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The black blister beetle Meloe proscarabaeus wa s firstly recorded in Egypt 1970s. The current study was 
carried out to inve stigate the effect of different host plants on the adult performance parameters. Feeding 
on the pea Pisum sativum detrimentally affected the survival potential because 100% female mortality and 
80% male mortality were recorded. On the other hand, the lettuce Lactuca sativa was found suitable for the 
beetle survivorship. The longe st total longevity of both sexes wa s recorded after feeding on L. sativa but 
wa s remarkably shortened by feeding on the clover Trifolium alexandrinum. On comparing with the faba 
bean Vicia faba, a slight increa se in the body weight was e stimated for both sexes after feeding on T. 
alexandrinum but a slight decrease after feeding on L. sativa or P. sativum, during the pre-oviposition (or 
pre-copulation) period. A different trend was detected during the oviposition (or copulation) period. Feeding 
on T. alexandrinum induced the females to be more fecund but feeding on L. sativa deleteriously reduced 
the fecundity. Higher hatchability was estimated by mother feeding on T. alexandrinum but lower 
hatchability was found on L. sativa. 

 
Key words: ovarian maturation period, post-oviposition period, body weight, fecundity, egg-mass, fertility, Vicia faba, 
Trifolium alexandrinum, Lactuca sativa, Pisum sativum. 

 
 
INTRODUCTION 

 
The Meloidae is a beetle family with about 120 genera 
and 3000 species, primarily distributed in temperate 
steppic and arid regions, and in sub -tropical and tropical 
savannas or other open habitats. Thes e insects, 
commonly known as blister beetles and morphologically 
very heterogeneous are virtually cosmopolitan, absent 
only from New Zealand, Antarctica and most Polynesian 
islands (Bologna and Di Giulio, 2011). The bodily fluids of 
blister beetles contain the skin irritant cantharidin, giving 
the family its common name (Borror et al., 1989). When 
disturbed, meloid beetles will often purposely exude 
cantharidin-rich haemolymph from their leg joints (White, 
1983).  

In regard to insect-host plant interactions, it is very  
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useful to determine the influence of different host 
plants/cultivars on the performance of insect herbivores 
(Azidah and Sofian-Azirun, 2006; Saeed et al., 2009). 
Host plant quality is a key determinant of the fecundity of 
herbivorous insects. The egg production in phytophagous 
insects is related with the quality and quantity of food 
ingested (McCaffery, 1975; Manoharan et al., 1987). 
Components of host plant quality (such as carbon, 
nitrogen, and defensive metabolites) directly affect 
potential and achieved herbivore fecundity. A multitude of 
studies doc umented pronounc ed effects of diet quality 
and quantity on female reproductive output in insects and 
thereby on fitness (Willers et al., 1987; Braby and Jones, 
1995). Fitness, however, is composed of various components, 
such that determining individual fitness is a challenging 
enterprise. Frequently, traits such as fecundity and/or egg size 
are used as proxies for individual fitness (Braby and Jones, 
1995;    Bernardo ,     1996;   Caley et   al., 2001),    while 
studies     also   taking offspring   survival    into account appear 
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to be much rarer (Quickenden and Roemhild, 1969; 
Mevi-Schütz and Erhardt, 2003).  

Host plant quality also affects insect reproductive 
strategies: Egg size and quality, the allocation of 
resources to eggs, and the choice of oviposition sites 
may all be influenced by plant quality, as may egg or 
embryo resorption on poor-quality hosts (Caroline and 
Simon, 2002). Therefore, study of the influence of 
different host plants on the growth and development and 
fecundity of insects is very useful to understand host 
suitability of plant infesting insect species (Shahout et al., 
2011).  

The black blister (oil) beetle, Meloe proscarabaeus 
Linnaeus 1758. (Coleoptera: Meloidae) was firstly 
recorded in Egypt by Alfieri (1976). Then, it was recorded 
as an agricultural pest on different Egyptian crops, 
particularly the faba bean (Vicia faba), (Ali et al., 2005a, 
b). To our knowledge this beetle naturally occurs in El-
Farafra oasis (in western desert of Egypt near latitude 
27.06° North and longitude 27.97° East, at 580 km from 
Cairo) and may be occur in some other parts in the 
country. Evaluating the available literature indicates that 
the present study is the pioneer in the world, u nder 
controlled laboratory conditions, aiming to investigate the 
effects of different host plants, viz. faba bean Vicia faba, 
Egyptian clover Trifolium alexandrinum, lettuce Lactuca 
sativa and pea Pisum sativum, on the adult performance 
parameters of M. proscarabaeus. 
 
MATERIALS AND METHODS 
 
Experimental beetle 

 
The adult beetles of M. prpscarabaeus had been collected just 

after the emergence using pit-fall traps in bean and clover fields 

in El-Farafra oasis (Egypt). For maintaining a continuous culture 

under the laboratory conditions (23±2°C, 46±10% RH, 12L:12D 

photoperiod), much effort was done by feeding the first instar 

larvae (triungulins) on a diet containing bee honey and wax 

combs with clutches of honeybee, Apis mellifera (Hymenoptera: 

Apidae) or some egg-pods of the desert locust, Schistocerca 

gregaria (Orthoptera: Acrididae). In both trials, triungulins gave 

no interest in the diet until death. Therefore, the newly emerged 

adult beetles of both sexes (males have knee-shaped antennae 

while females have straight antennae) were collected from the 

faba bean and Egyptian clover fields in El-Farafra oasis and 

directly trans ferred to the laboratory. The adults were kept and 

fed on different host plants, faba bean Vicia faba (Fabaceae), 

Egyptian clover Trifolium alexandrinum (Leguminosae), pea 

Pisum sativum (Fabaceae) and lettuce Lactuca sativa 

(Asteraceae), separately. 
 
 
 
Adult performance parameters 

 
Just after    transportation  of the newly emerged adult 
females and males from the field to the laboratory, the 

 
 
 

 
beetles were assorted to female groups (10 
females/group) and male groups (10 males/group). Each 
of female groups male groups was allowed to feed on 
each of the four host plants. All beetles were provided 
every day with clean fresh plant food and carefully 
checked for recording the body weight along the whole 
longevity, as well as other following parameters. 
 
Survival potential 
 
Survival potential was indicated by the calculated means 
of mortality percent of adults. Mortality counting was 
begun a day after feeding. 
 
Adult longevity 

 
For both sexes, the longevity (in days) was measured 
through three compartments: pre-oviposition (for 
females) or pre-copulation (for males) period, 
reproductive life time (oviposition period for females and 
copulation period for males), and post-oviposition period 
for females. No post-copulation period of males could be 
meas ured because they continue to copulate until death. 
 
Fecundity 

 
After the sexual maturity, 10 mating pairs, one male with 
one female, were confined in suitable glass cylinders.  

Each mating pair was observed daily to count the laid 
eggs. It is important to report that each female usually 
lays one egg-mass. The egg laying was finished through 
some hours within a day. The female fecundity is 
estimated by the average number of laid eggs/ female 
(10 replicates/ host plant). As well as, the freshly laid 
egg-masses of these replicates were weighed in mg, and 
the dimensions of eggs (length × width) were measured 
in mm. 
 
Incubation period 

 
Under the laboratory conditions, the time interval from the 
day of oviposition to the day of hatching is considered as 
the "incubation period" which is calculated as an average 
period in days. 
 
Fertility 

 
Fertility was usually expressed in the hatching 
percentage of eggs. 
 
Statistical analysis of data 

 
Data obtained were calculated as mean ±SD and analyzed 

using the     Student t -distribution    and     were refined    by 

Bessel's      correction (Moroney,     1956)    for      testing     the 

significance     of     difference     between   means at probability 
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Table 1. Adult mortality (%) of black blister beetle, Meloe proscarabaeus, fed on different plant hosts. 

 
    Ovarian maturation Reproductive life time Post-oviposition 

 

  Host plants  (or pre-copulation) period (or copulation period) (or post-copulation) period  
 

    Females Males Females Males Females Males 
 

  Vicia faba  20 30 10 70 70 *  
 

  Trifolium alexandrinum 20 20 0 80 80 *  
 

  Lactuca sativa  0 10 0 90 100 *  
 

  Pisum sativum  100 80 - 20 - *  
 

  *: Adult males have no post-copulation period because they continue to copulate until the natural death.    
 

