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Abstract 

The development of Dermestes maculatus (DeGeer) on four smoked fish substrates [Trigger fish (Balistes capriscus), Catfish 
(Synodontis sp.), African catfish (Clarias gariepinus) and Nile Tilapia (Oreochromis niloticus)] were investigated as 
completely randomized design under laboratory temperature of 30oC, relative humidity of 65±5%  and a light: darkness 
regimen of 12:12 hours. Females laid eggs within 24 hours of copulation. The numbers of eggs laid and the period between 
larval instars were not significantly different (P > 0.05). Mean total egg laying period varied from 18 days on B. capriscus to 
30 days on Synodontis sp. with about 75% of eggs laid on days 13, 15, 15 and 17 for O. niloticus, B. Capriscus, C. 
gariepinus, and Synodontis sp., respectively. Hatching started 48 hours after copulation on all fish substrates. The mixed fish 
substrate (comprising all species) gave the longest (P < 0.05) developmental period of 42.75 days. Except C. gariepinus 
which recorded five larval instars, all others gave six instars. The total development period of D. maculatus from egg → larva 
→ pre-pupa → pupa → adult emergence on the fish substrates decreased in the order Synodontis > O. niloticus > Mixed > C. 
gariepinus > B. capriscus.  
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1. Introduction      

Fish has remained an important source of food and 
income to many people in the developing world including 
Africa where as much as 25% of the population depend 
on it (Essuman, 1992). It is a very rich source of good 
quality protein in diets of man (Amusan and Okorie, 
2001; Fasakin and  Aberejo, 2002; Azam  et al., 2004; 
Aderolu and Akpabio, 2009). Don-Pedro (1989) concurs 
that during storage, transportation and marketing, dried 
fish is readily attacked by several species of insects 
notably D. maculatus, D. frischii, D. ater and Necrobia 
rufipes.  FAO (1990) reported that Dermestes spp. and N. 
rufipes were major pests of smoked fish, poultry products 
(Geden and Hogsette, 2001), museums (Linnie and 
Keatinge, 2000), Egyptian mummies (Adams, 1990) and 
stored cocoons of silk-worm Bombyx mori (Sahaf, 2007). 
Lale and Sastawa (1996) and Odeyemi et al. (2000) 
recorded about 50% losses during the storage of smoked 
fish products due to deterioration.  The losses have been 
attributed to net reductions in the amount of nutrients 
available to the consumer (nutritive quality) resulting to 
declining consumer acceptability and market prices 
(economic losses) or both quantitative and qualitative 

losses (Odeyemi et al., 2000; Atijegbe, 2004).  Thus, the 
experiment was designed to investigate the 
developmental processes of D. maculatus on substrates 
from four species of smoked fish with the aim of 
understanding the biology of the pest for effective and 
efficient management measures against losses caused by 
the pests in stored fish products. 

2. Materials and Methods 

The studies were carried out between October 2004 
and May 2005 under controlled temperature (30ºC), 
relative humidity (65±5 %) and light-to-darkness regimen 
of 12:12 hours. Smoked fish from four species of fish – 
the Trigger fish (Balistes capriscus Gmelin), Catfish 
(Synodontis sp.), African catfish (Clarias gariepinus 
Burchel) and Nile tilapia (Oreochromis niloticus 
Linnaeus) – were purchased from Madina and Makola 
local Markets in Accra, Ghana and used for the 
experiment. Treatments were arranged as completely 
randomized design (CRD), replicated four times and kept 
on open air shelves. The life cycle of the pest was 
determined on each food medium and appropriate records 
taken as outlined below. 
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2.1. Rearing of D. Maculatus 
Several unsexed adults of D. maculatus obtained from 

naturally infested smoked fish materials served as 
sources of the pests.  The glass jars and cured fish 
species- B. capriscus (Trigger fish), Synodontis sp. 
(Catfish), C. gariepinus (African catfish) and O. niloticus 
(Nile Tilapia) used for the experiment were heat-
sterilized at 60ºC for one hour in a hot-air Gallenkamp 
oven in the laboratory to kill all insect pests that may be 
present. The experimental bottles had their lids opened 
and sealed with 4 cm diameter mesh to facilitate aeration 
of the culture and placed on inverted Petri dishes 
submerged in white oil on shallow trays to keep out mites 
and other insect pests. Adult D. maculatus were then 
transferred into sterilized jars containing the disinfested 
smoked fish from B. capriscus, Synodontis sp., C. 
gariepinus and O. niloticus species to initiate new 
colonies of the parent stock for rearing the pests. The 
insect pests were fed on the four different fish substrates. 

