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Abstract

Background: Ecological data are important in the vector contnehagement of mosquitoes. There is scattered pub-
lished information about the larval habitat chagastics and ecology of the gertisophelegDiptera: Culicidae) in
Iran and most of available data is in relation tamia vectors in southern Iran.

Methods: This cross sectional investigation was carried toustudy the mosquito fauna and ecology in Guilan
Province, northern Iran, during April-December 20D&rvae were collected using the standard dippgahnique.
Larval habitat characteristics were recorded adngrtb water situation (clear or turbid), vegetatisubstrate type,
sunlight situation, habitat situation (transientpg@rmanent, running or stagnant), habitat typeu¢ahbor artificial),
and water temperature.

Results: In total, 1547 third- and fourth-instar larvaeArfopheledrom 90 habitats were collected and morphologi-
cally identified. Five speciefinopheles clavigerAn.’hyrcanus, An. maculipennis s,|An. plumbeusand An. su-
perpictuswere identified and respectively comprised 6.3%4%, 54.4%, 13.0%, and 3.9% of the samples. The
mean and range temperatures of the larval habagnwere 19 (n=14) (16-2%C), 22.6C (n=53) (12-3%),
23.8C (n=52) (10-3%C), 11.8C (n=12) (9-21C), and 20.2C (n=7) (12—-26C), respectively. There was a signifi-
cant difference in the mean water temperatures{PB.5C) of the larval habitats of different species (PeD).
Most of the genus larvae were collected from natmbitats (86.9%) such as river bed pools (46.486) rain pools
(33.1%) with transient (98.3%), stagnant (99.5%) aelear (95.3%) water, with vegetation (69.9%), ni2.0%) or
gravel (39.7%) substrate in full sunlight (69.6%)shaded (22.7%) area. A checklist of the provimmsquitoes
including 30 species and seven genera has beeitpdov

Conclusion: The main larval habitats of the most abundant isseén.’hyrcanus’and An. maculipennis s,lin
Guilan Province are: river bed pools, rain poots] dce fields.
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Introduction

According to the most recent classifica- portant for their biting in different parts of
tion of mosquitoes, the family Culicidae  the world, but the most important disease
(Diptera) includes two subfamilies, 11 tribes, transmitted by them is malaria. About 70
113 genera, and 3531 species in the world Anophelesspecies are malaria vectors in

fauna and the genusnophelesMeigen in- which about 40 are important vectors (Ser-
cludes seven subgenera and at least 465 spe- vice 1993).
cies (Harbach 2007). Certain species of Sindbis virus was reported in Iran as well

Anophelesare involved in the transmission  as West Nile virus in Iran and Guilan Prov-
of various arboviral and filarial diseases to ince of the Caspian Sea littoral, northern Iran
humans and domestic animals and/or are im- (Naficy and Saidi 1970, Saidi et al. 1976);
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however there is no information about their
vectors in the country. The mosquito-borne
filariae; Dirofilaria Railliet and Henry (diro-
filariasis) and Setaria Viborg (setariasis)
(Spirurida: Onchocercidae) have been re-
ported in Iran and Guilan Province (Eslami
1997, Azari-Hamidian et al. 2007Anophe-
les maculipennisMeigen andCulex theileri
Theobald are known vectors Setaria labi-
atopapillosa (Alessandrini) andDirofilaria
immitis (Leidy) respectively, in Ardebil
Province, northwestern Iran (Azari-Hamidian et
al. 2009). Malaria is the most important mos-
quito-borne disease in Iran, especially in south-
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istics and ecology oAnophelesn Iran and
most of available data is in relation to ma-
laria vectors in southern Iran. Marsh (1933)
showed some larval breeding placesAaof.
apociMarsh larvae when described it for the
first time in Iran. Macan (1950) studied the
different aspects of som&nophelesspecies

in northern and western Iran. Dow (1953)
and Yaghoobi-Ershadi et al. (1986) stressed
the larval breeding sites and associate spe-
cies of some anophelines in the different ar-
eas of the country and southern Iran, respec-
tively. Manouchehri and Rohani (1975) studied
the larval habitats ofn. dthaliin southern

eastern areas, and seven species have beenlran. Zaini et al. (1975) and Manouchehri et al.

assumed to play role as malaria vectés:
sacharovi Favre, An. maculipennis sensu
lato (s.l.), An. fluviatilis Jamess.l, An. ste-
phensi Liston, An. superpictusGrassi, An.
dthali Patton, andAn. culicifaciesGiles s.I.
(Edrissian 2006). Also, Zaim et al. (1993) re-
ported An. pulcherrimusTheobald as a po-
tential vector in southeastern Iran. Eshghy
(1977) observedPlasmodiumoocysts inAn.
multicolor Cambouliu, but sporozoites have
not been detected in this species and it is not
considered a vector in Iran. Recently, Djadid
et al. (2009) reportedn. hyrcanugPallas)

as a potential vector of malaria based on
nested Polymerase Chain Reaction (PCR) in
Guilan Province.