 Table 2. Female adult longevity ( Mean days ± SD) of black blister beetle, Meloe proscarabaeus, fed on different plant hosts.   
 

       
 

 
Host plants Ovarian maturation (pre- Reproductive life time (Mean Post-oviposition Total 

 

  oviposition) period hours ±SD)  period longevity  

     
 

         

 Vicia faba  23.78±1.09 7.68± 2.32  3.00 ±1.23 27.50±1.43 
 

 Trifolium alexandrinum  18.56±0.73 d 7.21± 2.02 a 3.00 ±0.87 a 22.70±0.95 d 
 

 Lactuca sativa  25.3±1.57 b 7.18± 2.85 a 3.20 ±1.14 a 29.40±1.84 b 
 

 Pisum sativum  5.90 ±1.73 d -  - 5.90 ±1.73 d 
 

            

 
Faba bean (Vicia faba) was used as standard host plant for the comparison purpose. No. of adult ♀♀ = 10. The reproductive lifetime is considered as a day 
for all adult females. Mean ± SD followed with the letter (a): non-significantly different (P>0.05), (b): significantly different (P<0.05), (c): highly significantly 
different (P<0.01), (d): very highly significantly different (P<0.001). ـــ : Female beetles died on Pisum sativum before oviposition. 

 
 
 
 
0.05, 0.01 and 0. 001. 
 
RESULTS 
 
Adult survival potential 
 
Table 1 shows that feeding of adult M. proscarabaeus on 
Pisum sativum detrimentally affected the survival 
potential because 100% female mortality and 80% male 
mortality were recorded throughout the first time interval 
of adult life (ovarian maturation period of females and 
pre-copulation period of males). Also, another interesting 
observation is the suitability of Lactuca sativa for the 
adult beetles because no female mortalities and only 
10% male mortalities were rec orded during this time 
interval. Feeding on Vicia faba resulted in 20% female 
mortalities and 30% male mortalities while feeding on 
Trifolium alexandrinum resulted in 20% mortality of both 
sexes.  

Moving to the next time interval in the adult life 
(reproductive lifetime or oviposition period of females and 
copulation period of males), data of the s ame table show 
the highest survival potential of females on T. 
alexandrinum becaus e no mortality was observed but 
only 10% mortality was rec orded for females fed on V. 
faba. With regard to males, the survival potential was 
severely influenc ed at the end of their copulation period 
(whic h extended until the natural death, i.e., no post - 
copulation period occurred)    because 80% mortality was 

 
 
 
 
recorded. In conclusion, L. sativa is the most suitable 
host plant for the adult beetles but P. sativum is the most 
unsuitable one. 
 
Adult longevity 
 
Data assorted in Tables 2 and 3 indicate the longer total 
longevity of females than males, regardless of the host 
plant. The longest longevity of females was recorded in 
29.40±1.84 days after feeding on L. sativa and the 
longest longevity of males was recorded in 23.40±2. 76 
days after feeding on the same host. For investigating the 
differential effect of host plants on the adult female 
longevity, data given in Table 2, clearly show a 
lengthening effect of L. sativa because the longevity was 
89.4±1.84 days (P<0.05) while it was 22.70±0.95 days 
(P<0.001) after feeding on T. alexandrinum and 
27.50±1.43 days after feeding on V. faba. It is noteworthy 
to mention that the adult females died on P. sativum just 
after the ovarian maturation period and hence their 
calculated longevity does not accurately informative.  

On using V. faba as a base or standard host plant for 
comparis on purposes, the female longevity was 
significantly shortened by feeding on T. alexandrinum but 
was remarkably prolonged by feeding on L. sativa (Table 
2). Similar observation was recorded for adult males 
(Table 3).  

For   more    details,    data    distributed in Table 2 
reveal   some   effects   of  host plants on the three major 



     

 Table 3. Male adult longevity ( Mean days ± SD) of blac k blister beetle, Meloe proscarabaeus, fed 
 on different plant hosts.    

       

   Host plants Pre-copulation period Copulation period Total longevity 
   Vicia faba 6.65 ±1.59 19.00 ±1.87 25.60±0.52 
   Trifolium alexandrinum 5.33 ±1.12 (a) 12.89 ±1.97 d 18.10±1.10 d 
   Lactuca sativa 8.70 ±1.16 c 14.11 ±2.76 d 23.40±2. 76 b 
   Pisum sativum 5.30 ±0.93 a 0.40 ±0.65  d 6.17±1.89 d 
 

Faba bean (Vicia faba) was used as standard host plant for the comparison purpose. No. of adult ♂♂ =  
10. Mean ± SD follow ed w ith the letter (a): non-significantly different (P>0.05), (b): significantly different 
(P<0.05), (c): highly significantly different (P<0.01), (d): very highly significantly different (P<0.001) . 

 
 
 
Table 4. Adult body w eight ( Mean mg ±SD) of the black blister beetle, Meloe proscarabaeus, as affected by fed on different host plants. 
 
 
Host plants 

Pre-oviposition (or copulation) period Oviposition (or copulation) period Post-oviposition period 
 

 

Females Males Females Males Females Males  

  
 

         

 Vicia faba 754.42 ±656.2 108.75 ±39.07 1604.34 ±79.7 545.79 ±243.2 1510.14 ±32.67 ــــ 
 

 Trifolium   alexandrinum 773.39 ±676.7 a 116.67 ±47.61 a 1527.72 ±84.17 a 648.67 ±248 a 1279..63 ±78.79 a ــــ 
 

 Lactuca sativa 621.37 ±602 a 97.56 ±29.85 a 1482.16 ±41.59 b 559.04 ±23.41 a 1431.1 ±2.47 d ــــ 
 

 Pisum sativum 72.01 ±3.64 a 77.95 ±5.51 a * 78.30 ±0.00 d * ــــ 
 

          
Faba bean (Vicia faba) was used as a standard host plant for the comparison purpose. No. of adult ♀♀ or ♂♂ = 10. *: Female beetles died on 
Pisum sativum before oviposition. -: Post-copulation period of males could not be measured because they have copulated until death. Mean ± 
SD follow ed with the letter (a): non-significantly different (P>0.05), (b): significantly different (P<0.05), (c): highly significantly different 
(P<0.01), (d): v ery highly significantly different (P<0.001). 
 
 

 
compartments of longevity: ovarian maturati on (pre-
oviposition) period, reproductive lifetime (oviposition 
period) and post-oviposition period. As seen in the total 
longevity, the ovarian maturation period appeared in the 
same trend, i.e., shorter after feeding on T. alexandrinum 
but considerably longer (P<0.001) after feeding on L. 
sativa, when compared to the ovarian maturation period 
after feeding on V. faba (18.56±0.73 and 25.3±1. 57 
days, respectively, compared to 23.78±1.09 days on V. 
faba). Data of the same table show another trend of 
effect on the reproductive lifetime because it was c 
alculated as 7.68±2.32 days after feeding on V. faba and 
non-significantly shortened after feeding on both T. 
alexandrinum and L. sativa (P>0.05).  

Recalling Table 3, data obviously reveal different 
effects of host plants on the pre-c opulation period of 
adult males. Feeding on V. faba resulted in 6.65±1. 59 
days of pre-copulation period while slightly shortened 
period (5.33±1.12 days, P>0.05) was recorded after 
feeding on T. alexandrinum but pronouncedly longer one 
(8.70±1. 16 days, P<0.01) was resulted by feeding on L. 
sativa, as well as non-significantly longer period was 
estimated by feeding on P. sativum (6.89±0.93 days). On 
comparing data of both Tables 2 and 3, it is concluded 
that the sperm maturation in testes of males was 
generally faster than the ovarian maturation in females, 
regardless of the food plant. 

Data given in Table 3, also,  displays  some  effects  of 

 
 

 
food plants on the pre-copulation period of adult males 
when compared to V. faba because shorter period was 
found by feeding on T. alexandrinum (5.33±1.12 days), 
markedly longer period was found by feeding on L. sativa 
(8.70±1.16 days) and slightly longer period was found by 
feeding on P. sativum (6.89±0.93 days). To a great 
extent, similar trend was appreciated to the copulation 
period of males. 
 
