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ABSTRACT

This study was conducted to develop temperature-driven models for a
population model of turnip aphid, Lipaphis erysimi: nymphal development rate
models and apterious adult’s oviposition (larviparous) model. Nymphal
development and the longevity and fecundity of adults were examined on
cabbage at six constant temperatures (10, 15, 20, 25, 30, 35£1°C, 16L:8D). L.
erysimi nymphs did not survive at 10C. Development time of nymphs
increased with increasing temperature up to 30C and thereafter slightly
decreased, ranging from 185 d at 15C to 59 d at 30C. The lower threshold
temperature and thermal constant were estimated as 7.9C and 126.3 degree
days, respectively. The nonlinear model of Lactin 2 fitted well for the
relationship between the development rate and temperature of small (1+2
instar), large (3+4 instar) and total nymph (all instars). The Weibull function
provided a good fit for the distribution of development times of each stage.
Temperature affected the longevity and fecundity of L. erysimi. Adult
longevity decreased as the temperature increased and ranged from 24.4 d at
20°C to 164 d at 30.0°C with abnormal longevity 18.2 d at 15°C, which was
used to estimate adult aging rate model for the calculation of adult
physiological age. L. erysimi showed a maximum fecundity of 91.6 eggs per
female at 20°C. In this study, we provided three temperature-dependent
components for an oviposition model of L. erysimi: total fecundity,
age-specific cumulative oviposition rate, and age-specific survival rate.

Additionally, the climate adaptation and annual multiplication ability of L.
erysimi were evaluated using the parameters of life table according to RCP
8.5 climate scenario. The optimal temperature (Toy) of L. erysimi was
regarded as the temperature at which the intrinsic rate of natural increase
(rm) reached a maximum. And then the term of TSM (thermal safety margin)

was defined as difference between Toy and Tha (habitat temperature), which



indicates the tolerance range of r, with increasing temperature. TSM showed
positive value untill 2100 along RCP 85 climate scenario, indicating the
populations of L. erysimi increase continuously.

The relationship between the completion rate of generation time (1/generation
time) and temperature provided a lower threshold temperature for population
development and annual generations. According to the increase of
temperature, the first occurrence date was advanced, and the number of
generation increased gradually. In conclusion, L. erysimi is predicted to
increase by global warming in Korea except of some regions, expecially

largely in spring and autumn seasons.
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Table 1. Survival rate (%) of Lipaphis erysimi at constant temperatures in the laboratory

Temperature ) i : ) 1
C) 1st instar Z2nd instar 3rd instar 4th instar Total
10 36.0 59.6 20.0 0.0 0.0
15 62.1 72.2 100.0 100.0 44.8
20 93.1 92.6 96.0 100.0 82.8
25 90.0 77.9 100.0 100.0 70.0
30 85.2 82.6 100.0 100.0 70.4
35 66.7 95.6 50.0 60.0 11.1

' Survival rate during nymphal period.
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Table 2. Developmental period days, (MeantSD) for nymphal stages of Lipaphis erysimi at constant temperatures in the

laboratory
Stage

Temperature
() n 1st instar n 2nd instar n 3rd instar n 4th instar n Total nymph
10 9 64 +246d" 5 112 +368d 1 55 0 - 0 -
15 18 42 + 1.87c 13 49 + 1.15¢ 13 41 + 0.89c 13 4.8 + 0.66d 13 185 £ 2.59¢
20 27 2.7 £ 0.75b 25 3.0 £ 0.80b 24 2.6 £ 0.50b 19 2.8 £ 0.34ab 19 10.5 + 0.81b
25 27 1.9 + 0.88ab 21 1.7 + 0.49a 21 1.6 + 0.44a 21 1.7 £ 0.44c 21 71 £ 1.27a
30 23 1.5 + 0.60a 19 1.6 + 0.68a 19 1.3 + 0.30a 19 1.3 + 0.38bc 19 5.9 + 0.83a
35 18 1.4 + 0.58a 10 2.3 £ 1.03a 5 2.1 £ 1.64ab 3 3.3 + 1.53a 3 7.7 + 2.8%

' Means with same letters are not significantly different by Tukey’'s HSD test (GLM) at P = 0.05.

