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English summary

Cricket's voice is closely related to the behavior. We select four species of
crickets from the northern Taiwan to study the acoustic and mating behaviors. The
digital sound recorder and acoustic software are used to analyze their acoustic
characters. Furthermore, the PCR technology is used to amplify and sequence parts of
mtDNA sequences and the results were compiled as the comparison to the traditional
morphological character. The result shows that the resolution in acoustic characters of
main frequency, pulse number, chirp rate, and the length of chirp are different among
four species, though the minor frequency pattern is overlapping. Moreover, we find
that frequency characteristic difference among four species is partly related to their
phylogenetic relationship, yet is not seen in time characteristic. It is obvious that
difference of acoustic behavior can be regarded as identified index among species.
Results of acoustic analysis impel us to infer that the female crickets take the
comprehensive acoustic behavior to distinguish their specific male. In addition,
behavior pattern and model of Gryllus bimaculatus are established as the comparison
of interfering experiment is undertaken. Which results suggest that the mating
behavior in cricket is dominated by males’ acoustic behavior, and is initiated by
male’s olfactory sense rather than that of sight.
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F R dE TGCCTGCCCA CTGAAGTATT AAATGGCCGC GGTATATTGA CCGTGCAAAG
| ipREEE  -GCCTGCCCA CTGAGGAATT AAATGGCCGC GGTATTTTGA CCGTGCAAAG
Consensus - GCCTGCCCA ~TGA-———1T ~AATGGCCGC GGTAT—=TGA CCGTGCAAAG
51 100
FAPR'E [ 8% GTAGCATAAT CATTAGICTC TTAATTGGAG GCTGGAATGA ATGGTTTGAC
IR [ dRigk GTAGCATAAT CATTAGICTC TTAATTGGAG GCTGGAATGA ATGGTTTGAC
FhRdE GTAGCATAAT CATTAGICTT TTAATTGAAG GCTGGAATGA ATGGTTTGAC
| iPRREEE  GTAGCATAAT CATTAGTCTT TTAATTGGAG GCTGGAATGA AAGGTTTGAC
Consensus  GTAGCATAAT CATTAGICT- TTAATTG-AG GCTGGAATGA A-GGTTTGAC
101 150
FAPR'E [ % GAAACAATTA CTGTCTCTTG ATAATGG-TT TGAATTTTAC TTTTGAGITA
1A% [ dRi% GAAGCAATTA CTGTCTCITA ATAATGA-TT TGAATTTTAC TTTTGAGTTA
F iR dE GAAACAATAA CTGTCTCGGT GTAATTA-AT TGAATTTTAT TTTTAAGTCA
| WiPREEE  GAAGCAACTA CTGTCTCGAT TTAATAATAT TGAATTTTAC TTTTAAGTCA
Consensus  GAA-CAA=-A CTGICTC-—= ~TAAT-——=T TGAATTTTA- TTTT-AGT-A
151 200
FAPR'E [ % AAAGGCTCAA ATGTTGATAG GGGACGAGAA GACCCTATAG ATCTTGATAA
IR [ iRi% AAAGGCTCAA ATGTTGATAG GGGACGAGAA GACCCTATAG ATCTTGATAA
F iR dE AAAAGCTTAA ATAATAACAG GGGACGAGAA GACCCTATAG ATCTTAATAT
| PRREEE  AAAGGCTTAA ATAATAATAG GGGACGAGAA GACCCTATAG ATCTTGAAAT
Consensus  AAA-GCT-AA AT—T-A-AG GGGACGAGAA GACCCTATAG ATCTT-A-A-
201 250
FAPR'E [ ik TTTATATTAA TTTTTTTGIT TGGATGGTAT TTATTGAATT TTAGTATATT
IR [ dRig TTTATATTGA TTTTTTTGIT TGGATGGTAT TTAATAAATT TTAGTATATT

LSS TATTATATTA AAATATATGT TTGGTAGTAT TTAATTTATT TTATTGTATA
1‘?@E§ﬁ§@£ GTTATTATGA TATATAAGTA TATGGTTGTG TGAAGTTATT ATTATAATAA
Consensus  —T T-A T T-A——ATT -T--T-———-
251 300

FOPEE (At iEEs GTATTT-GGT TGGGGTGACA AGGGAATATG ATAACTTCTT ATTATTTAAC
PG A iEEE GTATTT-GGT TGGGGTGACA GGGGAATATA ATAACTTCTT ACTATTTAAC
LSS ATGTTTT-GT TGGGGTGACA AGGGAATAAT TTAACTTCTT TTTATTTTAC
ﬂ‘?ﬂﬁﬁﬁﬁ@% CATTTTTGGT TGGGGTGACA GGAGAATAGA AAAACTTCTT TAATTTAAAC

