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each after cannibalistic (Adams 2003). They show cannibalism (Lyon 2000, Nahar 

and Wadud 2000). Larvae are known to feed on bat guano, mold and on sick dead 

bats, chickens and pigeons (Falomo 1986). 

�d�Z���������Œ�l�o�]�v�P���������š�o���[�•���u�}�µ�š�Z�‰���Œ�š�•��indicate that the adult beetle is a general feeder, 

while the larva possesses planar molar surfaces that are adapted for feeding on 

�^�����u���v�š�����_���(�}�}�����u���š���Œ�]���o�X���d�Z���������Œ�l�o�]�v�P���������š�o���[�•���‰�Œ�}�‰���v�•�]�š�Ç���(�}�Œ���•�����À���v�P�]�v�P�����v����

continuous feeding could have significant implications concerning their potential as 

disease vectors (McAllister et al 1995a, b). 

2.1.1 Habits and behavior: 

Habits: Darkling beetles are commonly found in woods or around feed bins. These 

battles fly well and are attracted to lights at night but hide during the day. Matured 

larvae seek sheltered place to pupate. Most of the damage to insulation is done by 

lesser mealworms seeking a safe place to pupate. 

All stages of the darkling battle are killed by temperatures below 30°F (Adams 

2003). They survive on the floor of a broiler production house in the accumulated 

mix of bedding material, excreta, feathers, spilt feed, carcasses and other debris 

referred to as litter (Despins and Axtell 1994). 

Behavior: Lesser meal worm usually is not distributed evenly throughout a house. 

They tend to congregate in areas that are most favorable for them. Usually this is 

where there is adequate moisture or where the litter is looser and deeper. The 

larvae and adults tend to accumulated under anything laying on or just under the 

surface of the litter. Floor feeders provide excellent places for them to hide. If 

nothing is available they will at around the edges of caked litter. Mealworm larvae 

and adults avoid very dry or very wet areas but do need some moisture to survive 

(Adams 2003). 

 Larvae cluster in dark corners under manure or litter, under feed sacks or under 

feed in the feed storage areas. Larvae may congregate in areas of higher 

temperature and moisture, such as near water or wet feed. Late instar larvae may 

migrate upward and pupate in the insulation of the building dried areas of the 

manure or litter and in cracks and crevices (Adams 2003). Larvae also bore into 

wood posts, beams, paneling, drywall, and insulation (Dunford 2000). When the 

final instar is achieved, the larvae seek out pupation substrates in the earth floor or 
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as broad as long, slightly narrowed from base to apex with sides feebly curved and 
narrowly margined.  The elytra have moderately impressed striae with finely 
punctured, feebly convex intervals. Elytral punctures are spares and nearly as large 
as those of the striae. The ventral surface of the insect body is dark radish-brown, 
with the prosternal process horizontal between coxae and having a prominent apex 
(Kaufman et al. 2005). The sex of the darkling beetle adult can be determined based 
on the shape of the metathoracic tibial spines. The male has one straight and one 
curved metathoracic tibial spine, while both spines are straight on a female. A male 
can also be recognized by the deeply emarginated posterior edge of the 8th 
sternite, which is straight on a female (BarkØ and Davis 1969). The mean life-span of 
A. diaperinus has been reported as greater than 400 d (Preiss and Davidson 1971), 
after mating, within six to ten days a female beetle has the potential to lay more 
�š�Z���v�� �î�ì�ì�ì�� ���P�P�•�� �~�������u�•�� �î�ì�ì�ï�•�X�� �D�}�•�š�� �}�(�� �š�Z���� �����µ�o�š�[�•�� �o�]�(���� �•�‰���v�� �]�•�� �í�ð-16 months and 
each female laid 1059 to 1874 fertile eggs in her life time. Some adults survive 
longer than 16 months and some females laid very few eggs (Falomo 1986). 
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Plate 7: Mature larvae of A. diaperinus. 

 

 

 

 

 

 

 

 

 

 

 

Plate 8: Pupae of A. diaperinus 
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Table 1. Physical and chemical properties of imidacloprid (California Department of 
Pesticide Regulation, internal database). 