The most recent checklist of Iranian mos-
quitoes includes 64 species and three sub-
species belonging to seven genera (Azari-
Hamidian 2007a). Almost half of the Iranian

(1976) mentioned the larval breeding place
characteristics ofAn. stephensin southern
Iran. Eshghi et al. (1976) stressed some larval
breeding places ofAn. fluviatilis s.l. in
southern Iran. Eshghy (1977) noted the adult
and larval ecology oAn. multicolor Zaim
(1987a) studied the mosquito fauna of Kashan
of Isfahan Province in central Iran with some
notes on the larval breeding places and ecol-
ogy of four anopheline species. Mousaka-
zemi et al. (2000) studied the fauna and
ecology of mosquitoes includingn. macu-
lipennis s.l.and An. superpictusn Zarrin-
Shahr and Mobarakeh areas of Isfahan Prov-
ince. Yaghoobi-Ershadi et al. (2001) stressed
some information on the larval stage Adfi.
sacharovi and An. superpictusin Ardebil
Province of northwestern Iran. Azari-Hami-
dian et al. (2002a) showed some larval breeding
places of mosquitoes including anophelines

mosquito species (31 species) and seven generain Rasht County of Guilan Province in

have been previously recorded in Guilan
Province (Zolotarev 1945, Dow 1953, Lotfi
1973, Danilov 1975, Saebi 1987, Zaim 1987b,
Harbach 1988, Momeni et al. 1992, Azari-
Hamidian et al. 2002b, Sedaghat et al. 2003,
Gholizadeh et al. 2004, Gholizadeh et al. 2005).
Despite of the importance of ecological
data in the vector control management of
mosquitoes, there is scattered published in-
formation about the larval habitat character-
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northern Iran. Ghanbari et al. (2005) studied
some physical and chemical factors of the
larval breeding places of the eight species of
Anophelesn Iranshahr, southeastern Iran.
Investigation on the mosquito ecology
and larval habitats is important in different
aspects including source reduction in vector
control through modifications of these habi-
tats. This helps us to decrease, even if not
very much, vector population and density
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then vector-reservoir and vector-pathogen
contacts, and biting nuisance. This may de-
crease the transmission of different mos-
quito-borne diseases and the burdens of
these diseases. The present article is focused
on some aspects of the larval ecology of
Anophelesspecies, such as the larval habitat
characteristics, water temperature, associated
species, and provides a checklist of mosqui-
toes in Guilan Province.

Materials and Methods

Study area

Guilan Province in the Caspian Sea litto-
ral of northern Iran, between Caspian Sea
and Alborz Mountain range, has coastal,
plain, foothill, and mountainous areas with
an area of approximately 14700 square kilo-
meters. The province with temperate climate
and relatively warm-humid summer is located
between 3884-38°27'N latitude and 484-
50°36'E longitude and formally includes 16
counties Amlash Astanelke-AshrafiyehAstara
Bandar-e-Anzali, Fuman (Fooman), Lahijan,
Langrud (Langroud), Masal, Rasht, Rezvan-
shahr, Rudbar, Rudsar (Roudsar), Shaft,
Siahkal, Some’e Sara, and Talysh (Talesh).
Guilan Province with about 1200 mm annual
rainfall has the greatest rainfall in Iran and
the main agricultural crop is rice. This prov-
ince with vast deciduous forests of Hyrcania
and temperate climate is a great location to
breed mosquitoes.

Specimen and data collection andnalysis

In this cross sectional investigation, in
each county (in total 16) one fixed and three
variable sites (including different topog-
raphical areas) randomly selected and larval
specimen collection was carried out for 15—
20 minutes during spring, summer, and au-
tumn seasons in 2000. Thus, larval collection
was carried out at least three times in fixed
sites and 9 times in variable sites during three
seasons in each county. Larvae were col-
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lected from natural breeding sites such as
river edges, river bed pools, rain pools,
marshes, grasslands, and tree holes and from
artificial breeding sites such as rice fields,
irrigation channels, wells, discarded tires,
and buckets using the standard dipping tech-
nique (350 mL dipper) and also by means of
pipette (for small habitats) and bucket (for
wells) (WHO 1975). Physical and biological
characteristics of larval habitats including
habitat situation (permanent or transient,
stagnant or running), habitat type (natural or
artificial), vegetation situation (with or with-
out vegetation), substrate type, sunlight
situation (full or partial sunlight or shaded),
water situation (clear or turbid), and water
temperature were recorded. The continuous
variable of the temperatures of larval habi-
tats was analyzed by One-Way ANOVA
analysis using SPSS (Version 11.5 for win-
dows, SPSS Inc., Chicago, IL) software. The
third- and fourth-instar larvae and adult speci-
mens were identified using the keys of Shah-
gudian (1960), Zaim and Cranston (1986),
and Harbach (1988). The mosquito name
genera and subgenera abbreviations followed
Reinert (2001).