Consensus  ——=TTT—GT TGGGGTGACA- G-GAATA-- ——AACTTCTT ———-TT--AC

301 350
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E&EE%T%iﬁﬁﬁﬁ TATGATGATT GGTTAATTGA
EWﬁ%%Tﬁiﬁﬁﬁﬁ TATGATGATT GGTTAATTGA
S TATGATGATT GGTTTATTGA
1‘?@E§ﬁ§@£ TATGATAATT GGTTTATGGA

Consensus  TATGATGATT GGTT-AT-GA

351

E&EE%T%iﬁﬁﬁﬁ CCTTAGGGAT AACAGCGTAA
EWﬁ%%Tﬁiﬁﬁﬁﬁ CCTTAGGGAT AACAGCGTAA

TCCT-ATATT
TCCT-ATATT
TCCTGTTATT
TCCT-ATTTT
TCCT—=T-TT

TGTTATTGGA
TGTTATTGGA

LSS CCTTAGGGAT AACAGCGTAA TATTATTGGA
1‘?@?§@§@£ CCTTAGGGAT AACAGCGTAA TTTTATTGGA
Consensus  CCTTAGGGAT AACAGCGTAA T-TTATTGGA

401
FOPETE (B GATTGCGACC TCGATGTTGG ATTAAGAAAA
P A iEEE GATTGCGACC TCGATGTTGG ATTAAGAAAA

ATGGAATAAA GATAAAGATA
ATGGAATAAA GATAAAGATA
ATGGAATAAA GATAAAGATA
ATGGAATAAA GATGAAGATA
ATGGAATAAA GAT-AAGATA
400

GAGTTCTTAT TGATAATAAA
GAGTTCTTAT TGATAATAAA
GAGTTCATAT TGATAATAAG
GAGTTCATAT TGATAATGAA
GAGTTC-TAT TGATAAT-A-

450
TTATTAGGTG CAGAAGCTTA
TTATTAAGTG CAGAAGCTTA

F ik GATTGCGACC TCGATGTTGG ATTAAGAAAA TTATTGGGTG CAGGAGCTCA
| RPFELE  GATTGCGACC TCGATGTTGG ATTAAGAATA TAATTAGATG CAGGAGTTTA
Consensus  GATTGCGACC TCGATGITGG ATTAAGAA-A T-ATTGT—G CAG-AGCT-A
451 500
FAPFE [ 8d% ATTTATTGGT CTGTTCGACC ATTAAATTCT TACATGATCT GAGTT
IR LRI ATTTATTGGT CTGTTCGACC ATTAAATTCT TACATGATCT GAGTT
F ik ATATATTGGT CTGTTCGACC ATTAAATTCT TACATGATCT GAGTT
| RiPEEEE  ATTTATTGGT CTGTTCGACC ATTAAATTCT TACATGATCT GA-TT
Consensus  AT-TATTGGT CTGTTCGACC ATTAAATTCT TACATGATCT GA-TT
2 ~ BEIR 16S rDNA 5-3([py E=gig
F(Z) T IplFERAEEE FL T iR 5 e
R I B L | RO AR L ZBIF
FOPEE (e R0k 0 495 0%
| IR A Rk 11 484 2.27%
F ik 69 426 13.94%
| | PR 85 410 17.17%

F (M) PIFIFERRIED AT~ C~ G L]

A(%0) T(%) C(%) G(%)

FAPEI ki 30.28 36.99 10.98 2175
[ i 3110 36.59 1118 2114
i 3225 36.71 10.95 20.08
| PR 33.13 3476 10.98 2114
T 3169 36.26 11.02 21.03
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(1) FIER(C ) H I 13 5P T T (R RO R [ ERATIUT > B Ll bR
o PR B 1] 2% kst
(2) P )16S rDNA P (e 71 » [/ 155 f Lbioke FUPET (RO Rt 307 -

3 BRI SR

FUFT 5 B
IR R
B iReE

| AL

0 1 9 2 p i
ik (1~5)
I ) SRR A -
AR S S s AR
s (- )?%ﬁ@\%rﬁ?ﬂ ﬂf}'ﬁﬁ H[ (BRI 5250 Hz)— ﬁl'%?f(ﬁ'l%% 5 3150 Hp) ) <
FRER() » VI RIS =525 0 T pl R ] i - B S

