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Abstract 

Mating between male and female leather beetle, Dermestes maculatus infesting smoked catfish, 

Clarias gariepinus was disrupted in this study. The effects of disruption on pest biological activities 

and nutritional quality of fish after pest infestation were determined using standard methods. Mating 

disruption technique of 2:1 (♂: ♀); where the males were removed after 24 h of mating had the highest 

number of survived adults. Number of developed larvae (156.80 and 167.50) was significantly higher 

on treatments 1:2 and 2:1 (♂: ♀) in which males were removed after 48 h and 24 h, respectively. Frass 

weight generated by the beetle was higher in the mating disruption treatment 2:1 (♂: ♀) in which the 

male insects were removed at 24 h. Mating disruption technique 1:1 (♂ : ♀) in which male was 

removed after 144 h of mating, had higher ash content (5.307%) whereas, the least ash content 

(3.622%) was recorded in mating disruption treatment 1:1 (♂ : ♀) and the male was removed after 120 

h. Moisture content (29.05%) was significantly higher on mating disruption technique 1:1 (♂: ♀) 

where the male was removed after 144 h. Mating disruption resulted into different number of offspring 

of D. maculatus and different degree of loss of minerals. These give unequivocal signal that mating 

disruption can affect biological activities and nutrient quality. Therefore, the use of physical mating 

disruption technique can be applied to D. maculatus control to reduce their (adults and larvae) 

biological impact on smoked fish and ensure quality and sufficient fish for human use. 

 

Keywords: Mating disruption, nutritional quality, Dermestes maculatus, biological impact, smoked 

fish. 

 

 

INTRODUCTION 

Smoked fish, Clarias gariepinus Burchell is 

consumed by many families in different parts 

of the world for palatability and health 

benefits (Lale and Sastawa 1996; Odeyemi et 

al., 2000; Azam et al., 2014; Onoja et al., 

2018). It is high in poly saturated fatty acids 

which are important factors in lowering 

blood cholesterol level (Azam, et al., 2014). 

Infestation by the leather beetle, Dermestes 
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maculatus De Geer (Coleoptera: 

Dermestidae) impinges on the quality and 

quantity of stored catfish available for human 

use. The smoked catfish has no major 

nutritional difference when compared with 

the fresh form. Fish is smoked and kept dry 

to extend its storability. Smoking enhances 

loss of moisture that helps to improve 

nutritional quality by concentrating 

beneficial constituents in fish (Ajao, 2012; 

Tahir et al., 2020).  

Dermestes spp. and Necrobia rufipes 

have been implicated in the infestation of 

Egyptian mummies (Adams, 1990), 

museums (Linnie and Keatinge, 2000), 

smoked fish and poultry products (Geden 

and Hogsette, 2001) and stored cocoons of 

silk-worm Bombyx mori (Sahaf, 2007). 

Haines and Rees (1989) reported that D. 

maculatus is a major insect pest of smoked 

African catfish where both adults and the 

larvae attack the product and inadvertently 

cause fragmentation. Huge quantitative 

losses of up to 50% and invariably, qualita-

tive losses are recorded (Odeyemi et al., 

2000; Fasakin and Aberejo, 2002).  

It has been shown that the life cycle of D. 

maculatus (from egg to adult-emergence) is 

about 5 to 7 weeks under optimal conditions 

(Archer and Elgar, 1998; Jones et al., 2006). 

In leather beetle, pheromones are secreted by 

males through a gland located at the base of 

the abdomen. These secretions biologically 

attract the female insects. Male and female 

D. maculatus mate multiple times and 

females have the capacity to lay eggs within 

24 hours of first mating (Zakka et al. 2013). 

Larvae of this species metamorphose through 

5–11 instars and number of instars increase 

with adverse conditions. Adults can disperse 

to other food sources by flying (Jones et al., 

2006) and this makes infestation easy. The 

life span of the adults is between 4 and 6 

months. Larval development in D. maculatus 

does not signal any visible morphological 

change but increase in size occurs. 

Development period of 31 days was 

observed on C. gariepinus, while average of 

42.75 days was noticed on mixed substrates 

(Zakka et al., 2013). Processed fish is readily 

attacked by several species of Dermestes 

such as D. frischi, D. attah and N. Rufipes 

(Don-Pedro 1989).  

