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Quantitative Observation on the Behaviar of the Smoky Brown
Cockroach, Periplaneta fuliginosa (Serville): Presence at

Important Micro-habitats of Rearing Cages in the Laboratory

S R I
Tae-Soo Chen and Yeoung Seuk Park

Behavior of adult females of the smoky brown eockroach was observed for 10~15 days con-
tinuously by using computer and the automatic sensoring system. Under the light condition of
12L~12D), individual variations were generaily higher and the periodicity appeared less in
terms of the presence lime at the micro-habilats and the locomotary activity. The smoky
brown cockroach appeared 20.42, 11.50, 6.31 and 2.66% in a day in averages respectively at
the shelter and the places for other individuals, feeding and drinking. It stayed 20.29% in a
day at the shelter when food, water, and other individuals were not supplied. Visiting rates
were higher at the feeding and drinking places than at the other micro-habitats. The degree of
the lecomotory activity was relatively lower when food. water, and other individuals were not
suppiied than when they were supplied. The Principal Component Analysis (PCA) on the pres-
ence at the micro-habitats showed that the presence pattern for each mdividual appeared dif-
ferently (@ mode} while the different time zones were grouped to the phoiophase and
scotophase (R mode). When food, water, and other individuals were supplied the degree of
grouping was higher al the shelter than at the places far feeding and drinking. When the
activity and the presence time at the differenl micro-habitats were jointly analyzed by PCA,
the activily of the female smoky brown cockroach appeared in relation with the presence time
(%) at the places for feeding and other individuals.
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Fig. 1. A rearing cage{145 % 225mm) for the obser-
vation of the behavior of the female smoky brown
cockroach with sensors located at the micro-habi-
tats (shelter (S) and the places for feeding (F),
drinking (W) and other individuals (Q}), and the
positions for detecting locomotion(81, F1, W1 and
QL.
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Fig. 2. Sensoring system for detecling feeding (A)
and drinking {B) (vertical view). 1; bottom of Lhe
rearing cage, 2; guitar string (K1), 3; tin disk, 4;
aluminum sereen, %; 2v dec power supply, §; circuit
for delecting system, 7; computer(IBM PC), &;
food, 9, plastic tube (20 gauge), 10; syringe (1
ml), 11; copper wire {coverad with enamel).
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Table 1. Percents of the presence time and visiting rates (the number of visits per hour of
presence) for the female smoky brown cockroach at the different micro-habitats as time proceeded*

Presence( %)
S O
Day ES EN ES EN ¥ w
1st** 14.44(25.82) 18.37(31.97) 6.12(11.86) 11.00{24.08) 4.75(11.13) 3.76{11.80)
2nd-4th 21.04(28.48) 22.96(24.84) 12.23(17.32) 19.14(25.05) 4.42( 8,00) 3.51( 6.83)
5th-7th 20.78(20.78) 19.59(19.59) 12.56(12.58) 17.76(17.76) 8.79( 8,79) 2.28( 2.20)
§th-101h 19.44(19.44) 18.31(18.31) 9.71¢ 9.71)  14.77(14.77) 5.72( 6.33) 2.19C 1.97)
Average 20.4Z¢{22.90) 20.28(20.91) 11.50(13.20) 17.22(15.18} 6.31( 7.71} 2.66( 3.67)
Visiting rate
1si** 29.36(42.52) 19.1B(29.87) 59.15(100.82) 2b27(218.61) 84.42(143.16) 71.28(52.66)
2nd-4th 13.02(12.17) 18.68(24.04) 18.23( 17.74) 20.27(130.88) 71.72( 8B8.46) 45.87(54.70)
5th-7th 11.98¢11.98) 13.22(13.22) 13.54( 13.54) 10.25{1H0.00) 34.13( 34.13) 64.47(67.11)
8th-10th 10.06(10.96) 13.22(13.22) 15.24{ 15.24} 9.95{100.00) 53.15( 45.48) 58.90(54.34)
Average 11.99(11.70) 15.04(16.83) 15.67( 15.51) 13.49(110.29) 53.00( 57.36) 56.42(58.67)

* Values are means(standard deviations) of average presence time (%) of the individuals. Replication
numbers for ES (food, water, and other individuals were supplied), EN (food, water, and other individu-
als not supplied), F and W wers 20, 17, 15, and 16, respeciively. The abbreviations, S, F, W, and O, repre-
sent shelter and the places for food, water, and other individuals, respectively.