(L) FHIRICE = DI ST 1A (R R P R BRI - [ RS
WRERE L% T [fil~ ERRBAT -

20



P~ T R I B2k COI DNA 53] 53 #si
L~ Ploli =291 FOpR g I 4Bi% Y COIDNA "5V =5
1 60
{1428k GATATAGCATTTCCACGGATAAATAATATAAGATTTTGATTATTACCACCATCATTAACT
Lt Bl GATATAGCATTTCCACGGATAAATAATATAAGATTTTGATTATTACCACCA
TCATTAACT
61 120
{14728k CTCCTATTAACCAGAAGAATAGT TGAAAATGGTGCAGGAACAGGATGAACAGTATATCCA
Lt Bl CTCCTATTAATCAGAAGAATAGTTGAAAATGGTGCAGGAACAGGATGAACAGTATATCCA
121 180
{14728k CCTTTATCAACTGGTATTGCCCATGCAGGAGCATCGGT TGATCTAGCCATTTTCTCGTTA
Lt Bl CCTTTATCAACTGGTATTGCCCATGCAGGAGCATCGGTTGATCTAGCCATTTTCTCGTTA
181 240
{14728k CATTTAGCGGGAATTTCTTCGATTCTAGGAGCTGTAAATTTTATTACAACCATAATCAAT
Lt Bl CATTTAGCGGGAATTTCTTCGATTCTAGGAGCTGTAAATTTTATTACAACCATAATCAAT
241 300
{14728k ATACGAGCACCTGGAATATCAATAGATCAAACACCTTTATTTGTATGAGCTGT TGGTATT
Lt Bl ATACGAGCACCTGGAATATCAATAGATCAAACACCTTTATTTGTATGAGCTGTTGGTATT
301 360
{1428k ACTGCTCTTTTACTATTGTTATCACTACCAGTATTAGCTGGTGCTATTACTATATTATTA
Lt Bl ACTGCTCTTTTACTATTGTTATCACTACCAGTATTAGCTGGTGCTATTACTATATTATTA

H(70) T[T FABFE LRI RIR Y A~ T~ C ~ G RS

A(%) T(%6) C(%) G(%)
dEEsl 3111 34.44 18.33 16.11
[Eiksl 31.11 34.72 18.05 16.11

(1) =000 F1 WA OB 7 COIDNA S5 i 3 BRI » 4257 71
(CISqAI
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Abstract

Crickets' voice was closely related to the behavior, and it is well known that
female crickets of different species use the comprehensive acoustic behavior to
distinguish their specific male. We selected several species of cricket from Taiwan to
study the possible relationship between acoustic behavior and phylogeny. Crickets’
voice was recorded digitally and analyzed by the software Cool Edit 2000. The
resolution in acoustic features in terms of main frequency and time characteristics
such as pulse number, chirp rate, and the length of chirp were different among species,
though the minor frequency patterns appeared to be overlapping.

Moreover, we found that frequency characteristic differences among species
were partially related to their phylogenetic relationship, which was not seen in
temporal characteristics. The phylogeny of the crickets under study was also analyzed
by amplifying the cytochrome oxidase | by polymerase chain reaction followed by
DNA sequencing. The results were compiled and compared to the phylogenetic tree
established by morphological characteristics. Our findings indicated that the DNA
sequence analysis was correlated with morphological classification, while acoustic
characteristics were only partially correlated. However, the difference of acoustic
behavior could still be regarded as an identification index among species.



A. Introduction

a Introduction of crickets
The crickets belong to taxonomic terms, Orthoptera, Grylloidea. There are more than
3,000 species of crickets recorded worldwide, and there are more or less of 100 species in
Taiwan, and most of them tend to be ground dwelling. The geocole crickets in Taiwan
numbered 53 species, of which 36 belong to Gryllidae. The local studies in Taiwan have
addressed several species, e.g. Brachytrupes portentosus, Gryllus bimaculatus, etc., with the
focus on both the morphology and the acoustic behavior (Yang et al, 1993).

b  The acoustic behavior of crickets

Dated back to Permian period, Orthopteroid insects like crickets first communicated with
sounds. The acoustic behavior is based on the transmission of sound energy through air, which
is today part of the standard procedures in taxonomy. After molting, the males make a chirping
noise by erecting their forewings followed by rubbing together the strings of their right wings
and the scrapers of the hind edges of the left wings. The noises can be roughly categorized
into a few modes, e.g. calling sound, courtship sound, courtship interruption sound,
post-copulatory sound, aggressive sound, and recognition sound. Most of the relevant studies
have been focused on the calling sound, as biologist Fulton had reported that the calling sound
is an important reproductive segregation mechanism between different species sharing a niche
(YYang et al, 1999).

Wild crickets take turns making their noises, and those chirp the loudest have greater
chances scoring the most females, given that they only respond to their own species. The
females are able to distinguish every subtle nuance of the sounds, and they even make out
those made by mixed species. Scientists believe it is the genetically regulated “pattern
generator” within the crickets’ neuron cells that is behind this capability.

