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Characteristics of reproductive dormancy in
overwintering adult female Kallima inachus

LIJing™ ZHOU Cheng-Li" SHILei”™ YAOJun LIAO Huai-Jian DU Ting

(Research Institute of Resources Insects, Chinese Academy of Forestry, Key Laboratory of Cultivating and

Utilization of Resources Insects of State Forestry Administration, Kunming 650224, China)

Abstract [Objectives] To investigate reproductive, overwintering dormancy, including the natural duration of dormancy
and its successive stages, to improve the conservation, artificial cultivation and utilization of wild populations of Kallima
inachus (Doyére, 1840). [Methods] The reproductive development of female adults in a semi-natural experimental
population in early summer was graded according to the degree of oocyte development. The stage of dormancy (i.e. diapause
or quiescence) was determined mainly by whether female adults in the early overwintering period resumed ovarian
development under suitable environmental conditions. The developmental status of overwintering females held in conditions

similar to the natural environment was inspected at regular intervals to determine the period of natural dormancy.
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Overwintering females were transferred to experimental conditions of 25 (L D=15 "9 and RH 70 %) at regular intervals

to determine when diapause was terminated, as indicated by the resumption of ovarian development. [Results] (1) 2-day-old

female adults developed oocytes with yolk in early summer, and all females had mature oocytes on the 14th day after eclosion.

There was a significant linear relationship between reproductive development and age that could be divided into four stages.
(2) After incubation for 12 days in conditions similar to that of the natural environment in early summer (25 ,L:D=15:9

and RH 70 %), 11 day-old overwintering adults that had eclosed in early October did not initiate reproductive development.

(3) Most ten-day-old female adults that had eclosed on September 8 became reproductively dormant when held under

semi-natural environmental conditions, although a few still continued reproductive development. All but one of the female

adults that eclosed on October 1 were reproductively dormant from mid-October to late December when held under semi-

natural environmental conditions but ovarian development began in some individuals in early January of the following year. (4)
Female adults could not resume reproductive development rapidly at 25 until mid to late December, but by late December

most individuals had resumed development at 25 , although a small number still showed no sign of ovarian development,

indicating individual differences in diapause intensity. [Conclusion] The overwintering, reproductive dormancy of K.

inachus is a typical diapause. While the majority of female adults in a semi-natural experimental population were

reproductively dormant from mid-September to late January, some individuals began ovarian development in early January.

Overwintering female adults were at the stage of diapause maintenance till the beginning of December, and gradually entered a

period of post-diapause quiescence from late December.
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Fig.1 The feeding method of Kallima inachus adults
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Fig. 2 The morphological characters of female internal reproductive organs of Kallima inachus
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Fig. 3 The standard for grading the reproductive development of female Kallima inachus
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Al
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A. Level 1: Having only transparent oocytes with no yolk deposition B. Level 2: Having immature oocytes with =

1/2 yolk deposition C. Level 3: Having immature oocytes with > 1/2 yolk deposition D. Level 4: Having mature oocytes.
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Table 1 Reproductive development process of directly developing female adults of Kallima inachus

Age

0 2 4 6 8 10 12 14 16

Development level — 1[9]  2[8]  2[8]  3[31/2[3]  3[6]  3[5]  4[21/3[3] 4[7] 4[6]

Number of individual 9 8 8 6 6 5 5 7 6
Average 1.00f 2.00e 2.00e 2.50+0.22d 3.00c 3.00c 3.40+0.24b 4.00a 4.00 a
2- 4
T

#: Bold numbers before square brackets represent the level of oocyte development, numbers in brackets indicate the number
of individual at the developmental level (The same for table 2-table4); : The day of eclosion; : Data are shown as

weighted average == standard error, and followed by the same letters in a row indicate no significant difference.
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Fig. 4 Correlational curve of reproductive 3 8
developmental process of directly developing female 10 1
Kallima inachus with the age of adults
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Table 2 Reproductive development of female overwintering adults of Kallima inachus under suitable conditions

Age
Eclosion 12 14 16 18 20 22 24
date
9.8 4[11/2[1)/ AB3ALT] 4[11/3[11/  4[1)/2[1)  4[1)/2[2)  4[2)/3[1)/  4[1)/3[1)/
Development level 1[8] 2[1)/117] 1[8] 1[7] 2[1)/1[6]  2[4)/1[4]
o 10 10 10 10 10 10 10
Number of individual
Average 1.40+£0.31 1.90+0.46 1.60+0.34 1.40+0.31 1.50+0.31 1.90+0.41 1.90+0.31
10-1 1[10] 1[11] 1[12] 1[10] 1[10] 1[10] 1[10]
Development level
1 1 1 1 1 1 1
Number of individual 0 0 0 0 0 0 0
Average 1.00 1.00 1.00 1.00 1.00 1.00 1.00
9 8 9 18 25 10 1 10 12
25 “ct””

