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Summary

Blattisocius tarsalis (Berlese) (Acari: Ascidae) is an effective predatory mite
species on eggs of Mediterranean flour moth Ephestia kuehniella Zeller (Lepidoptera:
Pyralidae). Mediterranean flour moth is an important pest of flour storages and mills in
Turkey. The aim of this paper is to investigate the possibilities for the use of B. tarsalis as a
biological control agent to control moth. The effect of different temperatures (15+1 °C and
25=+1 °C) on development time of B. tarsalis at different food density levels (5, 10, 15 and
20 eggs densities) has been investigated. For 15 °C; the development times of immature
stages were 5,53 (1-6); 4,86 (3-5); 4,53 (0-5) and 4,86 (1-6) days while adults life span were
determined 52,00 (3-67); 42,77 (5-67); 29,85 (1-66) and 27,36 (7-39) days for 5, 10, 15
and 20 moth egg densities. For 25 °C the development times of immature stages were 5,00
(5-5) days at 10 prey eggs and 6,00 (6-6) days at the rest of prey densities, beside this life
span of adults were determined 32,00 (20-39); 30,67 (15-40); 42,20 (10-64) and 38,67
(4-69) days at each food densities consequently.

Fecundity and the consumption capacity of predatory mites have been carried out for
each temperatures at different food densities. The duration of preovipositon, oviposition and
postoviposition periods of B. tarsalis were also determined.

The highest consumption of immature stages were determined (13,27 individuals/for
development time) for 20 moth egg densities at 15 °C, this value was observed at 10 moth

*  This study was presented at the VIII*" European Congress of Entomology held on 17-22 September
2006 in {zmir (TURKEY) and published as an abstract.

" Ankara University, Agriculture Faculty, Dept. of Plant Protection, 06110 Diskapi/Ankara, Turkey
e-mail: coban@agri.ankara.edu.tr
Alinig (Received): 22.03.2007



egg densities for adults (172,8 individuals/duration of adult life span). The highest
consumption of immature stages were determined (34,20 individuals /for development time)
for 20 moth egg densities while this value was observed at 20 moth egg densities for adults
(555,1 individuals /duration of adult life span) at 25 °C.
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mite
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Introduction

Ephestia kuehniella (Zeller) (Lepidoptera: Pyralidae) (Mediterranean flour
moth) is the most abundant and primary pest species of cereals, flour, mills and
other stored products. This moth causes 10 % of crop losses in Turkey (Esin, 1990;
Cobanoglu, 2002; Coskuncu & Kovanct, 2005).

The protection of storage pests is mainly based on the use of traditional
pesticides and residual insecticides. Among these the most preferred chemicals are
phosphine and methyl bromide. Due to Montreal protocol, the using of methyl
bromide will be banned completely in Turkey at 2007. The possibilities of methyl
bromide alternatives have been investigated and biological control is considered as
good alternatives for Mediterranean flour moth. The predatory mite Blattisocius
tarsalis (Berlese) (Acari: Ascidae) is a common predatory mite of moth eggs in
storages (Hughes, 1976; Haines, 1981; Hansen & Nielsen, 2001). However, many
studies are known related to the biology of this predatory mite in the world (Haines,
1981; Hansen, 1998; Nielsen, 1998, 1999, 2001; Hansen & Nielsen, 2001). There
was no information on the biology of this mite in Turkey.

We choose B. tarsalis because this predatory mite is very common in
storages of Turkey (Ozer et al, 1989; Cobanoglu, 1996). The potential of
B. tarsalis against Mediterranean flour moth has not been tested previously in
Turkey. The goal of this study was to determine the reproductive potential,
consumption capacity, developmental time of immatures and adult longevity of
B. tarsalis on different prey egg densities.

Material and Methods

The predators were reared on the 1-3 day-old eggs of E. kuehniella.
B. tarsalis and E. kuehniella were reared at laboratory condition (15-25 °C, 65
% Rh and 16 h photoperiod) at University of Ankara during the years of 2003-
2005 (Ozkan, 1999).