Moreover, males own goblet-like organs on the forewings which secret pheromones.
Scientists believe that pheromones are released while the males are making sounds by rubbing
the forewings ( et al, 1999).

¢  Acoustic characteristics analysis
The acoustics adopted included three basic aspects: waveform, spectrogram, and sonography. The
jargons used here include:

1 Temporal characteristics: A chirp is composed of several pulses separated by pulse intervals,
and chirps are themselves separated by chirp intervals. The duration of a chirp is called the
chirp length, and the times of the chirp sounded within a given period of time is the chirp
rate.

2 Frequency characteristics: The main frequency is the highest point of a given frequency read,
and the maximum range of the wave is called the main frequency range. (Yang, 1999)

While most attention is centered on the calling sound, descriptions of the courtship sound
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are largely omitted from the studies of courtship behaviors. It was confirmed that crickets
respond to noises with a specific frequency, however, these experiments were based on sounds
with a monotone. Studies of the acoustic behavior aimed at pulses and chirps and so on with
more than one frequency have rarely been conducted before (Faulkes and Pollack, 2001).

Overall, the acoustic behavior of crickets is related to the frequencies and rhythms. For
different species sharing a niche, e.g. Teleogryllus occiptalis Serville,1839 & Teleogryllus
mitratus Burmeister,1838, disparities in the frequency peak, pulse ratio, chirp length, or chirp
interval might be accounted for in distinguishing oneself from others in the presence of
intermixed noises. Based on the literatures, we designed a series of experiments to prove this
point. By adopting digital recording technique, which is in ways such as, the sizes, quality of
recording, and adjustability much more sophisticated than the conventional equipment, we are
able to record and analyze the sounds of crickets in much easier fashions. In order to establish a
taxonomic index for crickets by sounds, we locate the parities and disparities of the sound and
frequency patterns between different cricket species and further compare the data with the
morphology and DNA sequence analysis.

Nevertheless, we wish to use these experiments to understand the neglected relationship
between the sounds and behaviors. And by using the modern technology, we also hope to reach
a better understanding of courtship and establish a behavioral pattern of it. Finally, with the
approaches of mechanical interference and sound editing, we wish to know more about the
connection between courtship and acoustic behavior.

B. Motivations

a To clarify the parities and disparities in the sound patterns and frequency of different species
and to accordingly establish the taxonomic index based on acoustic analysis.

b To strengthen the conventional taxonomy of crickets with DNA sequence data.

c To define the sensing organs of crickets responsible for the function of mating.

d To elucidate the responses female crickets have in the face of sound interference.



C. Materials and Methods

Collect crickets in the field.

Breeding

Sound recording and analyzing.
Morphological observation.
DNA sequencing.

[ Phylogenetic analysis ]

Fig. 1 Flowchart of experiments

a Facilities and Materials
1 Resources of crickets
(1) Teleogryllus mitratus
(2) Teleogryllus occiptalis
(3) Loxoblemmus equestris
(4) Loxoblemmus appendicularis

2 Raising and observation equipments
(1) Plasticcans (9.6  indiameter 12.1 in height).
(2) Plastic bottles (1.28  indiameter 4.3 in height).
(3) Sands.
(4) Vegetables, dog foods.
(5) Cotton, tweezers, alcohol.
(6) Plastic observation boxes for breeding, a water vet, and a heating apparatus.
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(7) Digital recorder (Cenix VR—P280 SAMSUNG BR-1640 SAFA SR-M292F)
(8) Digital camera (Sony DSC—V1)
(9) Computer acoustic analysis program Cool Edit2000 Printer.

Equipments of DNA sequencing

1)
)
(3)
(4)
(5)
(6)
(7)

4  Mechanical interference

1)
)
(3)
(4)
(5)
(6)

5 Solution prescription

1)
2)

Fig. 4 Keep in the box.

Pipetteman (Gilson)
Electrophoresis (Mupid-2)
Vaccum (Sigma-2K15)

PCR Machine (GeneAmp 2700)
Incubator (First)

UV camera(Muitil Mage)

Other necessities

Mirror.

Photograph.
Transparent plastics.
Opacity plastics.
Glass cover.

Cricket model.