Taxonomic note

Two close specieAnopheles hyrcanus
andAn. pseudopictu&rassi of the Hyrcanus
Group are identified based on the characters
of adult in Guilan Province (Dow 1953,
Azari-Hamidian et al. 2002b, 2003a, 2006),
these species have not been identified in lar-
val stage in this investigation and mentioned
asAn.’hyrcanus’(An. hyrcanugroup). Dar-
sie and Samanidou-Voyadjoglou (1997)
mentioned just one character of seta 2-C (in-
ner clypeal seta) to distinguish the larvae of
An. hyrcanusfrom those ofAn. pseudopic-
tus This seta is simple iAn. pseudopictus
and bears some short apical branche&rin
hyrcanus This character needs to be studied
carefully in Iran. Seven species dn.
maculipenniccomplex have been recorded in
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the province based on morphological char-
acters including egg pattern and PCR tech-
nigue (Dow 1953, Azari-Hamidian et al.
2002b, Sedaghat et al. 2003, Gholizadeh et
al. 2004, Gholizadeh et al. 2005). Oin.
sacharovi is reliably distinguishable from
other species in adult and larval stage. In
larvae, the mean number of seta 2 branches
of the fourth and fifth abdominal segments
in An. sacharoviis 36.8 whereas it is 16.5
for An. maculipennis.l. (Doosti et al. 2006).

It seems the use of PCR technique is the
only reliable way to distinguish other species
of the group, so the Maculipennis Group
larvae cited ag&\n. maculipennis s.herein.

Results

Larval habitat characteristics and ecology

In these investigations, totally 6656 lar-
vae including 1547 anopheline larvae
(23.2%) and 5109 culicine larvae (76.8%)
were collected from 127 larval breeding sites
during 55 occasions. Among 127 larval
breeding sites 14 (11.0%) contained only
subfamily Anophelinae, 37 (29.2%) included
only subfamily Culicinae, and 76 (59.8%)
contained both subfamilies. In total, anopheline
larvae were found in 90 breeding sites (70.8%)
and culicine larvae in 113 ones (88.9%). In
the present study, 1547 larvae of the genus
Anopheleswere collected during 11 occa-
sions (20.0% of the total). Five species of
Anopheles An. claviger (Meigen) (6.3%),
An.’hyrcanus’(22.4%),An. maculipennis s.I.
(54.4%), An. plumbeusStephens (13.0%),
and An. superpictus(3.9%) were found
among the samples (Table 1). The associa-
tion occasions ofAnophelesspecies with
other collected species are shown in Table 2.
Most of the genus larvae were collected
from natural habitats (86.9%) such as river
bed pools (46.4%) and rain pools (33.1%)
with transient (98.3%), stagnant (99.5%) and
clear (95.3%) water, with vegetation (69.9%),
mud (42.0%) or gravel (39.7%) substrate in
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full sunlight (69.6%) or shaded (22.7%) area
(Table 3). The association percentages of
Anophelesspecies with other collected spe-

cies are shown in Table 4. There is a signifi-
cant difference in the mean water tempera-
tures of the larval habitats of different spe-

cies P=0.000).

Anopheles claviger
Anopheles clavigelarvae were collected

during 11 occasions (20% of the total) from
14 larval breeding sites (11.0% of the total
and 7.9% of the anopheline larval habitats)
in April, May, June, and September 2000. The
maximum and minimum water temperatures
of larval habitats were 2% and 16 C re-
spectively, and mean temperature was 9.6
C (for 14 larval breeding sites) (SD= 3.0).

Anopheles 'hyrcanus’

Anopheles ’hyrcanuslarvae were col-
lected during 33 occasions (60% of the total)
from 53 larval breeding sites (41.7% of the
total and 4.4% of the anopheline larval
habitats) during April-November 2000. The
maximum and minimum water temperatures
of larval habitats were 8& and 12C respec-
tively, and mean temperature was 22®
(for 53 larval breeding sites) (SD= 4.7).

Anopheles maculipennis s.1.

Anopheles maculipennis slarvae were
collected during 30 occasions (54.5% of the
total) from 53 larval breeding sites (41.7% of
the total and 3.5% of the anopheline larval
habitats) during April-November 2000. The
maximum and minimum water temperatures
of larval habitats were 368 and 16C re-
spectively, and mean temperature was 23.8
(for 52 larval breeding sites) (SD= 4.0).

Anopheles plumbeus

Anopheles plumbeudarvae were col-
lected during 9 occasions (16.3% of the to-
tal) from 12 larval breeding sites (9.4% of
the total and 3.5% of the anopheline larval
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habitats) in October and November 2000. The
maximum and minimum water temperatures
of larval habitats were 2C and 9 C respec-
tively, and mean temperature was £1%
(for 12 larval breeding sites) (SD= 3.2). The
mean temperature of the larval habitat water
of this species showed significant difference
from other speciedE 0.000).