The development time of the immature and adult longevity, consumption
capasity, daily and total egg laying capacity, the duration of preoviposition,
oviposition and postoviposition periods of the predatory mite were carried out on
different prey egg densities (5, 10, 15, 20) at 15 °C and 25 °C temperatures and
65 % relative humidity. All the experiments were started with 15 individuals



(one day-old eggs) and examined daily interval. Eggs hatching values were derived
from 100 eggs. Ten replicates were used for each experiment. All the treatments
related to development time of immatures, adult longevity, consumption capacity
(prey eggs/individual), daily and total egg laying capacity, were initiated with 15
replicates but the ones which die or got escaped are deducted from this number.
These values were obtained from average 11-15 members and indicated in each
related result as (n) on the Table 1.

The obtained data were evaluated with Kruskal-Wallis tests (for the detection
of different groups).

Results and Discussion

The data obtained from different temperatures (15-25 °C; 65 % Rh) were
shown on Table 1.

At 15 °C; the longest average development time of immature stages was
5,53 while the the shortest was 4,53 days depending on the food densities (Figure 1).
The highest consumption capacity of immature was 13,27 while the lowest was
7,14 number of prey eggs (Figure 2). Average life spans of adults were determined
as 52,00; 42,77; 29,85 and 27,36 days for increasing food densities (Figure 3).
The highest average consumption capacity of adult was 172,8 at 10 prey eggs while
the lowest was 75,7 at 20 prey eggs (Figure 4). Daily consumption capacity for the
adults ranges 1 to 10 prey eggs depending on the food densities. The shortest
average duration of preoviposition period was 1,53 days at 5 food density, while
the longest was 3,15 at 10 prey density (Figure 5). The longest average duration of
oviposition period was 7,00 days at 5 prey eggs while the shortest was 1,38 at 10
and 15 food densities (Figure 6). The longest postoviposition period was
10,64 days at 20 food densities while the shortest was 5,69 at 15 prey egg density
(Figure 7). Total egg laying capacity of female during the life span was significantly
decreased depending on the prey densities as 8,77; 2,38; 2,46 and 7,09 for each
prey density (5, 10, 15 and 20 prey eggs) (Figure 8).

At 15 °C development time of the immatures from egg to adult varied
(4 to 5 days) for different prey density level (5, 10, 15, 20) (p>0,01). B. tarsalis
had the shortest development time at 15 food density. Adult longevity was
important for the different food density (p>0,05). The shortest life span was
observed at 20 food density (27,36 days) while the longest life span was observed
at 5 food density (52,00 days). Egg laying capacity was negatively correlated with
the food density (p>0,05).The highest egg laying capacity was observed at 5 food
density (8,77), while the lowest egg laying capacity was occurred 10 eggs served as
food (2,38). Predation capacity of immatures was important for food densities
(p>0,01). The lowest predation capacity of immatures was observed at 15 food
density (7,14 eggs/individual), while the highest one observed at 20 prey eggs
(13,27 eggs/individual). For adults, the lowest daily predation capacity was
observed at 20 prey density (75,7 eggs/ adult), while the highest one observed at
10 prey eggs (172,8 eggs/ adult) (p>0,05) (Figure 4, Table 1).