: Adults eclosed on September 8, arrived in Kunming on September 18, and incubated at 25
Adults eclosed on October 1, arrived in Kunming on October 12, and incubated at 25

from September 19; #:

shown as weighted average * standard error.
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Fig.5 Comparison of reproductive
development between direct developmental and
overwintering female adults of Kallima inachus
under the same suitable conditions
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Table 3 Development status of oocytes in female overwintering adults of
Kallima inachus under semi-natural conditions

Anatomical date

9.18% 10.05% 10.12% 1026% 11.10® 11298 12.10% 12278 1.09°% 1.228

4121/1[8] 1[12] 1[11] 1[11] 1[10]  4[1]1[9] 1[10] 1[10] 2[1}/1[9] 2[1)/1]9]
Development level

o 10 12 11 11 10 10 10 10 10 10
Number of individual

Average 1.60+0.40 1.00 1.00 1.00 1.00 1.30+0.30 1.00 1.00 1.10+0.10 1.10+0.10

A 9 8 B 10 1 cey >3

A Adults eclosed on September 8; B: Adults eclosed on October 1; Data are shown as weighted average+tstandard error.

2. ]
B 0 —u— RH %Y Development level
g 1.8+
g
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o Danks 1987
] 147 L
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Fig. 6 Development status of oocytes in 10 1
female overwintering adults of Kallima inachus
under semi-natural conditions 10d 11 25
A 9 8 B 10 1 13 d 24
A: Adults eclosed on September 8;
B. Adults eclosed on October 1.
3 g
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Kostal 2006 Y. multistriata
2002

Fujita 2009 Noriyuki et al.
2011 /

Kostal 2006 Goehring and Oberhauser 2004
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Table 4 Developmental response of female adults of Kallima inachus to suitable
conditions within different periods during overwintering

/ d
Sample batch Anatomical date The adult age (d)/Feeding days Development level Number of individual Average
I 10.09 9/5 1[12] 12 1.00d
10.13 13/9 1[10] 10 1.00d
10.17 17/13 1[10] 10 1.00d
10.21 21/17 1[10] 10 1.00d
1° 10.30 30/5 1[10] 10 1.00d
11.03 34/9 1[10] 10 1.00d
11.07 38/13 1[11] 11 1.00d
¢ 11.14 45/5 1[11] 11 1.00d
11.18 49/9 1[10] 10 1.00d
11.22 53/13 1[12] 12 1.00d
P 12.03 64/5 1[10] 10 1.00d
12.07 68/9 4[21/1[9] 11 1.55+0.38 cd
12.10 71/12 1[10] 10 1.00d
% 12.15 76/5 1[10] 10 1.00d
12.19 80/9 1[10] 10 1.00d
12.23 84/13 1[11] 11 1.00d
vIf 12.31 92/5 4[11/2[4]/1[5] 10 1.70+0.30 cd
1.04 96/9 4[21/3[2]/2[1]1/1[2] 7 2.57+0.48 ab
1.08 100/13 4[21/3[11/2[31/1[2] 8 2.38+0.42 ab
G 1.13 105/5 3[31/2[4]/1[3] 10 2.00+0.26 be
1.17 109/9 4[31/3[1]/2[21/1[1] 7 2.86+0.46 a
1.21 113/13 4[41/3[2]/2[21/1[1] 9 3.00+0.37 a
vt 1.25 117/4 3[21/2[3)/1[5] 10 1.70+0.26 cd
1.29 12177 4[11/3[312[51/1[1] 10 2.50+0.27 ab
2.02 125/11 4[41/3[11/2[4]1/1[1] 10 2.80+0.36 a
A 2017 9 30 2017 10 3 4 i 10 25 ¢
19 b 11 29 . 12 9 F 12 26 N 1 8
" 121 “7

A: Adults eclosed on September 30, 2017 (The same hereinafter), expressed on October 3 arrived at the laboratory on October

4; B Adults arrived on October 25; ©: Adults arrived on November 9; °: Adults arrived on November 29; £: Adults arrived on

December 9; F: Adults arrived on December 26; S: Adults arrived on January 8, 2018; H. Adults arrived on January 21, 2018;
: Data are shown as weighted average==standard error.

/

Mansingh 1971
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Fig. 7 Developmental response of female adults of Kallima inachus to suitable
conditions within different periods during overwintering
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