Adult biomass 

 
To shed some light on the effects of different host plants 
on the adult body weight, the mean weights were 
estimated during the different longevity compartments for 
both females and males and compiled in Table 4.  

Dealing with the mean body weights of adult females 
and males after feeding on V. faba, the females attained 
much more weights than males whatever the 
compartment of longevity. No body weight could be 
determined for males during the post-copulation period 
because they usually continue to copulate until natural 
death. This is a general observation in the present work.  

On comparing with the body weights after feeding on V. faba, 

the same Table 4 unambiguously demonstrated that a slight 

increas e (P<0.05) in the body weights of females and males by 

feeding on T. alexandrinum but a slight decrease was 

determined by feeding on L. sativa or P. sativum during the pre-

oviposition (or pre-copulation). 
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Table 5. Female fecundity (Average No. of eggs/female ± SD) and egg- mass w eight (Average mg± SD) of black blister 
beetle, Meloe proscarabaeus, fed on different plant hosts. 
 
 Host plants Vicia faba Trifolium alexandrinum Lactuca sativa Pisum sativum 
 Fecundity 1499.52±14.18 1763.31±55.55 d 1446.37±30.41 d * 
 Egg-mass weight 573.32 ±63.27 599.62 ±19.83 a 531.43 ±131.75 a * 
       
Faba bean (Vicia faba) was used as a standard host plant for the comparison purpose. No. of adult ♀♀ = 10. *: Female 
beetles died on Pisum sativum before oviposition. Mean ± SD followed with the letter (a): non-significantly different (P>0.05), 
(b): significantly different (P<0.05), (c): highly significantly different (P<0.01), (d): very highly significantly different (P<0.001). 
 
 

 
Table 6. Fertility and dimensions of eggs laid by adult females of blac k blister beetle Meloe proscarabaeus as affected by 
feeding on different food plants. 
 
  Egg dimensions  

Fertility Embryonic developmental  

 

Host plants (Mean mm ±SD) 
  

 

   
(Hatching % ±SD) duration (Mean days ± SD )  

  

Length Width  

    
 

 Vicia faba 1.14 ±0.14 0.29 ±0.027 88.06±3.82 16.11±1.45 
 

 Trifolium alexandrinum 1.12 ±0.13 a 0.29 ±0.025 a 90.51±3.60a 13.55±1.67 c 
 

 Lactuca sativa 1.07 ±0.13 c 0.28 ±0.021 a 52.41±4.56c 24.13±2.59 d 
 

 Pisum sativum  *  * * * 
 

         

 
Faba bean (Vicia faba) was used as a standard host plant for the comparison purpose. Mean ± SD follow ed with the letter 
(a): non-significantly different (P>0.05), (b): significantly different (P<0.05), (c): highly significantly different (P<0.01), (d): very 
highly significantly different (P<0.001). *: No eggs were laid because female beetles died on Pisum sativum before oviposition. 

 
 

 
period. A different trend was detected during the 
oviposition (or copulation) period for females and males 
by feeding on the different host plants. Also, a sexual 
dimorphism was observed becaus e females attained 
little body weights and males gained more biomass, after 
feeding on T. alexandrinum or L. sativa. As compared to 
data of V. faba, a drastically decreased body weight was 
determined for males by feeding on P. sativum (P<0.001) 
on which the females died (may be due to the insufficient 
food requirements). Because no post-copulation period 
could not be estimated to males, female body weights 
had been slightly diminished (P>0.05) by feeding on T. 
alexandrinum or L. sativa (Table 4). 
 
 
Reproductive potential 
 
Female fecundity 
 
The data of fecundity and egg -mass weight as affected by 

feeding of adult females (mothers ) on different host plants were 

presented in Table 5. Depending on these data, no female 

fecundity, and subsequently no egg-mass weight, could be 

measured after feeding on P. sativum bec ause females died 

before oviposition. After feeding on V. faba, adult females laid 

1499.5±14.18 eggs in a single egg mass while feeding of T. 

alexandrinum induced the females to be more fecund 

(1763.31±55. 55 on T. alexandrinum vs. 1499.53±14. 18 eggs/ٍ 

on V. faba, P<0.001) but  feeding    on   L.  sativa   deleteriously  

 
 

 
reduced the fecundity (1446.37±30.41 on L. sativa vs. 
1499.52±14. 18 eggs/ٍ on V. faba, P<0.001).  

On the comparis on with feeding on V. faba, also, the 
egg-mass weight was insignificantly heavier after feeding 
of mothers on T. alexandrinum (599.62±19. 83 vs. 
573.32±63.27 mg on V. faba, P>0.05) but insignificantly 
lighter after feeding of mothers on L. sativa 
(531.43±131.75 vs. 573.32±63.27 mg on V. faba, 
P>0.05). Thus, the difference in weight of egg-mass may 
explain the influenced fecundity by the host plant.  

In addition, the dimensions of eggs and the hatchability 
(fertility) as well as the embry onic development duration 
(incubation period), as affected by feeding of mothers on 
different plants can be informed by data arranged in 
Table 6. As easily seen in this table, only the egg length 
was slightly affected by feeding on T. alexandrinum (P< 
0.05) but profoundly affected by feeding on L. sativa (P> 
0.01) in comparison with feeding on V. faba while the egg 
width was almost not affected. For some details, adult 
feeding on T. alexandrinum resulted in egg length of 
1.12±0.3 mm and feeding on L. sativa resulted in egg 
length of 1.07±0.13 mm, in comparison with egg length of 
1.14±0.14 mm after adult feeding on V. faba. 
 
Egg hatchability 

 
With regard to fertility (hatching %), data of the same 
table exiguously show higher fertility after adult feeding 
on T. alexandrinum   but   lower fertility after adult feeding 
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on L. sativa (90.51±3.60 and 52.41±4.56%, respectively, 
vs. 88.06±3.82% after adult feeding on V. faba). In other 
words, the c alculated sterility index was smallest (-
20.86) but largest (+52.5) by adult feeding on T. 
alexandrinum and L. sativa, respectively, after using the 
faba bean as a base of host plants for calculations. 
 
Embryonic developmental duration 

 
A reverse trend could be easily considered for the 
embryonic developmental duration since it was 
remarkably s hortened after parent feeding on T. 
alexandrinum (P<0.01) but prominently prolonged after 
parent feeding on L. sativa (P>0. 001)(13.55±1. 67 and 
24.13±2.59 days, respectively, vs. 16.11±1.45 days after 
adult feeding on V. faba). This reflects some effects of 
parent food on the embryonic developmental rate in the 
produced eggs which was faster after feeding on T. 
alexandrinum but slower after feeding on L. sativa, than 
that rate after feeding on V. faba. 
 
DISCUSSION 
 
Many investigators have previously suggested that host 
plant quality greatly affects survivorship, growth, and 
reproductive output in many insect herbivores 
(McCaffery, 1975; White, 1976, 1984; McNeill and 
Southwood, 1978; Rhoades, 1979, 1983; Mattson and 
Haack, 1987; Joern and Gaines, 1990; Jones and 
Coleman, 1992; Joern and Behmer, 1997). As for 
example, demographic attributes of adult grasshoppers 
(such as growth rate, developmental rate, survival, and 
fecundity) routinely vary in response to nitrogen (protein) 
levels in the diet, largely in response to internal nutrient 
economics (Hill et al., 1968; Tobe and Loughton, 1969; 
Lee and Wong, 1979; Lim and Lee, 1981; Van Heusdon 
et al., 1987). 
 