Attack on smoked catfish by D. 

maculatus significantly reduces the quality 

and quantity of fish flesh that should ideally 

be consumed by human beings and used for 

other economic purposes (Singh et al., 2018). 

According to Osuji (1974), about 71.5% of 

dried fish infestation was caused by D. 

maculatus. From analysis, D. maculatus 

adults easily disperse to new sources of food 

where they infest, and predispose the infested 

fish to microbial attack (Adedire and Lajide, 

2000). Therefore, control of D. maculatus 

infestations of smoked cat fish by disrupting 

the mating activities of the males and 

females is vital for global economic 

sustainability in the fish industry. The 

objectives of the present study were to  

(i) identify the most suitable physical mating 

disruption technique in D. maculatus 

infestations of smoked catfish, (ii) determine 

the effects of mating disruption on the 

biological activities of the insect pest, and 

(iii) ascertain the effects of mating disruption 

on nutritional quality of fish after pest 

infestation. 

 

MATERIALS AND METHODS 

Experimental Site and Specimens 

This experiment was conducted in the Crop 

Protection Laboratory of the Department of 

Crop and Soil Science, Faculty of 

Agriculture, University of Port Harcourt, 

Rivers State, Nigeria, with the Coordinates: 

4°49′27″N 7°2′1″E/4.82417°N 7.03361°E, 

latitude: 4.7848, longitude: 7.0055. 

Dermestes maculatus was obtained from an 
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open market in Borokiri, Port Harcourt, 

Rivers State, Nigeria while Clarias 

gariepinus was obtained from an open 

market in Choba, Port Harcourt, Rivers State, 

Nigeria. The work bench was sterilized using 

70% ethanol and cotton wool to prevent 

microorganisms from infecting the work. 

Kilner jars and samples of C. gariepinus 

were heat sterilized using an open flame 

from a stove before the experiment. 

 

Insect Culture  

A culture was set up to ensure adequate 

number of insects. The culture was left 

undisturbed over a long period of time while 

pre-pupae and pupae were isolated from each 

substrate at 3-4 days intervals and introduced 

into separate test tubes prior to adult 

emergence of similar age and kept unmated 

before sexing them when needed for the 

experiment (Zakka et al., 2013). The males 

were distinguished from the females by their 

possession of a deep depression and brush of 

hairs on the 4th abdominal sternite (Imai et 

al., 1990). The F1 generation of 1-2 d old 

were used for the experiment.  

 

Sample Preparation and Bioassay 

Fresh Clarias gariepinus fish of about 36-49 

g were purchased from the open market in 

Choba and used for the experiment. The fish 

was washed thoroughly and weighed using a 

standard weighing balance. It was then dried 

at a Section in the Choba open market using 

a local Oven for 2 d, and sun dried for a day, 

after which it was heat-sterilized using an 

open flame from a stove. The fish samples 

were weighed with a sensitive weighing 

balance to ascertain the weight of the fish 

before infestation. The standardized fish 

samples were allotted into an already 

sterilized and tagged Kilner jars where they 

were infested with copulating male and 

female D. maculatus in varying ratios as 

shown in Table 1. The experimental design 

was Completely Randomized Design (CRD) 

with seven treatments and replicated three 

times where D. maculatus adults were 

allowed to mate and the females left to lay 

eggs while the males were removed at 

various times as physical mating disruption 

techniques as shown in Table 1. A control 

was designated. On the 35th day of 

infestation, the number of live adult D. 

maculatus, number of dead adult D. 

maculatus, number of larva, number of pupa, 

weight of frass (g) and percent weight loss of 

fish were evaluated.  

 

Table 1: Physical mating disruption tech-

niques employed for the study 
 

Treatment 

serial numbers 

Male : 

Female 

Mating disruption 

techniques (hours)* 

1 2:1  24 (1day) 

2 1:2 48 (2 days) 

3 1:1 72 (3days) 

4 1:1 96 (4days) 

5 1:1 120 (5days) 

6 1:1 144 (6days) 

7 3:2 168 (7days) 
 

*Hours after which males were removed. 

 

Determination of Proximate and Mineral 

Contents of the Smoked Catfish Samples 

Proximate analyses were carried out on both 

infested and uninfested cured catfish to 

ascertain the level of nutrient loss 

attributable to D. maculatus infestations 

under different mating disruption techniques. 

