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Abstract: The distribution and abundance of cockroaches were investigated in six hospitals in Trabzon. A total of 4756 (692 @9,

652 d6 and 3412 nymphs) cockroaches were caught between 1* October 1999 and 30" January 2000. It was found that three
cockroach species were present in hospitals. Of these, Blattella germanica was the predominant species with 98.25%, followed by
Blatta orientalis (1.12%) and Periplaneta americana (0.63%). Although the German cockroach, Blattella germanica, was found in
all areas of the hospitals, Blatta orientalis and Periplaneta americana were only caught in kitchens.

When comparing the population density of German cockroaches in different places chosen for this study, it was clear that the num-
ber of this cockroach per 10 m? (102.23) and infestation rate (83.61%) were higher in kitchens than in other places. It was seen
that the population density of this species in kitchens is significantly different from that in other places (one-way ANOVA: F = 54.17,
P < 0.01).

Although several stages of B. germanica were observed in hospitals, nymphs showed the highest infestation rates (62.50-86.89%).
Most of the nymphs were immature (67.28-88.26%). The infestation rate of immature nymphs was higher (88.26%) in kitchens
than in other places, namely the patient rooms (67.28%), nurse rooms (76.34%) and doctor rooms (80.04%).

In addition, some ecological parameters, such as humidity and temperature, were measured in the places studied to examine the
relationship between the population density of B. germanica and these parameters. There seemed to be a very significant correla-
tion between humidity and the population density of German cockroaches (R = 0.65, P < 0.01), but not for temperature (R = -0.2,
P > 0.01). In conclusion, the population density of B. germanica increased over 45% humidity, but did not at lower humidity levels
(39-45%).
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Trabzon’un Bazi Hastanelerindeki Hamambéceklerinin istilasi Hakkinda Bir Calisma

Ozet: Bu calismada, Trabzon'daki 6 degisik hastanedeki hamambécegdi tiirleri ve populasyon yogunluklar arastirilmistir. 1 Ekim
1999-30 Ocak 2000 tarihleri arasinda toplam 4756 (692 99, 652 dd ve 3412 nimf) hamambdcedi yakalanmistir. Arastirma yapilan
hastanelerde 3 tirin yasadigi bulunmustur. Bu tlrler arasinda Blatella germanica % 98.25 ile en baskin olup diger iki tirden Blatel-
la orientalis % 1.12 ve Periplaneta americana ise % 0.63 gibi disik oranda yasadidi bulunmugtur. Alman hamambd&cegi olarak
adlandirilan Blatella germanica hastanelerin her yerinde bulunmasina ragmen diger iki tlr (Blatta orientalis Periplaneta americana)
sadece hastanelerinin mutfaklarinda yakalanmistir.

Mutfaklardaki Alman hamambdcedinin yogunlugunu incelenen diger yerlerle karsilastirdigimizda 10 metre kareye disen birey
sayisinin (102.23) ve istila oraninin yiksek oldugu (% 83.61) belirlenmigtir. Bu tirin mutfaklardaki populasyon yogunlugunun ista-
tistiki acidan 6nemli derecede farkli oldugu gérilmustir (one-way ANOVA: F = 54.17, P < 0.01).

Alman hamam bdcedinin bir¢cok hayat evresi yakalanmasina ragmen, nimflerin en fazla istila oranina (% 62.50-86.89) sahip oldugu
gozlenmis, bunlarinda buyik bir ¢cogunlugunun (% 67.28-88.26) genc nimf evresinde oldugu belirlenmigtir.. Diger taraftan, genc
nimflerin en fazla (% 88.26) mutfaklarda bulundugu gérilmustur.

