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Research and Conservation Activities
IntroductIon to bat bIology, ecology and conservatIon – november 2018
Ernest C. J.  SEAMARK – AfricanBats NPC, South Africa.

An ‘Introduction to bats’ course was held from 12-18 November 2018 at the Meletse Bat 
Research and Conservation Training Centre, near Thabazimbi, in South Africa.  This allowed 
five participants from three countries (South Africa, Mozambique and Austria) to complete the 
prerequisite course before beginning the five week ‘Bat fieldworkers’ course (see below).  The 
introductory course provides basic information on bat biology and ecology, and in the evenings 
participants observed bat captures using mist nets and harp traps.  

It was an eventful course as there were many veld fires, 
one of which threatened the training centre, and had us all 
on edge.  Since the rains hadn’t started the veld was still 
dry, and most of the fires were started by lightning strikes.  
Storms also played havoc with the electricity supply and the 
usual mode of course presentation using a data projector 
proved challenging.  Nevertheless solutions were found and 
all participants completed the course, as well as learning 
that in the field nature often dictates the course of action.

Financial support from the Rufford Foundation and Brevard Zoo allowed the course to be held, 
and Motjoli Resources have kindly allowed us continued use of facilities on their property for the 
Meletse Bat Research and Conservation Training Centre.

madlImadle cave fIeldwork - cvZ november 2018
Ernest C. J. SEAMARK1  and Teresa C. KEARNEY1,2

1AfricanBats NPC, Kloofsig, South Africa. 2Ditsong National Museum of Natural History, Pretoria, South Africa.

The last quarter sampling of bats at Madlimadle Cave for 2018 occurred from 19 to 22 
November 2018.  This is part of long-term collaborative research with the Centre for Viral 
Zoonoses (CVZ), University of Pretoria and Ditsong National Museum of Natural History. We were 
joined by the Department of Science and Technology – National Research Foundation interns 
who were placed with AfricanBats (Mrs. Rudzani Thangambi, Sarah Oxley and Emma Swartz), as 
well as the ‘Bat fieldworkers’ course participants who had just finished the ‘Introduction to bats’ 
course and were  going to be undertaking the bat fieldworkers level I course.  With the exception 
of Emma Swartz, who had completed the ‘Bat fieldworkers’ course the previous year, and was 
part of the team measuring bats, the interns and course participants had the opportunity to 
observe skills associated with bat fieldwork  as part of a functioning long-term research project. 

During this field period seventy-nine bats were tagged with RFID (PIT tags). This is part of 
the ‘Bats on the Move’ project for long-term monitoring of the population including to track 
movements. Six species of bats were tagged with the majority being the Natal Long-fingered Bat 
(Miniopterus natalensis).

Above:  Participants of the November 2019 
Introduction course: Bottom row left to right - Ana 
Gledis Miranda da Conceição, Cesária Victória 
Huó, Isabella Mandl,  and Leon Labuschagne. 
Backrow: Ernest C.J. Seamark and  Kilian Egger-
Peitler.

Above:  Emma Swartz measuring a bat, with 
scribing and tag reading by Sarah Oxley and 
Rudzani Thangambi. All of whom were DST-NRF 
interns hosted with AfricanBats NPC.

Above:  Wild veld fires threatening the Meletse 
Bat Research and Conservation Training 
Centre during November 2018.
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Observations, Discussions and Updates
recent taxonomIc changes to afrIcan bat taxa  

(2018 - 2019)
Victor VAN cAKENBErGHE1,2 ANd ErNEst c. J. sEAMArK1

1AfricanBats NPC, 357 Botha Ave, Kloofsig, 0157, South Africa.
2University of Antwerp, Department of Biology, Lab for Functional Morphology, Campus Drie Eiken, Universiteitsplein, 1, B-2610 

Antwerpen (Wilrijk), Belgium.

†Macronycteris besaoka (Samonds, 2007)
GOODMAN et al. (2016: 435) found that the mandibula and lower 

teeth of besaoka are more robust than those of other Madagascan 
“Hipposideros“ [=Macronycteris], but were in doubt about its generic 
assignment to either of these genera.  More recent investigation 
by RAKOTOARIVELO et al. (2019: 14) assigned the species to 
Macronycteris.

Miniopterus villiersi Aellen, 1956
Miniopterus villiersi was generally considered to be a synonym or a 

subspecies of either M. inflatus, M. schreibersii or M. natalensis, but 
several authors (e.g. FAHR, 2006; MONADJEM et al., 2016, 2018, 
ROSSKOPF et al., 2019) suggested it to be a separate species, 
which is gaining support as detailed genetic analyses indicate the 
presence of multiple taxa in West Africa.

Myotis zenatius Ibáñez, Juste, Salicini, Puechmaille and 
Ruedi, 2019

English: Zenati myotis; French: Murin Zenati
At the beginning of the year, two publications appeared dealing 

with the northwest African representatives of “Myotis nattereri“ 
(ÇORAMAN et al., 2019 and JUSTE et al., 2019), and leading to 
different conclusions.  The former authors consider it a separate 
subspecies, whereas the latter consider it a separate species.  
Furthermore, there were also some issues with the validity of the 
names proposed by ÇORAMAN et al. (2019) and which should be 
considered as non available as pointed out by RUEDI et al. (in press).

Scotophilus altilis G.M. Allen, 1914
VALLO et al. (2019: 148) found a 10 % difference in cyt-b 

between Scotophilus leucogaster and a series of specimens from 
southwestern Ethiopia and southern South Sudan.  These latter 
specimens agreed with the description of S. altilis by ALLEN (1914).  
These differences were supported by differences in size and in 

two nuclear markers, which are different enough to consider it a 
separate species.

Pipistrellus grandidieri (Dobson, 1876)
English: Grandidier’s Pipistrelle; French: Le serotine de Grandidier, 

Pipistrelle de Grandidier
Most authors since THORN et al. (2007) consider flavescens to be 

a synonym of grandidieri, although the content of the latter taxon is 
still not fixed (e.g. DECHER et al. (2016: 273) report N. cf. grandidieri 
specimens from Guinea, and SCHAER et al. (2013: 17416) and 
ROSSKOPF et al. (2018: 31, suppl.) as P. aff. grandidieri from West 
Africa).  Based on the above, we tentatively consider flavescens as 
synonym of grandidieri pending further investigation.

Literature cited
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Museum of Comparative Zoology, 58 (7): 305 - 357.
ÇORAMAN, E., DIETZ, C., HEMPEL, E., GHAZARYAN, A., LEVIN, E., PRESETNIK, 

P., ZAGMAJSTER M. and MAYER, F. 2019.  Reticulate evolutionary history 
of a western Palaearctic bat complex explained by multiple mtDNA 
introgressions in secondary contacts.  Journal of Biogeography, 46 (2): 
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J., MONADJEM, A. and HUTTERER, R. 2016.  Bat diversity in the 
Simandou Mountain Range of Guinea, with the description of a new 
white-winged vespertilionid.  Acta Chiropterologica, 17 (2): 255 - 282 
(for 2015).  doi: 10.3161/15081109ACC2015.17.2.003.
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assessment of three classified forests in Southeastern Guinea (H. E. 
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Conservation International, RAP Bulletin of Biological Assessment, 
Washington, D.C., 40, 248 pp.

GOODMAN, S. M., SCHOEMAN, M. C., RAKOTOARIVELO A. and WILLOWS-
MUNRO, S. 2016.  How many species of Hipposideros have occurred 
on Madagascar since the Late Pleistocene?.  Zoological Journal of the 

6th afrIcanbats bat fIeldworkers course
Ernest C. J. SEAMARK – AfricanBats NPC, South Africa.

The 6th AfricanBats Bat Fieldworkers course was held from 24 November to 16 December 2018.  
Six participants attended: Dr. Isabella Mandl and Kilian Egger-Peitler (Austria); Tosca Vanroy 
(Belgium); Ana Gledis Miranda da Conceição and Cesária Victória Huó (Mozambique); and Leon 
Labuschagne (South Africa). At the time of the course, Dr. Mandl was due to start a project GPS 
tracking Livingstone’s Fruit Bat (Pteropus livingstonii) in the Comores, supported by Mr. Egger-
Peitler, but they had no prior experience handling bats. Dr. Mandl subsequently undertook this 
project and is co-ordinating future work in the Comores on this critically endangered species. Both 
Mozambican students intend undertaking post-graduate studies on bats in Mozambique. Ms. 
da Conceição was also working as a technical assistant at the E.O. Wilson Biodiversity Research 
Centre in Gorongoza National Park. Mr. Leon Labuschagne, a director of AfricanBats NPC who 
has extensive knowledge on protected area management, also joined the course to gain a better 
understanding of bats and be skilled to participate in future field events.

Without the financial support of the Rufford Foundation and Brevard Zoo this course could not have been made possible.  In addition, 
special thanks to Motjoli Resources for continue in allowing us the use of the facilities referred to as the Meletse Bat Research and 
Conservation Training Centre. 

Above:  Participants of the 6th AfricanBats 
Bat Fieldworkers Course - Back row: Leon 
Labuschagne, Ernest C. J. Seamark and Kilian 
Egger-Peitler. Bottom row:  Tosca Vanroy, Ana 
Gledis Miranda da Conceição, Isabella Mandl, 
and Cesária Victória Huó.
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monItorIng, roost occupancy, and dIet of the straw-
coloured fruIt bat Eidolon hElvum In kIgalI, rwanda

Eric LEEuwErcK

Independent researcher
Corresponding author email address: eleeuwerck@yahoo.fr

ABSTRACT
Kigali, the capital of Rwanda hosts a colony of Straw-coloured Fruit Bats (Eidolon helvum) that 
is divided over two roost sites inside the neighbourhood of Kiyovu. This colony is under high pressure due to increasing 
urbanisation of the city. Even with the status of Near Threatened species, hardly any attention is given to the straw-coloured 
fruit bats in Kigali and recently the roost sites have been highly affected by human activities. 
Little is known about the Eidolon helvum colony in Kigali. In the course of this study, a mapping of the roost site has been 
undertaken, regular visits to the colony were made from September 2016 to October 2018 and a formal monthly count of 
the bats was carried out from May 2017 to June 2018. Important fluctuations in the number of bats have been observed 
seasonally. The colony reached its maximum between April to June 2018 (7,800 bats were counted in June 2018) and  
population decreases between December 2017 and February 2018 where no bats were detected at the roost sites.  E. 
helvum in Kiyovu feeds on fruits from at least 11 plant species belonging to six families. The cutting down of trees is the 
major threat to E. helvum in Kigali.

Keywords: Eidolon helvum, roost, diet, Kigali.

INTRODUCTION
The Straw-coloured Fruit Bat, Eidolon helvum (KERR, 1792), is an 

African fruit bat species that forms large colonies which are mainly 
found in sub-Saharan countries and on some offshore islands. 
Eidolon helvum has also been reported in southern and northern 
parts of the continent and in the surroundings islands (DEFREES 
and WILSON, 1988). SELTZER et al. (2013) reported that Old World 
fruit bats are important seed dispersers and pollinators of a wide 
range of economically important tree species providing important 
ecosystem services for the maintenance and regeneration of 
vegetation. Eidolon helvum, as suggested by BOLLEN et al. (2004, 
cited in WEBALA et al., 2014), plays a role in pollinating some tree 
species. It has been recognised by NEWMAN et al. (2011) that the 
species plays an important role in regenerating cleared areas and 
maintaining forests. When foraging, E. helvum can spread seeds 59 
km or more (RICHTER and CUMMING, 2008). FAHR et al. (2015) 
reported that E. helvum can foraging at distances of 87.9 km and 
pollinates trees for up to 88 km. The greatest cumulative distance 
travelled by a single bat observed was 2,518 km in 149 days during 
the long annual migrations of an estimated 5–10 million E. helvum 
into the Kasanka National Park in Zambia (RICHTER and CUMMING, 

2006). 
Despite the important role that E. helvum plays in African 

ecosystems, this species is listed as Near Threatened (NT) in the 
IUCN Red List of threatened species (MICKELBURGH et al., 2008). 
Increasing human activities and increasing human populations are 
the most important threat to bat colonies generating losses and 
profound modifications of their foraging, feeding and roosting sites 
(MICKLEBURGH et al., 2002).

The presence of E. helvum in Rwanda was mentioned by BAETEN 
et al. (1984) who also refer to older observations of the species in the 
country. Kigali hosts a colony of E. helvum inside the neighbourhood 
of Kiyovu, district of Nyarugenge.

The Kigali urban masterplan is deeply transforming the city design 
and organisation (BUNDERVOET et al. 2017) and Kiyovu, traditionally 
being a residential neighbourhood with tree filled gardens, is highly 
transformed by the masterplan: old houses are destroyed, gardens 
are cleared, trees are cut. 

Colonies of straw-coloured fruit bats are frequently found inside 
urban settlements in large towns (BARANGA and KIREGYERA, 1982; 
WEBALA et al., 2014). This is also the case in Kigali, largely due to 
the presence of fruit trees, especially in residential neighbourhoods 

http://dx.doi.org/10.1111/zoj.12368
http://dx.doi.org/10.3161/15081109ACC2018.20.2.001
http://dx.doi.org/10.3161/15081109ACC2018.20.2.001
http://dx.doi.org/10.1098/rsos.180849
http://dx.doi.org/10.3161/15081109ACC2016.18.2.005
http://dx.doi.org/10.3161/15081109ACC2016.18.2.005
http://dx.doi.org/10.7717/peerj.5866
http://dx.doi.org/10.1111/jbi.13665
http://dx.doi.org/10.1016/j.meegid.2018.11.022
http://dx.doi.org/10.1073/pnas.1311016110
http://dx.doi.org/10.1515/MAMM.2007.013
http://dx.doi.org/10.11646/zootaxa.4577.1.9
mailto:eleeuwerck%40yahoo.fr?subject=Re%3A%20Eidolon%20helvum%20Rwanda%20-%20ABCN%20article
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like Kiyovu. By reducing the surface of treed gardens in Kiyovu a 
loss in food availability for the straw-coloured fruit bat is generated. 

The colony of E. helvum in Kiyovu used to roost in two different 
sites: the “Presidential Area”, inside and bordering the grounds 
of the Presidential house, and “Camp Kigali” bordering Biryogo. 
These two roost sites have been drastically affected by tree felling 
during July and August 2017. Again later, the “Camp Kigali” site has 
suffered another major tree felling episode in October 2018 and no 
bats have been observed roosting in the site since then.

This study’s objectives were to map the roosts of E. helvum in 
Kiyovu, to monitor monthly and annual fluctuations at roost sites, 
establishing a general view of the bat’s diet, documenting the day 
roosts characteristics inside Kiyovu, and document the nature of the 
threats they are facing.

These observations were collected under the umbrella of Afribats 
and the Eidolon Monitoring Network, citizen science projects 
documenting bat distributions in Africa and surrounding islands. 
Therefore, this report aims to be a citizen science-based project.

MATERIAL AND METHODS

Study area and roost sites
This monitoring was conducted in the neighbourhood of Kiyovu 

in Kigali with a high human population density (1,552/km2 – CITY 
POPULATION, 2018) and activities. Kigali rises at an average altitude 
of 1,500 m with an annual average precipitation of 1,028 mm and 
annual average temperature of 20.5°C . The precipitation regime is 

characterised by two rainy seasons and two dry seasons, the most 
important dry season occurs from June to mid-September (RWANDA 
CLIMATEMPS, 2018).

Two sites were selected in Kigali (Figure 2): “Presidential 
area” (Lat: -1.950737, Lon: 30.067638) and “Camp Kigali” 
(Lat: -1.960965, Lon: 30.05994).

Monitoring of the roost sites and the bat colony
Two active roost sites used by E. helvum were mapped and 

monitored from May 2017 to June 2018 (regular observations 
without counting were made from September 2016 to October 
2018).

Each roost site was mapped with google location using an android 
phone and Google Earth Pro (Figure 1).

A bat count was carried out at the “Camp Kigali” site. At the 
“Presidential area”, counting was not possible due to the proximity 
to the Presidential’s domain.

The estimation of bat population was carried out on a monthly 
basis according to a method described by UTZURRUM et al. (2003), 
by counting the bats in each cluster and estimating the number of 
clusters in each tree. The average bat number in each cluster was 
multiplied by the number of clusters in each tree. The calculation 
was performed for each tree.

Informal interviews were conducted during monthly field 
visits: cleaners, employees, teachers and local inhabitants were 
questioned. The owner of a part of the field “Camp Kigali” and the 
Vice-Mayor of Kigali were also informally interviewed.

Tree species and loss of roost sites
Tree species at the roost site were identified with the help of the 

iNaturalist and Afribats communities. 
Loss of day roosts sites were observed and reported during the 

monthly visits at the roost sites.

Diet observations
Direct observations were undertaken at night under foraging 

and feeding roosts in Kiyovu, using strong flashlights. Several 
droppings, ejecta and excretions were observed, photographed and 
collected under foraging and feeding sites during both day and night 
visits. Characteristics of the samples as colour and type of seeds 
were observed and reported. Observations were submitted to the 

Figure 1: Roost sites of E. helvum in Kiyovu.

Figure 2: Population fluctuations of E. helvum at the roost site “Camp Kigali” from May 
2017 to July 2018
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iNaturalist and Afribats community.

RESULTS

Roost sites and bat counts
Important fluctuations of the population number of bats have 

been observed seasonally. The colony is at its maximum between 
April to June 2018 (7,800 bats been counted in June 2018) and 
lowest between December 2017 and February 2018, where no bats 
have been observed at the roost sites (Figure 2).

During visits to the site outside the counting period, the total 
absence of bats was also noted for the months of January and 
February 2017. 

Roost characteristics and tree loss
The E. helvum colony roosts mostly in exotic trees in Kiyovu. The 

species prefer Cupressus lusitanica (Mexican White Cedar) for day 
roost but has also been found roosting in other tree species (Table 
1): Araucaria sp., Elais guineensis (African oil palm), Markhamia 
lutea (Nile tulip), Jacaranda mimosifolia (Blue jacaranda), Casuarina 
equisetifolia, (Australian pine tree), Terminalia mantaly (Madagascar 
Almond or Umbrella tree), Persea americana (Avocado), Ficus 
benjamina (Benjamin fig), Grevillea robusta (Southern silky oak) and 
Syzygium guineense (Waterberry).

The “Camp Kigali” day roost site consisted of 165 trees, mostly 
C. lusitanica (Table 2). In July-August 2017, a number of trees 
were felled, reducing the number of trees to 116. Since then, 11 
additional trees (C. lusitanica) have died. The remaining trees were 
not in good condition and branches were regularly broken due to the 
presence of bats. In October 2018, tree felling was performed at the 
site reducing the number of surviving trees to 71 (Table 2).

Diet
Direct sample collection and observations at active foraging night 

roosts sites revealed that E. helvum consumes fruits from at least 11 
plant species belonging to six families (Table 3) : Mangifera indica 
(Mango), Carica papaya (Papaya), Persea americana (Avocado), 
Ficus sur (Cape fig), Ficus sycomorus (Sycamore fig), Ficus thonningii 
(Wild fig / Strangler fig), Morus alba (Mulberry), Musa acuminata 
(Sweet banana), Psidium guajava (Guava), Syzygium cordatum (Red 
berry), Syzigium guineense (Waterberry). 

During these observations, it seems that E. helvum is also 
attracted by the flowers of trees from the Bignoniaceae family: 
Spathodea campanulata (Nandi flame/African tulip tree) and Kigelia 
africana (Sausage tree).

DISCUSSION
The E. helvum colony in Kiyovu, Kigali has suffered severe tree 

felling since the beginning of this study. The nocturnal foraging 
and feeding sites are also affected by the urban changes that are 
occurring in Kiyovu. The Kiyovu E. helvum population has been 
affected negatively by these urban changes. This study, however, 
has collected valuable information on E. helvum habits in the 
neighbourhood of Kiyovu before the clearance of the roost sites.

The present study has revealed that E. helvum in Kigali consumes 
fruits from 11 plant species of six families, (Table 3) including 
indigenous trees like F. sur, F. sycomorus, F. thonningii (Moraceae), 
S. cordatum and S. guineense (Myrtaceae). It was also observed 
that E. helvum probably interacts with the flowers of two tree 
species from the same family, S. campanulata and K. africana 
(Bigogniaceae); observations showing the role of the species in the 
pollination of tree flowers have been reported before (FAHR et al. 
2015).

The roost sites were located on private and public lands with, 
in the case of “Camp Kigali” site, high urban activities. E. helvum 
seems to prefer C. lusitanica (Cupressaceae) for day roost. However, 
the major concerns of people having daily activities around the 
“Camp Kigali” roost site are the smell and fear of sickness that 
the bat could bring (KANAMUGIRE, 2016). Informal interviews with 
teachers and inhabitants surrounding the site confirms that the 
disturbances caused by the bats are the noise, the smell from the 
guano droppings; the pupils attending the primary school inside 
“Kigali Camp” are afraid of the bats. The Vice Major of Kigali 
declared during an informal interview in June 2017 that the bats 
are a “nuisance” to him. The last clearance of trees in October 2018 
was performed in a context of the Ebola crisis in the Democratic 
Republic of Congo and the links between fruit bats in general with 
Ebola (HAYMAN et al. 2012) and between Straw-coloured Fruit 
Bats and the transmission of zoonotic viruses (PEEL et al. 2013). 
According to informal interviews, many people are afraid that bats 
could bring Ebola to Rwanda. 

Family Plant species Exotic/Indigenous

Araucariaceae Araucaria sp. Exotic
Arecaceae Elaeis guineensis Exotic
Bignoniaceae Jacaranda mimosifolia Exotic

Markhamia lutea Indigenous
Casuarinaceae Casuarina equisetifolia Exotic
Combretaceae Terminalia mantaly Exotic
Cupressaceae Cupressus lusitanica Exotic
Lauraceae Persea americana Exotic
Moraceae Ficus benjamina Exotic

Syzygium guineense Indigenous

Proteaceae Grevillea robusta Exotic

Table 1: Tree species used by E. helvum as day roost.

Family Plant species Exotic/Indigenous

Anacardiaceae Mangifera indica Exotic
Caricaceae Carica papaya Exotic
Lauraceae Persea americana Exotic
Moraceae Ficus sur Indigenous

Ficus sycomorus Indigenous
Ficus thonningii Indigenous

Morus alba Exotic
Musaceae Musa acuminata Exotic
Myrtaceae Psidium guajava Exotic

Syzygium cordatum Indigenous
Syzygium guineense Indigenous

Table 3: Plant species whose fruits were fed on by E. helvum in Kigali.

Tree species Number of trees alive % loss 
since June 

2017
June 
2017

After

Sep 2017 Oct 2018

Araucaria sp. 7 6 6 14.29
C. equisetifolia 4 4 4 0.00
C. lusitanica 119 72 27 77.31
F. cycomorus 1 0 0 100.00
M. lutea 7 7 7 0.00
Pinus sp. 9 9 9 0.00
S. campanulata 1 1 1 0.00
T. mantaly 17 17 17 0.00

Total of trees 165 116 71 56.97

Table 2: Losses of trees due to cuts in “Camp Kigali” roost site.
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Scientific contributions Monitoring, roost occupancy, and diet of Eidolon 
helvum in KiyovuLeeuwerck (2019)

Since the beginning of this study, a total of 57% tree loss has been 
reported at the “Camp Kigali” roost site, targeting C. lusitanica, the 
tree species preferred by E. helvum for roosting. The total loss of C. 
lusitanica in “Camp Kigali” being 77%. 

The informal interviews also reveal that this colony has been 
well known by the neighbourhood’s inhabitants since at least the 
end of the 1970s and indicate that the current colony is very small 
compared to its size back in the nineties. 

There is seasonal variation in the size of the E. helvum population 
in Kiyovu. The bats are in higher abundance during the months of 
May and June (7,800 in June 2018 and 4,600 in May 2017) and no 
bats were observed in the months of January, February, December 
2017 and February 2018. After December, the decrease in number 
of bats seems to correspond with a decline in food availability from 
the fruit trees in Kigali, fruit production tends to decrease around 
December until the end of February in the city. This decrease 
in population may also be a result of migration to other areas, 
where food is available.  In June 2018, the number of bats rose 
to 7,800 which represents an estimation of 3,200 additional bats 
compared with the highest seasonal observation made in May 2017. 
The monitoring period of this study was too short to draw a clear 
conclusion about the origin of the bat influx.

Eidolon helvum is extremely loyal to its roost choice and even 
chooses the same trees each year (HUGGEL-WOLF and HUGGEL-
WOLF, 1965). It is therefore evident that habitat destruction with the 
loss of roost trees is breaking up the bat colonies, forcing the bats 
to find alternative roost sites. POIANI et al., (2000) reported that E. 
helvum needs a functional network of roosting and foraging sites for 
its survival. The loss of roost trees is the major threat to E. helvum, 
making the future of this bat colony uncertain in Kigali. 

In view of the important ecological role that the Straw-coloured 
Fruit Bats are playing in the region, measures must be taken to 
protect the Eidolon helvum colony in Kigali.
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afrIcan chIroptera report 2018
The 13th annual release of the African Chiroptera Report was published on 10 August 2018, including all associated 

Geographic Information Systems (GIS) of data obtained to date on from museum records and literature.  The whole 
or sections (appendices) of the report together with the associated GIS datasets can be downloaded separately from 
https://africanbats.org/publication/african-chiroptera-report-2018/.

Recommended citation:
acr, 2018.  African Chiroptera Report 2018.  AfricanBats NPC, Pretoria. i - xvi, 1 - 8028 pp.  doi: 
10.13140/RG.2.2.18794.82881.

bats: an Illustrated guIde to all specIes
By Marianne Taylor and photographed by Merlin Tuttle.
Bats: An Illustrated Guide to All Species explores bats and their fundamental role in our ecosystems through lavish 

full-color photographs and lively narrative. From the Giant Golden Crowned Flying Fox, a megabat with a wingspan of 
more than five feet, to the aptly named Bumblebee Bat, the world’s smallest mammal, the number and diversity of 
bat species have proven to be both rich and underestimated. Nocturnal, fast-flying, and secretive, bats are difficult 
to observe and catalog. This richly illustrated handbook presents bats’ evolution, biology, behavior, and ecology. It 
offers in-depth profiles of four hundred megabats and microbats and detailed summaries of all the species identified 
to date. Complete with an introduction exploring bats’ natural history and their unique adaptations to life on the wing, 

Bats includes close-up images of these animals’ delicate and intricate forms and faces, each shaped by evolution to meet the demands of 
an extraordinarily specialized life.

Available from https://www.penguinrandomhouse.com/books/599575/bats-by-marianne-taylor/9781588346476/.

papers
adams, r. a. and kwIecInskI, g. 2018.  Sonar surveys for bat species richness and activity in the southern Kalahari 

Desert, Kgalagadi Transfrontier Park, South Africa.  Diversity, 10 (3): 103.  doi: 10.3390/d10030103.
Kgalagadi Transfrontier Park is located in northwestern South Africa and extends northeastward into Botswana.  The park lies largely within 
the southern Kalahari Desert ecosystem where the Auob and Nassob rivers reach their confluence.  Although these rivers run only about 
once every 100 years, or shortly after large thunderstorms, underground flows and seeps provide consistent surface water for the parks 
sparse vegetation and diverse wildlife.  No formal studies on bats have previously occurred at Kgalagadi.  We used SM2 + BAT ultrasonic 
detectors to survey 10 sites along the Auob and Nassob rivers from 5 - 16 April 2016.  The units recorded 3960 call sequences that were 
analyzed using Kaleidoscope software for South African bats as well as visual determinations based on call structure attributes (low 
frequency, characteristic frequency, call duration, and bandwidth).  We identified 12 species from four families: Rhinolophidae: Rhinolophus 
fumigatus.  Molossidae: Chaerephon pumilus, and Sauromys petrophilus, Tadarida aegyptiaca; Miniopteridae: Miniopteris schreibersi 
(natalensis), Vespertilionidae: Laephotis botswanae, Myotis tricolor, Neoromicia capensis, N. nana, Pipistrellus hesperidus, Scotophilus 
dinganii, and S. viridus.  The most abundant species during the survey period was N. capensis.  We also used paired-site design to test for 
greater bat activity at water sources compared to dry sites, with dry sites being significantly more active.  We conclude that species richness 
is much higher than previously known from this region and that more species may be present during the warmer months of the year.  In 
addition, activity of bats during the dry season in Kgalagadi would likely be more concentrated around drinking opportunities, thus allowing 
for better detection of species richness in the area.

amIchaI, e., tal, s., boonman, a. and yovel, y. 2019.  Ultrasound imaging reveals accelerated in-utero development 
of a sensory apparatus in echolocating bats.  Scientific Reports, 9: 5275.  doi: 10.1038/s41598-019-41715-y.

Organ development, both in-utero and after birth, follows a different path for every organ depending upon how early the newborn will use it.  
Perception of the environment using echolocation occurs very early in the life of neonatal bats.  In nostril-emitting echolocating bats of the 
families Hipposideridae and Rhinolophidae, the shape and area of the nasal-horseshoe is crucial for echolocation emission.  We therefore 
hypothesized that most of this organ’s ontogeny will be completed in-utero while skull and wings will develop slower and continue their 
growth after birth.  We used intrauterine ultrasonography of pregnant females, and measured newborn Asellia tridens (Hipposideridae) 
to test our hypothesis at different stages of ontogeny.  We found that horseshoe development is completed in-utero and neonates begin 
emitting precursor echolocation calls already two days after birth.  In contrast, skull and forearm only develop to 70 % and 40 % of adult 
size (respectively), and continue development after birth.

anthony, b. p., tatayah, v. and de chaZal, d. 2018.  Taking the first steps: Initial mapping of the human-wildlife interaction 
of the Mauritius Fruit Bat Pteropus niger (Mammalia: Chiroptera: Pteropodidae) in Mauritius by conservation 
organizations.  Journal of Threatened Taxa, 10 (8): 12073 - 12081.  doi: 10.11609/jott.4063.10.8.12073-12081.

Interactions between people and wildlife have both positive and negative aspects.  Negative interactions, commonly termed human-wildlife 
conflict (HWC), have increased in recent decades due to a number of factors including difficulties in identifying and communicating the 
complexities of stakeholder values and positions over wildlife and its management.  Here, we present the perceptions of two conservation 
organizations on the landscape of HWC involving the threatened Mauritius Fruit Bat Pteropus niger, Kerr 1792 in Mauritius, including 
damage to fruit crops and controversial government culls in 2015 and 2016.  Participants identified 18 stakeholders in the conflict varying 

https://africanbats.org/publication/african-chiroptera-report-2018/
http://dx.doi.org/10.13140/RG.2.2.18794.82881
https://www.penguinrandomhouse.com/books/599575/bats-by-marianne-taylor/9781588346476/
http://dx.doi.org/10.3390/d10030103
http://dx.doi.org/10.1038/s41598-019-41715-y
http://dx.doi.org/10.11609/jott.4063.10.8.12073-12081
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in importance and influence, examined where and how hostility is manifested, and delineated both perceived and real costs of the conflict.  
Additionally, 13 environmental and 17 social risk factors associated with the conflict were categorized, along with potential policy and 
management options for mitigation.  We argue that initial in-house workshops are advantageous in understanding conservation conflicts 
before extending dialogue with other stakeholders.

araI, s., kIkuchI, f., bawm, s., son, n. t., lIn, k. s., tÚ, v. t., aokI, k., tsuchIya, k., tanaka-taya, k., morIkawa, 
s., oIshI, k. and yanagIhara, r. 2019.  Molecular phylogeny of mobatviruses (Hantaviridae) in Myanmar and 
Vietnam.  Viruses, 11 (3): 228.  doi: 10.3390/v11030228.

The discovery of highly divergent lineages of hantaviruses (family Hantaviridae) in shrews, moles, and bats of multiple species raises 
the possibility that non-rodent hosts may have played a significant role in their evolutionary history.  To further investigate this prospect, 
total RNA was extracted from RNAlater®-preserved lung tissues of 277 bats (representing five families, 14 genera and 40 species), 
captured in Myanmar and Vietnam during 2013 - 2016.  Hantavirus RNA was detected in two of 15 black-bearded tomb bats (Taphozous 
melanopogon) and two of 26 Pomona roundleaf bats (Hipposideros pomona) in Myanmar, and in three of six ashy leaf-nosed bats 
(Hipposideros cineraceus) in Vietnam.  Pair-wise alignment and comparison of coding regions of the S, M, and L segments of hantaviruses 
from Taphozous and Hipposideros bats revealed high nucleotide and amino acid sequence similarities to prototype Láibin virus (LAIV) and 
Xuân Sìn virus (XSV), respectively.  Phylogenetic analyses, generated by maximum-likelihood and Bayesian methods, showed a geographic 
clustering of LAIV strains from China and Myanmar, but not of XSV strains from China and Vietnam.  These findings confirm that the black-
bearded tomb bat is the natural reservoir of LAIV, and that more than one species of Hipposideros bats can host XSV.

ar gouIlh, m., puechmaIlle, s. J., dIancourt, l., vandenbogaert, m., serra-cobo, J., roÏg, m. l., brown, p., 
moutou, f., caro, v., vabret, a., manuguerra, J. c. and on behalf of the epIcorem consortIum, 2018.  
SARS-CoV related Betacoronavirus and diverse Alphacoronavirus members found in western old-world.  Virology, 
517: 88 - 97.  doi: 10.1016/j.virol.2018.01.014.

The emergence of SARS-CoV and MERS-CoV, triggered the discovery of a high diversity of coronaviruses in bats.  Studies from Europe have 
shown that coronaviruses circulate in bats in France but this reflects only a fraction of the whole diversity.  In the current study the diversity 
of coronaviruses circulating in western Europe was extensively explored.  Ten alphacoronaviruses in eleven bat species belonging to the 
Miniopteridae, Vespertilionidae and Rhinolophidae families and, a SARS-CoV-related Betacoronavirus in Rhinolophus ferrumequinum were 
identified.  The diversity and prevalence of bat coronaviruses presently reported from western Europe is much higher than previously 
described and includes a SARS-CoV sister group.  This diversity demonstrates the dynamic evolution and circulation of coronaviruses 
in this species.  That said, the identified coronaviruses were consistently associated with a particular bat species or genus, and these 
relationships were maintained no matter the geographic location.  The observed phylogenetic grouping of coronaviruses from the same 
species in Europe and Asia, emphasizes the role of host/pathogen coevolution in this group.

arnold, c. e., guIto, J. c., altamura, l. a., lovett, s. p., nagle, e. r., palacIos, g. f., sancheZ-lockhart, m. and 
towner, J. s. 2018.  Transcriptomics reveal antiviral gene induction in the Egyptian rousette bat is antagonized 
in vitro by Marburg virus infection.  Viruses, 10 (11): 607.  doi: 10.3390/v10110607.

The Egyptian rousette bat (ERB) is the only known Marburg virus (MARV) reservoir host.  ERBs develop a productive MARV infection with low 
viremia and shedding but no overt disease, suggesting this virus is efficiently controlled by ERB antiviral responses.  This dynamic would 
contrast with humans, where MARV-mediated interferon (IFN) antagonism early in infection is thought to contribute to the severe, often fatal 
disease.  The newly-annotated ERB genome and transcriptome have now enabled us to use a custom-designed NanoString nCounter ERB 
CodeSet in conjunction with RNA-seq to investigate responses in a MARV-infected ERB cell line.  Both transcriptomic platforms correlated 
well and showed that MARV inhibited the antiviral program in ERB cells, while an IFN antagonism-impaired MARV was less efficient at 
suppressing the response gene induction, phenotypes previously reported for primate cells. Interestingly, and despite the expansion of IFN 
loci in the ERB genome, neither MARV showed specific induction of almost any IFN gene.  However, we detected an upregulation of putative, 
unannotated ERB antiviral paralogs, as well as an elevated basal expression in uninfected ERB cells of key antiviral genes.

arrIZabalaga-escudero, a., clare, e. l., salsamendI, e., alberdI, a., garIn, I., aIhartZa, J. and goItI, u. 2018.  
Assessing niche partitioning of co-occurring sibling bat species by DNA metabarcoding.  Molecular Ecology, 27 
(5): 1273 - 1283.  doi: 10.1111/mec.14508.

