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Abstract 

German cockroach, Blattella germanica L., is one of the most health pests around the world. Development-

temperature relationship and temperature-dependent parameters of B. germanica were determined in present 

study. The experiment was conducted in the incubators with five constant air temperatures, 23℃, 28℃, 31℃, 

36℃, and 40℃. The photoperiod of 16 h light / 8 h dark and the relative humidity of 74%-76% were fixed for 

all incubators. Three replicates were set for each temperature. Based on linear regression equations, the 

estimated starting temperature for development of 1st to 5th instar nymphs of B. germanica is 14.26±3.157, 

13.70±2.284, 14.59±3.575, 16.58±2.398, and 18.47±1.442 ℃ , respectively. The estimated effective 

accumulated temperature of 1st to 5th instar nymphs is 99.18±19.68, 97.01±13.47, 92.06±21.17, 80.26±9.784, 

and 64.06±9.784 d℃ (day degrees), respectively. B. germanica had the highest survivorship and hatching rate, 

and the least instars for eclosion and hatching time, around 31℃, which is the optimum temperature range for 

development and survival of B. germanica. B. germanica could not survive at 40℃. Even at 36℃, all eclosed 

adults had vestigial wings and could not normally mate and reproduce. 

 

Keywords Blattella germanica; effective accumulated temperature; starting temperature for development; 

developmental rate; life table; survivorship. 

 

 

 

 

 

 

 

 

1 Introduction 

German cockroach, Blattella germanica L., is a species of one-quarter size of most cockroach adults. B. 

germanica reproduces rapidly. It may carry various pathogenic bacteria and virus in the body and transmit 

diseases by foraging foods in human residents. Diseases caused by cockroach include hepatitis B, bowel 

membrane inflammation, asthma, diarrhea, cold, etc. It is one of the most important health pests around the 

world.  B. germanica originated from Africa and distributes widely all over the world. In China, it can be 

found in most provinces and regions. So far, some ecological research has been conducted on cockroaches. 
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3 Results 

3.1 Developmental duration and developmental rate 

Developmental duration (N) and rate (V) of B. germanica under different temperatures are listed in Table 1. At 

40℃, all individuals of B. germanica died. 

 

Table 1 Developmental duration (N) and rate (V) of B. germanica under different temperatures. 

Instar 
23℃ 28℃ 31℃ 36℃ 

N (d) V (1/d) N (d) V (1/d) N (d) V (1/d) N (d) V (1/d) 

Egg N/A N/A 21.20±1.032 0.0472 15.85±1.875 0.0631 N/A N/A 

1st 12.48±3.115 0.0801 6.313±1.422 0.1584 5.845±1.752 0.1711 4.874±0.9460 0.2052 

2nd 11.26±3.714 0.0888 6.328±1.307 0.158 5.243±1.562 0.1907 4.676±1.605 0.2139 

3rd 12.11±5.414 0.0826 5.782±0.9560 0.1730 5.479±1.404 0.1825 4.762±1.701 0.2100 

4th 12.84±5.385 0.0779 6.509±1.671 0.1536 5.873±1.274 0.1703 6.000±2.194 0.1667 

5th 14.67±4.985 0.0682 6.280±1.720 0.1592 5.333±1.129 0.1875 7.050±2.782 0.1418 

6th 11.56±4.350 0.0865 6 0.1667 N/A N/A 8.400±5.039 0.1190 

7th 11.44±4.246 0.0874 N/A N/A  N/A N/A 12.00±8.185 0.0833 

At 40℃, all individuals of B. germanica died. 

 

 

  Fig. 1 Comparison of developmental rates between differenct stages under different temperatures. 

 

According to Table 1 and Fig. 1, the influences of temperature on the developmental rate of 1st-5th nymph 

instars are basically identical under the temperature between 28℃ and 31℃. At the higher temperature, the 

influences of temperature change considerably as nymph instars.  