Ayrica, B. germanicanin populasyon yogunlugunun sicaklik ve nemle iligkisini gdstermek amaciyla incelenen yerlerde yapilan 6l¢iim-
lerde nem ile Alman hamam bdcedi yogunlugu arasinda 6nemli bir iliski bulunmustur (R = 0.65, P < 0.01), fakat populasyon
yogunlugunun sicaklikla bir iligkisi bulunamamistir (R = -0.2, P>0.01). Sonucta, B. germanica'nin populasyon yogunlugunun % 45'in
Uzerindeki nem degerlerinde belirgin olarak artidi, daha disik degerlerde (% 39-45) azaldigi gérilmistur.

Anahtar Sézcikler: Hamambdcedi, Populasyon yogunlugu, Nem, Sicaklik, Hastane
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Introduction

Cockroaches are the most abundant and important
pest insect that inhabit various public places such as
hospitals, food manufacturing sites and kitchens (1,2). In
hospitals, restaurants and houses, cockroaches feed on a
variety of animal products, including meat and grease,
starchy food, sweets and other unprotected materials (3).
When cockroaches run over food they leave filth and
secrete an oily liquid that has an offensive and sickening
odour that may ruin food (4). In recent studies, a strong
association has been found between the presence of
cockroaches and increases in the severity of asthma
symptoms in individuals who are sensitive to cockroach
allergens (2,5).

Many cockroach species have been described in several
parts of the world. Of these, the German cockroach,
Blattella germanica, is the most troublesome species
because of its predominance in houses as well as places of
food manufacturing (6,7). Conventional insecticides are
often ineffective in controlling wide spread infestations of
B. germanica. Because of the shortness of its life cycle of
three to eight months depending on temperature, it is
very difficult to control this species compared with other
cockroach species (8-10). This species may easily protect
itself and develop resistance to insecticides such as
Malathion and Propoxur. In addition, this species shows
weak tolerance to Sumithion and Tetramethorin (11). On
the other hand, Kocak (12) has stated that boric acid
remains effective against German cockroaches for a long
time whereever insecticides cannot be used.

In recent years, a number of studies have been carried
out to determine the population dynamic of cockroaches
in some hospitals and apartments in Turkey (13) and
Korea (7,8). In these studies, it was found that among
cockroaches caught in hospitals, B. germanica was the
predominant species (7,8). It was also claimed that the
population density of this species correlated with pest
control programmes used in hospitals (8). On the other
hand, the insecticides used against B. germanica have
negatively affected the population dynamic of this species
in Turkey (13). However, these studies do not provide
further information about the population dynamics of
cockroaches in hospitals and the influence of temperature
and humidity.

The literature review reveals that information about
the population dynamic of cockroaches in hospitals is
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rather scarce, and no comprehensive study has been
undertaken. Therefore, the present study was carried out
in order to determine cockroach species and their
infestation rate, and the influence of some parameters
such as humidity and temperature on the population
dynamics of German cockroaches in some hospitals in
Trabzon.

Materials and Methods

This study was carried out in 84 different sites in six
hospitals in Trabzon between 1* October 1999 and 30"
January 2000. A total of 4756 (692 99, 652 dd and
3412 nymphs) cockroaches were caught in these
hospitals

Cockroaches were usually sampled using sticky traps.
In addition, some cockroaches in cracks were collected by
a vacuum cleaner. In order to determine cockroach
population densities, 14 places (five patient rooms , five
doctor rooms, two nurse rooms, one furnace and one
kitchen) in each hospital were examined. The number of
sticky traps used for cockroach sampling was two or five
depending on the area of the study sites, resulting in one
trap per 10 m®. The sticky traps were placed where
cockroaches were likely to be found, such as under beds
and furniture, behind refrigerators, near rubbish bins and
cupboards, in drawers and in the corners of rooms. The
sticky traps were left in these places for 15 days and they
were brought to the laboratory for evaluation along with
samples collected by a vacuum cleaner. All of the
specimens were examined to determine cockroach
species, and then the cockroaches were counted by life
stages (young nymph and old nymph) and sex. The
nymph stage was determined according to the last
segment, as stated before (10,14). The data was
analysed (SPSS) using one-way ANOVA for the mean
number of cockroaches per 10 m? and using a correlation
between some ecological parameters (humidity and
temperature) and population densities of B. germanica. In
addition, we used regression analysis to find a regression
equation between humidity and density.