Niche partitioning through foraging is a mechanism likely involved in facilitating the coexistence of ecologically similar and co-occurring 
animal species by separating their use of resources.  Yet, this mechanism is not well understood in flying insectivorous animals.  This is 
particularly true of bats, where many ecologically similar or cryptic species coexist.  The detailed analysis of the foraging niche in sympatric, 
cryptic sibling species provides an excellent framework to disentangle the role of specific niche factors likely involved in facilitating 
coexistence.  We used DNA metabarcoding to determine the prey species consumed by a population of sympatric sibling Rhinolophus 
euryale and Rhinolophus mehelyi whose use of habitat in both sympatric and allopatric ranges has been well established through radio 
tracking.  Although some subtle dietary differences exist in prey species composition, the diet of both bats greatly overlapped (Ojk = 
0.83) due to the consumption of the same common and widespread moths.  Those dietary differences we did detect might be related to 
divergences in prey availabilities among foraging habitats, which prior radio tracking on the same population showed are differentially used 
and selected when both species co-occur.  This minor dietary segregation in sympatry may be the result of foraging on the same prey-types 
and could contribute to reduce potential competitive interactions (e.g.; for prey, acoustic space).  Our results highlight the need to evaluate 
the spatial niche dimension in mediating the co-occurrence of similar insectivorous bat species, a niche factor likely involved in processes 
of bat species coexistence.

artyushIn, I. v., kruskop, s. v., lebedev, v. s. and bannIkova, a. a. 2018.  Molecular phylogeny of serotines 
(Mammalia, Chiroptera, Eptesicus): Evolutionary and taxonomical aspects of the E. serotinus species group.  
Biology Bulletin, 45 (5): 469 - 477.  doi: 10.1134/S1062359018050035.

This article provides a phylogenetic analysis of five nuclear and mitochondrial cytochrome b genes of palaearctic serotines.  Nuclear data 
yield five monophyletic clades: Botta’s serotine and the South African long-tailed house bat E. hottentottus; the common serotine bat 
(including all studied E. serotinus subspecies and andersoni form of undefined status) and the meridional serotine E. isabellinus; the Gobi 
serotine, including Bobrinski’s serotine; the northern bat; and New World serotines.  We found latest taxonomic decisions regarding mirza 

http://dx.doi.org/10.3390/v11030228
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and pachyomus questionable and needing further revision.  The significant inconsistency between mitochondrial and nuclear phylogenies 
obtained for genes of different inheritance systems suggests repetitive introgression events in the evolution of the genus.

atagana, p. J., bakwo fIls, e. m., mbeng, d. w., tsague kenfack, J. a. and kekeunou, s. 2018.  The bat fauna of 
the Mpem and Djim National Park, Cameroon (Mammalia Chiroptera).  Biodiversity Journal, 9 (3): 241 - 254.  doi: 
10.31396/Biodiv.Jour.2018.9.3.241.254.

The present study reports on a bat inventory in the Mpem and Djim National Park (Mammalia Chiroptera), in the Centre region of Cameroon.  
Fourteen sites were surveyed from July 2016 to January 2017.  A total of 166 bats were captured.  This included 14 species, 11 genera, and 
five families.  All species are globally ranked as “Least Concern” except Glauconycteris egeria, a Data Deficient species by the International 
Union for Conservation of Nature Red List of threatened species.  Micropteropus pusillus and Lissonycteris angolensis were recorded from 
previous surveys in all the ten regions of the country encompassing five agroecological zones.  Out of the fourteen species, ten species are 
known to occur both in the forest and the savanna, while four are reported only from the forest.  This study provides baseline data about 
Chiropteran fauna of this protected area.

babayan, s. a., orton, r. J. and streIcker, d. g. 2018.  Predicting reservoir hosts and arthropod vectors from 
evolutionary signatures in RNA virus genomes.  Science, 362 (6414): 577 - 580.  doi: 10.1126/science.aap9072.

Identifying the animal origins of RNA viruses requires years of field and laboratory studies that stall responses to emerging infectious 
diseases.  Using large genomic and ecological datasets, we demonstrate that animal reservoirs and the existence and identity of arthropod 
vectors can be predicted directly from viral genome sequences via machine learning.  We illustrate the ability of these models to predict the 
epidemiology of diverse viruses across most human-infective families of single-stranded RNA viruses, including 69 viruses with previously 
elusive or never-investigated reservoirs or vectors.  Models such as these, which capitalize on the proliferation of low-cost genomic 
sequencing, can narrow the time lag between virus discovery and targeted research, surveillance, and management.

baI, y., osInubI, m. o. v., osIkowIcZ, l., mckee, c., vora, n. m., rIZZo, m. r., recuenco, s., davIs, l., nIeZgoda, 
m., ehImIyeIn, a. m., kIa, g. s. n., oyemakInde, a., adenIyI, o. s., gbadegesIn, y. h., salIman, o. a., ogunnIyI, 
a., ogunkoya, a. b., kosoy, m. y. and Idanre bat festIval InvestIgatIon team 2018.  Human exposure to 
novel Bartonella species from contact with fruit bats.  Emerging Infectious Diseases, 24 (12): 2317 - 2323.  doi: 
10.3201/eid2412.181204.

Twice a year in southwestern Nigeria, during a traditional bat festival, community participants enter designated caves to capture bats, which 
are then consumed for food or traded.  We investigated the presence of Bartonella species in Egyptian fruit bats (Rousettus aegyptiacus) 
and bat flies (Eucampsipoda africana) from these caves and assessed whether Bartonella infections had occurred in persons from the 
surrounding communities.  Our results indicate that these bats and flies harbor Bartonella strains, which multilocus sequence typing 
indicated probably represent a novel Bartonella species, proposed as Bartonella rousetti.  In serum from 8 of 204 persons, we detected 
antibodies to B. rousetti without cross-reactivity to other Bartonella species.  This work suggests that bat-associated Bartonella strains 
might be capable of infecting humans.

bakwo fIls, e. m., mongombe, a. m., tsala, d. e. and tamesse, J. l. 2018.  Acoustic identification of five insectivorous 
bats by their echolocation calls in the Sahelian zone of Far North Cameroon.  Journal of Basic and Applied Zoology 
[The], 79: 28.  doi: 10.1186/s41936-018-0041-7.

Background: Despite their abundance and ecological importance, bats are under significant threat worldwide.  There is little information 
about their distribution, roosting, and habitat requirement for most species, making assessing which species is threatened or in need of 
special conservation measures difficult.  The knowledge gap may partly be due to limitations of the old methods of studying bats which 
mainly involved capture/or observational techniques.
Material and methods: In order to evaluate the potential of identifying insectivorous bats by their echolocation calls in the Sahelian zone 
of northern Cameroon, 65 bats belonging to five species were captured using standard mist netting: Mops condylurus, Chaerephon major, 
Mops niveiventer, Scotophilus dinganii, and Scotophilus leucogaster.  The bats were identified by using morphometric measurements.  An 
Anabat SD1 detector was later used to record echolocation calls of each individual bat in flight after it was hand-released.  The sonogram 
of each individual bat was analyzed using Analook and categorized into two call types (frequency modulation and frequency modulation/
quasi constant frequency) in order to develop a library of bat reference calls that could be used for a qualitative acoustic survey and species 
identification.  Discriminant function analysis (DFA) was applied to search phase calls of the 65 individual bats in order to evaluate the 
potential for classifying calls into five species groups.  Seven parameters calculated from each search phase call were used to classify calls.
Results: Bats where place into two groups according to the structure of calls: FM bats (Mops condylurus, Chaerephon major, Mops 
niveiventer) and FM/QCF bats (Scotophilus dinganii and Scotophilus leucogaster).  The DFA resulted in a correct overall classification of 
69.7 %.
Conclusion: This preliminary study showed that DFA of call parameters is a feasible method that can be used to identify insectivorous bats 
in the region by their echolocation calls.

balkema-buschmann, a., rIssmann, m., kley, n., ulrIch, r., eIden, m. and groschup, m. h. 2018.  Productive 
propagation of Rift Valley fever phlebovirus Vaccine Strain MP-12 in Rousettus aegyptiacus fruit bats.  Viruses, 10 
(12): 681.  doi: 10.3390/v10120681.

Rift Valley fever phlebovirus (RVFV), the causative agent of an emerging zoonotic disease in Africa and Arabia, can infect a variety of 
species, predominantly ruminants, camelids, and humans.  While clinical symptoms are mostly absent in adult ruminants and camelids, 
RVFV infection may lead to a serious, sometimes fatal disease in humans.  Virus transmissions between individuals and between species 
mainly occur through mosquito bites, but direct or even indirect contact with infectious materials may also result in infection.  Although 
the main reservoir of the virus is not yet identified, small mammals such as rodents and bats may act as amplifying hosts.  We therefore 
inoculated  Rousettus aegyptiacus fruit bats that are abundant in northern Africa with the vaccine strain MP-12, in order to elucidate the 
general competence of this species for virus propagation and transmission.  We were able to detect the RVFV genome in the spleen of 
each of these animals, and re-isolated the virus from the spleen and liver of some animals.  Moreover, we were able to identify the Gc 
RVFV surface antigen in mild subacute multifocal necrotizing hepatic lesions of one bat which was sacrificed 7 days post exposure.  These 
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findings demonstrate that Rousettus aegyptiacus fruit bats can propagate RVFV.

banerJee, a., kulcsar, k., mIsra, v., frIeman, m. and mossman, k. 2019.  Bats and Coronaviruses.  Viruses, 11 
(1): 41.  doi: 10.3390/v11010041.

Bats are speculated to be reservoirs of several emerging viruses including coronaviruses (CoVs) that cause serious disease in humans and 
agricultural animals.  These include CoVs that cause severe acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS), 
porcine epidemic diarrhea (PED) and severe acute diarrhea syndrome (SADS).  Bats that are naturally infected or experimentally infected 
do not demonstrate clinical signs of disease.  These observations have allowed researchers to speculate that bats are the likely reservoirs 
or ancestral hosts for several CoVs.  In this review, we follow the CoV outbreaks that are speculated to have originated in bats.  We review 
studies that have allowed researchers to identify unique adaptation in bats that may allow them to harbor CoVs without severe disease.  
We speculate about future studies that are critical to identify how bats can harbor multiple strains of CoVs and factors that enable these 
viruses to “jump” from bats to other mammals.  We hope that this review will enable readers to identify gaps in knowledge that currently 
exist and initiate a dialogue amongst bat researchers to share resources to overcome present limitations.

baudel, h., de nys, h., mpoudI ngole, e., peeters, m. and desclaux, a. 2019.  Understanding Ebola virus and other 
zoonotic transmission risks through human-bat contacts: Exploratory study on knowledge, attitudes and practices 
in Southern Cameroon.  Zoonoses and Public Health, 66 (3): 288 - 295.  doi: 10.1111/zph.12563.

The ecology of Ebola virus (EBV) remains largely unknown, but the previous detection of viral RNA and anti-EBV antibodies in African 
bats suggests that they might play a role in the EBV reservoir.  Moreover, African bats also carry other potentially zoonotic agents such as 
Henipah-like viruses, coronaviruses and lyssaviruses.  Today only little information is available on interactions between humans and bats.  
The objective of our exploratory study was to describe the extent and modes of contacts between humans and bats in southern Cameroon, 
considered as an area at risk for future EBV outbreaks.  The survey was conducted in 11 villages of four distinct rural areas in southern 
Cameroon.  A total of 135 respondents were interviewed using semi-structured questionnaires, between February and May 2017.  The 
study showed that direct contacts between bats and humans are relatively common.  Bat bushmeat appeared to be an occasional meat 
resource; 40% of respondents consume bats with a median annual consumption of three, and 28% of respondents hunt them.  About 22% 
of the respondents reported children catching bats.  Indirect contact also appeared to be common; 55% of hunters use caves as shelters 
and 67% of interviewees eat fruits previously chewed by bats.  Bat consumption varied significantly between regions (from 0% to 87%) 
and between pygmies and bantus in the extreme southeast of Cameroon.  The study revealed considerable diversity in practices among 
interviewees, most of them being subsistence cultivators and relying on self-hunted bushmeat.  Geographical diversity of contacts and 
perceptions regarding bats in Cameroon emphasizes the need to adjust zoonotic pathogen surveillance and education campaigns to the 
specificities of the communities and their context of interaction with wildlife.

beale, c. m., mustaphI, c. J. c., morrIson, t. a., archIbald, s., anderson, t. m., dobson, a. p., donaldson, J. 
e., hempson, g. p., probert, J. and parr, c. l. 2018.  Pyrodiversity interacts with rainfall to increase bird and 
mammal richness in African savannas.  Ecology Letters, 21 (4): 557 - 567.  doi: 10.1111/ele.12921.

Fire is a fundamental process in savannas and is widely used for management.  Pyrodiversity, variation in local fire characteristics, has 
been proposed as a driver of biodiversity although empirical evidence is equivocal.  Using a new measure of pyrodiversity (Hempson et al.), 
we undertook the first continent-wide assessment of how pyrodiversity affects biodiversity in protected areas across African savannas.  The 
influence of pyrodiversity on bird and mammal species richness varied with rainfall: strongest support for a positive effect occurred in wet 
savannas (> 650 mm/year), where species richness increased by 27 % for mammals and 40 % for birds in the most pyrodiverse regions.  
Range-restricted birds were most increased by pyrodiversity, suggesting the diversity of fire regimes increases the availability of rare niches.  
Our findings are significant because they explain the conflicting results found in previous studies of savannas.  We argue that managing 
savanna landscapes to increase pyrodiversity is especially important in wet savannas.

behner, l., ZImmermann, l., rIngel, m., weIs, m. and maIsner, a. 2018.  Formation of high-order oligomers is 
required for functional bioactivity of an African bat henipavirus surface glycoprotein.  Veterinary Microbiology, 
218: 90 - 97.  doi: 10.1016/j.vetmic.2018.03.031.

Hendra virus (HeV) and Nipah virus (NiV) are highly pathogenic henipaviruses originating from fruit bats in Australia and Asia that can 
cause severe infections in livestock and humans.  In recent years, also African bat henipaviruses were identified at the nucleic acid level.  
To assess their potential to replicate in non-bat species, several studies were performed to characterize the two surface glycoproteins 
required for virus entry and spread by cell-cell fusion.  It has been shown that surface expression and fusion-helper function of the receptor-
binding G protein of Kumasi virus (KV), the prototypic Ghanaian bat henipavirus, is reduced compared to other non-African henipavirus G 
proteins.  Immunostainings and pulse-chase analysis revealed a delayed export of KV G from the ER.  As defects in oligomerization of viral 
glycoproteins can be responsible for limited surface transport thereby restricting the bioactivity, we analyzed the oligomerization pattern 
of KV G.  In contrast to HeV and NiV whose G proteins are known to be expressed at a dimer-tetramer ratio of 1:1, KV G almost exclusively 
formed stable tetramers or higher oligomers.  KV G also showed less stringent requirements for defined stalk cysteines to form dimers and 
tetramers.  Interestingly, any changes in the oligomeric forms negatively affected the fusion-helper activity although surface expression 
and receptor binding was unchanged.  This clearly indicates that the formation of mostly higher oligomeric KV G forms is not a deficiency 
responsible for ER retention, but is rather a basic structural feature essential for the bioactivity of this African bat henipavirus glycoprotein.

beJa, p., vaZ pInto, p., verÍssImo, l., bersacola, e., fabIano, e., palmeIrIm, J. m., monadJem, a., monterroso, 
p., svensson, m. s. and taylor, p. J. 2019.  Chapter 15.  The mammals of Angola.  In HUNTLEY, B.J., RUSSO, 
V., LAGES, F. and FERRAND, N. [EDS]: Biodiversity of Angola - Science & Conservation: a modern synthesis.  
Transboundary and Emerging Diseases, Springer Open - Cham, Switzerland: i - x; 1 - 549.  doi: 10.1007/978-3-030-
03083-4_15.

Scientific investigations on the mammals of Angola started over 150 years ago, but information remains scarce and scattered, with 
only one recent published account.  Here we provide a synthesis of the mammals of Angola based on a thorough survey of primary and 
grey literature, as well as recent unpublished records.  We present a short history of mammal research, and provide brief information 
on each species known to occur in the country.  Particular attention is given to endemic and near endemic species.  We also provide a 
zoogeographic outline and information on the conservation of Angolan mammals.  We found confirmed records for 291 native species, 
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most of which from the orders Rodentia (85), Chiroptera (73), Carnivora (39), and Cetartiodactyla (33).  There is a large number of endemic 
and near endemic species, most of which are rodents or bats.  The large diversity of species is favoured by the wide range of habitats with 
contrasting environmental conditions, while endemism tends to be associated with unique physiographic settings such as the Angolan 
Escarpment.  The mammal fauna of Angola includes 2 Critically Endangered, 2 Endangered, 11 Vulnerable, and 14 Near-Threatened 
species at the global scale.  There are also 12 data deficient species, most of which are endemics or near endemics to the country.

bennett, a. J., bushmaker, t., cameron, k., ondZIe, a., nIama, f. r., parra, h.-J., momboulI, J.-v., olson, s. h., 
munster, v. J. and goldberg, t. l. 2018.  Diverse RNA viruses of arthropod origin in the blood of fruit bats suggest 
a link between bat and arthropod viromes.  Virology, 528: 64 - 72 (for 2019).  doi: 10.1016/j.virol.2018.12.009.

Bats host diverse viruses due to their unique ecology, behavior, and immunology.  However, the role of other organisms with which bats 
interact in nature is understudied as a contributor to bat viral diversity.  We discovered five viruses in the blood of fruit bats (Hypsignathus 
monstrosus) from the Republic of Congo.  Of these five viruses, four have phylogenetic and genomic features suggesting an arthropod origin 
(a dicistrovirus, a nodavirus, and two tombus-like viruses), while the fifth (a hepadnavirus) is clearly of mammalian origin.  We also report 
the parallel discovery of related tombus-like viruses in fig wasps and primitive crane flies from bat habitats, as well as high infection rates 
of bats with haemosporidian parasites (Hepatocystis sp.).  These findings suggest transmission between arthropods and bats, perhaps 
through ingestion or hyperparasitism (viral infection of bat parasites). Some “bat-associated” viruses may be epidemiologically linked to 
bats through their ecological associations with invertebrates.

boundenga, l., ngoubangoye, b., mombo, I. m., tsoubmou, t. a., renaud, f., rougeron, v. and prugnolle, 
f. 2018.  Extensive diversity of malaria parasites circulating in Central African bats and monkeys.  Ecology and 
Evolution, 8: 10578 - 10586.  doi: 10.1002/ece3.4539.

The order Haemosporidia gathers many protozoan parasites which are known to infect many host species and groups.  Until recently, the 
studies on haemosporidian parasites primarily focused on the genus Plasmodium among a wide range of hosts.  Genera, like the genus 
Hepatocystis, have received far less attention.  In the present study, we present results of a survey of the diversity of Hepatocystis infecting 
bats and monkeys living in a same area in Gabon (Central Africa).  Phylogenetic analyses revealed a large diversity of Hepatocystis lineages 
circulating among bats and monkeys, among which certain were previously observed in other African areas.  Both groups of hosts harbor 
parasites belonging to distinct genetic clades and no transfers of parasites were observed between bats and monkeys.  Finally, within each 
host group, no host specificity or geographical clustering was observed for the bat or the primate Hepatocystis lineages.

bourgarel, m., pfukenyI, d. m., bouÉ, v., talIgnanI, l., chIweshe, n., dIop, f., caron, a., matope, g., mIssÉ, d. 
and lIÉgeoIs, f. 2018.  Circulation of Alphacoronavirus, Betacoronavirus and Paramyxovirus in Hipposideros bat 
species in Zimbabwe.  Infection, Genetics and Evolution, 58: 253 - 257.  doi: 10.1016/j.meegid.2018.01.007.

Bats carry a great diversity of zoonotic viruses with a high-impact on human health and livestock.  Since the emergence of new coronaviruses 
and paramyxoviruses in humans (e.g. Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) and Nipah virus), numerous studies 
clearly established that bats can maintain some of these viruses.  Improving our understanding on the role of bats in the epidemiology of 
the pathogens they harbour is necessary to prevent cross-species spill over along the wild/domestic/human gradient.  In this study, we 
screened bat faecal samples for the presence of Coronavirus and Paramyxovirus in two caves frequently visited by local people to collect 
manure and/or to hunt bats in Zimbabwe.  We amplified partial RNA-dependent RNA polymerase genes of Alpha and Betacoronavirus 
together with the partial polymerase gene of Paramyxovirus.  Identified coronaviruses were related to pathogenic human strains and 
the paramyxovirus belonged to the recently described Jeilongvirus genus.  Our results highlighted the importance of monitoring virus 
circulation in wildlife, especially bats, in the context of intense human-wildlife interfaces in order to strengthen prevention measures among 
local populations and to implement sentinel surveillance in sites with high zoonotic diseases transmission potential.

braInard, J. 2019.  West African bats hosts Ebola.  Science, 363 (6426): 434 - 436. doi: 10.1126/science.363.6426.434.
A bat captured near an abandoned mineshaft in Liberia carried evidence of Ebola Zaire, the virus that struck West Africa between 2013 and 
2016, officials announced last week, suggesting the species is part of a system of natural reservoirs for the deadly microbe.  Researchers 
didn’t isolate the virus itself but found about one-fifth of its genome in the greater long-fingered bat (Miniopterus inflatus); it’s too early to 
tell whether it’s exactly the same strain as the one that ravaged the region, killing more than 10,000 people in Liberia, Guinea, and Sierra 
Leone.  West Africa had never seen an Ebola outbreak before, and this is the first evidence of any bat in the region carrying this species of 
Ebola virus.  The greater long-fingered bat (above), an insect eater, lives in many parts of Africa.  But elsewhere on the continent, fruit bats 
appear to be the carriers of Ebola Zaire.  The new findings have yet to be published, but were announced on 24 January by the director 
of the National Public Health Institute of Liberia in Monrovia.  This discovery and the finding of another Ebola species named Bombali in 
another bat species last year suggest West Africa may see more outbreaks, researchers say.

caron, a., bourgarel, m., cappelle, J., lIÉgeoIs, f., de nys, h. m. and roger, f. 2018.  Ebola virus maintenance: 
if not (only) bats, what else?.  Viruses, 10 (10): 549.  doi: 10.3390/v10100549.

The maintenance mechanisms of ebolaviruses in African forest ecosystems are still unknown, but indirect evidences point at the 
involvement of some bat species.  Despite intense research, the main bat-maintenance hypothesis has not been confirmed yet.  The 
alternative hypotheses of a non-bat maintenance host or a maintenance community including, or not, several bat and other species, 
deserves more investigation.  However, African forest ecosystems host a large biodiversity and abound in potential maintenance hosts.  
How does one puzzle out?  Since recent studies have revealed that several bat species have been exposed to ebolaviruses, the common 
denominator to these hypotheses is that within the epidemiological cycle, some bats species must be exposed to the viruses and infected 
by these potential alternative hosts.  Under this constraint, and given the peculiar ecology of bats (roosting behaviour, habitat utilisation, 
and flight mode), we review the hosts and transmission pathways that can lead to bat exposure and infection to ebolaviruses.  In contrast 
to the capacity of bats to transmit ebolaviruses and other pathogens to many hosts, our results indicate that only a limited number of hosts 
and pathways can lead to the transmission of ebolaviruses to bats, and that the alternative maintenance host, if it exists, must be amongst 
them.  A list of these pathways is provided, along with protocols to prioritise and investigate these alternative hypotheses.  In conclusion, 
taking into account the ecology of bats and their known involvement in ebolaviruses ecology drastically reduces the list of potential 
alternative maintenance hosts for ebolaviruses.  Understanding the natural history of ebolaviruses is a health priority, and investigating 
these alternative hypotheses could complete the current effort focused on the role of bats.
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changula, k., kaJIhara, m., morI-kaJIhara, a., eto, y., mIyamoto, h., yoshIda, r., shIgeno, a., hang’ombe, b., 
QIu, y., mwIZabI, d., sQuarre, d., ndebe, J., ogawa, h., harIma, h., sImulundu, e., moonga, l., kapIla, 
p., furuyama, w., kondoh, t., sato, m., takadate, y., kaneko, c., nakao, r., mukonka, v., mweene, a. 
and takada, a. 2018.  Seroprevalence of filovirus infection of Rousettus aegyptiacus bats in Zambia.  Journal of 
Infectious Diseases [The], 218 (Suppl. 5): S312 - S317.  doi: 10.1093/infdis/jiy266.

Bats are suspected to play important roles in the ecology of filoviruses, including ebolaviruses and marburgviruses.  A cave-dwelling fruit 
bat, Rousettus aegyptiacus, has been shown to be a reservoir of marburgviruses.  Using an enzyme-linked immunosorbent assay with the 
viral glycoprotein antigen, we detected immunoglobulin G antibodies specific to multiple filoviruses in 158 of 290 serum samples of R. 
aegyptiacus bats captured in Zambia during the years 2014 - 2017.  In particular, 43.8% of the bats were seropositive to marburgvirus, 
supporting the notion that this bat species continuously maintains marburgviruses as a reservoir.  Of note, distinct peaks of seropositive 
rates were repeatedly observed at the beginning of rainy seasons, suggesting seasonality of the presence of newly infected individuals in 
this bat population.  These data highlight the need for continued monitoring of filovirus infection in this bat species even in countries where 
filovirus diseases have not been reported.

chaverrI, g., ancIllotto, l. and russo, d. 2018.  Social communication in bats.  Biological Reviews, 93 (4): 1938 - 
1954.  doi: 10.1111/brv.12427.

Bats represent one of the most diverse mammalian orders, not only in terms of species numbers, but also in their ecology and life 
histories.  Many species are known to use ephemeral and/or unpredictable resources that require substantial investment to find and 
defend, and also engage in social interactions, thus requiring significant levels of social coordination.  To accomplish these tasks, bats 
must be able to communicate; there is now substantial evidence that demonstrates the complexity of bat communication and the varied 
ways in which bats solve some of the problems associated with their unique life histories.  However, while the study of communication 
in bats is rapidly growing, it still lags behind other taxa.  Here we provide a comprehensive overview of communication in bats, from the 
reasons why they communicate to the diversity and application of different signal modalities.  The most widespread form of communication 
is the transmission of a signaller’s characteristics, such as species identity, sex, individual identity, group membership, social status and 
body condition, and because many species of bats can rely little on vision due to their nocturnal lifestyles, it is assumed that sound and 
olfaction are particularly important signalling modes.  For example, research suggests that secretions from specialized glands, often in 
combination with urine and saliva, are responsible for species recognition in several species.  These olfactory signals may also convey 
information about sex and colony membership.  Olfaction may be used in combination with sound, particularly in species that emit constant 
frequency (CF) echolocation calls, to recognize conspecifics from heterospecifics, yet their simple structure and high frequency do not allow 
much information of individual identity to be conveyed over long distances.  By contrast, social calls may encode a larger number of cues 
of individual identity, and their lower frequencies increase their range of detection.  Social calls are also known to deter predators, repel 
competitors from foraging patches, attract group mates to roost sites, coordinate foraging activities, and are used during courtship.  In 
addition to sound, visual displays such as wing flapping or hovering may be used during courtship, and swarming around roost sites may 
serve as a visual cue of roost location.  However, visual communication in bats still remains a poorly studied signal modality.  Finally, the 
most common form of tactile communication known in bats is social grooming, which may be used to signal reproductive condition, but also 
to facilitate and strengthen cooperative interactions.  Overall, this review demonstrates the rapid advances made in the study of bat social 
communication during recent years, and also identifies topics that require further study, particularly those that may allow us to understand 
adaptation to rapidly changing environmental conditions.

Çoraman, e., dIetZ, c., hempel, e., ghaZaryan, a., levIn, e., presetnIk, p., ZagmaJster, m. and mayer, f. 2019.  
Reticulate evolutionary history of a western Palaearctic bat complex explained by multiple mtDNA introgressions 
in secondary contacts.  Journal of Biogeography, 46 (2): 343 - 354.  doi: 10.1111/jbi.13509.

Aim: There is an increasing evidence showing that species within various taxonomic groups have reticulate evolutionary histories with several 
cases of introgression events.  Investigating the phylogeography of species complexes can provide insight into these introgressions, and 
when and where these hybridizations occurred.  In this study, we investigate the biogeography of a widely distributed Western Palaearctic 
bat species complex, namely Myotis nattereri sensu lato.  This complex exhibits high genetic diversity and in its western distribution range 
is composed of deeply diverged genetical lineages.  However, little is known about the genetic structure of the eastern populations.  We 
also infer the conservation and taxonomical implications of the identified genetic divergences.
Taxon: Myotis nattereri sensu lato including M. schaubi.
Location: Western Palaearctic.
Methods: We analysed 161 specimens collected from 67 locations and sequenced one mitochondrial and four nuclear DNA markers, and 
combined these with the available GenBank sequences.  We used haplotype networks, PCA, t-SNE and Bayesian clustering algorithms to 
investigate the population structure and Bayesian trees to infer the phylogenetic relationship of the lineages.
Results: We identified deeply divergent genetical lineages.  In some cases, nuclear and mitochondrial markers were discordant, which 
we interpret are caused by hybridization between lineages.  We identified three such introgression events.  These introgressions occurred 
when spatially separated lineages came into contact after range expansions.  Based on the genetic distinction of the identified lineages, 
we suggest a revision in the taxonomy of this species group with two possible new species: M. hoveli and M. tschuliensis.
Main conclusions: Our findings suggest that the M. nattereri complex has a reticulate evolutionary history with multiple cases of 
hybridizations between some of the identified lineages.

cronJÉ, n., Ithete, n. l., schoeman, m. c. and preIser, w. 2019.  The detection of diverse coronaviruses, including 
MERS-related coronaviruses, in South African bat populations and their associated ecology in Neoromica capensis.  
International Journal of Infectious Diseases, 79 (S1): 2 - 3.  doi: 10.1016/j.ijid.2018.11.026.

Purpose: Coronaviruses are RNA viruses encompassing four genera.  The alpha- and betacoronaviruses commonly cause mild disease 
in humans.  However, outbreaks of severe respiratory disease in 2002 and 2012 led to the identification of highly pathogenic human 
betacoronaviruses, SARS- and MERS-CoV, respectively.  Bats are believed to be the reservoir host from which all mammalian coronaviruses 
emerged.
Few studies have been published on South African bat coronaviruses; only 16 bat alphacoronavirus and two betacoronavirus sequences 
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have been reported.  Phylogenetic inference shows that the betacoronavirus sequences belong to the same viral species as MERS-CoV.  
Through a One Health approach, this study aimed to describe coronavirus diversity within South African bat populations as well as factors 
that might influence bat-coronavirus ecology.
Methods & Materials: During a general surveillance effort, 404 bat faecal pellets were screened using PCR assays targeting conserved 
regions of the coronavirus genome.  An additional 183 faecal pellets, collected from Neoromicia capensis bats, were screened as part of a 
species-specific surveillance study.  Using mixed effects logistic regression analyses, collected ecological sampling data were collated with 
screening results to identify possible predictors of coronavirus infection in N. capensis bats.
Results: Based on putative coronavirus species classification criteria, the general surveillance effort detected nine coronavirus species, 
eight alphacoronaviruses and one MERS-related betacoronavirus, from eight different bat species.
The species-specific surveillance detected three coronavirus species, including MERS-related betacoronaviruses, and identified several 
instances of coinfection with two different coronaviruses.  The mixed effects logistic regression analyses indicated that female N. capensis 
bats and bats trapped at low altitude sites with low body condition scores were most likely to be coronavirus positive.
Conclusion: This study demonstrates that diverse coronaviruses are present in different South African bat species and lends additional 
support to an ongoing circulation of MERS-related betacoronaviruses in this region.  The observed cases of coinfection indicate the potential 
for recombination that could lead to the emergence of a new coronavirus that might have zoonotic potential.  The collation of ecological 
data with screening results revealed that both host and environmental factors may influence coronavirus ecology.  These findings could 
assist the development of improved wildlife surveillance sampling strategies for better detection of novel bat coronaviruses.

dalhoumI, r., morellet, n., aIssa, p. and aulagnIer, s. 2018.  Seasonal activity pattern and habitat use by the 
Kuhl’s pipistrelle (Pipistrellus kuhlii) in an arid environment.  European Journal of Wildlife Research, 64: 36.  doi: 
10.1007/s10344-018-1193-y.

We studied the seasonal activity pattern of the Kuhl’s pipistrelle Pipistrellus kuhlii in eight sites of the Bou Hedma National Park, central 
Tunisia, from June 2010 to June 2011, using both mistnetting and acoustic bat detection.  Pipistrelles were captured all year-round only at 
water bodies.  Captures peaked in late spring and early autumn.  Pregnant females were observed from March to June, lactating females 
only in June, and flying juveniles from June to August.  Echolocation calls and buzzes were recorded in all sites throughout the year.  
However, activity varied significantly among months and sites.  Activity peaked in June and September after a noteworthy decline in August; 
the minimum was recorded in December and January.  Bats mainly foraged at water bodies and around streetlamps.  This result supports 
the previously reported major role of water bodies for bats in arid environments.  Bats also foraged in the open acacia forest in summer, 
during the flowering period of Acacia Acacia tortilis raddiana.  The steppe was the least used habitat.  Social calls were mainly recorded in 
autumn around streetlamps, suggesting a swarming behaviour.  Despite being a common bat species in the area, P. kuhlii should deserve 
conservation efforts that would benefit other bat species.

dandurand, g., duranthon, f., Jarry, m., stratford, d. J. and bruxelles, l. 2018.  Biogenic corrosion caused 
by bats in Drotsky’s Cave (the Gcwihaba Hills, NW Botswana).  Geomorphology, 327: 284 - 296 (for 2019).  doi: 
10.1016/j.geomorph.2018.10.027.

Located in north-west Botswana, Drotsky’s Cave is a vast cavity hosted within dolomite known for the discovery of archaeological strata 
dating back to the Late Stone Age.  It is home to a colony of bats comprising several ten thousands of individuals who are responsible for 
the accumulation of a thick deposit of guano, on which we have conducted research in some of the deeper parts of the cavity.
A detailed study of the morphologies of the dolomite walls and roofs demonstrates that part of the cave’s speleogenesis is probably due 
to biogenic corrosion.  This type of weathering and corrosion process is still poorly described in underground environments.  However, it is 
now accepted that the role played by bats and their droppings on the condition of walls, their weathering, and the enlargement of galleries 
and chambers by condensation-corrosion processes, should be taken into account when considering the way deep networks evolve.  In this 
article, we discuss the mechanisms of this biogenic corrosion in Drotsky’s Cave, as well as their morphogenic impacts (the dissolution and 
recession of walls, the formation of lateral notches, arches, bell holes, and ceiling spherical cupolas), and the consequences for the wall 
retreat of conduits.  Finally, we propose a new typological classification.
The consequences of this biogenic corrosion are important for archaeological questions related to the taphonomy of archaeological remains 
in the buried deposits and the conservation of cave art.  Because of the important impacts of guano on buried biological archaeological 
remains, such a population would have encouraged accelerated weathering, corrosion and dissolution of the walls, potentially contributing 
to the total, or partial, disappearance of any trace of human activity on the surrounding rocks.

delmore, J. l., brennan, p. l. r. and orr, t. J. 2018.  Reproductive melanization may protect sperm from harmful 
solar radiation.  Evolutionary Ecology, 32 (2-3): 127 - 139.  doi: 10.1007/s10682-018-9932-9.

Animal pigmentation is incredibly diverse, serving a variety of functions.  However, the function of the pigmentation that surrounds the 
testes of some vertebrates is unknown.  Why are the tissues surrounding the testes (scrotum, tunica vaginalis and/or tunica albuginea) 
melanized in some species but not others?  We examined this question in bats, where there is extensive species-specific variation in the 
presence of darkly pigmented (melanized) tissues surrounding the male gonads, as well as diversity in their ecologies, mating systems, 
and physiologies.  Using data from 136 species of bats, we found that melanin surrounding the testes and epididymis is associated with 
more exposed roosting sites (presumably with greater sun exposure- and UV radiation), and with the occurrence of long-term male sperm 
storage.  These findings suggest that scrotal melanin may protect mature sperm from UV damage, and from oxidative damage in species 
with male sperm storage.  We found no evidence of an association between group size or mating system with reproductive melanin, or that 
phylogeny explains the distribution of pigmentation.  Although our study suggests that scrotal melanin may protect sperm, the mechanism 
remains unknown.  We outline several avenues for future work on reproductive pigmentation aimed at investigating additional roles of 
reproductive melanization in male bats.

demos, t. c., webala, p. w., bartonJo, m. and patterson, b. d. 2018.  Hidden diversity of African yellow house 
bats (Vespertilionidae, Scotophilus): insights from multilocus phylogenetics and lineage delimitation.  Frontiers in 
Ecology and Evolution, 6: 86.  doi: 10.3389/fevo.2018.00086.