About 1000 g of the sterilized fish substrates were 
then conditioned for 2 days under ambient laboratory 
conditions with about 600 g of each substrate later 
poured into a series of 1-litre jars. About 20 unsexed 
adults of D. maculatus were introduced into each jar and 
their offspring allowed developing up to the pupa stage. 
The adults were sieved out after fourteen days of 
oviposition to ensure that offspring of relatively same age 
were obtained as pure F1 D. maculatus. The pupae were 
then transferred from each of the substrates into separate 
sub-culture bottles containing each pure fish substrates. 
The rearing cultures were left undisturbed over a long 
period of time but pupae were isolated from each 
substrate at 7-day intervals and introduced into separate 
test tubes prior to adult emergence to ensure that adults 
were 47 days old before sexing them and kept unmated 
until required. The males are distinguished from the 
females by their possession of a deep depression and 
brush of hairs on the 4th abdominal sternite (Imai et al., 
1990). On emergence, the adults were placed in test tubes 
containing similar fish substrates to the ones on which 
they were bred and maintained under same conditions.  

2.2.  Egg Laying Bioassay 
The experimental bottles were sterilized in a 

Gallenkamp oven, as described above, to obtain the 
number of egg(s) laid per female per day. Each fish 
species was then carefully dissected using entomological 
scissors and compacted with rubber band as in whole fish 
substrates. A male and a female adult D. maculatus (each 
47-day old) were then introduced into separate tubes 
containing each fish species to serve both as food and 
oviposition medium and incubated for 30 days. Water 
was provided as soaked cotton wool and insects were 
allowed to drink for five minutes while egg count was 
done. The jars were monitored twice daily for the 
presence of eggs using hand lens and any egg seen was 
counted and removed using soft brush after which the 
medium was returned to its original position. 

2.3.  Larval Development 
Larval instars were examined after collecting and 

placing eggs laid on each fish substrate from each of the 
experimental jars into glass tubes for incubation. On 

hatching, the larvae were separated into individual tubes 
of 2.2 cm × 15 cm dimensions containing 10 g of each 
fish species and kept under observation for their 
development. Duration of each larval instar was 
determined on each substrate by the presence of exuviate 
after each moult. All larvae were derived from eggs laid 
by individuals maintained on smoked fish substrates used 
in determining the number of eggs laid. 

2.4. Pupal Period 

The pre-pupal stage occurs when the last instar larva 
becomes almost C-shaped, shortened and remains non-
motile for some days, while the pupal stage is what 
follows immediately. Pupae were removed and placed 
individually in clear tubes and held under laboratory 
conditions until adult emergence. The sexes, length and 
pupal periods were recorded for each emerged adult. 

Data collected on eggs laid, developmental pattern, 
larval instars, prepupal and pupal durations were 
transformed using square roots of √(x+1) and analysed 
using Genstat software version 5 Release 3.2 (Lawes 
Agricultural Trust, 1995) and subjected to analysis of 
variance at 95% level of significance and significant 
means were separated using LSD at  0.05 error limit. 

3. Results 

3.1.  Pattern of oviposition by D. maculatus on four 
different fish substrates 

Eggs laid on each fish species were random but 
gradually increased in number during the first week and 
subsequently declined with time. About 75% of eggs 
were laid on Synodontis by day 17 while the same level 
was reached on C. gariepinus and B. capriscus by day 15 
and on O. niloticus by day 13 (Figure 1). Maximum egg 
laying periods were recorded on Balistes sp. and 
Synodontis sp. in 30 days while the minimum egg laying 
period recorded on O. niloticus was 18 days. The 
maximum recorded number of eggs laid in a batch per 
day was 28 on O. niloticus and a minimum of a single 
egg per day was recorded on all the fish substrates. 

