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Abstract

Mosquitoes are temporary external parasites that suck blood and which can be disease
carriers for humans and many animals in nature. In this study, the material obtained as
a result of field studies carried out in Adapazar: and Sogriitli districts of Sakarya
province and /zmit district of Kocaeli province between February 2018 and August
2018 were evaluated. 9 mosquito species were identified from Sakarya province. Five of
these species [Anopheles plumbeus Stephens, 1828, Aedes geniculatus (Olivier, 1791),
Ae. rusticus (Rossi, 1790), Ae. vexans (Meigen, 1830), Culiseta longiareolata
(Macquart, 1838)] are new species for mosquito fauna in Sakarya province. The
invasive species Ae. albopictus (Skuse, 1894) has been recorded for the first time from
Kocaeli province and this record is the first record for Culicidae family in Kocaeli.
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Sakarya ili sivrisinek (Diptera: Culicidae) faunasina katkilar ve

ilk kayd:

Oz

Sivrisinekler, insan ve dogadaki bir¢ok hayvan igin hastalik tasiyicisi olabilen, kan
emen, gegici dis parazitlerdir. Bu ¢alismada, Sakarya ili Adapazar ve Sogiitlii ilgeleri
ile Kocaeli ili Izmit ilgesinde, Subat 2018-Agustos 2018 tarihleri arasinda
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gerceklestirilen arazi ¢alismalar: sonucu elde edilen materyal degerlendirilmistir.
Sakarya ilinden 9 sivrisinek tiirii saptanmistir. BU tiirlerden bes tanesi [Anopheles
plumbeus Stephens, 1828, Aedes geniculatus (Olivier, 1791), Ae. rusticus (Rossi, 1790),
Ae. vexans (Meigen, 1830), Culiseta longiareolata (Macquart, 1838)] Sakarya
sivrisinek faunasi igin yeni tiirlerdir. Kocaeli’den ise invazif sivrisinek Ae. albopictus
(Skuse, 1894), ilk kez kayit edilmis olup, bu kayit Kocaeli Culicidae familyast icin ilk
kayit niteligindedir.

Anahtar kelimeler: Sivrisinek, fauna, Sakarya, Kocaeli, Aedes albopictus.

1. Introduction

Mosquitoes placed in the Culicidae family constitute the most important medical
arthropod group and more than 3500 species have been identified so far [1]. Mosquitoes
are common throughout the world, but species diversity and/or density varies from
region to region, and moist tropical/subtropical regions contain % of all species [2]. In
addition, tropical species are known to expand their distributional ranges day by day.
Among these species, Aedes albopictus (Skuse, 1894), Ae. aegypti (Linnaeus, 1762),
Ae. japonicus japonicus (Theobald, 1901) and Ae. koreicus (Edwards, 1917) have
recently been identified as important invasive species in Europe [3]. One of these
species, Ae. albopictus, although originated from Southeast Asia, spread to America in
the 17" century and almost all over the world especially in the last 30-40 years [3,4].
Ae. albopictus is known to be the most dangerous of invasive mosquito species because
it has the potential to transmit at least 32 disease agents, including dengue virus and
chikungunya virus [3-5]. In Europe, special measures are being taken to fight against
such vector species which are rather important for human health.

The number of mosquito species recorded in Turkey is 61 [6-8], but it was pointed out
in the faunal studies that different species are likely to be present and/or settled in
Turkey as well. This conclusion shows us that Culicidae fauna of Turkey is not fully
known and that the number of Culicidae species in the country will most probably
increase with further detailed faunal studies.

Marmara region, which is a geographical bridge between Europe and Asia, contains Y4
of Turkey’s population and the majority of the trade dynamics in Turkey takes place in
this area. These features make the region privileged for invasive mosquito species to
invade and spread. Culicidae fauna is already represented by 29 species belonging to 6
genera [8-20]. Our knowledge about the fauna of Culicidae in Sakarya and Kocaeli
provinces, which are important pillars of trade after istanbul and also the transmission
line between Asia and Europe, is quite insufficient. The only available data for
Culicidae in Sakarya comes from a recent dissertation thesis which reported 9 species
for the province [8]. On the other hand, no studies have been conducted so far on
Kocaeli Culicidae fauna.

