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 (Aphis craccivora Koch 1854) 

 (Leguminosae) 

 (Vigna sinensis Savi)  (V. 

sesquipedalis (L.) Fruw.)  (Arachis 

hypogaea L.)  (Medicago sativa L.) 

 (Entomological 

Society of America, ESA) 

cowpea aphid (Stoetzel and Miller, 

2001) groundnut aphid black 

legume aphid  (Tao, 

1990)

 

1999

 (Cullen, 2003)

 

(Mansour et al., 1982; Atiri et al., 1984; 

Macfoy and Dabrowski, 1984; Ombakho 

et al., 1987; Firempong, 1988; Billy et al., 

1995)  

 ( )  

*  

 

 (Vigna sesquipedalis (L.) Fruw.)  (Aphis craccivora 

Koch)  (10 15 20 25 30 35

12L: 12D) 

10 28.1 30 4.2 10~30

7.4 97.2 DD 

(day-degree) 15 42.2 35 6.2 15~25

82 ( /♀)  (r) 10 0.0437/ 30 oC

0.4330/  (λ) 10 1.0447/ 30 1.5419/ 25

 (R0) 97.1 ( /♀)  (T) 

10 41.1 35 8.3  
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 (V. sesquipedalis

) 

10

15

1.45  (αplus
 Petri dish) 

 

 

 

 (A. craccivora) 

2002 6

 (Phaseolus vulgaris L. 1 )

25 12L: 12D

 

 

 

1.  

 (10 15 20 25 30 35

12L 12D) 30

 

2.  

 (10~30 ) SAS REG 

procedure  (SAS 

Institute, 2000)

 (a)  (b)

 (Tb = -a/b) 

 (K = 1/b) (Kuo, 1991)  

 

 

1.  

 

2.  

SAS GLM procedure

Tukey

HSD (Tukey’s honestly significant dif- 

ference)  

(SAS Institute, 2000)

 

 

 

Chi (1997) 

TWOSEX

 (stage 

frequency distribution)  

(age-specific survivorship, lx)  

(age-specific fecundity, mx)  (net 

maternity value, vx)  (stable 

stage distribution)  (finite rate 

of increase, λ)  (intrinsic rate 

of increase, r)  (net reproductive 

rate, R0)  (mean generation 

time, T) Jackknife 

 (λ r R0 T)  (Chi, 1997)
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SAS GLM procedure Tukey

HSD

 (SAS Institute, 2000)  

 

 
 

 

 

10~30

35 30

10 28.1

30 4.2 35 4.7  

 (p < 0.01)

5.7 7.8 7.8

7.8 26.0 23.6 22.1

26.0 DD (day-degree)

7.4 97.2 DD  

35

ANOVA

 

(longevity: F5,186 = 124.90, p < 0.0001; 

fecundity: F5,186 = 241.13, p < 0.0001)

10 20.5 15~35

15

42.2 35 6.2

10 35

6.0 5.7

15~25 82

25 97.1 ( /♀) 

30 62.7 ( /♀)  

 

 

1. 

 

 

( ) 

 

 (lx)

 (mx)  (vx) 

100%

 
 

Table 1. Developmental times of immature Aphis craccivora reared on asparagus bean seedlings at various constant 
temperatures 

Developmental time (day) Temp. 
( ) 

n 1) 
1st instar 2nd instar 3rd instar 4th instar Total of immatures 

10 31 5.0 (2.2) 2) 7.2 (2.4) 7.0 (1.6) 9.0 (1.8) 28.1 (5.2) 
15 30 2.9 (1.2) 3.4 (0.9) 3.4 (0.9) 3.5 (0.9) 13.2 (2.4) 
20 32 1.9 (0.7) 2.3 (0.5) 2.2 (0.5) 2.7 (0.6) 9.0 (1.0) 
25 35 1.5 (0.5) 1.3 (0.5) 1.1 (0.3) 1.4 (0.5) 5.3 (0.7) 
30 30 1.0 (0.0) 1.0 (0.2) 1.0 (0.2) 1.2 (0.4) 4.2 (0.4) 
35 34 1.1 (0.2) 1.1 (0.2) 1.1 (0.4) 1.4 (0.6) 4.7 (0.6) 

1) n, sample size. 
2) SD, standard deviation. 
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30 35