3.2. Total Eggs Laid By D. Maculatus Within 30 Days on 
Different Fish Substrates 

The total number of eggs laid on the different fish 
substrates over 30 days was not statistically significant (P 
> 0.05, F Prb. = 0.275). The highest mean number of 
eggs was, however, laid on O. niloticus (151±33.67) and 
the lowest were on B. capriscus (103±43.5) with 
Synodontis sp. (132±31.11) and C. gariepinus 
(117±14.39) as intermediates (Table 1). 
Table 1. Total number of egg laid on different fish substrates 
within 30 days 

 

 

 

 

 
 

Fish  

substrates              

Total eggs laid  

±SE*             

 Range  

(eggs/day) 

O. niloticus            151±33.67 1-28 

Synodontis sp               132±31.11 1-20 

C. gariepinus                117±14.39                               1-19 

B. capriscus                  103±43.51                               1-18 
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3.3. Larval Instars of D. Maculatus on Different Fish 
Substrates 

There were 6 larval instars of D. maculatus on all the 
fish substrates except on C. gariepinus substrates where 
only 5 instars were recorded (Table 2). The mean 
duration (in days) of the various larval instars on the 
different fish substrates was not statistically significant 
(P > 0.05, F Prb. = 0.287) without a clear trend in larval 
developmental periods on the substrates over 50 days. 
While larval development on O. niloticus had uniform 
periods except in the 6th larval instar, those on 
Synodontis and B. capriscus had the highest number of 
days recorded in the 2nd larval instar and least in the 6th 
instar. However, on C. gariepinus the highest period was 
recorded in the 5th instar. When placed on mixed 
substrates, there was generally a progressive increase in 
duration in each subsequent larval instar (Table 2). The 
mean duration of larval instars was highest in the 2nd 
instar (range: 6-12 days) followed by the 5th instar 
(range: 4-11 days), and the least duration was recorded 
on the 6th larval instar. 
Table 2. Mean duration (days) of larval instars of D. maculatus 
on the different fish substrates 

*Values are means of four replicates ± SE. (Standard error) 

3.4. Developmental Periods of Pre-Pupa and Pupal 
Stages of D. Maculatus 

Statistical analysis showed significant differences (P 
< 0.05, F Prb. = 0.083) in the mean period between pre-
pupa and the emergence of external adults. O. niloticus 
recorded higher pre-pupal period while the least pre-
pupal period was recorded on mixed substrates. The 
results further showed significant difference (P < 0.05, F 
Prb. = 0.083) in pupal period with B. capriscus recording 
the least from the other fish substrates (Table 3).  
Table 3.  Mean period of development from pre-pupa to adult 
emergence of D. maculatus on different fish substrates 

Fish species                                 Developmental period ± SE* 
 Pre-Pupa                Range         Pupa               Range      
O.  niloticus         12.75a±1.65           9-16           9.00a±1.29      6-10 
Synodontis sp 11.00ab±1.08         8-13 9.50a±0.96      8-12 
C. gariepinus                  8.75bc±1.11           6-9 7.50a±0.65      6-9 
B. capriscus                     8.00c±0.82            9-12 6.75b±1.38      5-10 
Mixed 
substrates 

7.25c±0.48             6-8 8.00a±1.08       6-11 

   LSD 2.73    
Means with the same superscripts in the same column are not 
significantly (P > 0.05) different. 