Pattern and coloration characteristics were recorded
while the animals were alive. In addition, colour slides of
some of the specimens were taken and placed in collection
boxes. The other cockroaches were fixed in 60% ethanol.

The humidity and temperature in the sampled sites
were measured by a Casella B 5 5248 hygro-



thermometer which had two thermometers placed side
by side. In order to estimate the population dynamic of
German cockroaches, the mean values of humidity and
temperature records were compared with the population
density of German cockroaches.

Results

Three cockroach species belonging to the two families
of Blattidae and Blattellidae were determined. Of these,
Blattella germanica (4673) was the most common species
found in all sites of hospitals chosen for study, when
compared to other species such as Blatta orientalis (53)
and Periplaneata americana (30). On the other hand, B.
orientalis and P. americana were only captured in the
kitchens of hospitals. The infestation rate of B. germanica
was higher (98.25%), followed by B. orientalis (1.12%)
and P. americana (0.63%) (Fig. 1). Due to the lower
densities of B. orientalis and P. americana, only the
population density of B. germanica was given.
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The population densities and infestation rates of B.
germanica caught from different sites in six hospitals are
given in Table 1. It was seen that the highest infestation
rate of this species was in the Kitchens (83.61%),
followed by patient rooms (14.28%), nurse rooms
(1.50%), doctor rooms (0.53%) and furnace rooms
(0.28%). The number of cockroaches per 10 m® in the
five different places showed very significant differences
(one-way ANOVA: F = 54.17, P < 0.01). Among these
places, kitchens had the highest number of German
cockroaches per 10 m° (102.23 + 59.9, one-way
ANOVA: P < 0.01). The other places (patient, doctor,
nurse and furnace rooms) showed no significant
differences (one-way ANOVA: P > 0.01).

Although several stages of B. germanica were seen,
the nymphal stage showed higher infestation rates in the
five places surveyed. Those rates ranged from 62.50% in
doctor rooms to 86.89% in kitchens; however, we did
not catch any nymphs from furnace rooms. In addition,
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Figure 1. The infestation rates of the three
different cockroach species captured

from hospitals in Trabzon.
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The population density and infestation rate of 5. germanica in the different sites of the hospitals (K: Kitchen, Pr: Patient room, Nr: Nurse

room, Dr: Doctor room, Fr: Furnace room, n: number of cockroaches, N: Number of places, F/M: Number of adult females/males).

Immature Infestation
Places N n Indiv./10 m? Nymphs Nymphs F/IM Rates
(Mean =+ SE) (%) (%) (%)

K 6 3907 102.23 + 59.9 * 86.89 88.26 1.32 83.61
Pr 30 658 6.22 £ 8.6 78.06 67.28 0.71 14.28
Nr 12 70 1.92+15 67.44 76.34 0.87 1.50
Dr 30 25 037+04 62.50 80.04 1.09 0.53
Fr 6 13 0.39+0.8 1.29 0.28

Total 84 4673 111.36 + 38 100

* The mean difference is significant at the 0.01 level (one-way ANOVA: F = 54.17, P < 0.01)
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the infestation rate of young nymphs was higher
(88.26%) in the kitchens than in, patient rooms
(67.28%), nurse rooms (76.34%) and doctor rooms
(80.049%). When compared to the infestation rate of
females/males in kitchens with other sites, a high
infestation (1.32) could be easily seen (Table 1). In
addition, it was found that 17.03% of adult females were
carrying ootheca.

While the mean temperatures measured at different
sites in the hospitals were similar to each other (19.83-
21.66), the same places had very different humidity
values (39.50-54.00%) (Table 2). There was a positive
correlation between humidity and the population density
of German cockroaches (R = 0.65, P < 0.01) (Table 3),
but not for temperature (R = -0.2, P > 0.01). The high
humidity values were positively associated with the
densities of this species (Fig. 2). As a result, the number
of specimens belonging to B. germanica increased over
the 45% humidity value, but not at lower humidity levels
(39-45%) (Fig. 2).