In this study, it was aimed to contribute to the local and Turkey’s mosquito fauna by

collecting samples belonging to the family Culicidae, which are quite important for the
public health, at different times from Sakarya and Kocaeli provinces.
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2. Material and methods

2.1. The study area and the sampling method

Larval, pupal and adult stages of the mosquitos were sampled in various habitats in two
localities in Adapazar1 and Sogiitlii districts of Sakarya province and in a local area in
Izmit district of Kocaeli province. The sampling area in izmit, which was neighboring
to the Sakarya province sampling areas, was included in the study considering the
mosquito complaints of local residents. The sampling in Sakarya province was
performed from February to August 2018 whereas sampling in Kocaeli province was
only in August 2018 during the complaints (Figure 1). Details of the sampled habitats
are given in results section for each identified taxon.
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Figure 1. The localities (shown as pink placemarks) where mosquito samples were
collected. The red line corresponds to provincial borders of Kocaeli and Sakarya
provinces and the yellow line corresponds to district borders (F: Findikl village, K:
Korucuk neighborhood, C: Cedit neighborhood) (modified from
http://www.multimap.com/maps).

The adults of diurnal and crepuscular mosquito species were collected from the exposed
limbs and other parts of voluntary people's bodies by human-landing catches (HLC)
method using a manual aspirator. During sampling by HLC method, the open parts of
the body were covered with net covers in order to protect against possible bites [2, 21,
22]. The captured adults were transferred to 500 mL plastic bottles inorder to bring
them to the laboratory. The bottles were stored at -20°C until species identifications.

Larval and pupal stages were sampled from aquatic potential mosquito bearing habitats
with a pastor pipette. The larvae were brought to the laboratory in 1200 mL plastic
containers with a certain amount of the original habitat water and placed in plastic
larvae breeding containers (floor dimensions: 18x25 cm; height: 15 cm; ceiling
dimensions: 20x29 cm). Habitat water was added in each container until the water
levels in the containers were 7 cm. The ceiling of the containers was covered with a
tulle and an incision was made in the middle part of the tulle which was closed with a
cotton plug. The larvae were given enough time to complete their metamorphosis in
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laboratory containers and the emerging adults were collected from the containers by a
manual aspirator and transferred to 500 mL plastic bottles. The bottles were stored at -
20°C until species identifications.

2.2. ldentifications of the mosquitoes

Identifications of collected material were made under a stereo microscope (Olympus
SZ51) based on the body morphologies of both females and males by using the related
references on species identification [2, 23].

3. Results

A total of 477 individuals (4439, 342) were sampled during the study. A total of 10
species [Anopheles claviger (Meigen, 1804), An. maculipennis s.I. (except An.
sacharovi) Meigen, 1818, An. plumbeus Stephens, 1828, Ae. albopictus (Skuse, 1894),
Ae. caspius (Pallas, 1771), Ae. geniculatus (Olivier, 1791), Ae. rusticus (Rossi, 1790),
Ae. vexans (Meigen, 1830), Culex pipiens s.l. Linnaeus, 1758, Culiseta longiareolata
(Macquart, 1838)] within 4 genera belonging to 2 subfamilies were determined.

TAXONOMY

Family: CULICIDAE Stephens, 1829

Subfamily: ANOPHELINAE Lutz, 1904

Genus: Anopheles Meigen, 1818

Species: Anopheles claviger (Meigen, 1804)

Material: Sakarya-Adapazari-Korucuk: N40°50'56.49", E30°17'33.35", (60 m asl.),
02.06.2018, 79, 23, leg: Z. SAKACI, det: Z. SAKACL

Distribution in Turkey: Adana [8,18,24-26], Ankara [27], Antalya [28], Sanliurfa [29-
31], Istanbul [10], Kirklareli [12], Ankara, Artvin, Aydin, Bursa, Edirne, Erzincan,
Igdir, Kars, Kayseri, Kirklareli, Malatya, Sakarya, Samsun, Sinop [8], Tekirdag [15],
Mugla, Osmaniye, Edirne, Kirklareli, Tekirdag [18], Zonguldak [33].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as larval and pupal stages in an artificial
water container.