Adult survival potential 

 
The effect of food quality on the survivorship had been 
studied for several blister beetle species. Zhu and 
Higgins (1994), as for example, investigated the effects 
of different cultivars of alfalfa on three -striped blister 
beetle Epicauta occidentalis and margined blister beetle 
Epicauta funebris. In the current study, newly emerged 
adult females and males of the black blister beetle Meloe 
proscarabaeus were fed on Vicia faba, Trifolium 
alexandrinum, Lactuca sativa or Pisum sativum under 
laboratory conditions. Feeding on P. sativum 
detrimentally affected the survival potential because 
complete female mortality and 80% male mortality were 
recorded through the first time interval of adult life 
(ovarian maturation period of females and pre-copulation 
period of males). Another interesting observation was 
documented since the feeding on L. sativa resulted in no 
mortality among females and only 10% mortalities among 

 
 
 

 
males during this life interval. These results of the food 
quality effects on survivorship may be understood in view 
of reported results for other insect species since Soliman 
(1968) observed the survival of the grasshopper 
Euprepoc nemis plorans adults normally upon clover (T. 
alexandrinum ), maize (Zea mays) and cotton 
(Gossypium barbadense), but heavy mortality was 
recorded by feeding on ric e (Oryza glaberrima) or wheat 
(Triticum spp.). Also, T. alexandrinum was recorded as 
the most suitable food plant for the survivorship, among 
13 species of cultivated and wild plants, for the 
grasshopper Chrotogonus lugubris (Ibrahim, 1971). The 
highest survival potential of the grasshopper E. plorans 
was observed after feeding on V. faba and dec reased 
after feeding on T. alexandrinum and the lowest survival 
potential was rec orded for adults fed on Z. mays 
(Ghoneim et al., 1994 a, 1995). Cabbage, cotton and 
sweet potato were found to be more preferred for the 
cotton leafworm Spodoptera litura life than soybean, 
cowpea and alligator weed (Shahout et al., 2011). 
However, the current results on M. proscarabaeus 
obviously indicate that L. sativa was the most suitable 
food plant in relation to survivorship of adult beetles but 
P. sativum was the most harmful food plant, particularly 
for females which completely died on it at the end of their 
ovarian maturation period. 
 
Adult longevity 
 
Adult longevity varies among various species and genera 
of blister beetles (Meloidae) and varies, also, in the same 
species, according to the sex and emergence time. In 
nature, females generally survived 100-128 days but 
males survived 87-116 days in the black blister beetle M. 
proscarabaeus (El-Shiek h, 2007), while Selander and 
Fasulo (2000) reported that adults of the meloid beetle 
Nemognatha plazata commonly live three months or 
more. Under the previously mentioned laboratory 
conditions, M. proscarabaeus, in the current study, the 
longest longevity of adult females was recorded in 29. 40 
days after feeding on L. sativa and the longest longevity 
of adult males was recorded in 23.40 days after feeding 
on the same food plant. Thus, these results, to some 
extent, are in line with previous findings of different insect 
species. Feeding of the grasshopper Aiolopus thalassinus 
on Z. mays res ulted in prolonged adult life (Hafez and 
Ibrahim, 1962). The female or male longevity of the spiny 
bollworm Earias vittella was prolonged by feeding on okra 
and shortened by feeding on cotton or Abutilon indicum 
(Rehman and Ali, 1981; Sundraraj and Divid, 1987). Adult 
longevity of the epilac hna beetle,  
Henosepilachna vigintioctopunctata was longer on 
tomato compared to aubergine (Patel and Purohit, 2000). 
After feeding of female of another epilachna beetle 
Epilachna dodecastigma on four host plants (Teasel 
gourd Momordica dioica, bitter gourd Momordica 
charantia,  sponge  gourd   Luffa  cylindrica and  yardlong 



 
 
 

 
bean Vigna sesquipedalis), the longest longevity was 
recorded on yardlong bean, whic h was statistically 
identical to those fed on teasel gourd and lowest was on 
bitter gourd and sponge gourd (Hossain et al., 2009). 
Females of the fruit-feeding tropical butterfly Bicyclus 
anynana had a significantly longer life-span when fed 
with banana as compared to sugar-based diets 
(Bauerfeind and Fischer, 2005; Bauerfeind et al., 2007). 
Adults of the bug Nysius huttoni lived longer life when fed 
on diet containing certain concentrations of glucose than 
on diet containing water alone (Weia, 2012).  

As aforementioned for the present beetle M. 
proscarabaeus, the adult females lived for longer 
longevity than that of their male congeners which result 
recorded previously for some grasshopper species such 
as Calephorus compressicornis (Ezz El-Din, 1981) and 
E. plorans (Ghoneim et al., 1995). On the contrary, male 
longevity was longer than the female longevity in the 
desert grasshopper Sphingonothus carinatus (Hafez and 
Ibrahim, 1964) and in the s piny bollworm E. vittella 
(Syed et al., 2011). If V. faba is used as a standard food 
plant for M. proscarabaeus, in the pres ent study, the 
female longevity was remarkably shortened by feeding 
on T. alexandrinum but was pronouncedly prolonged by 
feeding on L. sativa. More or less, similar results had 
been obtained for E. plorans since feeding on T. 
alexandrinum led to shorter longevity but feeding on V. 
faba or Z. mays resulted in longer longevity (Ghoneim et 
al., 1995).  

Generally, the adult longevity includes three major 
compartments: pre-oviposition (ovarian maturation in 
females) period or pre-copulation (testicular maturation in 
males) period, oviposition (or copulation) period, and 
post-oviposition (or post-copulation) period. In the 
present study, no post-copulation period was observed 
for males of M. proscarabaeus because they continue to 
copulate until the natural death (under laboratory 
conditions ). The ovarian maturation period (in females) 
was shorter after feeding on T. alexandrinum but 
considerably longer after feeding on L. sativa, when 
compared to that period after feeding on V. faba. Conc 
erning the adult males, the pre-c opulation period was 
slightly shortened after feeding on T. alexandrinum but 
was significantly prolonged after feeding on L. sativa or 
P. sativum. To some extent, similar effect of food quality 
on the pre-oviposition period had been reported for some 
insects. After feeding of the grasshopper  
Hieroglyphus perpolita on Z. mays, among other host 
plants, led to a shorter pre-oviposition period (Sultana 
and Wagan, 2010). Also, the pre-oviposition period of E. 
vittella was shortened by feeding on Abutilon indicum and 
prolonged on cotton (Syed et al., 2011).  

Depending on the current results, sperm maturation in 
testes of male M. proscarabaeus was generally faster 
than the ovarian maturation in females, regardless of the 
food plant. According to the present study, it can be 
concluded that  feeding  on T . alexandrinum  accelerates 
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the ovarian maturation in females and sperm maturation 
period in males of M. proscarabaeus while feeding on L. 
sativa delays the gonad maturation in general. Generally, 
feeding on food plants poor in nutritional value might 
have delayed oocyte development resulting in prolonged 
pre-copulation period (Sultana and Wagan, 2010).  

Dealing with the reproductive lifetime (oviposition or 

copulation period) of adults of M. proscarabaeus, in the current 

study, feeding on T. alexandrinum or L. sativa led to 

insignificantly shortened period (P>0.05) in females, when 

compared to feeding on V. faba. Also, feeding on T. 

alexandrinum led to slightly shortened period in males but 

feeding on L. sativa led to slightly lengthened one. The current 

results, to a great extent, agree with those results obtained by 

Ghoneim et al. (1995) for the grasshopper E plorans because 

feeding on T. alexandrinum enhanc ed the ova or sperm 

developmental duration. The epilachna beetle E females laid 

eggs on all tested host plants but the longest oviposition period 

was observed in yardlong bean Vigna V sesquipedalis and the 

shortest in teasel gourd M dioica (Hossain et al., 2009). The 

oviposition period of E. vittella was the shortest by feeding on 

Abutilon indicum and the longest on cotton (Syed et al., 2011). 

However, the pres ent data comparably indicate the rich 

nutritional value of T. alexandrinum in relation to the induction 

and investment of gonad maturation in M. proscarabaeus. 

These variations might be due to the differenc e in nutritive 

values of the host plants. This is appreciated evidence because 

the protein content of T. alexandrinum is the largest among 

other food plants used (Morrison, 1951). Of cours e, protein is 

prerequisite component for the gonad maturation but the 

following data of female fecundity of M. proscarabaeus may 

explain this ambiguous issue. 
 
 
 
Adult biomass 

 
The adult female body weight is considered among some 
good indicators to determine the availability and 
suitability of the food plants for the reproductive output of 
insects such as grasshoppers (Ghoneim et al., 1994b). 
The aubergine leaves, and not the tomato leaves, 
enhanc ed the body weight of adults of the epilachna 
beetle, H vigintioctopunctata (Patel abd Purohit, 2000). 
Also, the adult females of Sunn pest, Eurygaster 
integriceps (Hemiptera), produced from nymphs grown 
on wheat had the highest body weight followed by barley 
and rye (Ameri et al., 2010).  

