3155 31 % g{_‘; 2 }g} E»‘ g é’i"{: %E V01'-31. No. 2
1988 4 5 H ACTA ENTOMCLOGICA SINICA May, 1988

B0 7 ) AR A

FHE T OB dWH
(R LR 2Bt (TR IS » 30

HE AR FMER SRR (Crypotympana atrata Fabricius) PG ERETT
S 4T 53 B FE IR AEAT T iR

BRI SN B A B RS EARRANEEER - BMAER RSN 48—49Hz WHRARK, 81762
8 4 MEFN BN EENLE 3 MEHELEMENRSEE T/ k. BRFOTHBHES, WS
B BEEE. REEMATRERIFNESF. REBENNRYEREYE, BRTEHE—EHNEL.,
ErRERASENERER. WENGERERBERTRERIERRE, XRARFMANEE,
HEERFERRSRE I HE W TIEE 31 B AR5 2SR 2 R A F R R A 26
A RA MR R T 5

X EaGE TR WS R LGN A 2 B PR B | PR PR S B IR SRR Bk

kA RIEN  wEZR  BEER

B 5 ik O ST R G AT SR (Kato, 1932), 3T 20 423K, BB i B SL R IO REER
B, BAR S T SR E RIS T, O RABR FYENM 5 (Hagiwara & Ogura, 1965_;,’
Young, 1972; Young & josephson, 1983a, b)o FRETE 50 FAUN LW HLIE NS 75
H— L e AR (4L, 1956), BV TMRSuE £ MRN8 (S, 19852 %
WES, 1986; RS, 1985 BMEE, 1987), ERNA FHX YRR FAFIEGFEE
L RES HE D Ko M@E%?ﬁﬁ"]ﬁg%%: XA AN A AT UE S
o FE S AR A o (O b B AR A v SR A B R kIR, AN g B TR A ENETIRE &S
1 T B i OB AR , 8 DLt — 2 821 T 0 R BH IR OB R

A AL B AL SRR RS M R (Cryptotympana atrata Fabricius) FIE R
Wy RS R S N B FE BT T BT, SRR, AREMBX BIEREREEARH
AERBER, IRE5E FROEWBEEROMEREE, BEXEaREHERESR,
KRN S TEE F-5 E T A%, T TR 5% A D3 AR B R g B a
%, AT B R A —E R TR 252,

R A
EFSNE D RE R BIERE R RN, BRI RIER R IR R PRI
By, bR AKX ER SANYO-MR-V8 BFEHEH. (il 60—12,000Hz), J775
B MR OLYMPUS-X-02 T 7 e =ML M IE 5 (5N 300—6,000Hz),
DRGSR SHARP-GF-515 BUREHL (M 30—14,000Hz) F53k/5, HEH A
AT 1986 4.3 AllcEl,

* AT BIE R B AR U gE Ak e B B @%ﬁ&f&%ﬁ}ﬁiﬁ%&ﬁltﬂ\ﬂﬁﬂ?@‘-ﬁlﬁlﬁﬁi%ﬂiﬁﬁ‘ﬁ&ﬁﬁg #*
B2 EB P FATGSET L8 AN A 3R, — 3.
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MULTI-20 B BNLET O, REERE (F,) 2 20KHz, 2,048 1-REA (n), BD
Af == F,fn = 9,765625Hz,, LR FHH] At = 1/F, == 0.05ms, FREMRE T = At - o = 102.4
ms, B OWIHE (Fu) 25 10kHz, WEBESINE 102.4ms BN =R IERIZEME
FR gy Fr By ﬁ(&%%ﬁ“iﬁj‘&’@ (WEERKERNTEEEBRE— BRI, LS
2): &E%‘EF‘H’JI”ﬁlm F AR ENThREREIBENE A (Af-n, n=1, 2,
3,e0-, 1024 fUThETE BB (PSD = power spectral density)o

%Tﬁﬁ—*ﬂ'f%gff}ﬁ%ﬁ“%)ﬂ?@%ﬁp S5 TRIBAFENERST I E, MTF—
B L AR L. RIERELS, Hohsigg L Eﬁﬁ@]ﬁ?%ﬁﬁﬂﬁm% Ak T4
e BHAEHRHRLNEE =+l n=1,2,3,--+. (1o