Anopheles superpictus

Anopheles superpictuiarvae were col-
lected during four occasions (7.2% of the
total) from 7 larval breeding sites (9.4% of
the total and 3.5% of the anopheline larval
habitats) in May, August, and October 2000.
The maximum and minimum water tempera-
tures of larval habitats were respectively 26
and 12 C, and mean temperature was 2C4
(for 7 larval breeding sites) (SD= 6.3).

Checklist of the mosquitoes of Guilan Prov-
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labranchiae Falleroni*, An. maculipennis
Meigen,An. melanoorHackett,An. messeae
Falleroni, An. persiensisLinton, Sedaghat
and Harbach*An. plumbeusStephensAn.
pseudopictusgGrassi,An. sacharoviFavre*,
An. superpictussrassiAedes vexarnd/leigen),
Coquillettidia richiardii (Ficalbi), Culex
hortensis Ficalbi, Cx. mimeticusNoe, Cx.
pipiens Linnaeus,Cx. territans Walker, Cx.
torrentium Martini, Cx. theileri Theobald,Cx.
tritaeniorhynchus Giles, Culiseta annulata
(Schrank) Cs. longiareolatg Macquart)Cs.
morsitans (Theobald), Cs. subochrea(Ed-
wards)*, Ochlerotatus caspiugPallas)s.l.,
Oc. echinugEdwards),Oc. geniculatugOliv-
ier), Uranotaenia unguiculat&dwards.

Table 1.The composition and abundance of
Anopheledarvae in Guilan Province, Iran, April-

ince
The checklist of 30 species of mosquitoes

in seven genera represented in Guilan Prov-
ince is given below. The species which were
recorded in the province by other authors
and/or using PCR technique and were not
found or identified in this investigation are
shown by asterisks (*)Anopheles algeriensis
Theobald*, An. atroparvusvan Thiel*, An.

December 2000
Percentage Percentage
Taxon n of family of genus
(%) (%)
An. claviger 97 1.46 6.27
An.’hyrcanus’ 346 5.20 22.37
An.maculipennis s.l. 841 12.63 54.36
An. plumbeus 202 3.03 13.06
An. superpictus 61 0.92 3.94
Total Anophelinae 1547 23.24 100

Total Culicidae 6656 - -

claviger (Meigen), An. hyrcanug(Pallas),An.

Table 2. The association occasionsArfiopheledarvae with different mosquito larvae in Guilaro#nce, Iran,
April-December 2000

= >» > 2> 2 > O O O O O O O O O 0O 0O c
9 5 3 5 53 @ X X X x X X 0o 6 0 & & =
Q - — — — -
382 3£32335:533323138 3
. 8 &5 8 282 &% 3 %3 &8 5% &2 33 s
Species b @ 2 5§ 2 » 3 ® = 3 B 3 g B8 8 § £ 2
5 a @ 2 < =7 o 7 ® 2 g9
2 3 & < ) 5 8
(2] o Q
2] =y
— C
- (%2
An. claviger 4 - 4 4 1 3 - 2 - 1 4 4 3 -] .
An.’hyrcanus’ 58 4 - 39 4 6 12 13 7 31 4 5 1 1 2 - -1
An. maculipennissl 53 4 39 - 3 1 10 14 8 30 2 5 1 1 - - - -
An. plumbeus 2 - - - - - - 1 - - - - - - - 4 1 -
An. superpictus 7 1 4 3 - - 2 1 2 5 2 - 1 - .
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Table 3.The larval habitat characteristics and occurrgrereentages oknopheledarvae in Guilan Province, Iran,

April-December 2000

> > > > > >
3 3 5 5 3 3
(@] > © 2] ©
Larval breeding site 92 E § g -rgb a
- oQ =R = ) <2 S ®
characteristics and habitats E% S 2 S5 S8 4] S
7] ® c 9
‘ 3 g 5
(72
n
A) Habitat situation
1. Permanent 7.2 2.6 1.2 - - 1.7
2. Transient 92.8 97.4 98.8 10C 100 98.3
3. Slow-running water 5.2 0.6 0.1 - - 0.5
4. Stagnant water 94.8 99.4 99.9 100 100 99.5
B) Vegetation situation
1. Without vegetation 33.0 14.7 16.8 100 65.6 130
2. With vegetation 67.0 85.3 83.2 - 34.4 69.9
2a) Emergent 78.9 51.4 30.2 - 66.7 39.3
2b) Floating - 0.6 0.4 - - 0.4
2c) Submerged 21.1 48.0 69.4 - 33.3 59.8
C) Substrate type
1. Mud 73.7 56.1 30.7 - 67.8 42.0
2. Sand 8.4 20.8 19.7 - - 18.3
3. Gravel 17.9 23.1 49.6 - 32.2 39.7
D) Water situation
1. Turbid - 1.7 8.0 - - 4.7
2. Clear 100 98.3 92.0 100 100 95.3
E) Sunlight situation
1. Full sunlight 22.7 71.7 89.4 - 88.5 69.6
2. Partial sunlight 11.3 21.7 4.1 - - 7.7
3. Shaded 66.0 6.6 6.5 100 11.5 22.7
F) Habitat type
1. Natural habitat 97.9 83.2 83.6 98.0 100 86.9
la. River edge - - 0.1 - - 0.1
1b. River bed pool 28.4 37.2 67.0 - 31.. 46.4
1c. Stream edge 5.3 7.6 0.3 - - 2.2
1d. Grassland - 1.0 0.7 - 1.7 0.7
le. Marsh - 13.2 - - - 2.8
1f. Rain pool 66.3 41.0 31.9 - 67.2 33.1
1g. Tree hole - - - 100 - 14.7
2. Artificial habitat 2.1 16.8 16.4 2.0 - 13.
2a. Rice field - 79.4 61.6 - - 64.8
2b. Rice irrigation channel - 10.3 26.8 - - 21
2c. Well 100 - - - - 1.0
2d. Discarded concrete tube - - 5.1 - - 3.5
2e. Discarded tire - - - 100 - 2.0
2f. Water storage pool - 10.3 6.5 - - 7.4
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Table 4.The association percentagesfmiopheledarvae with different mosquito species larvae iriléh
Province, Iran, April-December 2000