Vectorial importance: Malaria [9], Tularemia [34], Tahyna virus [35], Setaria
labiatopapillosa [36].

Species: Anopheles maculipennis s.l. (except An. sacharovi) Meigen, 1818

Material: Sakarya-Sogiitli-Findikli: N40°56'16.13", E30°25'46.73", (60 m asl.),
12.08.2018, 219, leg: Z. SAKACI, det: Z. SAKACI.

Distribution in Turkey: istanbul [10], Adana, Burdur, Cankiri, Edirne, lgdr,
Kirklareli, Konya, Mersin, Mugla, Samsun [11], Ankara, Artvin, Aydin, Bursa, Cankiri,
Edirne, Erzincan, Eskisehir, Igdir, Kars, Kayseri, Kirklareli, Manisa, Mardin Sakarya,
Samsun, Sinop, Sivas, Tokat, Yozgat [8], Van [37], Tekirdag [8, 15, 18], Adana,
Edirne, Hatay, Kirklareli, Mugla, Osmaniye [18], Edirne [19], Bartin, Bolu, Diizce,
Kastamonu, Zonguldak [32].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a cow barn.

Vectorial importance: Malaria [22].

Species: Anopheles plumbeus Stephens, 1828
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Material: Sakarya-Adapazari-Korucuk: N40°51'37.73", E30°17'43.15", (164 m asl.),
15.04.2018, 32%: N40°51'34.22", E30°17'45.72", (151 m asl.), 22.06.2018, 45%:
N40°50'54.41", E30°17'30.57", (61 m asl.), 22.08.2018, 49: N40°51'46.36"K,
E30°17'27.19", (196 m asl.), 22.08.2018, 429, leg: Z. SAKACI, det: Z. SAKACI.
Distribution in Turkey: Antalya, Balikesir, Mugla, Siirt [9], Artvin, Samsun, Sinop
[8], Bolu [18,32], Edirne, Kirklareli, Bolu [18].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitats: The species was sampled as adult stage in a Carpinus sp. forest and
a picnic area.

Vectorial importance: Malaria [38-40].

Subfamily: CULICINAE Lutz, 1904

Genus: Aedes Meigen, 1818

Species: Aedes albopictus (Skuse, 1985)

Material:  Kocaeli-izmit-Cedit: N40°46'43.45", E29°56'23.05", (182 m asl),
22.08.2018, 129, leg: Z. SAKACI, det: Z. SAKACI.

Distribution in Turkey: The Black Sea coast of Thrace Region [41], Kirklareli [17],
Artvin, Giresun, Rize, Trabzon [42], Artvin, Kirklareli, Rize, Trabzon [43].
Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a housing estate garden.
Vectorial importance: Dengue virus and numerous arboviruses [44-46].

Details: Adult females have been sampled when sucking blood from people in the
garden within the housing estate (Figure 2). Residents declared that there was a mass
attack and they could not sit on the balconies of their houses.

Figure 2. Ae. albopictus sucking blood from human (Kocaeli: Cedit housing estate)

Species: Aedes caspius (Pallas, 1771)

Material: Sakarya-Sogiithi-Findikli:  N40°56'12.88", E30°25'55.55", (44 m asl.),
12.08.2018, 539 ; Sakarya-Adapazari-Korucuk: N40°51'46.36", E30°17'27.19", (196 m
asl.), 22.08.2018, 829, leg: Z. SAKACI, det: Z. SAKACI.

Distribution in Turkey: istanbul [10], Artvin, Aydin, Cankiri, Edirne, Erzincan,
Eskisehir, 1gdir, Kars, Kirklareli, Mugla, Sakarya, Samsun, Sinop, Tekirdag, Tokat [8],
Van [37], Adana, Canakkale, Cankiri, Edirne, Hatay, izmir, Kurklareli, Mugla,
Tekirdag, Osmaniye [18].

Geographical distribution: West, East and South of Western Palaearctic [33].

14



SAKACI Z.