# Lo R f WThELEE SR PSD. A PSD,, ﬂﬂﬁ:#ﬁ)ﬁiﬁ@ﬁi&ﬁ]$i¥¢ A, Y
& An(SB) = 10LogPSD,/PSD., n =1, 2,3, -+, (2)c FEXH, f WEE A. &
2 OdB, EH f. WIRME A. T £ PIEE Ao

o N S AT

My AR E 2k (NS = natural solo) BYHEIE (B 1), A SM-2700 & FFT
ST SR-6620 BUNCFARMEESIT AT, ¥ 10kHz 3F3T 32K (R7E (40
ms/K EH5)o

P 1 A, SRPY A MU R A AR R Sy B IR A S R, T AT
H—E FER % (Rh = rhythm) #E (A—a, B—a, C—a fI D—a)o {iZEIFELY
ERWEES L0 47THz, 1Hz, 47Hz f144Hz, {HFATGREEE (B—a) R e i
(C—a) WTEENWE, FEHEY— BMPEZESE+ITEERSY C=
syllable), EPBREFTREE 3 MRERE (PG = pulse group) (A—b, B—b, C—b F

D—b)o {EREFRIEN (A—b) FiE ik RIEEE (B—b) MEIKMEFHN, HPER
I, T A B (C—b) oy v5 BiEm (D—b) HOFE T oD 2 AN 2

BEIRsh R (8 3) frés iy £ SHN £ PR Bl (1) 995085
B bam = SD (3 1)o

HI3E 1AL, AR HbIK S 0 SR 7 28 B R I S SR e i (1) ol
EEREEAR—FW, R, b REERTE AR, IR R E =R E R AT ER
BEEIMEIEE T, 082 47.6 = 1.6Hz 1 48.3 £ 2.1Hz, XEHE=ZMHEBERR
Ko IR HERARE GRS, 7 b 5 WERTARR B %,

FSEET L, AR BRI R R0 AR IR E R AR R S By, M m AT £,
BEERNEEABRER, WAEYROEHELEHRNERR R BES KPR
TR ERRNER,

SONEUE T I B fR S 7S (PS == protest songs) FIZENHEMWE (FS = free songs)
WEE, LHE 2,

B 2 d, b BRI RS (A) BEREALE (B 1—A—) qﬁﬁﬁ@@%ﬂ [jiip=n
E“ 37 (B) MWERER, I HEREENREE (C),ERRIERNEYE (D) f1g

mO(E) BrEEALSE (B 1—E—2, D—a) BB, J&iuﬂﬂ%%ﬁg¥“"‘ﬂﬁ?ﬁi
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B e A YRR
A JUEEREN (B, 1984.7.20)3 B, FHLBELRM (55, 1984.7.31) G A P (B
i1, 1984.6.29); D. J-PHELEHL (I, 1984.6.9)

Rh = %%, S= M&E, PG = kB BREHEE: A—a, B—a, C—a 1 D—a 35 120
s, A—b, B—b, C—b 1 D—b 3 20ms
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o 50621‘ 150720 (a) —102. 1+ms—-'-|

1k4,65ms ¥
l(a) 4,95ms l i SC521 {50814 —102; kms—»]
[ L l

(c)

e 50913f 5C962 ——102.,hms—=l 5.kms l
_l(c) Boone S0833 tsc%l ——102. kms—w]

f——r SC8541 } 501001 —102.kms—w] 7.35ms |

B2 SRR FER G R P (SCr IRERIIRD
AFIBATNLSUTEERR) PS f1 FS (MMM, CH ERNEkMy PS
DRIE S0 sk Baksfiy PS fu FS (&P
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%1 BUEHERGEFENENRE (F £ SDI*