Species association Abundance
(%)
An. claviger
Alone 19.59
Cx. hortensisCs. longiareolata 17.53
Cx. territans 12.37
Ae. vexans 9.28
An.’hyrcanus, An. maculipennis s,|Ae. vexansCx. pipiens 9.28
An. superpictusCx. hortensisCs. longiareolata 8.25
An.’hyrcanus, An. maculipennis s.I. 7.22
Cx. hortensisCs. annulataCs. longiareolata 5.15
An. maculipennis s,ICx. territans Cx. tritaeniorhynchus 4.12
Cx. hortensis 3.09
An.’hyrcanus, Ae. vexansCx. territans 2.06
Cx. pipiens Cx. territans 2.06
Total 100
An.’hyrcanus’
An. maculipennis s,ICx. tritaeniorhynchus 27.75
Ae. vexansCx. pipiensCs. annulata 10.98
An. maculipennis s,ICx. mimeticus 9.83
An. maculipennis s.1. 7.80
An. maculipennis s,ICx. mimeticusCx. tritaeniorhynchus 7.51
An. maculipennis s,ICx. pipiensCx. theilerj Cx. tritaeniorhynchus 3.18
An. maculipennis s,ICx. pipiensCx. theileri 2.90
Cx. tritaeniorhynchus 2.89
Alone 2.60
Cx. hortensisCx. theilerj Cx. tritaeniorhynchus 2.60
An. maculipennis s,ICx. theilerj Cx. tritaeniorhynchus 2.31
Ae. vexansCx. tritaeniorhynchus 2.02
An. claviger Ae. vexansCx. territans 1.73
An. claviger An. maculipennis s.I. 1.73
An. maculipennis s,ICx. territans 1.73
An. claviger An. maculipennis s,lAe. vexansCx. pipiens 1.44
An. maculipennis s,ICx. hortensisCx. tritaeniorhynchus 1.44
An. maculipennis s,ICx. niniensCx. theilerj Cx. tiitaeniornynchusCs. longiareolata 1.44
An. maculipennis s,ICx. pipiensCx. tritaeniorhynchus 1.16
An. maculipennis s,lAn. superpictusCx. mimeticusCx. tritaeniorhynchus 1.16
An. maculipennis s,ICx. pipiensCx. territans 0.87
An. maculipennis s,lAn. superpictusCx. theilerj Cx. tritaeniorhynchus 0.87
An. maculipennis s,ICx. territans Cx. tritaeniorhynchus 0.87
Cx. pipiens 0.87
An. maculipennis s,ICx. mimeticusCx. pipiens 0.58
Ae. vexans 0.29
Cx. hortensisCx. pipiensCx. tritaeniorhynchus 0.29
Cx. mimeticusCx. pipiensCx. territans Cx. tritaeniorhynchus 0.29
An. superpictusCx. hortensisCx. pipiensCx. tritaeniorhynchus 0.29
Ae. vexans Cx. mimeticusCx. pipiensCs. annulataCs. morsitans 0.29
An. superpictusCx. mimeticusUr. unguiculata 0.29
Total 100
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Table 4. Continued....

An. maculipennis s.l.