In the present study on M. proscarabaeus, adult 
females attained much m ore body weights than male 
congeners. On c omparing with the body weight after 
feeding on V. faba, an insignificant increase was 
estimated for both sexes by feeding on T. alexandrinum 
but a slight decrease was estimated by feeding on L. 
sativa or P. sativum, during the ovarian (or testicular) 
maturation  period.   Moreover ,   the   body weight of 
adult   females   was drastically reduced by feeding on P. 
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sativum, along the ovarian maturation period at which 
end, they died and could not survive to oviposit. This may 
be attributed to the insufficient nutritional requirements in 
this food plant or to the presence of a toxic or lethal 
material. However, these results may be supported by 
some reported results of other insects such as the 
grasshopper E. plorans for which Ghoneim et al. (1995) 
recorded the heaviest females body weight after feeding 
on V. faba but the lightest weight after feeding on Z. 
mays. Based on the current data, the best body condition 
was observed by feeding on T. alexandrinum while the 
worst body condition was observed by feeding on L. 
sativa or P. sativum which result informative to the 
availability of nutritional milieu of these food plants 
(Morrison, 1951). 
 
Reproductive potential 

 
Generally, female fecundity depends on the ingestion of 

proteins which are necessary for egg development whereas 

male reproductive capability does not highly depend on 

proteins. Moreover, insects generally are unable to convert 

lipids to monosaccharides by themselves and carbohydrates 

are one nutrient that both sexes use as a primary energy 

source ( Carrel and Tanner, 2002). Nutritional factors reportedly 

had profound short-term and long-term effects on the 

development and reproduction of insects (Cooper and Schal, 

1992). Even though the nutritional requirements of most insects 

are relatively similar, the optimal sources, types, and 

proportions of nutrients widely vary among species and 

reproductive stages (Cooper and Schal, 1992). Egg production 

depends mainly on the food cons umed by the adult and was 

little affected by larval diet which, however, influenced the 

potential egg production of obviously inadequate for larval 

development (Kehat and Wyndham, 1972). Some studies 

highlight the complex interactions between storage reserves 

(from larval-derived nutrients) and adult income, and that the 

adult diet may contribute significantly to reproductive output in 

Lepidoptera (Leather, 1995; Mevi -Schütz and Erhardt, 2005). 
 
 

 
Female fecundity 

 
Evaluating the available literature reveals that the fem ale 
fecundity (egg production) depends on the condition of 
life because the reproductive potential of the grasshopper 
E. plorans, as for example, in the field differed from that 
exhibited under the laboratory conditions (Chapman and 
Robertson, 1958). Food is an environmental factor that 
would be ex pected to exert influence on reproduction. 
Several experimental studies have shown noticeable 
differenc es in the fecundity of the same species fed on 
different plants (Pickford, 1958; Karolina, 1960; Kaufman, 
1965; Ibrahim, 1971, 1980; Moustafa, 1985; Wall and 
Begon, 1987; Ghoneim et al., 1994a). On the other hand, 

 
 
 

 
increasing body weights by feeding on certain food plants 
may lead to greater fecundity (Mulkern, 1967; Hewitt, 
1968; Johnson and Mundel, 1987). In the present study, 
each of adult females of M. proscarabaeus lays one egg 
batch (or mass) under controlled laboratory conditions 
although several authors reported more than one egg 
mass for different blister beetle species under field 
conditions, such as the violet blister beetle Meloe violac 
eus (Cros, 1930), the blister beetle Lytta nuttalli,  
Lytta viridana and Lytta c yanipennis (Church and 
Gerber, 1977). Also, some other beetle species had been 
observed to lay more than one egg -mass under 
laboratory conditions (Erickson and Werner, 1974). After 
feeding of female epilac hna beetle E dodecastigma 
(Coccinellidae), they laid eggs on all tested host plants 
(Teas el gourd M dioica, bitter gourd Momordica 
charantia, sponge gourd L cylindrica and yardlong bean 
V sesquipedalis). The highest fecundity was recorded on 
teasel gourd leaves and next on sponge gourd, bitter 
gourd, and yard long bean (Hossain et al., 2009).  

In the present study on M. proscarabaeus, feeding of 
adult females on V. faba resulted in fecundity measured 
in 1499.50 eggs per female in a single egg -mass. On 
comparing with other blister beetles, M. proscarabaeus 
has low fecundity as ranged from 1995 to 2290 eggs 
under field conditions (El -Shiekh, 2007). For some 
details, the blister beetle M. violaceus lays 3000-4000 
eggs (Cros, 1930), the red-striped oil beetle Meloe 
majalis lays several thous and eggs in each batch (Cros, 
1912). As well as, Erickson and Werner (1974) recorded 
no fewer than 22800 eggs laid by each of 4 species of 
bee-associated meloid beetles under laboratory 
conditions, and Luckmann and Assmann (2005) recorded 
a reproductive potential up to 40000 eggs per female for 
9 meloid beetles from Central Europe. On the other hand, 
the present experimental beetle has fecundity almost 
comparable to some other blister beetles as reported by 
Church and Gerber (1977) for L. nuttalli (320 
eggs/female), L. cyanipennis (340 eggs/female), and L. 
viridana (390 eggs/female).  

In addition, the obtained results demonstrate some 
differenc es in the fem ale fecundity of M. proscarabaeus 
after feeding on various food plants because feeding on 
T. alexandrinum induced the female to be more fecund, 
compared to the feeding on V. faba while feeding on L. 
sativa deleteriously prohibited the female fecundity. To 
some extent, our results are in accordance with those 
results obtained by McCaffery (1975) for the Afric an 
migratory locust Locusta migratoria migratorioides which 
exhibited reduced egg production by feeding on poor low-
protein lush grass Agropyron repens; Manoharan et al. 
(1987) for the blister beetle Mylabris pustulata after 
feeding on two different food plants; Sankarperumai et al. 
(1989) for the cotton leafworm Spodoptera littoralis which 
had higher fecundity on cator oil plant Ricinus communis 
leaves than on sunflower Helianthus annus and 
groundnut Archis hypogea; Bauerfeind et al. (2007) for 



 
 
 

 
the butterfly B. anynana which exhibited significantly 
higher reproductive output by feeding on banana as 
compared to sugar-based diets; and Sultana and Wagan 
(2010) for the grasshopper H. perpolita which showed 
considerably higher fecundity on the plants Saccharum 
bengalense and Oryza sativa among other tested plants. 
On the other hand, the current results are in contrast to 
reported results for s ome ins ects, such as the 
grasshopper E. plorans of which fecundity was promoted 
by feeding on Z. mays but prohibited by feeding on T. 
alexandrinum (Ghoneim et al., 1994a). Furthermore, 
feeding of the grasshoppers Aiolopus thalassinus,  
Pyrgomorpha conica, H. littoralis, Calephorus 
compresscornis and Catantops axillaris resulted in 
completely sterile females after feeding on Z. mays.  

The affected egg production capacity by parental 
feeding on different host plants may be understood in 
view of Wheeler (1996) who stated that the egg-laying 
capacity in insects is determined by oogenesis, a 
biological process influenced by the availability of 
nutrients present in the female’s body. Many workers 
have reported positive correlations between the protein 
content of host plants and fecundity of insects (for 
reviews, see Wiggles worth, 1965; Slansky, 1982; Hinks 
et al., 1993; Leather, 1995). For some details, high 
protein and nitrogen contents in the lufah L cylindrica was 
said to be the causative factors for the increas ed  
fecundity  in the predatory  mired  bug Cyrtopeltis tenuis 
(Raman  and Sanjayan,  1984);  as  well  as  certain host 
plant   seeds on  the   fecundity   of  the  seed bugs  
Oxycarenus hyalinipennis   and   Spilostethus   hospes  
(Ananthakrishnan et al., 1982 a, b), okra for the spiny 
bollworm E. vittella (Sundararaj and David, 1987); and R. 
communis for S. litura (Sankarperumai et al., 1989).  