The genus Scotophilus contains 21 currently recognized species ranging throughout Africa and Southeast Asia.  Among the 13 species 
recognized from continental Africa, systematic relationships remain poorly understood.  Taxonomic uncertainty regarding names, 
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suggestions of polytypic species complexes, and undescribed cryptic diversity all contribute to the current confusion.  To gain insights into 
the systematics of this group, we inferred single locus and multi-locus phylogenies and conducted lineage delimitation analyses using 
seven unlinked genes for specimens from across Africa.  Recent collections from Kenya allowed us to carry out population-level analyses 
for the diverse assemblage of East African Scotophilus.  Multi-locus coalescent delimitation methods indicated strong support for three 
recently named lineages thought to be restricted to Kenya and Tanzania; it also uncovered two new distinctive lineages at present known 
only from Kenya.  Subsequent taxonomic assessments that integrate these genetic data with phenotypic, distributional, and/or ecological 
traits are needed to establish these lineages as valid species.  Nevertheless, as many as 15 Scotophilus species may occur in continental 
Africa, 10 of these in Kenya alone.  Our analysis highlights the importance of population-level surveys for the detection of cryptic diversity 
in understudied regions such as the Afrotropics.

de nys, h. m., kIngebenI, p. m., keIta, a. k., butel, c., thaurIgnac, g., vIllabona-arenas, c.-J., lemarcIs, t., 
geraerts, m., vIdal, n., esteban, a., bourgarel, m., roger, f., leendertZ, f., dIallo, r., ndImbo-kumugo, 
s.-p., nsIo-mbeta, J., tagg, n., koIvoguI, l., toure, a., delaporte, e., ahuka-mundeke, s., tamfum, J.-J. m., 
mpoudI-ngole, e., ayouba, a. and peeters, m. 2018.  Survey of Ebola viruses in frugivorous and insectivorous 
bats in Guinea, Cameroon, and the Democratic Republic of the Congo, 2015-2017.  Emerging Infectious Diseases, 
24 (12): 2228 - 2240.  doi: 10.3201/eid2412.180740.

To clarify the role of bats in the ecology of Ebola viruses, we assessed the prevalence of Ebola virus antibodies in a large-scale sample of 
bats collected during 2015 - 2017 from countries in Africa that have had previous Ebola outbreaks (Guinea, the Democratic Republic of the 
Congo) or are at high risk for outbreaks (Cameroon).  We analyzed 4,022 blood samples of bats from >12 frugivorous and 27 insectivorous 
species; 2-37 (0.05% - 0.92%) bats were seropositive for Zaire and 0-30 (0% - 0.75%) bats for Sudan Ebola viruses.  We observed Ebola 
virus antibodies in 1 insectivorous bat genus and 6 frugivorous bat species.  Certain bat species widespread across Africa had serologic 
evidence of Zaire and Sudan Ebola viruses.  No viral RNA was detected in the subset of samples tested (n = 665).  Ongoing surveillance of 
bats and other potential animal reservoirs are required to predict and prepare for future outbreaks.

dIetrIch, m., gomard, y., lagadec, e., ramasIndraZana, b., le mInter, g., guernIer, v., benlalI, a., rocamora, 
g., markotter, w., goodman, s. m., dellagI, k. and tortosa, p. 2018a.  Biogeography of Leptospira in wild 
animal communities inhabiting the insular ecosystem of the western Indian Ocean islands and neighboring Africa.  
Emerging microbes & infections, 7: 57.  doi: 10.1038/s41426-018-0059-4.

Understanding the processes driving parasite assemblages is particularly important in the context of zoonotic infectious diseases.  
Leptospirosis is a widespread zoonotic bacterial infection caused by pathogenic species of the genus Leptospira.  Despite a wide range 
of animal hosts, information is still lacking on the factors shaping Leptospira diversity in wild animal communities, especially in regions, 
such as tropical insular ecosystems, with high host species richness and complex biogeographical patterns.  Using a large dataset (34 
mammal species) and a multilocus approach at a regional scale, we analyzed the role of both host species diversity and geography in 
Leptospira genetic diversity in terrestrial small mammals (rodents, tenrecs, and shrews) and bats from 10 different islands/countries in 
the western Indian Ocean (WIO) and neighboring Africa.  At least four Leptospira spp. (L. interrogans, L. borgpetersenii, L. kirschneri, and 
L. mayottensis) and several yet-unidentified genetic clades contributed to a remarkable regional Leptospira diversity, which was generally 
related to the local occurrence of the host species rather than the geography.  In addition, the genetic structure patterns varied between 
Leptospira spp., suggesting different evolutionary histories in the region, which might reflect both in situ diversification of native mammals 
(for L. borgpetersenii) and the more recent introduction of non-native host species (for L. interrogans).  Our data also suggested that host 
shifts occurred between bats and rodents, but further investigations are needed to determine how host ecology may influence these events.

dIetrIch, m., kearney, t., seamark, e. c. J., paweska, J. t. and markotter, w. 2018b.  Synchronized shift of oral, 
faecal and urinary microbiotas in bats and natural infection dynamics during seasonal reproduction.  Royal Society 
Open Science, 5: 180041.  doi: 10.1098/rsos.180041.

Seasonal reproduction is a period of extreme physiological and behavioural changes, yet we know little about how it may affect host 
microbial communities (i.e. microbiota) and pathogen transmission.  Here, we investigated shifts of the bacterial microbiota in saliva, urine 
and faeces during the seasonal reproduction of bats in South Africa, and test for an interaction in shedding patterns of both bacterial 
(Leptospira) and viral (adeno- and herpesviruses) agents.  Based on a comparative approach in two cave-dwelling bat species and high-
throughput sequencing of the 16S rRNA gene, we demonstrated a clear signature in microbiota changes over the reproduction season, 
consistent across the multiple body habitats investigated, and associated with the sex, age and reproductive condition of bats.  We 
observed in parallel highly dynamic shedding patterns for both bacteria and viruses, but did not find a significant association between viral 
shedding and bacterial microbiota composition.  Indeed, only Leptospira shedding was associated with alterations in both the diversity 
and composition of the urinary microbiota.  These results illustrate how seasonal reproduction in bats substantially affects microbiota 
composition and infection dynamics, and have broad implications for the understanding of disease ecology in important reservoir hosts, 
such as bats.

dIetrIch, m. and markotter, w. 2019.  Studying the microbiota of bats: Accuracy of direct and indirect samplings.  
Ecology and Evolution, 9 (4): 1730 - 1735.  doi: 10.1002/ece3.4842.

Given the recurrent bat-associated disease outbreaks in humans and recent advances in metagenomics sequencing, the microbiota of 
bats is increasingly being studied.  However, obtaining biological samples directly from wild individuals may represent a challenge, and thus, 
indirect passive sampling (without capturing bats) is sometimes used as an alternative.  Currently, it is not known whether the bacterial 
community assessed using this approach provides an accurate representation of the bat microbiota.  This study was designed to compare 
the use of direct sampling (based on bat capture and handling) and indirect sampling (collection of bat’s excretions under bat colonies) 
in assessing bacterial communities in bats.  Using high-throughput 16S rRNA sequencing of urine and feces samples from Rousettus 
aegyptiacus, a cave-dwelling fruit bat species, we found evidence of niche specialization among different excreta samples, independent 
of the sampling approach.  However, sampling approach influenced both the alpha- and beta-diversity of urinary and fecal microbiotas.  In 
particular, increased alpha-diversity and more overlapping composition between urine and feces samples was seen when direct sampling 
was used, suggesting that cross-contamination may occur when collecting samples directly from bats in hand.  In contrast, results from 
indirect sampling in the cave may be biased by environmental contamination.  Our methodological comparison suggested some influence 
of the sampling approach on the bat-associated microbiota, but both approaches were able to capture differences among excreta samples.  
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Assessment of these techniques opens an avenue to use more indirect sampling, in order to explore microbial community dynamics in 
bats.

ekeolu, o. k. and adebIyI, o. e. 2018.  Hematology and erythrocyte osmotic fragility of the Franquet’s fruit bat 
(Epomops franqueti).  Journal of Basic and Clinical Physiology and Pharmacology, 29 (4): 391 - 394.  doi: 10.1515/
jbcpp-2017-0169.

Background: Hematological parameters are vital diagnostic tools for understanding health dynamics of humans and animals.  Franquet’s 
fruit bat (Epomops franqueti) is host to several parasites such as protozoa, bacteria, viruses and mites.  Yet, studies exploring the values 
of its blood components with interest for research or food purposes are scarce.  Thus, this study was carried out to investigate the 
hematological values of the adult E. franqueti.
Methods: Seventeen (nine female and eight male) apparently healthy adult E. franqueti were captured from their roosting colony.  Blood 
samples were collected for determination of erythrocyte indices [red blood cell count (RBC), packed cell volume (PCV), hemoglobin (Hb) 
concentration, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration 
(MCHC)] and leukocyte indices [total white blood cell counts (WBC), lymphocytes, eosinophil, monocytes, neutrophil count and erythrocytes 
osmotic fragility].
Results: There were no significant (p = 0.05) sex-related differences in RBC, PCV, Hb concentration, MCV, MCH, MCHC and total and 
differential WBC of E. franqueti.  Erythrocyte osmotic fragility was significantly higher in female than in male E. franqueti at 0.1% NaCl.
Conclusions: These considerations are critical in establishing reference ranges of blood parameters for E. franqueti and may provide 
insight to why they serve as reservoir hosts for several microorganisms.

el-gabbas, a. and dormann, c. f. 2018.  Wrong, but useful: regional species distribution models may not be improved 
by range-wide data under biased sampling.  Ecology and Evolution, 8 (4): 2196 - 2206.  doi: 10.1002/ece3.3834.

Species distribution modeling (SDM) is an essential method in ecology and conservation.  SDMs are often calibrated within one country’s 
borders, typically along a limited environmental gradient with biased and incomplete data, making the quality of these models questionable.  
In this study, we evaluated how adequate are national presence-only data for calibrating regional SDMs.  We trained SDMs for Egyptian 
bat species at two different scales: only within Egypt and at a species-specific global extent.  We used two modeling algorithms: Maxent 
and elastic net, both under the point-process modeling framework.  For each modeling algorithm, we measured the congruence of the 
predictions of global and regional models for Egypt, assuming that the lower the congruence, the lower the appropriateness of the Egyptian 
dataset to describe the species’ niche.  We inspected the effect of incorporating predictions from global models as additional predictor 
(“prior”) to regional models, and quantified the improvement in terms of AUC and the congruence between regional models run with and 
without priors.  Moreover, we analyzed predictive performance improvements after correction for sampling bias at both scales.  On average, 
predictions from global and regional models in Egypt only weakly concur.  Collectively, the use of priors did not lead to much improvement: 
similar AUC and high congruence between regional models calibrated with and without priors.  Correction for sampling bias led to higher 
model performance, whatever prior used, making the use of priors less pronounced.  Under biased and incomplete sampling, the use of 
global bats data did not improve regional model performance.  Without enough bias-free regional data, we cannot objectively identify the 
actual improvement of regional models after incorporating information from the global niche.  However, we still believe in great potential 
for global model predictions to guide future surveys and improve regional sampling in data-poor regions.

espInosa-ÁlvareZ, o., ortIZ, p. a., lIma, l., costa-martIns, a. g., serrano, m. g., herder, s., buck, g. a., camargo, 
e. p., hamIlton, p. b., stevens, J. r. and teIxeIra, m. m. g. 2018.  Trypanosoma rangeli is phylogenetically 
closer to Old World trypanosomes than to Trypanosoma cruzi.  International Journal for Parasitology, 48 (7): 569 - 
584.  doi: 10.1016/j.ijpara.2017.12.008.

Trypanosoma rangeli and Trypanosoma cruzi are generalist trypanosomes sharing a wide range of mammalian hosts; they are transmitted 
by triatomine bugs, and are the only trypanosomes infecting humans in the Neotropics.  Their origins, phylogenetic relationships, and 
emergence as human parasites have long been subjects of interest.  In the present study, taxon-rich analyses (20 trypanosome species 
from bats and terrestrial mammals) using ssrRNA, glycosomal glyceraldehyde-3-phosphate dehydrogenase (gGAPDH), heat shock 
protein-70 (HSP70) and Spliced Leader RNA sequences, and multilocus phylogenetic analyses using 11 single copy genes from 15 
selected trypanosomes, provide increased resolution of relationships between species and clades, strongly supporting two main sister 
lineages: lineage Schizotrypanum, comprising T. cruzi and bat-restricted trypanosomes, and Tra[Tve-Tco] formed by T. rangeli, Trypanosoma 
vespertilionis and Trypanosoma conorhini clades.  Tve comprises European T. vespertilionis and African T. vespertilionis-like of bats and 
bat cimicids characterised in the present study and Trypanosoma sp. Hoch reported in monkeys and herein detected in bats.  Tco included 
the triatomine-transmitted tropicopolitan T. conorhini from rats and the African NanDoum1 trypanosome of civet (carnivore).  Consistent 
with their very close relationships, Tra[Tve-Tco] species shared highly similar Spliced Leader RNA structures that were highly divergent 
from those of Schizotrypanum.  In a plausible evolutionary scenario, a bat trypanosome transmitted by cimicids gave origin to the deeply 
rooted Tra[Tve-Tco] and Schizotrypanum lineages, and bat trypanosomes of diverse genetic backgrounds jumped to new hosts.  A long 
and independent evolutionary history of T. rangeli more related to Old World trypanosomes from bats, rats, monkeys and civets than to 
Schizotrypanum spp., and the adaptation of these distantly related trypanosomes to different niches of shared mammals and vectors, 
is consistent with the marked differences in transmission routes, life-cycles and host-parasite interactions, resulting in T. cruzi (but not T. 
rangeli) being pathogenic to humans.

evans, l. and mourad, a.-l. 2018.  DStretch® and Egyptian tomb paintings: A case study from Beni Hassan.  Journal 
of Archaeological Science: Reports, 18: 78 - 84.  doi: 10.1016/j.jasrep.2018.01.011.

The advantage of using DStretch® - image enhancement software developed for rock art research - for the analysis and recording of 
ancient Egyptian wall paintings is demonstrated via its recent application at the cemetery site of Beni Hassan. DStretch® enhanced 
photographs of painted surfaces enable obscure or faded details to be viewed by artificially highlighting traces of remaining pigment. Trial 
use of DStretch® for the examination of wall paintings at Beni Hassan has revealed or confirmed new images of pigs and bats (animals 
that are rarely attested in Egyptian art), and a highly unusual depiction of a vulture, exposing features that were otherwise unavailable 
visually. When used in conjunction with digital epigraphy, DStretch® offers an invaluable tool for achieving a more complete record of 
Egypt’s artistic legacy.
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fernÁndeZ-llamaZares, a., lÓpeZ-baucells, a., rocha, r., andrIamItandrIna, s. f. m., andrIatafIka, Z. e., 
burgas, d., temba, e. m., torrent, l. and cabeZa, m. 2018.  Are sacred caves still safe havens for the endemic 
bats of Madagascar?.  Oryx, 52 (2): 271 - 275.  doi: 10.1017/S0030605317001648.

Despite conservation discourses in Madagascar increasingly emphasizing the role of customary institutions for wildlife management, we 
know relatively little about their effectiveness.  Here, we used semi-structured interviews with 54 adults in eight villages to investigate 
whether sacred caves and taboos offer conservation benefits for cave-dwelling bats in and around Tsimanampetsotsa National Park, south-
west Madagascar.  Although some caves were described as sites of spiritual significance for the local communities, most interviewees (c. 
76 %) did not recognize their present-day sacred status.  Similarly, only 22 % of the interviewees recognized taboos inhibiting bat hunting 
and consumption.  Legal protection of bats and caves through protected areas was often more widely acknowledged than customary 
regulations, although up to 30 % of the interviewees reported consumption of bats within their communities.  Guano extraction was 
often tolerated in sacred caves in exchange for economic compensation.  This may benefit bat conservation by creating incentives for bat 
protection, although extraction is often performed through destructive and exploitative practices with little benefit for local communities.  
In view of these results our study questions the extent to which sacred sites, taboos and protected areas offer protection for bats in 
Madagascar.  These results support previous studies documenting the erosion of customary institutions in Madagascar, including the loss 
of the spiritual values underpinning sacred sites.  Given that many Malagasy bats are cave-dwelling species and that most depend on the 
customary protection of these sites, it is important to obtain a better understanding of the complex interactions between spiritual practices, 
taboos and protected areas in sustaining bat diversity.

fIorIllo, g., bocchInI, p. and buceta, J. 2018.  A predictive spatial distribution framework for filovirus-infected bats.  
Scientific Reports, 8: 7970.  doi: 10.1038/s41598-018-26074-4.

Tools with predictive capabilities in regards of filovirus outbreaks are mainly anthropocentric and have disregarded the ecological dimension 
of the problem.  Here we contribute to shift the current paradigm by studying the dynamics of the putative main zoonotic niche of filoviruses, 
bats, and its link to environmental drivers.  We propose a framework that combines data analysis, modeling, and the evaluation of sources 
of variability.  We implement a regression analysis using factual data to correlate environmental parameters and the presence of bats to 
find the distribution of resources.  The information inferred by the regression is fed into a compartmental model that describes the infection 
state.  We also account for the lack of knowledge of some parameters using a sampling/averaging technique.  As a result we estimate the 
spatio-temporal densities of bats.  Importantly, we show that our approach is able to predict where and when an outbreak is likely to appear 
when tested against recent epidemic data in the context of Ebola.  Our framework highlights the importance of considering the feedback 
between the ecology and the environment in zoonotic models and sheds light on the mechanisms to propagate filoviruses geographically.  
We expect that our methodology can help to design prevention policies and be used as a predictive tool in the context of zoonotic diseases 
associated to filoviruses.

fIsher, c. r., streIcker, d. g. and schnell, m. J. 2018.  The spread and evolution of rabies virus: conquering new 
frontiers.  Nature Reviews Microbiology, 16: 241 - 255.  doi: 10.1038/nrmicro.2018.11.

Rabies is a lethal zoonotic disease that is caused by lyssaviruses, most often rabies virus.  Despite control efforts, sporadic outbreaks in 
wildlife populations are largely unpredictable, underscoring our incomplete knowledge of what governs viral transmission and spread in 
reservoir hosts.  Furthermore, the evolutionary history of rabies virus and related lyssaviruses remains largely unclear.  Robust surveillance 
efforts combined with diagnostics and disease modelling are now providing insights into the epidemiology and evolution of rabies virus.  
The immune status of the host, the nature of exposure and strain differences all clearly influence infection and transmission dynamics.  In 
this Review, we focus on rabies virus infections in the wildlife and synthesize current knowledge in the rapidly advancing fields of rabies 
virus epidemiology and evolution, and advocate for multidisciplinary approaches to advance our understanding of this disease.

florens, f. b. v. and baIder, c. 2018.  Mass-culling of a threatened island flying fox species failed to increase fruit 
growers‘ profits and revealed gaps to be addressed for effective conservation.  Journal for Nature Conservation, 
47: 58 - 64 (for 2019).  doi: 10.1016/j.jnc.2018.11.008.

Human-wildlife conflicts (HWC) pose a growing threat to biodiversity worldwide and solutions can be as sound as the understanding of the 
HWC itself.  Conservation biologists therefore must carefully examine their local situations to inform on which approach and strategies may 
be best.  In this context, Mauritius implemented what may be the first mass-culls of an already threatened native species when it culled 
the flying fox (Pteropus niger) in 2015 and 2016 to try increase fruit producers’ profits.  Although the Red List category of the species 
consequently worsened to ‘Endangered’ and fruit production dropped substantially, a third mass-cull was decided in 2018.  A critical 
analysis is important to draw lessons that may help to prevent recurrences particularly that HWC involving Pteropus spp. are common 
and set to worsen.  We synthesized the best literature available locally and also elsewhere in relevant situations, to critically appraise the 
setting, nature, timeline of events and outcome of both completed mass-culling campaigns to explore why and how they happened so as 
to help towards devising better approaches to such conflicts.  The idea to cull P. niger originated around 2002 and a small cull was done in 
2006.  The first mass-cull started immediately after Mauritius’ biodiversity protection law was weakened in 2015 primarily to legalize culls 
of threatened native species, but still breached the law in place then.  The 2016 mass-cull was recommended in line with the law, but was 
not evidence-based and consequently did not result in improved profits of fruit producers.  Appeals supported by best scientific evidence 
from local and international organizations and conservationists to the effect that culls will not increase fruit production, but instead further 
endanger the species, were ignored.  To forestall recurrences here and elsewhere, it matters to recognize their precursor signs and the 
conditions that favoured them including why the mass-culls were not stopped.  The events provide a rare opportunity to explore the strategy 
that was used by conservationists and open the way to propose impactful alternatives or additional actions instead.  The situation also 
exemplifies an eroding commitment towards biodiversity conservation, eased by withdrawal from evidence-based policy that suit short term 
goals of election cycles at the expense of longer term environmental interests.

foord, s. h., swanepoel, l. h., evans, s. w., schoeman, c. s., erasmus, b. f. n., schoeman, m. c., keIth, m., 
smIth, a., mauda, e. v., maree, n., nembudanI, n., dIppenaar-schoeman, a. s., munyaI, t. c. and taylor, 
p. J. 2018.  Animal taxa contrast in their scale-dependent responses to land use change in rural Africa.  PLoS ONE, 
13(5): e0194336.  doi: 10.1371/journal.pone.0194336.

Human-dominated landscapes comprise the bulk of the world’s terrestrial surface and Africa is predicted to experience the largest relative 
increase over the next century.  A multi-scale approach is required to identify processes that maintain diversity in these landscapes.  Here we 
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identify scales at which animal diversity responds by partitioning regional diversity in a rural African agro-ecosystem between one temporal 
and four spatial scales.  Human land use practices are the main driver of diversity in all seven animal assemblages considered, with 
medium sized mammals and birds most affected.  Even the least affected taxa, bats and non-volant small mammals (rodents), responded 
with increased abundance in settlements and agricultural sites respectively.  Regional turnover was important to invertebrate taxa and 
their response to human land use was intermediate between that of the vertebrate extremes.  Local scale (< 300 m) heterogeneity was the 
next most important level for all taxa, highlighting the importance of fine scale processes for the maintenance of biodiversity.  Identifying 
the triggers of these changes within the context of functional landscapes would provide the context for the long-term sustainability of these 
rapidly changing landscapes.

forbes, k. m., webala, p. w., JÄÄskelÄInen, a. J., abdurahman, s., ogola, J., masIka, m. m., kIvIstÖ, I., 
alburkat, h., plyusnIn, I., levanov, l., korhonen, e. m., huhtamo, e., mwaengo, d., smura, t., mIraZImI, 
a., anZala, o., vapalahtI, o. and sIronen, t. 2019.  Bombali Virus in Mops condylurus bat, Kenya.  Emerging 
Infectious Diseases, 25 (5): 955 - 957.  doi: 10.3201/eid2505.181666.

Bombali virus (genus Ebolavirus) was identified in organs and excreta of an Angolan free-tailed bat (Mops condylurus) in Kenya. Complete 
genome analysis revealed 98% nucleotide sequence similarity to the prototype virus from Sierra Leone. No Ebola virus–specific RNA or 
antibodies were detected from febrile humans in the area who reported contact with bats.

fountaIn, k., roberts, l., young, v., barbon, a., frosInI, s.-m., lloyd, d. h. and loeffler, a. 2019.  Diversity of 
staphylococcal species cultured from captive Livingstone‘s fruit bats (Pteropus livingstonii) and their environment.  
Journal of Zoo and Wildlife Medicine, 50 (1): 266 - 269.  doi: 10.1638/2018-0121.

Livingstone’s fruit bats (Pteropus livingstonii) are critically endangered and a captive population has been established as part of the 
International Union for Conservation of Nature Species Action Plan.  The largest colony, in Jersey Zoo, was sampled for staphylococcal 
carriage and at infection sites, as disease associated with staphylococci had previously been found.  Staphylococci were cultured from 
swabs from 44 bats (skin, oropharynx, mouth ejecta, skin lesions) and from their enclosure.  The isolates were identified by matrix-
assisted laser desorption-ionization time of flight mass spectrometry; antimicrobial susceptibility testing was performed by disc diffusion 
and screening for mecA and mecC.  Seventeen species of coagulase-negative staphylococci including Staphylococcus xylosus, S. kloosii, 
S. nepalensis, and S. simiae were isolated.  Staphylococcus aureus was identified from both carriage and lesional sites.  These findings 
suggest S. nepalensis may be part of the normal carriage flora of bats.  Antimicrobial resistance rates were low and methicillin-resistant 
Staphylococcus aureus (MRSA) was not identified.  Sampling of mouth ejecta for staphylococci may provide results representative for 
carriage sites.

geldenhuys, m., mortlock, m., weyer, J., beZuIdt, o., seamark, e. c. J., kearney, t., gleasner, c., erkkIla, t. 
h., cuI, h. and markotter, w. 2018.  A metagenomic viral discovery approach identifies potential zoonotic and 
novel mammalian viruses in Neoromicia bats within South Africa.  PLoS ONE, 13 (3): e0194527.  doi: 10.1371/
journal.pone.0194527.

Species within the Neoromicia bat genus are abundant and widely distributed in Africa.  It is common for these insectivorous bats to roost 
in anthropogenic structures in urban regions.  Additionally, Neoromicia capensis have previously been identified as potential hosts for 
Middle East respiratory syndrome (MERS)-related coronaviruses.  This study aimed to ascertain the gastrointestinal virome of these bats, 
as viruses excreted in fecal material or which may be replicating in rectal or intestinal tissues have the greatest opportunities of coming into 
contact with other hosts.  Samples were collected in five regions of South Africa over eight years.  Initial virome composition was determined 
by viral metagenomic sequencing by pooling samples and enriching for viral particles.  Libraries were sequenced on the Illumina MiSeq and 
NextSeq500 platforms, producing a combined 37 million reads.  Bioinformatics analysis of the high throughput sequencing data detected 
the full genome of a novel species of the Circoviridae family, and also identified sequence data from the Adenoviridae, Coronaviridae, 
Herpesviridae, Parvoviridae, Papillomaviridae, Phenuiviridae, and Picornaviridae families.  Metagenomic sequencing data was insufficient 
to determine the viral diversity of certain families due to the fragmented coverage of genomes and lack of suitable sequencing depth, as 
some viruses were detected from the analysis of reads-data only.  Follow up conventional PCR assays targeting conserved gene regions for 
the Adenoviridae, Coronaviridae, and Herpesviridae families were used to confirm metagenomic data and generate additional sequences 
to determine genetic diversity.  The complete coding genome of a MERS-related coronavirus was recovered with additional amplicon 
sequencing on the MiSeq platform.  The new genome shared 97.2 % overall nucleotide identity to a previous Neoromicia-associated 
MERS-related virus, also from South Africa.  Conventional PCR analysis detected diverse adenovirus and herpesvirus sequences that were 
widespread throughout Neoromicia populations in South Africa.  Furthermore, similar adenovirus sequences were detected within these 
populations throughout several years.  With the exception of the coronaviruses, the study represents the first report of sequence data from 
several viral families within a Southern African insectivorous bat genus; highlighting the need for continued investigations in this regard.

goldsteIn, t., anthony, s. J., gbakIma, a., bIrd, b., bangura, J., tremeau-bravard, a., belaganahallI, m., 
wells, h., dhanota, J., lIang, e., grodus, m., Jangra, r., deJesus, v., lasso, g., smIth, b., JambaI, a., 
kamara, b., kamara, s., bangura, w., monagIn, c., shapIra, s., kreuder Johnson, c., saylors, k., 
rubIn, e., chandran, k., lIpkIn, w. I. and maZet, J. 2019.  The discovery of a new Ebolavirus, Bombali virus, 
adds further support for bats as hosts of Ebolaviruses.  International Journal of Infectious Diseases, 79 (S1): 4 - 5.  
doi: 10.1016/j.ijid.2018.11.030.

Purpose: Despite more than 40 years of research and continued outbreaks, the reservoirs of ebolaviruses remain unknown and outbreaks 
continue to occur.  We initiated a survey in Sierra Leone to identify hosts of Ebola virus (EBOV; species Zaire ebolavirus) and to identify any 
additional filoviruses that might be circulating in wildlife.
Methods & Materials: Oral, rectal, and/or blood samples were collected from 535 animals, including 244 bats, 46 rodents, 240 dogs, 
and 5 cats (total = 1278 samples).  Consensus PCR (cPCR) targeting all filoviruses was used to screen for EBOV and any novel filoviruses.  
Samples positive by cPCR were sequenced by high-throughput sequencing and genome walking to recover the complete viral genome 
sequence.  In vitro experiments using vesicular stomatitis virus (rVSV) encoding ebolavirus glycoproteins (GP) were used to evaluate viral 
ability to mediate entry into human cells.
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Results: Of the 1278 samples, 3 oral and 3 rectal swabs were positive by cPCR for a novel ebolavirus.  The six positive samples were 
from five free-tailed bats belonging to two species (Chaerephon pumilus and Mops condylurus), both living in close proximity to humans.  
Phylogenetic analyses showed that the virus is sufficiently distinct to represent the prototypic strain of a new species within the Ebolavirus 
genus; and has been named Bombali virus (BOMV; species Bombali ebolavirus).  We did not detect EBOV in any of the samples.  Using 
a rVSV system encoding the BOMV GP gene, we showed that the rVSV-BOMVGP was infectious in human osteosarcoma (U2OS) cells 
demonstrating that the BOMV GP1,2 is fully competent to mediate viral entry.
Conclusion: This is the first full genome of an ebolavirus to be recovered from a bat, providing strong evidence that bats are a natural 
reservoir of these viruses.  The BOMV surface GP was able to mediate entry into human cells via interaction with the Niemann-Pick C1 
(NPC1) receptor, suggesting the virus has zoonotic potential.  The bats were also found roosting inside houses, indicating the potential for 
human transmission.  However, further studies are required to investigate whether exposure has actually occurred or if BOMV is pathogenic 
in humans.

goldsteIn, t., anthony, s. J., gbakIma, a., bIrd, b. h., bangura, J., tremeau-bravard, a., belaganahallI, m. 
n., wells, h. l., dhanota, J. k., lIang, e., grodus, m., Jangra, r. k., deJesus, v. a., lasso, g., smIth, b. r., 
JambaI, a., kamara, b. o., kamara, s., bangura, w., monagIn, c., shapIra, s., Johnson, c. k., saylors, k., 
rubIn, e. m., chandran, k., lIpkIn, w. I. and maZet, J. a. k. 2018.  The discovery of Bombali virus adds further 
support for bats as hosts of ebolaviruses.  Nature Microbiology, 3: 1084 - 1089.  doi: 10.1038/s41564-018-0227-2.

Here we describe the complete genome of a new ebolavirus, Bombali virus (BOMV) detected in free-tailed bats in Sierra Leone (little 
free-tailed (Chaerephon pumilus) and Angolan free-tailed (Mops condylurus)).  The bats were found roosting inside houses, indicating the 
potential for human transmission.  We show that the viral glycoprotein can mediate entry into human cells.  However, further studies are 
required to investigate whether exposure has actually occurred or if BOMV is pathogenic in humans.

gÖrfÖl, t. and csorba, g. 2018.  Integrative taxonomy places Asian species of Falsistrellus (Chiroptera: 
Vespertilionidae) into Hypsugo.  Mammalian biology (Zeitschrift für Säugetierkunde), 93: 56 - 63.  doi: 10.1016/j.
mambio.2018.08.004.

The vespertilionid genus Falsistrellus currently contains three Asian (F. affinis, F. petersi and F. mordax) and two Australian (F. tasmaniensis 
and F. mackenziei) species.  The Australian species are characterised with distinct external and craniodental traits, whereas the Asian taxa 
morphologically more closely resemble Hypsugo and the published molecular biological studies also suggested their close phylogenetic 
affinities.  Herewith we provide sequence data of mitochondrial and nuclear genes for both Australian species for the first time, which, 
together with the combined cranial, dental, and multivariate statistical evidences provide a solid basis to place Asian members of 
Falsistrellus into Hypsugo and restrict Falsistrellus s. str. to Australia.  The phylogenetic reconstructions also revealed the presence of a 
well-supported ‘Australian clade’ within the Vespertilionini radiation, containing three genera, Falsistrellus, Chalinolobus and Vespadelus, 
endemic to the Australasian zoogeographical region.

grady, d. 2019.  Deadly Ebola Virus is found in Liberian bat, researchers say.  The New York Times.  URL: https://www.
nytimes.com/2019/01/24/health/ebola-bat-liberia-epidemic.html.

grevIlle, l. J., ceballos-vasQueZ, a., valdIZÓn-rodrÍgueZ, r., caldwell, J. r. and faure, p. a. 2018.  Wound 
healing in wing membranes of the Egyptian fruit bat (Rousettus aegyptiacus) and big brown bat (Eptesicus fuscus).  
Journal of Mammalogy, 99 (4): 974 - 982.  doi: 10.1093/jmammal/gyy050.

Bat flight membranes are critical for locomotion, foraging, and physiological homeostasis.  Wild bats frequently injure their flight membranes 
during interactions with the environment and conspecifics or from disease.  Researchers biopsy bat wing membranes to mark individuals 
or collect tissue for taxonomic and molecular studies.  Because there are differences in the embryological development of different wing 
membrane regions, we evaluated differences in flight membrane healing between 2 anatomical regions using 4-mm diameter circular 
biopsies in the chiropatagium and plagiopatagium of the Egyptian fruit bat (Rousettus aegyptiacus; Pteropodiformes) and the insectivorous 
big brown bat (Eptesicus fuscus; Vespertilioniformes).  In R. aegyptiacus, plagiopatagium wounds took longer to heal to 50 % of their initial 
area compared to chiropatagium wounds; however, this difference was not observed in E. fuscus.  Plagiopatagium wounds also were more 
likely to enlarge in the days immediately following biopsy in R. aegyptiacus compared to E. fuscus.  A sigmoid function accurately modeled 
wound areas and thus healing times in both species.  Given the observed differences in wound-healing times between distinct regions of 
the bat wing membrane, our results indicate that researchers should choose a tissue biopsy location based on the species and question 
of interest.

haelewaters, d., hIller, t. and dIck, c. w. 2018.  Bats, bat flies, and fungi: a case of hyperparasitism.  Trends in 
Parasitology, 34 (9): 784 - 799.  doi: 10.1016/j.pt.2018.06.006.

Bats are parasitized by numerous lineages of arthropods, of which bat flies (Diptera, Nycteribiidae and Streblidae) are the most conspicuous.  
Bat flies themselves can be parasitized by Laboulbeniales, fungal biotrophs of arthropods.  This is known as hyperparasitism, a severely 
understudied phenomenon.  Three genera of Laboulbeniales occur on bat flies: Arthrorhynchus on Nycteribiidae, Gloeandromyces 
and Nycteromyces on Streblidae.  In this review we introduce the parasitic partners in this tripartite system and discuss their diversity, 
ecology, and specificity patterns, alongside some important life history traits.  Furthermore, we cover recent advances in the study of the 
associations between bat flies and Laboulbeniales, which were neglected for decades.  Among the most immediate needs for further 
studies are detailed tripartite field surveys.

han, h.-J., wen, h.-l., lIu, J.-w., QIn, x.-r., Zhao, m., wang, l.-J., luo, l.-m., Zhou, c.-m., Zhu, y.-l., QI, r., lI, w.-Q., 
yu, h. and yu, x.-J. 2018.  Pathogenic Leptospira species in insectivorous bats, China, 2015.  Emerging Infectious 
Diseases, 24 (6): 1123 - 1126.  doi: 10.3201/eid2406.171585.

PCR amplification of the rrs2 gene indicated that 50 % (62/124) of insectivorous bats from eastern China were infected with Leptospira 
borgpetersenii, L. kirschneri, and several potentially new Leptospira species.  Multilocus sequence typing defined 3 novel sequence types 
in L. kirschneri, suggesting that bats are major carriers of Leptospira.
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hand, s. J., beck, r. m. d., archer, m., sImmons, n. b., gunnell, g. f., scofIeld, r. p., tennyson, a. J. d., de 
pIetrI, v. l., salIsbury, s. w. and worthy, t. h. 2018.  A new, large-bodied omnivorous bat (Noctilionoidea: 
Mystacinidae) reveals lost morphological and ecological diversity since the Miocene in New Zealand.  Scientific 
Reports, 8: 235.  doi: 10.1038/s41598-017-18403-w.