Agarose 2 agarose 0.5 TAE buffer

Fig. 3 Devices of imago keeping

Working solution 0.5 TAE buffer

M, | T S

Fig. 5 Warmer

Fig. 6 Box for observation




Cricket handling

Resources of crickets
Teleogryllus occiptalis Serville,1839 (suburb of Sin Jhuang in Taipei, Hualien, Kaohsiung),
Teleogryllus mitratus Burmeister,1838 (suburb of Sin Jhuang in Taipei, Hualien, Kaohsiung),
and Loxoblemmus equestris Saussure,1877 and Loxoblemms appendicularis (suburb of Sin
Jhuang in Taipei, suburb of Junghe, Kenting) crickets are collected from the fields.
. Cricket breeding
Put a group of larvae in the water vet and the observation box for breeding. Feed them water
with moist cotton and dog food. Relocate mature larvae with wing buds to the plastic cans
and pave the bottom of the cans with fine sand. Then, feed with water and dog foods. Use
the heating apparatus to keep the temperature around 20-30

Recording and analysis
Calling sounds
@ Filter out other noises.
2 Hanging a microphone in the mature male larvae breeding can and retaining the
microphone from the bottom for about 8 cm to avoid the recording resistance.
3) While the crickets made the calling sounds, start to record the voices.
4 Edit the calling sounds with computer programs and take notes down.
Aggressive sounds
@ Filter out other noises.
2 Put two mature male larvae into the same breeding can. Hanging a microphone in the
can and retaining the microphone from the bottom about 8 cm.
3) While the crickets made the attack warning voices, start to record the voices.
4 Editing the calling voices with computer programs and taking notes down.

Mating sounds (courtship, mating interruption, mating end, etc.)

@ Filter out other noises.

2 Put one mature male larva and one mature female larva into the same breeding can.
Hanging a microphone in the can and retaining the microphone from the bottom for
about 8 cm.

3) While the crickets make sounds to each other during mating, start to record the
voices.

4 Edit the calling sounds with computer programs and take notes down.



DNA sequencing analysis

1. Crickets DNA extraction (Wizard® Genomic DNA Purification Kit, Promega)

(1) Pull out cricket species medium leg and put into the homogenizer.

(2) Add 120ul EDTA (0.5M) and 500l Nuclei Lysis into the homogenizer.

(3) Grind the medium leg to small pieces.

(4) Collect the species to the microcentrifuge tube.

(5) Add 17.5ul Protease K. into the tube and mix well.

(6) Incubate the lysate at 55°C in water bath for 12 hrs.

(7) Add 3pl of RNase Solution to the lysate and mix the sample by gentle shaking the tubes
2 — 5 times.

(8) Incubate the mixture for 30 minutes at 37°C in water bath.

(9) Chill sample on ice for 5 minutes.

(10) Add 200ul of Protein Precipitation Solution and vortex for 20 seconds.

(12) Chill sample on ice for 5 minutes.

(12) Centrifuge for 4 minutes at 13000rpm.

(13) Remove the supernatant 600ul and transfer it to a clean microcentrifuge tube containing
600ul of isopropanol.

(14) Mix the solution by inversion for several times.

(15)Centrifuge for 10 minute at ~ 13000rpm.

(16) Add 600ul of 75% ethanol and invert the tube several times.

(17)Centrifuge for 2 minute at ~ 13000rpm.

(18) Remove the supernatant and dry the pellet with vaccum.

(19) Add 100ul DNA rehydration solution and store the DNA at —20°C.

2. PCR
(1) Pharmaceuticals
Pharmaceuticals volume (jul) Pharmaceuticals | volume (jul)
dd H,0O 46.5 dNTP(2.5paM) 5
10X Reaction 5 Ex Taq 0.5
Buffer
16S21(100paM) 1 sample(1ng/pl) 1
16S22(100pa M) 1

C1-J-1718: 55GGAGGATTCGGAAATTGATTAGTACCS
C1-N-2329: 5’ ACTGTAAATATGTGATGAGCTCAZ



(2) Reaction conditions

3.

94 2min.

94 50sec. 35cycles
50 40 sec.

72 50 sec.

72 10 min.

PCR purification

(1)
()
(3)
(4)
()
(6)
(7)
(8)

Subjected the reaction products and analyzed though 2% agarose gel electrophoresis.
Cut the band correspond with COI and subject in quick spin column

Add GEX buffer 700ml, and incubate at 50

Centrifuge for 2 minutes at 13000rpm.

Add WF buffer 500ml, sentrifuge for 2 minute.

Add WS buffer 700ml, sentrifuge for 2 minute.

Transfer it to a clean microcentrifuge tubeand

Subject to DNA sequencer and analyze.

From the left side

1. Marker

Teleogryllus occiptalis
Teleogryllus mitratus
Loxoblemmus equestris
Loxoblemms appendicularis

o r~ wDn

Fig. 7 PCR Products



D. Results

a The acoustic characteristic of crickets
1. The comparison of crickets’ sound.