However, it is important to point out that the increasing 
or decreasing female fecundity of M. proscarabaeus, in 
the present study, after feeding on different food plants 
may be due to the females' efficiency of conversion of 
food into the biomass. In other words, the higher 
efficiency of conversion of digested food plant enhanc ed 
a higher fecundity. The available literature contains 
several works substantiating this idea suc h as Bailey 
and Mukerji (1976) who found that the efficiency of 
conversion of digested food into body tissues of the 
grasshopper Melanoplus bivittatus was the lowest by 
feeding on Z. mays which accompanied with significantly 
lower egg production. On the contrary, the grasshopper 
E. plorans exhibited the highest efficiency of c onversion 
of digested food by feeding on the s ame host plant 
(Ghoneim et al., 1994a). However, the correlation 
between the efficiency of conversion of digested food into 
biomass and the egg production (fec undity) of the 
present black blister beetle should be carry out in the 
forthcoming future!! Also, the correct nutrient levels of 
food play a vital role, triggering the endocrine system 
activity for oocyte development. It is generally supposed 
that the endocrine  system  activity  is  generated  by  the 
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stimulation of foregut stretch receptors during increas ed 
feeding (Hill et al., 1968). 
 
Egg fertility 
 
On comparing with feeding on V. faba, in the c urrent 
work, feeding of adult females on T. alexandrinum led to 
a slightly heavier egg-mass but lighter egg-mass after 
feeding on L. sativa. Also, the egg dimensions had been 
affected by feeding on different food plants. The present 
results show slightly affected egg length by feeding on T. 
alexandrinum (P>0. 05) but remarkably affected one by 
feeding on L. sativa (P<0.01). On comparing with feeding 
on V. faba, also, no difference was observed for the egg 
width after feeding on T. alexandrinum or L. sativa. For 
explaining the effect of food quality on the egg 
dimensions, the available literature is scanty albeit 
Ghoneim et al. (1994a) reported insignificantly affected 
egg dimensions for the grasshopper E. plorans by 
feeding on various food plants. After feeding of female 
epilachna beetle E dodecastigma on four host plants, 
they laid eggs on all tested plants with the longest length 
and width on teasel gourd M. dioica but the lowest was in 
yardlong bean V. sesquipedalis (Hossain et al., 2009). 
On the contrary, no effect was reported for the egg size 
after feeding of the tropical butterfly B. anynana on 
different diets (Geister et al., 2008). Unfortunately, we 
have no reliable interpretation to the affected egg length 
of the present beetle M. proscarabaeus by the tested 
food plants rightnow!!  

Depending on the present results for M. 
proscarabaeus, the egg hatchability (fertility) was higher 
by feeding on T. alexandrinum, but lower by feeding on L. 
sativa, as compared to fertility after feeding on V. faba.  

The effect of food quality on fertility of M. 
proscarabaeus, as obviously seen, can be substantiated 
by similar results reported for insect species outside the 
family Meloidae. Feeding of E. plorans on Z. mays 
severely arrested the egg hatching but feeding on V. faba 
or T. alexandrinum promoted the adult females to 
produce more viable eggs (Ghoneim et al., 1994a). 
Feeding of the butterfly B. anynana females on banana 
enhanced the egg hatching success, among other diets 
(Geister et al., 2008).  

On the other hand, feeding of female epilachna beetle  
Epilachna dodecastigma on four host plants, no 
significant effect on egg hatching was recorded (Hossain 
et al., 2009). As aforementioned interpretation of the 
affected fecundity of M. proscarabaeus, in the c urrent 
study, the arrested egg hatching or the reduced fertility 
can be associated with the nutritional values of the food 
plants or be attributed to the efficiency of the beetle itself 
to convert the digested food into vitellogenin 
requirements for the vitellogenesis. 
 
Embryonic development 
 
The incubation   period    of   eggs  can  be  used  as  an 
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informative indicator to the embryonic developmental 
rate. Therefore, the present results may show some 
effects of the maternal food plants on the embryonic 
developmental rate in the eggs. Prominently shortened 
incubation period (P<0.01) was determined after parental 
feeding on T. alexandrinum but markedly prolonged 
period (P<0.001) of M. proscarabaeus was recorded after 
feeding on L. sativa, as compared to that recorded period 
after feeding on V. faba. Although the incubation period 
in the present study on M. proscarabaeus ranged from 
13.55 to 24. 13 days (at 23±2°C, 46±10% RH), the 
reported range for some other blister beetles was almost 
contradicted since Zonilis immaculate had 4 weeks under 
normal field conditions and some other blister beetle 
species take 5 months during colder seasons or 
overwinter in the egg stage (egg diapause). Also, eggs of  
L. nuttalli, L. viridana and L. cyanipennis, in the field, 

develop fairly uniformly at temperatures 15 -30 
o
C and 

appeared to take 2-3 weeks as incubation period (Church 
and Gerber, 1977). On the other hand, a near range of 
incubation period of the present beetle species, M. 
proscarabaeus, was recorded in the field with minimum 
of 23 days (at 17°C, 30% RH) and maximum of 30 days 
(at 21°C, 36% RH)(El -Shiekh, 2007). Literature, 
however, contains several reports for the affected 
incubation period by feeding on different host plants. 
Females of the epilachna beetle E dodecastigma laid 
eggs on all tested host plants but the longest incubation 
period was recorded on bitter gourd M charantia and 
shortest on yard long bean V. sesquipedalis (Hossain et 
al., 2009). The shortest incubation period of the spiny 
bollworm E. vittella was recorded on okra and China 
rose, while the longest incubation period was recorded 
on Abutilon indicum as host plant (Syed et al., 2011).  

However, the present findings do not coincide with 
other reports of the incubation period in some other 
blister beetles which may be due to the species differenc 
es, the varied environmental conditions or the differed 
host plants. It should be mentioned that food plants 
affected the embryonic developmental rate in the eggs 
produced by the present beetle, M. proscarabaeus, since 
feeding of parents on T. alexandrinum resulted in faster 
rate but feeding on L. sativa resulted in slower rate than 
that rec orded after feeding on V. faba. 
 
REFERENCES 
 
Alfieri A (1976). The Coleoptera of Egypt. Memories de la  

Societe Entomologique d’Egypte, vol. 5, 361pp.  
Ali MA, Abdel-Rhaman GA, lbrahim IL, El-sheikh WEA 

(2005a). The blister beetle Meloe proscarabaeus L., a 
new insect pest threatens legume c rops in El-Farafra 
oasis-Egypt. J. Agric Res., 83 (3) 1187 -1200.  

Ali MA, Abdel-Rhaman GA, lbrahim lL, El-sheikh WEA 
(2005b). Field observations on the blister beetle Meloe 
proscarabaeus L., (Coleoptera: Meloidae), a threat to 
faba bean in El-Farafra oasis western desert of Egypt. 

 
 
 

 
Bull. Ent. Soc. Egypt, 82 (109): 110 -114.  

Amiri A, Bandani AR, Jamshidi B (2010). Effect of host 
plants on Sunn Pest (Eurygaster integric eps) body 
weight, lipid and protein content. Munis Entomol. & 
Zool., 5 (suppl.): 1088-1095.  

Ananthakrishnan TN, Raman K, Sanjay an KP (1982a). 
Comparative growth, fecundity and behavioural 
diversity of the dusky cotton bug Oxycarenus 
hyalinipennis Costa on certain malvaceous host plants. 
Proc. Indian natn. Acad.Sci., B48: 577-584.  

Ananthakrishnan TN, Sanjayan KP, Raman K (1982b). 
Impact of host plant diversity on the growth and 
fecundity of Spilostethus hospes. Am.Entomol. 1:16.  

Azidah AA, Sofian-Azirun M (2006). Life history of 
Spodoptera exigua (Lepidoptera: Noctuldae) on various 
host plants. Bull. Entomol. Res., 96: 613-618.  

Bailey CG, Mukerji MK (1976). Consumption and 
utilization of various host plants by Melanoplus 
bivittatus (Say) and M. femurrubrum (DeGeer) (Orth.: 
Acrididae). Can. J. Zool., 45: 1044-1050.  

