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Global	
  distribu-on	
  of	
  bats	
  

The	
  number	
  of	
  bat	
  species	
  in	
  500	
  km2	
  quadrats	
  in	
  different	
  parts	
  of	
  the	
  world.	
  
(Findley	
  1993)	
  



Classifica-on	
  
20%	
  of	
  about	
  5,420	
  species	
  of	
  mammals	
  are	
  bats	
  
(Altringham	
  2011)	
  
	
  

Tradi.onally,	
  two	
  sub-­‐orders:	
  	
  
• Megachiroptera	
  (megabats)	
  

– “large”	
  and	
  feed	
  on	
  fruit,	
  nectar	
  and	
  blossom	
  
– well-­‐developed	
  vision	
  and	
  olfac.on	
  
– do	
  not	
  use	
  echoloca.on	
  except	
  Rouse&us	
  

• Microchiprotera	
  (microbats)	
  
– most	
  are	
  “small”	
  with	
  a	
  wingspan	
  of	
  30cm	
  
– diverse	
  diet	
  groups	
  but	
  mostly	
  insec.vorous	
  



Recent	
  molecular	
  studies	
  

•  Invalidates	
  previous	
  classifica.on	
  
•  Molecular	
  .me-­‐scale	
  -­‐	
  
reconstruct	
  evolu.onary	
  
pathways	
  	
  of	
  bats	
  

•  Evolved	
  from	
  a	
  common	
  ancestor	
  
of	
  the	
  mammal	
  group	
  

•  Yinptero	
  and	
  Yango	
  diverged	
  
early	
  –	
  64	
  mya	
  

•  Pteropodidae	
  and	
  
Rhinolophoidea	
  –	
  split	
  58	
  mya	
  	
  



Recent	
  molecular	
  studies	
  

•  Yinpterochiroptera	
  –	
  Rhinolophoidea	
  +	
  Pteropodidae	
  
•  Yangochiroptera	
  –	
  Emballonuroidea	
  +	
  Noc.lionoidea	
  +	
  
Vesper.lionoidea	
  

•  Split	
  52-­‐50	
  mya	
  during	
  global	
  warming	
  and	
  peak	
  plant	
  
and	
  insect	
  diversity	
  

•  Improvement	
  in	
  echoloca.on	
  and	
  wing	
  morphology	
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ats, the only mammals capable of pow-
ered flight, constitute more than 20% of
living mammal species (1). Unlike

birds and other terrestrial vertebrates, most
bats use echolocation—a biological form of
sonar—to locate and track their prey (2). Bats

are found on every
continent except
Antarctica, and they
exploit a wide vari-
ety of food sources

including insects, small vertebrates, fruit,
nectar, pollen, and even blood (1–3). More
than 110 bat species may coexist in some eco-
logical communities, a number that far
exceeds that of any other mammalian group
(1, 3). Despite their prominent position
among mammals, the evolutionary history of
bats is largely unknown because of a limited
fossil record and incomplete phylogenies. On
page 580 of this issue, Teeling et al. (4) pro-
vide a new evolutionary tree for bats that
helps to explain how, when, and where this
extraordinary diversity may have originated.

Living bats are classified into 18 fami-
lies on the basis of shared anatomical spe-
cializations and echolocation habits (see
the f igure), and another six families are
known from fossils (1, 5, 6). Although biol-
ogists have long agreed that these groups
represent distinct evolutionary lineages,
there has been no consensus concerning
relationships among them. The lack of a
well-resolved phylogeny (evolutionary
tree) for bats has hindered attempts to
understand the origins of major specializa-
tions in these mammals, and has compli-
cated efforts to untangle the temporal and
biogeographic history of the group. 

One extant family (Pteropodidae, or Old
World fruit bats) lacks the sophisticated
echolocation abilities of other bats. Because
bat echolocation is a complex system involv-
ing specialization of the respiratory system,
ear, and brain (2), it has generally been
assumed that echolocation evolved only once
in bats. This hypothesis has been supported by
phylogenetic analyses of morphological data
by a number of groups [e.g., (5)]. These analy-
ses revealed a basal split among bats between
a single lineage leading to all echolocating

bats (Microchiroptera) and another lineage
leading to non-echolocating pteropodids
(Megachiroptera). However, recent analyses
of DNA sequence data have challenged this
hypothesis, instead suggesting that some
echolocating bats (rhinolophoids) are more
closely related to pteropodids than to other
echolocating bats [e.g., (7, 8)]. These rela-
tionships imply that echolocation either
evolved twice in bats or evolved once but was
later lost in pteropodids. Either scenario
would require a complete rethinking of our
understanding of the evolutionary history of
bats, including new evolutionary explana-
tions for more than 20 different anatomical
specializations shared by living echolocating
bats [but not pteropodids (5)].

Weaknesses in prior molecular studies
have left some doubt about their interpreta-
tion. For example, analyses of different
genes yielded incompatible phylogenetic
trees, and sampling of living bat families
was incomplete, leaving open the possibility
that sampling biases were responsible for the
surprising molecular results. The new study
by Teeling et al. (4) overcomes these diffi-
culties by simultaneously analyzing portions
of 17 nuclear genes sampled in all extant
families. The resulting phylogenetic tree,
which is strongly supported by the data, con-
firms the results of earlier molecular studies
(see the figure). Non-echolocating pteropo-
dids nest among lineages of echolocating
bats, implying a dual origin for echolocation
or its loss in pteropodids. The authors do not
attempt to choose between these alterna-
tives, but a second analysis including several
extinct families (4) suggests that a single ori-
gin for echolocation (followed by its loss in
pteropodids) is most likely. 
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PERSPECTIVES

Pteropodidae (Old World fruit bats)

Rhinolophidae (horseshoe bats)

Hipposideridae (Old World leaf-nosed bats)

Megadermatidae (false vampire bats)

Craseonycteridae (bumblebee bats)

Rhinopomatidae (mouse-tailed bats)

Nycteridae (slit-faced bats)

Emballonuridae (sheath-tailed bats)

Phyllostomidae (New World leaf-nosed bats)