 
 

However, the cumulative developmental periods of D. 
maculatus from pre-pupa to pupa on the various fish 
substrates did not show any significant differences (P > 
0.05, F Prb. = 0.135) (Table 4). The total development 
period of D. maculatus from egg → larva → pre-pupa → 
pupa → adult emergence on the fish substrates decreased 
in the order Synodontis > B. capriscus > O. niloticus > C. 
gariepinus.  
Table 4. Mean development period (days) of pre-pupa and pupa 
of D. maculatus on different fish substrates 

Developmental stages Days± SE Range 
Pre-pupa 9.55±1.14 7.25-12.75 

Pre-pupa 8.15±0.56 6.75-9.50 
LSD 1.74  
Values are means of four replicates ±SE 

 

Figure 1.  Oviposition pattern of D. maculatus on different fish  
substrates 
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4. Discussion 

4.1.  Oviposition in D. maculatus on fish substrates 

The study revealed that in D. maculatus copulation 
occurred immediately the adults were paired and this 
could be explained as reported that both male and female 
D. maculatus produce sex pheromone (Rakoswki and 
Cymborowski, 1986; Jaskulska et al., 1987) which 
enhances communication and within 48 hours creamy 
white eggs were laid. The eggs laid were oval in shape 
and bluntly pointed at both ends as earlier reported 
(Archer and Elgar, 1999; Jones and Elgar, 2004; 
Ezenwaji and Obayi, 2004). The results of this study 
confirm the works of various researchers that D. 
maculatus females copulate within 30 minutes of pairing 
with the males initiating copulation (Archer and Elgar, 
1999; Jones and Elgar, 2004).  

Egg laying in D. maculatus per female within 30 days 
on each of the different fish substrates was random and 
varied. The egg laying capacity of the pest tested on 
different fish substrates followed the descending order: 
O. niloticus > Synodontis > C. gariepinus > B. capriscus.  
O. niloticus was thus the most suitable medium for egg 
laying on the four substrates tested and expected to carry 
the heaviest infestation in the field. These differences 
may be attributed to the fact that oviposition in insects on 
a specific host is determined by various factors that may 
determine its suitability or otherwise as a breeding 
medium, such as nutritional quality, host abundance 
(Jansen and Nylin, 1997; Barros and Zucoloto, 1999), 
morphology, environmental conditions, age and size of 
individual (Stejskal and Kucerova, 1996; Johnson and 
Kistler, 1987) and competition (Siemens et al., 1991). 
The study showed that none of the fish substrates 
deterred egg laying, though some of the media proved to 
be better than others as more suitable for oviposition by 
D. maculatus.  

Generally there was an initial increase in total number 
of eggs laid during the first week of oviposition on all the 
fish substrates but subsequently there was reduction in 
numbers as the days progressed and insects got older 
(Ezenwaji and Obayi, 2004). Oviposition behaviour in 
insects is an important contributor to the fitness of insects 
because of the consequent effect on the number and 
quality of offspring (Honek, 1993; Stejskal and 
Kucerova, 1996). The study further showed that 75% of 
eggs were laid between the 13th and 17th day on all the 
fish substrates. The peak laying period agrees with the 
results of Ezenwaji and Obayi (2004) who indicated that 
full oviposition in D. maculatus is attained during the 
first 6-8 days, becoming fairly uniform in about 16 days, 
indicating reduction in rate of oviposition with time as 
sperm viability also declined with age (Kidd et al., 2001; 
Oakes et al., 2003; Szczesnny et al., 2003).  

Eggs were laid in different batches, ranging from 2-6 
batches with 28 eggs per batch as the highest and this 
contradicts the results of (Osuji, 1975) who recorded upto 
38 eggs in a batch. Maximum number of eggs recorded 
on O. niloticus was 151 within 30 days confirming the 
findings by previous workers (Amusan and Okorie, 
2001), but differs from the findings of (Seal and Tilton, 

1985 and Ezenwaji and Obayi, 2004) who recorded 407 
and 598 eggs respectively. 

The maximum egg laying period of 30 days recorded 
contradicts those of Taylor (1964) and Osuji (1975) who 
found maximum egg laying period in D. maculatus to be 
14 and 189 days, but similar to the works of Coombs 
(1978). These may be attributed to the differences in 
temperature, relative humidity, age of the insects and the 
amount and kind of food supplied. 