An.’hyrcanus, Cx. tritaeniorhynchus 27.82
An.’hyrcanus; Cx. mimeticus 14.74
Cx. pipiens 10.46
An.’hyrcanus, Cx. mimeticusCx. tritaeniorhynchus 10.23
An.’hyrcanus, Cx. theilerj Cx. tritaeniorhynchus 9.16
An.’hyrcanus,; An. superpictusCx. mimeticusCx. tritaeniorhynchus 3.69
An.’hyrcanus’ 3.33
Cx. mimeticus 2.62
Alone 2.02
An.’hyrcanus, Cx. hortensisCx. tritaeniorhynchus 1.90
An. claviger An.’hyrcanus’ 1.78
Cx. theileri 1.78
Cx. theilerj Cx. tritaeniorhynchus 1.43
An.’hyrcanus, Cx. pipiensCx. theileri 1.43
An.’hyrcanus, Cx. territans Cx. tritaeniorhynchus 1.19
An. claviger Cx. territans Cx. tritaeniorhynchus 1.07
An.’hyrcanus, Cx. mimeticusCx. pipiens 0.71
An.’hyrcanus; Cx. pipiensCx. territans 0.71
Cx. pipiens Cx. tritaeniorhynchus 0.71
An.’hyrcanus, Cx. pipiens Cx. theileri Cx. tritaeniorhynchusCs. longiareolata 0.59
An.’hyrcanus, An. superpictusCx. theilerj Cx. tritaeniorhynchus 0.59
An.’hyrcanus, Cx. territans 0.48
An. claviger An.’hyrcanus, Ae. vexansCx. pipiens 0.36
An. superpictusCx. tritaeniorhynchus 0.36
Cx. pipiensCx. territans 0.36
An.’hyrcanus, Cx. pipiens Cx. theileri Cx. tritaeniorhynchus 0.12
Cx. hortensis 0.12
An.’hyrcanus, Cx. pipiensCx. tritaeniorhynchus 0.12
Cs. morsitans 0.12
Total 100
An. plumbeus
Alone 62.87
Oc. echinusOc. geniculatus 18.81
Oc. echinus 16.34
Cx. pipiens 1.98
Total 100
An. superpictus
An.’hyrcanus, Cx. hortensisCx. pipiens Cx. tritaeniorhynchus 26.23
An. claviger Cx. hortensisCs. longiareolata 19.67
An. maculipennis s,iCx. tritaeniorhynichus 19.67
Cx. theileri Cx. tritaeniorhynchus 11.48
An.’hyrcanus, An. maculipennis s,ICx. mimeticusCx. tritaeniorhynchus 11.48
An.’hyrcanus, Cx. mimeticusUr. unguiculata 9.84
An.’hyrcanus, An. maculipennis s,ICx. theilerj Cx. tritaeniorhynchus 1.63
Total 100

Discussion

Larval habitat characteristics and ecology tified based on the morphological characters

In the present investigation, five species of larvae in different aquatic habitats in Gui-
of the genug\nophelesvere found and iden- lan Province. While the tree-hokn. plum-
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beushas its own special habitat and way of
adaptation, other species have shared some
common larval habitat characteristics such
as temporary, stagnant, and clear water.
However every species shows some preferred
characteristics in comparison with others as
follow: An. superpictugrefers the habitats
without vegetation (65.6%An. clavigerand

An. superpictusnore adapt the habitats with
mud (73.7% and 67.8%, respectively) or
gravel (17.9% and 32.2%) substrate, respec-
tively, whereasAn. 'hyrcanus’and An. ma-
culipennis s.l.are less conservative in this
regard; An. claviger lays the eggs often
(66.0%) in shaded areAn. clavigerandAn.
superpictuschoose mostly natural habitats
(97.9% and 100%), especially rain pools
(66.3% and 67.2%), howevAn. 'hyrcanus’
andAn. maculipennis s.show more diverse
habitats and were also collected from
artificial habitats (16.8% and 16.4%), espe-
cially rice fields (79.4% and 61.6%) (Table 3).
These explain whyn. maculipennis s.aBnd
An.’hyrcanus’are the most abundant species
in the studied area where rice fieldsd
irrigation channels are numerous and vast
(Table 1).

Macan (1950) found\n. clavigerin "spring
pools, sometimes exposed to the sun, and in
slow-flowing reaches and isolated pools of
the upper parts of streams where these were
heavily shaded" with water temperature 14—
16° C (except for one occasion 20° C) in Iraq
and western Iran. Dow (1953) foundin.
clavigerin"a small, shallow and shaded stream,
with much emergent and partly submerged
vegetation including some graswith Cx.
pipiens in Maragheh of northwestern Iran.
Horsfall (1955) mentioned th#&n. claviger
is an associate dn. cinereusTheobald (as
An. hispanioly An. maculipennisAn. marteri
Senevet and Prunnell&n. superpictusCs.
longiarolata, Cs. morsitansCx. laticinctus
Edwards, Cx. mimeticus Cx. pipiens Cx.
territans (asCx. apicalig, andCx. tritaenio-
rhynchusand noted that the larvae have been
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collected from water with temperature 12—
15° C and even beneath the ice during winter
and larval sites include: small ponds, flow-
ing stream margins, springs, cisterns, foun-
tains, coastal areas and marshes, shaded rain
barrels, roadside ditches, even sewages, and
especially wells in different areas of its
distribution. Zaim (1987a) collectedin.
claviger from stream edge in Kashan. In the
present studyAn. marteriand Cx. laticinc-
tus were not found in Guilan Province
(Azari-Hamidian et al. 2002b, 2004a, 2005,
Azari-Hamidian 2007b) andn. cinereusas
not been collected in Iran (Azari-Hamidian
2007a).Culiseta morsitansvas found in the
province, not in association witn. claviger
however other mentioned species were col-
lected with this species (Tables 2 and 4). As
Horsfall (1955) expressed wells are the
important habitats ofn. clavigerlarvae, in
this study among man-made habitats it was
found in wells only, although the species
was collected mostly from natural habitats
(97.9%) (Table 3).