Table 1. The development time, egg laying and consumption capasity of Blattisocius tarsalis
(Berlese) at different temperature (15 °C, 25 °C, 65 %) and different egg density levels of
Ephestia kuehiella Zeller (5, 10, 15, 20)

Temperature Prey density
15°C 5 10 15 20
Development time of 553+ 1,35 486 + 0,51 (3-5) 453 + 1,35 486 + 2,06
immature stages (days)  (1-6) (n=15) (n=15) (0-5) (n=15) (1-6) (n=15)
Sfol‘;f;‘zfj;‘;: f;rp:;’ty 9,53+2,90 820+ 142 7.14= 151 13.27+6.32
eggs/individual) (1-13) (n=15) (4-10) (n=15) (4-10) (n=14) (1-18) (n=15)
Adult longevity (days) 52,00+ 24,51 42,77+ 26,24 2985+ 2469  27,36+13,96
(3-67)(n=14) (5-67)(n=13) (1-66)(n=13)  (7-39)(n=11)
Cfonjug*p?"“ capacity 13144729 172,8+102,9 1474+ 113,2 75,7+39,3
ofacl™ ‘prey (2-197)(n=14)  (17-288) (n=13)  (2-308)(n=13)  (13-133)(n=11)

eggs/individual)

Daily consumption
capacity of adults

min.1-max.5

min.2-max.8

min.2-max.10

min.1-max.7

Duration om veriod 1,53+ 2,40 3,15+ 7.21 2.17+5,13 181+ 2,52
fggg:)‘pw ion petio (0-5)(n=13) (0-25)(n=13) (0-15)(n=12) (0-5)(n=11)
Duration oviposition 7,00+ 12,99 1,38+ 4,13 1,38+ 3,47 291+ 435
period (days) (0-40)(n=13 ) (0-15)(n=13) (0-11)(n=13)  (0-11)(n=11)
D“rtaﬁ?“ donveriod | 992 17,01 7,62+15,88 5,69+13,89 10,64+14,87
{’(;’asy:)v posttion period 4 49)(n= 13) (0-49)(n=13) (0-37)(n=13) (0-33)(n=11)
Egg laying capacity of 8,77+15,52 2,38+7,44 2,46+6,02 7,09+10,14
adult (0-46)(n=13) (0-27)(n=13) (0-17)(n=13)  (0-26)(n=11)
25 °C
Development time of 6,00+0,00 5,00+ 0,00 6,000,00 6,00 0,00
immature stages (days)  (6-6)(n:15) (5-5)(n:15) (6-6)(n:15) (6-6)(n:15)
Sfol‘;f;‘zfjigg (;?Zidty 16,73+ 1,43 14,26+ 1,03 30,20+2,70 34,20+ 2.27
cqgs/individual) (14-19)(n=15) (3-15)(n=15) (26-37) (n=15)  (32-38) (n=15)
Adult] ty (dage) 3200+ 5.90 30,67+ 7,58 4220+ 18,82 38,67+ 23,10
ultlongevity {days) o5 39)n—15)  (15-40)(n=15) (10-64)(n=15)  (4-69)(n=15)
Cfi';f”"zlptlif“(capac“y 14807+ 2917 2447+ 67.6 4919+ 2344  5551+3276
otthe aclL™s \prey (93-179)(n=15)  (108-330) (n=15) (134-762) (n=15) (49-976)(n=15)

eggs/individual)

Daily consumption
capacity of the adults

min.3-max.5

min.3-max10

min.5-max.14

min.7-max.19

D;”aﬁiog ?tfl  veriod 6,13+ 1,99 6,73+2,57 8,27+ 8,40 3,67+5,37

}’d:‘;’;’)p sttion perio (5-12)(n=15) (0-11) (n=15) (0-30) (n=15)  (0-11) (n=15)
Duration of oviposition 10,53+ 7,83 7,80+ 5,95 433+ 6,02 2,20+ 3,70