4.2. Larval instars in D. maculatus reared on different 
fish substrates 

Observations made during the study showed that the 
hairy creamy larva on emergence darkens to light grey 
within a few hours. Although there were no significant 
differences in the duration of development of the larvae 
in the various fish species, larval development was 
shorter on C. gariepinus than on the other fish substrates. 
Assuming that a short development time on a certain fish 
species is an indication of good host suitability then, C. 
gariepinus may be marginally more suitable for 
development of D. maculatus which suggests higher level 
of infestation on C. gariepinus. Five larval instars were 
recorded on C. gariepinus but six on each of the other 
substrates. These differences could be attributed to the 
nutritional composition of the fish species as reported by 
Samish et al. (1992) that D. maculatus larva prefers 
substrates with high protein content. The second instar 
was longer on Synodontis sp. and B. capriscus, while it 
was longer for the fifth instar on C. gariepinus and the 
mixed substrates. This conforms with the findings of 
Osuji (1975) and Rustin and Munro (1984), but different 
from Lale et al (2000) who observed no differences in the 
numbers of larval instars on different fish species. 

Larval development in D. maculatus does not involve 
any visible morphological change but only an increase in 
size from the previous instars (Osuji, 1975). The total 
development period of 31 days observed on C. 
gariepinus to 42.75 days on mixed substrates greatly 
differed from 91 days by Scoggin and Tauber (1951) and 
16 days by Kreyenberg (1928). No differences in total 
developmental period between males and females were 
observed as was reported by (Kreyenberg, 1928). 

4.3.  Pre-pupal periods 
In each of the fish substrates a quiescent period was 

observed at the end of the last larval instar where it 
became almost C-shaped, thickened and reduced in 
length from 10.99 to 6.54 mm on O. niloticus, 12.50 to 
9.38 mm on Synodontis sp., 12.95 to 8.42 mm on C. 
gariepinus, 11.38 to 8.34 mm on B. capriscus and 11.97 
to 9.22 mm on mixed substrates. The observation of a 
non-motile nature of the pre-pupa agrees with those of 
Osuji (1975), Anonymous (1980) and Cloud and Collison 
(1986). However, the pre-pupal and pupal duration 
differed from those of Ezenwaji and Obayi (2004) and 
Rustin and Munro (1984). It was also observed that pupal 
duration was not sex dependent as reported by 
(Kreyenberg, 1928).   

4.4.  Adult emergence 

Comparing developmental period from eggs to adult 
emergence of the four fish substrates indicated that C. 
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gariepinus proved to be the most suitable for D. 
maculatus development because this fish substrate 
recorded the shortest period, even though it did not differ 
statistically from the others. These differences recorded 
may be due to evolutionary trend, physical form of the 
fish or its nutritional composition as reported by (Zakka 
et al., 2009). It is not clear why D. maculatus females 
would prefer one fish substrate for oviposition and a 
different fish for feeding, since more eggs were laid on 
O. niloticus. 

Acknowledgement  

The authors wish to thank Deutscher Akademischer 
Austauschdient (DAAD) for funding the work 

References 

Adams RG. 1990. Dermestes leechi Kalik (Coleoptera: 
Dermestidae) from an Egyptian mummy. Entomology Gazette 
41:119–120 

Aderolu AZ and Akpabio VM. 2009. Growth and economic 
performance of Clarias gariepinus juveniles fed diets containing 
velvet bean, Mucuna pruriens, seed meal. African J Aquatic Sci., 
34: 131-135. 

Amusan A A S and Okorie T G. 2001. The use of Piper 
guineense fruit oil (PFO) as protectant of dried fish against 
Dermestes maculatus (DeGeer) infestation.  Global J Pure and 
Applied Sci., 8: 197-201. 

Anonymous, 1980. Insects in Poultry House. Ministry of 
Agricultural, Fisheries and Food. Leaflet 537. Agricultural 
Development and Advisory Services, Department of  
Agriculture and Fisheries for Scotland, Welsh Office UK. 

Archer M S and Elgar M A. 1999. Female preference for 
multiple partners: Sperm competition in the hide beetle, 
Dermestes maculatus (DeGeer). Animal Behaviour, 58: 669-675. 