Mormoopidae (leaf-chinned bats)

Noctilionidae (fishing bats)

Furipteridae (smoky bats)

Thyropteridae (disk-winged bats)

Mystacinidae (New Zealand short-tailed bats)

Myzopodidae (sucker-footed bats)

Vespertilionidae (evening bats)

Molossidae (free-tailed bats)

Natalidae (funnel-eared bats)
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Families of living bats

Temporal pattern of bat diversification. Teeling et al. (4) used their molecular tree and a series of
fossil calibration points to reconstruct the timing of bat radiation.They calculate that living bats last
shared a common ancestor at or just after the Cretaceous-Tertiary boundary.The four major lineages
of living echolocating bats (A to D) appear to have subsequently originated within a narrow time
frame in the Early Eocene [52 to 50 million years ago (4)].Although divergence dates estimated from
models of DNA sequence evolution are notoriously subject to biases, the Eocene dates in this study
are reasonably consistent with the results of morphology-based reconstructions [e.g. (3, 6)]. The
results of Teeling et al. suggest that all 18 of the living families of bats were distinct by the end of the
Eocene (about 34 million years ago). [Adapted from (4)]
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An	
  evolu.onary	
  tree	
  for	
  the	
  bats	
  to	
  sub-­‐family	
  level	
  based	
  on	
  Teeling	
  et	
  al.	
  (2005)	
  



thonglongai, the smallest mammal in the
world, is confined to the Kanchanaburi
province of western Thailand and southeast
Myanmar (12, 13). Our results convincingly
place Craseonycteridae within the super-
family Rhinolophoidea (100% BSS, 1.000
BPP) and provide robust support for a sister-
group relationship with the megadermatids
(100% ML BSS, 1.000 BPP). Further
support for the inclusion of Craseonycteris
within the Rhinolophoidea derives from the
possession of pubic nipples, a unique and
diagnostic rhinolophoid character (14). The
phylogenetic position of the Myzopodidae
(which consists of the single species Myzop-
oda aurita), endemic to Madagascar (1), is
also controversial (4, 15). Our data support a
basal position for the Myzopodidae within
the superfamily Noctilionoidea (78% ML
BBS, 1.000 BPP).

A time scale for the evolution of the order
Chiroptera based on Bayesian dating analyses
(11) is depicted in Fig. 2. We estimate that
crown group bats last shared a common
ancestor about 64 million years ago (Mya)
at or following the Cretaceous-Tertiary
boundary (fig. S2; table S3) (11). This date
is also corroborated by a comprehensive
eutherian study that primarily used non-
chiropteran fossil calibration points (16).
The four major microbat (echolocating)

lineages ERhinolophoidea, Emballonuroidea,
Noctilionoidea, Vespertilionoidea^ each orig-
inated within a narrow time frame, 52 to 50
Mya, coincident with an approximate 7- rise
in mean annual temperature, a significant
increase in plant diversity, and the peak of
Tertiary insect diversity (17–19). We suggest
that extant microbats diversified in response
to an increase in prey diversity and that the
varied microbat echolocation and flight
strategies may have resulted from differential
niche exploitation at that time.

Using this complete interfamilial phylog-
eny, we examined competing biogeographical
hypotheses regarding the origin of bats. The
oldest definitive bat fossils are early to
middle Eocene, distributed in North Amer-
ica (Icaronycteris), Europe (Hassianycteris,
Archaeonycteris, and Paleochiropteryx),
and Australia (Australonycteris), and they
were already specialized for flight and
echolocation (4, 20–22). They overlapped
in range with the modern extant microbat
lineages, whose oldest fossil record is from
the middle Eocene of Europe (4, 23, 24),
and indeed appear to nest within crown
group Chiroptera (25). We reanalyzed the
morphological data set of Simmons and
Geisler (4) for extant bat families and extinct
Eocene fossils by incorporating the molecular
scaffold from Fig. 1 in parsimony analyses

(Fig. 3) (11). The most parsimonious trees
were used to map both current and past
geographic distributions in a parsimony
framework (Fig. 3) (11).

Geographic ancestral reconstructions (11)
suggest that bats originated in the Laurasian
land masses, possibly in North America
during the early Paleocene, and fail to
support a Gondwanan origin for bats, even
with the inclusion of Australonycteris in the
analyses (Fig. 3; table S4). A Southern
Hemisphere origin of modern bats has been
suggested E(26) and included references^,
but it is based mainly on current distribution
of maximum bat diversity and has been
confounded by unreliable phylogenies. Cur-
rently, bats are distributed throughout the
globe, however, at each taxonomic level bat
endemism is high (1). All ancestral recon-
structions support an Asian origin for the
suborder Yinpterochiroptera (Fig. 3; table
S4). Since their diversification in the late
Paleocene, yinpterochiropterans have had an
exclusively Old World distribution (24).
In contrast, the biogeographic history of
Yangochiroptera is more difficult to decipher
because of its panglobal distribution (1). Our
results support a Laurasian, and most likely
Asian/European, origin for Yangochiroptera
(Fig. 3; table S4). Within this suborder, the
emballonurids have an exclusively tropical

Fig. 2. Molecular time
scale for the order Chi-
roptera based on the
divtime analyses (11),
using the ML topology
depicted in Fig. 1, six
fossil constraints, and
a mean prior of 65
Mya for the base of
the ingroup root. Num-
bers at the nodes are
the molecular dates in
millions of years; values
in parentheses are the
95% credibility inter-
vals. Letters along the
branches refer to the
fossil constraint age
(Mya) imposed on that
particular node: [a] 0 37;
[b] 0 55; [c] 0 37; [d] 0
34; [e] 0 30; [f] 0 37.
Maximum constraint is
an arrow pointing up;
minimum constraint is
an arrow pointing down.
Red circles indicate the
age of the oldest fossil
representing that line-
age or ’’off-shoots’’
from that lineage (ta-
ble S5). Red numbers
in brackets to the left
of the slash indicate
the percentage sum
missing of the fossil record for that clade, (total sum missing per
lineage)/(sum age of lineage). Numbers in brackets in red to the right of
the slash indicate the average percentage missing of that fossil record for

that clade or the average of the percentage missing per lineage (11) (table
S5). A blue square indicates the time of separation between the New World
Rhynchonycteris and the Old World Emballonura.
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Teeling	
  et	
  al.	
  (2005)	
  



