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Abstract

The Madeira mealybug, Phenacoccus madeirensis Green (Hemiptera: Pseudococcidae), is a newly invasive pest in Taiwan.
Phenacoccus madeirensis has a wide host range and a short generation time, but knowledge of its life cycle is very limited. We
studied the effects of constant temperatures (15, 20, 25, 28, 30, 32 and 35°C), with 70% relative humidity and a 12L:12D
photoperiod, on the development, survival, and reproduction of Phenacoccus madeirensis reared on three representative host
plants, namely tomato (Lycopersicon esculentum, Solanaceae), mung bean (Vigna radiata, Fabaceae), and hairy beggartick (Bidens
pilosa, Asteraceae). Data of the two-sex life table were collected to estimate its population parameters. Phenacoccus madeirensis
reared on tomato leaves at 15 and 35°C and on mung bean leaves and hairy beggartick leaves at 35°C could not successfully
complete its life cycle. The mealybug had the fastest development of all stages on the three host plants at 30°C. The total
developmental periods of female mealybugs on tomato, mung bean, and hairy beggartick were about 25, 19, and 20 days,
respectively. Males took about 3-7 days longer to develop than females. The lowest mortalities on the three host plants were at 28,
25-30°C and 25-30°C, respectively. The mean longevity of P. madeirensis decreased with increasing temperature. The highest
fecundities were 67 eggs on tomato leaves at 30°C, 493 eggs on mung bean leaves at 28°C and 141 eggs on hairy beggartick leaves
at 25°C. Females reared at 28 and 32°C on tomato leaves laid empty ovisacs as did those at 32°C on mung bean leaves, and 30 and
32°C on hairy beggartick leaves. The highest net reproductive rate (RO) on tomato leaves was at 30°C, on mung bean leaves was at
28°C, and on hairy beggartick leaves was at 25°C. The highest intrinsic rates of natural increase (rm) were 0.0282, 0.0679, and 0.0229
respectively on tomato leaves and mung bean leaves at 30°C and on hairy beggartick leaves at 25°C. Accordingly, the shortest
doubling times (Dt) respectively on tomato and mung bean leaves were 24.6 and 10.2 days at 30°C, and 30.3 days on hairy
beggartick leaves at 25°C. Both males and females had the shortest mean generation time (T) at 30°C, being 28, 25, and 25 days for
the male and 40, 31, and 35 days for the female on the three plants, respectively. Thus, we concluded that the optimal temperature
range for P. madeirensis population growth was 25-30°C, and mung bean was the most suitable host plant among the three plants
tested. However, hairy beggartick might be the most important wild host plant for the completion of its life cycle year-round.
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Fig. 1. Cumulative mortality of the immature stages of Phenacoccus madeirensis reared on different plants at

various temperatures. (a) tomato leaf; (b) mung bean leaf; (c) hairy beggartick leaf.
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Table 1. Duration of egg and nymphal stages of Phenacoccus madeirensis reared on tomato leaves at various

temperatures
Duration (days)
Temp' st 1 nd ; rd 3 th s
) N Hgg ¥ 1% instar 2™ instar 3" instar 4" instar
5 % s + s + ) + £

33.61 9

1 % 3.03" ) ) ) ) )

2 10 16 20.89 20.36 17.50 20.60 11.56 4.90 20.50 10.80
(1.42) (8.12)  (5.56) (6.06) (2.68) (1.29) (5.20) (3.08)

95 o4 20 8.43 10.17 8.90 12.58 8.20 3.25 15.00 7.08
(0.50) 2.73)  (1.62) (4.22) (1.24) (0.61) (4.26) (1.84)

98 39 2% 7.33 6.82 6.39 8.13 5.35 2.61 8.12b 4.08
(0.48) (1.29) (142 (3.31) (1.73) (0.64) (3.48) (1.30)

30 34 20 6.32 6.41 6.30 6.15 4.40 2.56 7.65 3.65
0.72) (1.08)  (0.66) (1.74) (0.60) (0.79) (2.60) (1.10)

39 98 95 5.45 6.80 6.85 7.87 5.92 2.87 11.05 3.33
(0.50) 0.94)  (1.29) (2.39) (1.60) (0.52) (5.55) (1.11)
5.70 10.75 ¥

% i (0.46) (2.36) ] ] ) )

D Standard deviation.