- fc(HZ) fn 1 ;}/ﬁ B EumZtSD
e i S S
(PSD) £.(Hz)/A(dB) (Hz) |
) 5654 £153320/ =603 —£,5611/ 1.2 —; 47.6-+1.6
1. ‘
(895.87) | —£,5703/—5.9=£,46592/—8.5 N =55
5215 £4,3535/ =9, 4—£,5166/—8.8—1, 48.342.1
B
(1407.5) | —£,5264/—7.4—£,55830/—~9.5 N =48
5537 £453525 /=91 —£,5488 /3,51, 42.942.1
NS c 493525/ 1 / * S 3—(1) v
| 948.87) | —£,5576/—2.2—£,,6503/—7.7 N =71 # A, B, C,
5977 £120205/—7 .7 — £104986 /8.0 47.8+1.8 D E
D
(410.25) | —£,3809/—5.5—£,5928/—2.5—f, | N =44
4658 £,,244/ =77 =£3,1621/ =61 48.542.3
E —£253340/—6 .7 —£,4619/ —1.8 =1,
(621.62) | —£,4717/—2.0—1,,5850/—6.5 N =67
5732 £,3467/—10.1—£,5693/—1.8—f, 48.2-41.9
PS A
(609.44) | —£,5773/—6.7—£,46592/—17.6 N =62
4736 £,,3672/ —12.6 —£,4688/—2 .2 48.542.5
FS B :
(1287.74) | —£,4775/—12.0—£,,6397/—16.0 N = 56
B7E -1
3867 £,,2295/—4.0—£,3819/ —8.1—f 47.242.2
PS c 33 / 1 / ¢ + HE A, B,
(709.99) | —£,3912/—0.3—£,,4580/—10.8 N = 48 C, D, E
4248 £,43223/—18.1—£,4199/—6 .4—£, 42.042.1
PS D
(1673.79) | —£,4287/—=2.3 15,5879/ —14.4 N = 62
< 4326 £,,3691/ —14.1—£,4287/— 4.4 36.241.9
F$ E
(1038.62) | —f,—£,4356/—2.4—£,,5030/—18.9 | N =30

* £, 0 PSD, lIFEIALAH, Ax B (2) i NS HEMALHE, PS Wi, FS HEMEsE; A %
R BRIRIRARTE, 1984.7.20.), B AALRBRIFMGE S, 1984.7.20.), C AFELRIFN (B, 1984.7.
31.)5 D 245 FEEIEIRCIIN, 1984.6.9.0, E PR RIRIMCET, 1984.6.29.)0

FREDESE

R, A—a fE—NREFLHN 4.95ms, EH 4"%*%‘@)&-"‘%‘% WHE fum
45% 50Hz; B W1 o 424 49.9Hz; C, D, E fisaHITHSEHE SRR 51424 200
Hz, 173 Hz 73 138Hz,% 4 /\ﬁﬁ’dﬁéﬂ)&—/\ﬁ’jﬁ M f. 281452 50Hz, 43Hz F.
345Hzo REWHLER (R 1) £X—8, FN,HE 2—A—a, B—b, C—c, D—d F
E—e WL, §ANREFTEE 3 R EKIPEE, S WRPEE & & E T 5 o,

B EER, RIEHPRUGEMENNEYE, BRATENHEERENRIA—ERE
6. BUER R R 5 B A S AR M R R 25 B iR

o RAE
FRUEBE S AR P RO S0, TR 3



o (E) £ 4658Hz
= PSD °
i (pSD=

621.62)

#x ( 976.5625Hz)

= R & 2 #® 1 4
(a) £ 5654Hz (a) £ 5225Hz
T (psD= PSD . (Psp=
F }-p—s—]l" 895.87) et 33.79)
" 13.3
| SED T S MNM P — e
! 2 3 4 s B 7 g
e F (p) £_5234Hz
1
(PSD=
(B) £ _5215Hz %5?; | 75.27}
PSD {psh= 7
f— 1407.49)
L 4 PR L [,
! e 3 a s 3 7 8
- (c)
) T e [ PSD
[ (c) £ _5537Hz " RN
I , € (PSD= - 51'.
=D, oks.87) L
403.8 r

(d) £ 5723Hz
PSD (Psp=
3.1 ‘8459)

fcb639ﬂz
(PSD=

x| 976.5625Hz)