Iden-fica-on	
  –	
  morphological	
  approach	
  

• Bat	
  species	
  –	
  dis.nguished	
  based	
  on	
  morphological	
  
characteris.cs	
  
– Body	
  shape,	
  size	
  and	
  weight	
  
– Forearm	
  length	
  
– Ear	
  and	
  tragus	
  
– Fur	
  colour	
  
– Teeth	
  and	
  skull	
  

	
  
	
  
	
  
• Sta.s.cal	
  analysis	
  of	
  large	
  numbers	
  of	
  measurements	
  
–	
  repeatability	
  and	
  more	
  credible	
  

Churchill,	
  S.	
  (2008)	
  



Kingston	
  et	
  al.	
  (2006)	
  



Iden-fica-on	
  –	
  morphological	
  approach	
  



•  Revolu.on	
  in	
  taxonomy	
  

•  Gene.c	
  analysis	
  
– Clarify	
  occurrences	
  of	
  species	
  /	
  species	
  
boundaries	
  (e.g.	
  Myo.s	
  adversus)	
  

– Discriminate	
  species	
  using	
  DNA	
  barcodes	
  in	
  highly	
  
diverse	
  tropical	
  bat	
  assemblages	
  (e.g.	
  cytochrome	
  
c	
  oxidase	
  subunit	
  1	
  gen	
  in	
  Guyanan	
  bats)	
  

	
  
•  Applica.on	
  of	
  gene.c	
  methods	
  –	
  more	
  stable	
  and	
  
scien.fically	
  based	
  classifica.on	
  

Iden-fica-on	
  –	
  gene-c	
  approach	
  



Iden-fica-on	
  –	
  acous-c	
  approach	
  

•  Requires	
  automa.c	
  classifiers	
  or	
  call	
  libraries	
  
•  Good	
  ecological	
  knowledge	
  of	
  foraging	
  behaviours	
  in	
  
different	
  habitat	
  types	
  

Examples:	
  	
  
•  Hipposideros	
  bicolor	
  –	
  2	
  phonic	
  types	
  

Kingston,	
  T.,	
  et	
  al.	
  (2001)	
  	
  



•  Rhinolophus	
  lepidus	
  –	
  constant	
  frequency	
  (CF)	
  calls	
  

Iden-fica-on	
  –	
  acous-c	
  approach	
  

97	
  kHz	
  



Pteropodidae	
  (Old	
  World	
  fruit	
  bats)	
  

•  Simple	
  ears	
  with	
  outer	
  margins	
  forming	
  an	
  unbroken	
  
ring	
  

•  Dog-­‐	
  or	
  fox-­‐like	
  face	
  
•  FA	
  40-­‐220	
  mm	
  
•  Tail	
  short	
  or	
  lacking,	
  when	
  present	
  not	
  involved	
  with	
  
membrane	
  

•  Interfemoral	
  membrane	
  narrow	
  
•  Simple	
  cusps	
  

Kingston	
  et	
  al.	
  (2006)	
  



Emballonuridae	
  (sheath-­‐tailed	
  bats)	
  

•  Small	
  to	
  large	
  
•  Variable	
  ears,	
  ofen	
  joined	
  

anteriorly	
  at	
  the	
  base	
  over	
  the	
  
forehead	
  

•  Small	
  or	
  moderate	
  tragus	
  
•  No	
  noseleaf	
  
•  Glandular	
  pouch	
  or	
  beard	
  may	
  be	
  

present	
  on	
  throat	
  
•  Tail	
  partly	
  enclosed	
  in	
  moderate	
  

tail	
  membrane,	
  its	
  terminal	
  part	
  
projec.ng	
  from	
  the	
  upper	
  surface	
  

Kingston	
  et	
  al.	
  (2006)	
  



Nycteridae	
  (slit-­‐faced	
  bats)	
  

• Medium	
  to	
  large	
  
• Very	
  long	
  ears	
  separated	
  at	
  base	
  
• Short	
  rounded	
  tragus	
  
• Long	
  tail	
  with	
  T-­‐	
  or	
  V-­‐shaped	
  .p	
  

fully	
  enclosed	
  in	
  interfemoral	
  
membrane	
  

• Face	
  has	
  deep	
  groove	
  in	
  middle	
  
bordered	
  by	
  leaf-­‐like	
  flaps	
  of	
  skin	
  

• Nycteris	
  is	
  the	
  sole	
  genus	
  

Kingston	
  et	
  al.	
  (2006)	
  



Megaderma-dae	
  (false	
  vampire	
  bats)	
  

•  Medium	
  to	
  large	
  
•  Large	
  erect	
  noseleaf	
  
•  Large	
  ears	
  joined	
  across	
  the	
  
top	
  of	
  the	
  head	
  by	
  a	
  band	
  of	
  
integument	
  

•  Tragus	
  long	
  and	
  forked	
  
(bifurcated)	
  

•  Very	
  short	
  tail,	
  not	
  visible	
  
externally,	
  but	
  interfemoral	
  
membrane	
  well	
  developed	
  

Kingston	
  et	
  al.	
  (2006)	
  	
  



•  Small	
  to	
  medium	
  size	
  
•  Elaborate	
  noseleaf:	
  anterior	
  
sec.on	
  is	
  rounded	
  and	
  
roughly	
  horse-­‐shoe-­‐shaped;	
  
behind	
  the	
  nostril	
  is	
  a	
  raised	
  
por.on	
  –	
  the	
  sella;	
  behind	
  
this	
  is	
  a	
  posterior	
  noseleaf	
  
which	
  rises	
  to	
  a	
  long,	
  lancet-­‐
shaped	
  point	
  

•  Ears	
  large	
  with	
  prominent	
  
an.-­‐tragus	
  	
  