period (days) (1-18)(n=15) (0-22) (n=15) (0-17) (n=15)  (0-10) (n=15)
D“rtaﬁ‘i’“ Ofﬁ g 22132695 23.20 + 7.73 2827+2446 16,73+ 24,57
{’(;’;y:)v posttionperiod10.30) (n=15)  (0-32) (n=15) (0-55) (n=15)  (0-56) (n=15)
Egg laying capacity of 26,60+21,19 25,53+ 19,94 11,93+ 7,71 7,07+£11,87
female (5-70) (n=15) (0-81) (n=15) (0-52) (n=15)  (0-37) (n=15)
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Figure 1. Development time of immature stages of Blattisocius tarsalis (Berlese) at different
temperatures and different food density of Ephestia kuehniella Zeller (1, 2, 3 and 4
indicates the food levels of 5, 10, 15 and 20, respectively).
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Figure 2. Consumption capasity of immature stages of Blattisocius tarsalis (Berlese) at different
temperatures and different food density of Ephestia kuehniella Zeller (1, 2, 3 and 4
indicates the food density of 5, 10, 15 and 20, respectively).
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Figure 3. Adult longevity of Blattisocius tarsalis (Berlese) at different temperatures and different food
density of Ephestia kuenhiella Zeller (1, 2, 3 and 4 indicates the food density of 5, 10, 15

and 20, respectively).
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Figure 4. Consumption capacity of the adults of Blattisocius tarsalis (Berlese) at different
temperatures and different food density of Ephestia kuehniella Zeller (1, 2, 3 and 4
indicates the food density of 5, 10, 15 and 20, respectively).
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Figure 5. Duration preoviposition period of Blattisocius tarsalis (Berlese) at different temperatures
and different food density of Ephestia kuehniella Zeller (1, 2, 3 and 4 indicates the food
density of 5, 10, 15 and 20, respectively).
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Figure 6. Duration of oviposition period of Blattisocius tarsalis (Berlese) at different temperatures
and different prey density of Ephestia kuehniella Zeller (1, 2, 3 and 4 indicates the food
density of 5, 10, 15 and 20, respectively).
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Figure 7. Duration of postoviposition period of Blattisocius tarsalis (Berlese) at different temperatures
and different prey density of Ephestia kuehniella Zeller (1, 2, 3 and 4 indicates the food
density of 5, 10, 15 and 20 respectively).
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Figure 8. Egg laying capacity of female of Blattisocius tarsalis (Berlese) at different temperatures and
different food density of Ephestia kuehniella Zeller (1, 2, 3 and 4 indicates the food density
of 5, 10, 15 and 20, respectively).

At 25 °C, the average development time of immature stages were examined
6,00; 5,00; 6,00 and 6,00 days respectively for 5, 10, 15 and 20 food density
(Figure 1). Predation capacity of immatures were 16,73; 14,26; 30,20 and 34,20
number of eggs for each prey density (p<0,01) (Figure 2). Average life span of
adults were examined as 32,00; 30,67; 42,20 and 38,67 days at different food
densities (Figure 3). Average predation capacity of the adults was 148,07; 244,7;
491,9 and 555,1 number of eggs for each food density level (Figure 4). Daily
predation capacity for the adults ranges 3 to 5 for 5 prey eggs while this values
were ranged 3 to 10; 5 to 14 and 7 to 19 for different prey densities, respectively
(10,15 and 20 prey densities). Average preoviposition periods were 6,13; 6,73;
8,27 and 3,67 days for each food density, respectively (Figure 5). Average
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oviposition periods were 10,53; 7,80; 4,33 and 2,20 days, respectively (Figure 6).
Duration of postoviposition periods were 22,13; 23,20; 28,27 and 16,73 days for
each food density, (Figure 7). Average egg laying capacity of female during the life
span were determined as 26,6; 25,53; 11,93 and 7,07 number of eggs for each
prey density (Figure 8).