Bauerfeind SS, Fischer K (2005). Effects of adult -derived 
carbohydrates, amino acids and micronutrients on 
female reproduction in a fruit -feeding butterfly. J Ins 
ect Physiol., 51:545-554  

Bauerfeind, S.S.; Fischer, K.; Hartstein, S.; Janowitz, S.; 
Martin-Creuz burg, D. (2007): Effects of adult nutrition 
on female reproduction in a fruit-feeding butterfly: The 
role of fruit dec ay and dietary lipids. J. Insect Physiol., 
53(9):964-973.  

Bernardo J (1996): The particular maternal effect of 
propagule size, especially egg size: patterns, models, 
quality of evidence and interpretations. Am. Zool., 
36(2):216-236.  

Bologna MA, Di Giulio A (2011). Biological and 
morphological adaptations in the pre-imaginal phases 
of the beetles family Meloidae. Atti Accademia 
Nazionale Italiana di Entomologia Anno, LIX, 2011: 
141-15.  

Borror DJ, Johnson NF, Tripelhorn CA (1989). An 
introduction to the study of ins ects. Saunders College 
Publishers. Orlando, 875 pp.  

Braby MF, Jones RE (1995). Reproductive patterns and 
resource-allocation in tropical butterflies - influence of 
adult diet and seasonal phenotype on fecundity, 
longevity and egg size. Oikos, 72(2):189-204.  

Caley MJ, Schwarzkopf L, Shine R (2001). Does total 
reproductive effort evolve independently of offspring 
size? Evolution, 55:1245 -1248.  

Caroline SA, Simon RL (2002). Host plant quality and 
fecundity in herbivorous insects. Annu. Rev. Entomol., 
47: 817-844.  

Carrel J, Tanner E (2002). Sex-specific food preferences 
in the Madagascar Hissing Cockroach,  
Gromphadorhina portentosa. J. Insect Behav., 15(5): 
707-714.  

Chapman RF, Robertson LAD (1958). The egg pods of 
some African grasshoppers. J.Entomol.Soc. Afr., 21: 



 
 
 

 
85-112.  

Church NS, Gerber GH (1977). Observations on the 
ontogeny and habits of Lytta nuttalli, L. viridana, and L. 
cyanipennis (Coleoptera: Meloidae): The adults and 
eggs. The Can. Entomol., 109: pp 565 -573.  

Cooper A, Schal C (1992). Differential development and 
reproduction of the German c ockroach (Dictyoptera: 
Blattellidae) on three laboratory diets. J. Econ. 
Entomol., 85(3), 838-844.  

Cros A (1912). Hypermetamorphosis. Feuille Jeunes 
Nat., 42: 17-20.  

Cros A (1930). Description dela larve d'un Cole Âopte 
Áreinconnu dela famille des Meloidae. Bulletindela 
SocieÂte Â de Sciences Naturelles et Physiques du 
Maroc, 10: 57-61.  

El-Sheikh WA (2007). Biological and ecological studies 
on some insect pests of leguminous crops in El-Farafra 
oasis, New Valley Governorate. M.Sc. Thesis, Faculty 
of Agric., Al-Azhar Univer., Cairo, Egypt.  

Erickson EH, Werner FG (1974). Bionomics of 
Nearcticbee-associated Meloidae (Coleoptera); life 
histories and nutrition of certain Meloinae. 
Ann.Entomol.Soc.Amer., 67: 394 -400.  

Ezz-El-Din NS (1981). Morphology and biology of the 
grasshopper Calephorus compressicornis Latreille. 
M.Sc. Thesis, Faculty of Science, Cairo University, 
Egypt.  

Geister TL, Lorenz MW, Hoffmann KH, Fischer K (2008). 
Adult nutrition and butterfly fitness: effects of diet 
quality on reproductive output, egg composition, and 
egg hatching success. Front. Zool., 5:10.  

Ghoneim KS, Fouda MA, Ismail IE, El-Gammal AM, 
Sarhan R (1994a). Biological responses of the nymphal 
stage of Euprepocnemis plorans Charp. (Orthoptera: 
Acrididae) to feeding on various food plants. 
J.Egypt.Ger.Soc. Zool., 16E: 285 -309.  

Ghoneim KS, Fouda MA, Ismail IE, El-Gammal AM, 
Sarhan R (1994b). Metabolic activity of the 
grasshopper Euprepocnemis plorans Charp. 
(Orthoptera: Acrididae) as affected by feeding on some 
host plants. J.Egypt.Ger.Soc. Zool., 16E: 325 -354.  

Ghoneim KS, Fouda MA, Ismail IE, El-Gammal AM, 
Sarhan R (1995). Observations on the adult 
performance of the grasshopper Euprepocnemis 
plorans Charp. (Orthoptera: Acrididae) after feeding on 
different host plants. Al-Azhar Bull.Sci., 6(2): 1811-
1822.  

Hafez M, Ibrahim MM (1962). On the ecology and biology 
of the grasshopper Aiolopus thalassinus F. in Egypt 
(Orthoptera: Acrididae). Bull.soc.Ent. Egypt, 46: 189-
214.  

Hafez M, Ibrahim MM (1964). On the biology of the 
immature forms of the desert grasshopper 
Sphingonotus carinatus Sauss in Egypt. Bull. soc .Ent. 
Egypt, 48: 189-214.  

Hewitt GB (1968). Resistance of forage plants to the 
feeding of Melanoplus sanguinipes. Ann. Entomol. Soc. 

 

140       Afr. J. Biol. 
 

 
 

 
Am., 61: 739-744.  

Hill CF, Luntz AJ, Steele PA (1968). The relationships 
between somatic growth, ovarian growth and feeding 
activity in the adult desert locust. J. Insect Physiol., 
14:1-20.  

Hinks CF, Hupka D, Olfert O (1993). Nutrition and the 
protein economy in grasshoppers and locusts. 
Comp.Physiol., 104A: 133 -142.  

Hossain MS, Khan AB, Haque MA, Mannan MA, Dash 
CK (2009). Effect of different host plants on growth and 
development of epilachna beetle. Bangladesh J. Agril. 
Res., 34(3): 403-410.  

Ibrahim MM (1971). The ecology and biology of 
Chrotogonus lugubris Blanch. I: The immature forms 
(Orthoptera: Acrididae). Bull.soc.Ent. Egypt, 54: 12 5-
129.  

Ibrahim MM (1980). Development and survival of the 
grasshopper Heteracris littoralis Rambur on a restricted 
diet (Orthoptera: Acrididae). Z. ang.Ent., 90: 22 -25.  

Joern A, Behmer ST (1997). Importance of dietary 
nitrogen and carbohy drates to survival, growth and 
reproduction in adults of the grasshopper Ageneotettis 
deorum (Orthoptera: Acrididae). Oecologia, 112: 201-
208.  

Joern A, Gaines SB (1990). Population dy namics and 
regulation in grasshoppers. In: Chapman RF, Joern A 
(eds) Biology of grasshoppers. Wiley, New York, pp 
415-482.  

Johnson D, Mundel H (1987). Grasshopper feeding rates, 
preferences and growth on safflower. Ann.Appl.Biol., 
11(1): 43-52.  

Jones CG, Coleman JS (1992). Plant stress and insect 
herbivory: toward an integrated perspective. In: 
Mooney HA, Winner WE, Pell EJ (eds) Response of 
plants to multiple stresses. Academic Press, San 
Diego, pp 249-280.  

Karolina  RI  (1960).  The  problem  of  the  feeding  of  
Chorthippus albomorginatus DeGeer in the conditions 
of Yakutia (In Russian). Uchen. Zap.Yakutsh. Gousd 
Univ., 8: 93-107.  

Kaufman T (1965). Observations on aggregation, 
migration and feeding habits of Zonocerus variegates 
in Ghana (Orth., Acrididae). Ann.Entomol.Soc.Am., 
58(4): 426-436.  

Kehat M, Wyndham M (1972). The effect of food and 
water on development, longevity and fecundity in the 
Rutherglan bug Nysius vinitor. Australian J. Zool., 
20:67-78.  

Leather SR (1995). Factors affecting fecundity, fertility, 
oviposition, and larviposition in insects. In: Leather SR, 
Hardie J, Raton B (eds) Insect reproduction. CRC 
Press: 143-174.  