A new genus and species of fossil bat is described from New Zealand’s only pre-Pleistocene Cenozoic terrestrial fauna, the early Miocene St 
Bathans Fauna of Central Otago, South Island.  Bayesian total evidence phylogenetic analysis places this new Southern Hemisphere taxon 
among the burrowing bats (mystacinids) of New Zealand and Australia, although its lower dentition also resembles Africa’s endemic sucker-
footed bats (myzopodids).  As the first new bat genus to be added to New Zealand’s fauna in more than 150 years, it provides new insight 
into the original diversity of chiropterans in Australasia.  It also underscores the significant decline in morphological diversity that has taken 
place in the highly distinctive, semi-terrestrial bat family Mystacinidae since the Miocene.  This bat was relatively large, with an estimated 
body mass of ~40 g, and its dentition suggests it had an omnivorous diet.  Its striking dental autapomorphies, including development of 
a large hypocone, signal a shift of diet compared with other mystacinids, and may provide evidence of an adaptive radiation in feeding 
strategy in this group of noctilionoid bats.

harrIs, d. J., halaJIan, a., santos, J. l., swanepoel, l. h., taylor, p. J. and xavIer, r. 2018.  Diversity of 
haemoprotozoan parasites infecting the wildlife of South Africa.  Folia parasitologica, 65: 015.  doi: 10.14411/
fp.2018.015.

Tissue samples from wildlife from South Africa were opportunistically collected and screened for haemoprotozoan parasites using 
nonspecific PCR primers.  Samples of 127 individuals were tested, comprising over 50 different species.  Haemogregarines were the most 
commonly identified parasites, but sarcocystids and piroplasmids were also detected.  Phylogenetic analyses estimated from the 18S rDNA 
marker highlighted the occurrence of several novel parasite forms and the detection of parasites in novel hosts.  Phylogenetic relationships, 
which have been recently reviewed, appear to be much more complex than previously considered.  Our study highlights the high diversity 
of parasites circulating in wildlife in this biodiverse region, and the need for further studies to resolve taxonomic issues.

hayman, d. t. s., luIs, a. d., restIf, o., baker, k. s., fooks, a. r., leach, c., horton, d. l., suu-Ire, r., cunnIngham, 
a. a., wood, J. l. n. and webb, c. t. 2018.  Maternal antibody and the maintenance of a lyssavirus in populations 
of seasonally breeding African bats.  PLoS ONE, 13 (6): e0198563.H.  doi: 10.1371/journal.pone.0198563.

Pathogens causing acute disease and death or lasting immunity require specific spatial or temporal processes to persist in populations.  
Host traits, such as maternally-derived antibody (MDA) and seasonal birthing affect infection maintenance within populations.  Our study 
objective is to understand how viral and host traits lead to population level infection persistence when the infection can be fatal.  We 
collected data on African fruit bats and a rabies-related virus, Lagos bat virus (LBV), including through captive studies.  We incorporate 
these data into a mechanistic model of LBV transmission to determine how host traits, including MDA and seasonal birthing, and viral 
traits, such as incubation periods, interact to allow fatal viruses to persist within bat populations.  Captive bat studies supported MDA 
presence estimated from field data.  Captive bat infection-derived antibody decayed more slowly than MDA, and while faster than estimates 
from the field, supports field data that suggest antibody persistence may be lifelong.  Unobserved parameters were estimated by particle 
filtering and suggest only a small proportion of bats die of disease.  Pathogen persistence in the population is sensitive to this proportion, 
along with MDA duration and incubation period.  Our analyses suggest MDA produced bats and prolonged virus incubation periods allow 
viral maintenance in adverse conditions, such as a lethal pathogen or strongly seasonal resource availability for the pathogen in the form 
of seasonally pulsed birthing.

hedrIck, b. p. and dumont, e. r. 2018.  Putting the leaf-nosed bats in context: a geometric morphometric analysis of 
three of the largest families of bats.  Journal of Mammalogy, 99 (5): 1042 - 1054.  doi: 10.1093/jmammal/gyy101.

Bats in the family Phyllostomidae exhibit the most diverse dietary ecology of any mammalian family and the link between their morphology 
and diet is well-studied.  However, the morphology of phyllostomids has yet to be placed into a broader context by comparing them to bats 
from other families through the use of geometric morphometrics.  Using geometric morphometrics, we examined shape trends, disparity, 
and links between shape and diet using the crania and dentaries of 176 species from 3 of the largest bat families: Vespertilionidae, 
Molossidae, and Phyllostomidae.  Results indicate that cranium shape in insectivorous phyllostomids does not overlap with non-phyllostomid 
families, suggesting at least 2 insectivorous cranial morphotypes have evolved within Chiroptera and phyllostomid cranial shape had 
already diverged from other bat families prior to developing their broad dietary range.  Further, phyllostomids have higher cranium shape 
(1.5×) and dentary shape (1.89×) disparity than molossids and vespertilionids, whose dentary and cranium shape disparity is roughly 
equal.  Although the cranium is constrained in many ways (e.g., housing the brain, vision, olfaction), we suggest the fact that dentary shape 
is limited to food processing allowed it to expand into larger regions of morphospace.  Finally, a preliminary dietary analysis based on prey 
hardness indicates substantial shape overlap within families except for those species with extreme diets (e.g., liquid, very-hard food).  Many 
bats are dietary generalists that eat a wide variety of food types of varying hardness.  The data from the 3 large families of bats presented 
here suggest that eating foods of intermediate hardness may not require substantial cranial reorganization.

hIkufe, e. h., freulIng, c. m., athIngo, r., shIlongo, a., ndevaetela, e.-e., helao, m., shIIndI, m., hassel, r., 
bIshI, a., khaIseb, s., kabaJanI, J., van der westhuIZen, J., torres, g., brItton, a., letshwenyo, m., 
schwabenbauer, k., mettenleIter, t. c., denZIn, n., amler, s., conraths, f. J., mÜller, t. and maseke, 
a. 2019.  Ecology and epidemiology of rabies in humans, domestic animals and wildlife in Namibia, 2011 - 2017.  
PLoS Neglected Tropical Diseases, 13 (4): e0007355.  doi: 10.1371/journal.pntd.0007355.

Rabies is a fatal zoonotic disease that causes a heavy burden on societies.  Namibia, a country in southern Africa, is aiming at controlling 
the disease in its main reservoir, the domestic dog.  To facilitate the implementation comprehensive information on the ecology and 
epidemiology of the disease and surveillance is of utmost importance.  The study presented assesses the baseline data for both human 
and animal rabies surveillance in Namibia in recent times and establishes correlations with ecological and socio-economic data in order 
to provide an up-to-date picture on the epidemiology of rabies in Namibia.  For instance, it was important to identify the main drivers in the 
epidemiology, and whether the control strategy by mass vaccination of dogs is undermined by cycles of rabies in wildlife.  Rabies in humans 
was reported mainly from the Northern Communal Areas (NCAs), with a total of 113 cases from 2011 to 2017, representing an incidence of 
between 1.0 and 2.4 annual human rabies deaths per 100,000 inhabitants.  Kavango, the region with the highest human rabies incidence 
was also the region with the lowest animal rabies surveillance intensity.  Generally, the vast majority (77 %) of dog samples originated from 
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communal farm land, followed by urban areas (17 %), while only a small fraction (3 %) was submitted from freehold farm areas.  In contrast, 
kudu and eland submissions were almost exclusively from freehold farmland (76 %) and urban areas (19 %), whereas the submission of 
cattle samples was evenly distributed among freehold farms (46 %) and communal farm land (46 %).  The likelihood of sample submission 
decreased exponentially with distance to one of the two laboratories.  Overall, 67 % (N = 1,907) of all samples submitted tested rabies-
positive, with the highest positivity rate observed in kudus (89 %) and jackals (87 %).  The transmission cycle of rabies in dogs appears 
restricted to the northern communal areas of Namibia, whilst rabies in wildlife species is predominately reported from farmland in central 
Namibia, mostly affecting kudu (Tragelaphus strepsiceros) and livestock with a likely reservoir in wildlife canids such as jackals or bat-
eared foxes.  The analysis confirms the presence of two independent transmission cycles in Namibia with little geographic overlap, thus 
allowing for a sustainable control of rabies in dogs in the NCAs.

hIll, k., schoeman, m. c. and vosloo, d. 2018.  The brains of bats foraging at wastewater treatment works accumulate 
arsenic, and have low non-enzymatic antioxidant capacities.  NeuroToxicology, 69: 232 - 241 (for 2018).  doi: 
10.1016/j.neuro.2017.12.004.

Increasing rates of urbanisation cause ubiquitous infrastructures that remove anthropogenic contaminants - particularly Wastewater 
Treatment Works (WWTWs) - to become stressed, and hence pollute surrounding water systems.  Neoromicia nana bats are suitable 
models to study the effects of pollution in these environments because they exploit abundant pollutant-tolerant chironomid midges that 
breed at WWTWs, and consequently accumulate metals such as iron, copper and zinc in their livers and kidneys.  If these metals persist 
in their circulatory systems, and cross the blood brain barrier (BBB) they can have adverse effects on critical functions such as flight and 
echolocation.  The aim of this study was to investigate the potential neurological effects on N. nana foraging at WWTWs versus bats at 
reference sites in Durban, South Africa.  Our objectives were to 1) compare trace metal levels in brain and hair samples (as a proxy for 
circulating metals) between N. nana foraging at WWTWs and reference sites to determine if excess metals pass through the BBB via the 
circulatory system; and 2) compare biomarkers of neuron function (acetylcholinesterase activity), protection (antioxidant capacity), DNA 
integrity (DNA fragmentation), lipid integrity (lipid peroxidation) and cell viability (caspase-3 activity) between N. nana foraging at WWTW 
and reference sites.  We found a significantly higher concentration of arsenic in hair (p < 0.05) and brain tissue (p < 0.1) of WWTW bats 
compared to bats at reference sites.  By contrast, acetylcholinesterase activity did not differ in bats among sites and there was no evidence 
of significant differences in lipid peroxidation, compromised DNA integrity or apoptosis in the brains between WWTW bats and reference 
site bats.  However, total antioxidant capacity was significantly lower in brains of WWTW bats than bats at reference sites suggesting that 
antioxidant protection may be compromised.  Long-term exposure to environmental pollutants at WWTWs may therefore affect cellular 
processes and protection mechanisms in brains of N. nana bats.  It may also affect other mechanisms and functions in the brain such as 
mitochondrial efficiency and other neurotransmitters but that remains to be tested.

hoarau, f., le mInter, g., JoffrIn, l., schoeman, m. c., lagadec, e., ramasIndraZana, b., dos santos, a., 
goodman, s. m., gudo, e. s., mavInguI, p. and lebarbenchon, c. 2018.  Bat Astrovirus in Mozambique.  
Virology Journal, 15: 104.  doi: 10.1186/s12985-018-1011-x.

Astroviruses (AstVs) are responsible for infection of a large diversity of mammalian and avian species, including bats, aquatic birds, 
livestock and humans.  We investigated AstVs circulation in bats in Mozambique and Mayotte, a small island in the Comoros Archipelago 
located between east Africa and Madagascar.  Biological material was collected from 338 bats and tested for the presence of the AstV 
RNA-dependent RNA-polymerase gene with a pan-AstV semi-nested polymerase chain reaction assay.  None of the 79 samples obtained 
from Mayotte bats (Pteropus seychellensis comorensis and Chaerephon pusillus) tested positive; however, 20.1 % of bats sampled in 
Mozambique shed AstVs at the time of sampling and significant interspecific variation in the proportion of positive bats was detected.  Many 
AstVs sequences obtained from a given bat species clustered in different phylogenetic lineages, while others seem to reflect some level 
of host-virus association, but also with AstVs previously reported from Malagasy bats.  Our findings support active circulation of a large 
diversity of AstVs in bats in the western Indian Ocean islands, including the southeastern African coast, and highlight the need for more 
detailed assessment of its risk of zoonotic transmission to human populations.

hoffmann, m., nehlmeIer, I., brInkmann, c., krÄhlIng, v., behner, l., moldenhauer, a.-s., krÜger, n., nehls, 
J., schIndler, m., hoenen, t., maIsner, a., becker, s. and pÖhlmann, s. 2019.  Tetherin inhibits Nipah virus 
but not Ebola virus replication in fruit bat cells.  Journal of Virology, 93 (3): e01821-18.  doi: 10.1128/JVI.01821-18.

Ebola virus (EBOV) and Nipah virus (NiV) infection of humans can cause fatal disease and constitutes a public health threat.  In contrast, 
EBOV and NiV infection of fruit bats, the putative (EBOV) or proven (NiV) natural reservoir, is not associated with disease, and it is currently 
unknown how these animals control the virus.  The human interferon (IFN)-stimulated antiviral effector protein tetherin (CD317, BST-2) 
blocks release of EBOV- and NiV-like particles from cells and is counteracted by the EBOV glycoprotein (GP).  In contrast, it is unknown 
whether fruit bat tetherin restricts virus infection and is susceptible to GP-driven antagonism.  Here, we report the sequence of fruit bat 
tetherin and show that its expression is IFN stimulated and associated with strong antiviral activity.  Moreover, we demonstrate that EBOV-
GP antagonizes tetherin orthologues of diverse species but fails to efficiently counteract fruit bat tetherin in virus-like particle (VLP) release 
assays.  However, unexpectedly, tetherin was dispensable for robust IFN-mediated inhibition of EBOV spread in fruit bat cells.  Thus, the 
VLP-based model systems mimicking tetherin-mediated inhibition of EBOV release and its counteraction by GP seem not to adequately 
reflect all aspects of EBOV release from IFN-stimulated fruit bat cells, potentially due to differences in tetherin expression levels that 
could not be resolved by the present study.  In contrast, tetherin expression was essential for IFN-dependent inhibition of NiV infection, 
demonstrating that IFN-induced fruit bat tetherin exerts antiviral activity and may critically contribute to control of NiV and potentially other 
highly virulent viruses in infected animals.

hornok, s., sZoke, k., melI, m. l., sÁndor, a. d., gÖrfÖl, t., estÓk, p., wang, y., tu, v. t., kovÁts, d., boldogh, 
s. a., corduneanu, a., sulyok, k. m., gyuranecZ, m., kontschÁn, J., takÁcs, n., halaJIan, a., epIs, s. 
and hofmann-lehmann, r. 2019.  Molecular detection of vector-borne bacteria in bat ticks (Acari: Ixodidae, 
Argasidae) from eight countries of the Old and New Worlds.  Parasites & Vectors, 12: 50.  doi: 10.1186/s13071-
019-3303-4.

Background: Despite the increasingly recognized eco-epidemiological significance of bats, data from molecular analyses of vector-borne 
bacteria in bat ectoparasites are lacking from several regions of the Old and New Worlds.
Methods: During this study, six species of ticks (630 specimens) were collected from bats in Hungary, Romania, Italy, Kenya, South Africa, 
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China, Vietnam and Mexico.  DNA was extracted from these ticks and analyzed for vector-borne bacteria with real-time PCRs (screening), as 
well as conventional PCRs and sequencing (for pathogen identification), based on the amplification of various genetic markers.
Results: In the screening assays, Rickettsia DNA was only detected in bat soft ticks, whereas Anaplasma phagocytophilum and 
haemoplasma DNA were present exclusively in hard ticks.  Bartonella DNA was significantly more frequently amplified from hard ticks than 
from soft ticks of bats.  In addition to Rickettsia helvetica detected by a species-specific PCR, sequencing identified four Rickettsia species 
in soft ticks, including a Rickettsia africae-like genotype (in association with a bat species, which is not known to migrate to Africa), three 
haemotropic Mycoplasma genotypes in Ixodes simplex, and Bartonella genotypes in I. ariadnae and I. vespertilionis.
Conclusions: Rickettsiae (from both the spotted fever and the R. felis groups) appear to be associated with soft rather than hard ticks of 
bats, as opposed to bartonellae.  Two tick-borne zoonotic pathogens (R. helvetica and A. phagocytophilum) have been detected for the 
first time in bat ticks.  The present findings add Asia (China) to the geographical range of R. lusitaniae, as well as indicate the occurrence 
of R. hoogstraalii in South Africa.  This is also the first molecular evidence for the autochthonous occurrence of a R. africae-like genotype 
in Europe.  Bat haemoplasmas, which are closely related to haemoplasmas previously identified in bats in Spain and to “Candidatus 
Mycoplasma haemohominis”, are reported here for the first time from Central Europe and from any bat tick.

hughes, k., constantIno-casas, f., haverson, v. a. and phIlp, s. J. 2018.  Pathology in practice.  Journal of the 
American Veterinary Medical Association, 253 (7): 865 - 868.

huntley, J. w., keIth, k. d., castellanos, a. a., musher, l. J. and voelker, g. 2019.  Underestimated and cryptic 
diversification patterns across Afro-tropical lowland forests.  Journal of Biogeography, 46 (2): 381 - 391.  doi: 
10.1111/jbi.13505.

Aim: Vertebrate diversity in the Guineo-Congolian forests (GCF) of Africa is high, yet mechanisms responsible for generating that diversity 
remain remarkably understudied.  These forests have alternatively been viewed as centres of diversification (“cradles”) or more recently, 
as the opposite (“museums”).  Here, we use a comparative dataset of avian and mammalian species to examine genetic diversification 
patterns across these forests and use these results to explain observed patterns in light of Plio-Pleistocene climatic change and life-history.
Location: Africa.
Methods: We analysed patterns of diversification across the GCF using a dataset composed of 629 and 1,048 mitochondrial sequences 
from 60 avian and 36 mammalian species, respectively.  Uncorrected pairwise genetic distances were compared at three distinct 
geographical levels: west versus east of the Dahomey Gap, among the three major forest blocks, and among seven historical refugial areas.  
The timing of diversification was assessed for passerines, Rodentia, and Chiroptera.
Results: We found substantial signatures of diversification in all three levels of our geographical comparisons.  We recovered substantial 
disparity in the amount and depth of structure of diversification patterns between low dispersers (understorey birds and rodents) and more 
capable dispersers (other bird species and bats).  Additionally, our chronogram recovered recent speciation and intraspecific diversification 
across songbird and mammalian lineages.
Main conclusions: The discrete, and often deep, structuring of genetic diversification for both birds and mammals across the GCF revealed 
strong correlations between historic landscape fragmentation and dispersal ability.  Our results revealed a striking amount of unrecognized 
genetic diversity, which may be suggestive of cryptic species.  Given the rate at which these forests are being negatively impacted by human 
intervention, our general lack of knowledge concerning vertebrate diversity across these forests may very well impact our ability to identify 
evolutionary processes underlying diversity and enact meaningful conservation efforts in the future.

IbÁÑeZ, c., novella-fernandeZ, r., alonso, p. and agIrre-mendI, p. t. 2018.  New longevity record for the 
Mediterranean horseshoe bat (Rhinolophus euryale Blasius, 1853).  Journal of Bat Research and Conservation, 11 
(1): 80 - 82.  doi: 10.14709/BarbJ.11.1.2018.09.

Bats have an unusually long lifespan among mammals, being at the end of the slow lane in the fast-slow continuum.  In this note we report 
the recapture of a banded male individual of Rhinolophus euryale in La Rioja (Spain) with a minimum age of 21 years, representing a new 
longevity record for the species.  We highlight that this is a case of long term fidelity of a male to a breeding colony, and we call attention 
to the apparent contradiction between the greater longevity found in male bats according to maximum lifespan records, compared to the 
higher mean lifespan and survival estimates that females show in demographic studies.

IbouroI, m. t., cheha, a., arnal, v., lagadec, e., tortosa, p., le mInter, g., dhurham, s. a. o., montgelard, c. 
and besnard, a. 2018a.  The contrasting genetic patterns of two sympatric flying fox species from the Comoros 
and the implications for conservation.  Conservation Genetics, 19: 1425 - 1437.  doi: 10.1007/s10592-018-1111-
6.

Pteropus livingstonii and Pteropus seychellensis comorensis are endemic fruit bat species that are among the most threatened animals 
in the Comoros archipelago.  Both species are pollinators and seed dispersers of native and cultivated plants and are thus of crucial 
importance for the regeneration of natural forests as well as for cultivated plantations.  However, these species are subject to strong 
anthropogenic pressures and face one of the highest rates of natural habitat loss reported worldwide.  Yet little is known about the 
population genetic structure of these two species, making it difficult to define relevant conservation strategies.  In this study, we investigated 
for the two flying fox species (1) the level of genetic diversity within islands, as well as across the archipelago and (2) the genetic structure 
between the two islands (Anjouan and Mohéli) for P. livingstonii and between the four islands of the archipelago (Anjouan, Mohéli, Grande 
Comore and Mayotte) for P. s. comorensis using mitochondrial and microsatellite markers.  The results revealed contrasting patterns of 
genetic structure, with P. s. comorensis showing low genetic structure between islands, whereas P. livingstonii exhibited high levels of 
inter-island genetic differentiation.  Overall, the genetic analyses showed low genetic diversity for both species.  These contrasting genetic 
patterns may be the result of different dispersal patterns and the populations’ evolutionary histories.  Our findings lead us to suggest 
that in terms of conservation strategy, the two populations of P. livingstonii (on Anjouan and Mohéli islands) should be considered as two 
separate management units.  We recommend focusing conservation efforts on the Anjouan population, which is the largest, exhibits the 
highest genetic diversity, and suffers the greatest anthropogenic pressure.  As for P. s. comorensis, its four populations could be considered 
as a single unit for conservation management purposes.  For this species, we recommend protecting roosting trees to reduce population 
disturbance.
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IbouroI, m. t., cheha, a., astruc, g., dhurham, s. a. o. and besnard, a. 2018b.  A habitat suitability analysis at 
multi-spatial scale of two sympatric flying fox species reveals the urgent need for conservation action.  Biodiversity 
and conservation, 27 (9): 2395 - 2423.  doi: 10.1007/s10531-018-1544-8.

In this study we used a multi-spatial scale approach to investigate habitat suitability, roosting characteristics, and ecological niche in two 
flying fox species on the Comoros Islands - Pteropus livingstonii and Pteropus seychellensis comorensis.  At a broad scale, we assessed the 
ecological niche and habitat suitability for both species using the Species Distribution Modeling method based on the recent ensembles 
of small models (ESM) approach.  At a fine scale, Ecological Niche Factor Analysis (ENFA) was applied to assess habitat selection by each 
species.  Direct observation was used at each roost to estimate the total number of individuals and to identify the roost characteristics.  
At both broad and fine scales, the analyses highlighted clear niche partitioning by the two species.  We found that P. livingstonii has a very 
limited distribution, restricted to steep, high-elevation slopes of the islands’ remaining natural forests, and the patterns were the same 
for roosting, foraging sites and the entire habitat.  By contrast, P. s. comorensis has a relatively large geographic range that extends over 
low-elevation farmlands and villages and it was negatively correlated to natural forest across the entire area and all roosting sites, but its 
foraging areas were positively correlated to natural forest and high elevation areas.  Both species selected large, tall trees for roosting.  The 
total number of individuals in the studied area was estimated to be 1243 P. livingstonii and 11,898 P. s. comorensis.  The results of our 
study demonstrated that these two species use different habitat types and ensure different ecosystem services in pollination and seed 
dispersion and thus are both critical for maintaining overall ecosystem dynamics.  However, the currently high level of hunting pressure and 
roost disturbance makes them vulnerable to extinction.  To ensure the viability of both species, conservation measures need to be taken 
by the Comoros government.

Jacobs, d. s. and bastIan, a. 2018.  High duty cycle echolocation may constrain the evolution of diversity within 
horseshoe bats (family: Rhinolophidae).  Diversity, 10 (3): 85.  doi: 10.3390/d10030085.

The phenotype of organisms is the net result of various evolutionary forces acting upon their lineages over time.  When an innovative 
trait arises that confers a substantial advantage in terms of survival and reproduction, the evolution of adaptive complexes between such 
an innovation and other traits may constrain diversification of that lineage.  The specialized echolocation system of the Rhinolophidae 
may represent such an innovation which affects other parts of the phenotype.  We investigated a potential constraint on the diversity of 
phenotypes of several species of horseshoe bats within a phylogenetic framework.  If phenotypic convergence stems from stasis as a result 
of the specialized echolocation system, phenotypes should converge not only among members of the same species and between sexes 
but also among species.  We analyzed the phenotypic diversity of > 800 individuals of 13 - 16 species.  The phenotypes in the horseshoe 
bats did indeed converge.  There was no sexual size dimorphism in mass, forearm length and wingspan within species and there was 
marked interspecific similarity in both wing and echolocation variables but marked variability in body mass.  Furthermore, correlations 
of wing and echolocation variables with mass suggest that variability within horseshoe bats was largely the result of selection on body 
size with allometric responses in wing and echolocation parameters, a potential consequence of constraints imposed by their specialized 
echolocation.

Jansen van vuren, p., allam, m., wIley, m. r., IsmaIl, a., storm, n., bIrkhead, m., markotter, w., palacIos, g. 
and paweska, J. t. 2018.  A novel adenovirus isolated from the Egyptian fruit bat in South Africa is closely related 
to recent isolates from China.  Scientific Reports, 8: 9584.  doi: 10.1038/s41598-018-27836-w.

Recently a number of novel adenoviruses have been isolated from diverse bat species and from diverse geographical locations.  We 
describe the isolation of a novel adenovirus (Family Adenoviridae, genus Mastadenovirus) from a pool of liver and spleen tissue of an 
apparently healthy wild-caught Egyptian fruit bat (Rousettus aegyptiacus) in South Africa.  Genetically the virus is most closely related 
to four mastadenoviruses recently isolated in China, from Miniopterus schreibersi and Rousettus leschenaultii bats, which are highly 
divergent from previously identified bat adenoviruses.  The length of the Rousettus aegyptiacus adenovirus-3085 (RaegAdV-3085) genome, 
at 29,342 bp is similar to its closest relatives, and contains 27 open reading frames.  The RaegAdV-3085 genome has a low G + C content 
(36.4%) relative to other viruses in the genus (between 43.6 and 63.9%) but similar to its closest relatives.  The inverted terminal repeat 
(ITR) of RaegAdV-3085 is only 40 bp compared to between 61 and 178 bp of its closest relatives.  The discovery of RaegAdV-3085 expands 
the diversity of known adenoviruses in bats and might represent a member of a new mastadenovirus species in bats.

JIao, h., wang, y., Zhang, l., JIang, p. and Zhao, h. 2018.  Lineage-specific duplication and adaptive evolution of bitter 
taste receptor genes in bats.  Molecular Ecology, 27 (22): 4475 - 4488.  doi: 10.1111/mec.14873.

By generating raw genetic material and diverse biological functions, gene duplication represents a major evolutionary mechanism that is 
of fundamental importance in ecological adaptation.  The lineage-specific duplication events of bitter taste receptor genes (Tas2rs) have 
been identified in a number of vertebrates, but functional evolution of new Tas2r copies after duplication remains largely unknown.  Here, 
we present the largest data set of bat Tas2rs to date, identified from existing genome sequences of 15 bat species and newly sequenced 
from 17 bat species, and demonstrate lineage-specific duplications of Tas2r16, Tas2r18 and Tas2r41 that only occurred in Myotis bats.  
Myotis bats are highly speciose and represent the only mammalian genus that is naturally distributed on every continent except Antarctica.  
The occupation of such diverse habitats might have driven the Tas2r gene expansion.  New copies of Tas2rs in Myotis bats have shown 
molecular adaptation and functional divergence.  For example, three copies of Tas2r16 in Myotis davidii showed differential sensitivities 
to arbutin and salicin that may occur in their insect prey, as suggested by cell-based functional assays.  We hypothesize that functional 
differences among Tas2r copies in Myotis bats would increase their survival rate through preventing the ingestion of an elevated number of 
bitter-tasting dietary toxins from their insect prey, which may have facilitated their adaptation to diverse habitats.  Our study demonstrates 
functional changes of new Tas2r copies after lineage-specific duplications in Myotis bats and highlights the potential role of taste perception 
in exploiting new environments.

JoffrIn, l., dIetrIch, m., mavInguI, p. and lebarbenchon, c. 2018.  Bat pathogens hit the road: But which one?.  
PloS Pathogens, 14 (8): e1007134.  doi: 10.1371/journal.ppat.1007134.

Current evidence suggests that environmental changes and interactions between wildlife, livestock, and humans contribute to the spillover 
of infectious agents from bats to other hosts.  An increasing number of studies investigating the diversity and infection dynamics of bat 
pathogens has recently been published; however, how these infectious agents are transmitted both within bat populations and to other 
hosts, including humans, often remains unknown.  Here, we summarize current knowledge on direct and indirect transmission routes 
of bat infectious agents of public health concern (Fig 1). Although bats are recognized as major reservoir hosts of emerging infectious 
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diseases, we highlight that a significant knowledge gap on transmission mechanisms remains and needs further exploration.

Jones, m. e. b., amman, b. r., sealy, t. k., uebelhoer, l. s., schuh, a. J., flIetstra, t., bIrd, b. h., coleman-mccray, 
J. d., ZakI, s. r., nIchol, s. t. and towner, J. s. 2019.  Clinical, histopathologic, and immunohistochemical 
characterization of experimental Marburg virus infection in a natural reservoir host, the Egyptian Rousette Bat 
(Rousettus aegyptiacus).  Viruses, 11 (3): 214.  doi: 10.3390/v11030214.

Egyptian rousette bats (Rousettus aegyptiacus) are natural reservoir hosts of Marburg virus (MARV), and Ravn virus (RAVV; collectively 
called marburgviruses) and have been linked to human cases of Marburg virus disease (MVD).  We investigated the clinical and pathologic 
effects of experimental MARV infection in Egyptian rousettes through a serial euthanasia study and found clear evidence of mild but 
transient disease.  Three groups of nine, captive-born, juvenile male bats were inoculated subcutaneously with 10,000 TCID50 of Marburg 
virus strain Uganda 371Bat2007, a minimally passaged virus originally isolated from a wild Egyptian rousette.  Control bats (n = 3) were 
mock-inoculated.  Three animals per day were euthanized at 3, 5-10, 12 and 28 days post-inoculation (DPI); controls were euthanized at 
28 DPI.  Blood chemistry analyses showed a mild, statistically significant elevation in alanine aminotransferase (ALT) at 3, 6 and 7 DPI.  
Lymphocyte and monocyte counts were mildly elevated in inoculated bats after 9 DPI.  Liver histology revealed small foci of inflammatory 
infiltrate in infected bats, similar to lesions previously described in wild, naturally-infected bats.  Liver lesion severity scores peaked at 7 
DPI, and were correlated with both ALT and hepatic viral RNA levels.  Immunohistochemical staining detected infrequent viral antigen in 
liver (3-8 DPI, n = 8), spleen (3-7 DPI, n = 8), skin (inoculation site; 3-12 DPI, n = 20), lymph nodes (3-10 DPI, n = 6), and oral submucosa 
(8-9 DPI, n = 2).  Viral antigen was present in histiocytes, hepatocytes and mesenchymal cells, and in the liver, antigen staining co-localized 
with inflammatory foci.  These results show the first clear evidence of very mild disease caused by a filovirus in a reservoir bat host and 
provide support for our experimental model of this virus-reservoir host system.

Juste, J., ruedI, m., puechmaIlle, s. J., salIcInI, I. and IbÁÑeZ, c. 2019.  Two new cryptic bat species within the Myotis 
nattereri species complex (Vespertilionidae, Chiroptera) from the Western Palaearctic.  Acta Chiropterologica, 20 
(2): 285 - 300 (for 2018).  doi: 10.3161/15081109ACC2018.20.2.001.

The Myotis nattereri species complex consists of an entangled group of Western Palaearctic bats characterized by fringing hairs along the 
rear edge of their uropatagium.  Some members are relatively common while others are rare but all forms are morphologically very similar 
and their taxonomy is unresolved.  Recent studies based on different molecular markers have shown that several major and unexpected 
lineages exist within this group of forest-dwelling bats.  All the mitochondrial and nuclear markers tested to date have shown that these 
major lineages evolved as fully independent and coherent units and therefore each qualifies as distinct species.  In the absence of proper 
morphological diagnosis, these lineages are informally referred to in the literature under different names.  We explore here the external and 
craniodental variation of these lineages.  Although all morphological measurements were overlapping between these lineages, we show 
that lineages can be completely discriminated in a multivariate morphometric space.  Consistent with previous molecular reconstructions, 
these four major lineages represent two pairs of related species, each represented by a named species (Myotis nattereri s. str. and M. 
escalerai, respectively) and by unnamed forms (Myotis sp. A and Myotis sp. B, respectively).  Herein we describe formally these two 
unnamed forms to clarify the taxonomy within this species complex.  This new taxonomic view has important implication for the protection 
of these species, as three of the four taxa must now be considered as range-restricted species in need of conservation actions.

kadIng, r. c., kItyo, r. m., mossel, e. c., borland, e. m., nakayIkI, t., nalIkka, b., nyakarahuka, l., ledermann, 
J. p., panella, n. a., gIlbert, a. t., crabtree, m. b., kerbIs peterhans, J., towner, J. s., amman, b. r., 
sealy, t. k., nIchol, s. t., powers, a. m., lutwama, J. J. and mIller, b. r. 2018.  Neutralizing antibodies 
against flaviviruses, Babanki virus, and Rift Valley fever virus in Ugandan bats.  Infection Ecology & Epidemiology, 
8 (1): 1439215.  doi: 10.1080/20008686.2018.1439215.

Introduction: A number of arboviruses have previously been isolated from naturally-infected East African bats, however the role of bats in 
arbovirus maintenance is poorly understood.  The aim of this study was to investigate the exposure history of Ugandan bats to a panel of 
arboviruses.
Materials and methods: Insectivorous and fruit bats were captured from multiple locations throughout Uganda during 2009 and 2011 
- 2013.  All serum samples were tested for neutralizing antibodies against West Nile virus (WNV), yellow fever virus (YFV), dengue 2 virus 
(DENV-2), Zika virus (ZIKV), Babanki virus (BBKV), and Rift Valley fever virus (RVFV) by plaque reduction neutralization test (PRNT).  Sera 
from up to 626 bats were screened for antibodies against each virus.
Results and Discussion: Key findings include the presence of neutralizing antibodies against RVFV in 5/52 (9.6%) of little epauletted fruit 
bats (Epomophorus labiatus) captured from Kawuku and 3/54 (5.6%) Egyptian rousette bats from Kasokero cave.  Antibodies reactive to 
flaviviruses were widespread across bat taxa and sampling locations.
Conclusion: The data presented demonstrate the widespread exposure of bats in Uganda to arboviruses, and highlight particular virus-bat 
associations that warrant further investigation.

kandeIl, a., gomaa, m. r., shehata, m. m., el taweel, a. n., mahmoud, s. h., bagato, o., moatasIm, y., kutkat, o., 
kayed, a. s., dawson, p., QIu, x., bahl, J., webby, r. J., karesh, w. b., kayalI, g. and alI, m. a. 2019.  Isolation 
and characterization of a distinct influenza A virus from Egyptian bats.  Journal of Virology, 93 (2): e01059-18.  doi: 
10.1128/JVI.01059-18.

Abstract  Recently, two genetically distinct influenza viruses were detected in bats in Guatemala and Peru.  We conducted influenza 
A virus surveillance among four bat species in Egypt.  Out of 1,202 swab specimens, 105 were positive by real-time PCR.  A virus was 
successfully isolated in eggs and propagated in MDCK cells in the presence of N-tosyl-L-phenylalanine chloromethyl ketone-treated trypsin.  
Genomic analysis revealed that the virus was phylogenetically distinct from all other influenza A viruses.  Analysis of the hemagglutinin 
gene suggested a common ancestry with other H9 viruses, and the virus showed a low level of cross-reactivity with serum raised against 
H9N2 viruses.  Bats were seropositive for the isolated viruses.  The virus replicated in the lungs of experimentally infected mice.  While it is 
genetically distinct, this virus shares several avian influenza virus characteristics suggesting a more recent avian host origin.
Importance  Through surveillance, we isolated and characterized an influenza A virus from Egyptian fruit bats.  This virus had an affinity 
to avian-like receptors but was also able to infect mice.  Our findings indicate that bats may harbor a diversity of influenza A viruses.  Such 
viruses may have the potential to cross the species barrier to infect other species, including domestic birds, mammals, and, possibly, 
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humans.

kaswera kyamakya, c., nebesse mololo, c. and gambalemoke mbalItInI, s. 2019.  Bushmeattrade in Kisangani 
(DRC), constancy and abundance of mammalian species on the market from 1976 to 2016.  International Journal 
of Environment, Agriculture and Biotechnology, 4 (2): 323 - 333.  doi: 10.22161/ijeab/4.2.10.