% % not included in calculating averages
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Table 2. Percents of the presence time and visiting rates for the female smoky brown
cockroach at the shelter at the different time zones®
ES5{n=20}
Phage** Presence(%) Visiling rate
MEAN SD Cvy MEAN 5D Cv
Photophase 1 21.85 18.83 1.27 14.14 8.18 0,97
2 24.79 21.58 1.19 11.82 9,77 1.07
3 24.55 22.45 1.26 14.00 5.92 1.02
4 22.74 21.62 1.18 15.84 12.50 0.91
Subaverage 23.48 21.12 1.23 13.95 10.09 0.99
Scotophase 1 18.69 18.37 1.24 13.85 11.07 1.04
2 19.58 21.22 1.28 12.54 10.18 1.04
3 20.08 20.87 1.28 1241 8.62 1.20
4 18.03 21.85 1.40 13.11 10.78 1.22
Subaverage 19.10 20.58 1.30 13.00 10.16 1.13
. Average 21.29 20.85 1.26 13.48 10.13 1.06
EN(n=17)

Photophase 1 23.58 25.09 1.04 15.60 11.39 0.88
2 21.29 22.08 1.13 12.03 8.81 0.89
3 256.02 22.46 1.16 10.68 8.27 0.99
4 20.52 19.59 1.13 15.31 10.07 0.85
Subaverage 22.60 22.31 1.11 13.40 064 0.90
Scotophase 1 23.27 18.62 1.25 13.02 13.08 0.99
2 19.53 19.68 1.29 11.25 13.60 0.95
3 15.64 19.26 1.23 15.66 18.585 1.06
4 15.73 18.51 1.27 17.15 26.66 1.00
Subaverage 18.54 19.02 1.26 14.27 17.97 1.00
Average 20.67 20.86 1.1§ 13.84 13.81 0.95

* ES; food, water, and other individuals supplied, EN; food, waier, and ather individuals not supplied, SD:
standard deviation, CV; coefficient of variance, n; replication number
% % The photophase 1, 2, 3 and 4 sequentially represent the 3 hour periods after Lhe light is on while the
scotophase 1, 2, 3, and 4 similarily designatle the 3 hour periods after the light is off.
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Fig. 3. Percents of the presence time at the shelter
for different individuals of the female smoky brown
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Table 3. Percents of the presence time and visiting rates at the different time zones for the female
smoky brown cockroach at the place where other individuals were located*

ES5(n=20)
Phase* Presence( %) Visiting rate
MEAN SD Ccv MEAN sD cv
Photophase 1 10.20 11.14 1.25 21.06 16.52 1.01
2 9.32 9.98 1.33 19.06 12.56 111
3 11.06 12.38 1.34 17.22 11.43 1.06
4 14.02 13.08 1.26 16.47 10.92 1.00
Subaverage 11.15 11.64 1.2% 18.45 12.87 LO4
Scotophase i 15.25 14.86 1.31 14.27 9.27 1.09
2 14.34 16.20 1.37 11.39 7.17 1.09
3 1241 13.24 1.45 11.95 8.68 1.20
4 5.96 13.34 1.47 1252 7.69 1.25
Subaverage 12.9% 14.41 1.40Q 12.53 8.20 1.16
Average 12.07 13.03 1.35 15.45 10.54 1.10
EN{n=17)
Photophase 1 14.43 16.81 L.20 18.84 22.88 1.02
2 18.30 20.38 1.21 9.15 7.33 1.00
3 14.67 17.51 1.19 0.77 9.684 1.00
4 12.22 13.91 1.28 13.67 12.95 1.07
Subaverage 14.91 17.15 1.22 12.86 13.25 1.02
Scotophase 1 14.05 14.61 1.17 28.13 65.37 1.07
2 17.63 16.82 1.18 15.05 23.58 0.98
3 16.72 21.19 1.20 92.93 7.02 1.06
4 15.58 15.07 1.30 21.83 37.84 1.14
Suiraverage 16.00 18.67 1.21 18.73 33.45 1.06
Average 15.45 17.91 1.22 15.80 23.35 1.04

*ES, food, water, and other individuals supplied, EN: [ood, water, and other individuals not supplied, SD;
standard deviation, CV; coefficient of variance, n; replication number
% % The photophase 1, 2, 3 and 4 sequentially represent the 3 hour pericds after the light is on while the
scotophase 1, 2, 3, and 4 similarily designate the 3 hour periods after the light is off.
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Fig. 4. PCA on different individuals of the female smoky brown cockroach with percents of presence time at
the different time zones atl the shelter and the place for other individuals. “a”, “h"”, “e”
[N

when food, waler, and other individuals were supplied while “c”,

and “I” are analyses
d”, “g” and “h” are analyses when not sup-
plied. Each number, 1 to 8, appeared in the R mode graphs designate photophase 1, 2, 3 and 4 and scotophase

1, 2, 3 and 4 respeclively.

Table 4. Percents of the presence time and visiting rates at the feeding and drinking places for
the female smoky brown cockroach at the different time zones™®

Feeding place{n=15)

Phase**

Presence( %)