10

lx 73 35 lx
13 10~35

27

34 19 13 11 6 50%

47 57 34 21

15 11 mx

25

12 10.31 ( /♀/ ) 

10 53 0.60 ( /♀/ ) 

24 13 9 5 5 5

10~35

67 65 40 27 21 11

mx 25 30

lx 27 21

mx 0.33

10-30  
Table 2. Thermal summation and low developmental threshold of different immature Aphis craccivora reared on 

asparagus bean seedlings at various temperatures (10 to 30 ) 

Instar Regression equation 1) 
Coefficient of 

determination R2 
F-value p-value 

Thermal 
summation 
K (DD) 2) 

Low developmental 
Threshold 
TD ( ) 

1st y = -0.21865 + 0.03848 x 0.9721 104.63 0.0020 26.0 5.7 
2nd y = -0.32907 + 0.04234 x 0.9764 124.07 0.0016 23.6 7.8 
3rd y = -0.35410 + 0.04553 x 0.9393  46.42 0.0065 22.1 7.8 
4th y = -0.29891 + 0.03840 x 0.9680  90.66 0.0025 26.0 7.8 

Total of 
immatures 

y = -0.07630 + 0.01029 x 0.9808 152.93 0.0011 97.2 7.4 

1) x, temperature; y, developmental rate. 
2) DD, day-degree. 
 
 

 
Table 3. Longevity and fecundity of adult Aphis craccivora reared on asparagus bean seedlings at various constant 

temperatures 
Temp. ( ) n 1) Longevity (day) Fecundity (offspring/♀) 

10 31 20.5 bc 3) (10.6) 2) 6.0 d (5.8) 
15 30 42.2 a (7.8) 86.4 ab (18.2) 
20 32 23.6 b (6.9) 82.2 b (20.6) 
25 35 16.4 c (4.0) 97.1 a (15.6) 
30 30 10.8 d (2.0) 62.7 c (17.5) 
35 34 6.2 e (1.5) 5.7 d (6.1) 

F 124.90 241.13 
df 5, 186 5, 186 
p 0.0001 0.0001 

1), 2) Same as in Table 1. 
3) Means in the same column followed by different letters significantly differ at p < 0.05 (Tukey's HSD test). 
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1 ( /♀/ ) lx mx vx vx

 ( )

30 19 mx  (4 /♀/

) lx  ( 19

lx  0.03 vx 0.12) 10

35 vx  

10

16%~25%

15~30

 
Fig. 1. Stage frequency distribution of Aphis craccivora reared on asparagus bean seedlings at various constant 

temperatures. (1~4, 1st to 4th instar; A, adult) 
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25 45.51%

 (10.19%~ 

16.07%) 35 30%

 

2.  

TWOSEX

Jackknife  

(standard deviation) 

 (λ: F5,186 = 160.65, p < 0.0001; r: F5,186 = 

 
Fig. 2. Age-specific survivorship (lx), age-specific fecundity (mx), and net maternity value (vx) of Aphis craccivora 

reared on asparagus bean seedlings at various constant temperatures. 
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150.76, p < 0.0001; R0: F5,186 = 241.15, p < 

0.0001; T: F5,186 = 390.33, p < 0.0001)

 (λ > 1 r > 0 R0 > 

1) λ r

10~30 25  (λ: 
1.5271/ , r: 0.4234/ ) 30  (λ: 1.5419/

, r: 0.4330/ ) R0 10

35 6.0

5.7 15 25 R0

86.4 97.1 ( /♀) 

T 25~35

8.3~10.8

10 41.1  

 

 
 

 

10~30

97.2 DD 7.4

Ma and Li (1997)

84.0 DD 7.7

Campbell et al. (1974) 80.0 DD 8.3

 

Kuo (1991)  (Myzus persica Sultzer) 

Kuo and Chiang (1999)  (A. 

nerii Boyer de Fonscolombe) 

 

10 35

25 97.1 (

/♀) Kuo (1991) 15~25

42 ( /♀) 

20

 

 

 

 

(Kuo, 1992)  (Kuo and Chiang, 

1999)  (A. gossypii Glover) (Liu et 

al., 2000)  

15~30

 

 
Table 4. Stable stage distribution of Aphis craccivora reared on asparagus bean seedlings at various constant 

temperatures 
Stable stage distribution (%) Temp. 