Bushmeat is regularly sold and be consumed in Kisangani.  The copulated data show not only very high occurrences but also species 
composition changes year after year, few of them remain constant in the market.  This implies that monitoring activities must be developed 
in this sector.  Kisangani region is experiencing an erosion of its biodiversity due to the bushmeat trade.  A significant proportion of the 
specimens of meat marketed is protected species near 8.44 %.  Colobuses, water snakes and elephants are the most commercially 
protected species on the market for commercialized game.  The analysis of data copulated over the period from 1976 to 2016 reveals an 
estimated occurrence of 118090 specimens sold whose constant species frequencies higher than 50 %, are listed as follows:
Primates include Cercopithecus ascanius, Cercopithecus hamlyni, Cercopithecus hoesti, Cercopithecus mitis, Cercopithecus neglectus, 
Cercopithecus mona, Colobus angolensis, Lophocebus albigena, Papio anubis and Piliocolobus badius.
For Artiodactyla, Philantomba monticola, Cephalophus dorsalis, Cephalophus nigrifrons, Cephalophus sylvicultor, Hyemoscus aquaticus, 
Tragelaphus spekei, Potamochoeurus porcus.
For Rodents, it concerns Atherurus africanus, Cricetomys emini.
The remaining species are either incidental or accidental.
From the relative abundance point of view in Primates, Cercopithecus ascanius 26.73 %, Cercopithecus mitis 6.68 %, Cercopithecus hoesti 
6.3 %, Colobus angolensis 4.3 %, Procolobus badius 6 %.
In the Artiodactyla, Philantomba monticola predominates with 54.4 %, Cephalophus dorsalis 11.7 %, 5.06 %, Cephalophus nigrifrons 
5.99 %.
For Rodents, Cricetomys emini predominates with 57.59 %, Atherurus africanus 21.44 %, Cricetomys gambianus 20.48 %.
Others animals groups trade are giant pangolin Smutsia gigantea 90.13 %, Dendrohyrax dorsalis 64.88 %, Orycteropus afer 37.5 %, 
Osbornictis piscivora 73.21 %, Bdeogale nigripes 26.62%, and finally Eidolon helvum for bats 76.9 %.

kearney, t. c., keIth, m., markotter, w., pretorIus, m. and seamark, e. c. J. 2019.  Bat species (Mammalia: 
Chiroptera) occurring at Telperion Nature Reserve.  Annals of the Ditsong National Museum of Natural History, 8: 
30 - 42.

Mist nets, harp traps and roost searches resulted in the eight bat species being recorded in Telperion Nature Reserve, which is in a transition 
between the Savanna and Grassland biomes.  The majority of these were species in the family Vespertilionidae.  Anabat release calls were 
recorded from three species.  Sexual dimorphism in external body size, and in two of the Anabat release call parameters (Fc and Sc), were 
observed in Neoromicia capensis.  This species was roosting in larger numbers in buildings than previously recorded for vegetation roosts.  
The low capture rate and lack of certain bat families was most likely the result of capture bias, even though the Grassland biome is known 
to have fewer species than the Savanna biome.

keeley, b. w., keeley, a. t. h. and houlahan, p. 2018.  Ridge number in bat ears is related to both guild membership 
and ear length.  PLoS ONE, 13 (7): e0200255.  doi: 10.1371/journal.pone.0200255.

The ears of many mammals have a set of uniformly spaced horizontal ridges that form groove arrays.  Contact of coherent waves (e.g. 
acoustic waves) with a series of slits or grooves causes diffraction, which produces constructive and destructive interference patterns.  
Increases in signal strength will occur but will depend on the frequencies involved, the groove number and their separations.  Diffraction 
effects can happen for a wide range of frequencies and wavelengths, but no array can diffract wavelengths greater than twice the groove 
separation, and it is for those wavelengths comparable in size with the groove separation that the effects are greatest.  For example, when 
ridges in bat ears are 1 mm apart, the strongest influence will occur for a 1 mm wavelength which corresponds to a frequency of 343 kHz.  
If bats could use these wavelengths, it would help them to resolve objects or surface textures of about 0.5 mm.  Given how critical acoustics 
are for bat function, we asked whether bats may be taking advantage of diffraction effects generated by the grooves.  We hypothesize that 
groove number varies with bat foraging strategy.  Examining 120 species, we found that groove number is related to both guild and ear 
length.  Bats in guilds that glean prey items from foliage or ground have on average more grooves than bats in other guilds.  Harmonics 
generated by echolocation calls are the most likely source for the wavelengths that would correspond to the groove separations.  We apply 
the physical principles of wave reflection, diffraction, and superposition to support the hypothesis that acoustic responses generated from 
grooves may be useful to bats.  We offer an explanation why some bat species do not have grooves.  We also discuss the presence of groove 
arrays in non-echolocating Chiropterans, and five additional mammalian orders.

kemp, J., lÓpeZ-baucells, a., rocha, r., wangensteen, o. s., andrIatafIka, Z., naIr, a. and cabeZa, m. 
2018.  Bats as potential suppressors of multiple agricultural pests: A case study from Madagascar.  Agriculture, 
Ecosystems and Environment, 269: 88 - 96 (for 2019).  doi: 10.1016/j.agee.2018.09.027.

The conversion of natural habitats to agriculture is one of the main drivers of biotic change.  Madagascar is no exception and land-
use change, mostly driven by slash-and-burn agriculture, is impacting the island’s exceptional biodiversity.  Although most species are 
negatively affected by agricultural expansion, some, such as synanthropic bats, are capable of exploring newly available resources and 
benefit from man-made agricultural ecosystems.  As bats are known predators of agricultural pests it seems possible that Malagasy bats 
may be preferentially foraging within agricultural areas and therefore provide important pest suppression services.  To investigate the 
potential role of bats as pest suppressors, we conducted acoustic surveys of insectivorous bats in and around Ranomafana National Park, 
Madagascar, during November and December 2015.  We surveyed five landcover types: irrigated rice, hillside rice, secondary vegetation, 
forest fragment and continuous forest.  9569 bat passes from a regional assemblage of 19 species were recorded.  In parallel, we 
collected faeces from the six most common bat species to detect insect pest species in their diet using DNA metabarcoding.  Total bat 
activity was higher over rice fields when compared to forest and bats belonging to the open space and edge space sonotypes were the 
most benefited by the conversion of forest to hillside and irrigated rice.  Two economically important rice pests were detected in the faecal 
samples collected - the paddy swarming armyworm Spodoptera mauritia was detected in Mops leucogaster samples while the grass 
webworm Herpetogramma licarsisalis was detected from Mormopterus jugularis and Miniopterus majori samples.  Other crops pests 
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detected included the sugarcane cicada Yanga guttulate, the macadamia nut-borer Thaumatotibia batrachopa and the sober tabby Ericeia 
inangulata (a pest of citrus fruits).  Samples from all bat species also contained reads from important insect disease vectors.  In light of our 
results we argue that Malagasy insectivorous bats have the potential to suppress agricultural pests.  It is important to retain and maximise 
Malagasy bat populations as they may contribute to higher agricultural yields and promote sustainable livelihoods.

kessler, m. k., becker, d. J., peel, a. J., JustIce, n. v., lunn, t., crowley, d. e., Jones, d. n., eby, p., sÁncheZ, c. 
a. and plowrIght, r. k. 2018.  Changing resource landscapes and spillover of henipaviruses.  Annals of the New 
York Acadamy of Science, 1429: 78 - 99.  doi: 10.1111/nyas.13910.

Old World fruit bats (Chiroptera: Pteropodidae) provide critical pollination and seed dispersal services to forest ecosystems across Africa, 
Asia, and Australia.  In each of these regions, pteropodids have been identified as natural reservoir hosts for henipaviruses.  The genus 
Henipavirus includes Hendra virus and Nipah virus, which regularly spill over from bats to domestic animals and humans in Australia and 
Asia, and a suite of largely uncharacterized African henipaviruses.  Rapid change in fruit bat habitat and associated shifts in their ecology 
and behavior are well documented, with evidence suggesting that altered diet, roosting habitat, and movement behaviors are increasing 
spillover risk of bat-borne viruses.  We review the ways that changing resource landscapes affect the processes that culminate in cross-
species transmission of henipaviruses, from reservoir host density and distribution to within-host immunity and recipient host exposure.  
We evaluate existing evidence and highlight gaps in knowledge that are limiting our understanding of the ecological drivers of henipavirus 
spillover.  When considering spillover in the context of land-use change, we emphasize that it is especially important to disentangle the 
effects of habitat loss and resource provisioning on these processes, and to jointly consider changes in resource abundance, quality, and 
composition.

klIng, J. 2018.  Phased arrays & the Egyptian fruit bat.  Lab Animal, 47 (3): 61.  doi: 10.1038/s41684-018-0010-2.

kobayashI, m. 2018.  Anatomical attributes of the musculus quadriceps femoris responsible for poor crawling ability 
in the greater horseshoe bat (Rhinolophus ferrumequinum).  International Journal of Morphology, 36 (1): 69 - 73.

In mammals, the Musculus quadriceps femoris is a well-developed extensor muscle of the thigh.  It is also relatively well developed in bats.  
The muscle group consists of a distally elongated muscle belly, which is important for the full extension of the knee joint during terrestrial 
locomotion.  However, most bats species demonstrate poor terrestrial locomotion, although several species are able to crawl on the 
ground.  Among the crawling bats, knee joint extension is necessary for crawling.  Among bat species generally, the M. quadriceps femoris 
has a distally elongated belly for extending the shank, although the feature also occurs among poor crawling bat species.  The relationship 
between a relatively well-developed M. quadriceps femoris and poor crawling ability in bats is incongruous, but there is a possibility that 
bats with a reduced M. quadriceps femoris have not yet been found.  The greater horseshoe bat (Rhinolophus ferrumequinum) has long 
been known to be incapable of crawling, but there are no detailed descriptions in the literature concerning this bat’s M. quadriceps femoris.  
The findings of this study reveal that the M. quadriceps femoris of Rh. ferrumequinum has a short muscle belly attached to the proximal 
portion of the femur; furthermore, the insertional tendon of this muscle and its patellar ligament are very thin.  These morphological 
features suggest that this species cannot exert a strong and long-distance extension of its knee joints, unlike most other bat species.  
In addition to the above described morphological features, the M. rectus femoris of Rh. ferrumequinum is fused with the vasti in the M. 
quadriceps femoris.  This M. quadriceps femoris arises from the pelvis and inserts onto the femur.  Therefore, Rh. ferrumequinum has an 
M. quadriceps femoris specialized for flexion of the hip joint.

kohl, c., tachedJIan, m., todd, s., monaghan, p., boyd, v., marsh, g. a., cramerI, g., fIeld, h., kurth, a., smIth, 
I. and wang, l.-f. 2018.  Hervey virus: Study on co-circulation with Henipaviruses in Pteropid bats within their 
distribution range from Australia to Africa.  PLoS ONE, 13 (2): e0191933.  doi: 10.1371/journal.pone.0191933.

In 2011, an unusually large number of independent Hendra virus outbreaks were recorded on horse properties in Queensland and New 
South Wales, Australia.  Urine from bat colonies adjacent to the outbreak sites were sampled and screened for Hendra and other viruses.  
Several novel paramyxoviruses were also isolated at different locations.  Here one of the novel viruses, named Hervey virus (HerPV), is fully 
characterized by genome sequencing, annotation, phylogeny and in vitro host range, and its serological cross-reactivity and neutralization 
patterns are examined.  HerPV may have ecological and spatial and temporal patterns similar to Hendra virus and could serve as a 
sentinel virus for the surveillance of this highly pathogenic virus.  The suitability of HerPV as potential sentinel virus is further assessed by 
determining the serological prevalence of HerPV antibodies in fruit-eating bats from Australia, Indonesia, Papua New Guinea, Tanzania and 
the Gulf of Guinea, indicating the presence of similar viruses in regions beyond the Australian border.

kolodny, o., weInberg, m., reshef, l., harten, l., hefetZ, a., gophna, u., feldman, m. w. and yovel, y. 2018.  
Coordinated change at the colony level in fruit bat fur microbiomes through time.  Nature Ecology & Evolution, 3: 
116 - 124.  doi: 10.1038/s41559-018-0731-z.

The host-associated microbiome affects individual health and behaviour, and may be influenced by local environmental conditions.  
However, little is known about microbiomes’ temporal dynamics in free-living species compared with their dynamics in humans and model 
organisms, especially in body sites other than the gut.  Here, we investigate longitudinal changes in the fur microbiome of captive and 
free-living Egyptian fruit bats.  We find that, in contrast to patterns described in humans and other mammals, the prominent dynamics is of 
change over time at the level of the colony as a whole.  On average, a pair of fur microbiome samples from different individuals in the same 
colony collected on the same date are more similar to one another than a pair of samples from the same individual collected at different 
time points.  This pattern suggests that the whole colony may be the appropriate biological unit for understanding some of the roles of the 
host microbiome in social bats’ ecology and evolution.  This pattern of synchronized colony changes over time is also reflected in the profile 
of volatile compounds in the bats’ fur, but differs from the more individualized pattern found in the bats’ gut microbiome.

krÜger, n., sauder, c., hÜttl, s., papIes, J., voIgt, k., herrler, g., hardes, k., steInmetZer, t., Örvell, c., 
drexler, J. f., drosten, c., rubIn, s., mÜller, m. a. and hoffmann, m. 2018.  Entry, replication, immune 
evasion, and neurotoxicity of synthetically engineered bat-borne mumps virus.  Cell Reports, 25 (2): 312 - 320.  doi: 
10.1016/j.celrep.2018.09.018.

Bats harbor a plethora of viruses with an unknown zoonotic potential.  In-depth functional characterization of such viruses is often hampered 
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by a lack of virus isolates.  The genome of a virus closely related to human mumps viruses (hMuV) was detected in African fruit bats, 
batMuV.  Efforts to characterize batMuV were based on directed expression of the batMuV glycoproteins or use of recombinant chimeric 
hMuVs harboring batMuV glycoprotein.  Although these studies provided initial insights into the functionality of batMuV glycoproteins, the 
host range, replication competence, immunomodulatory functions, virulence, and zoonotic potential of batMuV remained elusive.  Here, 
we report the successful rescue of recombinant batMuV.  BatMuV infects human cells, is largely resistant to the host interferon response, 
blocks interferon induction and TNF-a activation, and is neurotoxic in rats.  AntihMuV antibodies efficiently neutralize batMuV.  The striking 
similarities between hMuV and batMuV point at the putative zoonotic potential of batMuV.

kruskop, s. v., solovyeva, e. n. and kaZnadZey, a. d. 2018.  Unusual Pipistrelle: taxonomic position of the Malayan 
noctule (Pipistrellus stenopterus; Vespertilionidae; Chiroptera).  Zoological Studies, 57: 60.  doi: 10.6620/
ZS.2018.57-60.

Despite huge progress in the systematics of bats and, in particular, of the Vespertilionidae family in latest years, the taxonomic position of a 
number of remarkable bat species has been uncertain until now, partly because of limits in acceptable comparative material.  Researchers 
have previously placed the Malayan noctule, Pipistrellus stenopterus, into Nyctalus, because of similar body shape and proportions, or 
into Pipistrellus, based on karyological analysis.  This study reassesses Pipistrellus stenopterus using available collection material and 
compares it to various members of Nyctalus and Pipistrellus, as well as with some other related and similar genera, based on respective 
morphological and molecular genetic features.  This species demonstrates vast morphological peculiarities compared to other Pipistrellus-
like bats.  Nonetheless, both mitochondrial and nuclear genetic markers unequivocally place it close to other Asian pipistrelles, most 
probably in a sister position to the “javanicus” species group.  We propose establishing P. stenopterus as a separate subgenus, Alionoctula.  
Our results also confirm that Pipistrellus is paraphyletic in its current state, and we suggest that further studies explore its internal taxonomy 
and limits.

kupferschmIdt, k. 2019.  This bat species may be the source of the Ebola epidemic that killed more than 11,000 
people in West Africa.  Science.  URL: http://www.sciencemag.org/news/2019/01/bat-species-may-be-source-ebola-
epidemic-killed-more-11000-people-west-africa.

lawson, e. t., ayIvor, J. s., ohemeng, f. and ntIamoa-baIdu, y. 2018.  Avoiding bites and scratches?  Understanding 
the public health implication of human-bat interactions in Ghana.  Zoonoses and Public Health, 66 (1): 108 - 116 
(for 2019).  doi: 10.1111/zph.12540.

Zoonotic pathogens cause an estimated 70 % of emerging and re-emerging infectious diseases in humans, affecting various aspects 
of human development on a global scale.  The significance of bats as a source of emerging infectious diseases is being progressively 
appreciated.  This study was undertaken post-Ebola virus disease in West Africa and assessed the public health implications of human-
bat interactions by exploring the reasons for contact between humans and bats, as well as reported actions taken upon experiencing bat 
bites or scratches.  The paper highlights the nuances of human-bat interactions, stressing zoonotic disease risk awareness as well as the 
sources of information.  The study used questionnaires to solicit information from 788 respondents in five communities with significant 
bat populations.  We show that bat consumption was one of the main reasons for human-bat interactions.  More men across the various 
communities ate bat meat.  Only a small number of respondents (4.4 %) reported being bitten by a bat, and 6.1 % had been scratched 
by a bat. More than 21 % had come into direct contact with bat blood.  An even lower number went to the hospital after been bitten or 
scratched by bats.  There was little knowledge on post-exposure management.  The most common places human-bat interactions occurred 
were at home and on farms.  Seventy-three per cent of the respondents believed that bats carried diseases, with Ebola virus disease 
being the most mentioned.  Respondents indicated that the way they interacted with bats had not changed, even though they believed 
bats carried diseases and 46 % stated that they had not changed the way they interacted with bats over the last two years.  Apart from 
providing information on avoiding bites and scratches, a more holistic framework is needed to reduce human-bat interactions.  The paper 
recommends a comprehensive and coordinated approach to optimizing an effective response to a potential bat-borne zoonotic disease 
spillover.

laZZeronI, m. e., burbrInk, f. t. and sImmons, n. b. 2018.  Hibernation in bats (Mammalia: Chiroptera) did not 
evolve through positive selection of leptin.  Ecology and Evolution, 8 (24): 12576 - 12596.  doi: 10.1002/ece3.4674.

Temperature regulation is an indispensable physiological activity critical for animal survival.  However, relatively little is known about the 
origin of thermoregulatory regimes in a phylogenetic context, or the genetic mechanisms driving the evolution of these regimes.  Using bats 
as a study system, we examined the evolution of three thermoregulatory regimes (hibernation, daily heterothermy, and homeothermy) in 
relation to the evolution of leptin, a protein implicated in regulation of torpor bouts in mammals, including bats.  A threshold model was 
used to test for a correlation between lineages with positively selected lep, the gene encoding leptin, and the thermoregulatory regimes of 
those lineages.  Although evidence for episodic positive selection of lep was found, positive selection was not correlated with lineages of 
heterothermic bats, a finding that contradicts results from previous studies.  Evidence from our ancestral state reconstructions suggests 
that the most recent common ancestor of bats used daily heterothermy and that the presence of hibernation is highly unlikely at this node.  
Hibernation likely evolved independently at least four times in bats - once in the common ancestor of Vespertilionidae and Molossidae, 
once in the clade containing Rhinolophidae and Rhinopomatidae, and again independently in the lineages leading to Taphozous 
melanopogon and Mystacina tuberculata.  Our reconstructions revealed that thermoregulatory regimes never transitioned directly from 
hibernation to homeothermy, or the reverse, in the evolutionary history of bats.  This, in addition to recent evidence that heterothermy is 
best described along a continuum, suggests that thermoregulatory regimes in mammals are best represented as an ordered continuous 
trait (homeothermy <- -> daily torpor <- -> hibernation) rather than as the three discrete regimes that evolve in an unordered fashion.  These 
results have important implications for methodological approaches in future physiological and evolutionary research.

leopardI, s., holmes, e. c., gastaldellI, m., tassonI, l., prIorI, p., scaravellI, d., ZamperIn, g. and de 
benedIctIs, p. 2018.  Interplay between co-divergence and cross-species transmission in the evolutionary history 
of bat coronaviruses.  Infection, Genetics and Evolution, 58: 279 - 289.  doi: 10.1016/j.meegid.2018.01.012.

Coronaviruses (CoVs) have been documented in almost every species of bat sampled.  Bat CoVs exhibit both extensive genetic diversity 
and a broad geographic range, indicative of a long-standing host association.  Despite this, the respective roles of long-term virus-host 
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co-divergence and cross-species transmission (host-jumping) in the evolution of bat coronaviruses are unclear.  Using a phylogenetic 
approach we provide evidence that CoV diversity in bats is shaped by both species richness and their geographical distribution, and that 
CoVs exhibit clustering at the level of bat genera, with these genus-specific clusters largely associated with distinct CoV species.  Co-
phylogenetic analyses revealed that cross-species transmission has been more common than codivergence across coronavirus evolution 
as a whole, and that cross-species transmission events were more likely between sympatric bat hosts.  Notably, however, an analysis of the 
CoV RNA polymerase phylogeny suggested that many such host-jumps likely resulted in short-term spill-over infections, with little evidence 
for sustained onward transmission in new co-roosting host species.

lI, n., ayInmode, a. b., Zhang, h., feng, y. and xIao, l. 2019.  Host-adapted Cryptosporidium and Enterocytozoon 
bieneusi genotypes in straw-colored fruit bats in Nigeria.  International Journal for Parasitology - Parasites and 
Wildlife, 8: 19 - 24.  doi: 10.1016/j.ijppaw.2018.12.001.

Few data are available on the distribution and human infective potential of Cryptosporidium and Enterocytozoon bieneusi genotypes in 
bats.  In this preliminary study, we collected 109 fecal specimens during April - July 2011 from a colony of straw-colored fruit bats (Eidolon 
helvum) in an urban park (Agodi Gardens) of Ibadan, Nigeria, and analyzed for Cryptosporidium spp., Giardia duodenalis and E. bieneusi 
using PCR targeting the small subunit rRNA gene, triosephosphate isomerase gene, and ribosomal internal transcribed spacer, respectively.  
Genotypes of these enteric parasites were determined by DNA sequencing of the PCR products.  Altogether, 6 (5.5 %), 0 and 16 (14.7 
%) specimens were positive for Cryptosporidium spp., G. duodenalis, and E. bieneusi, respectively.  DNA sequence analysis of the PCR 
products indicated the presence of two novel Cryptosporidium genotypes named as bat genotype XIV (in 5 specimens) and bat genotype XV 
(in 1 specimen) and one known E. bieneusi genotype (Type IV in 1 specimen) and two novel E. bieneusi genotypes (Bat1 in 13 specimens 
and Bat2 in 2 specimens).  In phylogenetic analysis of DNA sequences, the two novel Cryptosporidium genotypes were genetically related 
to Bat genotype II previously identified in fruit bats in China and Philippines, whereas the two novel E. bieneusi genotypes were genetically 
related to Group 5, which contains several known genotypes from primates.  With the exception of Type IV, none of the Cryptosporidium and 
E. bieneusi genotypes found in bats in this study are known human pathogens.  Thus, straw-colored fruit bats in Nigeria are mainly infected 
with host-adapted Cryptosporidium and E. bieneusi genotypes.

lÓpeZ-baucells, a., rocha, r., andrIatafIka, Z., toJosoa, t., kemp, J., forbes, k. m. and cabeZa, m. 2018.  
Roost selection by synanthropic bats in rural Madagascar: what makes non-traditional structures so tempting?.  
Hystrix, Italian Journal of Mammalogy, 28 (1): 28 - 35 (for 2017).  doi: 10.4404/hystrix–28.1-12046.

Humanised landscapes are causing population declines and even extinctions of wildlife, whereas a limited number of species are adapting 
to the new niches and resources within these modified habitats.  Synanthropy is widespread among many vertebrates and often causes 
co-habitation conflicts between humans and wildlife species.  Bats often roost in anthropogenic structures, and especially in the tropics, 
mitigation of human-bat conflicts arising from co-habitation is hampered by a paucity of research focusing on roost preferences.  We 
assessed roost selection by bats in villages around Ranomafana National Park, eastern Madagascar.  Ten villages were surveyed, with bats 
occupying 21 of the 180 evaluated buildings.  Of those, 17 were public buildings harbouring large molossid colonies.  Although beneficial 
ecosystem services provided by bats are well-known, several cases of colony eviction were noted, mostly due to unwanted co-habitation.  
Bat preference was driven by the type of building, its height and a lack of fire use by the inhabitants.  Colonies were mainly found under 
metal sheets within large empty chambers, whereas only isolated bats were detected in the roofs of traditional cabins.  Temperatures up 
to 50 °C were recorded inside a roost, representing one of the highest temperatures recorded for an African maternity roost.  Molossidae 
bats appear to have found a suitable alternative to their native roosts in hollow, old and tall trees in pristine forests, which are becoming 
rare in Madagascar.  This suggests that human-bat interactions in Madagascar will likely increase alongside rural development and the 
loss of primary forest habitats.  Shifting to modern construction methods while combining traditional techniques with proper roof sealing 
could prevent the establishment of bat colonies in undesired locations, whereas co-habitation conflicts could alternatively be minimised by 
reducing direct interaction with humans.  In light of our results, we urge caution with bat evictions, and greater attention when introducing 
modern building practices, often supported by foreign initiatives, to poor rural communities in developing countries.

mahmoud, y. I., taha, a. and solIman, s. 2018.  3-Monochloropropane-1,2-diol (alpha-chlorohydrin) disrupts 
spermatogenesis and causes spermatotoxicity in males of the Egyptian fruit-bat (Rousettus aegyptiacus).  
Biotechnic & Histochemistry, 93 (4): 293 - 300.  doi: 10.1080/10520295.2018.1437471.

We evaluated the sterilizing effect of 3-monochloropropane-1, 2-diol (3-MCPD) in male Egyptian fruit bats (Rousettus aegyptiacus).  We 
used three groups.  One was treated with 70 mg/kg 3-MCPD for 4 days.  The second group was treated with 3-MCPD as a bait formulation 
(known concentration of 3-MCPD mixed with a known amount of food).  The third group was untreated controls.  We compared the weights 
of the reproductive organs, histology of the testes, occurrence of spermatogenesis, and the count, motility and abnormalities of epididymal 
sperm of treated males with those of the untreated control group.  3-MCPD caused significantly decreased weights of reproductive organs, 
several testicular histological alterations and spermatogenic arrest accompanied by significant decreases in sperm count and motility, and 
significantly increased number of abnormal sperm.  3-MCPD bait was readily accepted by the animals.  3-MCPD, even in low doses and 
after limited exposure, disrupted spermatogenesis in males of the Egyptian fruit bat.  Our findings have potential value for public health and 
agricultural authorities, and for vertebrate pest managers.  3-MCPD may have application for control of this pest.

malekanI, a. b., musaba, p. a., gembu, g.-c. t., bugentho, e. p., toengaho, a. s., badJedJea, g. b., ngabu, J. c., 
mutombo, p. k., laudIsoIt, a., ewango, c. n., van cakenberghe, v., verheyen, e., asImonyo, J. a., masudI, 
f. m., bongo, g. n. and ngbolua, k. t. n. 2018.  Preliminary inventory of bats (Mammalia, Chiroptera) in three 
protected areas of the Democratic Republic of the Congo.  Nature Conservation Research, 3 (1): 92 - 96.  doi: 
10.24189/ncr.2018.006.

As part of biodiversity monitoring in the Kisangani Forest Region, a survey of bats was conducted in three protected areas, specifically 
Lomami, Yangambi and Epulu.  In this pilot study, a total of 201 specimens were collected using Japanese nets of different lengths (6, 9 
and 12 m long) and a height of 2 m with a mesh size of 2 × 2 cm to capture bats.  Captured specimens were identified using determination 
keys appropriate for the study area.  The results of inventories in the three sites revealed that 201 specimens of captured bats belong to 
2 sub-orders, 4 families, 9 genera and 12 species.  The most abundant species were Epomops franqueti, Megaloglossus woermannii and 
Myotis bocagii.  The following species, Epomops franqueti, Megaloglossus woermanii, Casinycteris argynnis, and Hipposideros caffer were 
found at all three sites.  Based on the Shannon Index, it was observed that the Lomami site has a higher specific diversity than the two 
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other areas (Yangambi and Epulu) 1.74 against 1.51 and 1.42 respectively.

mandl, J. n., schneIder, c., schneIder, d. s. and baker, m. l. 2018.  Going to bat(s) for studies of disease tolerance.  
Frontiers in Immunology, 9: 2112.  doi: 10.3389/fimmu.2018.02112.

A majority of viruses that have caused recent epidemics with high lethality rates in people, are zoonoses originating from wildlife.  Among 
them are filoviruses (e.g., Marburg, Ebola), coronaviruses (e.g., SARS, MERS), henipaviruses (e.g., Hendra, Nipah) which share the common 
features that they are all RNA viruses, and that a dysregulated immune response is an important contributor to the tissue damage and 
hence pathogenicity that results from infection in humans.  Intriguingly, these viruses also all originate from bat reservoirs.  Bats have been 
shown to have a greater mean viral richness than predicted by their phylogenetic distance from humans, their geographic range, or their 
presence in urban areas, suggesting other traits must explain why bats harbor a greater number of zoonotic viruses than other mammals.  
Bats are highly unusual among mammals in other ways as well.  Not only are they the only mammals capable of powered flight, they have 
extraordinarily long life spans, with little detectable increases in mortality or senescence until high ages.  Their physiology likely impacted 
their history of pathogen exposure and necessitated adaptations that may have also affected immune signaling pathways.  Do our life 
history traits make us susceptible to generating damaging immune responses to RNA viruses or does the physiology of bats make them 
particularly tolerant or resistant?  Understanding what immune mechanisms enable bats to coexist with RNA viruses may provide critical 
fundamental insights into how to achieve greater resilience in humans.

mbu’u, c. m., mbacham, w. f., gontao, p., kamdem, s. l. s., nlÔga, a. m. n., groschup, m. h., wade, a., fIscher, 
k. and balkema-buschmann, a. 2019.  Henipaviruses at the interface between bats, livestock and human 
population in Africa: A review.  Vector-Borne and Zoonotic Diseases: 11 pp.  doi: 10.1089/vbz.2018.2365.

Nipah virus (NiV) and Hendra virus (HeV) are closely related members within the genus Henipavirus, family Paramyxoviridae, for which 
fruit bats serve as the reservoir.  The initial emergence of NiV infections in pigs and humans in Malaysia, and HeV infections in horses 
and humans in Australia, posed severe impacts on human and animal health, and continues threatening lives of humans and livestock 
within Southeast Asia and Australia.  Recently, henipavirus-specific antibodies have also been detected in fruit bats in a number of sub-
Saharan African countries and in Brazil, thereby considerably increasing the known geographic distribution of henipaviruses.  Africa is 
progressively being recognized as a new high prevalence zone for henipaviruses, as deduced from serological and molecular evidence of 
past infections in Madagascar, Ghana, Republic of Congo, Gulf of Guinea, Zambia, Tanzania, Cameroon, and Nigeria lately.  Serological 
data suggest henipavirus spillover from bats to livestock and human populations in Africa without reported clinical disease in any of these 
species.  All virus isolation attempts have been abortive, highlighting the need for further investigations.  The genome of the Ghanaian 
bat henipavirus designated Ghana virus (GhV), which was detected in a pteropid Eidolon helvum bat, is the only African henipavirus that 
has been completely sequenced limiting our current knowledge on the genetic diversity and pathogenesis of African henipaviruses.  In 
this review, we summarize the available data on the circulation of henipaviruses in Africa, discuss potential sources for virus spillover, and 
highlight existing research gaps.

mccleery, r., monadJem, a., baIser, b., fletcher, r. Jr, vIckers, k. and kruger, l. 2018.  Animal diversity 
declines with broad-scale homogenization of canopy cover in African savannas.  Biological Conservation, 226: 54 
- 62.  doi: 10.1016/j.biocon.2018.07.020.

Savannas are increasingly threatened by anthropogenic forces that are causing broad-scale directional shifts in woody vegetation that 
homogenizes their structure.  Yet, whether animal communities respond consistently to changes in woody vegetation in savannas, 
particularly in terms of the effects of spatial scale, remains poorly understood.  We addressed this gap by testing for changes in birds, bats 
and terrestrial small mammals across a gradient of woody cover in the savannas of southeastern Africa for two years at multiple spatial 
scales.  We found that homogenization of vegetation structure corresponded with decreases in animal richness, diversity and functional 
diversity.  Additionally, metrics of animal diversity declined at opposing ends of a canopy cover gradient (< 10% and > 65%), where we found 
distinctly different animal assemblages.  These patterns were consistently more pronounced on a broader grid scale (30.25 ha) when 
compared with the plot scale (0.25 ha).  The broad-scale reductions in the diversity and functions of animals observed may be indicative of 
reductions in the resilience, stability and ecosystem function of tropical savannas.  Our results suggest that conservation and management 
aimed at promoting heterogeneity at broad scales may be critical for maintaining diversity and functionality in savannas.

mehdIZadeh, m., eghbalI, h. and sharIfI, m. 2018.  Postnatal growth and vocalization sevelopment in the Long-
fingered bat, Myotis capaccinii (Chiroptera, Vespertilionidae).  Zoological Studies, 57: 37.  doi: 10.6620/
ZS.2018.57-37.

We simultaneously monitored postnatal growth and vocalization development in a free living population of the long-fingered bat, Myotis 
capaccinii, in a maternity colony in the Mahidasht cave, western Iran.  Length of forearm and body mass of 1-day-old neonates averaged 
19.59 ± 1.23 mm and 3.59 ± 0.23 g and followed linear pattern of growth at mean growth rates of 0.74 mm/day and 0.15 g/day until 28 
days of age, after which is increased slowly.  A similar nonlinear growth pattern was found for ten wing characteristics (wingspan, wing area, 
handwing length, handwing area, armwing length, armwing area, aspect ratio, wing loading, tip length ratio, and tip area ratio).  However, 
postnatal growth followed a two phase linear pattern of increase-decrease for the epiphyseal-phalangeal gap and decrease-increase 
for wing loading.  At birth, infant bats produced low, short frequency sonar and oral calls in isolation before they could open their eyes.  
Isolation calls obtained at age 1-4 days old from M. capaccinii pups were frequency modulated shallow calls with longer duration (7.54 ± 
1.83 ms) and lower peak frequency (20.07 ± 0.89 kHz) compared to adult female calls (2.35 ± 0.75 ms and 54.02 ± 4.34 kHz).  During 
days 12-16, calls began to resemble adult echolocation calls.  Duration of calls increased slightly before 7 days old and then gradually 
decreased.  The peak, start and end frequencies of spontaneous calls increased with age.  When the juvenile bats started foraging outside 
the cave, they only omitted nasal FM calls with 1-2 harmonics.  Comparing postnatal changes in body and wing characteristics with those of 
vocalization, we found that the most positive correlation was between body (forearm length and body mass) and wing features (wing area, 
wingspan, handwing area, armwing area and aspect ratio) and call parameters (peak, start and end frequency), while wing loading had a 
significant negative correlation with the call parameters.
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monadJem, a., decher, J., crawley, w.-y. and mccleery, r. a. 2018a.  The conservation status of a poorly known 
range-restricted mammal, the Nimba otter-shrew Micropotamogale lamottei.  Mammalia, 83 (1): 1 - 10 (for 2019).  
doi: 10.1515/mammalia-2017-0144.

We have a poor understanding of the ecology of many African small mammals due to a lack of basic research.  This has important 
conservation implications, particularly for range-restricted species in tropical regions.  In this study, we provide new insight into the 
distribution and ecology of one such species, the Nimba otter-shrew (Micropotamogale lamottei Heim de Balsac 1954).  We apply niche 
and occupancy modeling to inform on the range and habitat use of this semi-aquatic species.  We estimate that its global range [extent of 
occurrence (EOO)] is 14,725 km2.  Using occupancy modeling, we show that mining has a direct impact on the occurrence of this species.  
We also provide preliminary observations of its movements through radio-tracking.  Using maximum entropy (Maxent) modeling, we identify 
the North Lorma National Forest and the Wonegizi range (northern Liberia) that appear suitable for this species, but where it has not yet 
been recorded.  We suggest that the Nimba otter-shrew has a global distribution centered on the Mount Nimba region, straddling the 
borders of Liberia, Guinea and Côte d’Ivoire, and that it requires urgent conservation attention to ensure its long-term persistence.  Finally, 
we provide evidence to support an uplisting of its IUCN Red List conservation status to Vulnerable.

monadJem, a., kane, a., taylor, p., rIchards, l. r., hall, g. and woodborne, s. 2018b.  Morphology and stable 
isotope analysis demonstrate different structuring of bat communities in rainforest and savannah habitats.  Royal 
Society Open Science, B 5 (12): 180849.  doi: 10.1098/rsos.180849.