)
) No individuals survived.

9 The sex could not be differentiated.

Y Data at 15 and 85°C were from the potato population, others were from the host plant.
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Table 2. Duration of egg and nymphal stages of Phenacoccus madeirensis reared on mung bean leaves at various

temperatures
Duration (days)
Temp. st ; nd : rd ; th
) N Fgg ¥ 1% instar 2™ instar 3™ instar 4" instar
3 ¥ 3 ¥ ) ¥ ) ¥ 3

29.53 43.20 ¥ %

15 174 (3.27)Y (15.97) ) ’ ) ) ’

2 31 43 18.30 13.61 12.89 11.15 8.43 3.94 8.68 11.25
(1.29) (1.54) (2.22) (1.87) (0.93) (0.66) (0.98) (2.41)

95 48 49 7.67 7.47 7.17 6.31 4.67 2.67 5.12 7.46
0.47) (1.20) (1.23) (1.03) (0.93) (0.56) 0.77) (1.25)

98 31 97 6.76 6.19 5.89 5.32 4.00 2.61 4.15 4.68
(0.55) (0.83) (0.93) (1.33) (0.83) (0.72) (0.91) (1.45)

30 7 55 5.93 5.27 5.20 4.44 3.45 2.19 3.84 4.40
(0.25) (0.48) (0.49) (0.66) (0.60) (0.81) (0.60) (0.96)

39 95 19 6.31 6.24 6.47 6.16 6.32 2.84 6.11 2.96
(1.01) (1.13) (0.90) (1.40) (2.94) (0.62) (3.18) (0.93)
5.81 6.43 6.94 5.93 4.75 2.78 5.93 3.42

3 40 16 (0.45) (1.30) (1.18) (1.95) (1.84) (0.73) (1.38) (1.18)

Footnotes are the same as in Table 1.
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Table 3. Duration of egg and nymphal stages of Phenacoccus madeirensis reared on hairy beggartick (Bidens pilosa)
at various temperatures

Duration (days)

Temp. st 5 nd ; rd th
) N Egg ¥ 1% instar 2" instar 3* instar 4" instar
8 ¥ ) t 8 t ) + 8

40.38 9

15 151 (1.80)" -

2 16 929 17.95 15.06 15.59 12.81 10.69 4.63 12.79 10.94
0.97) (2.11) (2.13) (2.64) (171  (1.3D (2.27) (2.02)

95 37 59 9.13 7.56 7.50 6.44 5.29 2.72 5.98 6.28
(0.65) 0.77) (1.04) (1.13) (@05  (0.57) (1.21) (1.28)

98 45 40 5.91 6.00 5.50 5.27 4.20 2.40 5.00 3.98
(0.59) (0.98) (0.85) (0.89)  (1.02)  (0.69) (0.99) (1.10)

30 35 35 5.75 6.00 5.69 4.77 3.80 2.80 4.26 2.46
(0.55) (1.06) (0.58) 0.37)  (0.83)  (0.63) (0.70) (0.70)

39 M 99 5.83 5.84 5.59 6.41 4.59 2.61 5.62 3.16
(0.65) (0.91) (0.80) (177 @53)  (0.58) 2.13) (1.01)

35 40 15 5.85 6.93 6.47 6.68 4.47 2.83 6.60 3.95

(0.52) (1.49) (1.19) (2.37) (1.30) 0.71) (2.13) (1.45)
Footnotes are the same as in Table 1.
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Table 4. Complete development of egg to adult of Phenacoccus madeirensis reared on three host plants at various

temperatures
Temp. Complete development (egg-adult; days)