2 . .
No survived instar.
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Table 3. Adult longevity and fecundity of Lipaphis erysimi at constant temperature (MeantSD)

Temperature

Longevity

Fecundity

) n (days) (days) Nymphs/female/day
15 13 182 + 3.82ab’ 27.8 + 10.83a 15 = 0.5a
20 19 244 + 6.54c 91.6 £ 21.53b 3.8 + 0.57b
25 21 21.0 £ 3.49bc 75.8 £ 28.38b 3.7 + 1.34b
30 19 164 + 3.28a 29.8 + 20.74a 19 + 142a

' Means with same letters are not significantly different by Tukey’'s HSD test (GLM) at P = 0.05.
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Table 4. Estimated parameters of a linear regression model for nymphal and total immature stages

of Lipaphis erysimi

Regression
Low-threshold Thermal constant,

Stage

_ ) temp, DT DD
Equation R
1+2 instar y = 0.0141x - 0.1040 0.98 7.4 70.8
3+4 instar y = 0.0183x - 0.1658 0.99 9.0 54.5
Nymph y = 0.0079x - 0.06268 0.99 79 126.3
Nymph based on previous

y = 0.0122x - 0.1056 0.79 8.6 81.7

reports
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Table 5. Estimated parameter values (+ SEM) for nymphal development model of development time of Lipaphis erysimi

Stage p Trnax A A R
1+2 instar
0.1020 = 0.02887 41.0900 £ 2.52573 9.6364 + 2.52311 -0.1090 £ 0.12989 0.99
3+4 instar
0.1581 = 0.00759 36.5936 £ 0.18849 6.3038 + 0.29707 -0.0070 £ 0.01897 0.99
Nymph
0.1522 + 0.03853 375746 + 1.25250 6.5625 + 1.64747 0.0072 + 0.04007 0.99
Nymph based on
0.1036 = 0.01594 38.4152 + 0.98782 9.5021 + 1.36104 -0.0995 + 0.05735 0.91

previous reports
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Table 6. Estimated parameter values (+SEM) for nymphal distribution model of development time of Lipaphis erysimi

Stage n B y R
1+2 instar 0.3676 + 0.13274 3.0040 = 0.78226 0.6451 + 0.13567 0.98
3+4 instar 0.6972 + 0.03826 1.7992 £ 0.37233 0.2749 + 0.04326 0.97

Nymph 0.5101 + 0.22385 3.9366 + 2.00972 0.5037 + 0.22095 0.95

_21_



> 035, A & 040, p
=] =]
E 0.30 4 E 0.35 4
€L €L
£ 025 £ 0.30
= — 025
£ 020 I
< S 020
g "] E 015 * Observed
o 0.10 # Observed o —  Estimated
e ——— Estimated @ 0.10 3
@ @
0.05 . . . . 0.05 . : : .
(m} (m}
15 20 25 30 35 15 20 25 30 35
Temperature(C) Temperature( T )
& 020, C & 025 D *+ Observed
T 018 D Estimated
= = 020
o 016 ©
B 014 2 ois
*E 0.12 | *E
E 0.10 E 0.10
_g' 0.08 4 ® Observed g' 0.05
@ 0.06 —— Estimated °
& o044 . ; . . & 0.00
15 20 25 30 35 0 10 20 30 40
Temperature(C) Temperature(C)

Fig. 1. Developmental rate (1/days) curve for each developmental stage of
Lipaphis erysimi at constant temperatures. A: small nymph (1+2 instar), B:
large nymph (3+4 instar), C: nymph (all instar), and D: nymph (previous

reports combined, see Table 8 for details)
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Fig. 2. Cumulative proportions for the development completion time of Lipaphis erysimi nymphs as a function of the

physiological ages.
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Table 7. Estimated parameter values for the adult aging rate,
temperature—-dependent total fecundity, age—specific oviposition rate, and

age-specific survival rate of Lipaphis erysimi

Model Parameter Estimated SEM R?
Adult aging rate a 0.0024 0.00027
Present _ 0.97
Study (I/longevity) b 00102 0.00632
Total ® 95.3318 4.80253
Fecundity e 20.9891 0.30937 0.99
K 4.7458 0.29509
Age-specific a 10898 0.00963
oviposition rate 091
(Weibull function) b 23620 0.37168
Age-specific y 1.0295  0.00674
survival rate 0.98
(Sigmoid) S5 -0.1391 0.00616
Based on Adult aging rate a 0.0045 0.00094 0.8
previous reports (1/longevity)
b -0.0188  0.02203
Total ® 80.9237 5.84829 0.89
t
o ¢ 195778 0.29416
Fecundity
K 4.3392 0.33925
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Fig. 3. Component models for oviposition model of Lipaphis erysimi, A =
adult aging rate, B = temperature-dependent total fecundity, C = age-specific

cumulative oviposition rate, and D = age-specific survival rate.
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reports comparing with present study.
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Table 8. Temperature-dependent development data of Lipaphis erysimi and source references in previous studies

