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Effects of photoperiod and temperature on nymphal development and adult
reproduction in the forest-dwelling cockroach, Blattella germanica

ZHU Dao-Hong, LIU Shi-Da, ZHAO Lﬁ-Quan ( Laboratory of Entomology, College of Resource and Environment, Central South University of
Forestry and Technology, Changsha, Hunan 410004, China).Acta Ecologica Sinica ,2006,26(7) :2125 ~ 2132.

Abstract : Cockroaches are one of the most commonly used laboratory insects. However, few attempts have been made to describe
their life-cycle strategy. In this study, the environmental effects on nymphal development and adult reproduction were investigated
to understand the seasonal life-cycle strategy and its control mechanism of one forest-dwelling population of a nymphal-
overwintering cockroach, Blattella germanica, in Zhuzhou, Hunan (27°N).

Newly-hatched nymphs were reared at constant photoperiods LD 16:8, LD 14:10 or LD 12:12 h and 25°C. Nymphal
development was the fastest at LD 16:8 h, followed by LD 14:10 h, and the slowest at LD 12:12 h. Similar results were obtained
at 30C and 20°C. When nymphs were exposed to LD 16:8 h during the first 30 days and then transferred to LD 12:12 h at
259, adults emerged later than those reared continuously at LD 16:8 h and LD 12:12 h. At constant LD 16:8 h and LD 12:12
h the mean nymphal durations were (88.7 = 15.8) (mean + SD) and (195.1 + 53.6) days respectively, whereas those
transferred from LD 16:8h to LD 12:12 h adult emergence took 240.3 +29.3 days. However, in the reverse transfer, i.e. from
LD 12:12 to LD 16:8 h, made 30 days after hatching, the duration of nymphal development was dramatically shortened. Nymphs

matured almost simultaneously and developed faster than those kept at constant LD 12:12 h, the mean durations of nymphal
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development being 86.1 + 7.5 days. These results indicate that nymphal development was markedly influenced by the photoperiod
and the nymph of this species has a winter diapause that is induced and maintained by short days and terminated by long days.

Both photoperiod and temperature influenced the number of nymphal instars. The number of nymphal instars were 7, 8 and 9
at LD 16:8h, 14:10h and 12:12h under 25C and were 7, 7 and 9 at 30°C, 25°C and 20°C under long days. These results
indicate that this cockroach species varies the number of nymphal instars in response to photoperiod and temperature.

To examine how temperature would influence adult reproductive of this cockroach species, adults obtained at 25°C were
exposed tp 30°C, 25°C and 20°C in long days. The rate of surviving ootheca were 14.2% , 90.1% and 51.9% and the egg
numbers per ootheca were (2.7 +6.1), (35.8+7.8) and (20.5+16.1), at 30°C, 25%C and 20°C, respectively.

To determine the overwintering stages and the time of adult emergence in the field, head widths of nymphs and adults
collected from March through December were measured. Insects collected from September through next March showed a unimodal
pattern in head width distribution and were all nymphs, whereas those collected in May and July contained nymphs and adults,
indicating that they overwinter as nymphs and adults emerge in late Spring in Zhuzhou, Hunan.

Based on these observations and field-census data, it was suggested that this cockroach has a univoltine life-cycle
overwintering as diapause nymphs, and that the photoperiod and temperature response controlling nymphal development and the
number of nymphal instars might have evolved to adjust the timing of adult emergence and reproduction to the favorable season.

Key words: cockroach; diapause; instar; Blattella germanica ; photoperiod; life-cycle strategy
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Fig.1 Nymphal development and adult emergence in B. germanica at different photoperiod (A LD 16:8h; B LD 14:10h; C LD 12:12h) and 25°C

Closed symbols indicate nymphs, open circles indicate adults and Arabic numerals indicate times of molts; n =28 ~ 42
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Fig.2 Nymphal development and adult emergence in B. germanica at different photoperiod (A LD 16:8h; B LD 12:12h) and 30%C

Closed symbols indicate nymphs, open circles indicate adults and Arabic numerals indicate times of molts; n =36 ~ 42
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EREBAZH ERKB &G, EREAPNUERBRTLT ORBE (B 3).

FREREZH EAEIEAERERARMKEBRG T, EORHHMEASHENTEHET. B, 0AMY
IR B R & 78 B /s R B b RS RERE . E AL TR B L,

2.2 AL AHINTE R E T HE R

KRR R E B TIRE 25C LA LD 16:8h &M T ,183F 30d /5, % # E 25C.ID 12:12h Y
FUETHEFEFN , ERRTHEMEE, CENEMAD TR (B 4A), BR —HSMEEBILS 75 BRIEH
AR, RIS MEERLS 200 B EAF R P, HF RV ETHHH(240.3 £29.3)d(n =30) (B
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Fig.3 Nymphal development and adult emergence in B. germanica at different photoperiod (A LD 16:8h; B LD 12:12h) and 20C