) Male Female
Tomato Mung bean Hairy beggartick Tomato Mung bean Hairy beggartick

15 - - - - - -

920 78.39 £ 12.75A, 2V 5843 + 3.24C, a 61.39 +430C,a  70.45 £ 10.56B, a 48.07 £ 3.15D, a 57.02 + 3.95C, a
(n = 10) (n=31) (n =16) (n = 16) (n=43) (n = 29)

9% 4147 £ 6.10A, b 31.52 + 1.96B, b 32.10 £ 1.98B, b 40.73 + 4.50A, b 24.62 + 1.67D, be 2790 + 1.91C, b
(n=24) (n = 48) (n=237) (n = 20) (n=42) (n = 52)

98 2896 + 4.11A, ¢ 25,57 + 2.30B, ¢ 23.55 + 1.68C, d 27.09 £ 3.99A, ¢ 20.80 + 0.85C, d 20.61 + 1.29C, d
(n = 39) (n =31 (n = 45) (n = 26) (n=27) (n = 40)

30 25.06 + 2.61A, ¢ 22.23 + 0.92B, d 21.78 + 1.44B, d 24.77 + 2.65A, ¢ 18.42 + 0.77D, e 1949 £ 1.12C, d
(n = 34) (n=17) (n = 35) (n = 20) (n = 55) (n = 35)

3 2632 £ 259AB, ¢ 2451 + 1.89ABC, ¢  24.85 £ 2.66BC, d 28.40 £ 5.60A, ¢ 2520 + 5.74AB, b 21.40 £ 2.77C, cd
(n = 28) (n = 25) (n = 44) (n = 25) (n=19) (n =22

35 2424 + 2.29B, ¢ 26.38 £ 3.95A, ¢ 22.93 + 2.64B, cd 23.13 £ 3.18B, ¢

(n = 40) (n = 40) (n = 16) (n = 15)

U'Means in each row and column with same capital letter by capital and lowercase letter do not significantly

differ, respectively, at the 5% level by Scheffe’s S method.

Bl F G R VISR L » SRR IR
FHin L KEFHEETE (p < 0.05) « fE4[F
T L= E £ e R e 20
TT?&%Z o BEVERR N SR ARt B A 32
°C o WEMERIHIERAE 30°C o Z 2 M E
i i o R JTERAE 25 (p < 0.05) » 7
WM TH - BB AN EE EAEY) bz S R
B 30°C TR KHE. 291 » HLERIR S 1 HERE
HAEF s WEVE DT T N By AR AR TS R
SRR S PARE » HRB S LIEE &b
BRI o

AN[R] Vi L B Ay R T S8 AR A 11k
ZEINERE RIS BRI SEIN e
WG RB (p < 0.05) o fEARNRE T » LLIFl
AT EREPIRG - MEPERS 80°C T 7REgm]E 67.8
RIfSER % o DAk 5B B R R 3y AP -
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Table 5. Adult longevity of Phenacoccus madeirensis reared on three host plants at various temperatures

Longevity (days) (mean + S. D.)