The standard analytical methods of AOAC 

(1990) described in Onwuka (2005) were 

used to determine ash, moisture, protein and 

lipids present in the fish samples. Potassium 

and sodium were determined by flame 

photometry while calcium, magnesium and 

iron contents were determined by atomic 

absorption spectrometry (Onwuka, 2005).  
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Statistical Analysis 

Data were subjected to analysis of variance 

(ANOVA) and significantly different means 

were separated using least significant 

difference (LSD) at α = 0.05. Probability 

values of < 0.05 were considered significant.  

 

RESULTS 

The effects of physical mating disruption on 

the biological activities of D. maculatus 

reared on smoked C. gariepinus are shown in 

Table 2. Where mating disruption technique 

of 2:1 (♂: ♀) and the males removed after 24 

h of mating had the highest adult beetles 

alive (2.0) whereas the other mating 

disruption techniques showed non-significant 

(p > 0.05) difference in values (1.0 

throughout) obtained for the other disruption 

and mating techniques. Same result was 

obtained for adult beetle dead after the 

experiment. Number of larval development 

was higher on physical mating disruption 

techniques 1:2 and 2:1 (♂ : ♀) where males 

were removed after 48 h and 24 h 

respectively though not significantly 

different from the other treatment 

combinations except mating disruption 

technique 1:1 with male removed after 144 

hours. Mating disruption technique 1:1 with 

male removed after 144 h was not 

significantly different from the other 1:1 

treatment combinations and treatment 

combination 3:2 with males removed after 

168 h. Similar result was obtained for pupal 

emergence under different treatment 

combinations. Frass weight generated by the 

beetle at the end of the experiment was 

highest in the physical mating disruption 

technique 2:1 (♂: ♀) where the male skin 

beetles were removed at 24 h though not 

significantly (P > 0.05) different from the 

other treatment combinations, however, the 

least frass was recorded in the 1:1 (♂: ♀) 

mating disruption technique with the male 

removed after 144 h of mating. Fish loss was 

highest in the 1:1 (♂: ♀) mating disruption 

technique where males were removed after 

144 h whereas loss was least in the 3:2 

mating disruption technique.  

 

Table 2: Mating disruptions and levels of biological activities of the leather beetle, D. 

maculatus unrestricted by smoked catfish, C. gariepinus 
 Treatment  
(♂ : ♀)  

Mating disruption 
technique (hours)  

ABA  ABD  No. larva  No. pupa  Frass  
weight 
(g) 

% weight  
loss  

2: 1 24  2.00
a
  3.00

a
 156.80

a
  27.75

a
  11.25

a
  37.00

b
 

1:2 48  1.00
b
  0.00

b
  167.50

a
  15.75

a
  10.75

a
  42.25

b
 

1:1 72  1.00
b
  0.00

b
  111.20

ab
  3.75

ab
  6.75

a
  61.50

ab
  

1:1 96  1.00
b
  0.00

b
  92.00

ab
  2.25

bc
  5.75

a
  75.75

a
 

1:1 120  1.00
b
  0.00

b
  125.50

ab
  4.00

ab
  9.50

a
  49.25

ab
  

1:1 144  1.00
b
  0.00

b
 65.80

b
  2.25

bc
 5.50

a
  78.50

a
 

3:2 168 1.00
b
  0.00

b
  130.50

ab
  5.75

ab
  9.25

a
  32.75

b
 

 

Keys: ABA – Adult beetle alive; ABD - Adult beetle dead.  
Means followed by the same letters within column were not significantly different by LSD at α = 0.05. 
In all cases, df = 6,14, P < 0.05.  
 

 Proximate compositions of smoked cat 

fish infested by D. maculatus after different 

physical mating technique are shown in 

Table 3 and significant differences (P < 0.05) 

occurred. The mating disruption technique 

1:1 (♂: ♀) where male was removed after 

144 h of mating had higher ash content and 

the least ash content was recorded in mating 
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disruption technique 1:1 (♂: ♀) where the 

male was removed after 120 h. Other mating 

techniques were significantly different from 

each other except for treatment 2:1 and 1:1 

(♂: ♀) were mating was disrupted after 24 

and 72 h respectively which were not 

significantly different from each other. 