At 25 °C, the development time of the immatures from egg to adult is about 5
to 6 days for most combinations of predatory mite and different prey egg densities (5,
10, 15, 20) (p<0,01). B. tarsalis had the shortest development time at 10 prey
density level (5 days). For adult longevity the shortest life span was observed at 10
food density (30,67 days). There was no significant difference for adult longevity
depending on the prey densities (p>0,05). The highest egg laying capacity was 26,60
(egg/female) for 5 food density level while the lowest was 7,07 (egg/female) for 20
prey density (p<0,01). Food consumption capacity of immatures was important for
prey densities (p<0,01). The lowest food predation capacity of immatures was
observed at 10 food density level (14,26 number of eggs), while the highest one
observed at 20 prey eggs (34,2 prey eggs).The consumption capacity of the adult was
important for the food densities (p<0,01).The observed lowest consumption capasity
was 148,06 (prey eggs) at 5 food density while the highest one observed at 20 prey
density (555,1 prey eggs). The duration of oviposition period was important for the
food levels (p<0,01). The longest oviposition period was 10,53 days (5 prey density)
while the shortest one 2,20 days (20 food density) (Table 1).

The development time of the immatures were not significantly changed
depending on the temperatures (p>0,05). The longest development time of the
immatures was 6,00 days at 25 °C (Figure 1). The adult longevities were significantly
changed by temperatures and prey densities (p<0,01). The longest life span was
observed at 15 °C and 5 food density (52,00 days). The shortest longevity was
observed at 15 °C and 20 food density (27,36 days) (Figure 3). Consumption capacity
of immatures were important for temperatures (p<0,01). The highest consumption
capacity of immatures were observed at 25 °C and 20 food density (34,2 individual)
while the lowest predation capacity was observed at 15 °C and 15 food density
(7,143) (Figure 2). Consumption capacity of adults changed significantly depending
on temperatures (p<0,01). The highest consumption capacity of adults were observed
at 25 °C and 20 food density (555,1 individual). The lowest one observed at 15 °C
and 20 food density (75,70 eggs) (Figure 4). Egg laying capacity was significantly
changed depending on the prey densities and temperatures (p<0,01). The highest egg
laying capacity was observed at 25 °C and 5 food density (26,60 eggs) while the
lowest egg laying capacity was observed at 15 °C and 10 food density (2,38 eggs)
(Figure 8). Preoviposition periods were also changed in relation to temperatures
(p<0,01). The longest preoviposition periods were observed at 25 °C and 15 food
density (8,27days) while the shortest one was observed at 15 °C and 5 prey density
(1,53 days) (Figure 5). Temperature and prey density affected oviposition periods
(p<0,05). The longest value was obtained at 25 °C and 5 food density (10,53 days)
while the shortest values were at 15 °C, 10 and 15 food densities (1,38 days) (Figure 6).
Postoviposition period is important for temperatures (p<0,05) and the longest value
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was obtained at 25 °C and 15 food density (28,27 days) while the shortest values were
at 15 °C and 15 food density (5,69 days) (Figure 7). The highest egg laying capacity
was observed at 25 °C and 5 food density level (26, 60 eggs) while the lowest was
observed at 15 °C and 10 food density (2,38 eggs) (Figure 8). The maximum egg
laying was at 25 °C and 10 food density (81 eggs/per female).

The overall sex ratio of the progeny was female biased at 25 °C (70 % female)
and male biased at 15 °C (10,9 % female) (Figure 9, 10).
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Figure 9. The overall sex ratio of Blattisocius tarsalis (Berlese) at 15 °C and different prey density of
Ephestia kuehniella Zeller (5, 10, 15, 20).
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Figure 10. The overall sex ratio of Blattisocius tarsalis (Berlese) at 25 °C and different food density of
Ephestia kuehniella Zeller (5, 10, 15, 20).