Rhinolophidae	
  -­‐	
  characteris-cs	
  

Kingston	
  et	
  al.	
  (2006)	
  
Churchill,	
  S.	
  (2008)	
  



Hipposideridae	
  (Old	
  World	
  leaf-­‐nosed	
  bats)	
  
•  Small	
  to	
  moderately	
  large	
  
•  Elaborate	
  noseleaf	
  but	
  less	
  

extensive	
  (c.f.	
  with	
  
rhinolophids).	
  Anterior	
  
noseleaf	
  is	
  rounded	
  and	
  
horse-­‐shoe-­‐shaped;	
  median	
  
leaf	
  is	
  a	
  low	
  cushion-­‐like	
  
structure	
  expanded	
  laterally	
  
without	
  a	
  sella;	
  posterior	
  
leaf	
  is	
  low	
  and	
  rounded,	
  
usually	
  divided	
  by	
  ver.cal	
  
septa	
  into	
  several	
  pockets	
  

•  Low	
  an.tragus	
  
•  Eyes	
  very	
  small	
  

Kingston	
  et	
  al.	
  (2006)	
  



• Nose	
  simple	
  without	
  noseleaf	
  (rudimentary	
  in	
  
Nyctophilus	
  and	
  Pharo.s)	
  

• Ears	
  small	
  to	
  large	
  with	
  a	
  well-­‐developed	
  tragus	
  
• Tail	
  long	
  and	
  completely	
  enclosed	
  in	
  the	
  interfemoral	
  
membrane	
  

Vesper-lionidae	
  (Evening	
  bats)	
  



Further	
  iden-fica-on	
  help	
  

•  Experts	
  in	
  the	
  bats	
  of	
  that	
  region	
  
•  Published	
  literature	
  –	
  checklists,	
  keys,	
  field	
  guides,	
  apps	
  
•  Bat	
  collec.on	
  in	
  museums	
  

Churchill,	
  S.	
  (2008)	
  



Churchill,	
  S.	
  (2008)	
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The	
  biology	
  of	
  bats	
  and	
  their	
  
func4on	
  as	
  reservoir	
  hosts	
  	
  	
  

Benjamin	
  Lee	
  



Evolu/on	
  and	
  phylogeny	
  

•  Highly	
  incomplete	
  fossil	
  record	
  
•  Nuclear	
  genes	
  -­‐	
  >	
  bats	
  originated	
  in	
  the	
  Eocene	
  
period	
  (50-­‐52	
  mya)	
  

•  Bats	
  evolved	
  early,	
  changed	
  rela4vely	
  liDle	
  
•  Long	
  history	
  of	
  co-­‐specia4on	
  with	
  viruses	
  (Gould	
  
1996;	
  Badrane	
  and	
  Tordo	
  2001)	
  	
  

•  Order	
  Chiroptera	
  –	
  meets	
  the	
  criterion	
  of	
  large	
  group	
  
sizes	
  and	
  hence	
  func4ons	
  as	
  poten4al	
  animal	
  
reservoirs	
  (AR).	
  



Ability	
  of	
  flight	
  

•  Unique	
  among	
  mammals	
  –	
  true	
  
powered	
  flight	
  

•  Fly	
  daily	
  to	
  forage,	
  and	
  longer	
  
distances	
  for	
  seasonal	
  migra4on	
  

•  Tadarida	
  brasiliensis	
  mexicana	
  flies	
  
≥	
  800	
  miles	
  during	
  annual	
  migra4on	
  

•  Pteropus	
  vampyrus	
  (maximum	
  
distance	
  in	
  2	
  hrs	
  =	
  130	
  km)	
  

•  Eonycteris	
  spelaea	
  (travels	
  up	
  to	
  60	
  
km	
  from	
  roost	
  and	
  possible	
  virus	
  
transmission	
  when	
  feeding)	
  



Ability	
  of	
  flight	
  

•  Flying	
  elevates	
  metabolism	
  and	
  body	
  temperature	
  
•  Selec4ve	
  force	
  for	
  co-­‐existence	
  with	
  viral	
  parasites	
  
•  Host-­‐virus	
  interac4on	
  =	
  diverse	
  zoono4c	
  viruses	
  
•  Bat	
  viruses	
  more	
  tolerant	
  of	
  a	
  fever	
  response	
  and	
  
less	
  virulent	
  to	
  hosts	
  

•  Hypothesis	
  that	
  needs	
  tes4ng	
  

O’Shea	
  et	
  al.	
  (2014)	
  EID	
  20:	
  741-­‐745	
  	
  



Torpor	
  and	
  hiberna/on	
  

•  Torpor	
  :	
  the	
  state	
  in	
  which	
  an	
  animal	
  allows	
  its	
  body	
  
temperature	
  to	
  fall	
  below	
  its	
  ac4ve,	
  homeothermic	
  level.	
  
– Drop	
  in	
  temperature	
  is	
  controlled	
  and	
  does	
  not	
  
fluctuate	
  with	
  air	
  temperature	
  

–  If	
  it	
  gets	
  too	
  cold,	
  some	
  stored	
  fuel	
  is	
  burnt	
  to	
  keep	
  
itself	
  from	
  becoming	
  too	
  cold	
  

	
  
•  Hiberna/on	
  is	
  an	
  extension	
  of	
  torpor	
  –	
  days,	
  weeks	
  or	
  

months,	
  seasonal	
  basis,	
  in	
  response	
  to	
  a	
  prolonged	
  fall	
  in	
  
temperature	
  or	
  reduc4on	
  in	
  food	
  supply	
  	
  

	
  
•  Bats	
  do	
  not	
  usually	
  prac4se	
  con4nuous	
  hiberna4on	
  



Torpor	
  and	
  hiberna/on	
  

•  What	
  is	
  the	
  impact	
  of	
  torpor	
  and	
  hiberna4on	
  on	
  
maintenance	
  of	
  viral	
  infec4ons	
  in	
  bats?	
  