Temp Male Female
© Tomato Mung bean be?g?:tyick Tomato Mung bean be?g?:t};ck
15 ) i i . . _ i
920 550 + 1.27a, A2 575+ 157a, A 594+ 191a, A  40.67 + 5.20a, A 26.63 £ 5.52a, B 34.93 £ 8.92a, A
(n =10) (n=31) (n = 16) (n =16) (n = 43) (n =29)
95 3.46 + 1.14b, A 3.83£+0.99b, A 3.83+1.03b,A 24711 7.73b, A 15.74 £ 2.99¢d, C  18.46 + 3.56¢, B
(n = 24) (n = 48) (n=37) (n = 20) (n = 42) (n = 52)
98 3.00 £ 0.87bc, A 3.42 £ 0.81bc, A 3.09 £ 1.04bc, A 23.40 + 4.60bc, A  18.22 £ 3.17hc, B 18.05 + 3.59¢, B
(n =39 (n = 31) (n = 45) (n = 26) (n=27) (n = 40)
30 265 +0.92bc, B 294+ 069, AB 323 £08lbc, A 1555 + 3.47d, A 12.95 £ 1.70d, B 15.43 + 4.27¢c, A
(n = 34) (n =117 (n = 35) (n = 20) (n = 55) (n = 35)
39 247 + 0.74c, A 2.72 £ 0.68¢c, A 270 £ 059, A  17.50 + 4.38cd, A 21.13 £ 6.49b, A 18.52 £ 2.75¢, A
(n = 28) (n = 25) (n = 44) (n =15) (n=19) (n = 22)
35 2.74 £ 0.76c, A 2.83 £ 0.90c, A 17.10 £ 2.81bc, A 25.33 £ 4.42b, A

(n = 40) (n = 40) ) (n = 16) (n = 15)
U No individuals successfully survived to adult.

? For each sex, means in each column and row with the same lowercase and capital letter, respectively, do not
significantly differ at the 5% level by Scheffe’s S method.
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S

B35 Townsend 2 (2000) % Chong %
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Table 6. Fecundity of Phenacoccus madeirensis reared on three host plants at various temperatures

i T R BE=REETRER F2ERENE

Fecundity (eggs/female)

Temp.
zzrél)p Tomato Mung bean Hairy beggartick
N Mean Range N Mean Range N Mean Range

15 - - - - - - - -

27.3a, BY 44  435.3ab, A 29 129.8a, B 45-278
20 6 (28.9)" 483 (137.6) 15-734 (58.5)

25.5a, C 42 475.5a, A 52 140.7a, B 30-292
25 14 (39.3) 1-159 (223.2) 91-978 (51.0)

48.2a, B 27  492.7a, A 40 106.3a, B 27-330
28 24 (40.4) 0-117 (173.3) 245-870 (74.21)

67.8a, B 55 264.9b, A 35 28.6b, B 0-121
30 20 (50.4) 9-205 (134.3) 40-645 29.9)

28.8a, A 19  20.8c, AB 22 1.7b, B 0-10
2.1 (36.7) 0-90 (32.7) 0-89 (3.0)
35 2 - 10 09 0 15 0 0

U Standard deviation.

? No individuals laid an ovisac.

3

)
)
) No eggs in an ovisac.
)

4

differ at the 5% level by Scheffe’s S method.

BH PRI LORAZIE - (HE & % T 3B R
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Means in each column and row with the same lowercase and capital letter, respectively, do not significantly
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Fig. 2. Percentage of ovisacs with eggs and empty ovisacs laid by female mealybugs reared on three host plants at
various temperatures. a. ovisacs without eggs; b. ovisacs with eggs.
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Table 7. Population parameters of Phenacoccus madeirensis reared on three host plants at various temperatures

based on a two-sex life table

Temp. Host N T

) plant 3 o n o R, I y) Dt (days)
To 2 j B i

15 Mb - - - -
To 11 16 83.9 108.7 13.9 0.0160 1.0161 43.3

20 Mb 31 43 64.2 74.17 213.9 0.0186 1.0188 37.3
Hb 16 29 67.3 91.9 61.3 0.0086 1.0086 80.6
To 24 20 44.5 63.9 13.1 0.0138 1.0139 50.2

25 Mb 48 42 35.4 40.4 224.4 0.0570 1.0587 12.2
Hb 37 52 36.0 46.4 71.0 0.0229 1.0232 30.3
To 39 24 32.0 50.6 24.6 0.0162 1.0163 42.8