Moisture content was significantly higher 

(29.05%) on physical mating disruption 

techniques 1:1 (♂: ♀) where the male leather 

beetle was removed after 144 h and the least 

moisture content (17.21%) was recorded in 

the control. Other mating disruption 

techniques were significantly (P < 0.05) 

different from each other except between 

treatments 1:1 and 1:1 (♂: ♀) where males 

were removed after 72 and 120 h, 

respectively and between treatments 1:2 and 

1:1 (♂: ♀) where males were removed after 

48 and 96 h respectively. Protein content was 

significantly higher in uninfested smoked 

fish and physical mating disruption 1:1 (♂ : 

♀) where male was removed after 96 h and 

the least protein content was recorded in 

mating disruption technique 3:2 and 2:1(♂ : 

♀) where the males were removed after 168 

and 24 h of mating respectively. Lipid 

content was significantly higher in uninfested 

smoked fish while the least lipid content was 

recorded in mating disruption technique 1:2 

(♂: ♀) where the male skin beetle was 

removed after 48 h of mating. Mating 

disruption techniques 1:1 (irrespective of 

hours after male was removed) were not 

significantly different from each other. 

Minerals composition of smoked cat fish 

infested by D. maculatus after different 

physical mating technique is shown in Table 

4 and significant differences were observed. 

The result showed that the physical mating 

disruption 1:1 (♂: ♀) where male was 

removed after 120 h had the highest K value 

and this was followed by uninfested smoked 

catfish. Sodium value was significantly 

higher on smoked catfish where physical 

mating disruption techniques 3:2 and 1:1 (♂ : 

♀) with males removed after 168 and 96 h of 

mating respectively were adopted and the 

least sodium value was recorded in mating 

disruption technique 1:1 (♂ : ♀) and the 

male was removed after 120 h of mating. 

Calcium was significantly higher in 

uninfested smoked catfish while the least 

was recorded in infested smoke catfish where 

mating disruption technique 1:1 and the male 

was removed 72 h of mating. Similar result 

was obtained for magnesium and iron, except 

that they occurred in lowest amount in 

mating disruption 1:1 where the male was 

instead removed 96 h after mating. 

 

Table 3: Proximate composition of smoked cat fish infested by D. maculatus after different 

physical mating technique 
 

Treatment  
(♂ : ♀)  

Mating disruption technique (hours) Ash  
(%) 

Moisture  
(%)  

Protein  
(%)  

Lipid  
(%)  

2: 1 24 4.616
c
  27.35

b
  53.375

e
  2.70

d
  

1:2 48  4.277
d
  23.03

e
  59.063

bc
  1.30

e
  

1:1 72 4.679
c
  24.45

d
  59.500

bc
  4.40

c
  

1:1 96  4.927
b
  23.47

e
  61.250

a
  4.30

c
  

1:1 120 3.622
f
  25.04

d
  59.938

ab
  4.40

c
  

1:1 144 5.307
a
  29.05

a
  56.875

d
  4.40

c
  

3:2 168 3.756
e
  26.51

c
  52.500

e
  5.40

b
  

Control*  4.920
b
  17.21

f
  61.250

 a
  18.70

 a
  

*Un-infested smoked cat fish 

Means followed by the same letters within column were not significantly different by LSD at 

α = 0.05. In all cases, df = 7,16, P < 0.05.  
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Table 4: Mineral composition of smoked cat fish infested by D. maculatus after different 

physical mating technique 
 

Treatment  

(♂ : ♀)  

Mating disruption 

technique 

(hours)  

K  

(mg/kg)  

Na  

(mg/kg)  

Ca  

(mg/kg)  

Mg  

(mg/kg)  

Fe  

(mg/kg)  

2: 1 24  284.00
g
  499.05

b
  322.45

e
  280.65

g
  65.80

d
  

1:2 48  307.50
e
  463.20

c
  727.50

b
  897.95

c
  86.65

c
  

1:1 72  262.60
h
  495.80

b
  169.45

h
  605.45

d
  199.30

a
  

1:1 96  333.00
d
  517.60

a
  292.35

g
  189.15

h
  47.70

g
  

1:1 120  729.45
a
  275.50

d
  686.00

c
  1735.00

a
  59.65

e
  

1:1 144  291.50
f
  490.45

b
  246.15

f
  524.84

e
  64.20

d
  

3:2 168  345.00
c
  521.70

a
  347.45

d
  487.20

f
  51.00

f
  

Control*   597.45
b
 292.50

d
  1327.50

a
  1046.50

b
 111.40

b
 

 

*Un-infested smoked cat fish 

Means followed by the same letters within column were not significantly different by LSD at 

α = 0.05. In all cases, df = 7,16, P < 0.05.  

