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Characteristic analysis of respiratory signals in four species of cockroaches
YAO Qing ZHAO Ruo-Qiong SHEN Zuo-Rui” College of Agronomy and Biotechnology China Agricultural
University Beijing 100094 China

Abstract In 20°C  respiratory signals of four species of cockroaches including Periplaneta americana P .
brunnea P . australasiae  Blattella germanica were sampled and analyzed with infrared CO, analyzer. The
results indicated that they all exhibited the respiratory model of discontinuous gas exchange cycle DGC . A
DGC was divided into two periods including an interburst period and a burst period. There were some
differences among DGC characters of different species. A DGC period of P. americanawas about 24.55 min
obviously longer than that of P. brunnea 11.67 min and P. australasiae 10.75 min  and it was only
4.41 min for B. germanica . The proportion of interburst period duration to DGC duration in P. americana
was the highest with the mean value 57% which was 48% 37% and 36% for B. germanica P. brunnea
and P. australasiae respectively. The CO, release rate per body weight in B. germanica was the highest
and there was no obvious difference among the rest three species. The CO, release volume of burst period
increased with the increase of DGC duration in the four species. The CO, release rate per body weight
decreased with the increase of DGC duration in P. americana and B. germanica but their correlations were
not obvious in P. brunnea and P. australasiae . The CO, release rate and CO, release volume of burst period
had positive correlation with body weight in other three species except B. germanica . Body weight did not
influence the durations of DGC interburst period and burst period and the DGC frequency in all four species.

Key words Cockroaches respiratory signal —discontinuous gas exchange cycle characteristic analysis

Periplaneta americana 3 1
Wilkins 1960 closed period CO,
discontinuous flutter period
gas exchange cycle DGC  Lighton 1996 0, CO,
1974 9 E-mail g-yao@126. com

X

Author for correspondence E-mail ipmist@ cau. edu. cn
Received 2005-03-15 Accepted  2005-06-06



155

open period CO,
CO,

Agapema galbina Hyalophora cecropia
Buck and Keister 1955

Williams 1955 Kanwisher 1966 1982
Onymacris plana O . unguicularis

Bartholomew et al. 1985 Lighton 1991

Scarabaeus westwoodi S .
Davis et al. 1999 Duncan and Byrne 2002
Schistocerca gregaria Hamiton 1964

Schneiderman  and

striatum  Circellium bacchus

Romalea guttata Hadley and Quinlan 1993
Camponotus vicinus  Cataglyphis bicolor
Lighton 1988a Lighton et al. 1993a 1993b
Dasymutilla gloriosa Duncan and Lighton

1997
3
1 Miller 1981
Kestler 1985 Lighton 1996 2 CO,
Lighton 1996 3
0, Hetz and
Bradley 2005
Co,
2005
5 000 250
2004

Byrsotria fumigata  Myers and
Retzlaff 1963
craniifer  Miller 1966

1985

Blaberus giganteus B.
B. discoidalis  Kestler

P. brunnea P . australasiae

Blattella germanica
4

1 M#HE57%

1.1 &Kk
25C
12L:12D 70% ~ 80%
1.2 P R 5 R A&
20C CO,
S151 1 ppm  Qubit systems Inc. 2003

Logger Pro Vernier Software & Technogy USA

3 cm 9 c¢m
1h
0.33 L/min
60

1.3 oFoAE SRR ST

4
interburst period
burst period
DGC
DGCD  min BD min
IBD min IBD  DGCD K =1BD/DGCD
DGC Fie =10/ DGCD x 60 mHz CO,
BVco, pL CO, Rco, = BVeo,/
DGCD  pl/min CO,
CO, WRco,
= Reo,/M pls min™" g™
2 #RE55
2.1 CFEBEX LIRS
1 4 CO,

1 4



156 Acta Entomologica Sinica 49

CO, CO, 3 DGCD
K  BVeco, 3
40 min DGC BVco, Rco,
2 DGC
3 9 3 DGCD IBD BD
4 11 3 K
DGC 3 DGC BVeo,
1 Reo, WRco, 3
WRco,
_ K8k P. americanal DGC | _
£ 150 g WBEK R P. brunnea
£, m—t—n— £, 73
318 12.0 25 6.0
g 00 Wg 45
B3 60 BE 39
wE 3.0 wE 1.5
ONON K ONON .
©C 0.0 ‘ ' ©O 00 : ' ‘
0 10 20 30 40 0 10 20 30 40
Af Ml Time (min) AF M Time (min)
'g B KUK P. australasiae -g PEE /MR B. germanica
£, So 20
EX I EY. 1.5
=®§ 40 BE 10
(2T 50 T 05
Q0 QQ
% 00 ‘ : : . OC g0 : . -
0 10 20 30 40 0 10 20 30 40
if A Time (min) Hf A Time (min)
1 4 CO,
Fig. 1 CO, release rate in breath in four species of cockroaches
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Table 1 Respiratory characteristics of discontinuous gas exchange cycle in four species of cockroaches
Variable P. americana P. brunnea P. australasiae B. germanica
M Body weight g 1.05+0.21 0.76 £0.04 0.65+0.05 0.05+0.00
DGC Number of DGCs 49 40 40 55
DGC DGCD DGC duration min 24.55+8.82 a 11.67+1.95b 10.75+2.41b 4.41+£1.27 ¢
BD Burst duration min 10.09+2.88 a 7.24£1.07 b 6.79+1.24 b 2.19+£0.40 ¢
IBD Interburst duration min 14.46£6.74 a 4.43+1.57b 3.96+1.88b 2.22+1.09 ¢
K = IBD/DGCD 0.57+0.11 a 0.37+0.09 b 0.36+0.10 b 0.48+0.12 ¢
DGC FDGC DGC frequency mHz 0.79+0.32 a 1.47+0.25b 1.61+0.29 b 4.08+1.09 ¢
CO, BVeo, 39.83+14.07 a 22.26+7.31b 17.38+7.36 ¢ 1.89+0.80 d
CO, release volume of burst period pL
CO, Rco, 1.72+0.69 ab 1.91£0.54 a 1.58+0.43 b 0.45+£0.22 ¢
CO, release rate pL/min
€O, WRco, 1.70+0.71 a 2.52+0.67 a 2.43+0.61 a 9.43+4.81b
CO; release rate per body weight pl: min™" g~!
+ 0.05 Duncan

Data in the table are mean + SD. The data with different letters in the same row means significant difference at 0.05 level in four species of cockroaches with

Duncan’ s multiple range test.
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Fig. 2 Relationships between DGC duration and the
durations of interburst period A and burst period
B in four species of cockroaches
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