Bats play important ecological roles in tropical systems, yet how these communities are structured is still poorly understood.  Our study 
explores the structure of African bat communities using morphological characters to define the morphospace occupied by these bats 
and stable isotope analysis to define their dietary niche breadth.  We compared two communities, one in rainforest (Liberia) and one 
in savannah (South Africa), and asked whether the greater richness in the rainforest was due to more species ‘packing’ into the same 
morphospace and trophic space than bats from the savannah, or some other arrangement.  In the rainforest, bats occupied a larger area in 
morphospace and species packing was higher than in the savannah; although this difference disappeared when comparing insectivorous 
bats only.  There were also differences in morphospace occupied by different foraging groups (aerial, edge, clutter and fruitbat).  Stable 
isotope analysis revealed that the range of d13C values was almost double in rainforest than in savannah indicating a greater range of 
utilization of basal C3 and C4 resources in the former site, covering primary productivity from both these sources.  The ranges in d15N, 
however, were similar between the two habitats suggesting a similar number of trophic levels.  Niche breadth, as defined by either standard 
ellipse area or convex hull, was greater for the bat community in rainforest than in savannah, with all four foraging groups having larger 
niche breadths in the former than the latter.  The higher inter-species morphospace and niche breadth in forest bats suggest that species 
packing is not necessarily competitive.  By employing morphometrics and stable isotope analysis, we have shown that the rainforest bat 
community packs more species in morphospace and uses a larger niche breadth than the one in savannah.

morsy, k., abdel-ghaffar, f., bashtar, a.-r., bIn daJem, s. abdel-gaber, r. and mostafa, m. 2018.  Light 
microscopy and surface topography of Urotrema scabridum and Renschetrema indicum (Digenea) from Rhinopoma 
hardwickii (Chiroptera): first report in Egypt.  Brazilian Journal of Veterinary Parasitology, 27 (3): 319 - 326.  doi: 
10.1590/S1984-296120180039.

This report introduced the description of two different species of digenean parasites isolated from the intestine of Rhinopoma hardwickii with 
new host and locality records in Egypt.  The recovered helminthes were studied morphologically and morphometrically by light microscopy 
and the surface topography of the two species was elucidated by scanning electron microscopy (SEM).  Urotrema scabridum had an 
elongated body, testes were tandem, ovaries were pretesticular, and vitelline follicles were observed in 2 lateral fields.  SEM showed that 
the anterior half was covered with random and backwardly directed tegument spines.  The lumen of the oral sucker was as a longitudinal 
slit encircled with type I dome-shaped papillae.  The ventral sucker was wrinkled and covered by tongue-shaped tegument spines and 
several scattered papillae.  Renschetrema indicum had a fusiform body with minute spines densely distributed in the anterior part of the 
body; testes sub-triangular, ovary fusiform; vitellaria were randomly distributed around the ceca and genital organs.  SEM showed that the 
fore-body was ventrally concave and surrounded by cytoplasmic ridges equipped with numerous closely packed claw-shaped spines.  The 
oral sucker was externally surrounded by two circles of papillae while the lip of the ventral sucker was rounded and surrounded by three 
papillae located in its upper end and anterolaterally.

mortlock, m., dIetrIch, m., weyer, J., paweska, J. and markotter, w. 2019a.  Excretion dynamics of Henipa-
related viruses in the Egyptian Rousette bat and triggers for potential spillover.  International Journal of Infectious 
Diseases, 79 (S1): 29.  doi: 10.1016/j.ijid.2018.11.086.

Purpose: Henipaviruses (Hendra and Nipah) are associated with zoonotic infectious diseases of bat origin responsible for high morbidity 
and mortality rates in humans.  The recent 2018 outbreak of Nipah virus in Kerela State, India again emphasises the public health 
importance.  Research previously reported on an expanded geographical and host range for these viruses to the African continent and 
resident bat species.  This study investigated the presence of Henipa- and related viruses in the Egyptian Rousette bat in South Africa as 
well as determining potential excretion in urine over time.
Methods & Materials: From 2012 - 2018, 304 spleen and 58 urine samples were collected from individually captured bats.  Additionally, 
a total of 255 pooled urine samples were collected longitudinally over 14 consecutive months (June 2017 - July 2018) from sheets placed 
underneath the roost.  An RT-PCR assay (Tong et al., 2008) was used for detection of viral nucleic acids.  Five spleens (1.64 %), two 
individual urine (3.45 %) and 16 pooled urine samples (6.27 %) tested positive for paramyxovirus RNA and were further characterised using 
DNA sequencing and Bayesian phylogenetic analysis.  The dynamics of viral excretion was investigated using a Generalized Linear Model 
(GLM) with a binomial error and a logit link function.  The “sampling month” was set as an explanatory variable and analyses were carried 
out using the R software package v.3.4.1.
Results: We detected, for the first time, henipavirus sequences in bat species in South Africa.  A major peak in July characterised 
the excretion dynamic followed by a drastic decrease.  Temporal excretion data were analysed in conjunction with information on the 
reproductive season of the bats as well as average weather data from the region over the past five years.  The July peak coincides with the 
dry winter period as well as the waning of maternal antibodies in the bat population.
Conclusion: This study site is surrounded by rural housing and the presence of free-roaming livestock and domestic animals.  The cave is 
also used in traditional practices by the local population creating a conducive interface for spill-over.  Further studies will be required to 
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determine the extent of exposure and the zoonotic potential of these viruses.

mortlock, m., dIetrIch, m., weyer, J., paweska, J. t. and markotter, w. 2019b.  Co-circulation and excretion 
dynamics of diverse rubula- and related viruses in Egyptian rousette bats from South Africa.  Viruses, 11: 37.  doi: 
10.3390/v11010037.

The Egyptian rousette bat (Rousettus aegyptiacus) has previously been implicated as the natural host of a zoonotic rubulavirus; however, 
its association with rubulaviruses has been studied to a limited extent.  Urine, spleen, and other organs collected from the R. aegyptiacus 
population within South Africa were tested with a hemi-nested RT-PCR assay targeting a partial polymerase gene region of viruses from 
the Avula- and Rubulavirus genera.  Urine was collected over a 14-month period to study the temporal dynamics of viral excretion.  Diverse 
rubulaviruses, including viruses related to human mumps and parainfluenza virus 2, were detected.  Active excretion was identified during 
two peak periods coinciding with the host reproductive cycle.  Analysis of additional organs indicated co-infection of individual bats with a 
number of different putative rubulaviruses, highlighting the limitations of using a single sample type when determining viral presence and 
diversity.  Our findings suggest that R. aegyptiacus can harbor a range of Rubula- and related viruses, some of which are related to known 
human pathogens.  The observed peaks in viral excretion represents potential periods of a higher risk of virus transmission and zoonotic 
disease spill-over.

mtsetfwa, f., mccleery, r. a. and monadJem, a. 2018.  Changes in bat community composition and activity patterns 
across a conservation-agriculture boundary.  African Zoology, 53 (3): 99 - 106.  doi: 10.1080/15627020.2018.1531726.

Agricultural landscapes are typically associated with a decreased biodiversity, particularly when they extend across large spatial scales.  
Despite the fact that some African bat species seem to provide essential ecosystem services across landscapes, we only have a limited 
understanding of how intensive agricultural practices influence bat communities.  This study investigated the effects of sugarcane 
monoculture on the composition of both bat species and functional groups across a conservation-agricultural matrix.  Specifically, we 
wanted to understand changes in the bat communities within savannas and sugarcane plantations.  We categorised bats into broad foraging 
(functional) groups based on their echolocation call structure: open-air; clutter-edge; and, clutter.  To measure bat activity, we established 
twelve 25 ha grids randomly located in savanna and sugarcane vegetation.  Within each grid we placed nine acoustic detectors, in 3 × 3 
formation, 250 m apart; totalling 54 plots in each land use.  We sampled each plot over four nights (two in the wet season and two in the 
dry season) during a one-year period.  We did not observe a significant difference in species richness between savanna and sugarcane.  
However, there was a difference in functional group composition.  Sugarcane negatively affected clutter foragers; this group was practically 
absent here despite occurring within neighbouring savannas.  We observed distinct patterns of seasonality in bat activity, with activity of 
all functional groups being reduced in the dry season.

musIla, s., monadJem, a., webala, p. w., patterson, b. d., hutterer, r., de Jong, y. a., butynskI, t. m., mwangI, 
g., chen, Z.-Z. and JIang, x.-l. 2018a.  An annotated checklist of mammals of Kenya.  Zoological Research 
(China), 40 (1): 3 - 52 (for 2019).  doi: 10.24272/j.issn.2095-8137.2018.059.

Kenya has a rich mammalian fauna.  We reviewed recently published books and papers including the six volumes of Mammals of Africa to 
develop an up-to-date annotated checklist of all mammals recorded from Kenya.  A total of 390 species have been identified in the country, 
including 106 species of rodents, 104 species of bats, 63 species of even-toed ungulates (including whales and dolphins), 36 species 
of insectivores and carnivores, 19 species of primates, five species of elephant shrews, four species of hyraxes and odd-toed ungulates, 
three species of afrosoricids, pangolins, and hares, and one species of aardvark, elephant, sirenian and hedgehog.  The number of species 
in this checklist is expected to increase with additional surveys and as the taxonomic status of small mammals (e.g., bats, shrews and 
rodents) becomes better understood.

musIla, s., prokop, p. and gIchukI, n. 2018b.  Knowledge and perceptions of, and attitudes to, bats by people living around 
Arabuko-Sokoke Forest, Malindi-Kenya.  Anthrozoös, 31 (2): 247 - 262.  doi: 10.1080/08927936.2018.1434065.

Bat populations continue to decline worldwide because of myriad human activities.  To enhance bat conservation, human behavior needs 
to change.  Such change can occur, in part, through an understanding of what motivates human actions toward bats.  We used a Bat 
Attitude Questionnaire (BAQ) to investigate attitudes toward bats in people (n = 394) living around Arabuko-Sokoke Forest (ASF), Kenya.  
Belief in myths seemed to prevail among those surveyed and that these myths were significantly associated with low tolerance of bats 
(ordinal regression, p < 0.05).  Older and more educated people reported more positive attitudes toward bats than others.  Multiple linear 
regression revealed that females showed more negative attitudes toward, and more belief in, myths about bats than males (both p < 
0.01).  Ordinal regression showed that hostile behavior toward bats was more common among males (p < 0.001).  Nearly one-third of the 
respondents reported actively killing bats or destroying bat roosts.  A similar proportion did not see any benefits of bats to humans, while 
the majority of respondents associated bats with the destruction of farmers’ fruits.  To address prevailing negative attitudes about bats, 
we recommend conducting evening school-based bat study tours, specifically targeting youths in schools around the forest, to examine 
whether physical contacts with bats would help positively influence human attitudes toward bats.  Additionally, since mango (Mangifera 
indica) farming is an important source of income to people around ASF, an assessment of the quantity of mangoes destroyed by bats would 
be important to determine whether there is a need for controlling bat access to crops through appropriate schemes.

musIla, s., syIngI, r., gIchukI, n. and castro-arellano, I. 2018c.  Bat activity in the interior of Arabuko-Sokoke 
Forest and adjacent farmlands in Kenya.  Journal of Bat Research and Conservation, 11 (1): 39 - 51.  doi: 10.14709/
BarbJ.11.1.2018.05.

Although the coastal forests in Kenya are highly threatened by human activities, limited bat research has been undertaken in them or the 
human-modified habitats around them.  We investigated insectivorous bat activity in Arabuko-Sokoke Forest (ASF) and adjacent farmlands, 
in order to understand how each habitat was used by bats.  Bat activity was sampled with Pettersson D240X ultrasound detectors at 69 
stations in different vegetation types in ASF (Cynometra forest, Brachystegia woodland and mixed forest) and farmlands (mango, coconut 
and mixed plots).  The detector was always tuned to 33 kHz, and bat passes were counted along 10-minute 400 m transects at the start of 
each sampling hour in each station.  In each activity survey station, insectivorous bats were also captured in mist-nets in order to determine 
which of the detector targeted bats could be captured.  A total of 14,727 bat passes were counted in both habitats, which included 10,552 
in the farmlands and 4,175 in ASF.  The largest numbers of insectivorous bats were captured in farmlands.  The mean number of bat 
passes per night in farmlands (152.9 ± 13.2) was significantly higher than in ASF (60.5 ± 4.6) (df = 68, t = -8.671, P <0.05, N = 69).  There 
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was no significant difference in the sampled medians of bat passes in the three main vegetation types both in the interior of the forest 
and in farmlands.  Bat activity was highest during the rainy season.  Bat activity in both habitats peaked at 1900hr (i.e. just after sunset), 
sharply declined to the lowest level at midnight, and then maintained a gradual increase from two to five in the morning.  Although the 
farmlands in the study area had completely lost the indigenous vegetation found in ASF, some bat species, probably those more adapted 
to humanized environments, were found to use these habitats for foraging.  This emphasizes the need for more bat research in human-
modified ecosystems in Africa in order to understand these patterns and establish proper conservation guidelines.

namah, J., mIdgley, J. J. and kruger, l. m. 2019.  Reproductive biology of the sausage tree (Kigelia africana) in 
Kruger National Park, South Africa.  Koedoe: tydskrift vir wetenskaplike navorsing in die Nasionale Parke van Die 
Republiek van Suid-Afrika, 61 (1): a1512.  doi: 10.4102/koedoe.v61i1.1512.

Kigelia africana has large flowers that are vertebrate pollinated and very large fruits that are likely to be vertebrate dispersed.  Our field 
surveys of size-class distributions of K. africana in the southern Kruger National Park (KNP) suggest a lack of recruitment.  This is possibly 
the result of a failure of mutualistic relationships with vertebrate dispersers and/or pollinators.  Breeding system experiments indicated 
that K. africana is an obligate out-crosser.  Despite being primarily adapted for bat pollination, in KNP that K. africana is presently mainly 
pollinated by a diversity of largely facultatively nectarivorous bird species.  Fruit-set is high, although trees isolated by > 50 m were found 
to suffer depressed seed output.  Our preliminary investigation of dispersal suggests that fruits are largely ignored and are thus weakly 
attractive to potential dispersers.  Seedlings placed out in the field in KNP suffered high levels (> 50%) of mortality compared to 17.5 % in 
control plots.  This threefold difference is the result of herbivory over a 2-month period.  In summary, the adult centric population structure 
is probably not because of pollen or seed limitation but may result from dispersal limitation or excessive herbivory.

neaves, l. e., danks, m., lott, m. J., dennIson, s., frankham, g. J., kIng, a., eldrIdge, m. d. b., Johnson, r. n. 
and dIvlJan, a. 2018.  Unmasking the complexity of species identification in Australasian flying-foxes.  PLoS ONE, 
13 (4): e0194908.  doi: 10.1371/journal.pone.0194908.

Pteropus (flying-foxes) are a speciose group of non-echolocating large bats, with five extant Australian species and 24 additional species 
distributed amongst the Pacific Islands.  In 2015, an injured flying-fox with unusual facial markings was found in Sydney, Australia, following 
severe and widespread storms.  Based on an initial assessment, the individual belonged to Pteropus but could not be readily identified 
to species.  As a consequence, four hypotheses for its identification/origin were posited: the specimen represented (1) an undescribed 
Australian species; or (2) a morphological variant of a recognised Australian species; or (3) a hybrid individual; or (4) a vagrant from the 
nearby Southwest Pacific Islands.  We used a combination of morphological and both mitochondrial- and nuclear DNA-based identification 
methods to assess these hypotheses.  Based on the results, we propose that this morphologically unique Pteropus most likely represents an 
unusual P. alecto (black flying-fox) potentially resulting from introgression from another Pteropus species.  Unexpectedly, this individual, and 
the addition of reference sequence data from newly vouchered specimens, revealed a previously unreported P. alecto mitochondrial DNA 
lineage.  This lineage was distinct from currently available haplotypes.  It also suggests long-term hybridisation commonly occurs between 
P. alecto and P. conspicillatus (spectacled flying-fox).  This highlights the importance of extensive reference data, and the inclusion of 
multiple vouchered specimens for each species to encompass both intraspecific and interspecific variation to provide accurate and robust 
species identification.  Moreover, our additional reference data further demonstrates the complexity of Pteropus species relationships, 
including hybridisation, and potential intraspecific biogeographical structure that may impact on their management and conservation.

negm, m. w., mohamed, a. a., el-gepaly, h. m. k. and abdelaZIZ, s. m. 2018.  Mesostigmata mites (Acari: 
Parasitiformes) associated with birds and their nests from Egypt.  Turkish Journal of Zoology, 42 (6): 722 - 731.  
doi: 10.3906/zoo-1801-24.

A survey of gamasid mites (Arachnida: Acari: Mesostigmata) associated with domestic and wild birds in Egypt was conducted.  In total, 
16 species within 10 families were collected from 22 bird species.  The most abundant species belonged to the genera Dermanyssus 
Dugès (Dermanyssidae), Ornithonyssus Sambon, and Steatonyssus Kolenati (both Macronyssidae).  Among various birds examined, the 
distribution and occurrence of mites were recorded.  Taxonomic remarks about the morphology of the collected mites are presented to 
facilitate species discrimination for non-acarologists.  Steatonyssus longipes Radovsky & Yunker, 1963, previously described as a new 
species from the Egyptian slit-faced bat, Nycteris thebaica Geoffroy (Chiroptera), is first recorded from various bird hosts in Egypt.  Among 
the examined birds, chickens, Gallus gallus domesticus (Linnaeus) (Galliformes); palm doves, Streoptopelia senigalensis aegyptiacus 
(Linnaeus); domestic pigeons, Columba livia domestica Gmelin (both Columbiformes); and house sparrows, Passer domesticus niloticus, 
were the highly mite-infested birds.  Commonly, mites were observed under the wings, around the vent region, in the breast area, and 
around the head and neck.  The present study showed that Egyptian birds harbor various species of ectoparasitic mites, with chickens 
having more diversity, and macronyssid and dermanyssid mites are the most abundant.

nIeto-rabIela, f., suZÁn, g., wIratsudakul, a. and rIco-chÁveZ, o. 2018.  Viral metacommunities associated to 
bats and rodents at different spatial scales.  Community Ecology, 19 (2): 168 - 175.  doi: 10.1556/168.2018.19.2.9.

One of the main goals of community ecology is to measure the relative importance of environmental filters to understand patterns of species 
distribution at different temporal and spatial scales.  Likewise, the identification of factors that shape symbiont metacommunity structures 
is important in disease ecology because resulting structures drive disease transmission.  We tested the hypothesis that distributions of virus 
species and viral families from rodents and bats are defined by shared responses to host phylogeny and host functional characteristics, 
shaping the viral metacommunity structures at four spatial scales (Continental, Biogeographical, Zoogeographical, and Regional).  The 
contribution of host phylogeny and host traits to the metacommunity of viruses at each spatial scale was calculated using a redundant 
analysis of canonical ordering (RDA).  For rodents, at American Continental scale the coherence of viral species metacommunity increased 
while the spatial scale decreased and Quasi-Clementsian structures were observed.  This pattern suggests a restricted distribution of 
viruses through their hosts, while in the Big Mass (Europe, Africa, and Asia), the coherence decreased as spatial scale decreased.  Viral 
species metacommunities associated with bats was dominated by random structures along all spatial scales.  We suggest that this random 
pattern is a result of the presence of viruses with high occupancy range such as rabies (73 %) and coronavirus (27 %), that disrupt such 
structures.  At viral family scale, viral metacommunities associated with bats showed coherent structures, with the emergence of Quasi-
Clementsian and Checkerboard structures.  RDA analysis indicates that the assemblage of viral diversity associated with rodents and bats 
responds to phylogenetic and functional characteristics, which alternate between spatial scales.  Several of these variations could be 
subject to the spatial scale, in spite of this, we could identify patterns at macro ecological scale.  The application of metacommunity theory 
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at symbiont scales is particularly useful for large-scale ecological analysis.  Understanding the rules of host-virus association can be useful 
to take better decisions in epidemiological surveillance, control and even predictions of viral distribution and dissemination.

nkrumah, e. e., opoku, b. a., badu, e. k., danQuah, e., tschapka, m. and oppong, s. k. 2018.  Estimating bat 
abundance and diversity in a modified tropical environment in central Ghana.  Tropical Ecology, 58 (4): 751 - 759 
(for 2017).

Sub-Saharan Africa is the leading producer of Theobroma cacao (cocoa) in the world and this agro-ecosystem continues to replace the 
natural forest ecosystem in the region.  These anthropogenic perturbations have particularly disturbed the tropical rainforests of the Upper 
Guinean area.  Currently, we do not understand how bats are responding to this change.  We therefore quantified bat occurrence in a 
Ghanaian agro-ecosystem by recording species richness, abundance and diversity in cocoa farms, fallow lands and traditional farms.  Over 
31 nights of mist netting, we recorded 264 individuals belonging to 10 species, while the Jack 1 estimator predicted the occurrence of 12 
species.  Our results suggest impoverished bat assemblages in the agro-ecosystem as a result of the loss of native forest habitats, with 
cocoa farms being lowest in species richness.  The highest relative abundance was recorded for Hipposideros jonesi with large numbers 
found within fallow lands.  Rényi diversity profiling indicated cocoa farms had the highest diversity of common species but lowest for rare 
species, while fallow lands ranked lowest for common species but second highest for rare species after traditional farms.  Generally, the 
highest diversity was maintained in traditional farms which are not perennially cultivated and do not provide sufficient roosting options for 
bats.  We, therefore, advocate the maintenance of the fallow matrices as potential conservation units to augment biodiversity conservation 
efforts outside protected areas, especially for species using agro-ecosystems such as Hipposideros jonesi.

noroalIntseheno lalarIvonIaIna, o. s., raJemIson, f. I., andrIanarImIsa, a. and goodman, s. m. 2018.  
Variation saisonnière de la structure d’âge et de la sex-ratio de la population de Rousettus madagascariensis 
(Yinpterochiroptera: Pteropodidae) à Ankarana, nord de Madagascar.  Revue d’Ecologie (la Terre et la Vie), 73 (1): 
23 - 30.

Seasonal variation in the age and sex structure of Rousettus madagascariensis (Yinpterochiroptera: Pteropodidae) in Ankarana, northern 
Madagascar. - The purpose of this study was to examine seasonal variation in age and sex structure, as well as the disparity in the proportion 
of males and females of different age groups, of a population of Rousettus madagascariensis roosting in the Grotte des Chauves-souris, 
Ankarana, northern Madagascar.  The study included 1196 individuals captured during six visits in both the dry (September 2014, 2015, 
2016, November 2016) and wet seasons (January 2015, 2016).  Adjustment and homogeneity χ2 tests were used to determine whether 
the sex ratio deviated from equilibrium (1:1) and if the age-sex structure of the population varied between seasons.  Neonates were present 
only during the wet season and the sex ratio (SR) of this age group was in equilibrium.  On the basis of trap captures, juveniles and adults, 
were more numerous during the dry season than the wet season.  Regardless of season, the proportion of adults was always higher than 
that of juveniles.  Among juveniles, the sex ratio was biased in favor of males during the wet season (January 2015: SR = 4, January 2016: 
SR = 1.66), whereas during the dry season, females predominate (September 2014: SR = 0.67; September 2015: SR = 0.30; September 
2016: SR = 0.13).  In adults, the sex ratio was biased towards females during the wet season and males during the dry season (January 
2015: SR = 0.56, January 2016: SR = 0.22, September 2014: SR = 1.77, September 2015: SR = 1.70, September 2016: SR = 2.50).  The 
seasonal patterns in Rousettus madagascariensis associated with the day roosting site show two clear differences with regards to age 
(juvenile and adult) and sex (males and females).

ohemeng, f., ayIvor, J. s., lawson, e. t. and ntIamoa-baIdu, y. 2018.  Local classifications of fever and treatment 
sought among populations at risk of zoonotic diseases in Ghana.  PLoS ONE, 13 (8): e0201526.  doi: 10.1371/
journal.pone.0201526.

In the past four decades, there has been an increase in the occurrence of zoonotic diseases.  Some outbreaks have been devastating 
because of the inability of individuals and health workers to identify the diseases early.  Generally, most zoonotic diseases are heralded by 
a fever.  While fevers are common, they are often the symptoms of different diseases.  This paper explores how a population at potential risk 
of zoonotic diseases identify fevers, and what treatments they seek when they develop fevers.  The data are from focus group discussions 
and a survey of three communities in the Brong Ahafo, Volta and Greater Accra regions in Ghana.  The quantitative data were analysed 
using descriptive statistics while the qualitative data were analysed using thematic analysis.  The findings indicate that the perceived 
causes of fever differ from the traditional biomedical view.  While orthodox treatment was the preferred choice for most participants, rural 
dwellers utilised traditional medicine more than their urban counterparts.  Though there is no record of bat-borne zoonotic disease in 
Ghana, our findings could be used as a proxy to indicate how populations at risk of exposure might respond in the event of a spillover event 
from a zoonosis.  We recommend that educational campaigns on zoonotic diseases should target rural dwellers, especially farmers, who 
may be most at risk of zoonoses.

olatImehIn, a., shIttu, a. o., onwugamba, f. c., mellmann, a., becker, k. and schaumburg, f. 2018.  
Staphylococcus aureus complex in the straw-colored fruit bat (Eidolon helvum) in Nigeria.  Frontiers in Microbiology, 
9: 162.  doi: 10.3389/fmicb.2018.00162.

Bats are economically important animals and serve as food sources in some African regions.  They can be colonized with the Staphylococcus 
aureus complex, which includes Staphylococcus schweitzeri and Staphylococcus argenteus.  Fecal carriage of S. aureus complex in the 
straw-colored fruit bat (Eidolon helvum) has been described.  However, data on their transmission and adaptation in animals and humans 
are limited.  The aim of this study was to investigate the population structure of the S. aureus complex in E. helvum and to assess the 
geographical spread of S. aureus complex among other animals and humans.  Fecal samples were collected from E. helvum in Obafemi 
Awolowo University, Ile-Ife, Nigeria.  The isolates were characterized by antimicrobial susceptibility testing, spa typing and multilocus 
sequence typing (MLST).  Isolates were screened for the presence of lukS/lukF-PV and the immune evasion cluster (scn, sak, chp) which is 
frequently found in isolates adapted to the human host.  A Neighbor-Joining tree was constructed using the concatenated sequences of the 
seven MLST genes.  A total of 250 fecal samples were collected and 53 isolates were included in the final analysis.  They were identified 
as S. aureus (n = 28), S. schweitzeri (n = 11) and S. argenteus (n = 14).  Only one S. aureus was resistant to penicillin and another isolate 
was intermediately susceptible to tetracycline.  The scn, sak, and chp gene were not detected.  Species-specific MLST clonal complexes 
(CC) were detected for S. aureus (CC1725), S. argenteus (CC3960, CC3961), and S. schweitzeri (CC2463).  STs of S. schweitzeri from this 
study were similar to STs from bats in Nigeria (ST2464) and Gabon (ST1700) or from monkey in Côte d’Ivoire (ST2058, ST2072).  This 
suggests host adaptation of certain clones to wildlife mammals with a wide geographical spread in Africa.  In conclusion, there is evidence 
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of fecal carriage of members of S. aureus complex in E. helvum.  S. schweitzeri from bats in Nigeria are closely related to those from bats 
and monkeys in West and Central Africa suggesting a cross-species transmission and wide geographical distribution.  The low antimicrobial 
resistance rates and the absence of the immune evasion cluster suggests a limited exposure of these isolates to humans.

oleksy, r. Z., ayady, c. l., tatayah, v., Jones, c., froIdevaux, J. s. p., racey, p. a. and Jones, g. 2018.  The impact 
of the Endangered Mauritian flying fox Pteropus niger on commercial fruit farms and the efficacy of mitigation.  
Oryx: 8 pp (for 2019).  doi: 10.1017/S0030605318001138.

The endemic Mauritian flying fox Pteropus niger is perceived to be a major fruit pest.  Lobbying of the Government of Mauritius by fruit 
growers to control the flying fox population resulted in national culls in 2015 and 2016, with a further cull scheduled for 2018.  A loss of c. 
38,318 individuals has been reported and the species is now categorized as Endangered on the IUCN Red List.  However, until now there 
were no robust data available on damage to orchards caused by bats.  During October 2015 - February 2016 we monitored four major 
lychee Litchi chinensis and one mango (Mangifera spp.) orchard, and also assessed 10 individual longan Dimocarpus longan trees.  Bats 
and introduced birds caused major damage to fruit, with 7 - 76% fruit loss (including natural fall and losses from fungal damage) per tree.  
Bats caused more damage to taller lychee trees (> 6 m high) than to smaller ones, whereas bird damage was independent of tree height.  
Bats damaged more fruit than birds in tall lychee trees, although this trend was reversed in small trees.  Use of nets on fruiting trees can 
result in as much as a 23-fold reduction in the damage caused by bats if nets are applied correctly.  There is still a need to monitor orchards 
over several seasons and to test non-lethal bat deterrence methods more widely.

oleksy, r. Z., ayady, c. l., tatayah, v., Jones, c., howey, p. w., froIdevaux, J. s. p., racey, p. a. and Jones, g. 2019.  
The movement ecology of the Mauritian flying fox (Pteropus niger): a long-term study using solar-powered GSM/
GPS tags.  Movement Ecology, 7: 12.  doi: 10.1186/s40462-019-0156-6.

Background: Flying foxes (Chiroptera: Pteropodidae) are large bats that often roost in the sun, hence solar-powered GPS/GSM devices can 
track their movements over extended periods.  The endemic Mauritian flying fox (Pteropus niger) has recently been subjected to large-scale 
culling because of perceived damage to commercial fruit, and a consequent reduction in numbers of > 50% since 2015 resulted in its 
IUCN Red List Status being up-listed to Endangered.  Determining its movements will be important for management and conservation, for 
understanding potential responses to environmental change, and for understanding population admixture.
Methods: Twelve bats were tagged with solar-powered GPS/GSM devices in 2014 - 2016.  Tags remained active for up to almost a year 
(maximum 359 days: average 139 days (males) and 93 days (females)), providing some of the longest-term data on the movement ecology 
of bats yet obtained.  Eight bats were probably hunted illegally, highlighting the scale of unauthorised persecution.
Results: Males travelled on average 9 km each night, females 6 km.  The nightly distance covered by adults of both sexes was higher in 
winter than in summer, though the opposite pattern occurred for immature males.  These differences are probably related to seasonal 
changes in fruit availability (adults) and to dispersal by immature males.  The maximum distance covered during one night was > 92 km.  
Home ranges of males averaged 74,633 ha, females 31,072 ha.  Core foraging areas averaged 2222 ha for males, 1364 ha for females.  
Fifty roosts were identified, mainly in forest fragments.  As the bats disperse seeds of native plants that form forest canopies, conservation 
of the bats will potentially maintain and enhance native forest cover, in turn providing roosting sites for the bats.
Conclusions: Solar-powered GSM tagging provides unprecedented potential for understanding the movement ecology of flying foxes.  
Mauritian flying foxes often move between the few remnant native forest fragments, which remain important for their conservation, and 
have potentially important roles in seed dispersal.  Their nomadic movement fits with their panmictic genetic structure.  Although their 
ability for long distance movements, sometimes over short timescales, permits rapid responses to local threats and environmental change, 
being restricted to Mauritius renders the bats extremely vulnerable to intense culling.

olufemI, o. t., umoh, J. u., dZIkwI, a., olufemI, y. o., hamIsu, t. m., delIa, t. a. and shaIbu, a. o. 2018.  Screening 
for viral proteins to some emerging viruses in African straw-coloured fruit bats (Eidolon helvum) captured in Zaria, 
Nigeria.  International Journal of Infectious Diseases, 73 (Suppl.): 192.  doi: 10.1016/j.ijid.2018.04.3849.

Background: Africa as a continent has recently experienced various zoonoses.  Bats are indispensable reservoirs for the spread of 
emerging infectious diseases; African Straw-coloured Fruit bats (Eidolon helvum) are known for their migratory nature, going as far as 
2000 km and have been linked to numerous viral diseases that affect both man and animals.  This study was carried out to screen for the 
presence antibodies to Nipah virus soluble G protein (NiV sG), Nipah virus N protein (NiV N), Nipah virus soluble F protein (NiV sF), Hendra 
virus soluble G protein (HeV sG), Zaire Ebola virus G protein (EboV G), Cedar virus soluble G protein (CedV sG) and Menangle virus N protein 
(MenV N) in Eidolon helvum captured in Zaria, Nigeria.
Methods & Materials: A total of forty-five (45) bats were trapped and captured from two residential bat roosts in Zaria.  Bats were 
slaughtered for consumption with whole blood spotted on Whatman FTA cards and transported to CSIRO, Australia for screening by Luminex 
binding assay.
Results: The result revealed low Median Fluorescent Intensity values for most samples but high values were obtained for HeV sG (2.2%) 
and MenV N (6.7%): this is suggestive of the presence of antibodies to these viruses.
Conclusion: There are no evidences of NiV sG, NiV N, NiV sF, HeVsG, EboV G, CedV sG and MenV N proteins in bats in Zaria.  Further 
investigation may recognize novel viruses of public health importance.

parker, d. m. and bernard, r. t. f. 2018.  The use of acoustic detectors for assessing bat species richness and 
functional activity in a South African National Park.  Mammalia, 83 (1): 53 - 63 (for 2019).  doi: 10.1515/
mammalia-2017-0055.

Insectivorous bats are a difficult group of mammals to survey because they are small, nocturnal, fly and often roost in hard to reach places 
during the day.  However, bats should not be neglected from biodiversity assessments because they play pivotal roles in pest regulation 
and as biological indicators.  We used acoustic detectors to sample bat species richness at three sites within the Mapungubwe National 
Park (MNP), South Africa during the austral winter and summer of 2013.  A minimum of 11 species from six families were recorded, with 
the clutter-edge foraging bats (Miniopteridae and Vespertilionidae) and open-air foraging bats (Molossidae), dominating.  Bat activity was 
significantly higher in summer compared to winter and this is likely linked to higher prey availability and reduced thermoregulatory costs at 
this time.  Our results represent the first assessment of bat species richness in the MNP and our data compare favourably with historical 
records for the region.  In addition, we provide evidence for the presence of at least one undescribed species.  We advocate the use of 
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acoustic detectors for future bat surveys as long as comprehensive reference call library data are available.

patterson, b. d., webala, p. w., bartonJo, m., nZIZa, J., dIck, c. w. and demos, t. c. 2018.  On the taxonomic 
status and distribution of African species of Otomops (Chiroptera: Molossidae).  PeerJ, 6: e4864.  doi: 10.7717/
peerj.4864.

Background: Free-tailed bats of the genus Otomops are poorly known, and most species are documented from a handful of widely scattered 
localities.  Recently, two allopatric species of Otomops were recognized in continental Africa: Otomops martiensseni (Matschie, 1897) in 
southern, central and western Africa, and the new species O. harrisoni Ralph et al., 2015 in the northeast and in Yemen.
Methods: We collected additional samples of Otomops in Kenya and Rwanda where the ranges of these taxa approach one another to 
clarify their geographic ranges and taxonomic status.  Mitochondrial and nuclear intron sequences served to identify and delimit species; 
we also documented their echolocation call variation and ectoparasite complements.
Results: Otomops martiensseni, the southern African species, was documented in northern Kenya in Marsabit National Park.  O. harrisoni, 
the northeastern African-Arabian species, was documented in southern Kenya and in a cave in Musanze District, Rwanda. Moreover, 
individuals of both species were found together at the Musanze cave, establishing them in precise spatial and temporal sympatry.
Analyses of mitochondrial and nuclear loci identify no evidence of admixture between these forms, although available samples limit the 
power of this analysis.  Echolocation call differences are also apparent among the three localities we analyzed.  Three orders of insects and 
two families of mites are newly reported as ectoparasites of O. harrisoni.
Discussion: Our results corroborate species rank for O. harrisoni and establish a zone of potential geographic overlap with O. martiensseni 
spanning at least 800 km of latitude.  The new records establish the species in sympatry in northern Rwanda and add an additional species 
to the bat faunas of both Kenya and Rwanda.
Future studies are needed to understand Otomops roosting requirements and movements, thereby explaining the paucity of known 
colonies and yielding better estimates of their conservation status.  The discovery of mixed roosting associations in Rwanda invites further 
investigation.

paweska, J. t., Jansen van vuren, p., kemp, a., storm, n., grobbelaar, a. a., wIley, m. r., palacIos, g. and 
markotter, w. 2018.  Marburg virus infection in Egyptian Rousette Bats, South Africa, 2013 - 2014.  Emerging 
Infectious Diseases, 24 (6): 1134 - 1137.  doi: 10.3201/eid2406.172165.

We detected a high seroprevalence of Marburg virus (MARV) antibodies in fruit bats in South Africa; 19.1 % of recaptured bats seroconverted.  
The MARV RNA isolated closely resembled the 1975 Ozolin strain.  These findings indicate endemic MARV circulation in bats in South Africa 
and should inform policies on MARV disease risk reduction.

peel, a. J. , baker, k. s. , hayman, d. t. s. , broder, c. c. , cunnIngham, a. a. , fooks, a. r. , garnIer, r. , wood, J. 
l. n. and restIf, o. 2018.  Support for viral persistence in bats from age-specific serology and models of maternal 
immunity.  Scientific Reports, 8: 3859.  doi: 10.1038/s41598-018-22236-6.