Temperature Nymph Longevity Fecundity Host plant Country Reference
() (days) (days)
6.1 0 18.8 0 Chinese cabbage China Liu (1991)
8.3 42.8 27.1 0 Chinese cabbage China Liu (1991)
11 25.8 26.7 5.6 Chinese cabbage China Liu (1991)
14.3 14.2 19.2 30.1 Chinese cabbage China Liu (1991)
15 13.9 25.3 525 Cabbage China, Chengdu Liu and Yue (2001)
15 16.9 47.8 35.7 Chinese cabbage Korea, Gwangju Kim et al. (2008)
16.9 11.6 14.6 42.6 Chinese cabbage China Liu (1991)
19.9 7.7 14.9 51.8 Chinese cabbage China Liu (1991)
20 6.8 21.3 90.8 Cabbage China, Chengdu Liu and Yue (2001)
20 7.9 32.7 80.6 Chinese cabbage Korea, Gwangju Kim et al. (2008)
22.4 5.8 11.9 65.4 Chinese cabbage China Liu (1991)
24.3 4.3 7.8 52.7 Chinese kale Pakistan, Islamabad Amjad (1999)
24.3 3.8 11.7 58 Leaf mustard Pakistan, Islamabad Amjad (1999)
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Table 9. The estimated values for the table statistic of Lipaphis erysimi

1

GRR(j) RO(j) 1G) I'm(j) AGj) DT(j)
15T 20.77 10.62 28.83 0.0823 1.0858 8.41
20C 102.23 86.61 22.13 0.2000 1.2200 3.93
25T 75.76 51.00 16.35 0.2406 1.2720 2.88
30T 29.79 20.67 11.86 0.2567 1.2925 2.70

f GRR is the gross reproductive rate, Ro is the net reproductive rate, T is the generation time, rm is the intrinsic rate of
increase, A is the finite rate of increase, DT is the doubling time.
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Table 10. The changes of TSM values of Lipaphis erysimi

Rep 8.5 scenario Jeju Haenam Cheongju Daegwallyeong
Spring 14.5 159 154 16.9
2010 Summer 4 4.3 3.2 4.2
Fall 95 116 135 14.7
Spring 14.8 16.2 174 16.2
2020 Summer 3.6 3.6 4.4 3.4
Fall 10.2 12.3 15.2 139
Spring 14.1 154 16.6 20.2
2030 Summer 3 3 3.9 385
Fall 9.8 11.9 14.8 18.2
Spring 14.2 155 149 204
2040 Summer 2.3 2.2 15 7.8
Fall 94 114 12.3 179
Spring 135 14.7 16 195
2050 Summer 1.6 14 2.4 7.1
Fall 8.3 10.3 135 17.1
Spring 16.4 18.6 19.2 24.3
2060 Summer 4.2 4.2 3.2 9.3
Fall 3.2 4.2 4.4 10.6
Spring 119 134 14.8 18.2
2070 Summer 05 0.4 14 5.7
Fall 75 94 12.7 16.1
Spring 115 129 12.2 12.8
2080 Summer -0.1 -0.4 -1 -0.4
Fall 6.9 8.8 99 10.7
Spring 11.2 125 13.6 16.8
2090 Summer -0.7 -1 0 4.6
Fall 6.2 79 11 14.7
Spring 105 12 115 16.6
2100 Summer -1.3 -14 -2.4 3.8
Fall 56 7.8 9.3 14.3
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Table 11. The number of generation and active period of Lipaphis erysimi in relation to climate change in Jeju

Climate change The first occurrence

The last occurrence

Active period

date date Number of generation
Past 30 yr average April 5 Dec 14 253 13.2
1T rise March 27 Dec 21 269 144
2C rise March 17 Dec 25 283 15.7
37T rise March 7 Dec 25 293 16.9
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Fig 6. The changes in the overall fitness of Lipaphis erysimi with RCP 85 Climate Change Scenario
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