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Nature Watch

Diversity of Bats

G Marimuthu

The author introduces us to the fascinating world of bats:
their features, classification, habitats, food habits, and
distribution.

Unique Characteristics of Bats

Batsare the only mammals that can fly. They are unique because of
their capacity for flight and echolocation and their ability to hang
upside down. Zoologists place the bats under the order known as
Chiroptera. In Greek, the word chiro means hand, and ptera means
wings. Their hands are modified to form a wing membrane which
isafold of skin stretched from the sides of the body to the elongated
finger bones. The thumbs are free from the stretch of these wing
membranes. The wings are divided into separate compartments by
theelongated fingers. In this way, bats differ from the pterosaurs (the
extinct flying reptile) whose wings were also folds of skin, but
supported by a single elongated finger. The hind legs of bats also
support the wing membranes. A few species of bats have a short or
long tail which is either partly enclosed by the tail (interfemoral)
membrane or extends between the two legs.

Bats are found in all parts of the world except the Arctic and
Antarcticregions. The order Chiroptera comprising of nearly 850
speciesisthesecond largestin the world comingright after rodents
(mice,squirrels,etc.). Table I lists the 18 different families of bats, the
number of species, their distribution and the type of food they
prefer.

Classification

Bats are arranged into two major categories or suborders:
Megachiroptera and Microchiroptera. As the name implies,
megachiroptera represents large bats, in which 150 species are in-
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with their classification, distribution and diet.

Table 1. Diversity of bats

ok Suborder No. of

** Super family Distrilbutian Diet species

* Family

sk Megachiroptera

* Pteropodidae 0l1d World fruits, rectar 150
Qld wardd fruit Tropics and flowers
ats, flying foxkes)

Fook Microchiroptera

o Hrballonuroidea

* Rhinopomatidae Africa, Asia insscts 2
(Mouse-tailed bats) and Borneo

* Craseornycteridae Thailarnd Insects 1
(Hog—nosed bats)

* Frballonuridae Tropics Insects 44
(Sneath-tailed ats)

d Rhinolophoidea

* Megadermatidae 0l1d World animals from 5
(False vampire bats) Tropics ineects to

vertdarates

* Nycteridae Africa to Java fran insects to B
(Slit—faced keats) and Sumatra vertdarates

* Rhinolophidae Old World Insacts ®

* Hipposideridae 0ld World Insacts %
(Old world leaf- Tropics
nosed kats)

Echolocation of bats is a mode
of detecting dostacles, by amnit-
ting high frequency ultrasounds
and analysing the echoes that
hit and come back from the
dbstacles.

cluded. Theyare characterized by large eyes and small and simple
ears with no echolocation ability. Microchiroptera consists of about
700species. Theyare smaller in size, have small eyes and the ability
toecholocate. Their ears are larger in size with a variety of elaborate
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Suborder No. of
Super family Distrilbition Diet Species
Famnily
Phyllostanoidea
Noctilionidee New World insects and 2
(Bulldog kats) Tropics fih
Mormoopidae New World insects 8
(Mustached bats)
Mystacinidae New Zealand Ireects, fuuit, 1
(Short—tailed kats) nectar, carrim
Phyllostanidae New World irsacts, fruit, 123
(New world leaf- Tropics pollen, verte-
nosed bats) brate’s blood
Vespertilionoidea
Natalidae New World ineects 4
(Fumel -eared bats) Tropics
Furipteridee New World inscts 2
(Thurboless lats) Tropics
Thyropteridae New World inscts 2
(New world disk- Trooics
winged lats)
Vespertilionidee Worldwide Irsacts, fish 283
(Plain-nosed bats) ard other
vertearates
Myzopodidae Madagascar Insects 1
(O1d world disk-
winged bats)
Molossidae Tropics Insects 2]
(Free-tailed kats)

flaps and folds surrounding the ear canal in addition to the pinna.
One common structure seen here is the tragus. Itis a spear shaped
part projecting upwards from the base of the ear up till the middle
portion of the ear canal. The brown long-eared bat of Europe has

-
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Figure 1(a) (top left) A
colony of the Indian flying
foxPteropus giganteus roost-
ing during daytime hanging
from a banyan tree. Figure
1(b) (top right) The ‘flying
fox ’, so called since the fa-
cial features appear like
those of a fox.

