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The Echolocation Comparison and the Differentiation of Ecology

Niche of Five Species Bats Live in One Cave
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Abstract: We captured five species of bats in one cave in Jingnan town of Xingyi district in Guizhou
Province, China, these bats were great evening bat (Ia i0), Large mouse-eared bat (Myotis myotis) ,
Pratt’s leaf-nosed bat (Hipposideros pratti), Little Japanese horseshoe bat (Rhinolophus cornutus) and
Stoliczka’s trident bat (Aselliscus wheeleri). We used the mist-net to capture these bats at the cave at 6:00
to 7:30 O’clock in the evening. then we carried these bats to the room where we used as a simple laborato-
ry (6 mX5 mX3m).

We started recording these bats’ echolocation calls when they accustomed to the situation of the labo-
ratory. We also measured the weight, body length, forearm length, wing length and wing width of these
bats at the same time. We received the bats’ echolocation calls by the Ultra Sound Detector (U30, Ultra
Sound Advice, UK), the signals were inputted to Ultra Sound Processor.in which the frequency of these
sounds were transformed to 1/10 of the original signals frequency. Then we recorded these signals by the

digital recorder (Sony, MD-1, Frequency range: 30~20 000 Hz). We analyzed the recording signals with
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the software (Cool Edit 2000, Syntrillium Ltd. , USA) in the personal computer, the sample rate is 44
100Hz for these sound signals, the sonogram and the frequency-power graph were analyzed by this soft-
ware. The bats’ call duration, the interval of the bats’ call, the duty-cycle (the call’s duration takes up the
total period of the call and its interval) and some other parameters were measured based on the analysis.

We compared the echolocation characteristics of the five bats used the parameters that were put for-
ward as before, the main results were referred in next part of the text. For the morphology compare, we
measured the ratio of wing length to wing width (as a reference parameter for aspect ration, the square of
wing span/wing area) and the ratio of body mass to forearm length (as a reference parameter for wing
loading, the body mass/wing area).

According to the echolocation and morphology comparison of the five bats, we can attain several con-
clusions as follow: (1) The great evening bat has lower FMF, multi-harmonics echolocation, large body,
higher ratio of wing length to wing width and higher wing loading. Based on the research by other scien-
tists, bats with narrow wing and high wing loading most were fast flyer, and their flying agility was not
well. Neuweiler thought that the bats with multi-harmonics FM calls were adapted to forage in the open
area between canopy or on the surface of foliage or ground. And the lower FMF was fitted to forage larger
insects or prey at long distance. According to the analysis and our field observe, the great evening bat was
most probably foraged larger prey on the surface by gleaning foraging or foraged larger insects in the open
area between tree canopy.

(2) The echolocation of large mouse-eared bat was multi-harmonics FM calls, but its FMF was high-
er than former, its call’s duration was shorter than former. In addition, the mouse-eared bat had smaller
body mass and length, relative broad wing shape and low wing loading. So it can be deduced that the
mouse-eared bat adapted to fly with high agility. forage prey in near distance in more complex environ-
ment. The foraging strategy of mouse-eared bat was probably the second kind which suggested by
Neuweiler, so the bat may has the gleaning foraging strategy on the surface of foliage or ground. The re-
search results conducted by Arlettaz in field about the mouse-eared bat supported that the mouse-eared bat
mainly preyed insects on the surface of forest ground or mellow ground. The results were matched with
our analysis in this work.

(3) The Pratt’s leaf-nosed bat had short CF-FM, multi-harmonics echolocation; its FMF was relative
high to its big body mass. And it had narrow wing shape, high wing loading, so it might fly in high speed,
lower flying agility. CF signal was apt to detect wing-beating insect, and the multi-harmonics could afford
the fine structure of prey and the detail information of the habitat. So this bat might forage large prey in
complex environment. But according to our field observe and research. the bat mainly preyed near the
browns of trees or above the tree browns of the evergreen and deciduous broadleaf forest, it mainly for-
aged coleopteran insects by the survey of their diet. When we captured the bat flying back to cave in night,
we found that there were residual bodies of insects in the mouth of the bat, so it may accustomed to prey
at a fix site. For the all analyses above, we can deduce that this bat mainly forage prey as fly-catching (the
bat hang on an given site or branch, scouting flying or approaching insects around, then it catch the insects
back to the perch site to eat them) or aerial hawking.