B. tarsalis is commonly occurs in stored products of Turkey. It was effective
predatory species in cereal and dried apricot storages on small insects and their
egas in Izmir and Edirne region of Turkey (Ozer et al.,1989; Cobanoglu, 1996;
2002; Kilig & Toros, 2000). Their adults have phoretic life cycles. We easily collected
the adults of mites from Mediterranean flour moth E. kuehniella.
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B. tarsalis is very common predatory mite species and found on the larvae
and pupae of the Greater wax moth Galleria mellonella (L.) (Lepidoptera:
Pyralidae) in beehive; it was also reported from honey bee hives in Canada and
effective predator on various moths and beetles of stored products in North America.
B. tarsalis could control the Mediterranean flour moth populations in specific
conditions (depth of grain); the mites consumed the insect eggs and were phoretic
upon the adult moths. The longest mite life span was from egg to egg was 57,53 days
at 15 °C and 5 food density while this value was 48,20 at 25 °C and 15 food density.
The shortest longevity was (from egg to eag) 32, 22 days at 15 °C and 20 food
densities while this value was 35,67 at 25 °C and 10 food density (Figure 11). The
consumption rate of B. tarsalis was changed depending on the food density. The
highest consumption ratio was obtained for the highest prey density (20 food density)
at 25 °C (Figure 12). The fully number of ingested eggs changed between 0.5 and 1.0 egg
in 24 h at 13-19 °C while the mean was above 1.0 egg in 24 h at temperatures of
21-27 °C The mean number of destroyed eggs ranged from three to five eggs per
day per female at temperatures above 13 °C (Nielsen, 1999).
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Figure 11. Duration of life span (hatching to egg) of Blattisocius tarsalis (Berlese) at different
temperatures and different prey density of Ephestia kuehniella Zeller (1, 2, 3 and 4
indicates the food density of 5, 10, 15, 20).
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Figure 12. Consumption rate of Blattisocius tarsalis (Berlese) at different temperatures and different
food density of Ephestia kuehniella Zeller (1, 2, 3 and 4 indicates the food levels of 5, 10,
15, 20).

E. kuehniella is very common pest in storages and mills of Turkey. There
are very limited numbers of studies available on the relationship between predatory
mite and pest species in storages of Turkey. The only available data is about on the
predatory mite Cheyletus eruditus (Schrank) (Acari: Cheyletidae) and harmful
mite species Acarus siro (Acarina: Acaridae) (Emekci & Toros, 1994). Biological
paraemeters of B. tarsalis on Mediterranean flour moth E. kuehniella is not
studied previously; there was no information on the biology and the biological
control potential of this agent on Mediterranean flour moth in Turkey (Ozer et al.,
1989; Cobanoglu, 1996).

B. tarsalis is a common predatory mite on moth eggs (Ephestia spp.,
Sitotroga spp. and Plodia spp.) and cosmopolit species in storages of Europe
and all over the world (Hughes, 1976; Haines, 1981). B. tarsalis is predator on
the eggs and larvae of insects of stored grains and reported feeding on the eggs and
capable of regulating size of Mediterranean flour moth population in Germany, the
life cycle of the mite from egg to egg was ten days and life span of the adult has
also the same duration at 27 °C (Flanders & Badgley, 1963; Treat, 1975). Darst &
King (1969), mentioned that B. tarsalis predator on the eggs and larvae of Indian
meal moth Plodia interpunctella (Hiibner) (Lep.: Pyralidae) and they found that
the life cycle from egg to egg was between eight and nine days. Many studies is
known related to the biology of this predatory mite in the world (Haines, 1981;
Hansen, 1998; Hansen & Nielsen, 2001; Nielsen, 1998, 1999, 2001). B. tarsalis
could control successfully to Mediterranean flour moth and considered good
alternatives of methyl bromide in Denmark (Nielsen, 2001; Hansen & Nielsen,
2001). These data confirm that our data.
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As a conclusion, B. tarsalis is very common predatory mite species in
storages and an effective is predatory mite on the eggs of Mediterranean flour moth
E. kuehniella in Turkey. B. tarsalis consumed the Mediterranean flour moth eggs
and was phoretic on the adult moths; their offspring emerged for each temperature
(15-25 °C). The highest egg laying capacity was obtained at 25 °C, 5 and 10 food
densities while the highest predation rate was obtained at the same temperature at 20
food densities. The optimum condition for the development of B. tarsalis was 25 °C
and 15 and 20 food densities. 25 °C is more suitable temperature for the
development, egg laying and consumption capacity of this predatory mite.