 

 

DISCUSSION 

According to Archer and Elgar (1999), D. 

maculatus males attempt to mount and 

copulate with the females on encountering 

them without courtship. This could be 

attributed to the facts that both produce sex 

pheromone (Rakoswki and Cymborowski, 

1986; Jaskulska et al., 1987). Contrary to 

what was reported in Coleophora deauratella 

where physical mating disruption technique 

controlled the mobile adult stage by 

preventing or delaying mating (Baker and 

Heath, 2005), such has been utilized in 

disrupting chemical communication between 

male and female insects (Howse et al., 1998) 

and thereby preventing mating among and 

between the species.  

The analysis of result showed that each 

physical mating disruption technique resulted 

into different number of progenies of D. 

maculatus as observed in mating disruption 

technique 2:1 and 1:2 (♂: ♀) left to mate for 

24 and 48 h respectively resulting to higher 

larvae and pupae was at variance with earlier 

report by McNamara et al. (2008) that males 

exhibit preference, discriminating against 

mated females in preference for virgins. 

Eady et al. (2000) reported that copulation of 

males with the same sexual partner may 

suggest their incapability of recognizing 

previous sexual partners and the fact that 

females inseminated by multiple males 

laying more eggs implies a function of 

polyandry. Bateman (1948) also reported that 

male reproductive success increases with 

additional copulation. In this report even 

where males were twice the number of 

females and vice versa, higher progenies 

over those where the sexes were in equal 

proportion and were allowed to mate for 

longer period were observed which contrast 

to the previous reports. The selection of mate 

may then suggest that it is determined by 

female species of D. maculatus and since 

some insects even among the coleopterans 

are known to be parthenogenetic (which was 

beyond the scope of this study). It may then 

be as Archer and Elgar (1999) reported that 

males initiate mating while the females 

exhibit some degree of choice and can either 

accept or reject copulation advances by 

either walking away, resisting by bucking, 

kicking at the genitals of the males and/or 
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rolling over while remaining calm for suitor 

to allow mating. However, benefits of 

females copulating with multiple males were 

highlighted by previous studies to include 

increasing fertility (Walker, 1980), high male 

parental care (Davies, 1992), courtship 

feeding (Thornhill and Alcock, 1983), 

deriving nutrients from the ejaculatory 

(Gwynne, 1984), and reduction of infanticide 

(Hrdy, 1977). Others are genetic diversity 

and compatibility (Keller and Reeve 1994; 

Zeh and Zeh, 1997), production of viable and 

attractive offspring (Kempenaers et al. 1992; 

Olsson et al. 1994) and efficient sperm 

fertilization (Keller and Reeve, 1995).  

 Frass weight generated by all stages of 

development of D. maculatus in the physical 

mating disruption technique adopted 

showing higher index in where the number of 

both adults and larvae of the beetle were 

higher may be attributed to the fact that both 

stages of the beetle feed and the higher the 

number; the higher frass generated and the 

higher weight loss of the substrates. This 

assertion was earlier propounded by Rustin 

and Munro (1984) and Haines and Rees 

(1989) that D. maculatus is a cosmopolitan 

and a major pest of cured fish and these 

workers observed continuous feeding by 

adults and larva thereby causing up to 50% 

quantitative and qualitative losses of the 

edible fish during storage (Odeyemi et al., 

2000; Fasakin and Aberejo, 2002). Ekeh et 

al. (2008) described hide beetle as a highly 

destructive pest of protein-based food which 

include smoked fish, dried meat and blood 

meal and any material containing steroids 

which could range from leather goods to 

poultry feeds and allied produce. Therefore 

its management is an essential component of 

any effort to increase food production and 

thus ensure food security.  