3.2 Starting temperature for development and effective accumulated temperature 

According to Table 1, the developmental duration of each stage declines as the rise of temperature (Fig. 2). At 

the higher temperature, the duration of some stages, e.g., the developmental duration of 4th instar and 5th instar 

nymphs increases again. For these stages, the optimal temperature for surviving is less than 36℃. 
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Table 2 Starting temperature for development and effective accumulated temperature of B. germanica. 

Instar 
Starting temperature for 
development C 
℃ 

Effective accumulated 
temperature K 
℃ 

Regression equation between developmental 
rate V and temperature T 

1st 14.26±3.157 99.18±19.68 V = 0.009300T - 0.1220 (r² = 0.9270) 

2nd 13.70±2.284 97.01±13.47 V = 0.009700T - 0.1228 (r² = 0.9394) 

3rd 14.59±3.575 92.06±21.17 V= 0.009500T - 0.1173 (r² = 0.8715) 

4th 16.58±2.398 80.26±9.784 V = 0.01190T - 0.1918 (r² = 0.9563) 

5th 18.47±1.442 64.06±9.784 V = 0.01530T - 0.2787 (r² = 0.9772) 

 

 

Fig. 3 Changes of starting temperature for development and effective accumulated temperature as nymph instars.  

 

    As indicated in Table 2 and Fig. 3, generally the starting temperature for development increases as nymph 

instars. On the other hand, the effective accumulated temperature declines as nymph instars. 
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3.3 Life table, survivorship, hatching rate, and hatching time 

The life table of B. germanica is shown in Table 3.  

 

Table 3 Life table of B. germanica in different temperature. 

Instar 23℃ 28℃ 31℃ 36℃ 

1st 161 157 194 169 

2nd 63 83 116 103 

3rd 46 67 103 74 

4th 44 55 94 63 

5th 38 53 79+9 eclosion 55 

6th 33+4 eclosion 25+26 eclosion 24+54 eclosion 40+8 eclosion 

7th 16+17 eclosion 1+19eclosion 24eclosion 15+15 eclosion 

8th 9+7 eclosion 1eclosion  3+6eclosion 

9th 9 eclosion    

 

 

According to Table 3, we get the survival rates of different nymph instars, as indicated in Table 4. Table 4 

shows that the survivorship of B. germanica is the highest around 31℃.  

In the optimum range of temperature, i.e., around 31℃, most nymphs eclosed just after 6th instar or even 

after 5th instar. However, under the lower or higher temperature, most nymphs eclosed just after 7th instar or 

even 8th instar. 

 

 

Table 4 Survival rates of different nymph instars. 

Instar 23° 28° 31° 36° 

2nd 39.13% 52.86% 59.79% 60.94%

3rd 73.01% 80.72% 88.79% 71.84%

4th 95.65% 82.08% 91.26% 85.13%

5th 86.36% 96.36% 93.61% 87.30%

6th 97.36% 96.22% 98.86% 87.27%

7th 100.00% 90.19% 100.00% 79.16%

8th 100.00% 100.00% N/A 84.21%

Adult 100.00% N/A N/A N/A 

Total 22.98% 29.29% 44.84% 18.93%

 

 

     Hatching rate is higher and hatching time is shorter at temperature 31℃ than 28℃ (Fig. 4).  
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Fig. 4 Hatching rate and time under different temperatures.  

 

 

4 Discussion 

Normally, the optimum temperature for survival of B. germanica was considered as 28℃. Our work, however, 

found that 31℃ is more suitable than 28℃, in terms of developmental rate, survivorship, reproduction, etc. 

B. germanica does not adapt to the extreme high temperature. Our experiment found that under the 

temperature of 36℃, all eclosed adults have vestigial wings. Moreover, they could not mate and reproduce at 

the temperature, possibly due to lack of expression of some genes, or the expressed proteins cannot function in 

such a high temperature.  
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