Teleogryllus occiptalis Teleogryllus mitratus

Waveform

Wi e v e
ligivipiiea i

Sonography

NN NN NENE
S EN NN RN

Spectrogram

Fig. 8 The acoustic analysis of Teleogryllus occiptalis and Teleogryllus mitratus
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Loxoblemmus equestris

Loxoblemmus appendicularis

Waveform

*H

-
-
-
-

liiTiiii e i

Sonography

TR NN AR ERN

Spectrogram

Fig. 9 The acoustic analysis of Loxoblemmus equestris and Loxoblemmus appendicularis
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Table 1 Acoustic analysis of four species of crickets

T. occiptalis | T. mitratus | L. equestris | L. appendicularis

Main
4,355 Hz | 2,740 Hz | 5051Hz 4,505 Hz
Frequency frequency

characteristics | Frequency
1,500 Hz | 800Hz | 1,600 Hz 2,000 Hz

range
Chirprate | 2.1 /sec 1.3 /sec 0.7 Isec 2.8 Isec
Pulse ratial 6~9 4~6 2~7 6~9
Temporal
o Pulse rate | 0.04 /sec | 0.07 /sec | 0.25 /sec 0.15 /sec
characteristics
Chirp
0.58 sec | 0.65sec | 1.50 sec 0.26 sec
length

Comparison of frequencies of sound among different cricket species ( Fig. 4 ), the frequency ranges
of the four tested crickets shared overlapping, regions but with differences in its main frequencies.

The main frequency difference might be one of the reasons for Teleogryllus occiptalis and
Teleogryllus mitratus crickets to set themselves apart from each other.

However, for crickets belonging to different genera, e.g. L. appendicularis and Loxoblemmus
equestris, revealed much overlapped main frequencies. It was therefore not appropriate to quickly

adopt main frequency as a good factor for species verification.

By comparing the chirp rates and pulse rates, there are dramatic differences showed among four
genera. The pulse rates are more close to the phylogenetic ralationships of crickets.

These results implied the insufficiency of the main frequency alone for species verification, but the
temporal characteristics seen to be proper characters for identification.
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2. The relationship of four crickets based on morphology

T. occiptalis

T. mitratus

L. equestris

L. appendicularis

Fig. 10 Phylogenetic relationship based on Morphology
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e Partial DNA sequences, length from 1,718 to 2,329 of the cytochrome oxidase | in four species of

crickets are shown in Fig. 11

T occiptalis
T _mitratus
L_equestris

L_appendicularis CG TAAATAAIATAAGATTTTGATT

T occiptalis
T_mitratus
L_equestris

L_appendicularisAGAATEGTTGAAAATGGTGCAGGAACEGGATGAACBGTIITATCCACCTTTATCARC

T occiptalis
T_mitratus
L_equestris

L_appendicularisATEGCACABGCRGGRGCATCAGT

T occiptalis
T_mitratus
L_equestris

L appendlcularlsTC TC ATTCTIGGAGC

T occiptalis
T _mitratus
L_equestris

L_appendicularisAT

T occiptalis
T _mitratus
L_equestris

L_appendicularis

T occiptalis
T_mitratus
L equestris

L_appendicularisAATACBTCATTTTTTG CCTGC GGIGGIGATCC

T occiptalis
T_mitratus
L_equestris

L_appendicularisTGATTRTTTGG

CGGATAAATAATATAAGATTTTGATTATTACCACCATCATTAACTCTCCTATTAACCAGA 60
CGATAAATAABATAAGATTTTGATTATTACCACCETCABTAACACTIRITATTAACCAGA 60

CG TAAAIAATATAAGATTITGAIT%ITICCACCATCATTAAC CTCCTITTﬁICIﬁGA 60
C

THCCACCRTCATTAACECTHICTATTARCAAGA 60

AGAATAGTTGAAAATGGTGCAGGAACAGGATGAACAGTATATCCACCTTTATCAACTGGT 120

AGAITAITTGAAAATGGTGCAGGAACAGGATGAACAGTAT CCACCTTTATC CTGGT 120
AGAATAGTTGAAAATGGTGCAGGIACAGGITGAACAGTAT ccBecTTTATCEEC 120
120

ATTGCCCATGCAGGAGCATCAGTTGATTTAGCCATTTTCTCGTTACATTTAGCGGGAATT 180
ATTGCICATGCRIGGAGCATCAGTTGATTTAGCRATETTHTCTTACATTTAGCHGGAATT 180
ATTGCHCATGCAGGAGCATCAGTHGATETIIGCCATTTTCTCTTACATTTAGCGGGAATT 180