(")zet

Avar akar Bldttisocius tarsalis (Berlese) (Acari: Ascidae)’in farkh sicaklik ve av
vyogunlugunda depo zararlis1 Ephestia kuehniella Zeller (Lepidoptera: Pyrallidae) iizerinde
avlanma kapasitesi ve biyolojik 6zelliklerinin saptanmasi iizerine arastirmalar

Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) tilkemizde depo ve degirmen-
lerde bulunan tahillarin, unlarin ve diger depolanmig Uriinlerin 6énemli bir zararlisidir.
Blattisocius tarsalis (Berlese) (Acari: Ascidae) ise bu zararl glivenin yumurtalan ile
beslenen etkili bir predator akardir. Bu calisma sonucunda B. Tarsalis’in un gilivesi ile
biyolojik miicadele programi igerisinde kullanilabilecegi ortaya konmustur. Farkli sicaklik ve
besin yogunluklarinda B. tarsalis gelisim donemleri bulunmustur. 15 °C igin ergin 6ncesi
doénem gelisim stiresi 5, 10, 15 ve 20 besin yogunluklarinda 5.53 (1-6), 4.86 (3-5), 4.53 (0-5)
ve 4.86 (1-6) glin, ergin yasam stiresi ise 52,00 (3-67), 42,77 (5-67), 29,85 (1-66) ve 27,36
(7-39) gtin olarak tespit edilmistir. 25 °C igin ergin 6ncesi donem gelisimi 6.00 (6-6), 5.00 (5-5),
6.00 (6- 6) ve 6,00 (6-6) glin, ergin yasam stiresi ise 32,00 (20-39), 30,67 (15-40), 42,20
(10-64) ve 38,67 (4-69) glin olarak ayni besin yogunluklarinda tespit edilmistir.

Ureme ve tiiketim kapasiteleri her sicaklk ve besin yogunluklar icin ortaya
konmustur. 15 °C’de tireme kapasitesi (5, 10, 15 ve 20 besin yogunluklarinda) 8,77; 2.38;
2,46 ve 7,09°dur. S6z konusu deg@erler 25 °C’de ise 26,60; 25,53; 11,93 ve 7,07 olarak
saptanmustir. Ayrica B.tarsalis’'in preovipozisyon, ovipozisyon ve postovipozisyon siireleri
belirlenmistir. Yapilan bu ¢alismada 15 °C’de ergin 6ncesi dénemde en yuksek tiketim 20
besin yogunlugunda (13,27 birey/gelisim stiresi), ergin dénem icin 10 besin yogunlugunda
(172,8 birey/gelisim stiresi) olarak bulunmustur. 25 °C de ergin 6ncesi dénemde en yliksek
tiketim 20 besin yogunlugunda (34,20 birey/gelisim stiresi), ergin dénem igin 20 besin
yogunlugunda (555,1 birey/gelisim stiresi) olarak bulunmustur.

Acknowledgements

The project is supported by University of Ankara, Research Foundation,
grant reference no: 2003.07.11.078. We also thank to Prof. Dr. Zahide Kocabasg
(University of Ankara) for statistical analysis.

References

Coskuncu, K. S. & B. Kovanci, 2005. Bursa Ili un fabrikalarnda zarar yapan Ephestia
kuehniella Zell. (Lepidoptera: Pyralidae)’'nin ergin populasyon dalgalanmasi. Tirk.
entomol. derg., 29 (1): 35-48.

19



Cobanoglu, S., 1996. Edime linde depolanmus triinlerde saptanan vararl ve zararh Acarina
tlrleri ve konukgulari. Tirk. entomol. derg., 20 (3):199-210.

Cobanoglu, S., 2002. Current Status of Stored Grain Management in Turkey. Bio-control of
arthropod pests in stored products. Proceedings of the 2 nd meeting of WG 4: 30-31st
May 2002, Praque, 53-58.