Sampling habitats: The species was sampled as adult stage in a Carpinus sp. forest, a
picnic area (in Korucuk), and a house garden (in Findikl1).
Vectorial importance: West Nile virus, Francisella tularensis, Tahyna virus [47].

Species: Aedes geniculatus (Olivier, 1791)

Material: Sakarya-Adapazari-Korucuk: N40°50'54.41", E30°17'30.57", (61 m asl.),
02.06.2018, 269, leg: Z. SAKACI, det: Z. SAKACL

Distribution in Turkey: Antalya [28], Bursa, Edirne, Rize, Samsun [8], Kirklareli
[8,18].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a Carpinus sp. forest.
Vectorial importance: -

Species: Aedes rusticus (Rossi, 1790)

Material: Sakarya-Adapazari-Korucuk: N40°51'37.73"K, E30°17'43.15"D, (165 m
asl.), 22.04.2018, 29, leg: Z. SAKACI, det: Z. SAKACIL.

Distribution in Turkey: Kirklareli, Tekirdag [8], Edirne, Kirklareli [18], Edirne [19].
Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a Carpinus sp. forest.
Vectorial importance: -.

Species: Aedes vexans (Meigen, 1830)

Material: Sakarya-Adapazari-Korucuk, N40°50'54.41", E30°17'30.57", (61 m asl.),
02.06.2018, 339, leg: Z. SAKACI, det: Z. SAKACIL.

Distribution in Turkey: Istanbul [10], Edirne, Kirklareli [18], Edirne [19], Bartin,
Bolu, Diizce, Kastamonu, Zonguldak [32].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a Carpinus sp. forest.
Vectorial importance: Tahyna virus [48].

Genus: Culex Linnaeus, 1758

Species Culex pipiens s.l. Linnaeus, 1758

Material: Sakarya-Adapazari-Korucuk: N40°51'46.98", E30°17'31.63", (200 m asl.),
14.05.2018, 832, 324; Sakarya-Sogiitli-Findikli: N40°56'16.13", E30°25'46.73", (60 m
asl.), 12.08.2018, 72, leg: Z. SAKACI, det: Z. SAKACIL.

Distribution in Turkey: Adana [49-51], Mersin [51], Ankara [25,26], istanbul [10],
Antalya [28, 52, 53], Manisa [54], Mersin [55,56], Mugla [57], Sanlurfa [29], Adana,
Ankara, Artvin, Aydin, Bursa, Canakkale, Cankir1, Edirne, Erzincan, Eskisehir, Hatay,
Igdir, istanbul, Kars, Kayseri, Kirklareli, Malatya, Manisa, Mardin, Mersin, Mugla,
Rize, Sakarya, Samsun, Sivas, Tekirdag, Tokat, Sanhurfa [8], Van [37], Adana, Aydin,
Balikesir, Canakkale, Edirne, Hatay, Izmir, Kahramanmaras, Kirklareli, Mugla,
Osmaniye, Tekirdag [18], Bartin, Bolu, Diizce, Karabiik, Kastamonu, Zonguldak [32],
Edirne [19], Aydin, Balikesir, Canakkale, Denizli, izmir, Mugla [20].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a chicken coop (in
Findikl1) and as larval and pupal stages in a pond (in Korucuk).

Vectorial importance: Wuchereria bancrofti, Brugia malayi, Drofilaria immitis, Avian
malaria, Western equine encephalitis virus, St. Louis encephalitis virus [23], Ockelbo
virus [48], West Nile virus [58].
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Genus Culiseta Felt, 1904

Species Culiseta longiareolata (Macquart, 1838)

Material: Sakarya-Adapazari-Korucuk: N40°51'30.77", E30°17'32.27", (165 m asl.),
24.02.2018, 19, leg: Z. SAKACI, det: Z. SAKACIL.

Distribution in Turkey: Adana [49-51], Antalya [28, 55], Sanlwurfa [29], Ankara [26],
Istanbul [10], Manisa [54], Adana, Artvin, Aydin, Bursa, Canakkale, Erzincan,
Eskisehir, Igdir, Kars, Kayseri, Manisa, Mardin, Mersin, Mugla, Sivas [8], Van [37],
Tekirdag [15], Aydin, Canakkale, Hatay, izmir, Kirklareli, Mugla, Tekirdag [18], Bolu,
Diizce, Kastamonu, Zonguldak [32], Edirne [19].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a indoor environment.
Vectorial importance: -.