Figure 2 (bottom leff) A
portion of a large colony of
the fruit bat Rousettus
leschenaulti, occupying an
unused temple.

Figure3 (bottom right) The
short-nosed fruit bat
Cynopterus sphinx.

large pinnae that are almost as long as its body. A few
microchiropterans have a fleshy appendage surrounding the nos-
trils (Figures 4,5, and 11) known as ‘nose-leaf . Itaids in echoloca-
tion.

The size of the bats shows an amazing variety. The megachir-
opterans are commonly known as flying foxes. The Indian flying fox
Pteropus giganteus is one of the largest bats in the world. It weighs
about 1.5 kg. and hasawingspan of more than 1 metre. On the other
hand the hog-nosed bat (microchiropteran)weighsonly 2 g.and has
awingspan ofabout 13 cm. This is the smallest known mammal. It
was discoveredin 1973 in Thailand byazoologist Kitti Thonglongyai
and is hence named Craseonycteris thonglongyai.

Habitats

Batslivein different types of habitats. The Indian flying fox Pteropus
giganteus livesin colonies and hangs from the branches of trees such
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as banyan, mango and tamarind. The majority of the
microchiropterans live in dark caves and rocky crevices. Other
placeslike temples, hollow trees, culverts, the underside of bridges
and unused buildings are also occupied by bats. A few species
modifylarge palm leaves by biting a series of holes across the centre
oftheleafwhich makes theleafhanglike atent. The bats hang from
theapexunderneath. Theshort-nosed fruit bat of India, Cynopterus
sphinx modifies the twigs of the creeper plant Vernonia,shapesitinto
a dome-like tent and lives inside.

Food

Regarding the type of food, the megachiropterans feed mainly on
fruits like grapes, guavas, custard apples, bananas, papayas and
chickoos. In addition they feed on leaves, petals and nectar. The
microchiropterans generally feed on insects like moths, beetles,
crickets and mosquitoes. In addition, a few species of bats feed on
small animals like fish, frogs, mice and geckos. The vampire bats,
which liveonly in Central and South America, feed upon the blood
of large animals like horses, cows and pigs. Each night a vampire
consumes 10-15 ml. of blood.

Bats in India

InIndia,of the 12 species of fruitbats found, three are very common:
the Indian flying fox Preropus giganteus, the fulvous fruit bat Rousettus
leschenaulti and the short-nosed fruit bat Cynopterus sphinx. About
100 species of microchiropteran batslive in different parts of India
including the Eastern Ghats, Western Ghats, Himalayas and
Andaman and Nicobar islands. A few species which live in South
Indiaareillustrated in the following section.

The Indian flying fox (Preropus giganteus) as mentioned earlier
lives ina colony consisting of hundreds of individuals (Figure 1a, b).
They roost only in the branches of trees. Compared to other bats,
Prteropus has fewer predators. Humans are potential predatorsand
may hunt this species as a source of protein. However, we once
observed a python capturing and feeding on this large-sized bat.

Figure 4 The leaf-nosed
bat Hipposideros speoris.

In Idia, of the 12
soecies of fruit kets
ford, three are very
camon: the Indian
flyirg fox  Pteropus
gigenteus, the
fulvass fruit et
Rousettus
Jeschaaulti and the
short-nosed  fruit bat

Cynopterus sphinx.

Figure5 Theleaf-nosed bat
H. fulvus.
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Figure 6 (top left) A por-
tion of the colony of the
leaf-nosed bat H. ater, oc-
cupying an unused building.

Figure 7 (top right) The
sac-winged bat Taphozous
nudiventris kachhensis.

Figure 8 (bottom left) An
adult male tomb bat T.
melanopogon has black fur,
called a ‘beard’ at the ven-
tral neck area.