GATTTAGCCATRTTCTCETTACABTTAGCHGGAATT 180

TCTTCGATTCTAGGAGCTGTAAATTTTATTACAACCATAATCAATATACGAGCACCTGGA 240
TCTTC TTCTAGG GCTGTAAATTTTATTACAACIATAAT TATACGAGCACCTGGA 240
TC ATTCTAGGAGC AATTTIATTACAACCATAAT AATATACGIGCHICCEGGA 240
AATTTTATTACAACCATAATIRAATATACGHIIGCIICC GGI 240

ATATCAATAGATCAAACACCTTTATTTGTATGAGCTGTTGGTATTACTGCTCTTTTACTA 300
ATATC TAGATCAAACACCITTATTTGTATGAGCTGTTGGTAT ACIGC CTTTTAITA 300
ATATCIBRTAGATCAAACICCTTTATTTGTITGAGCEG GGTAT ACTGC TACT 300

TAGATCAAACRCCTTTATTTGTITGAGCAG GGIATTACTGC TICT 300

TTGTTATCATTACCAGTATTAGCTGGTGCTATTACTATATTATTAACAGATCGAAATTTA 360
TTATCATTACCAGT TAGCTGGTGCTATTACAATATTATTAACAGATCGAAATTTA 360
TCATTACCAGT TAGC GGTGCTATTAC TATTATTAACAGAICGAAATTTA 360
TCATTACCAGT TAGC GGTGCTATTAC TAITAITIACAGATCGAAATTTA 360
AATACCTCATTTTTTGACCCTGCAGGGGGAGGTGATCCTATTCTATATCAACATCTATTT 420
AATAC TCATTITTTG CCTGCAGG GGAGGIGATCCTATTCTATATCAACAT TATTT 420
AATACATCATTTTTTG CCIGC GGAGGTGATCC TRTATATCAACABITATTT 420
TRTATATCAACATTATTT 420

TGATTTTTTGGACATCCAGAAGTTTATATTCTTATTTTACCGGGATTTGGTATAATTTCT 480
TGATTTTTTGGACATCCRGAAGTTTABATTCT TTTTACCGGGATTTGGIATAATTTCI 480
TGATTTTTRGG CATCCAGAAGTITATATT TACC GGATTTGGTATAATETCT 480

ICAICCAGAAGTTTAIATT TACCAG GATTTGGIATAATITCI 480
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T_occiptalis CATATTATTAGACAAGAAAGAGGAAAAAAGGAAGCATTCGGAACATTAGGAATAATTTAT 540

T_mitratus CATATTATTAGACAAGAAAGAGGAAAAAAGGAAGCATTIIGGAAC TIGGAATAATTTAT 540
L_equestris CATATTATTAG CAAGAIAGAGGI GAAGCATTHIGGAAC TAGGIATAATTTAT 540
L_appendiculari SCAIATIATTAG CAAGAAAGAGG GAAGCATTCGGAACATTAGGAATAATTTAI 540

T_occiptalis ~ GCCATACTAGCCATTGGTTTATTAGGATTTGTTGTATGAGCTCC 584
T_mitratus GCCATARTAGCRATTGCRTTATTEGGATTTGTTGTETGAGCTCH 584
L_equestris GCCATATAGCHATRGGTTTATTAGGETTTGTHGTATGAGCTCH 584
L_appendicularisGCHATBITAGCIATTGGRTTATTAGGATTTGTAGTETGAGCECH 584

Fig. 11 Partial DNA sequences of four species of crickets

@ Differences are concluded and shown in Table 2

T. occiptalis T. mitratus L. equestris | L.appendicularis
T. occiptalis 0%
T. mitratus 9% 0%
L. equestris 15% 16% 0%
L.appendicularis 17% 17% 13% 0%

T. occiptalis 1:0.00769

T. mitratus 1:0.01282

L. equestris 1:0.00256
L.appendicularis 1:0.00769

Fig. 12 Phylogenetic tree based on DNA sequences
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E. Discussion

a.

b.

Features of sounds between different species

Comparison of frequencies of sound among different cricket species
According to the data in Fig. 8,9 and Table I, the frequency ranges of the four tested crickets
shared regions of overlap, with differences in its main frequencies. The main frequency
difference might be one of the reasons for Teleogryllus occiptalis and Teleogryllus mitratus
crickets to set themselves apart from each other. However, for crickets belonging to different
genera, e.g. Teleogryllus occiptalis and Loxoblemmus appendicularis, revealed much
overlapped main frequencies. It was therefore not appropriate to quickly adopt main frequency
as a good factor for species verification. These results implied the insufficiency of the main
frequency alone for species verification.

From the results illustrated in Fig. 8,9 and Table I, Teleogryllus occiptalis, Teleogryllus
mitratus and Loxoblemmus appendicularis revealed chirps with a pulse rate read 6, but ranged
differently. Encompassing the ranges of the above three, Loxoblemmus equestris pulse ratio
ranged from 2 — 7, significantly differed from that others.