28 Mb 31 27 29.0 39.3 248.0 0.0315 1.0320 22.0
Hb 45 40 27.6 38.7 53.2 0.0211 1.0213 32.9
To 34 20 27.7 40.3 33.9 0.0282 1.0286 24.6

30 Mb 77 55 25.2 314 124.3 0.0679 1.0702 10.2
Hb 35 35 25.0 34.9 144 0.0224 1.0227 30.9
To 28 15 28.8 44.7 144 0.0238 1.0241 29.1

32 Mb 25 19 27.2 42.7 104 0.0279 1.0283 24.8
Hb 44 22 27.6 39.9 0.8 0.0016 1.0016 433.2
To - - - - - -

35 Mb 38 10 27.0 39.6 0 0 0
Hb 40 15 29.2 485 0 0 0

U To, tomato; Mb, mung bean; Hb, hairy beggartick.
2 No eggs surviving to adult.
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Effects of Temperature and Host Plant on the Development
and Population Parameters of the Madeira Mealybug
(Phenacoccus madeirensis Green)

Yu-Chin Yeh*, Ruey-Ling Li and Chiou-Nan Chen

Department of Entomology, National Taiwan University, Taipei 106, Taiwan

ABSTRACT

The Madeira mealybug, Phenacoccus madeirensis Green (Hemiptera:
Pseudococcidae), is a newly invasive pest in Taiwan. Phenacoccus madeirensis
has a wide host range and a short generation time, but knowledge of its life
cycle is very limited. We studied the effects of constant temperatures (15, 20,
25, 28, 30, 32 and 35°C ), with 70% relative humidity and a 12L:12D
photoperiod, on the development, survival, and reproduction of Phenacoccus
madeirensis reared on three representative host plants, namely tomato
(Lycopersicon esculentum, Solanaceae), mung bean (Vigna radiata, Fabaceae),
and hairy beggartick (Bidens pilosa, Asteraceae). Data of the two-sex life
table were collected to estimate its population parameters. Phenacoccus
madeirensis reared on tomato leaves at 15 and 35°C and on mung bean
leaves and hairy beggartick leaves at 35°C could not successfully complete its
life cycle. The mealybug had the fastest development of all stages on the
three host plants at 30 C. The total developmental periods of female
mealybugs on tomato, mung bean, and hairy beggartick were about 25, 19,
and 20 days, respectively. Males took about 3-7 days longer to develop than
females. The lowest mortalities on the three host plants were at 28, 25-30°C
and 25-30°C, respectively. The mean longevity of P. madeirensis decreased
with increasing temperature. The highest fecundities were 67 eggs on tomato
leaves at 30°C, 493 eggs on mung bean leaves at 28°C and 141 eggs on hairy
beggartick leaves at 25°C. Females reared at 28 and 32°C on tomato leaves
laid empty ovisacs as did those at 32°C on mung bean leaves, and 30 and 32
‘C on hairy beggartick leaves. The highest net reproductive rate (R, on
tomato leaves was at 30°C, on mung bean leaves was at 28°C, and on hairy
beggartick leaves was at 25°C. The highest intrinsic rates of natural increase
(r,) were 0.0282, 0.0679, and 0.0229 respectively on tomato leaves and mung
bean leaves at 30°C and on hairy beggartick leaves at 25°C. Accordingly, the
shortest doubling times (Dt¢) respectively on tomato and mung bean leaves
were 24.6 and 10.2 days at 30°C, and 30.3 days on hairy beggartick leaves at
25°C. Both males and females had the shortest mean generation time (T) at
30°C, being 28, 25, and 25 days for the male and 40, 31, and 35 days for the
female on the three plants, respectively. Thus, we concluded that the optimal
temperature range for P. madeirensis population growth was 25-30°C, and
mung bean was the most suitable host plant among the three plants tested.
However, hairy beggartick might be the most important wild host plant for
the completion of its life cycle year-round.

Key words: Phenacoccus madeirensis, Hemiptera, two-sex life table,
population parameters
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