 1st instar 2nd instar 3rd instar 4th instar adult 
10 22.37 24.62 17.91 16.38 18.72 
15 38.76 26.71 15.67  8.57 10.29 
20 37.11 28.27 14.77  9.66 10.19 
25 45.51 22.74 11.61  9.06 11.07 
30 35.22 23.33 14.96 10.42 16.07 
35 22.27 17.84 15.29 14.60 30.00 
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( ) 

 

(Birch, 1948)

 (Hayakawa et al., 1990)

35

15 20

 (Price, 1997)  

 (Birch, 1948)

 (Tsai and Wang, 1999) 25 30

10

Annan et al. (1997) 

 

(24±4 40%~90% RH 14L: 10D) 

0.21~0.34 (/ )

22.6~39.7 ( /♀)

10.6~17.2 20 25 30

Annan et al. 

(1997) 

 

 
Table 5. Population parameters of Aphis craccivora reared on asparagus bean seedlings at various constant 

temperatures 

Temp. 
( ) 

Finite rate of 
increase 
λ (1/day) 

Intrinsic rate of 
increase 
r (1/day) 

Net reproductive rate 
R0 (offspring/♀) 

Mean generation time 
T (day) 

10 
1.0447 d 1) 
(0.0254) 2) 

0.0437 d 
(0.0244) 

6.0 d 
(5.8) 

41.1 a 
(7.8) 

15 
1.1954 c 
(0.0321) 

0.1785 c 
(0.0267) 

86.4 ab 
(18.2) 

25.0 b 
(3.4) 

20 
1.2909 b 
(0.0449) 

0.2553 b 
(0.0345) 

82.2 b 
(20.6) 

17.3 c 
(2.0) 

25 
1.5271 a 
(0.0563) 

0.4234 a 
(0.0368) 

97.1 a 
(15.6) 

10.8 d 
(1.1) 

30 
1.5419 a 
(0.0633) 

0.4330 a 
(0.0411) 

62.7 c 
(17.5) 

9.6 d 
(0.6) 

35 
1.2350 bc 
(0.1788) 

0.2111 bc 
(0.1463) 

5.7 d 
(6.1) 

8.3 d 
(1.3) 

F 160.65 150.76 241.15 390.33 
df 5, 186 5, 186 5, 186 5, 186 
p 0.0001 0.0001 0.0001 0.0001 

1) Values in the same column followed by different letters significantly differ at p < 0.05 (Tukey's HSD test). 
2) The standard deviation was estimated using the Jackknife method. 
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Development and Population Parameters of the Cowpea Aphid,
Aphid craccivora Koch (Hemoptera: Aphididae), at Various 
Constant Temperatures 
 
Mei-Hwa Kuo* and Chia-Yu Chen Department of Entomology, National Chung-Hsing University, 250, Kuo-Kuang Road, 

Taichung 402, Taiwan 

ABSTRACT 

In the laboratory, the development, longevity, fecundity, and population 
parameters of the cowpea aphid, Aphis craccivora Koch, were studied at six 
constant temperatures (10, 15, 20, 25, 30, and 35 ) on seedlings of the 
asparagus bean, Vigna sesquipedalis (L.) Fruw. Results showed that the 
developmental time of immatures was decreased shortened from 28.1 days at 
10  to 4.2 days at 30 . According to the linear regression analysis of 
development rate and temperature between 10 and 30 , overall immature 
development required 97.2 day-degrees above 7.4 . Adult longevity 
decreased from 42.2 days at 15  to 6.2 days with increasing temperature to 
35 , at which temperature the average progeny per female was more than 
82 individuals, up from 15 at 25 . The intrinsic rate of increase (r) and the 
finite rate of increase (λ) were the lowest at 10  (r = 0.0437/d, λ = 1.0447/d), 
and the highest at 30  (r = 0.4330/d, λ= 1.5419/d). The population reared at 
25  had the highest net reproductive rate (R0 = 97.1 offspring/female). The 
mean generation time (T) decreased as the temperature increased from 41.1 
days at 10  to 8.3 days at 35 . 

 
Key words: Aphis craccivora, population parameters, asparagus bean, 

temperature, development 
 
 




