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ABSTRACT 
 
 Population parameters of Tropinota squalida were estimated by using methodology of life and fertility 
tables. Based on this study, it was revealed that the total immature stages, preoviposition and postoviposition 
periods and life cycle of T. squalida were significantly affected by different temperatures, where the duration of 
each developmental stage decreased with increasing temperature. The threshold of development, thermal units 
and the rates of development among different developmental stages were mainly determined by temperature 
changes. The optimum net reproductive rate as well as the intrinsic rate was detected at 20°C with respect to 
other tested temperatures. Moreover, the highest finite rate of increase was recorded at 20°C and the lowest 
value was detected at 25°C. The mean generation time decreased with increasing of tested temperatures.  
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Introduction 
 
 The scarabaeid hairy rose beetle, Tropinota squalida Scop (Coleoptera: Scarabaeidae) is considered a 
serious pest that attacks flowers of ornamentals, medicinal plants, fruit trees, vegetables and many wild plants, 
especially in the newly reclaimed areas.  
 The study of temperature parameters that affect T. squalida such as rate of development, threshold 
temperature (zero of development) and accumulation of heat units DD's (thermal constant) are particularly 
interesting for insects of economic importance to obtain a useful orientation for the prediction system of their 
population under field conditions. 
 Temperature is one of the main ecological environmental factors governing the biological process and the 
population density of insects. Therefore, forecasting is essential for the accurate scheduling when integrated 
pest control devises are considered. Such prediction strategy requires an understanding of the relationship 
between insect developmental rates and prevailing temperatures. The most widely used models are based on 
accumulated degree-days (DD's) and developmental rate (Gregg, 1981). 
 Life table parameters are essential when studying the relationship between temperature and the biology of 
insect species. From these parameters the net reproductive rate (R0), the mean generation time (Tc), the intrinsic 
rate of population (rm) and finite rate of increase (erm) which are regarded as the best available single description 
of the population growth rate of species under given conditions (Southwood, 1978). 
 The present work aims to evaluate the effect of different constant temperatures on the development of T. 
squalida and also to estimate life table parameters under laboratory conditions.The basic informations derived 
from the present study may be helpful during applying IPM programs for controlling T. squalida. 
 
Materials and Methods 
 
Rearing of Tropinota squalida: 
 
 T. squalida adults were collected from a reclaimed area, and reared under laboratory conditions according 
to Hedaya et al. (1996). 
 
Effect of different constant temperatures on some biological aspects of T. Squalida: 
 
 To determine the effect of different temperatures on some biological aspects of T. squalida, newly hatched 
larvae were taken from the laboratory stock culture, then transferred individually to plastic cups (5×10cm) 
embedded with soil (2cm height) and supplied with debris  and cattle manure for feeding and kept in incubators 
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each was adjusted for  one of the tested temperature (20, 25 or 30oC) till adult emergence, where this selected 
temperatures are simulate the prevailing temperatures  during the period from mid January to mid April. The 
duration of each larval instar, pupal stage, as well as female longevity and fecundity were calculated at each 
experimental temperature. The experiment was replicated 5 times. 
 
Estimation of development threshold and thermal units: 
 
 Larvae were maintained under laboratory conditions till adult emergence and laid eggs. The resulted eggs 
were divided into 3 groups, each group was incubated at each of the tested temperatures and the incubation 
period was calculated. The hatched larvae were reared at the same tested temperatures till pupation, then adult 
emergence. The larval and pupal durations and the adult longevity were calculated to estimate the rate of 
development, that is the percentage reciprocal of duration time of each stage in days. Also, the development 
threshold (t0) and thermal units (degree-days (DD’s)) required for complete development of each stage was 
calculated according to Campbell et al. (1974) as following:  
DD’s = d (t – t0)  
Where:  
DD’s= thermal units (day-degree) 
   DD= the developmental duration of a given developmental stage at constant temperature (t) 
   t0= threshold temp in degree centigrade 
 
Life table parameters: 
 
 Three groups of T. squalida females were used. Each group was divided into three subgroups each 
comprised 15 individuals, for each tested temperature. In order to construct the life table, the computer Basic 
program “Life 48” (Abou-Setta et al., 1986) was used.  
 To compare the impact of different temperatures on the population growth of T. squalida, the following 
population growth parameters were determined: the net reproductive increase (R0), the mean generation time 
(Tc), the intrinsic rate of increase (rm) and the finite rate of increase (erm) according to Birch (1948) and Silveira 
et al. (1976).  
 
Statistical analysis: 
 
 Data were subjected to analysis of variance (ANOVA) test through “SPSS” Computer program. Mean 
values were compared using Duncan’s Multiple Range test. 
 