Data listed Table I also revealed differences in chirp lengths among them — the chirp
lengths of Teleogryllus occiptalis, Teleogryllus mitratus, and Loxoblemmus appendicularis
usually lasted less than one second, while Loxoblemmus equestris seemed longer.

By comparing the chirp rates and pulse rates, there are dramatic differences showed
among four genera. The pulse rates are more close to the phylogenetic ralationships of crickets.
These results implied the insufficiency of frequency charateristics alone for species
verification, but the temporal characteristics seen to be proper characters for identification.

Morphology characteristics
We have completed an unrooted phylogentic tree (Fig. 10) based on the conventional
morphological taxonomy. According to the tree, we can easily get an idea of the relationships
among the four listed species. Detectably, both Teleogryllus occiptalis and Teleogryllus
mitratus belong to the genus Teleogryllus, and Loxoblemmus equestris and Loxoblemmus
appendicularis belong to the genus Loxoblemmus.

Comparison between Cytochrome Oxidase | DNA sequence analysis and morphology
According to the data in Table 2, Teleogryllus occiptalis and Teleogryllus mitratus share a
closer sequence pattern than the other samples, which conformed to those defined by
morphological taxonomy. This revealed a consistency in the analyses of DNA sequencing
and morphology. The conservedness of Cytochrome Oxidase | DNA adopted in the
experiments implied that it is useful in taxonomy in support of other taxonomic
methodologies
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d.

Relationship between sound features and morphology characteristics

From the sound analyses and comparisons conducted above, we have concluded that
sound of different measures as mentioned is somewhat correlated, but not consistent, with
the other features in taxonomy. An obvious example was that we have observed species
within a genus revealed sounds with greater variations than those of different genera. This
result contradicted those confirmed by both morphology and DNA sequence analysis, but
why is that? We have made discussions based on this point.

The processes of speciation certainly encompass a series of geographic and behavioral
segregations, which rendered them separate reproductively before a physiologically or
non-physiologically. “Reproductive segregation” mechanism is established. Most insects
have fixed habitats, or technically termed “territory”. While different populations of one
species located in different regions naturally can’t mate (without physical contacts), insects
of different species sharing a territory reach the reproductive segregation by means other
than simply geographic reasons. Sound is, like other features, evolutionarily shaped, and
sometimes this characteristic is adopted as a means to reach segregation, and even
speciation (Otte et al, 1992). For Orthopteroid crickets, the importance of sounds in
intra-species communications is greatly appreciated since a slight change can lead to the
failure of talking. This in turn might contribute to the preservation of the gene pool
integrity within the species. Similarly, Teleogryllus occiptalis and Teleogryllus mitratus
share a niche, and they are able to avoid confusion with the other species by
distinguishable sounding patterns, which greatly circumvents a potential intermix of the
two separated gene pools.

The importance of sound features to classification

In conclusion, it is difficult to establish a taxonomic index based on our present data
regarding the sounding patterns of the tested species. More sound recording and
comparisons need to be done for that purpose. However, it is unanimous that specific
sound patterns of each species are valuable for species verification. Morphology alone is
sometimes confusing in taxonomy given the unreliability of the shape and color of wild
crickets. The uniqueness of sounds is therefore an alternative way to substantiate the
classifications in the absence of a strong morphological confirmation.
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F. Conclusions

a.

The acoustic analysis revealed significant differences among different species, indicating
this analysis is useful for identification of cricket species. From the DNA analysis of the four
cricket species revealed a correlation with the pulse rates, but not other characteristics of the
sounds.

However, my overall data show that the characteristics of cricket sound cannot be used as a
general parameter for phylogenetic analysis. Rather, morphology and DNA sequence
analyses are more reliable and consistent in this aspect.

Analysis of DNA sequence of mitochondrial cytochrome oxidase | (1,718~2,329 bp) was in
analogy to the results obtained from the morphology analysis. This indicates that DNA
sequencing is useful for classification of cricket.

A. Future research

1. To continue with the DNA sequence analysis of more different species and compare the

data for further studies of the relationship between variations of sounds and populations.

. With DNA sequence analysis and acoustics, to understand the variations between similar

species or within a species, especially those among different populations of Teleogryllus
occiptalis and Teleogryllus mitratus.

. To clarify the mechanisms of how a female cricket recognizes sounds from males of its

own species by editing the recorded sounds, e.g. by increasing the pulse rate or extending
the chirp lengths, etc., and observing the responses of females.

. To corroborate our models in the hope to extend our research in other chirping insect

ecological studies and the taxonomy.
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