Dermestes maculatus developing on all 

substrates where different physical mating 

disruption techniques were employed 

resulting to different level of mineral 

composition and proximate depreciation may 

suggest the assertion propounded earlier that 

the beetle has high preference to animal 

steroid. Lale (2002) reported that skin beetle 

feeds on wide variety of animal protein-rich 

diet while Ikeme (1991) and Ande et al. 

(2012) stated that nutritional requirements of 

both adult and larvae of D. maculatus are 

similar. From the results, the rate of food 

consumption, development, emergence, 

fecundity and fertility were proportionate to 

the loss in the available nutrients consumed. 

This suggests that protein content and other 

minerals and vitamins depreciated higher in 

the smoked fish which supported higher 

progenies. Proteins, minerals and vitamins 

might have been utilized during egg-laying 

and other development processes by both the 

adult beetle and their F1 progenies. Similar 

result was obtained by Johnson and Esser 

(2005) that carnivorous beetles such as skin 

beetle need a good supply of protein, 

vitamins and minerals for optimum growth.  

In conclusion, the physical mating 

disruption techniques yielded different 

number of progenies of D. maculatus. The 

selection of mate may be determined by 

female species of D. maculatus and there 

was evidence of parthenogenesis and 

therefore the use of physical mating 

disruption technique can be applied in the 

control of D. maculatus to reduce their 

biological impact on smoked cat fish and to 

ensure the availability of quality and 

sufficient smoked cat fish for human use. 
 

REFERENCES 

Adams, R.G. (1990). Dermestes leechi Kalik 

(Coleoptera: Dermestidae) from an Egyptian 

mummy. Entomology Gazette, 41: 119-120. 

Adedire, C.O. and L. Lajide (2000). Effect of 

pulverized plant materials on fish damage 

and growth performance of the fish beetles 

Dermestes maculatus (Degeer). Entomolo-



 

 

136 NIGERIAN JOURNAL OF ENTOMOLOGY, VOL. 36: 2020 

gical Society of Nigeria Occasional Publi-

cation, 32: 215-221.  

Ajao, M. (2012). Evaluation of the efficacy of 

neem seed oil (NSO) extract for the control 

of  Dermestes maculatus (DeGeer, 1774) 

(Coleoptera: Dermestidae) in Clarias 

gariepinus (Burchell, 1822) (Pisces: 

Claridae). Munis Entomology and Zoology 

Journal, 7: 188-1194. 

Ande, S., Leke, I., Eneji, I and S. Yakubu 

(2012). Pxoximate analysis of smoked and 

unsmoked fish (Catfish and Tilapia) in 

Ombi River Nassarawa State, Nigeria. 

Elixir Food Science, 53: 1801-1803.  

AOAC (Association of Official Analytical 

Chemists). (1990). AOAC Official Methods 

of Analysis. 15th Edition, Washington, 

D.C. 

Archer, M.S. and M.A. Elgar (1999). Female 

preference for multiple partiners: sperm 

competition in the hide beetle, Dermestes 

maculatus (DeGeer). Animal Behaviour, 58: 

669-675. 

Archer, M.S. and M,A. Elgar (1998). 
Cannibalism and delayed pupation in hide 

beetles, Dermestes maculatus Degeer 

(Coleoptera: Dermestidae). Australian 

Journal of Entomology, 37: 158-161. 

Azam, K., Alli, N.Y., Asaduzzaman, M., 

Basher, M. Z. and M.M. Hussain (2014). 

Biochemical assessment of selected fresh 

fish. Journal of Biological Sciences, 4: 9- 

10.  

Baker, T.C. and J.J. Heath (2005). Pheromones: 

Function and use in insect control. In: 

Gilbert LI, Iatrou K, Gill S (eds) 

Comprehensive Molecular Insect Science, 

6: 407-459. 

Bateman, A.J. (1948). Intra-sexual selection in 

Drosophila. Heredity 2:349-368. In Eady, 

P.E., Wilson, N and Jackson, M. (2000) 

Copulating with multiple mates enhances 

female fecundity but not egg-to-adult 

survival in the bruchid beetle 

Callosobruchus maculatus. Evolution, 54 

(6): 2161-2165.  

Davies, N. B. (1992). Dunnock behaviour and 

social evolution. Oxford Univ. Press, 

Oxford, U.K. 