(4) The little Japanese horseshoe bat’s echolocation was typical long FM-CF-FM form., and only had
one harmonics, its FMF was high and its call duration was longest in all the five bats. The long CF part of
the echolocation was fitted to detect wing-beating prey by use of the Doppler’s shift in complex environ-
ment, the high frequency of the echolocation was suited to detect prey in near distance. In addition, the

horseshoe bat had small body mass, relative broad wing shape and lowest wing loading in all the five bats.
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So it had good flying agility and suited to forage in narrow habitat. For all the above analyses, the bat may
forage little wing-beating insects in dense foliages, farmland and trees around.

(5) The Stoliczka’s trident bat’s echolocation was short FM-CF-FM form, its FMF was highest in
five bats, and it only has one harmonic. The high frequency CF signal was suited to detect wing-beating
insects in complex environment in near distance, but the single harmonic was not good for the complex
habitat, the mechanism about this problem was needed to discuss further. This bat had small body mass,
broad wing shape and low wing loading, so it might {ly at a low speed and had good {lying agility. The ob-
serve in the fieldwork also supported that the bat mainly foraged lepidopteran and coleopteran insects un-
der the crowns of broadleaf forest and in the brushwood.

Integrated the above analyses, we concluded that: the echolocation behaviors of the five species of
bats were differentiated each other obviously, there were some differences in their foraging habitat, forag-
ing strategy and theirs food. so the ecological niche of the five bats had obvious differentiation. In addi-
tion, the prey size of these five bats also had apparent differences.
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Table 1 The comparison of characteristics of ultrasound of five species of bats
4 (10) (5) (2) 3
Species of bats la io Myotis myotis Hipposiderospratti  Aselliscus wheeleri Rhinolophus cornutus
(1/s)
The number of calls per  25.3+11.0 16.6+6.1 22.7+6.2 23.9410.5 14.343.4
second
(ms)
. . 3.7£2.2 2.3+1.1 6.1£1.0 7.8+6.6 32.946.6
Call duration
(ms) -
. 42.2434.8 55.9+18.8 26.9+11.4 28.2+24.9 38.0+7.9
Interval time
29.7+2.3 47.1+6.6 76.440.5 132.4+8.7 116.640. 4
FMF (kHz) ’
%)
% 9.4 5.9 13.8 18. 6 47.0
Duty cycle
Types of th Short FM, Short FM,
ypes of the ort , or , Short CE-FM,  Short CE-FM Long CE-FM
sonagram multi-harmonics multi-harmonics X X
multi-harmonics
* The number in the bracket behind the name of bats is sample size
2.2
) C 24 ) s N N N
o . / ’ / 9,
/ , ; .
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Table 2 The comparison of body parameters of five species of bats

/ /
Body Forearm Wing Wing The ratio of The ratio of
The species of bats Body mass length  length  width  length  wing length mass to forearm
® (mm) (mm) (mm) (mm) to wing width length
la io 52.3 93.2 73.7 85. 6 230.0 2.7 0.7
Myotis myotis 25.2 71.5 63.7 86. 8 192.0 2.2 0.4
Hipposideros pratii 58.7 87.8  93.4 1045  249.7 2.4 0.6
Aselliscus wheeleri 6.0 41.0 43.8 54.2 116. 5 2.1 0.1
Rhinolophus cornutus 4.6 32.7 38.0 50.9 94.9 1.9 0.1
* 1 The sample size is same as table 1
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