Lee SS, Wong IM (1979). The relationship between food plants, 

haemolymph protein and ovarian development in Oxya 

japonica (Acrididae: Orthoptera). Acrida, 8:1 -8.  
Lim SJ, Lee SS (1981). The effect of starvation on 

haemolymph metabolites, fat body and ovarian 



Dodi et al.            141 
 
 

 
development in Oxya japonica (Acrididae: Orthoptera). 
J. Insect Physiol., 27:93-96.  

Lückmann J, Assmann T (2005). Reproductive biology 
and strategies of nine meloid beetles from Central 
Europe (Coleoptera: Meloidae). J. Nat. Hist., 39(48): 
4101-4125.  

Manoharan T, Chockalingam S, Jeyachandran KPS 
(1987). Effect of food quality on fecundity of Mylabris 
pustulata (Coleoptera: Meloidae). Proc. Animal Sci., 96 
(3): 217-220.  

McCaffery AR (1975). Food quality and quantity in 
relation to egg production in Locusta migratoria 
migratorioides. J. Insect Physiol., 21: 1551-1558.  

McNeill S, Southwood TRE (1978). The role of nitrogen 
in the development of insect/plant relationships. In: 
Harborne J (ed) Biochemical aspects of plant and 
animal coevolution. Academic Press, London, pp 77-
98.  

Mevi -Schütz J, Erhardt A (2003). Effects of nectar amino 
acids on fecundity of the wall brown butterfly 
(Lasiommata megera L.). Basic Appl. Ecol., 4(5):413- 

 
421.  
Mevi -Schütz J, Erhardt A (2005). Amino acids in nectar 

enhance butter-fly fecundity: a long-awaited link. Am. 
Nat., 165(4):411-419.  

Moroney MJ (1962). Facts from figures (3
rd

 ed.). Penguin 
Books Ltd., 472 pp.  

Morrison FB (1951). Feeds and Feeding: A Hand Book 

for the Student and Stockman. 21
st

 ed, The Morris on 
Publishing, Ithaca, New York. 691 pp.  

Moustafa ZK (1985). Biological and toxicological studies 
on African grasshopper Catantopa axillaris (Thunberg) 
(Orthoptera: Acrididae). M.Sc. Thesis, Faculty of 
Science, Cairo University, Egypt.  

Mulkern GB (1967). Food selection by grasshoppers. 
Annu.Rev.Entomol., 12: 59 -78.  

Patel KN, Purohit MS (2000). Host preference of 
epilachna beetle, Henosepilachna vigintioctopunctata  
(Fabr.). Gujarat Agric. Univer., Res. J. 25 (2): 94 -95. 

Pickford R (1958). Observations on the reproductive  
potential of Melanoplus bilituratus (Wlk.) reared on 
different food plants in the laboratory. Can. Entomol., 
90(8): 483-485.  

Quickenden K, Roemhild GR (1969): Maternal age and 
density effect son carbohydrate partitioned to eggs of 
grasshopper Aulocara elliotti. J. Insect Physiol., 
15(7):1215-1223.  

Raman K, Sanjayan KP (1984). Host plant relationships 
and population dynamics of the mired Cyrtopeltis 
tenuis. Proc. Indian natn. Acad.Sci., B50: 355-361.  

Rehman MH, Ali H (1981). Biology of spotted bollworm of 
cotton Earias vittella (F.). Pakistan J. Zool., 
13: 105-110.   

Rhoades   DF (1979).   Evolution of  plant   chemical  
defenses against herbivores. In: Rosenthal GA, Jangen DH 
(eds)   Herbivores  .    Academic    Press,   New  York, pp 3- 

 
 
 

 
54.  

Rhoades DF (1983). Herbivore population dynamics and 
plant chemistry. In: Denno RF, McClure MS (eds) 
Variable plants and herbivores in natural and managed 
systems. Academic Press, New York, pp 155 -220.  

Saeed S, Sayed AH, Ahmad I (2009). Effect of host 
plants on life-history traits of Spodoptera exigua 
(Lepidoptera: Noctuidae). J. Pest Sci., 83: 165-172.  

Sankarperumai G, Raskaran S, Mohandoss A (1989). 
Influence of host plants on the organic constituents and 
fecundity of Spodoptera litura (Fabricius) (Lepidoptera: 
Noctuidae). Proc. Indian natn. Sci. Acad., B55 (5&6): 
393-396.  

Selander RB, Fasulo TR (2000). Blister Beetles (Insecta: 
Coleoptera: Meloidae). Originally published as DPI 
Entomology Circular 268), Cooperative Extension 
Service, Institute of Food and Agricultural Sciences, 
University of Florida, USA. EENY-166, 7pp.  

Shahout HA, Xu JX, Yao XM, Jia QD (2011). Influence 
and mechanism of different host plants on the growth, 
development and, fecundity of reproductive system of 
common cutworm Spodoptera litura (Fabricius) 
(Lepidoptera: Noctuidae). Asian J. Agric. Sci., 3(4): 
291-300.  

Slansky F (1982). Insect Nutrition: an adaptationists. Fla. 
Entomol., 65: 45-71.  

Soliman ZA (1968). Biological, anatomical and 
histological studies on some Egy ptian grasshoppers 
(Acrididae: Orthoptera). Ph.D. Thesis, Faculty of 
Science, Cairo University, Egypt.  

Sultana R, Wagan MS (2010). The effects of various food 

plants on nymphal development and egg production in 

Hieroglyphus perpolita (Uvarov 1933) (Acrididae: Orthoptera) 

from Pakistan. Trop. Zool., 23: 1-8.  
Sundararaj JR, David BV (1987). Influence of 

biochemical parameters of different host on the biology 
of Earias vittella. Proc.Indian natn. Acad. Sci., 96: 329-
332.  

Syed TS, Abro GH, Khanum A, Sattar M (2011). Effect of 
host plants on the biology of Earias vittella (Fab.) 
(Noctuidae: Lepidoptera) under laboratory conditions. 
Pakistan J. Zool., 43(1): 127-132.  

Tobe SS, Loughton BG (1969). An investigation of 
haemolymph protein economy during fifth instar of  
Locusta migratoria migratorioides. J. Insect Physiol., 
15:1659-1672.  

Van Emden HF (1973). Aphid host plant relationships: 
Some rec ent studies in perspective in aphid biology. 
Entomol.Soc. N. Z. Bull.ed. A.D. Lowe, p54.  

Van Heusden MC, Van der Horst DJ, Voshol J, 
Beenakkers AM (1987). The recycling of protein 
components of the flight-specific lipophorin in Locusta 
migratoria. Insect Biochem., 17:771-776.  

Wall R, Begon M (1987). Population density, phenotype 
and reproductive output in the grasshopper 
Chorthippus brunnerus. Ecol.Entomol., 12: 331 -339. 

Weia YJ (2012). Effect of water and glucose on the adult 



 
 
 

 
longevity of Nysius huttoni White (Hemiptera: 
Orsillidae). New Zealand Entomologist, 35(1): 68-74.  

Wheeler D (1996). The role of nourishment in oogenesis. 
Annu. Rev. Entomol., 41: 407 -431.  

White RE (1983). A Field Guide to the Beetles. Houghton 
Mifflin Company, Boston. xii - 368 pp.  

White TCR (1976). Weather, food and plagues of locusts. 
Oecologia, 22:119-134.  

White TCR (1984). The abundance of invertebrate 
herbivores in relation to the availability of nitrogen in 
stressed food plants. Oecologia, 63:90-105. 

 

142       Afr. J. Biol. 
 
 

 
Wigglesworth VB (1965). The Principles of Insect 

Physiology. London, Menthuen Co. Ltd., p.74.  
Willers JL, Schneider JC, Ramaswamy SB (1987). 

Fecundity, longevity and caloric patterns in female 
Heliothis virescens - changes with age due to flight and 
supplemental carbohydrate. J. Insect Physiol., 
33(11):803-808.  

Zhu YC, Higgins RA (1994). Host plant influences on 
feeding, survivorship, population distribution, and 
management of blister beetles (Coleoptera: Meloidae) 
in Kansas Environ. Entomol., 23 (6): 1472-1479. 
 