Don-Pedro, K.N. (1989). Insecticidal activity of 

some vegetable oils against Dermestes 

maculates Degeer (Coleoptera: Dermestidae) 

on dried fish. Journal of Stored Products 

Research, 25(2): 81-86. 

Eady, P.E., Wilson, N and M. Jackson (2000). 
Copulating with multiple mates enhances 

female fecundity but not egg-to-adult 

survival in the bruchid beetle Callosobruchus 

 maculatus. Evolution, 54 (6): 2161-2165.  

Ekeh, F.N., Ekechukwu, N.E. and I. Onah. 

(2008). Arthropod posts of dried fish and 

fish by products in a tropical urban 

community market. Animal Research 

International, 5: 900-903. 

Fasakin, A.E and B.A. Aberejo (2002). Effects 

of some pulverized plant materials on the 

developmental stages of fish beetle 

Dermestes maculatus (Degeer) in smoked 

catfish  (Clarias gariepinus) during 

storage. Nature Science, 6: 1-5.  

Geden, C.J and J.A. Hogsette (2001). Research 

and extension needs for integrated pest 

management for Arthropods of veterinary 

importance. Proceedings of a workshop in 

Lincoln, Nebraska, 12-14 April 1994, 

Center for medical, agricultural, and vete-

rinary entomology USDA-ARS, Gainesville, 

Florida. 

Gwynne, D.T. (1984). Male mating effort, 

confidence of paternity, and insect sperm 

competition. In Eady, P.E., Wilson, N and 

Jackson, M. (2000) Copulating with 

multiple  mates enhances female fecundity 

but not egg-to-adult survival in the bruchid 

beetle Callosobruchus maculatus. Evolu-

tion, 54 (6): 2161-2165.  

Haines, C.P. and D.P. Rees (1989). Dermestes 

spp. A Field Guide to the Types of Insects 

and Mites Infesting Cured Fish. FAO 

Fisheries Technical Paper, No. 303, 33P. 

Howse, P.E., Stevens, I.D.R. and O.T. Jones 

(1998). Insect pheromones and their use in 

pest management. Chapman and Hall, 

London, UK. 

Hrdy, S. B. (1977). The langurs of Abu. Harvard 

Univ. Press, Cambridge, MA. 

Ikeme, A.I. (1991). Studies on the fragmentation 

of smoked fish: In processing of the FAO 



 

 

 Nduka et al: Effect of Mating Disruption in Leather Beetle, Dermestes maculatus 137 

Export consultation on Fish Technology in 

Africa NO.467. 

Imai, T.I., Kodama H, Mori, M. and M. 

Kohno (1990). Morphological and chemical 

studies of male abdominal exocrine glands 

of the black larder beetle, Dermestes ater 

De Geer (Coleoptera: Dermestidae). 

Applied Entomology and Zoology, 25: 113- 

118. 

Jaskulska B, Rakowski G and B. 

Cymborowski (1987). The effect of 

juvenile hormone on aggregative behaviour 

of Dermestes maculatus. Biochemistry 

Physiology, 87A: 771-773. 

Johnson, C. and J. Esser (2005). A review of 

insect infestation of Traditionally Processed 

Fish in the tropics. Department for 

International Development, London. 92pp. 

Jones, T.M., McNamara, K.B., Colvin, P.G.R., 

Featherston, R. and M.A. Elgar (2006). 
Mating frequency, fecundity and fertiliza-

tion success in the hide beetle, Dermestes 

maculatus. Journal of Insect Behaviour, 19: 

357-371.  

Keller, L., and H.K. Reeve (1995). Why do 

females mate with multiple males? The 

sexually selected sperm hypothesis. Advances 

in the Study of Behaviour, 24: 291-313.  

Kempenaers, B., Verheyen, G. J., De Broeck, 

M. V. Burke, T. Broekhoven, C. V. and 

A.A. Dhondt (1992). Extra-pair paternity 

results from female preference for high-

quality males in the blue tit. Nature, 357: 

494-496. 

Lale, N.E.S. (2002). Stored Product Entomology 

and Acarology in Tropical Africa. Mole 

Publication.  

Lale, N.E.S. and B.M. Sastawa (1996). The 

effect of sun drying on the infestation of the 

African Catfish (Clarias gariepinus) by 

post-harvest insects in the Lake Chad 

District of  Nigeria. International Journal of 

Pest Management, 42, 281-283.  