Darst, P. H., & E. W. King., 1969. Biology of Melichares tarsalis in association with
Plodia interpunctella. Ann. Entomol. Soc. America, 62: 747-749.

Emekei, M. & S., Toros, 1994. Acarus siro L. (Acarina, Acaridae) ve Lepidoglyphus
destructor (Schrank) (Glyclphagidae: Acari) ile Avcisi Cheyletus eruditus (Schrank)
(Cheyletidae: Acari) Arasindaki Baz1 Biyolojik ili§kiler Uzerinde Aragtirmalar. A. U. Fen
Bilimleri Enstitiisti. (Doktora Tezi.) 176 s.

Esin, T., 1990. Depolanan Kuru Tarimsal Uriinlere Ariz Olan Hastalik ve Zararllar. Toprak
Mabhsulleri Ofisi. Ankara. 688 s.

Flanders, S. E. & M. E. Badgley, 1963. Prey predator interactions in self-balanced laboratory
populations. Hilgardia 35: 145-183.

Hansen, L. S., 1998. Prospect for developing strategies for biological control of the
Mediterranen Ephestia kuehniella in flour mills. In: C. Adler & M. Scholler (eds.),
Integrated Protection of Stored products. IOBC WPRS Bulletin 21 (3): 33-37

Hughes, A. M., 1976. The Mites of Stored Food and Houses. Ministry of Agric., Fishers and
Food Techn. Bull. 9, London 400 p.

Hansen, L. S & P. S. Nielsen, 2001. Blattisocius tarsalis as a control agent of Ephestia
kuehniella in flour mills; initial results of a field trial. Bio-control of athropod pests in
stored products. Proceedings of the 1 st meeting of WG 4 6-7 September 2001,
Lisbon, 44-46.

Haines, C. P., 1981. Laboratory studies on the role of an egg predator Blattisocius tarsalis
(Berlese) (Acari: Ascidae), in relation to the natural control of Ephestia cautella
(Walker) (Lepidoptera: Pyralidae) in wareouses. Bull. Entomol. Res., 71: 555-574.

Kilig, N. & S. Toros, 2000. Faunistic investigation on the mite species of stored products in
Tekirdag province. XXI. International Congress of Entomology, Brazil, August
20-26. Abstract book I. 12.

Nielsen, P. S., 1998. Blattisocius tarsalis, would this predatory mite be effective againist
moth eggs Scandinavian flour mill. IOBC WPRS Bulletin, 21 (3): 83-87.

Nielsen, P. S., 1999. The impact of temperature on activity and consuption rate of moth
eggs by Blattisocius tarsalis (Acari: Ascidae). Experimental and Applied
Acarology, 23: 149-157.

Nielsen, P. S. 2001. Development time of Blattisocius tarsalis (Acari: Ascidae) at different
temperatures. Experimantel and Applied Acarology, 25: 605-608.

Ozer, M., S. Toros, S. Cobanoglu, S. Cmarli & M. Emekci, 1989. Izmir ili ve cevresinde
depolanmis hububat, un ve mamulleri ile kuru meyvelerde zar yapan Acarina takimina

bagh tiirlerin tanimi, yayilist ve konukgularl. Doga Bilim Dergisi, Tarim ve Orman,
13 (3b) : 1154-11809.

Ozkan, C., 1999. Ventura canescens (Grav.) (Hymenoptera: Ichneumonidae) ile
Ephestia kuehniella Zell. (Lepidoptera: Pyralidae) Arasinda Bazi Biyolojik lligkiler
Uzerinde Aragtirmalar. Ankara Universitesi Fen Bilimleri Enstittisi Doktora Tezi, 97 S.

Treat, A. E., 1975. Mites of Moths and Butterflies 272-275p. Comstock Publishing
Associates, a division of Cornell University Press Ithaca and London.

20