Results: 
 
Effect of different constant temperatures on the duration of immature developmental stages: 
 
 Incubation period of T. squalida recorded at 30°C being significantly shorter than those recorded at 20 and 
25°C, respectively (Table 1) 
 The duration of larval stage was also affected with the degree of temperature. Data in table (1) show that, 
the duration of the 1st and 2nd larval instars being significantly different from each other at tested temperatures. 
The larval duration at 30°C, was significantly shorter than that recorded at 20 and 25°C. An opposite figure was 
observed for the 3rd larval instar, where its duration recorded at 30°C was insignificantly different from that 
recorded at 20 or 25°C.  
 There were significant differences between the durations of the total larval instar at 20, 25 and 30°C. At 
30°C, the larval development was faster by 1.5 and 1.3 times than that recorded at 20 and 25°C, respectively. 
 The duration of the pupal stage was significantly longer at 20°C than that recorded at 25 and 30°C. 
 Finally, there were significant differences between the duration of total immature stages at the tested 
temperatures (Table 1). 
 
Effect of different constant temperatures on the T. squalida females: 
 
 Results in table (2), indicate that within the preovipositon and the postoviposition periods there were 
significant differences according to  each tested temperature (20, 25 and 30oC), while at the oviposition period it 
was insignificantly different. 
 Longevity and life cycle of adult females as well as the female fecundity (average number of eggs laid per 
female) at 30oC were significantly more than those recorded at 20 and/or 25oC (Table 2).  
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 From the aforementioned results, it could be concluded that the present study assure that T. squalida takes 
longer developmental period at 20°C than the other two tested temperatures. The duration of the developmental 
immature stages (egg, larva and pupa) and the adult female are temperature dependent; i.e., the duration of each 
developmental stage decreased with increasing temperature or there is an inverse relationship between effective 
temperatures and stage duration. This finding is in accordance with Vera-Graziano et al. (2011) on 
Acanthoscelides obtectus and Rhodriguez and Miller (1999) on Hipodamia convergens. 
 
Table 1: Mean duration (in days) of different developmental stages of T. squalida under three constant temperatures. 

Temperature 
(ºC) 

Average period of different stages 
(in  days) 

Incubation 
Period 

Larval stage 
(in days) 

Total 
larval 

duration 

Pupa l 
Stage 

Total 
immature 
duration 1st 2nd 3rd 

20ºC 19.8±0.20a 20.8±1.20a 21.3±0.92a 33.4±0.60a 75.6± 2.68a 40.7±0.77a 136.1±2.01a 
25ºC 17.0±0.77b 15.9±1.27b 18.1±0.68b 30.2±0.80a 64.2± 3.37b 27.2± 0.92 b 108.4±1.42b 
30ºC 12.6±0.93c 8.2±0.58c 9.8±0.58c 29.8±2.20a 47.9±1.36c 25.1±0.81 b 85.6±3.12c 

F-value 26.347** 35.702** 63.555** 2.000 NS 28.559** 102.876** 121.334** 
Means in columns for each temperature followed with the same letter are not significantly different at 5% level of probability 
** = Highly significant   NS= Not significant 
 
Table 2: Longevity and fecundity of T. squalida female under the effect of three different constant temperatures. 

Temperature 
(°C) 

Mean duration in days  (±SE) 

Preoviposition Oviposition Postoviposition 
Total 

longevity 
 

Life cycle 

Average of 
No of egg 
deposited 

DailyMean 
no. of eggs 

/ female 
20°C 233.40±3.79a 49.40±1.33a 41.70±1.58a 324.9±0.67a 419.30±1.80a 32.70±0.89c 0.65±0.02b 
25°C 223.60±2.11b 48.50±0.71a 40.90±0.78a 313.00±2.65b 380.50±2.01b 35.90±1.03b 0.74±0.02b 
30°C 218.20±2.49b 46.90±1.17a 35.30±1.36b 300.40±2.80c 350.70±1.90c 48.50±0.55a 1.03±0.12a 

F-value 7.108** 1.329 NS 7.385** 29.458** 325.862** 97.358** 7.511** 
Means in columns for each temperature followed with the same letter are not significantly different at 5% level of probability 
** = Highly significant   NS= Not significant 

               
Developmental rates and heat summations of T. squalida under different constant temperatures: 
 