4. Discussion

The results of the present field studies showed that 5 of 9 species [An. plumbeus, Ae.
geniculatus, Ae. rusticus, Ae. vexans, Cs. longiareolata] determined in Adapazari and
Sugiitli are the first records for Sakarya province Culicidae fauna.

Sakarya Culicidae family is represented by 14 species with the addition of the 5 new
species. In addition, the record of Ae. albopictus in Kocaeli is also the first for Kocaeli
Culicidae fauna.

In addition to the faunal contribution of the present results, another striking result is that
Ae. albopictus was identified for the first time in western Anatolia and in Kocaeli
province. The modeling study carried out according to climatic parameters, all coastline
of Black Sea in Turkey was shown as an ideal residential area for Ae. albopictus [59].
The available distribution range of Ae. albopictus in Turkey covers Black Sea coastline
in Thrace region, Kirklareli, Giresun, Trabzon, Rize and Artvin provinces [42]. The
present record of Ae. albopictus in izmit is thus of paramount importance since it filled,
at least in part, the large gap between the Thrace region and the Anatolian region
distributions. The determination of Ae. albopictus in Kocaeli is also compatible with the
model that has indicated that this species can be seen along the Black Sea coastline [59].
Furthermore, the species can be expected to be recorded along the Black Sea coast in
the northern part of Turkey in future studies. Although studies on mosquitos have been
conducted in recent years in the southern regions of Turkey, the absence of Ae.
albopictus here is an interesting result for the species originating from Southeast Asia.

Aedes rusticus is a species known only from Edirne, Kirklareli and Tekirdag provinces
in Turkey. The present record of the species in Sakarya is also the first record in
Anatolia and extended the distribution of the species to the east.

Anopheles plumbeus has been reported so far from Edirne, Kirklareli, Bolu, Sinop,
Samsun, Artvin [8, 18, 32] and Ae. geniculatus has been reported from Edirne,
Kirklareli, Bursa, Samsun and Rize [8, 18], showing scattered distribution patterns for
both species. The present records of these species from Sakarya are important records in
terms of filling a gap in this scattered distribution of the species.
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Among the species identified in the study, Ae. albopictus is much more important than
the other species on the vectorial scale, because it has been reported that Ae. albopictus
has the potential to transmit at least 32 viruses. However, its role in nature has not been
fully elucidated. DENV (Dengue virus), CHIKV (Chikungunya virus), WNV (West
Nile virus), ZIKV (Zika virus), YFV (Yellow Fever virus), JEV (Japanese encephalitis
virus), EEEV (Eastern equine encephalitis virus), VEEV (Venezuelan equine
encephalitis virus), WEEV (Western equine encephalitis virus), SLEV (St. Louis
encephalitis virus), Ross River virus, SINV (Sindbis virus), Mayaro virus, Getah virus,
Potosi virus, Cache Valley virus, Tensaw virus, Keystone virus, San Angelo virus,
LACV (La Crosse encephalitis virus), Trivittatus virus, Oropouche virus, RVFV (Rift
Valley fever virus), Orungo virus ve Nodamura virus are the most important disease
agents that can be transferred by this species [44-46]. Ae. albopictus is also able to
vector the helminthic parasites of Dirofilaria immitis (Leidy, 1856), Railliet & Henry,
1911 and Setaria labiatopapillosa (Alessandrini, 1838) in humans and dogs [60]. The
distribution of Ae. albopictus, which acts as vectors for such various disease factors also
in Turkey, should be clearly revealed as soon as possible and control measures for this
mosquito should be urgently taken in terms of public health.

The fact that Turkey has been under intense pressure in terms of illegal immigrants in
recent years and the possibility that these illegal immigrants will carry many different
disease factors to the country requires urgent listing of the country's Culicidae fauna. In
addition, this situation increases the importance and urgency of the struggle against the
species which act as vectors for many diseases.
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