Spatiotemporally-localised prediction of virus emergence from wildlife requires focused studies on the ecology and immunology of reservoir 
hosts in their native habitat.  Reliable predictions from mathematical models remain difficult in most systems due to a dearth of appropriate 
empirical data.  Our goal was to study the circulation and immune dynamics of zoonotic viruses in bat populations and investigate the 
effects of maternally-derived and acquired immunity on viral persistence.  Using rare age-specific serological data from wild-caught Eidolon 
helvum fruit bats as a case study, we estimated viral transmission parameters for a stochastic infection model.  We estimated mean 
durations of around 6 months for maternally-derived immunity to Lagos bat virus and African henipavirus, whereas acquired immunity 
was long-lasting (Lagos bat virus: mean 12 years, henipavirus: mean 4 years).  In the presence of a seasonal birth pulse, the effect of 
maternally-derived immunity on virus persistence within modelled bat populations was highly dependent on transmission characteristics.  
To explain previous reports of viral persistence within small natural and captive E. helvum populations, we hypothesise that some bats 
must experience prolonged infectious periods or within-host latency.  By further elucidating plausible mechanisms of virus persistence in 
bat populations, we contribute to guidance of future field studies.

petersen, h., fInger, n., bastIan, a. and Jacobs, d. 2019.  The behaviour and vocalisations of captive Geoffroy’s 
horseshoe bats, Rhinolophus clivosus (Chiroptera: Rhinolophidae).  Acta Chiropterologica, 20 (2): 439 - 453 (for 
2018).  doi: 10.3161/15081109ACC2018.20.2.014.

Acoustic signals are important to the biology of animals, mediating crucial activities such as social interactions (communication) as well 
as orientation and foraging (echolocation).  Many signals used in communication are vocal, which are especially important in nocturnal 
animals such as bats where social interactions occur in darkness.  Despite this, little is known about the social calls and behaviours of 
echolocating bats.  To better understand their social and acoustic behaviour, we compiled an ethogram and list of vocalisations for Geoffroy’s 
horseshoe bat (Rhinolophus clivosus).  We kept three non-contemporaneous and short-term captive groups to capture interactions and 
social calls using simultaneous video and audio recordings.  The resultant ethogram was comprised of 40 unique types of behaviour, both 
social and non-social.  Social calls (n = 255) were assigned to different call types by their frequency-time contour and categorised by their 
behaviours, situational categories and functional contexts (affiliative or agonistic).  From the calls observed, four acoustically distinct call 
types were identified: (i) cascading/rising frequency-modulated (FM) calls (n = 26), (ii) oscillatory FM calls (n = 140), (iii) noisy screech 
calls (n = 68), and (iv) whistle calls (n = 21) (GLM: F30, 711 = 24.28, P < 0.001).  Call types showed only weak associations with certain 
behaviours, situational categories or functional contexts.  However, calls with specific acoustic attributes accompanied the behaviour of 
wing swat [discriminant function analysis (DFA) classification success: 76%; GLM: F20, 108 = 4.12, P < 0.001] and situational category of 
flight (DFA classification success: 82%; GLM: F20, 136 = 2.97, P < 0.001).  An analysis of acoustic attributes across all call types showed weak 
associations with functional context (Affiliative DFA classification success: 6%).  Only one acoustic parameter (peak frequency) had a slight 
significant difference between calls emitted during agonistic and affiliative interactions (GLM: F10, 73 = 2.30, P < 0.05; post-hoc unequal 
n: P = 0.044).  In addition to the description of distinct call types, we provide evidence of transitional calls in this bat species in which a 
social call transitions seamlessly into an echolocation pulse.  This study gives a first glimpse into the behaviours and social vocalisations 
produced by R. clivosus.  Basic behavioural data such as these may facilitate the design of experiments that allow greater insight into the 
social organisation of bats.
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ponce, l., kInoshIta, r. and nIshIura, h. 2019.  Exploring the human-animal interface of Ebola virus disease 
outbreaks.  Mathematical Biosciences and Engineering, 16 (4): 3130 - 3143.  doi: 10.3934/mbe.2019155.

Whereas the prevention and treatment of Ebola virus disease (EVD) have been well studied after the 2013 - 16 outbreak in West Africa, the 
emergence of human outbreaks and their mechanisms have yet to be explored in detail.  In particular, it has yet to be clarified whether the 
emergence records offer any theoretical insight into the changing interface between humans and animal reservoirs.  Here we explore the 
epidemiological record of emergence, investigating predominant causes of the introduction to the human population, their characteristics, 
and frequencies.  We retrieved data of every outbreak that can be traced back to a single zoonotic spillover.  Through statistical analysis, 
we have shown that (i) the leading cause of emergence was eating and hunting habits, (ii) primates act as the main source of zoonotic 
spillover, and (iii) Zaire ebolavirus is the most virulent type.  Moreover, the trend of emergence was demonstrated not to be a Poisson 
process, indicating that some unknown, underlying, non-random mechanisms are likely to govern the spillover event.  In the Democratic 
Republic of Congo, an increasing emergence trend was favored compared with a purely random emergence model.  Outbreak event data 
and their causative viruses should be explored biologically and epidemiologically to possibly predict future outbreak events.

post, k. 2018.  Sending the right message: wild game and the West Africa Ebola outbreak.  Health Security, 16 (1): 48 
- 57.  doi: 10.1089/hs.2017.0086.

The unprecedented scale of the Ebola epidemic in West Africa in 2014-15 caught the world by surprise.  Zaire Ebolavirus had not previously 
been documented in Guinea, Sierra Leone, or Liberia.  However, since this strain of filovirus was first identified in 1976, scientists have 
been studying the disease and its origins.  They have identified forest-dwelling animals that carry the virus, and some that die from it, 
but have yet to isolate how it is transmitted from animals to humans.  During the height of the Ebola outbreak in West Africa, some 
public health messages addressed the link among Ebola, wild animals, and humans.  This article analyzes 3 of those health messages 
and identifies information that is inconsistent with scientific research.  Two additional examples illustrate more accurate public health 
messages.  Until there is greater certainty about the nature of the transmission chain, future public health campaigns may be improved by 
timing, placement, images, and wording that provide the most accurate information to the most appropriate audience.

pretorIus, m., kearney, t., keIth, m., markotter, w., seamark, e. and broders, h. 2019.  Increased body mass 
supports energy compensation hypothesis in the breeding female Natal long-fingered bat Miniopterus natalensis.  
Acta Chiropterologica, 20 (2): 319 - 328 (for 2018).  doi: 10.3161/15081109ACC2018.20.2.004.

Lactation is one of the most energetically demanding periods in the life cycle of a small mammal.  Classified as income breeders, 
hibernating small colonial insectivorous bats are hypothesised to compensate for the energetic demand of lactation by increasing daily 
food intake, which increases body mass.  The Natal long-fingered bat Miniopterus natalensis is a colonial hibernating species in southern 
Africa for which energy compensation was hitherto unknown.  We tested predictions of the energy compensation hypothesis using a wild 
population of M. natalensis during the parturition and maternity period of November - December in 2015 - 2017.  The study was conducted 
at the Meletse Bat Research and Conservation Training Centre near Gatkop Cave, in Limpopo Province, South Africa.  We weighed and 
categorised 2,707 M. natalensis females captured during evenings and mornings into one of four groups including not pregnant with a 
sclerotized nipple (NP-SC), not pregnant with a non-sclerotized nipple (NP-NSC), lactating with a sclerotized nipple (L-SC), and pregnant with 
a sclerotized nipple (P-SC).  NP-NSC and NP-SC females were classified as non-reproductive, whilst L-SC and P-SC females were classified 
as active breeders.  Results showed that females in the L-SC category were 6 % heavier than females in non-reproductive categories (NP-
NSC and NP-SC).  Pregnant females were 25 % heavier than non-reproductive females due, at least in part, to foetus mass, whilst the mean 
body mass did not differ between females in non-reproductive categories.  Whilst the body mass of females in the NP-NSC, NP-SC and L-SC 
categories did not differ during evening captures, L-SC females showed the biggest mass increase between evening and morning captures.  
Proportions of females captured from reproductive categories differed among years, with a higher overall proportion of active breeders 
(70 %) in 2017 than either 2016 (33 %) or 2015 (31 %).  This may be related to inter-annual variation in climate and warrants further 
investigation.  Our results suggest female M. natalensis were heavier, on average, during lactation and support the energy compensation 
hypothesis.

rakotoarIvelo, a. r., goodman, s. m., schoeman, m. c. and wIllows-munro, s. 2019.  Phylogeography and 
population genetics of the endemic Malagasy bat, Macronycteris commersoni s.s. (Chiroptera: Hipposideridae).  
PeerJ, 7: e5866.  doi: 10.7717/peerj.5866.

Macronycteris commersoni (Hipposideridae), a bat species endemic to Madagascar, is widespread across the island and utilizes a range of 
habitat types including open woodland, degraded habitats, and forested areas from sea level to 1,325 m.  Despite being widely distributed, 
there is evidence that M. commersoni exhibits morphological and bioacoustic variation across its geographical range.  We investigated the 
finescale phylogeographic structure of populations in the western half of the island using extensive spatial sampling and sequence data 
from two mitochondrial DNA regions.  Our results indicated several lineages within M. commersoni.  Individuals collected from northern 
Madagascar formed a single monophyletic clade (clade C).  A second clade (clade B) included individuals collected from the south-western 
portion of the island.  This second clade displayed more phylogeographical partitioning with differences in mtDNA haplotypes frequency 
detected between populations collected in different bioclimatic regions.  Lineage dispersal, genetic divergence, and timing of expansion 
events of M. commersoni were probably associated with Pleistocene climate fluctuations.  Our data suggest that the northern and the 
central western regions of Madagascar may have acted as refugia for this species during periods of cooler and drier climate conditions 
associated with the Pleistocene.

ramanantsalama, r. v., andrIanarImIsa, a., raselImanana, a. p. and goodman, s. m. 2018.  Rates of 
hematophagous ectoparasite consumption during grooming by an endemic Madagascar fruit bat.  Parasites & 
Vectors, 11: 330.  doi: 10.1186/s13071-018-2918-1.

Background: Few details are available on the consumption of ectoparasites, specifically bat flies (Diptera: Nycteribiidae and Streblidae), by 
their chiropteran hosts while grooming.  Such details are important to document consumption rates of ectoparasites by their bat host provide 
details on the dynamics of host-parasite interactions.  We present data on ectoparasite consumption rates for an endemic Malagasy fruit 
bat (Pteropodidae: Rousettus madagascariensis) occupying a cave day roost colony in northern Madagascar.  Using quantified behavioral 
analyses, grooming and associated ingestion rates were measured from infrared videos taken in close proximity to day-roosting bats.  The 
recorded individual bats could be visually identified to age (adult, juvenile) and sex (male, female), allowing analyses of the proportion of 
time these different classes allocated to consuming ectoparasites via auto-grooming (self) or allo-grooming (intraspecific) per 10 min video 
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recording session.  These figures could then be extrapolated to estimates of individual daily consumption rates.
Results: Based on video recordings, adults spent significantly more time auto-grooming and allo-grooming than juveniles.  The latter group 
was not observed consuming ectoparasites.  Grooming rates and the average number of ectoparasites consumed per day did not differ 
between adult males and females.  The mean extrapolated number consumed on a daily basis for individual adults was 37 ectoparasites.  
When these figures are overlaid on the estimated number of adult Rousettus occurring at the roost site during the dry season, the projected 
daily consumption rate was 57,905 ectoparasites.
Conclusions: The details presented here represent the first quantified data on bat consumption rates of their ectoparasites, specifically 
dipterans.  These results provide new insights in host-parasite predation dynamics.  More research is needed to explore the mechanism 
zoonotic diseases isolated from bat flies might be transmitted to their bat hosts, specifically those pathogens that can be communicated 
via an oral route.

ramasIndraZana, b., goodman, s. m., dsoulI, n., gomard, y., lagadec, e., randrIanarIveloJosIa, m., dellagI, 
k. and tortosa, p. 2018.  Polychromophilus spp. (Haemosporida) in Malagasy bats: host specificity and insights 
on invertebrate vectors.  Malaria Journal, 17: 318.  doi: 10.1186/s12936-018-2461-8.

Background: Bats are home to diverse haemosporidian parasites namely Plasmodium and Plasmodium-related.  While information is 
available at a worldwide level, haemosporidian infection in bats from Madagascar is still scarce and recent changes in the taxonomy of the 
island’s bat fauna, particularly the description of several new species, require a reassessment of previously described patterns, including 
blood parasite ecology and vectorial transmission.
Methods: A sample representing seven of the nine known bat families and 31 of the 46 currently recognized taxa from Madagascar 
and collected in the western and central portions of the island were screened by PCR for the presence of Polychromophilus.  In addition, 
Nycteribiidae flies parasitizing Miniopteridae and Vespertilionidae were screened for parasites with the aim to better understand aspects 
of vector transmission.  Phylogenetic reconstruction using the mitochondrial cytochrome b encoding gene was used in a Bayesian analysis 
to examine the relationship between Polychromophilus recovered from Malagasy bats and those identified elsewhere.
Results: Polychromophilus infection was restricted to Miniopterus spp. (Miniopteridae), Myotis goudoti (Vespertilionidae), and Paratriaenops 
furculus (Rhinonycteridae), with an overall infection rate of 13.5%.  Polychromophilus melanipherus was found infecting Miniopterus spp. 
and P. furculus, whereas Polychromophilus murinus was only recovered from M. goudoti.  These two protozoan parasites species were 
also detected in bat flies species known to parasitize Miniopterus spp. and M. goudoti, respectively.  Generalized linear model analyses 
were conducted to elucidate the effect of species and sex on haemoparasites infection in Miniopterus spp.; which revealed that males 
have higher risk of infection than females and prevalence differed according to the considered Miniopterus host.  Molecular screening of 
nycteribiid flies revealed three positive species for Polychromophilus spp.; including Penicillidia sp. (cf. fulvida), Penicillidia leptothrinax, 
and Nycteribia stylidiopsis.  These three fly species are known to parasitize Miniopterus spp. and M. goudoti and should be considered as 
potential vectors of Polychromophilus spp.
Conclusion: Phylogenetic analyses demonstrated the existence of at least four distinct clades within the genus Polychromophilus, two of 
which were documented in the present study.  The screening of nycteribiid flies overlaid on the highly diversified genus Miniopterus, provides 
considerable insight into parasite transmission, with bat infection being associated with their roosting behaviour and the occurrence of 
specific arthropod vectors.

ranaIvoson, h. c., hÉraud, J.-m., goethert, h. k., telford, s. r. III, rabetafIka, l. and brook, c. e. 2019.  
Babesial infection in the Madagascan flying fox, Pteropus rufus É. Geoffroy, 1803.  Parasites & Vectors, 12: 51.  
doi: 10.1186/s13071-019-3300-7.

Background: Babesiae are erythrocytic protozoans, which infect the red blood cells of vertebrate hosts to cause disease.  Previous studies 
have described potentially pathogenic infections of Babesia vesperuginis in insectivorous bats in Europe, the Americas and Asia.  To date, 
no babesial infections have been documented in the bats of Madagascar, or in any frugivorous bat species worldwide.
Results: We used standard microscopy and conventional PCR to identify babesiae in blood from the endemic Madagascan flying fox 
(Pteropus rufus).  Out of 203 P. rufus individuals captured between November 2013 and January 2016 and screened for erythrocytic 
parasites, nine adult males (4.43 %) were infected with babesiae.  Phylogenetic analysis of sequences obtained from positive samples 
indicates that they cluster in the Babesia microti clade, which typically infect felids, rodents, primates, and canids, but are distinct from 
B. vesperuginis previously described in bats.  Statistical analysis of ecological trends in the data suggests that infections were most 
commonly observed in the rainy season and in older-age individuals.  No pathological effects of infection on the host were documented; age-
prevalence patterns indicated susceptible-infectious (SI) transmission dynamics characteristic of a non-immunizing persistent infection.
Conclusions: To our knowledge, this study is the first report of any erythrocytic protozoan infecting Madagascan fruit bats and the first 
record of a babesial infection in a pteropodid fruit bat globally.  Given the extent to which fruit bats have been implicated as reservoirs 
for emerging human pathogens, any new record of their parasite repertoire and transmission dynamics offers notable insights into our 
understanding of the ecology of emerging pathogens.

raw, r. n. v., bastIan, a. and Jacobs, d. s. 2018.  It’s not all about the Soprano: Rhinolophid bats use multiple 
acoustic components in echolocation pulses to discriminate between conspecifics and heterospecifics.  PLoS 
ONE, 13(7): e0199703.  doi: 10.1371/journal.pone.0199703.

Acoustic communication plays a pivotal role in conspecific recognition in numerous animal taxa.  Vocalizations must therefore have discrete 
acoustic signatures to facilitate intra-specific communication and to avoid misidentification.  Here we investigate the potential role of 
echolocation in communication in horseshoe bats.  Although it has been demonstrated that echolocation can be used to discriminate 
among con- and hetero-specifics, the specific acoustic cues used in discrimination are still relatively unknown.  Furthermore, the Acoustic 
Communication Hypothesis proposes that in multispecies assemblages, in which echolocation frequencies are likely to overlap, bats 
partition acoustic space along several dimensions so that each species occupies a discrete communication domain.  Thus, multiple 
echolocation variables may be used in discrimination.  The objective of this study was to investigate the potential of various echolocation 
variables to function as discriminatory cues in echolocation-based species discrimination.  Using habituation-dishabituation playback 
experiments, we firstly tested the ability of Rhinolophus clivosus to discriminate between echolocation pulses of heterospecifics with either 
discrete or overlapping frequencies.  Secondly, to determine whether R. clivosus could use echolocation variables other than frequency, 
we investigated its ability to discriminate among echolocation pulses differing in only one manipulated parameter.  These test variables 
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were identified by their contribution to the dissimilarity among pulses.  Our results suggest that R. clivosus could discriminate readily 
between species using echolocation pulses with discrete frequencies.  When frequencies overlapped, the ability of bats to discriminate 
was dependant on additional acoustic variables that defined the acoustic space occupied by the test signal.  These additional acoustic 
variables included, but may not be restricted to, sweep rate of the FM and duty cycle.  Thus, when echolocation pulses share a similar 
acoustic domain, bats use several cues to reliably discriminate among heterospecifics.

rIesle-sbarbaro, s. a., amponsah-mensah, k., de vrIes, s., nIcolas, v., lalIs, a., suu-Ire, r., cunnIngham, a. 
a., wood, J. l. n. and sargan, d. r. 2018.  The Gambian epauletted fruit bat shows increased genetic divergence 
in the Ethiopian highlands and in an area of rapid urbanization.  Ecology and Evolution, 8: 12803 - 12820.  doi: 
10.1002/ece3.4709.

The Gambian epauletted fruit bat (Epomophorus gambianus) is an abundant species that roosts in both urban and rural settings.  The 
possible role of E. gambianus as a reservoir host of zoonotic diseases underlines the need to better understand the species movement 
patterns.  So far, neither observational nor phylogenetic studies have identified the dispersal range or behavior of this species.  Comparative 
analyses of mitochondrial and nuclear markers from 20 localities across the known distribution of E. gambianus showed population 
panmixia, except for the populations in Ethiopia and southern Ghana (Accra and Ve-Golokwati).  The Ethiopian population may be ancestral 
and is highly divergent to the species across the rest of its range, possibly reflecting isolation of an ancient colonization along an east-west 
axis.  Mitochondrial haplotypes in the Accra population display a strong signature of a past bottleneck event; evidence of either an ancient 
or recent bottleneck using microsatellite data, however, was not detected.  Demographic analyses identified population expansion in most 
of the colonies, except in the female line of descent in the Accra population.  The molecular analyses of the colonies from Ethiopia and 
southern Ghana show gender dispersal bias, with the mitochondrial DNA fixation values over ten times those of the nuclear markers.  These 
findings indicate free mixing of the species across great distances, which should inform future epidemiological studies.

rodenas-cuadrado, p. m., mengede, J., baas, l., devanna, p., schmId, t. a., yartsev, m., fIrZlaff, u. and 
vernes, s. c. 2018.  Mapping the distribution of language related genes FoxP1, FoxP2, and CntnaP2 in the 
brains of vocal learning bat species.  Journal of Comparative Neurology [The], 526: 1235 - 1266.  doi: 10.1002/
cne.24385.

Genes including FOXP2, FOXP1, and CNTNAP2, have been implicated in human speech and language phenotypes, pointing to a role in the 
development of normal language-related circuitry in the brain.  Although speech and language are unique to humans a comparative approach 
is possible by addressing language-relevant traits in animal systems.  One such trait, vocal learning, represents an essential component 
of human spoken language, and is shared by cetaceans, pinnipeds, elephants, some birds and bats.  Given their vocal learning abilities, 
gregarious nature, and reliance on vocalizations for social communication and navigation, bats represent an intriguing mammalian system 
in which to explore language-relevant genes.  We used immunohistochemistry to detail the distribution of FoxP2, FoxP1, and Cntnap2 
proteins, accompanied by detailed cytoarchitectural histology in the brains of two vocal learning bat species; Phyllostomus discolor and 
Rousettus aegyptiacus.  We show widespread expression of these genes, similar to what has been previously observed in other species, 
including humans.  A striking difference was observed in the adult P. discolor bat, which showed low levels of FoxP2 expression in the 
cortex that contrasted with patterns found in rodents and nonhuman primates.  We created an online, open-access database within which 
all data can be browsed, searched, and high resolution images viewed to single cell resolution.  The data presented herein reveal regions 
of interest in the bat brain and provide new opportunities to address the role of these language-related genes in complex vocal-motor and 
vocal learning behaviors in a mammalian model system.

rosskopf, s. p., held, J., gmeIner, m., mordmÜller, b., matsIÉguI, p.-b., eckerle, I., weber, n., matuschewskI, 
k. and schaer, J. 2018.  Nycteria and Polychromophilus parasite infections of bats in Central Gabon.  Infection, 
Genetics and Evolution, 68: 30 - 34 (for 2019).  doi: 10.1016/j.meegid.2018.11.022.

Haemosporida are arthropod-borne blood parasites that infect a wide range of vertebrate hosts, including numerous species of bats.  
Here, we present data of haemosporidian infections in different bat species that were surveyed in Ngounié province, Gabon.  We detected 
Nycteria parasites in Rhinolophus bats and Polychromophilus in Miniopterus minor, a rare and poorly known bat species.  Strikingly, 
no Hepatocystis parasites, which are abundant in epauletted fruit bats elsewhere in Africa, were detected.  Our findings suggest that 
Hepatocystis infections in bats display diverse regional patterns of distribution and transmission dynamics, that cannot be predicted from 
host abundance.  Nycteria parasites are widely distributed in several African rhinolophid species and Polychromophilus parasites of diverse 
Miniopterus species worldwide belong to the same parasite species.

rudoler, n., rubIn, e., babyesIZa, s. w., sebulIba, s., kItyo, r., lutwama, J. J., dye, J. and lobel, l. 2018.  
Metagenomic study of blood samples from bats, Uganda.  International Journal of Infectious Diseases, 73 (Suppl.): 
392.  doi: 10.1016/j.ijid.2018.04.4303.

Background: The unique ecosystem of Uganda enables close interaction between humans and wildlife.  This milieu creates a hot spot for 
emergence of infectious diseases.  In the last decade bats were found to be a major reservoir of zoonotic pathogens and their proximity to 
humans provides direct or indirect conditions for spillover events.
Methods & Materials: Whole blood samples were collected from 4 different districts of Uganda (Bundibugyo, Buikwe, Kaabong, Lamwo).  
RNA from six pools of blood, consisting of 9-26 individual bats, each representing specific location, was extracted by Purelink RNA kit 
(Invitrogen, Thermo Fischer Scientific) and were subjected to NGS of the transcriptome.  Sequencing of RNA samples was performed by 
Illumina Hiseq 2500 with single 60 bp reads.  The results were analyzed using de novo assembly with Velvet, followed by BLAST analysis.  
Based on these analyses, reads were re-aligned to known virus and Plasmodium genomes using Bowtie and normalized per library by 
correcting for sequencing depth.
Results: Plasmodium spp. represents between 0.56% - 0.74% of total reads.  The top 10 normalized read counts obtained, were from 
Plasmodium berghei, P. falciparum, P. yoeli. and P. chabaudi, at this order.  The highest number of reads were related to P. berghei gene 
and was found in a pool consisting of mixed frugivorous and insectivorous bats at Buikwe district.  The highest number of reads related 
to P. falciparum was obtained from the northern part of Uganda.  Noteworthy, the reads of all 4 Plasmodium serotypes were abundantly 
found in all sampling sites.
Conclusion: Three species of Plasmodium primarily maintained in rodents and one species found in humans were found in four different 
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ecosystems in Uganda.  Two main points to be stressed include the ability to switch Plasmodium spp. between rodents and bats and the well 
tolerated and adapted immune responses of bats to newly introduced spp.  No viruses have been found.

sasakI, m., kaJIhara, m., changula, k., morI-kaJIhara, a., ogawa, h., hang’ombe, b. m., mweene, a. s., sImuunZa, 
m., yoshIda, r., carr, m., orba, y., takada, a. and sawa, h. 2018.  Identification of group A rotaviruses from 
Zambian fruit bats provides evidence for long-distance dispersal events in Africa.  Infection, Genetics and Evolution, 
63: 104 - 109.  doi: 10.1016/j.meegid.2018.05.016.

Group A rotavirus (RVA) is a major cause of diarrhea in children worldwide.  Although RVA infects many animals, little is known about 
RVA in bats.  The present study investigated the genetic diversity of RVA in Zambian bats.  We identified RVA from two straw-colored fruit 
bats (Eidolon helvum) and an Egyptian fruit bat (Rousettus aegyptiacus), and analyzed the genome sequences of these strains.  Genome 
segments of the RVA strains from Zambian E. helvum showed 97% - 99% nucleotide sequence identity with those of other RVA strains from E. 
helvum in Cameroon, which is 2800 km from the sampling locations.  These findings suggest that migratory straw-colored fruit bat species, 
distributed across sub-Saharan Africa, have the potential to disseminate RVA across long distances.  By contrast, the RVA strain from 
Zambian R. aegyptiacus carried highly divergent NSP2 and NSP4 genes, leading us to propose novel genotypes N21 and E27, respectively.  
Notably, this RVA strain also shared the same genotype for VP6 and NSP3 with the RVA strains from Zambian E. helvum, suggesting 
interspecies transmission and genetic reassortment may have occurred between these two bat species in the past.  Our study has important 
implications for RVA dispersal in bat populations, and expands our knowledge of the ecology, diversity and evolutionary relationships of RVA.

schoeman, m. c. and monadJem, a. 2018.  Community structure of bats in the savannas of southern Africa: influence of 
scale and human land-use.  Hystrix, Italian Journal of Mammalogy, 29 (1): 3 - 10.  doi: 10.4404/hystrix–00038-2017.

In this review we provide a conceptual framework of the evolution of bat diversity patterns in the Savanna Biome in southern Africa, focusing 
on different niches and variables across spatio-temporal scales.  At a regional scale, speciation mediated by historic geomorphic and climatic 
events has driven bat diversity of the regional species pool.  The high taxonomic and phylogenetic diversity in the region is maintained by 
stable wet and warm climatic conditions and high habitat heterogeneity.  Low replacement rate among bioclimatic regions suggest the 
selective extinction of savanna species with large or small body sizes and small geographic ranges.  Processes at the meso-scale appear 
to play a minor role as the high mobility of bats enables them to select habitat patches even in human-dominated urban and agricultural 
landscapes.  Multiple biotic processes, including competition and prey defenses operate at a local scale as well as a point scale, but non-
random patterns are not ubiquitous within and across variables.  Long-term data on births, deaths, migration and range expansion over 
many generations are necessary to quantitatively describe the feedback loop between local and regional scales.  Additionally, data are 
needed to conceptually link the regional and biogeographic species pools.  We provide suggestions for fields particularly worthy of future 
research with respect to bat assemblages in savanna ecosystems.

serra-cobo, J., lÓpeZ-roIg, m., lavenIr, r., abdelatIf, e., boucekkIne, w., elharrak, m., harIf, b., el ayachI, 
s., salama, a. a., nayel, m. a., elsIfy, a., el rashedy, s. g., benedIctIs, p., mutInellI, f., ZecchIn, b., 
scaravellI, d., balhoul, c., Zaghawa, a., hassan, h. y., Zaghloul, a. h. and bourhy, h. 2018.  Active sero-
survey for European bat lyssavirus type-1 circulation in North African insectivorous bats.  Emerging microbes & 
infections, 7: 213.  doi: 10.1038/s41426-018-0214-y.

Bats have specific biological and ecological characteristics that make them suitable hosts for viruses; some of these viruses have the 
ability to infect humans and other domestic and wild mammals1. Among these zoonotic viruses, lyssaviruses are known to circulate among 
the European insectivorous bats2. To date, 5 lyssaviruses species and one recently discovered species circulating in Europe have been 
recognized: European bat 1 lyssavirus (EBLV-1), European bat 2 lyssavirus (EBLV-2), Bokeloh Bat Lyssavirus (BBLV), Lleida bat lyssavirus 
(LLBV), West Caucasian Bat Lyssavirus (WVBV) and the tentative novel member of the genus Lyssavirus Kotalahti bat lyssavirus.

shI, J. J., westeen, e. p., katleIn, n. t., dumont, e. r. and rabosky, d. l. 2018a.  Ecomorphological and phylogenetic 
controls on sympatry across extant bats.  Journal of Biogeography, 45 (5): 1560 - 1570.  doi: 10.1111/jbi.13353.

Aim: Macroecological patterns of sympatry can inform our understanding of how ecological and evolutionary processes govern species 
distributions.  Following speciation, both intrinsic and extrinsic factors may determine how readily sympatry occurs.  One possibility is that 
sympatry most readily occurs with ecological divergence, especially if broad-scale co-occurrence is mediated by niche differentiation.  Time 
since divergence may also predict sympatry if hybridization and gene flow lead to the collapse of species boundaries between closely related 
taxa.  Here, we test for ecological and phylogenetic predictors of sympatry across the global radiation of extant bats.
Location: Global.
Taxon: Bats (Order Chiroptera).
Methods: We used a combination of linear mixed-modelling, simulations and maximum-likelihood modelling to test whether phylogenetic and 
ecomorphological divergence between species predict sympatry.  We further assess how these relationships vary based on biogeographic 
realm.
Results: We find that time since divergence does not predict sympatry in any biogeographic realm.  Morphological divergence is negatively 
related to sympatry in the Neotropics, but shows no relationship with sympatry elsewhere.
Main conclusions: We find that bats in most biogeographic realms co-occur at broad spatial scales regardless of phylogenetic similarity.  
Neotropical bats, however, appear to co-occur most readily when morphologically similar.  To the extent that pairwise phylogenetic and 
morphological divergence reflect ecological differentiation, our results suggest that abiotic and environmental factors may be more important 
than species interactions in determining patterns of sympatry across bats.

shI, J. J., westeen, e. p. and rabosky, d. l. 2018b.  Digitizing extant bat diversity: An open-access repository of 3D 
µCT-scanned skulls for research and education.  PLoS ONE, 13 (9): e0203022.  doi: 10.1371/journal.pone.0203022.

Biological specimens are primary records of organismal ecology and history.  As such, museum collections are invaluable repositories 
for testing ecological and evolutionary hypotheses across the tree of life.  Digitizing and broadly sharing the phenotypic data from these 
collections serves to expand the traditional reach of museums, enabling widespread data sharing, collaboration, and education at an 
unprecedented scale.  In recent years, µCT-scanning has been adopted as one way for efficiently digitizing museum specimens.  Here, we 
describe a large repository of 3D, µCT-scanned images and surfaces of skulls from 359 extant species of bats, a highly diverse clade of 
modern vertebrates.  This digital repository spans much of the taxonomic, biogeographic, and morphological diversity present across bats.  
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All data have been published to the MorphoSource platform, an online database explicitly designed for the archiving of 3D morphological 
data.  We demonstrate one potential use of this repository by testing for convergence in skull shape among one particularly diverse group of 
bats, the superfamily Noctilionoidea.  Beyond its intrinsic utility to bat biologists, our digital specimens represent a resource for educators 
and for any researchers seeking to broadly test theories of trait evolution, functional ecology, and community assembly.

sIya, a., baZeyo, w., tuhebwe, d., tumwIne, g., eZama, a., manIrakIZa, l., kugonZa, d. r. and rwego, I. b. 2019.  
Lowland grazing and Marburg virus disease (MVD) outbreak in Kween district, Eastern Uganda.  BMC Public Health, 
19: 136.  doi: 10.1186/s12889-019-6477-y.

Background: Uganda is one of the few countries in Africa that has been experiencing outbreaks of viral hemorrhagic fevers such as Ebola, 
Marburg and Crimean-Congo Hemorrhagic fevers.  In 2017 Uganda experienced a Marburg Virus Disease (MVD) outbreak with case fatality 
rate of 100 % in Kween district.  Although hunting for wild meat was linked to the MVD outbreak in Kween district, less was reported on the 
land use changes, especially the changing animal grazing practices in Kween district.
Methods: Through Makerere University One Health graduate fellowship program with attachment to Uganda Red Cross Society, a study was 
conducted among the agricultural communities to elucidate the risk behaviors in Kween district that can be linked to the 2017 Marburg 
disease outbreak.
Results: Results show that although a few elderly participants ascribed fatal causes (disobedience to gods, ancestors, and evil spirits) to 
the MVD outbreak during FGDs, majority of participants linked MVD to settling in caves (inhabited by Fruit Bats) during wet season as upper 
belts are extensively used for crop production leaving little space for animal grazing.  Members also noted side activities like hunting for wild 
meat during this grazing period that could have predisposed them to Marburg Virus.
Conclusions: There is need to integrate One Health concepts within agricultural extension service provision in Uganda so as to enhance the 
management of such infectious diseases.

smIley evans, t., tutaryebwa, l., gIlardI, k. v., barry, p. a., marZI, a., eberhart, m., ssebIde, b., cranfIeld, m. 
r., mugIsha, o., mugIsha, e., kellermann, s., maZet, J. a. k. and Johnson, c. k. 2018.  Suspected exposure 
to filoviruses among people contacting wildlife in southwestern Uganda.  Journal of Infectious Diseases [The], 218 
(Suppl. 5): S227 - S286.  doi: 10.1093/infdis/jiy251.

Background. Human and filovirus host interactions remain poorly understood in areas where Ebola hemorrhagic fever outbreaks are likely 
to occur.  In the Bwindi region of Uganda, a hot spot of mammalian biodiversity in Africa, human livelihoods are intimately connected with 
wildlife, creating potential for exposure to filoviruses.
Methods. We tested samples from 331 febrile patients presenting to healthcare facilities near Bwindi Impenetrable Forest, Uganda, by 
polymerase chain reaction (PCR) analysis and Western blot, using recombinant glycoprotein antigens for Ebola virus (EBOV), Sudan virus 
(SUDV), Bundibugyo virus (BDBV), and Marburg virus.  Behavioral data on contact with wildlife were collected to examine risk factors for 
filovirus seropositivity.
Results. All patients were negative for active filovirus infection, by PCR analysis.  However, patients were seroreactive to SUDV (4.7 %), 
EBOV (5.3 %), and BDBV (8.9 %), indicating previous exposure.  Touching duikers was the most significant risk factor associated with EBOV 
seropositivity, while hunting primates and touching and/or eating cane rats were significant risk factors for SUDV seropositivity.
Conclusions. People in southwestern Uganda have suspected previous exposure to filoviruses, particularly those with a history of wildlife 
contact.  Circulation of filoviruses in wild animals and subsequent spillover into humans could be more common than previously reported.

souttou, k., manaa, a., baZIZ-neffah, f., gueZoul, o., ababsa, l., sekour, m. s., denys, c. and doumandJI, s. 
2018.  Geographic variation of the diet of the common kestrel Falco tinnunculus Linné, 1758 (Aves, Falconidae) in 
Algeria.  Vie et milieu - Life and Environment, 68 (2-3): 127 - 143.

