suggesting that climate fluctuations of the Pleistocene had an impact across several groups and resulted in northern 
and southern refugia in Madagascar. 
 
WHITELEY, S. M., WATERS, D. A., HAYWARD, G., PIERCE, S. G., and FARR, I., 2010. Wireless recording of 

the calls of Rousettus aegyptiacus and their reproduction using electrastatic transducers. 
Bioinspiration & Biomimetics 5: 1-10. DOI: 10.1088/1748-3182/5/2/026001 

Abstract: Bats are capable of imaging their surroundings in great detail using echolocation. To apply similar methods to human 
engineering systems requires the capability to measure and recreate the signals used, and to understand the processing 
applied to returning echoes. In this work, the emitted and reflected echolocation signals of Rousettus aegyptiacus are recorded 
while the bat is in flight, using a wireless sensor mounted on the bat. The sensor is designed to replicate the acoustic gain 
control which bats are known to use, applying a gain to returning echoes that is dependent on the incurred time delay. 
Employing this technique allows emitted and reflected echolocation calls, which have a wide dynamic range, to be recorded. 
The recorded echoes demonstrate the complexity of environment reconstruction using echolocation. The sensor is also used 
to make accurate recordings of the emitted calls, and these calls are recreated in the laboratory using custom-built wideband 
electrostatic transducers, allied with a spectral equalization technique. This technique is further demonstrated by recreating 
multi-harmonic bioinspired FM chirps. The ability to record and accurately synthesize echolocation calls enables the 
exploitation of biological signals in human engineering systems for sonar, materials characterization and imaging. 

YOVEL, Y., FALK, B., MOSS, C. F., and ULANOVSKY, N., 2010. Optimal localization by pointing off axis. 
Science  327: 701-704. DOI: 10.1126/science.1183310 

Abstract: Is centering a stimulus in the field of view an optimal strategy to localize and track it? We demonstrated, through 
experimental and computational studies, that the answer is no. We trained echolocating Egyptian fruit bats to localize a target 
in complete darkness, and we measured the directional aim of their sonar clicks. The bats did not center the sonar beam on 
the target, but instead pointed it off axis, accurately directing the maximum slope (¡°edge¡±) of the beam onto the target. 
Information-theoretic calculations showed that using the maximum slope is optimal for localizing the target, at the cost of 
detection. We propose that the tradeoff between detection (optimized at stimulus peak) and localization (optimized at 
maximum slope) is fundamental to spatial localization and tracking accomplished through hearing, olfaction, and vision. 

NOTICE BOARD 
Conferences 

16th International Bat Research Conference 
 
To be held in: Costa Rica, 2014. 
Further information: watch this space 

11th African Small Mammal Symposium 
 
To be held in: Swaziland, Kwaluseni, 3-8 July 2011. 
Further information: http://www.asms.uniswa.sz or email: asms@uniswacc.uniswa.sz  
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