•  Viruses	
  may	
  over-­‐winter	
  in	
  bats	
  and	
  infected	
  bats	
  may	
  
shed	
  viruses	
  such	
  as	
  lyssaviruses	
  or	
  flaviviruses	
  for	
  
extensive	
  periods	
  without	
  showing	
  evidence	
  of	
  disease	
  	
  

•  Big	
  and	
  liDle	
  brown	
  bats	
  infected	
  with	
  JEV	
  and	
  
subjected	
  to	
  temp	
  (8-­‐24°C)	
  encountered	
  during	
  
hiberna4on	
  
– Maintained	
  viremias	
  for	
  95-­‐108	
  days	
  
–  Virus	
  4ters	
  in	
  the	
  blood	
  of	
  bats	
  at	
  24°C	
  =	
  peak	
  viral	
  4ters	
  at	
  
temp	
  at	
  which	
  bats	
  were	
  ac4ve	
  



Long	
  life	
  span	
  

•  Extreme	
  longevity	
  +	
  persistent	
  infec4ons	
  with	
  viruses	
  
-­‐>	
  maintain	
  the	
  virus	
  and	
  transmit	
  

•  Bats	
  of	
  the	
  suborder	
  Microchiroptera	
  have	
  life	
  spans	
  
>	
  25	
  years	
  (35	
  years	
  for	
  a	
  liDle	
  brown	
  bat!)	
  

•  Bats	
  become	
  infected	
  with	
  viruses	
  and	
  infec4vity	
  
las4ng	
  for	
  months	
  and	
  years	
  -­‐>	
  significant	
  impact	
  on	
  
the	
  basic	
  reproduc4ve	
  number	
  of	
  infec4on	
  (Ro)	
  

•  Persistent	
  viral	
  infec4on	
  in	
  long-­‐lived	
  bats	
  -­‐>	
  increase	
  
the	
  poten4al	
  for	
  both	
  intra-­‐	
  and	
  interspecies	
  viral	
  
transmission	
  



Popula/on	
  size	
  and	
  roos/ng	
  behaviour	
  

•  Great	
  popula4on	
  densi4es	
  and	
  
crowded	
  roos4ng	
  behaviour	
  -­‐>	
  
increased	
  likelihood	
  of	
  viral	
  
transmission	
  

•  One	
  of	
  the	
  most	
  abundant	
  
mammals	
  and	
  widely	
  distributed	
  

•  Mexican	
  free-­‐tailed	
  bats	
  –	
  packed	
  
in	
  caves	
  at	
  300	
  bats	
  per	
  o2	
  

•  Airborne	
  transmission	
  of	
  rabies	
  
virus	
  –	
  droplets	
  of	
  excreta	
  or	
  small	
  
par4cle	
  aerosol	
  



Bat	
  popula/on	
  structure	
  

•  Demographic	
  and	
  spa4al	
  structuring	
  of	
  bat	
  
popula4ons	
  -­‐>	
  sufficiently	
  variable	
  to	
  offer	
  
opportuni4es	
  for	
  viruses	
  to	
  be	
  maintained	
  

•  Migratory	
  and	
  non-­‐migratory	
  popula4ons	
  serve	
  as	
  a	
  
mixing	
  vessel	
  for	
  viruses	
  

•  Bat	
  popula4ons	
  may	
  be	
  panmic4c	
  or	
  exists	
  as	
  
metapopula4ons	
  -­‐>	
  seasonal	
  virus	
  transmission	
  
annual	
  outbreaks	
  of	
  viral	
  diseases,	
  and	
  periodic	
  
outbreaks	
  among	
  spa4ally	
  discrete	
  popula4ons	
  	
  



Echoloca/on	
  

•  Capability	
  is	
  found	
  mostly	
  in	
  microchiropteran	
  bats	
  
•  Signals	
  are	
  produced	
  by	
  the	
  larynx,	
  powered	
  by	
  the	
  
muscles	
  of	
  the	
  abdominal	
  wall,	
  and	
  emiDed	
  through	
  
the	
  mouth	
  or	
  nostrils	
  

•  Droplets	
  or	
  small-­‐par4cle	
  aerosols	
  of	
  oropharyngeal	
  
fluids,	
  mucus,	
  and	
  saliva	
  could	
  accompany	
  sound	
  
genera4on	
  	
  

•  Mucus	
  from	
  naturally	
  infected	
  Mexican	
  free-­‐tailed	
  
bats	
  containing	
  rabies	
  virus	
  was	
  isolated	
  



Risk, Safety and Personal Protective 

Equipment

Ian H Mendenhall





Exposure to danger

Potential for something bad to happen

What are some risks you face?

Risk



An agent with the potential to cause morbidity or mortality

Situation with potential for something bad to happen

Hazard



Hazard – something with potential to cause harm

Risk – likelihood of something happens and the relative 

consequences when the hazard occurs

Risk versus Hazard



For every action taken, we must assess the likelihood of 

occurrence compared to the severity of that outcome

• What is the likelihood of hurting your ankle walking to a 

field site and what is the severity of that injury?

• What is the likelihood of the autoclave exploding and 

what would the severity of that injury be?

Severity versus Likelihood



Risk Management

http://exploringpossibilityspace.blogspot.sg/

X



Risk Analysis =  adding science to policy and/or decision 

making.  

Applying science to policy addressing real problems

Three general components of assessing risk

Identify Hazard(s) = what are we concerned about? 

Assess Vulnerability = of whom?

Assess Impact = likelihood and magnitude

The potential that a given threat will exploit vulnerabilities to 

have an impact, usually negative in this sense

Transparency  = the process must be inclusive and 

completely transparent in terms of process and assumptions



For a new protocol, we need to evaluate every task from 

beginning to end in an effort to minimize risk

• Follow a flow chart to idenitfy areas of high risk and how 

we can mitigate this risk

For example: We are establishing primary bat cell lines 

from multiple tissue types. What are the risks?

Evaluate every task



What is the risk (frame the question)?

What is the hazard?

What are the risk pathways?

Where are knowledge gaps?

Can we collect data to fill these gaps

Using this information, can we assess the risk?

Risk Assessment



Define Steps to Occur Data

Release Likelihood of 

occurrence

Bat is infected.