Unfortunately, there is little information
about the larval habitat characteristics and
ecology ofAn. hyrcanusand An. pseudopic-
tus in details because of their problematic dif-
ferentiatiorin larvalstaggsee Taxonomic note).
Dow (1953) collected onhAn. pseudopictus
(asAn. hyrcanussar. pseudopictusin north-
ern Iran based on rearing immature stages
from "fairly deep channels in river bed with
emergent vegetation and surface debris", "rice
fields", "quiet river channel”, "canal with emer-
gent grass along banks", "small brook below
spring with mats of glove-like alga" withn.
maculipennis An. melanoon(as An. subal-
pinug and Cx. tritaeniorhynchus Horsfall
(1955) stressedn. algeriensisAn. coustani
Laveran,An. sacharoviAn. sergentiiTheo-
bald) and rarelyAn. claviger An. superpic-
tus Cs. annulataCx. perexiguusrheobald,
Oc. caspius s,.andOc. detritusas the as-
sociated species @fn. ‘hyrcanus’in Palestine.
Azari-Hamidian et al. (2002a) fourkh. ‘hyr-
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canus’larvae with those oAn. maculipennis
s.l, Ae. vexansCx. mimeticusCx. pipiens
Cx. theileri andCx. tritaeniorhynchusften

in rice fields and also ground pools in Rasht
County. Among mentioned speciésiopheles
coustani is not recorded in Iran (Azari-
Hamidian 2007a) andhn. algeriensis An.
sacharovj An. sergentjiCx. perexiguusand
Oc. detritus were not found in Guilan
Province in this study (Azari-Hamidian et al.
2002b, 2002c, 2004a, 2005, Azari-Hamidian
2007b) andOc. caspius s.lwas collected
only as adult (Azari-Hamidian et al. 2002c).
Other species larvae were found widm.
‘hyrcanus’ larvae. In the present studin.
hyrcanus with dark hindtarsomere 4, except
at tip, and completely dark hindtarsomere 5
reared from pupae was an associateéAnf
maculipennis s.J.An. pseudopictysie. vex-
ans Cx. mimeticusCx. pipiens andCx. tri-
taeniorhynchuswhich were reared from pu-
pae or collected as larvae from the same lar-
val habitats in ground pools with emergent
vegetation and mud or sand substrate and
river bed pools with submerged vegetation
and gravel substrate both habitats were ex-
posed to sunlight. Also, reare@in. pseu-
dopictus with completely pale hindtarsomere
4 and completely dark hindtarsomere 5, was
with An. claviger An. maculipennis s,|An.
hyrcanus Ae. vexansCx. mimeticus Cx.
pipiens Cx. territans Cx. theilerj Cx. tri-
taeniorhynchusn river edge without vegeta-
tion, with mud substrate in shaded area, river
bedpoolwith submerged vegetation and gravel
substrate in full sunlight situation, rice irri-
gation channel without vegetation with sand
substrate in shaded area, and ground pool
with emergent vegetation and mud substrate
in full sunlight situation. Both species were
collected from habitats with clear, transient,
and stagnant water. In general, two species
occur sympatrically in northern Iran; however
An. pseudopictuss much more abundant than
An. hyrcanugDow 1953, Azari-Hamidian et
al. 2001, 2006) and the main larval habitats
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are: river bed pools, rain pools, and rice
fields (Table 3). Ghanbari et al. (2005) men-
tioned some physical and chemical factors of
the larval habitats ofAnophelesincluding
An. hyrcanusn Iranshahr, southeastern Iran,
however most probably their identification is
not correct and needs to be verified. Because,
the Oriental species of the Hyrcanus Group,
An. peditaeniatushas been found in south-
eastern Iran and old records of the Oriental
An. nigerrimusGiles in southern and south-
eastern Iran using old keys and the record of
the Palaearcti@&n. hyrcanusn southeastern
Iran might be misidentifications and need to
be verified (Azari-Hamidian et al. 2006).
There is little data about the larval breeding
places and ecology of the Maculipennis Group
species in details in Iran, because the species
were not identified carefully in larval stage
or using egg pattern in the most of ecological
investigations and most of recorded species
based on PCR technique were collected as
adult (see Taxonomic note). Dow (1953) iden-
tified An. maculipennisbased on egg col-
lected in "rice field", "small spring in ditch",
"shady irrigation reservoir®, "shady irrigation
ditch", "wide irrigation ditch with floating
plants, debris and algae, also emergent grass
and sedge", "puddle in small irrigation ditch
beside road", and "small stream with much