Atijegbe S R. 2004. Infestation of smoked fish in Ghana. M.Phil. 
Thesis in Entomology University of Ghana, Legon, Ghana. 
103pp.  

Azam K, Ali M Y, Asaduzzaman M, Basher M Z and Hossain 
M M. 2004. Biochemical assessment of selected fresh fish. J 
Biol Sci.,4: 9-10. 

Barros H C H and Zucoloto F S. 1999. Performance and host 
preference of Ascia monuste (Lepidoptera: Pieridae).   J  Insect 
Physiol., 45: 7–14. 

Cloud J A and Collison C H. 1986. Comparison of various 
poultry house litter components for hide beetle (Dermestes 
maculatus, DeGeer) Larval development in the laboratory. 
Poultry Sci., 65: 1911-1914. 

Coombs CW. 1978. The effect of temperature and relative 
humidity upon the development and fecundity of Dermestes 
lardarius L. (Coleoptera, Dermestidae). J  Stored Product Res., 
l14: 111-119.  

Don-Pedro K N. 1989. Insecticidal activity of some vegetable 
oils against D. maculatus (DeGeer) (Coleoptera; Dermestidae) 
on dried fish. J Stored Product Res., 25: 81-86. 

Essuman K M. 1992. Fermented fish in Africa. A study of 
processing, marketing and consumption. FAO Fisheries 
Technical Paper 329. 

Ezenwaji H M G and Obayi N S. 2004. The effect of fish 
moisture content on oviposition, fecundity and development of 
the hide beetle Dermestes maculatus DeGeer (Coleoptera: 
Dermestidae). Animal Res Inter., 1(1): 47-51 

Fasakin E A and Aberejo BA. 2002. Effect of smoked 
pulverized plant material on the developmental stages of fish 
beetle, Dermestes maculatus  Degeer in smoked catfish (Clarias 
garienpinus) during storage. Bioscience Technology,85:173-177. 

FAO Reginal Office For Africa, 1990. Artisanal Fish 
Containers in Ghana RAFR/FI/ 90/1. Domak Press, Accra, 
Ghana. 33p 

Geden C J and Hogsette J A. 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 veterinary entomology USDA-ARS, Gainesville, Florida  

Honek A. 1993. Intraspecific variation in body size and 
fecundity of insects: a general relationship. Oikos, 67: 483–492. 

Imai TI, Kodama H, Mori M and Kohno M. 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  

Jansen D H and Nylin S. 1997. Seed-eaters versus Seed size, 
number, toxicity and dispersal. Evolution, 23: 1–27. 

Jaskulska B, Rakowski G and Cymborowski B. 1987. The effect 
of juvenile hormone on aggregative behaviour of Dermestes 
maculatus. Biochem Physiol., 87A:771–773 

Johnson C and Kistler R A. 1987.  Nutritional ecology of 
bruchid beetles. In: SlanskyF Jr. and Rodriguez JG (eds.), 
Nutritional Ecology of Insects, Mites, Spiders and Related 
Invertebrates, John Wiley, New York. pp. 259–276. 

Jones T M and Elgar M A. 2004. The role of male age, sperm 
age and mating   history on fecundity and fertilization success in 
the hide beetle. Pro. R. Soc. Lond., 271: 1311-1318. 

Kidd S A, Eskenazi B and Wyrobek A J. 2001. Effects of male 
age on semen quality and fertility: A review of the literature. 
Fertility and Sterility, 75: 237-248. 

Kreyenberg J. 1928. Biology of Ladarius and Dermestes 
vulpinus. Z. Angew. Ent., 14: 114-118.  

LaleN E S and Sastawa B M. 1996. The effects of sun drying on 
the infestation of the African catfish (Clarias gariepinus) by 
post harvest insects in the Lake Chad District of Nigeria. Int J 
Pest Management, 42: 281-283. 

Lale N E S, Ajayi F A and Sastawa B M. 2000. Evaluation of 
processing methods and insectistatic essential oils for the control 
of skin beetles (Dermestes maculatus, DeGeer) infesting dried 
fish in the Lake Chad district of Nigeria.  Applied Tropical 
Agriculture, 5: 135-143. 