Bat visits Singapore.

Are bats likely to 

visit?

Are local bats 

susceptible?

Exposure Likelihood of 

human 

exposure

Infected bat and 

human share space-

time. 

Where would bats 

visit?

Do humans frequent?

Consequence Consequences Human is infected.

Potential human-

human transmission

Type of exposure 

(fomite, direct)

Risk of Nipah virus into Singapore 



Data



How do you safely insure your staff (and yourself) are 

protected?

Can you evaluate alternative approaches without 

compromising safety?

Do you have reliable people to ask their opinions?

Risk Management & Risk 

Communication



Is the risk:

Negligible, Low, Medium, High, Very High?

If the risk is low, we can allocate energy and resources to 

other areas.

Risk Assessment of Nipah in 

Singapore



Is there too much personal protection?

Should we always wear the most protective outfits?

Personal Safety & Equipment
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Flying Fox Working Group 2013
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Personal 

Protective 

Equipment = PPE



PPE Set A (High exposure to bat fluids likely)

• Tyvek suit (or disposable rain coat over dedicated 

clothing)

• Eye protection (goggles or safety glasses)

• Mask (N95 or P100 respirator or comparable)

• Gloves (Thick nitrile gloves for handling bats, otherwise 

latex okay for roost samples)

• Covered shoes (that can be disinfected)

• Boot covers (optional depending on activity)
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PPE Set B (Handling bats or probable fluid exposure)

• Dedicated clothing (= long sleeve shirt, long pants that 

are removed after finishing field work and not worn 

home)

• Eye protection (goggles or safety glasses)

• Mask (N95 or P100 respirator or comparable)

• Gloves (Thick nitrile gloves for handling bats, otherwise 

latex okay for roost samples)

• Covered shoes (that can be disinfected)
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PPE Set C (Lower exposure to bat fluids)

• Dedicated clothing (= long sleeve shirt, long pants that 

are removed after finishing field work and not worn 

home)

• Mask (N95 or P100 respirator or comparable)

• Gloves (latex okay)

• Covered shoes (that can be disinfected)



Don’t need self-contained respirator

Gloves

N95 mask

Long sleeves

Head covering (shower cap/hankerchief)

Eye protection

Mitigation of Likelihood



Mitigation of Severity

Lack of vaccinations for majority of bat viruses 

Prevention is better



Reluctance of ecology workers to employ these PPE

Why?

• Extra expenses

• It’s hot

• We’ve been doing it this way for years

• Assumed low risk

Reticence



Risk Analysis – What to consider?

• Ebola or Nipah outbreak

• Routine surveillance

• Level of contact

• What species are we working with? Are they suspected 

reservoirs?

• Simple background data study?

• What is your plan when you find a pathogenic agent?



Risk Analysis

Assess risk with sampling bats

• Human outcomes of infection

• Primary reservoir(s)?

• Avenue of infection?

• How would you approach each outbreak?

• How do you deal with diagnostic samples? 



www.duke-nus.edu.sg
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Capture	
  and	
  handling	
  of	
  bats	
  

“A	
  bat	
  in	
  a	
  hand	
  is	
  worth	
  two	
  in	
  the	
  cave”	
  



Permits	
  

•  Bats	
  –	
  protected	
  fauna	
  in	
  some	
  countries	
  
•  Illegal	
  to	
  catch	
  or	
  keep	
  them	
  in	
  cap>vity	
  	
  
•  Pest	
  species	
  may	
  require	
  a	
  permit	
  for	
  capture	
  
•  Permits	
  are	
  issued	
  by	
  state	
  na>onal	
  park,	
  wildlife/
forest	
  authority	
  or	
  environmental	
  protec>on	
  agency	
  

•  Competency	
  of	
  scien>sts/handlers	
  may	
  be	
  assessed,	
  
and	
  vaccina>on	
  needed	
  

•  Permits	
  /	
  referees	
  needed	
  for	
  net	
  purchase	
  



Personal	
  safety	
  and	
  protec2ve	
  equipment	
  

•  Field	
  workers	
  may	
  be	
  biEen	
  or	
  scratched	
  
•  Other	
  animals	
  such	
  as	
  owls,	
  squirrels	
  and	
  
insects	
  	
  

•  Need	
  to	
  be	
  safely	
  removed	
  
•  Advisable	
  to	
  carry	
  a	
  range	
  of	
  PPE	
  for	
  safe	
  
handling	
  of	
  animals	
  

•  Water	
  safety	
  
•  Details	
  will	
  be	
  covered	
  later	
  



Choice	
  of	
  capture	
  methods/devices	
  

•  Taxa	
  of	
  interest	
  
•  Number	
  of	
  animals	
  expected	
  at	
  a	
  site	
  
•  Habitat	
  type	
  
•  Availability	
  of	
  field	
  assistants	
  

Capture	
  success	
  is	
  affected	
  by	
  weather,	
  local	
  
topography,	
  moonlight	
  condi2ons,	
  and	
  habitat.	
  
	
  
How	
  do	
  these	
  variables	
  affect	
  capture	
  success	
  in	
  a	
  
given	
  study?	
  Are	
  there	
  poten>al	
  biases?	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  
•  Hand	
  nets	
  
– Hand	
  net	
  /	
  buEerfly	
  net	
  aEached	
  to	
  a	
  telescopic	
  
pole	
  with	
  a	
  large	
  diameter	
  hoop	
  

– Useful	
  for	
  confined	
  spaces	
  such	
  as	
  caves,	
  mines	
  
and	
  buildings	
  

– May	
  be	
  used	
  in	
  conjunc>on	
  with	
  a	
  physical	
  lure	
  
– Cau>on	
  in	
  using	
  hand	
  nets	
  –	
  not	
  to	
  strike	
  too	
  hard	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

•  Mist	
  nets	
  
– Common,	
  convenient	
  and	
  inexpensive	
  
– Made	
  of	
  nylon	
  or	
  terylene	
  (polyester	
  
monofilament)	
  

