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Evening emergence

Hundreds of female little horseshoe bats
Rhinolophus monoceros congregate at the tunnel
entrance just before the evening emergence, flying
back and forth in a left hand loop. Their maternity
roost, now with the newborn young left behind, is
located almost a kilometer away, at the far end of the
tunnel. By approaching the entrance from the inside
several times, the bats do what is called “light
sampling”, checking that the ambient light level is
appropriate for safe departure from the tunnel and
towards the hunting grounds. Particularly at roosts
with many bats, birds of prey often wait outside,
ready to catch any careless bat. Therefore, leaving
the safety of the tunnel while the light is still bright
outside is extremely dangerous, since it would make
the bat vulnerable to attacks from birds of prey,
which hunt by vision. To minimize the risk even
further, the bats emerge in large coherent groups,
each individual trying to stay in the middle of the
flock, so that other individuals are caught first. Once
the bats are outside the tunnel, they are careful not

to expose themselves in the open air before it is fully
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dark, while they may still be vulnerable to attacks
from birds. They always start to hunt in the shade
near the ground or among the leaves and branches of
trees, where they would be hard to spot and follow
even for the sharpest eyes.

Compared to birds of prey, bats are slow
flying and have poor vision, and so are always at a
disadvantage, as long as the birds can see properly.
The necessary avoidance of hawks, falcons and other
birds is in fact the principal reason why bats nearly
always are strictly nocturnal. At night, the bats have
the advantage, thanks to their ability of echolocation.

Jamming

To find the way in the darkness of the tunnel
and to avoid colliding with each other, the bats have
to rely on ultrasonic echolocation or sonar (short for
SOund NAvigation and Ranging). They use the time
delay between the emitted echolocation call and the
return of the echo to estimate the distance to the wall
of the tunnel. But how can they separate the echoes

from their own calls from the echoes resulting from
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the calls of other bats flying nearby? Attention to the
wrong echoes may result in a miscalculation of the
position and it may even result in a fatal crash into
the water. Bats flying in groups always have to deal
with this issue, called jamming avoidance, and they
seem to handle it easily and without problems. But
exactly how they do it is not clear at all to anyone
except the bats themselves.

Research into jamming avoidance and other
aspects of bat echolocation is an expensive high tech
business, but it helps to develop similar systems
for the use by man, for example in radar and sonar
technology, ultrasonic diagnostics and for the aid of

blind people.

Long-fingered bats

As the light level drops further, the Taiwanese
long-fingered bats Miniopterus schreibersii
fuliginosus, a large colony of which shares the
tunnel with the little horseshoe bats, also start to
depart. In some contrast to the little horseshoes,
they arrive at the entrance at high speed in straight
flight on their long narrow wings, and fly directly
towards the sky, where they will spread out in
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search of small arthropods, “aerial plankton"

high among the clouds. Their food includes small
flies, aphids, and sometimes even spiders and small
caterpillars, the latter having been carried aloft
by the wind, hanging in their silk threads. These
bats occur in large colonies in tunnels, sometimes
counting tens of thousands, all over Taiwan. The
colonies are highly valuable resources, because they
deliver important ecosystem services by feeding
on agricultural pest insects in enormous numbers.
But because so many bats are concentrated in
relatively few roosts, they are highly vulnerable
to disturbance in their roosts and, because they
feed partly on pest insects, they may perhaps also

accumulate high levels of pesticides.

Approaches to echolocation

Most bats, including the long-fingered bats,
normally search for insects in the open air space,
above the trees, where there is no background
except air and where any returning echo is likely
to come from a flying insect (or perhaps from a
fellow bat). When searching for insects, these bats
constantly emit short calls at high frequencies (50
kHz), and listen for echoes in the time interval
between the calls. The calls originate in the larynx,
just as the sounds of other mammals including
humans, and they are emitted through the open
mouth, using the lips to form an acoustic beam.
The bats call about ten times per second, and the
echoes reveal the presence of an insect. But after
the detection of an insect the call rate increases to
about 200 calls per second, as the insect is zoomed
in and finally captured.