B3 RUEEE RN R h I (AR shaiE e PSD)
M—A f1 2)—s: QFURTEREEH, (D—B T (2)—b: JuFEH R B, (HD-C
) (Z)TC: AL E SRR, (DD J1 ()—d: FTEEMTEER, (D—E F(2)—e:
FREIBKRG (D—A, B, C, D, E {YIRFRIES 102.4ms, (2)—a,b,cyd,e §Y

ERE B4y 5129 9.15ms, 12.1ms,

24.15ms, 2.9ms, 19.7ms
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Bl 3 B, 102.4ms B Th I (1) S A Bz =g (2) BREAER I,
Hth, Al 2. BRI b, CHl ey DA d, EF e fy &, &= SD 4¥513% 5,440 =+ 303Hz, 5,225 &
13Hz, 5,489 = 69Hz, 5,850 % 180Hz, 4,649 & 13Hz, E[I i IR 2 R (SD/EC X
100%) 3R % 55%.,025% 1.26% ., 3.1 % . 0.28%,

B 3—(1) BRI B AR e ATRIE, KRB f(A—
5,654Hz, B—5,215Hz) WMl 5,000—6,000Hz UMy, 3,000Hz DL FRSEH L
TETR (A B)o. INILBIEIARYE AT o WE GIEIER, EEREERPE £(5,537
Hz) 1 4,424Hz #MW, Bl 5,500—6,500Hz FO 3,800—4,500Hz FHAMFE N, 3,000Hz
DTS HLTESEDR. | ERERZIEENERASESSRAEEENE ¥ WIE
. D hE—AMEHE ge58 4 273H2( — 3.9dB)—440Hz( + 0.25dB)—586Hz( — 0.9dB)
FAE S g =5 % 4,590Hz(— 3.2dB)—4,951Hz(— 0.5dB)—5,459Hz(— 3.9dB),
'5,684Hz(— 2.9dB)—5,781Hz(— 0.2dB)—5,859Hz( — 1.3dB)o E g —M& I &5 48
22l 684Hz( 4 0.5dB)—928Hz(+ 1.4dB)—1,055Hz(+ 0.7‘dB) F— SR fe s
.3,535Hz(— 1.0dB)—3,760Hz(— 0.4dB)—-3,97SHz(~— 0.9dB),

IR, B B AR BT (B 1) W B E NS A SERNERNR R, RS
LRI AR T A 2 TR TR IR B, ECE IR0 4,861Hz (B 1—A—b), 5
FPh i (B) i fo BA—BLELEMIER R L W o WHEES, iRk
RIS P A A B R T PR U, REE Sy T, EpaEd 1A 3 A
,492% 5,000Hz, B34 2 i 4 BAAE—, 42 4,690Hz (& 1—B—b), Bl k43
Syl (C) iy £ F5B —IGEIRE 4,424 Hz AEN R, MRS o |70 BRIRME R
MRS BB A 2 AN IEKR, ERRRL 1.886 £ 0.532ms, BEMELN 414
“Hz—530Hz—739Hz; {iRIE 5 Ikt BB AR 4% 5,680Hz(& 1—D=—b), BIEEA 451
Sghi (D) thERIRmE SR £ MR, MRS R MWE &7, SRR
B RS TEEBE RE 3 MEER R, TR 1113 + 0.459ms, BEMKS.
345 636Hz—899Hz—1,529Hz; &£ BEF W RE RN EHEEHEL S 3,346 i 367Hz
(B 1—C—b), BIEEA k 5ehsilt (E) s ImaE shos 1 R I sh s s BL, # R
RAEE BNE AT, .