– Terylene:	
  soYer,	
  more	
  durable,	
  highly	
  effec>ve	
  
– Nylon:	
  s>ffer,	
  cheaper,	
  great	
  for	
  rough	
  
environments	
  like	
  caves	
  and	
  mines	
  

•  Mist	
  net	
  poles	
  
– Made	
  of	
  rough	
  bush	
  poles,	
  bamboo,	
  aluminum	
  
	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Equipment	
  and	
  techniques	
  for	
  capture	
  	
  
Mist	
  nets	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

•  Mist	
  nets	
  –	
  specifica>ons	
  
	
  

Mesh	
  size	
  –	
  distance	
  between	
  the	
  2	
  diagonal	
  corners	
  in	
  the	
  mesh	
  of	
  a	
  
stretched	
  net	
  
Denier	
  –	
  Number	
  of	
  grams	
  of	
  nylon	
  in	
  9,000	
  m	
  of	
  fibre	
  and	
  is	
  reflected	
  in	
  the	
  
“weight”	
  or	
  thickness,	
  of	
  the	
  fibre	
  
Ply	
  –	
  Number	
  of	
  fibres	
  that	
  make	
  up	
  a	
  braided	
  strand	
  
	
  

e.g.	
  50-­‐denier,	
  2-­‐ply	
  nylon	
  =	
  2	
  strands	
  of	
  nylon	
  fibre	
  (9,000	
  m	
  of	
  which	
  weighs	
  
50	
  g)	
  braided	
  together	
  to	
  form	
  the	
  thread	
  
	
  

Small	
  bats	
  –	
  mesh	
  size	
  36-­‐38mm	
  /	
  30,	
  50,	
  70	
  denier	
  /	
  2ply	
  	
  
Flying	
  foxes	
  –	
  mesh	
  size	
  100	
  mm,	
  >	
  2	
  m	
  in	
  height,	
  4	
  pockets	
  
	
  

Heavier	
  denier	
  =	
  more	
  durable,	
  but	
  easily	
  detected	
  visually	
  and	
  
acous>cally	
  



Mist	
  nets	
  –	
  specifica>ons	
  
	
  

•  Lengths	
  3,	
  6,	
  9,	
  12	
  and	
  18	
  m	
  and	
  range	
  in	
  height	
  
from	
  2.3	
  to	
  2.6	
  m	
  

•  Macro	
  nets	
  –	
  30	
  m	
  long	
  and	
  6	
  m	
  high,	
  achieved	
  
by	
  stacking	
  or	
  joining	
  

•  Most	
  versa>le	
  mist	
  nets	
  –	
  6	
  and	
  9	
  m;	
  cluEered	
  
habitats,	
  across	
  streams	
  and	
  trails,	
  and	
  around	
  
foliage	
  roosts	
  

•  Long	
  nets	
  –	
  open	
  country,	
  large	
  forest	
  gaps,	
  
ponds	
  and	
  rivers	
  

•  Nets	
  should	
  be	
  checked	
  every	
  15	
  minutes	
  

Equipment	
  and	
  techniques	
  for	
  capture	
  	
  



Mist	
  nets	
  –	
  configura>on	
  and	
  field	
  deployment	
  
	
  

Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

A:	
  single	
  net	
  over	
  a	
  stream,	
  with	
  poles	
  >ed	
  to	
  trees	
  
B:	
  two	
  nets	
  in	
  a	
  V-­‐configura>on	
  set	
  over	
  a	
  stream	
  



Mist	
  nets	
  –	
  configura>on	
  and	
  field	
  deployment	
  
	
  

Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

C:	
  T-­‐net	
  configura>on	
  over	
  a	
  small	
  pond	
  
D:	
  single	
  net	
  set	
  along	
  the	
  edge	
  of	
  a	
  stream/pond,	
  with	
  long	
  pole	
  driven	
  into	
  substrate	
  



Mist	
  nets	
  –	
  configura>on	
  and	
  field	
  deployment	
  
	
  

Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

E:	
  Z-­‐net	
  configura>on	
  over	
  a	
  pond	
  
F:	
  Y-­‐net	
  configura>on	
  in	
  a	
  diverse	
  landscape	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

High	
  nets	
  /	
  canopy	
  nets	
  
•  Used	
  in	
  forest	
  sub-­‐canopies	
  to	
  evaluate	
  ver>cal	
  
stra>fica>on	
  of	
  bat	
  assemblages	
  

•  Also	
  catch	
  high-­‐flying	
  species	
  
•  High	
  mist	
  nets,	
  canopy	
  net	
  (horizontal	
  and	
  ver>cal)	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

High	
  nets	
  –	
  24	
  Y	
  poles	
  (7.3	
  m)	
  with	
  mist	
  net	
  
strung	
  across	
  (see	
  hEp://www.batnets.com/	
  to	
  
build/acquire	
  poles.	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  
•  Harp	
  traps	
  

–  one	
  or	
  two	
  suppor>ng	
  rectangular	
  
frames	
  

–  monofilament	
  fishing	
  lines	
  strung	
  
ver>cally,	
  spaced	
  2-­‐3	
  cm	
  apart	
  

–  2,3	
  or	
  4	
  banks	
  
–  catching	
  bag	
  at	
  the	
  boEom	
  of	
  the	
  
trap	
  

How	
  it	
  works:	
  
–  Ver>cal	
  lines	
  hard	
  for	
  bats	
  to	
  
detect	
  

–  Hit	
  the	
  lines	
  and	
  they	
  fall	
  guided	
  
by	
  the	
  lines	
  into	
  the	
  bag	
  below	
  

	
  	
  
	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

•  Harp	
  traps	
  
– can	
  be	
  used	
  on	
  uneven	
  terrain	
  –	
  adjustable	
  
legs	
  
– set	
  during	
  the	
  day	
  and	
  leY	
  unaEended	
  at	
  
night	
  
– useful	
  for	
  cave	
  entrances	
  
– check	
  the	
  traps	
  several	
  >mes	
  a	
  night	
  and	
  
remove	
  captured	
  bats	
  
– could	
  be	
  used	
  in	
  combina>on	
  with	
  mist	
  nets	
  	
  