Common name  Imidacloprid 

IUPAC name 1-[(6-chloropyridin-3-yl) methyl]-N-
nitro-4,5-dihydroimidazol-2-amine 

CAS Number  105827�t78�t9 

Color and odor  colorless, odorless crystal 

Molecular weight  255.7  

Water solubility  514 mg/L (20”C at pH 7)  

Vapor pressure  1.00 x 10
-7 

mmHg (20”C)  

Hydrolysis half-life  >30 days (25”C at pH 7)  

Aqueous photolysis half-life <1 hour (24”C at pH 7) 

Anaerobic half-life 27.1 days 

Aerobic half-life 997 days 

Soil photolysis half-life 38.9 days 

Field dissipation half-life 26.5 �t 229 days 

Henry’s constant 6.5 x 10
-11 

atm m
3
/mole (20”C) 

Octanol-water coefficient (K
ow

) 3.7 

Chemical structure 
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Mode of action: 

Imidacloprid is a systemic insecticide which acts as an insect neurotoxin and belongs 

to a class of chemicals called the neonicotinoids which act on the central nervous 

system of insects with much lower toxicity to mammals. The chemical works by 

interfering with the transmission of stimuli in the insect nervous system. Specifically, 

it causes a blockage in the nicotinergic neuronal pathway. This blockage leads to the 

accumulation of acetylcholine, an important neurotransmitter, resulting in the 

insect’s paralysis, and eventually death. It is effective on contact and via stomach 

action. Because imidacloprid binds much more strongly to insect neuron receptors 

than to mammal neuron receptors, this insecticide is selectively more toxic to 

insects than mammals (Gervais et al. 2010).  

Imidacloprid controls sucking insects, soil insects, termites, and some chewing 

insects, and is effective against all feeding stages. It is used to treat seeds, soil, crops 

and structures, and is a flea control treatment on domestic pets (Meister, 2000).  

Toxicology 

The technical grade imidacloprid is more toxic than imidacloprid formulations, and 

more toxic than its nitrosoimine metabolite (not the des-nitro metabolite) which is 

sometimes found in food commodities. The lowest LD50 value for technical grade 

imidacloprid, 131 mg/kg body weight, was observed in male mice (Bomann 1989b). 

The lowest LD50 value for the nitrosoimine metabolite (NTN 37571 or WAK 3839), 

200 mg/kg, was observed in fasted male and female mice. Animal toxicity is 

moderate when ingested orally and low when applied dermally. It is not irritating to 

eyes or skin in rabbits and guinea pigs (although some commercial preparations 

contain clay as an inert ingredient, which may be an irritant). In rats, the thyroid is 

the organ most affected by imidacloprid (Nakazato 1988).  
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2.4 DELTAMETHRIN 

Deltamethrin (Table-2) was first synthesized in 1974. Deltamethrin belongs to the 
chemical class of pyrethroids, naturally occurring insecticidal compounds that are 
synthesized from chrysanthemum flowers .Its most common appearance is either as 
a colorless or slightly beige powder, both of which are odorless (Casida 1973). As a 
group, pyrethroids are regarded as safer for humans than the other classes of 
insecticide (Kolaczinski and Curtis 2004). 

Deltamethrin is widely used in the agricultural sector, as it has high efficacy against 
a large number of insects. Its low toxicity to humans has made it one of the 
insecticides of choice in many countries (Aldridge 1990). Deltamethrin acts on the 
nervous system via its interaction with various channels and receptors, although its 
primary target is the voltage-dependent sodium channels (Ray and Fry 2006). Its 
neurotoxicity in adults is well characterized, although information regarding its 
developmental neurotoxicity is still limited (Shafer et al 2005). As a lipophillic 
compound, deltamethrin is not soluble in water and therefore is highly stable in the 
physical environment. Deltamethrin can produce a variety of acute health 
conditions, but these can be prevented with necessary precautions.  

Toxicity:  

Deltamethrin is considered low in toxicity to birds but highly toxic to several fish 
species and other aquatic organisms. Testing with earthworms indicates that there 
was no observable adverse effect at high agronomic application rates but when the 
concentrations were increased by 5 to 10 times the highest application rate - there 
was significant toxic effects (Ray and Fry 2006). In laboratory trials Deltamethrin LC50 
for fish is C. 0.001 -0.01 mg/1.  In normal conditions outdoors it is harmless to 
honeybees. Aquatic fauna, particularly Crustacea, may be affected, but fishes are not 
harmed under normal conditions of use. ADI for man is 0.01 mg/kg (Worthing 1987). 
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Table 2. Physical and chemical properties of Deltamethrin 

Common name Deltamethrin (ISO, BSI), formerly Decamethrin 

Synonyms Decamethrin; Decis (R); K-othrin(R); NRDC 161; OMS 1998; 
RU-22974 

IUPAC Name (S)- -cyano-3-pehoxybenzyl(1R)-cis-3-(2,2- dibromovinyl)-
2,2-dimethylcyclopropane carboxylate 

CA Name (lR  (S*),3 )-cyano(3-phenoxybenzyl) methyl 3- (2,2-
dibromovinyl)-2,2-dimethylcyclopropanecarboxylate 

Empirical formula C22H19Br2NO3 

Structural 
formula 

 

Moller mass 505.2 

Melting point 98-101°C 

Appearance Colorless 

Physical state crystalline powder 

Odour it is odourless and non-corrosive 

Vapour pressure  At 25°C, 1.9996 x 10-9 kPa (1.5 x 10-8 mmHg). 

Chemical 
structure 
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