BESC b, SRR HE R FT 43 3 Hh 5 8 TR R R R AN T A 2

S 3 3 P 2 S b S P B BRI, TLIED 4, '

& 4 3B, 102.4ms MPEEATIRIE (1) SEBH A BN (2) HAHEH, X
wh; Afla.BF1b.CHic.DFId.EFfl ey £ = SD 4514 5,513 & 310Hz, 4,727 &
13 Hz, 3,985 & 166 Hz, 4,303 &= 40 Hz, 4,311 & 21 Hz, [ £ FOFERT {25 28 4y %IJ'
56%., 2.8% ., 4.2%, 0.9% ., 0.5%, .

c 4 S 3 MR, JbR IR b B, S5 3,818 Ha (— 4.9dB)—4,130
“Hz(— 1.2dB)—S5,234Hz(— 2.7dB) HylE{E S B a7 (B 4—(1)—A)  EHEMINE G, B,
BN FER £ BARRSRIR (4,736Hz), B3 %83t (B 4—(1)—B)o I~ FHE IR
R A . BB RIE (3,867Hz) 5 A RMERENE 4 (B 4—(1)—C), BRE
U G PR 0 PR 2R AE D, 1,000Hz DLFA0 3,200—4,200Hz HIEEHBIE T



fcu326ﬁz

{PsD=
1038.62)

136 B 2 ¥ i %
- " r (a) £ _5293Hz
. 3 PSD (pPsD=
| PSD - , 14.77)
h 213.8 C 3.
i A g
6H
L (®) fclﬂB - 3 Ay *
C  PSD PSD= !
= 1287.74) E (b) lfch717ﬂz
’:' ¢ E PSD {PSD=
- 26.9 78.92)
s (c) £ 3867Hz —
- PSD (PSD=709.99) s (¢) £ _4102Hz
- PSD (PsD=
[ oy 14.77)
7 2 3 4 s J ? d
E (D) fclz;:goﬂz i
b PSD= ¥ 2 3 4 s L 7 *
E . PSD 1673.71‘) 'E_ (d) fcllB;}éHZ
E 406, 4 . PSD {PsD=33.66)

’ 3 2 3 ] [] [ ? [
F (e) £ _4356Ha
- PSD (PSD=
o — 21,74
: ”n I I 2l 2
3 3 k] 4 ® [] ? [

HE( 976.56R5Hz)

B4 SRR SR N A SR I (M & 8R: PSD)
(1)—A, B, G, D, E 5%E 2-a, B, C, D, E pyzhi}
(@)—a, b, ¢\ 4| e AHIAE 2-a, by ¢, d, e [THIEIH

P, BRI (P13 2 €. (] 4—(1)—D. E)o

F BT L, BRI PR A B G R B R A b, SRR, B0 BB TE AL b
BIZE N B i @REATREE, (BIERS & N B S FE A @ 5 RS B A e

K7L
SRR TR R R RS b EPm e (REHEE, 1986), RIMMR
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WREFERERE, WENSMTERN 4 MNEET (S) BEERNAL BREZBIEZR
FEHER, BI04 “..-S.- Sge Sy - Sg-O-Sp - Sg+ Sy - Sgec+” B “+--Sg- Sy« Sz S-O-
Sp+ Su- Sg+ Si---” WEKER,Hd Su A Sk AL AWEFERNE—R>- LR
M, ~O-AFEZHMEE, ¥-0-5 S. F1 Sk WHEIFEMHEREIR, & “--+Sc- Sp- S
S+ Sue--” LRI N EAHARESS (B 1—A—a),

BRI RERER, RAMEBEEREBEIEI SR FEO S B EXE X
(Young, 1972),{B7 Sk pOMRng B E S AR & Z BT R A RSB E, s
BREHATER (BHES, 1987), B 5 XZH, ARMX BERAOR FHEE G EARMNE
FERER, LEMBAE 3 FIEUFETHRI(2.4.6), L &E—FREM (1.3.5);
THEE 3R (7.8.9),