The diet of the Common Kestrel was analyzed in different area of Algeria.  The diet was determined by analyzing 713 pellets.  Our data showed 
that the diet changes from one station to another.  In a suburban environment in El Harrach, birds (25.9 %) were the dominant prey group.  
Similarly in urban area in El Anasser (49.0 %) and farmland area in Meftah (32.0 %), the birds dominate.  The orthoptera prey is consumed in 
large numbers in farmland area in Meziraâ (60 %), El Kantara (53.1 %) and Dergana (37.8 %) and in suburban environment in Beni Messous 
(26.9 %).  In suburban area in Bab Ezzouar, beetles (34.6 %) dominate.  In steppe area in El Mesrane, beetles (29.7 %) and birds (28.1 
%) were the prey most eaten by this predator.  In terms of prey species, the trophic behavior of this falcon shows that Passer domesticus 
x P. hispaniolensis was the most numerous prey species in a suburban environment in El Harrach (20.5 %), in an urban environment in 
El Anasser (26.0 %) and in an agricultural environment in Meftah (22.1 %).  Moreover, in an agricultural environment in Dergana, the bat 
Pipistrellus kuhlii (12.0 %) made up the dominant prey.  In El Mesrane, Meriones shawii (14.6 %) was the prey mainly eaten.  However in a 
Saharan environment in Biskra, the diet of the Kestrel in an agroecosystem in Meziraâ was dominated by Schistocerca gregaria (52.5 %).

stekolnIkov, a. a. 2018a.  Taxonomy and distribution of African chiggers (Acariformes, Trombiculidae).  European 
Journal of Taxonomy, 395: 1 - 233.  doi: 10.5852/ejt.2018.395.

Chigger mites of the African continent are reviewed using data acquired from the literature and examination of the collections deposited at 
the Royal Museum for Central Africa (Tervuren, Belgium) and the Natural History Museum (London, UK).  All findings for 443 valid chigger 
species belonging to 61 genera are reported, along with details on their collection locality and host species.  Three new synonyms are 
proposed: Straelensia Vercammen-Grandjean & Kolebinova, 1968 (= Anasuscuta Brown, 2009 syn. nov.); Herpetacarus (Herpetacarus) 
Vercammen-Grandjean, 1960 (= Herpetacarus (Lukoschuskaaia) Kolebinova & Vercammen-Grandjean, 1980 syn. nov.); Gahrliepia brennani 
(Jadin & Vercammen-Grandjean, 1952) (= Gahrliepia traubi Audy, Lawrence & Vercammen-Grandjean, 1961 syn. nov.).  A new replacement 
name is proposed: Microtrombicula squirreli Stekolnikov, 2017 nom. nov. pro Eltonella myonacis heliosciuri Vercammen-Grandjean, 1965 
(praeocc. Vercammen-Grandjean, 1965).  Ninety new combinations are proposed.  Keys to subfamilies, genera and subgenera of African 
trombiculid larvae and diagnoses of these taxa are given.

stekolnIkov, a. a. 2018b.  African chiggers (Acariformes: Trombiculidae) in the collection of Alex Fain, with a description 
of a new genus and three new species.  Acarologia, 58 (2): 265 - 286.  doi: 10.24349/acarologia/20184240.

A series of African chigger mites from the collection donated by Alex Fain (1912-2009) to the Royal Belgian Institute of Natural Sciences is 
revised.  One new genus and species, Makwacarus petrodromi n. gen., n. sp. from an elephant shrew Petrodromus tetradactylus tordayi 
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Thomas and two new species, Herpetacarus junkeri n. sp. from a snake Boaedon fuliginosus (Boie) and Microtrombicula livingstonei n. sp. 
from a lizard Holaspis guentheri Gray, are described from DR Congo.  One new subjective synonym is proposed: Schoutedenichia musaranei 
Taufflieb, 1966 (= Schoutedenichia tanzaniaensis Goff, 1983, n. syn).  Nineteen species have been recorded in new countries and/or on 
new hosts for the first time.  Nine of them have been found outside their type localities for the first time.  In total, the examined collection now 
includes 27 species belonging to 14 genera and collected from rodents, bats, tenrecs, elephant shrews, primates, birds, lizards and snakes 
of DR Congo, Rwanda, Kenya, Cameroon, Côte d’Ivoire, Senegal and South Africa.

storm, n., Jansen van vuren, p., markotter, w. and paweska, J. t. 2018.  Antibody responses to Marburg Virus in 
Egyptian rousette bats and their role in protection against infection.  Viruses, 10 (2): 73.  doi: 10.3390/v10020073.

Egyptian rousette bats (ERBs) are reservoir hosts for the Marburg virus (MARV).  The immune dynamics and responses to MARV infection 
in ERBs are poorly understood, and limited information exists on the role of antibodies in protection of ERBs against MARV infection.  Here, 
we determine the duration of maternal immunity to MARV in juvenile ERBs, and evaluate the duration of the antibody response to MARV in 
bats naturally or experimentally infected with the virus.  We further explore whether antibodies in previously naturally exposed bats is fully 
protective against experimental reinfection with MARV.  Maternal immunity was lost in juvenile ERBs by 5 months of age.  Antibodies to 
MARV remained detectable in 67 % of experimentally infected bats approximately 4 months post inoculation (p.i.), while antibodies to MARV 
remained present in 84 % of naturally exposed bats at least 11 months after capture.  Reinfection of seropositive ERBs with MARV produced 
an anamnestic response from day 5 p.i.  Although PCR-defined viremia was present in 73.3 % of reinfected ERBs, replicating virus was 
recovered from the serum of only one bat on day 3 p.i.  The negative PCR results in the salivary glands, intestines, bladders and reproductive 
tracts of reinfected bats, and the apparent absence of MARV in the majority of swabs collected from these bats suggest that reinfection may 
only play a minor role in the transmission and maintenance of MARV amongst ERBs in nature.

strachInIs, I., kalaentZIs, k, katsIyIannIs, p. and kaZIlas, c. 2018.  First record of the Egyptian fruit bat, Rousettus 
aegyptiacus (Pteropodidae), from Kastellorizo island, Greece.  Mammalia, 82 (6): 611 - 613.  doi: 10.1515/
mammalia-2017-0063.

The Egyptian fruit bat (Rousettus aegyptiacus) is a pteropodid species with a large part of its range in the Palearctic region.  It has a quite 
discontinuous range from sub-Saharan Africa to NW India, including SW Turkey.  In this note we present the first record of the Egyptian fruit 
bat in Greek territory, observed during a zoological expedition on the island of Kastellorizo (Dodecanese, Greece).  At least three specimens 
were observed foraging a white mulberry in the town of Megisti on May 4 2017, but no individual was spotted during a summer expedition 
in August 2017.

su, l. h. 2019.  Scientists find deadly Ebola virus for first time in West African bat.  The Washington Post.  URL: https://
www.washingtonpost.com/health/2019/01/24/scientists-find-deadly-ebola-virus-first-time-west-african-bat/?utm_
term=.3d586c81ab5a.

sudI, l., mangu, c., tarImo, t., ntIngInya, n. and shIrIma, g. 2018.  Hantaviruses in East and Central Africa.  American 
Journal of Research Communication, 6 (6): 1 - 14.

Hantaviruses, family Bunyaviridae are emerging zoonotic RNA viruses with public health concern.  This article explores Hantavirus distribution 
in East and Central Africa in relation to vegetation density as well as the risk factors associated with the transmission of the infections.  In 
addition, the role of public knowledge and awareness in the prevention and control as well as diagnosis infrastructure preparedness to 
accommodate Hantavirus infections is highly needed.  With a note on the diversity of reservoir hosts, such as rodent, shrew and bat species 
which rises an interest of Hantavirus research and other emerging viral research in East and Central Africa.

suu-Ire, r., begeman, l., banyard, a. c., breed, a. c., drosten, c., eggerbauer, e., freulIng, c. m., gIbson, l., 
goharrIZ, h., horton, d. l., JennIngs, d., kuZmIn, I. v., marston, d., ntIamoa-baIdu, y., rIesle sbarbaro, 
s., selden, d., wIse, e. l., kuIken, t., fooks, a. r., mÜller, t., wood, J. l. n. and cunnIngham, a. a. 2018.  
Pathogenesis of bat rabies in a natural reservoir: Comparative susceptibility of the straw-colored fruit bat (Eidolon 
helvum) to three strains of Lagos bat virus.  PLoS Neglected Tropical Diseases, 12 (3): e0006311.  doi: 10.1371/
journal.pntd.0006311.

Rabies is a fatal neurologic disease caused by lyssavirus infection.  People are infected through contact with infected animals.  The relative 
increase of human rabies acquired from bats calls for a better understanding of lyssavirus infections in their natural hosts.  So far, there is 
no experimental model that mimics natural lyssavirus infection in the reservoir bat species.  Lagos bat virus is a lyssavirus that is endemic 
in straw-colored fruit bats (Eidolon helvum) in Africa. Here we compared the susceptibility of these bats to three strains of Lagos bat virus 
(from Senegal, Nigeria, and Ghana) by intracranial inoculation.  To allow comparison between strains, we ensured the same titer of virus 
was inoculated in the same location of the brain of each bat.  All bats (n = 3 per strain) were infected, and developed neurological signs, and 
fatal meningoencephalitis with lyssavirus antigen expression in neurons.  There were three main differences among the groups.  First, time 
to death was substantially shorter in the Senegal and Ghana groups (4 to 6 days) than in the Nigeria group (8 days).  Second, each virus 
strain produced a distinct clinical syndrome.  Third, the spread of virus to peripheral tissues, tested by hemi-nested reverse transcriptase 
PCR, was frequent (3 of 3 bats) and widespread (8 to 10 tissues positive of 11 tissues examined) in the Ghana group, was frequent and 
less widespread in the Senegal group (3/3 bats, 3 to 6 tissues positive), and was rare and restricted in the Nigeria group (1/3 bats, 2 
tissues positive).  Centrifugal spread of virus from brain to tissue of excretion in the oral cavity is required to enable lyssavirus transmission.  
Therefore, the Senegal and Ghana strains seem most suitable for further pathogenesis, and for transmission, studies in the straw-colored 
fruit bat.

taylor, p. J., macdonald, a., goodman, s. m., kearney, t., cotterIll, f. p. d., stoffberg, s., monadJem, a., 
schoeman, m. c., guyton, J., naskreckI, p. and rIchards, l. r. 2018a.  Integrative taxonomy resolves three 
new cryptic species of small southern African horseshoe bats (Rhinolophus).  Zoological Journal of the Linnean 
Society, 184 (4): 1249 - 1276.  doi: 10.1093/zoolinnean/zly024.

Examination of historical and recent collections of small Rhinolophus bats revealed cryptic taxonomic diversity within southern African 
populations previously referred to as R. swinnyi Gough, 1908 and R. landeri Martin, 1832.  Specimens from Mozambique morphologically 
referable to R. swinnyi were phylogenetically unrelated to topotypic R. swinnyi from the Eastern Cape Province of South Africa based on 
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cytochrome b sequences and showed distinctive echolocation, baculum and noseleaf characters.  Due to their genetic similarity to a 
previously reported molecular operational taxonomic unit (OTU) from north-eastern South Africa, Zimbabwe and Zambia, we recognize the 
available synonym (R. rhodesiae Roberts, 1946) to denote this distinct evolutionary species.  This new taxon is genetically identical to R. 
simulator K. Andersen, 1904 based on mtDNA and nuclear DNA sequences but can easily be distinguished on morphological and acoustic 
grounds.  We attribute this genetic similarity to historical introgression, a frequently documented phenomenon in bats.  An additional 
genetically distinct and diminutive taxon in the swinnyi s.l. group (named herein, R. gorongosae sp. nov.) is described from Gorongosa 
National Park, central Mozambique.  Specimens from Mozambique referable based on morphology to R. landeri were distinct from topotypic 
landeri from West Africa based on mtDNA sequences, and acoustic, noseleaf and baculum characters.  This Mozambique population is 
assigned to the available synonym R. lobatus Peters, 1952.

taylor, p. J., neef, g., keIth, m., weIer, s., monadJem, a. and parker, d. m. 2018b.  Tapping into technology and the 
biodiversity informatics revolution: updated terrestrial mammal list of Angola, with new records from the Okavango 
Basin.  ZooKeys, 779: 51 - 88.  doi: 10.3897/zookeys.779.25964.

Using various sources, including the Global Biodiversity Information Facility (GBIF), published literature, recent (2015 - 2017) collections, 
as well as bat detector and camera trap surveys with opportunistic sightings and live capture in the upper Okavango catchment in central 
Angola, we present an updated mammal checklist of 275 species from 15 different orders for Angola (including the Cabinda region).  Recent 
surveys (captures and bat detectors) of small mammals from the upper Okavango catchment yielded 46 species (33 species of bats, ten 
species of rodents and three species of shrews).  One bat (Pipistrellus rusticus, rusty pipistrelle); two rodents (Mus setzeri, Setzer’s mouse 
and Zelotomys woosnami, Woosnam’s broad-faced mouse) and one shrew (Suncus varilla, lesser dwarf shrew) were captured for the first 
time, in Angola.  While our species lists of bats conformed to predicted totals, terrestrial small mammals were under sampled, with only 
13 species recorded by our trapping survey compared to a total of 42 shrew and rodent species expected based on GBIF records for the 
central Angolan highlands.  Seven terrestrial small mammal species (one shrew and six rodents) are endemic to the central and western 
Angolan highlands but none of these were captured in our survey.  The bat detector surveys added three further bat species to the country 
list: Pipistrellus hesperidus, Kerivoula argentata, and Mops midas.  Camera trap surveys and opportunistic sightings in the upper Okavango 
catchment in 2016 yielded a total of 35 species of medium-large mammals, from 17 families, although all of these had been reported 
previously in Angola.  GBIF proved to be an excellent source of biodiversity data for Angolan mammals, most importantly for documenting 
dramatic historical range changes of larger mammals such as the sable (Hippotragus niger niger), Kirk’s sable (H. niger kirkii) and the giant 
sable (H. niger variani).

thIagavel, J., cechetto, c., santana, s. e., Jakobsen, l., warrant, e. J. and ratclIffe, J. m. 2018.  Auditory 
opportunity and visual constraint enabled the evolution of echolocation in bats.  Nature Communications, 9: 98.  
doi: 10.1038/s41467-017-02532-x.

Substantial evidence now supports the hypothesis that the common ancestor of bats was nocturnal and capable of both powered flight and 
laryngeal echolocation.  This scenario entails a parallel sensory and biomechanical transition from a nonvolant, vision-reliant mammal to 
one capable of sonar and flight.  Here we consider anatomical constraints and opportunities that led to a sonar rather than vision-based 
solution.  We show that bats’ common ancestor had eyes too small to allow for successful aerial hawking of flying insects at night, but 
an auditory brain design sufficient to afford echolocation.  Further, we find that among extant predatory bats (all of which use laryngeal 
echolocation), those with putatively less sophisticated biosonar have relatively larger eyes than do more sophisticated echolocators.  We 
contend that signs of ancient trade-offs between vision and echolocation persist today, and that non-echolocating, phytophagous pteropodid 
bats may retain some of the necessary foundations for biosonar.

troudet, J., vIgnes-lebbe, r., grandcolas, p. and legendre, f. 2018.  The increasing disconnection of primary 
biodiversity data from specimens: how does it happen and how to handle it?  Systematic Biology, 67 (6): 1110 - 
1119.  doi: 10.1093/sysbio/syy044.

Primary biodiversity data represent the fundamental elements of any study in systematics and evolution.  They are, however, no longer 
gathered as they used to be and the mass-production of observation-based (OB) occurrences is overthrowing the collection of specimen-
based (SB) occurrences.  Although this change in practice is a major upheaval with significant consequences in the study of biodiversity, it 
remains understudied and has not attracted yet the attention it deserves.  Analyzing 536 million occurrences from the Global Biodiversity 
Information Facility (GBIF) mediated data, we show that this spectacular change affects the 24 eukaryote taxonomic classes we targeted: 
from 1970 to 2016 the proportion of occurrences marked as traceable to tangible material (i.e.; SB occurrences) fell from 68% to 18%; 
moreover, most of those specimen based-occurrences cannot be readily traced back to a specimen because the necessary information is 
missing.  Ethical, practical or legal reasons responsible for this shift are known, and this situation appears unlikely to be reversed.  Still, we 
urge scholars to acknowledge this dramatic change, embrace it and actively deal with it.  Specifically, we emphasize why SB occurrences 
must be gathered, as a warrant to allow both repeating evolutionary studies and conducting rich and diverse investigations.  When impossible 
to secure, voucher specimens must be replaced with OB occurrences combined with ancillary data (e.g.; pictures, recordings, samples, DNA 
sequences).  Ancillary data are instrumental for the usefulness of biodiversity occurrences and we show that, despite improving technologies 
to collate them, they remain rarely shared.  The consequences of such a change are not yet clear but we advocate collecting material 
evidence or ancillary data to ensure that primary biodiversity data collected lately do not partly become obsolete when doubtful.

tuval, a., las, l. and shIlo-benJamInI, y. 2018.  Evaluation of injectable anaesthesia with five medetomidine-
midazolam based combinations in Egyptian fruit bats (Rousettus aegyptiacus).  Lab Animal, 52 (5): 515 - 525.  doi: 
10.1177/0023677218756456.

Egyptian fruit bats are increasingly used as model animals in neuroscience research.  Our aim was to characterize suitable injectable 
anaesthesia for this species, possibly replacing inhalant anaesthesia, thus minimizing occupational health hazards.  Eight bats were 
randomly assigned by a crossover design for subcutaneously administered combinations of medetomidine-midazolam with: saline (MM-
Sal), ketamine (MM-Ket), fentanyl (MM-Fen), morphine (MM-Mor), or butorphanol (MM-But).  The anaesthetic depth and vital signs were 
monitored at baseline and every 10 min until bats recovered.  If after 180 min the bats did not recover, atipamezole was administered.  Mean 
induction times were 7 - 11.5 min with all combinations.  Twitching during induction was common.  All combinations produced anaesthesia, 
with significantly decreased heart rate (from 400 to 200 bpm) and respiratory rate (from 120 - 140 to 36 - 65 rpm).  Arrhythmia and irregular 
breathing patterns occurred.  MM-Fen, MM-Mor, and MM-But depressed respiration significantly more than MM-Sal.  Time to first movement 
with MM-Ket and MM-But lasted significantly longer than with MM-Sal.  Recovery time was significantly shorter in the MM-Sal (88 min) in 
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comparison to all other treatments, and it was significantly longer in the MM-But (159 min), with atipamezole administered to four of the 
eight bats.  In conclusion, all five anaesthetic protocols are suitable for Egyptian fruit bats; MM-Ket produces long anaesthesia and minimal 
respiratory depression, but cannot be antagonized completely.  MM-Fen, MM-Mor, and MM-But depress respiration, but are known to 
produce good analgesia, and can be fully antagonized.  Administration of atipamezole following the use of MM-But in Egyptian fruit bats is 
recommended.

vallo, p., motsch, p., benda, p., maganga, g. d. and bourgarel, m. 2018.  Mitochondrial phylogeny and morphological 
variation of the African sheath-tailed bat (Coleura afra, Emballonuridae).  Acta Chiropterologica, 20 (1): 73 - 84.  doi: 
10.3161/15081109ACC2018.20.1.005.

The African sheath-tailed bat (Coleura afra, Emballonuridae) occurs patchily throughout sub-Saharan Africa and in southern Arabia.  While 
the populations in southeastern Africa have been studied, those from the other parts of its distribution range have not been known well.  
We assessed genetic and morphological variation among some African and Arabian populations including those previously not studied.  
The recovered phylogenetic pattern suggests the existence of three major evolutionary lineages in this species.  One lineage comprising 
populations from Kenya and Tanzania could be attributed to the nominotypical subspecies, although it surprisingly included also the 
population from Ghana.  The respective populations from Yemen and Gabon were represented by the other two lineages.  The recently 
discovered population of C. afra from Gabon shows considerable external morphological variation and a certain degree of sexual size 
dimorphism.  Two morphogroups, based mainly on overall skull size, could be identified among populations from West Africa, East Africa, 
and Arabia.  The larger-sized group corresponded to the nominotypical form.  The smaller-sized group could be split into two subgroups 
defined by the skull shape, comprising populations from northeast Africa and Arabia, and West Africa, respectively.  Although these two 
morphological subgroups seemed to correspond to forms gallarum/nilosa and kummeri, these allocations were not corroborated by the 
molecular analyses.  Given the comparatively large genetic distances in C. afra, taxonomic revisions of the southern Arabian and Central 
African forms are anticipated.

vallo, p., reeder, d. m., vodZak, m. e. and benda, p. 2019.  Resurrection of an East African house bat species 
Scotophilus altilis Allen, 1914 (Chiroptera: Vespertilionidae).  Zootaxa, 4577 (1): 148 - 160.  doi: 10.11646/
zootaxa.4577.1.9.

Several house bat specimens superficially resembling the white-bellied house bat Scotophilus leucogaster (Cretzschmar, 1830), were 
recently captured in southwestern Ethiopia and southern South Sudan.  These S. cf. leucogaster differed from typical S. leucogaster by their 
slightly smaller size and ventral coloration, conforming instead with the original description of S. altilis Allen, 1914.  Scotophilus altilis is an 
overlooked taxon known from the Blue Nile region in Sudan that is currently considered a junior synonym of S. leucogaster.  Phylogenetic 
analysis of mitochondrial cytochrome b gene (cytb) sequences revealed S. cf. leucogaster as a sister clade to S. leucogaster with a genetic 
distance of ca. 10 %.  Comparative specimens of questionable S. nigritellus de Winton, 1899 from northwestern Ethiopia and a wing biopsy 
sample of another S. cf. leucogaster from western Kenya also fell within this clade.  Sequence data from two nuclear markers (zfy and fgb7) 
corroborated the distinction of S. cf. leucogaster from S. leucogaster.  Likewise, morphometric analysis of cranial data largely supported 
this distinction, as well as taxonomic affiliation with S. altilis based on comparison with the only available paratype specimen.  The position 
of this paratype specimen within the new Scotophilus clade, inferred from analysis of a short fragment of cytb, confirmed its taxonomic 
identity.  Based on the presented evidence, the overlooked East African taxon S. altilis should be resurrected as a full species within the 
genus Scotophilus.

van doremalen, n., schÄfer, a., menachery, v. d., letko, m., bushmaker, t., fIscher, r. J., fIgueroa, d. m., 
hanley, p. w., saturday, g., barIc, r. s. and munster, v. J. 2018.  SARS-like coronavirus WIV1-CoV does not 
replicate in Egyptian fruit bats (Rousettus aegyptiacus).  Viruses, 10 (12): 727.  doi: 10.3390/v10120727.

Severe acute respiratory syndrome (SARS)-like WIV1-coronavirus (CoV) was first isolated from Rhinolophus sinicus bats and can use the 
human angiotensin converting enzyme 2 (ACE2) receptor.  In the current study, we investigate the ability of WIV1-CoV to infect Rousettus 
aegyptiacus bats.  No clinical signs were observed throughout the experiment.  Furthermore, only four oropharyngeal swabs and two 
respiratory tissues, isolated on day 3 post inoculation, were found positive for viral RNA.  Two out of twelve bats showed a modest increase 
in coronavirus specific antibodies post challenge.  In conclusion, WIV1-CoV was unable to cause a robust infection in Rousettus aegyptiacus 
bats.

van toor, m. l., o’mara, m. t., abedI-lartey, m., wIkelskI, m., fahr, J. and dechmann, d. k. n. 2019.  Linking 
colony size with quantitative estimates of ecosystem services of African fruit bats.  Current Biology, 29 (7): R237 - 
R238.  doi: 10.1016/j.cub.2019.02.033.

Animal-mediated seed dispersal is a pivotal component of functioning forest ecosystems all over the globe.  Animals that disperse seeds 
away from their parental plants increase the seeds’ chances of survival by releasing them from competition and specialised predators 
and so contribute to maintain the biodiversity of forests.  Furthermore, seeds dispersed into deforested areas provide the opportunity for 
reforestation.  Forest regeneration especially depends on animals that cover large distances easily and cross forest gaps, in particular 
large-bodied frugivores or mobile species such as birds and bats.  Yet, frugivores have started to disappear from forests everywhere, with 
potentially dramatic consequences for forest composition, regeneration and overall forest biomass.  Identifying which species contribute 
substantially to the dispersal of viable seeds, and how these services are affected by fluctuations in population size, is thus pivotal to the 
understanding and conservation of forest ecosystems.

weIer, s. m., grass, I., lInden, v. m. g., tscharntke, t. and taylor, p. J. 2018.  Natural vegetation and bug abundance 
promote insectivorous bat activity in macadamia orchards, South Africa.  Biological Conservation, 226: 16 - 23.  doi: 
10.1016/j.biocon.2018.07.017.

Accelerating land use change is associated with the loss of species and their ecosystem services.  South Africa is the world’s largest 
producer of macadamias and the industry continues to grow.  Insectivorous bat species are important for pest control, but bat populations 
are declining.  Therefore, proactive management of bat communities in agricultural landscapes is essential.  We acoustically monitored bats 
and used light traps to catch arthropods during one annual cycle, sampling five macadamia orchards monthly in Limpopo, South Africa.  
We used GIS and R to analyse both the general bat and foraging bat activity of the two main foraging guilds (open-air/clutter edge guild) 
in different land use types and total activity with respect to arthropod abundances.  Overall clutter edge guild activity (number of passes) 
decreased with macadamia and orchard (all other fruit) cover in the high season and increased with bush cover and distance to settlements 

http://dx.doi.org/10.3161/15081109ACC2018.20.1.005
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(potential roosts) in the low season.  Open-air guild activity increased with fallow cover in the high season.  Foraging activity (feeding buzzes) 
of the clutter edge guild increased with bush cover over the whole year.  Total activity (both guilds) increased with abundance of true bugs, 
including the main macadamia pests, and bush cover.
In conclusion, natural and semi-natural vegetation promote bat activity in macadamia orchards, and potentially bats’ provision of the 
ecosystem service of pest control.  In times of accelerating land use change, remnants of natural vegetation are important refuges and need 
to be maintained or restored.  The installation of bathouses might further improve bat activity.

welch, s. r., chakrabartI, a. k., wIggleton guerrero, l., Jenks, h. m., lo, m. k., nIchol, s. t., spIropoulou, c. 
t. and albarIÑo, c. g. 2018.  Development of a reverse genetics system for Sosuga virus allows rapid screening 
of antiviral compounds.  PLoS Neglected Tropical Diseases, 12 (3): e0006326.  doi: 10.1371/journal.pntd.0006326.

Sosuga virus (SOSV) is a recently discovered zoonotic paramyxovirus isolated from a single human case in 2012; it has been ecologically 
and epidemiologically associated with transmission by the Egyptian rousette bat (Rousettus aegyptiacus).  Bats have long been recognized 
as sources of novel zoonotic pathogens, including highly lethal paramyxoviruses like Nipah virus (NiV) and Hendra virus (HeV).  The ability of 
SOSV to cause severe human disease supports the need for studies on SOSV pathogenesis to better understand the potential impact of this 
virus and to identify effective treatments.  Here we describe a reverse genetics system for SOSV comprising a minigenome-based assay and 
a replication-competent infectious recombinant reporter SOSV that expresses the fluorescent protein ZsGreen1 in infected cells.  First, we 
used the minigenome assay to rapidly screen for compounds inhibiting SOSV replication at biosafety level 2 (BSL-2).  The antiviral activity of 
candidate compounds was then tested against authentic viral replication using the reporter SOSV at BSL-3.  We identified several compounds 
with anti-SOSV activity, several of which also inhibit NiV and HeV.  Alongside its utility in screening for potential SOSV therapeutics, the reverse 
genetics system described here is a powerful tool for analyzing mechanisms of SOSV pathogenesis, which will facilitate our understanding 
of how to combat the potential public health threats posed by emerging bat-borne paramyxoviruses.

wu, y. , wang, h. , wang, h. and feng, J. 2018.  Arms race of temporal partitioning between carnivorous and herbivorous 
mammals.  Scientific Reports, 8: 1713.  doi: 10.1038/s41598-018-20098-6.

Reciprocal coevolutionary changes in predation and anti-predator behaviours have long been hypothesized, but evolutionary-scale evidence 
is rare.  Here, we reconstructed the evolutionary-scale changes in the diel activity patterns of a predator-prey system (carnivorous and 
herbivorous mammals) based on a molecular phyloecological approach, providing evidence of long-term antagonistic coevolutionary changes 
in their diel activities.  Our molecular reconstruction of diel activity patterns, which is supported by morphological evidence, consistently 
showed that carnivorous mammals were subjected to a shift from diurnality to nocturnality, while herbivorous mammals experienced a 
shift from nocturnality to diurnality during their evolutionary histories.  A shift in the diel activity of the herbivores as a result of carnivore 
avoidance is hypothesized based on molecular, morphological and behavioural evidence, and our results suggest an evolutionary-scale arms 
race of diel activity shifts between carnivorous and herbivorous mammals.

yInda, c. k., ghogomu, s. m., conceIÇÃo-neto, n., beller, l., deboutte, w., vanhulle, e., maes, p., van ranst, m. 
and matthIJnssens, J. 2018.  Cameroonian fruit bats harbor divergent viruses, including rotavirus H, bastroviruses, 
and picobirnaviruses using an alternative genetic code.  Virus Evolution, 3 (2): vey008.  doi: 10.1093/ve/vey008.

Most human emerging infectious diseases originate from wildlife and bats are a major reservoir of viruses, a few of which have been highly 
pathogenic to humans.  In some regions of Cameroon, bats are hunted and eaten as a delicacy.  This close proximity between human 
and bats provides ample opportunity for zoonotic events.  To elucidate the viral diversity of Cameroonian fruit bats, we collected and 
metagenomically screened eighty-seven fecal samples of Eidolon helvum and Epomophorus gambianus fruit bats.  The results showed 
a plethora of known and novel viruses.  Phylogenetic analyses of the eleven gene segments of the first complete bat rotavirus H genome, 
showed clearly separated clusters of human, porcine, and bat rotavirus H strains, not indicating any recent interspecies transmission events.  
Additionally, we identified and analysed a bat bastrovirus genome (a novel group of recently described viruses, related to astroviruses 
and hepatitis E viruses), confirming their recombinant nature, and provide further evidence of additional recombination events among 
bat bastroviruses.  Interestingly, picobirnavirus-like RNA-dependent RNA polymerase gene segments were identified using an alternative 
mitochondrial genetic code, and further principal component analyses suggested that they may have a similar lifestyle to mitoviruses, a 
group of virus-like elements known to infect the mitochondria of fungi.  Although identified bat coronavirus, parvovirus, and cyclovirus strains 
belong to established genera, most of the identified partitiviruses and densoviruses constitute putative novel genera in their respective 
families.  Finally, the results of the phage community analyses of these bats indicate a very diverse geographically distinct bat phage 
population, probably reflecting different diets and gut bacterial ecosystems.

yInda, c. k., vanhulle, e., conceIÇÃo-neto, n., beller, l., deboutte, w., shI, c., ghogomu, s. m., maes, p., 
van ranst, m. and matthIJnssens, J. 2019.  Gut virome analysis of Cameroonians reveals high diversity of 
enteric viruses, including potential interspecies transmitted viruses.  mSphere, 4 (1): e00585-18.  doi: 10.1128/
mSphere.00585-18.

Diarrhea remains one of the most common causes of deaths in children.  A limited number of studies have investigated the prevalence 
of enteric pathogens in Cameroon, and as in many other African countries, the cause of many diarrheal episodes remains unexplained.  
A proportion of these unknown cases of diarrhea are likely caused by yet-unidentified viral agents, some of which could be the result 
of (recent) interspecies transmission from animal reservoirs, like bats.  Using viral metagenomics, we screened fecal samples of 221 
humans (almost all with gastroenteritis symptoms) between 0 and 89 years of age with different degrees of bat contact.  We identified 
viruses belonging to families that are known to cause gastroenteritis such as Adenoviridae, Astroviridae, Caliciviridae, Picornaviridae, and 
Reoviridae.  Interestingly, a mammalian orthoreovirus, picobirnaviruses, a smacovirus, and a pecovirus were also found.  Although there 
was no evidence of interspecies transmission of the most common human gastroenteritis-related viruses (Astroviridae, Caliciviridae, and 
Reoviridae), the phylogenies of the identified orthoreovirus, picobirnavirus, and smacovirus indicate a genetic relatedness of these viruses 
identified in stools of humans and those of bats and/or other animals.  These findings points out the possibility of interspecies transmission 
or simply a shared host of these viruses (bacterial, fungal, parasitic, . . .) present in both animals (bats) and humans.  Further screening of 
bat viruses in humans or vice versa will elucidate the epidemiological potential threats of animal viruses to human health.  Furthermore, this 
study showed a huge diversity of highly divergent novel phages, thereby expanding the existing phageome considerably.
IMPORTANCE: Despite the availability of diagnostic tools for different enteric viral pathogens, a large fraction of human cases of 
gastroenteritis remains unexplained.  This could be due to pathogens not tested for or novel divergent viruses of potential animal origin.  
Fecal virome analyses of Cameroonians showed a very diverse group of viruses, some of which are genetically related to those identified in 
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Notice Board
conferences

18th InternatIonal bat research conference

Being held in: Puket, Thailand (28 July - 2 August 2019).
Further information: https://ibrc2019.com/ (including program and abstract book)

nasbr 49th annual symposIum on bat research

To be held in: Radisson Plaza Hotel, Kalamazoo, Michigan, USA (23 - 26 October, 2019).
Further information: https://www.nasbr.org/annual-meetings

6th InternatIonal berlIn bat meetIng: the human perspectIve on 
bats

To be held in: Berlin, Germany (23 - 25 March 2020)
Further information: http://www.izw-berlin.de/berlin-bat-meeting.html

15th european bat research symposIum

To be held in: Turku, Finland (3 -7 August 2020)
Further information: https://www.ebrs2020.fi/

11th european bat detector workshop

To be held in:  Turku, Finland (7 - 11 August 2020).
Further information: https://tethys.pnnl.gov/events/11th-european-bat-detector-work-
shop or http://www.batlife.info/ebdw/

future dates

4th European Alpine Bat Detector Workshop - September 2021. http://www.batlife.info/EABAD-4.

Call for contributions
African Bat Conservation News is divided into two main parts: peer reviewed and non peer reviewed articles.
The non peer reviewed part is further subdivided into a two sections:

Research and Conservation - which aims to promote projects, organizations and individuals working on bat related research, conservation 
and/or education within Africa and its surrounding islands.  Updates on projects and activities are also encouraged.

Observations, Discussions and Updates - This section is used to inform and allow readers to comment on various issues of a thematic 
nature. It is also used to capture information (e.g. Observations) which may not have enough information to make the scientific contribution 
section (these observations will be moderated by the editorial board).

The scientific contribution part of African Bat Conservation News is peer reviewed and publishes brief notes concerning the biology of 
bats, new geographical distributions (preferably at least 100 km from the nearest previously published record), sparsely annotated 
species lists resulting from local surveys, roost counts, and echolocation of bat species occurring on the African continent and adjacent 
regions, including the Arabian peninsula, Madagascar, and other surrounding islands in the Indian and Atlantic oceans and those islands 
just off Africa within the Mediterranean and Red Seas.

Two additional sections are also included in the newsletter - Recent literature - this includes abstracts from recent conferences and 
recently published works.  If you are involved in a conference or have published a paper and wish to have it included in this section please 

animals.  This is the first attempt to describe the gut virome of humans from Cameroon.  Therefore, the data represent a baseline for future 
studies on enteric viral pathogens in this area and contribute to our knowledge of the world’s virome.  The studies also highlight the fact 
that more viruses may be associated with diarrhea than the typical known ones.  Hence, it provides meaningful epidemiological information 
on diarrhea-related viruses in this area.
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send a copy of the PDF of the paper to the Editor or Scientific Editor.

Notice Board - includes information on future planned conferences, workshops or training opportunities.  If you are an organizer of such 
an event and wish it to be promoted in ABCN then please send the information to the Editor.

African Bat Conservation News Project Cycle
Issues will be published Quarterly (January, April, July, October).
Deadlines for scientific contributions (1 November, 1 February, 1 May, 1 August).
Deadlines for non-scientific contributions (1 December, 1 March, 1 June, 1 September).
Non scientific contributions should be sent to the Editor while scientific contributions should be sent to the Scientific Editor.
Download notes to authors from www.africanbats.org.

Editorial Team
Editor: Ernest C.J. Seamark
Scientific Editor: Victor Van Cakenberghe

Editorial Board: Eric Bakwo Fils (University of Maroua, Cameroon); Jakob Fahr (Max Planck Institute for Ornithology, Radolfzell & Zoological 
Institute, Germany); Steve Goodman (Chicago Field Museum of Natural History, United States of America); Kim Howell (University of Dar 
es Salam, Tanzania); Teresa Kearney (Ditsong National Museum of Natural History, formerly Transvaal Museum, South Africa); Robert 
Kityo (Makerere University, Uganda); Ara Monadjem (University of Swaziland, Swaziland); Peter Taylor (University of Venda, South Africa); 
Victor Van Cakenberghe (University of Antwerp, Belgium); Paul Webala (Karatina University College, Kenya).
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