 Egg stage: The rate of embryo development was dependent on temperature. The percentage of egg 
hatchability was reaches its maximum at 25°C while the minimum value recorded at 30°C (Table 3). The 
estimated threshold of egg development (t0) was 2.5°C. On the other hand, the average of thermal units at 20, 25 
and 30°C, was 357.6 DD’s (Table 4).  
 The larval stage: The larval duration of T. squalida was shortened with the increase of temperature. 
Hence, the developmental rate of larvae increases. The threshold of larval development (t0) was estimated as 
2.7oC and the thermal units at 20, 25 and 30°C, with an average of 1352.7 DD’s (Table4). 
 The pupal stage: data in Table (3) show that the percentage of pupation and adult emergence reached their 
maximum at 25°C and decreased at 30°C. The duration of the pupal stage decreased by increasing temperature, 
on the other hand the rate of development was retarded at lower temperature. The estimated threshold of pupal 
development (t0) was 3.9°C, and the thermal units at 20, 25 and 30°C averaged 670.73 DD’s (Table 4). 
 Total immature stages: As in case of each developmental stage of T. squalida, the duration of total 
immature stage decreased with increasing temperatures from 20 to 30°C. The development rates on the other 
hand increased with increasing of temperature. The estimated threshold of development for total immature 
stages was 3.05°C.  The thermal units for the immature individuals as a whole also varied at the three tested 
temperatures with an average 2331.06 DD’s (Table 4). 
 From our results, it could be concluded that, the developmental rates, average threshold of development, 
and thermal units of T. squalida immature stages varied among the three tested temperatures. This appears to be 
mostly due to the difference in the range of temperatures. This finding were in accordance with that obtained by 
Kutuk and Yigit (2007) who found that the developmental rate was different for Delphstus catalinae reared on 
different temperatures. However, they found that the developmental threshold temperature during the period of 
larval eclosion to adult emergence appeared different at different temperatures. Similar results have been 
obtained by Kontodimas et al. (2007) who investigated the effect of 6 constant temperatures (20-35°C) on the 
development of immature stages of Nephus bisignatus; they found that the mean developmental rate as well as 
the degree-days varied for each developmental stage. 
 Accurate description of the relationship between temperature and developmental rate is essential to the 
formulation of phonological models. Recognizing this necessity, entomologists have made numerous attempts 
to develop realistic temperature development models for insects in order to predict the development of insect 
populations in the field (Li et al., 1995 and Wagner et al., 1985). 
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Table 3: Percentage of hatchability, Pupation and adult emergence of T. squalida at different constant temperatures. 
Temperature 

 
Hatchability 

(%) 
Pupation 

(%) 
Adult emergence 

(%) 
20oC 61.60 49.30 32.30 
25oC 66.58 51.80 41.20 
30oC 57.60 37.70 24.50 

 
Table 4: A summary of zero (threshold) of development and thermal units (DD’s) of the different developmental stages of T. Squalida at 

different constant temperatures. 
Tested parameters Egg stage Larval stage Pupal stage Total immature stages 

Zero of development (t0) 2.50 2.70 3.90 3.05 

Thermal units 
(Degree Days) at 

20°C 346.50 1307.90 655.27 2306.89 
25°C 382.50 1442.80 573.92 2379.38 
30°C 343.80 1307.70 783.00 2306.92 

Average thermal units 357.60 1352.70 670.73 2331.06 
(%) 

Rate of development 
 

20°C 5.10 1.30 2.50 0.73 
25°C 5.90 1.60 3.70 0.92 
30°C 7.90 2.10 4.00 1.17 

 
Life table parameters of T. squalida at different constant temperatures: 
 
 The highest intrinsic rate (rm) of T. squalida was recorded at 30°C (Table 5). The highest net reproductive 
rate (R0) value was recorded at 25°C, while the lowest value recorded at 30°C. On the other hand, the mean 
generation time (Tc) at 25°C was shorter than that at 20°C, while it was longer than that recorded at 30°C.  The 
lower value of finite rate of increase (erm) was obtained at 25°C. 
 Results in this study indicate that the generation time decrease with increasing temperature from 20 to 
30°C. Concerning the net reproductive rate as well as the intrinsic rate of T. squalida was optimum values at 
20°C in respect to other tested temperatures. Moreover, the highest finite rate of increase was recorded at 20°C 
and the lowest value represented at 25°C. Almost similar results have been recorded by Baskaram et al. (2006) 
on Scymnus coccivora, Hou and Weng (2010) on Octodonta nipae and Li et al. (1995) on Bombxy mori. 
 The insect development, survival and reproduction as well as their population growth depend largely on the 
prevailed natural conditions. Also the construction of ecological life tables appears to be useful tools to 
understand the population dynamics of insects under different conditions, as reported by Ruiz and Baker (2010) 
on Hypothenemus hampei.  
 
Table 5: Life table statistics of T. squalida reared at different constant temperatures. 

 
Temperature 

Life table parameters 

Intrinsic rate (rm) 
Net reproductive rate (R0) 

(female/female/egg) 
Generation time (Tc) 

(day) 
Finite rate of increase 

(erm) 
20°C 1.0465 30.555 326.749 1.0411 
25°C 0.0115 34.440 306.774 1.0110 
30°C 1.2259 28.937 274.507 1.0123 
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