Figure9 (bottomright) The
free-tailed bat Tadarida
aegyptiaca.

The fulvous fruit bat (Rousettus leschenaulti) roosts in clusters
in unused buildings and temples. It weighs about 110 g. Figure 2
shows a section of a large colony of about 15,000 individuals
occupying an unused temple.

The short-nosed fruit bat Cynopterus sphinx (Figure 3) prefers
foliage roosting. It roosts in trees under the dried leaves of Kitul
palm, creeper plant Vernonia, etc. It weighs about 45-50 g. It lives
in clusters of small colonies of about 10-30 individuals. The adult
males are yellowish in colour.

The following are the echolocating and insect-eating bats:

The leaf-nosed bat Hipposideros speoris (Figure 4) lives in
coloniesin caves, temples, unused buildings,etc. [t weighsabout 11
g. The fur of the adults is yellow. It breeds all through the year but
more youngare born during September-October. The individuals
do not cluster together.
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in caves. It weighs about 9 g. The fur of the adults is white on the
ventral and yellow on the dorsal sides. They breed from April to

July.

Theleaf-nosed bat H. ater prefers unused buildings (Figure 6)
for roosting during day time. It weighs about 7g. It breeds from
September to December. A unique feature of the hipposiderid bats
is that they frequently move their head and ears while roosting.

The sac-winged bat Taphozous nudiventris kachhensis (Figure
7)livesin vertical rock crevices and weighs about 40 g. Upon close
human approach the individuals crawl on all fours and move into
deeper parts of the crevice. These bats breed during October-Novem-
ber.

The tomb bat Taphozhous melanopogon (Figure 8)lives in caves
and temples and weighs about 25 g. The adult males have well
developed black beards. They breed during April-May.

The free-tailed bat Tadarida aegyptiaca (Figure 9) also lives in
narrow rock crevices. It haswrinkled lips especially on the upper jaw.
Itweighsabout20g. It hasashorttail extending from the interfemoral
membrane. The individuals in a colony are noisy even during the
day. These bats breed during September.

The mouse-tailed bat Rhinopoma hardwicker (Figure 10) lives
in caves and wide rock-crevices. It weighs about 17 g. It has along
and slender tail. It breeds twice a year in April and November.

Figure10 (top left) A colony
of mouse-tailed bats
Rhinopoma hardwickei, oc-
cupying an unused tunnel in
a building.

Figure 11 (top right) The
Indian false vampire bat
Megaderma lyra.
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The Indian pygmy bat Pipistrellus mimus is the smallest batin
India, weighing about 3 g. It lives in all sorts of places with narrow
cracks and crevices. It slips into these spots on its back and the
underparts of its body which come in contact with stones or wood.
Twinbabiesisacharacteristicofthisbat. An individual female gives
birth to twins three times a year thus producing six infantsin a year.
This s a fast rate of reproduction among bats.

TheIndian false vampire bat Megaderma lyra (Figure 11)lives
in cavesand unused buildings. It weighs about 40 g. Itis carnivorous
—feeds upon frogs, mice, geckos, largerinsects, etc. Ithaslargeand
medially fused pinnae which receive the weak sound created by the
movementofits prey on the ground. It breeds from March to June.

Some of the species of bats mentioned above live in different parts
of the same caves or buildings.
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Molecule of the Month

A ‘Hexacationic’ Benzene Derivative!

Uday Maitra

A stable hexacationic benzene derivative has been pre-
pared by the displacement of all the fluorine atoms of
hexafluorobenzene by six molecules of 4-dimethylamino-
pyridine.

The nucleophilic displacement of a halogen atom attached to an
aromatic ring is not a very favourable process.! Polyfluorinated
aromatics are interesting in thisregard, since the fluorineatom can
act as a leaving group, as well as an activating group.
Hexafluorobenzene, therefore, has been a popular molecule to
examine the displacement ofall the fluorineatoms by nucleophiles.