S RO IR
(1) FARA A LB B PEBGR. CORREEE, () LRBEMLMNEA
BN (A: WAL, BRICHBNEIH 85° 4> 1, 3,5 JGHI> 2. 4.6 KB, 7. 8,9 FHA
510, 11,12, 13: FEMENS, 15 SHBEIBIAEMEER, 16: B, 17: BHE)
HEER, RIGESEHEMAFTTHN3IANERAETEERLFE LN=&K
MR RN BB AR, EENE—PHAEREY, KRENNKENEZEELT
winie (7), 2R (6), WA (64 4, 2) RRARTAAZE HBE), ™ EE G KE#.
AL, A X RIS R R A A A RN SR RR, ERBRT eNREAHALRE
AR B, K& U RIEHNS 7S ) 550 BRIk R A B AR,
HARVFEA FEERIEE Y E AR G FENE GRE RS E—E NN, B
SRR EARE (BHES, 1986), RAGEENHRSENZNESENEATH
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A—EREL, SR ERREEARERE, ARHX BB RS EEFGNEFTRE
S5HLBHANEST FERNNDREETX. BLh, BENyrS¥SE0RENRE
HXHOIEMIRES (Gryllotdlpa africana.) WSFEF ERNEFRAHE (F4HE%, 1985b),

i, RS RASENFASERFNERNBRARNRR RS, FaNERET
S5RNE FURN ERE. REBENI2EETNRIOE hisESEx. I rUBikEE
SRMSFE h Y A O EHLI, RIATR MUR B R 3t BRI NS S B — W
JLRIEEEE KM ER, S f1 Sy WERBEIREEEL 1,000Hz (B 3—C), RHEMMEFE
R M RS R EU AR S RE R —ENER, XbFS5UERHERES
HR(RNE FRSEEERE). IR RN 1H SR 5 g0 5 faob 0 R, &
BFRENEESERe, REEPRERE, NMREBZENHOEESE, ME—FSN
TS ERT I S R B R E R RO B, R E XA (EmEsE,
1987) FXR, XV S KINANTHEENRE S F R,

LA I, R BB RS B X R RN A R X, T W e B A
T £

LR AT AR R, 0 i B o7 b e P B AR E, RIE B RS BRI
R 7 A% R JE R 5 TR DG P o P TR 0 (2 R 0 TR 0 D& YT OB R Rk (Prings
L, 1976), 10 BB %P G XV RUBD T 22 e, o i (0 2 By Wi e, 1@, 52
Wy 32 AT % P T B0 P R Ly i IR L 5 (R 80 B 4R B I DA B, o
REAR TS I U4 31,

2 % X B

s 1985 JpROHRRERNE 0 s . SRR 31(4): 3249,

FMEE 19852 RERMEMRKENSRERAIT. BORFR 28(3): 257—65,

#HEY 1985 kR AR, (G. africana.) WERFEMS T EYHBER 1(4):  279-85,

FHRES 1986 ¥Rk (C. atrata Fabr.) REERVIGEEANTHE. FYEREIIUR) 5(): 17484,

MBS 1987 Wiy RS RAMBITER S FR BN, & MR 3(2) 10511,

i 1956 R ARRCHDRBERS MK,

MEEER (Kato, M) 1932 WS, ZHEET.
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CHARACTERISTICS OF THE STRUCTURE AND TIMBRE OF SONGS OF
THE BLACK CICADA CRYPTOTYMPANA ATRATA FABRICIUS

Jiane Jin-cHane  Wane Qane L Xiane-qun

(Instizute of Biophysics, Academia Sinica, Beijing)

Three kinds of songs of the black cicada Cryprorympana atrata Fabricius distributed in Bei-
jing, Hebei and Fujian Provinces are analyzed. The natural calling songs in the field of
different places have basically the same structural levels; they consist of rhythms with repeti-
tion frequency of 43—49 Hz, each rhythm with four syllables, each syllable with three pulse:
groups and each pulse group with several pulses. But the timbres present obvious difference;
they differentiate into single timbre, dual timbre and complex timbre with a low frequency-
sound of high amplitude. The protest songs and the free songs in the room still retain the struc-
tural level of the natural songs though the timbres present some changes. It seems most likely
that the structural levels of the songs depend on the structural characteristics of the tymbals
which show specificity of the species.  The differences of the timbres are related not only to-
the functions of the sound regulators and the resonant cavities, but also to the mechanical pro--
perty of the tymbals and the original process of sound production. These differences may be-
present in the black cicadas from different geographical regions. The results of the present
work may provide informations for further study of the mechanism of sound production in cica—~
das and deriving acoustic model for luring the injurious species.

timbre difference

Key words Cryptotympana atrate Fabricius song structure