	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

•  Harp	
  traps	
  -­‐	
  placement	
  
	
   A:	
  forest	
  trail	
  

B:	
  suspended	
  
beneath	
  the	
  ridge	
  
pole	
  in	
  a	
  barn	
  
C:	
  doorway	
  
D:	
  cave	
  entrance	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

•  Harp	
  traps	
  -­‐	
  placement	
  
	
   E:	
  L-­‐configura>on	
  in	
  

front	
  of	
  a	
  closed	
  door	
  
(opposite	
  a	
  crevice)	
  
F:	
  suspended	
  in	
  a	
  
canyon	
  
G:	
  suspended	
  outside	
  
a	
  building	
  (opposite	
  a	
  
crevice)	
  
D:	
  shallow	
  pond	
  and	
  
used	
  with	
  mist-­‐nets	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

•  Mega	
  harp	
  trap	
  
–  invented	
  by	
  Tidemann	
  and	
  
Loughland	
  (1993)	
  

–  catching	
  area	
  ~	
  220	
  m2	
  
–  cables	
  strung	
  between	
  two	
  
yacht	
  masts	
  	
  

–  set	
  up	
  takes	
  three	
  persons	
  
–  con>nuously	
  monitored	
  
–  no	
  catching	
  bag	
  at	
  the	
  
boEom,	
  bats	
  are	
  caught	
  as	
  
they	
  slide	
  to	
  the	
  ground	
  

	
  

Height	
  :	
  15	
  m	
  

Length	
  :	
  17	
  m	
  

Plas>c	
  covered	
  
stainless	
  steel	
  wires	
  



Equipment	
  and	
  techniques	
  for	
  capture	
  	
  

Enhancing	
  capture	
  rates	
  (of	
  insec2vorous	
  bats)	
  
	
  

•  Use	
  of	
  acous>c	
  lures	
  with	
  mist	
  nets	
  /	
  harp	
  
traps	
  
– Play	
  back	
  the	
  call	
  of	
  a	
  bat	
  to	
  aEract	
  other	
  bats	
  	
  

	
  

•  Use	
  of	
  UV	
  light	
  to	
  aEract	
  insects	
  
– Concentrate	
  bat	
  ac>vity	
  where	
  you	
  are	
  sampling	
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Samples, Storage, and Data

Ian H Mendenhall



Surveillance for particular viruses, bacteria, protozoa, 

helminth or fungi of public health interest

Monitor and understand long term trends

Safely handle samples

• Issue with diagnostic samples

Identifying goals



Strengths

Weaknesses

Opportunities

Threats

SWOT



Live virus

RNA viruses

DNA viruses

DNA of host

RNA of host

Bacteria

Protozoans

Helminths

Gold Standard



Species as known reservoirs

Species confirmed as infected or seropositive

Species of unknown status

Whatever I can catch

Tissues that have known tropisms

Entire organisms (ground tissues)

Potential aberrant infections

Isolation, PCR, ELISA, Microneuts?

How to screen?



Pathogen Matrix



All collected in interest of not harming bat, but collecting 

valuable sample

• Time/money investment requires return

• Use polyester, Dacron, or rayon swabs (no cotton, no 

wood)

Oropharyngeal swabs – collect sufficient material

Anal swabs or feces – care not to cause damage

Blood & smear – properly dilute (1:10)

Samples



Viruses – virus transport media

• Anti-bacterial, anti-fungal solution

• Store at -20

Bacteria – media or PBS+glycerol

Macroparasites – ethanol (90-95% for DNA work)

Ectoparasites – depends on final goal (mounting vs DNA vs 

parasite detection

RNALater – preservation of nucleic acids

Media



Collection of urine or feces under roost

Define:

• Habitat type

• Canopy cover

• Ground cover

• Vegetation assemblage

• Wind, temperature, precipitation, moon phase during 

collections 

These will tell you expected presence-absence

Environmental & Ecological 

Samples



Transport – WHO guidelines

Specimen
Transport

media

Storage condition
Purpose/ Lab 

investigationTransport Pending test

Throat swab VTM 2-8 0C -20 to -80 0C Isolation

NPA/ swab VTM 2-8 0C -20 to -80 0C Isolation

CSF No 2-8 0C -20 to -80 0C Isolation, 

serology

Stool No 2-8 0C -20 to -80 0C Isolation

Urine No 2-8 0C -20 to -80 0C Isolation

Serum/

Clotted blood

No 2-8 0C -20 0C

2-8 0C

Isolation, 

serology

Whole blood No 2-8 0C 2-8 0C Isolation, 

serology



Cold Chain

What kind of cold chain do you have?

How can I treat my sample?

Categorize freeze-thaw cycles

Luxury of -80C and liquid nitrogen tank

Do you have space?



Background in databases?

Have unique identifiers for each sample and animal

• How to handle multiple trips on same day?

• Data entry?

Temporary vs Permanent labels

• Duplicates?

Centers of Excellence for Influenza Research or

PREDICT standards

• Standardize data collection so we can make global 

comparisons

Labeling



How can we make a project One Health?

Nipah virus or MERS surveillance

• Collecting particular samples

• Are the additional low hanging fruits, pending time and 

labor?

Example Goal



• Do we have time/human resources to take other 

samples?

• Can we collect for the future?

• Value in sample banking – what will future technology permit?

• PanBio sequencing

• Can we entice local universities or overseas partners?

• Academic success driven by funding and publications

Opportunities



Collect samples specifically for target parasite

• Oral and anal swabs, blood, sera, ectoparasites

• Morphometrics, gender, age

• Harvest animal (duplicate for RNA analysis)

• Environmental data

Future projects

• Blood borne parasites

• Ectoparasite diversity

• Population genetics of host

• Diet – prevalence and trends of insects, flowers, fruit

• Reproductive/partuition peaks

Opportunities



Where do we sample?

How often do we sample?

Tiny spatial-temporal windows

What samples do we collect?

Are the resources available to drive future investigations?

Big Question



www.duke-nus.edu.sg

Thank You
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