Table 2. The average temperature and humidity measured in the
different places in the hospitals (N: Number of places
examined, Min. and Max: Minimum and Maximum, X:
Mean, SD: Standard Deviation, K: Kitchen, Pr: Patient
room, Nr: Nurse room, Dr: Doctor room, Fr.: Furnace
room).
Habitats N Min-Max X SD
K Temperature 6 18-21 19.83 2.136
Humidity 6 45-65 54.00 7.659
Pr Temperature 30 18-22 20.83 2.400
Humidity 30 42-50 45.16 3.920
Nr  Temperature 12 19-22 21.00 1.549
Humidity 12 36-45 41.00 3.898
Dr  Temperature 30 18-23 20.66 1.751
Humidity 30 36-41 41.16 3.430
Fr  Temperature 6 14-25 21.66 4.131
Humidity 6 38-41 39.50 2.429
Table 3. Correlation between the mean humidity values (%) and the

densities of B. germanica. (N: Number of the places).

Mean Humidity Mean + SD 5

Values (%) N Individuals/10 m
54.00 6 102.23 + 59.9
45.16 30 6.23 +8.6
41.00 12 1.92+ 15
41.16 30 037+ 04
39.50 6 0.39+0.8

R* 0.65

*Significance correlation coefficient at the 99% level.
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Figure 2. The relationship between humidity and population density

(individuals/10 m™) of B. germanica.

It was found that kitchens were suitable places for B.
germaniaca as they have high humidity levels (45-65%);
however, doctor and furnace rooms were not suitable for
this cockroach due to the presence of low humidity
(39.50-41.16%) (Fig. 2).

Discussion

The results of the present study showed that three
cockroach species inhabit the six hospitals. Of these,
Blatta orientalis was not recorded previously from
hospitals, whereas P. americana and B. germanica were
detected from these places earlier (8,15). On the other
hand, Dong-Kyu (8) reported another cockroach species,
Peripleneta fluginosa, in hospitals in Korea. Although
Dong-Kyu (8) found P. americana in patient rooms and
kitchens, no specimen belonging to this species was
collected from these places during the present study. All
of the specimens of this species were captured from
kitchens, such as B. orientalis.

Previous studies revealed that B. germanica
successfully breeds in the Kitchens of hospitals,
apartments, tea rooms, hotels, private houses and
restaurants. Specimens belonging to this cockroach could
easily visit other places to find food (7,14). These results
were similar to ours. Although the sites in this study were
not sufficient in number to allow a definite conclusion
about the feeding and breeding of German cockroaches,
it was found that hospital kitchens were suitable for
German cockroaches because of their suitable
temperature and humidity (Table 2). In addition, patient
rooms were suitable as well as kitchens for this species
(Tables 1,2). This result was similar to previous studies
(7,9,12,15) except the study by Dong-Kyu (8), who



captured the highest rates of German cockroaches from
patient rooms.

The greatest number of cockroach specimens
collected in the patient rooms were old nymphs or adult
males, while immature nymphs and females were mostly
found in Kitchens. It was also observed that females
mostly preferred to remain in areas such as Kitchens,
where food and water were adequate (F/M = 1.32). An
alternative explanation of the high occurrence of females
in the kitchens would be an migration of females during
the breeding period to the kitchens due to adequate
humidity (54%), which might have been an important
factor for females in the period of carrying the ootheca.
As a result, most of the females captured in the kitchens
had ootheca. This result was consistent with previous
studies (7,14). However, unlike our results, Dong-Kyu
(8) observed high numbers of females in patient rooms,
but not in kitchens.

Runstrom and Bennet (14) reported that the number
of German cockroach nymphs increased between October
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