Imagine the (hypothetical) displacement of the fluorine atom of
fluorobenzene by 4-dimethylaminopyridine (DMAP). The
product of this reaction is a cation (an onium salt), which of
course is resonance stabilized as shown in Figure 1. If we try to
extend this idea with hexafluorobenzene, we would expect a
hexa(onio)substituted benzene! Atfirstsightthiswould appear
to be impossible because of the accumulation of like charges.
However, German chemists Robert Weiss and coworkers have

O+ + O
|
OO+« — OO

Uday Maitra is a member
of the Organic Chemistry
Faculty at Indian
Institute of Science.

lUsually, aromatic compounds
undergo electrgohilic suosti-
tution reactions. Nucleochilic
substitution on an aromatic
ring requires electron with-
drawing groups on the ring (or,
special reaction conditions, as
in a benzyne mechanism) . Such
'activated' aromatic halides
undergo nucleophilic substi-
tution by an addition-elimina-
tion sequence. The negatively
charged addition product is
called a Meisenheimer com-

plex.

Figure 1 Resonance stabi-
lization in N-phenyl-4-
dimethylaminopyridinium
salt.
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Figure 2 Synthetic route to
hexacationic benzene de-
rivative 4.

2 Per(onio) refers to the can
plete substitution of all
displacable groups (FU) Ly the
cationic group. For example,
perfluorcalkyl group refers to
aC_ F uit.

n = 2n+l

P P \N/
F@-F + 6 ﬁj [= L]
N
F F
1 2

(CH3)4Si0S0,CF3 [ 3]

-6 (CHg)sSiF
CHsCN, 80°C, 7 d (CHs)s

L+
L* L*
(CF35037)e
L L*
L+
4

recently shown thatitisindeed possible (R. Weisset al.,Angew.
Chem. Int. Ed. Engl., 1995, 34, 1319). They simply reacted
hexafluorobenzene (1) and DMAP (2) with trimethylsilyl
trifluoromethanesulfonate (TMS-triflate, 3) in refluxing aceto-
nitrile for seven days. What was formed in almost quantitative
yield is the per(onio)? product 4, with six triflate counter ions
(Figure 2). Clearly, the formation of this productis aided by the
formation of strong Si-F bonds in the other product of the
reaction.

Salt 4 was crystallized from hot water, and the crystals so ob-
tained were investigated by X-ray structure analysis. The pyri-
dine rings were found to be almost orthogonal with respect to
the benzene ring (with a torsion angle of 80°; note that the
analogous angle in hexaphenylbenzeneis 65°). Ofthesix triflate
counter ions, two were found to be closely associated with the
benzenering (with onesitting above,and one below the benzene

n2
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ring as shown in Figure 3).

How would you expect the reactivity of 4 to be? Since it is
substituted by six cationic units, one would certainly expect
greatly facilitated nucleophilic substitutions. In fact, if 4 is
simply boiled with dilute NaHCO, solution for 30 minutes,
compound 5, resulting from the displacement of one of the
DMAP units, is formed (Figure 4). Itis interesting to know that
hexacyanobenzene also undergoes an analogous reaction under
comparable conditions. The difference between 4 and
hexacyanobenzene is that in 4 the activation is exclusively via
electrostatic effects, whereas in hexacyanobenzene -M effect?

plays an important role.

L+
0.1 N NaHCOg LY L*

4 (CF3S037)
Hz0, 100°C 7

c

o-

Figure 3 Approximate ball
and stick model of the mo-
lecular structure of 4 in the
solid state. Only the two
closely associated triflate
anions are shown. The
hydrogen atoms are omit-
ted for clarity.

’The —M effect refers to elec-
ability
through resonance (mesom-
eric effect). Electron doation
through resonance is repre-
sented by +M.

tron withdrawing

Adthess for correspan-
dence
Uday Maitra
Department of
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Tdian Trstiture of Sciawe,
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Figure 4 Facile nucleo-
philic displacement of one
ligand from 4.

-

RESONANCE | March 1996

n3




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