Visiting rate

MEAN SD vV MEAN SD Cv
Photophase 1 6.41 10.86 1.21 48.29 58.76 1.21
2 6.61 9.07 1.39 58.39 b3.68 1.29
3 651 6.71 1.43 53.79 38.16 1.04
4 6.37 7.24 1.25 54.27 50.98 1.15
Subaverage 6.47 8.47 1.32 53.69 50.39 1.17
Scotophase 1 4.12 545 1.44 72.06 72.62 1.30
2 6.06 8.72 1.48 42.08 a7.26 1.19
3 5.64 701 1.40 47.07 50.93 1,18
4 3.98 6.32 1.36 70.33 57.99 1.24
Subaverage 4,95 6.87 1.42 57.89 57.20 1.23
Average 5.71 7.67 1.37 55.79 53.80 1.20
Drinking place{n=16)
Photophase 1 3.77 6.05 1.51 44.53 40.80 1.35
2 2.72 2.41 1.44 79.17 115.71 1.35
3 3.74 4,47 1.42 75.06 100.24 1.26
4 2.20 1.82 1.41 91.40 80.99 1.31
Subaverage a1l 3.69 1.45 72.54 84.44 1.31
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Scotophase L 2.50 3.62 144 53.02 44.14 1.18
2 2.68 4.99 1.43 51.56 43.38 1.24

3 2.35 4.35 1.53 62.63 £3.45 1.30

4 2.03 2.75 1.58 72.63 B2.41 141

Subaverage 2.39 3.93 1.50 59.96 58.35 1.28

Average 2.75 3.81 1.47 66.25 71.39 1.30

* SD; standard dewiation, CV; coefficient of variance, n; replication number
% % The photophase 1, 2, 3 and 4 sequentially represent the 3 hour pericds afier the light is on while Lhe
scotophase 1, 2, 3 and 4 similarily designate the 3 hour periods after the light 1s off.
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Fig. 5. Percents of the presence time at the feeding
and drinking places for different individuals of the
female smoky brown cockroach at the different time
zones. Values in the Y axis are percents of the pres-
ence time in averages. The umts in the X axis repre-
sent pholophase 1, 2, 3 and 4, and scotophase 1, 2, 3
and 4 sequentially [rom left to right (A; feeding,
B; drinking).
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Fig. 6. Presence at the feeding ant drinking places
by the female smoky brown cockroach (Y axis rep-
resents ON/OFF signals of the sensors located at
the feeding and drinking places while X axis slands
for the time sequence for 24 hours).
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Fig. 7. PCA on different individuals of the female
smoky brown cockroach with percents of the pres-
ence time at the different time zones at the feeding
and drinking places. Each number, 1 to B, appeared
in the R mode graphs designate photophase 1, 2, 3
and 4 and scotophase 1, 2, 3 and 4 respectively.
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Table 5. The total number of ON/OFF's detected

at the sensors located at S1, O1, F1, and W1 at

the different time zones*

ES(n=20)
Phasac** MEAN SD CvV
1 87.83 67.90 83.01
Phetophase 2 80.62 72.74 7622
a 8892 6490 91.36
4 83.20 64.42 78.26
subaverage 8514 67.49 8221
1 96.58 7545 9218
Scotophase Z 498,52  70.36  97.20
3 57.85 B0.31 R3.74
4 76.27 5580 7296
subaverage 9231 70.48 B6.52
Average 88.72 68.99 84.36
EN(n=17)
1 57.90 63.87 62.80
Photophase P 37.51 30.84 45.02
3 41.68 43.46 4353
4 56.06 B0.068 74.74
subaverage 48.20 5458 5652
i 43.37 40.88 48.28
Scotophase 2 40.98 42.69 4516
3 4733 4986 5777
4 57.86 95,80 84.27

subaverage 47.38 §57.35 58,87
Average 47.84 5597 57.69
% ES; food, water, and other individuals supplied,
EN; food, water, and other individuals not sup-
plhed, SD; standard deviation, CV; coefficient
of variance, n; replication number
* * The photophase 1, 2, 3 and 4 sequentially repre-
sent the 3 hour periods after the light is on
while the scotophase 1, 2, 3 and 4 similarily
designate the 3 hour periods after the light is
off.
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Fig. 8. Changes in the number of ON/OFF’s in
averages detected at the sensors located at 51, 01,
F1 and W1 at the different time zones as time pro-
ceeded. The 8 uruts within one day interval in the X
axis represent photophase 1, 2, 3 and 4, and
scotophase 1, 2, 3 and 4 sequeniially (ES; [ood,
water, and other individuals were supplied, EN;
{oad, water, and other individuals not supplied).
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Fig. 9. The number of ON/OFFs in averages de-
tected at the sensors located at 31, 01, F1 and W1
for different individuals of the female smoky brown
cackroach at the different time zones. Values in the
Y axis are percemts of the presence time in
averages. The units in the X axis represent
photophase 1, 2, 3 and 4, and scotophase 1, 2, 3 and
4 sequentially from left to right{A, food, water,
and ather individuals were supplied, B; food, water,
and other individuals not supplied).
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Fig. 11. PCA on different individuals of the Temale
smoky brown cockroach with percents of the pres-
ence time at the different micro-habitais and the lo-

i1

comotory activities at the different time zones. “a

and “b” are analyses when food, water, and other
individuals were supplied whie “c” and “d” are
analyses when not supplied (Numbers in b-1 and b-
2: 1; presence at S, 2; presence at O, 3; presence
at IV, 4} presence al W, and 5, movemeni measured
by ON/OFF's for detecting locomotion. Numbers in
d: 1; presence at S, 2; presence at O, and 3;
movement measured by ON/OFF’s for delecting lo-
comation}.
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