Keeping the emitted call and the returning
echoes separate in time in this way, is the most
simple and straight-forward approach to echolocation,
as used by bats. But this technique has some
limitations. For example, it restricts the bats’
hunting efforts to more or less open places, where
there are no background echoes masking the echoes

from insects. Such background echoes, which are

BT o E o WREL BB T RS HRRHE
Ao I A5 JRUAT 1 e 22 1 - DA B R R DU 2l aR - FE
B o A RS E TP R OR R £ BB IR R Al
EEE - EREAEFERFIEE SEE B
i T AN B A E R B R F ek 20t TIEE
BB AERE AR O RE - (P nTE RO B R 3
Faa o HATRERICEERE AR B T SR
R & ( BREE ) S50 REAIRIEAT U SERAE
FHSEH D BT - 3538 LE T a1 2 - 17 3 e
SRR A -

[ 22 5 VL IR 1%

FLFE TR AR AE Y 2 Tl R I - OB & 12 B
{92 45k B RS e b 4 i LR S G L [m] A
TE N (A TRAT TR A B S B LA A 0 i (T
‘W R B B o R AE S T ELEE (£
50kHz) AL » 5] E 7 75 {18 1L 28 P o5 o [ o o B
HAbmALE (BB AE) 19S5 A AEE 5 &
B 5 B G E - TR DLSE B LR R PR
B R o R IR 1 S R R A S I KT 10
T EEHIE] BRI - R R B = AR R
200 K> BRTERLAE SHIRENT 1185 E R g HE
RS-

i S P [0 E (L L H E R 5 0 2
5 EE S [T 388 L A S ) R B B < B [0 (HSE
FANE LE RG] - B 5K ER - /N O A A2 IR R
3 F 1R SEE (background echoes) JEEHEHE -
Wi R A ol 3 Bl S BT A B R S
& TR B REIE BRI R R R (clutter)
Hog g AOE/NR &3 BRI - 8 I ST R S Y
VS 2 TG K - 145 35 B0 U A 5 B N B

2
>

1
3




'36 | %5 #§ REPORTS

BARERBEZET 2014.09 2878 | 37

L]

called clutter, are always much stronger than echoes
from small insects, simply because the reflecting
surface is larger, and would make it hard to detect
the insects. This problem is emphasized when insect
are really close to the background, so that the echoes
from the insect and the background arrive more or
less at the same time. Indeed, the threat from hunting
bats is one of the reasons why many insects prefer
the relative safety close to vegetation. For insects, as
well as for the bats, a venture out in the open space
usually means exposure to danger.

The little horseshoe bats, most of which have
already left the tunnel before the long-fingered bats,
have a different approach to echolocation. They use
a technique that allows them to filter off the clutter,
enabling them to search for insects even in the close
vicinity of vegetation, among leaves and branches,
and without facing the problem of background echoes
masking the echoes of insects. In these bats the sound
is emitted through the nose, which has an extremely
elaborate form with a largely unknown function. The

sonar technique of the horseshoe bats relies on the

Little horseshoe catching moth
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emission of constant-frequency calls and the shift in
frequency of the echo caused by the movement of the
insect. Like the police with their speed radar, the bats
make use of what is called Doppler-shifts, which is the
apparent change in frequency resulting from movement.
The horseshoe bats can then separate the emitted sound
from the returning echoes in frequency rather than
in time. Moving insect wings reflect Doppler-shifted
echoes, which return to the bat’ s ear at a slightly
different frequency than the emitted sound, and this
particular frequency is emphasized in the bat s ear,
while the opposite is true of the emitted frequency.
Hence, the horseshoe bats are practically deaf to their
own calls, but extremely sensitive to the returning
echoes that may arrive at the same time! The Doppler-
shifted echoes would tell the bat not only of the presence
of a moving insect, it would also reveal the speed and
direction of movement in relation to that of the bat itself
and the background. This elegant technique, discovered
by the horseshoe bats nearly 50 million years ago, relies
on the same principle as modern radars, although the

latter use radio waves instead of sound waves.
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Ultra-high ultrasound

The horseshoe bats use higher frequencies than
other bats, in our case about 110 kHz, more than
twice that of Miniopterus, and this is yet another
interesting but poorly understood feature of horseshoe
bat sonar. Why the bats use such high frequencies
is a very good question, particularly since sound
of high frequencies travels very poorly through the
air and thus provide echoes of objects only at very
close range, about a meter at best. Indeed, one might
think that the bats would do better by using lower
frequencies that travel much further, thus providing
more and stronger echoes.