Linnie MJ and Keatinge MJ. 2000. Pest control in museums: 
toxicity of para-dichlorobenzene, ‘vapona’TM, and naphthalene 
against all stages in the life-cycle of museum pests. Dermestes 
maculatus Degeer, and Anthrenus verbasci (L.) (Coleoptera: 
Dermestidae). Int Biodeteter Biodegr., 45:1–13 



 © 2013 Jordan Journal of Biological Sciences. All rights reserved - Volume 6, Number 1 

 

10 

Oakes C C, Smiragli D J, Plass C, Travler J M and Rofaire B. 
2003. Aging results in hypermethylation of ribosomal DNA in 
sperm and liver of male rats. Proc National Acad Sci., USA, 100: 
278-282. 

Odeyemi O O, Owoade R A and Akinkurolere O. 2000. Toxicity 
and populationSuppression effects of Parkia clappatoniana on 
dried fish pests (Dermestes maculatus and Necrobia rufipes). 
Global J Pure and Applied Sci., 6: 191-195. 

Osuji F N C. 1975. Some aspects of the biology of Dermestes 
maculatus DeGeer (Coleoptera, Dermestidae) in dried fish. J 
Stored Product Res., 11: 25-31. 

Rakowski G and Cymborowski B. 1986. Some environmental 
influences and physiological factors influencing the response of 
the hide beetle, Dermestes maculatus, to aggregation 
pheromone. Inter J Invertebrate Reproductive Development, 
9:35–41 

Rustin M H A and Murno D D. 1984. Popular ulticeria caused 
by Dermestes maculatus DeGeer. Clin Meeting of the St John’s 
Hospital Dermatological Society: 9: 317-321. 

Sahaf KA. 2007. Studies on Dermestes maculatus Degeer 
(Coleoptera: Dermestidae), a pest of stored silk cocoons of 
silkworm, Bombyx mori L. J Entomological Res., 31:163–164 

Samish M, Argaman Q and Perelman D. 1992. Research notes: 
The hide beetle, Dermestes  maculatus Deg (Dermestidae), feeds 
on live turkey. Poultry Sci., 71: 388-390. 

Scoggin J K and Tauber O E. 1951. The bionomics of Dermestes 
maculatus Deg.  Larval and pupal development at different 
moisture levels and on various media. Annals of the 
Entomological Society of America, 44: 544-550. 

Seal D R and Tilton EW. 1985. Effects of gamma radiation on 
the metamorphic stages of Dermestes maculatus DeGeer 
(Coleoptera: Dermestidae). Applied Radiation information, 37: 
531-535. 

Siemens D H, Johnson C D and Woodman R L. 1991. 
Determinants of host range in bruchid beetles. Ecology, 72: 
1560–1566. 

Smith R H. 1986. Oviposition, competition and population 
dynamics in  storage insects. Proceedings of the 4th International 
Working Conference on Stored-Product Protection, Tel Aviv, 
Israel, September, pp. 427–433. 

Stejskal V and Kucerova Z. 1996. The effect of grain size on the 
biology of   Sitophilus granaries (L.) (Coleoptera: 
Curculionidae). I. Oviposition, distribution of eggs and adult 
emergence.  J Applied Entomology, 120: 143–146. 

Szczesny B, Hazra T K, PapaCastontinou J, Mitra S and 
Boldogh I. 2003.  Age dependent deficiency in import of 
mitochondrial DNA glycolysis required for repair of oxidatively 
damaged bases. Proc National Acad of Sci., USA, 100: 10670-
10675. 

Taylor T A. 1964. Observations on the biology and habits of 
Dermestes maculatus DeGeer-a dried fish pest in Nigeria. 
Nigerian Agriculture J., 1:12-17. 

Zakka U, Ayertey JN and Cobblah MA. 2009. Suitability of four 
smoked fish species to Dermestes maculatus De Geer 
(Coleoptera: Dermestidae). Nigerian J Entomology, 26:35-39.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