Closed symbols indicate nymphs, open circles indicate adults and Arabic numerals indicate times of molts; n =32 ~ 48
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Fig.4 Effect of a photoperiodic shift from LD 16:8h to LD 12:12h (A) and LD 12:12h to LD 16:8h (B) at 25C at day 30 after hatching(open circles) on

bodyweight of B. germanica

Closed circles (LD 16:8h) and closed triangle (LD 12:12h) are the nymphal body weight of constant photoperiod . Error bars indicate SD; n =28 ~ 36
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Fig.5 Effect of a photoperiodic shift from LD 16:8h to LD 12:12h (A) and LD 12:12h to LD 16:8h (B) at 25°C at day 30 after hatching on nymphal

development and adult emergence of B. germanica

Closed symbols indicate nymphals, open circles indicate adults and Arabic numerals indicate times of molts; n = 28 ~ 36
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EHRFES LD 12: 120 WEREF ((195.1£53.6)d, n = 28) (B 1C) (Mann-Whitney U-test, p <0.001), [RIAYT,
MNEHFBRKAFERBE, ZRBNBRBSKAKEBRE, 7 M, BEAXEEDT 2 MR (B
5B), :
ERERFZW, EENMNEO AP RBEBTFRK AR, KARG TRELT , EHRXGTHEART
2.3 AR RERE W

w0 o JR S8 % A /N R R TR R TR ), U S Ak 6 R T X T 25°C BB LD 16:8h Bk LD 12:
12h AT RS, BETH=MAT A=A (E 1), EE/NE TR, =R E K% T
MR E RN EEA BRI, bR LD 16:8h F LD 12: 12h £ T, RAPHLES 1 MNBEERFTEH K
G=BRETH) 43 510 (13.6 £5.5)d F1(14.3 £3.6)d PN IR EETE B Z 1B1 2 55 H (=R R1B% ) 4 5114 (41.8 £ 5.3)dF0
(40.5 £9.1)d, K HR/RAMEH KX G TR =T =NEABHLEE2ER (s-test, p>0.05), AR, HAY
AW EE /DR R A,
2.4 1B AR E /N A R TR

FEE/NRIEH TR BRGNS RIBLS , S NBMZRE ., BEXE S, — Lg%,
LTI IR BE 2 40d Z AR A RERL , MBI R BB E IR B IR E R FE., 30C.25CH 20C 3 MRERMETH
FRBMIBRIERCRBEEINE) A8 14.3% (n=21)90.1% (n=22)F51.9% (n=27),25C&ETH
BRIEREER ,20CKZ I0CRK, B4 T2, FEBEZR (4 -test, p<0.05)(F 2), FH,BHT 34
BERG TR, IRA R E R ARNBEEARFTAEZSR,30C.25CH 20 CHIHK LY
GBI B (2.7+£6.1) (n=11).(35.8+7.8) (n=13)F1(20.5+16.1) (n=15), 58 IR B 25C R &,

20CKRZ,30CHRIE, ZFZRFEE B EEF (Tukey s-test, p <0.05),
£1 BCIEAXRMHE /DA R KEN MW %2 BEXNEBEDREHZTHOEM
Table 1 Effect of different photoperiods on adult reproduction of B. Table 2 Effect of different temperatures on development of ootheca in B.

germanica at 25°C germanica
I L% )
i"“ﬁﬂﬁ‘u‘%ﬁ F=En A B B 5P 35 5 L
XEH Time to start Interval between )i A Dog L. Egg numbers/ootheca
Temperature (C)  Surviving ootheca (%)
Photoperiod deposition two deposition Pairs of adults (mean + SD)
(mean+SD, d)  (meant SD, d) 30 14.3 (21)** 2.76.1(11)*
b b
16:8h 13.6£5.5" 41.8£5.3" 9 25 9.1 (22) 35.847.8(13)
20 51.9 (27)° 20.546.1(15)°
12i12h - 14.323.6 40.529.1 13 BENHFHHEAN ARG LR P BEATBEER(» >
*» RAEXFAYALEEEZR (ttest, p > 0.05) No significant  tests * Tukey’ s-test, p < 0.05) Numbers in parentheses indicate sample size;
difference was found between the two photoperiods ( ¢-test, p >0.05) Different superscript letters are significantly different by * Xz-test and* Tukey’

s-test (p <0.05)
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£ L5 % AR K [F] BT ,2003 Z 2004 4E5E/5 6 IR, BRI T T RB AR SR 48 T A E /Nl bR A, H L iR M AR
SITENE 6 Fan, 2003 £ 7T AREVAMNLIBENESLHA, FEANRBER, FELEMNER(H 6a),
2003 5 9 A %2 2004 4 3 A RENRE WL IFHE RS L4, 28058, H,2003 4 12 52004 4 3 A%
EXEHKLIBLHEZER (t-test, p>0.05) (& 6-¢), 2004 £ 5 A FTARENHRARE L LB LD (H 6f),
AR EENFENEERNBE 1ERE 1R, UBBRERBRE RV ETLE,
3 it

EREREFAETEE, FTEERKNPRZRERE, FEHLTR 1 MHARTE 2a WEKHE, K
APEREEAETEEEEENMEAT Y, AMENGEREDN, EE/DRKE R EZE S LR K
B, 2SCHBELRAT,IDI6:8h HRAFTHMR,ID 14:10h K2, D 12: R2hEREABT RS, SHAGTE
REFHEZEME (B 1), 30CH20CHBELRMAT,ID 12:2h ZRLXBFHEEST LD 16:8h(& 2. &
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Fig.6 Distribution in head width frequency of nymphs (closed bars) and adults (opened bars) of B. germanica collected
A:20034E7 A 9 H 9 Jul 2003(A);B:2003 429 A 7 H 7 Sep 2003 (B);C:2003 4E 10 A 4 B 4 Oct 2003(C); D:2003 4£ 12 A 18 B 18 Dec 2003
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