However, high frequencies do have their
advantages. First, high frequency sound gives higher
resolution than lower frequencies, and therefore permits
detection of smaller insects, of which there usually are
many more. Second, the ultra-high frequencies used
by horseshoe bats bypass the hearing of most insects,
so that the bats can approach them undetected. Many
nocturnal insects including moths, for example, have
ultrasonic ears or bat detectors, with the primary
function of providing the insect with an early warning
of approaching bats, so that the insect can take evasive

Taiwanese tail-less leaf-nosed bat
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action. However, insect ears are very sensitive to the
frequencies used by Miniopterus but not to those of the
horseshoe bats. Third, by using very high frequencies,
the magnitude of the Doppler-shifts would increase, so
that echoes of insects would be easier to separate from
background echoes.

Which of these explanations is the most
important is not known but remains the subject for
future research on bat sonar. In any case, it is clear
that the horseshoe bats catch hearing insects such as
moths to a much higher extent than other bats, so the

ultra-high frequencies help them somehow.

Spiders

The gem among the Taiwanese bats may
be the tiny tail-less leaf-nosed bat Coelops frithii
formosanus, a distant relative to the horseshoe bats.
Like the horseshoe bats the tail-less bat emits the
sonar signals through the nose, which is formed
like a flexible megaphone. The sonar receivers, the
ears, are two parabolas directed forwards. However,
in contrast to the horse-shoes the sound of the tail-
less is not of constant frequency and the bat does
not rely on Doppler-shifted echoes. As recently

Colony of leaf-nosed bats in tunnel
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demonstrated by Taiwanese researchers, the tail-
less sonar has been modified drastically during the
course of evolution and is now of a very special
kind, unlike anything else, although it still relies
on very high frequencies (150 kHz). The bat eats
spiders, which are caught in their webs. Since
spiders are largely non-moving and usually occur
in places with clutter, their detection would not be
facilitated by using any of the sonar techniques
just described for the other bats.

But how the sonar of the tail-less bat functions
and in particular how it facilitates the detection of
spiders is not known. Research on this interesting

topic is continuing in Taiwan and elsewhere.
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Tunnels

Drain pipes, old railway tunnels, bunkers and
mines occur all over Taiwan, some of them were
built already during Japanese occupation and are
currently part of Taiwan’ s rich technological and
natural heritage. In the absence of natural caves,
many or even most of these artificial caves serve
as roosts for bats, and there is no doubt that
there would have been much fewer bats without
them. The magnificent Taiwanese leaf-nosed bat
Hipposideros armiger terasensis is a particularly
good example. This species is a distant relative
of the little horseshoe bat, although much larger,

and uses a similar echolocation system of constant
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frequency calls and Doppler-shifts. The leaf-nosed
bat forms large colonies and is common throughout
the lowlands and mid-altitudes in Taiwan. Like
the little horseshoe bats and the long-fingered
bats, they nearly always roost in tunnels, artificial
"caves'.

Indeed, the tunnels are extremely important
as bat roosts and hopefully they receive adequate
protection, so that the magnificent bat populations
of Taiwan will persist, to be studied by future
generations of students, young and old alike.

Impressions

Taiwan has a rich natural heritage and despite
a dense human population there is still much
intact forest, thanks partly to the rugged hills
and mountains that occupy about half the country.
The bats on the island are mostly endemic, which
means that they occur nowhere else, and this means
that Taiwan has the full responsibility of these
populations, shared by nobody. Fortunately, there are
several highly devoted bat scientists that guarantee
that the bats get their much needed attention and
share of resources for research and conservation.

Finally, I would like to thank the colleagues at
the Endemic Species Research Institute in Ji-Ji for a
fantastic journey through Taiwanese bat habitats, to
old railway tunnels, drain pipes and bamboo forests,
and for the unique opportunity to photograph this
great natural heritage in great surroundings. The
hospitality during my stay was just fantastic!
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