Linnie, M.J. and M.J. Keatinge (2000). Pest 

control in museums: toxicity of para-

dichlorobenzene, ‘vapona’ TM, and 

naphthalene against all stages in the life-

cycle of museum pests. Dermestes 

maculates Degeer, and Anthrenus verbasci 

(L.) (Coleoptera: Dermestidae). Interna-

tional Biodeterioration and Biodegradation, 

45: 1-13. 

McNamara, K.B., Brown, R.L., Elgar, M.A. 

and T.M. Jones (2008). Paternity costs 

from polyandry compensated by increased 

fecundity in the hide beetle. Behavioral 

Ecology, 19: 433-440. 

Odeyemi, O.O., Owoade, R.A. and O. 

Akinkurolere (2000). Toxicity and 

population suppression effects of Parkia 

clappatoniana on dried fish pests 

(Dermestes maculatus and Necrobia 

rufipes). Global Journal of Pure and 

Applied Sciences, 6: 191-195.  

Olsson, M., Gullberg, A., Tegelstrom, H. 

Madsen, T. and R. Shine (1994). Can 

female adders multiply? Nature, 369: 528. 

Onoja, U.S., Ekere, N.R., Ezugwu, J.U. and 

R.I. Onoja (2018). Quality assessment of 

edible fish species at flood basin of 

Omambala River, South East Nigeria. 

Iranian Journal of Toxicology, 12 (4):  

19-23. 

Onwuka, G.I. (2005). Food Analysis and 

Instrumentation: Theory and Practice. 

Naphthali  Prints, Surulere, Lagos, Nigeria, 

203pp. 

Osuji, F.N.C. (1974). Beetle infestation in dried 

fish purchased from a Nigerian market with 

special reference to Dermestes maculatus 

and Necrobia rufipes. Nigerian Journal of 

Entomology, 1: 69-70.  

Rakowski, G. and B. Cymborowski (1986). 
Some environmental influences and 

physiological factors influencing the 

response of the hide beetle, Dermestes 

maculatus, to aggregation pheromone. 

International Journal of Invertebrate 

Reproductive Development, 9: 35-41. 

Rustin M.H.A. and D.D. Murno (1984). 
Popular ulticeria caused by Dermestes 

maculatus DeGeer. Clinical Meeting of the 

St John’s Hospital Dermatological Society: 

9: 317-321. 

Sahaf, K.A. (2007). Studies on Dermestes 

maculates Degeer (Coleoptera: Dermestidae), 

a pest of stored silk cocoons of silkworm, 



 

 

138 NIGERIAN JOURNAL OF ENTOMOLOGY, VOL. 36: 2020 

Bombyx mori L. Journal of Entomological 

Research,  31: 163-164. 

Singh, S.M., Siddhnath, Bharti, R., Aziz, A., 

Pradhan, S., Chhaba, B. and K. Narinder 

(2018). Insect infestation in dried fishes. 

Journal of Entomology and Zoology, 6 (2): 

2720-2725. 

Tahir, M., Salengke, S., Mursalim, Metusalach 

and W. Caesarendra (2020). Performance 

of  smokehouse designed for smoking fish 

with the indirect method. Processes, 8 (2): 

204-215. 

Thornhill, R., and J. Alcock (1983). The 

evolution of insect mating systems. Harvard 

Univ. Press, Cambridge, MA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Walker, W.F. (1980). Sperm utilization strate-

gies in nonsocial insects. The American 

Naturalist, 115: 780-799. 

Zakka, U. Ayertey, J.N. and M.A. Cobblah 

(2013). Development of Dermestes 

maculatus (DeGeer, 1774) (Coleoptera: 

Dermestidae) on different fish substrates. 

Jordan Journal of  Biological Sciences, 6 

(1): 5-10.  

Zeh, D.W. and J.A. Zeh (1997). The evolution 

of polyandry. II. Post-copulatory defences 

against genetic incompatibility. Procee-

dings of Royal Society of London B 264: 

69-75. 

 

NJE Vol. 36: 129-138, 2020 
Nigerian Journal of Entomology 
Published by the Entomological Soc. of Nig. 
www.esnjournal.com.ng 
DOI.10.36108/NJE/0202/63.01.51 
 

 
1965

http://www.esnjournal.com.ng/