floating and emergent vegetation" in north-
western Iran and the Caspian Sea littoral (Ma-
zandaran Province) and the associated spe-
cies wereAn. ‘hyrcanus, An. sacharoviAn.
superpictus Cx. hortensis and Cx. theileri
Also he identified An. melanoon(as An.
melanoon subspeciesubalpinu$ collected
in "quiet river channel”, "canal with emergent
grass along bank"small brook below spring
with mats of glove-like alga”, "rain barrel",
and "shallow pond" in Guilan Province and
the associated species weka. ‘hyrcanus’
and Cx. tritaeniorhynchus Anopheles sa-
charovi was collected in a "shady irrigation
reservoir" and in a "pasture” in northwestern
Iran. Horsfall (1955) mentionedn. macu-
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lipennis s.l.an associate ofAn. ‘hyrcanus,
An. sergentiiAn. superpictusCs. annulata
Cx. laticinctus Cx. pipiens and Ur. un-
guiculataand added rarely two or more spe-
cies of the group were found in the same
habitat at the same time suchfas atropar-
vus with An. messeaand An. maculipennis
with An. melanoorfasAn. subalpinus Mousa-
kazemi et al. (2000) collecte&h. maculipen-
nis s.l.larvae with those ofn. superpictus
Ae. vexansCs. longiareolata Cx. pipiens
Cx. perexiguusCx. theilerj Oc. caspius s.I.
from rice fields in Isfahan Province. Yag-
hoobi-Ershadi et al. (2001) did not identified
An. sacharovibased on egg pattern, larval
chaetotaxy, or PCR in Parsabad of northern
Ardebil Province; however they studied its
larvae based on the high abundance of the
adults in the studied area. They noted very high
salinity of the larval habitat waters (263—414
mg/l) andAn. superpictuss associated spe-
cies. Anopheles mculipennisave been found
in northern Ardebil Province (Parsabad and
Bil-e-Savar Counties), however with very
low density (Yaghoobi-Ershadi et al. 2001,
Azari-Hamidian et al. 2009). Azari-Hamidian
et al. (2002a) collectedn. maculipennis s.l.
larvae in rice fields, irrigation channels,
ground pools, in sunlight or shaded situation,
with or without vegetation, with mud substrate
and clear water in Rasht County of Guilan
Province. The associated larvae were ‘hyr-
canus, Ae. vexansCx. pipiens Cx. theileri
and Cx. tritaeniorhynchus In the present
investigation, among the mentioned species;
An. sacharoviAn. sergentiji Cx. laticinctus
and Cx. perexiguuswvere not found in the
province (Azari-Hamidian et al. 2002b, 2004a,
2005, Azari-Hamidian 2007b) ar@s. annu-
lata and Ur. unguiculata larvae were not
found with An. maculipennis s.l.(Azari-
Hamidian et al. 2004b, Azari-Hamidian 2005),
however other species were in association
with this species (Tables 2 and 4). In general,
An. maculipenniss the most abundant spe-
cies of the Maculipennis Group in Guilan Prov-
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ince (Zolotarev 1945, Dow 1953, de Zulueta
et al. 1957, Azari-Hamidian et al. 2004a) and
its main larval habitats, such am. ‘hyr-
canus; are: river bed pools, rain pools, and
rice fields (Table 3).

The tree-hole mosquitdn. plumbeuslso
has been found in different habitats other
than those in soil including: wells, cisterns,
vases and other domestic containers, even
dung pits, and flowerpots. The most favor-
able temperature is 15-18° C; however the
species has tolerated to freeze and -6° C to
-8° C in the laboratory. Associated species
areAe. aegypt{Linnaeus)Cs. annulataCx.
pipiens Ochlerotatus geniculatysOc. ech-
inus, andOrthopodomyia pulcripalpigRon-
dani) (Horsfall 1955). There is no record of
Or. pulcripalpisin Iran andAe. aegyptihas
not been found in the country for more than
fifty years (Azari-Hamidian 2007a). In the
present investigatiorCs. annulatawas col-
lected in Guilan Province (Azari-Hamidian
et al. 2003b, Azari-Hamidian 2005), how-
ever not in association witAn. plumbeus
Anopheles plumbeusvas associated with
other three species (Tables 2 and 4). Most of
An. plumbeugarvae were collected from the
tree holes and only in one occasion four lar-
vae were collected witEx. pipiensin a dis-
carded tire (Table 3). The larvae were only
collected when rain season started, October
and November, and tree-holes included wa-
ter and the weather was cooler (Azari-
Hamidian 2003, 2006). That is why the
mean temperature of habitat water showed
significant difference from other species.

Macan (1950) stressed "the edges of
stony streams" as "the classic habitatAof
superpictus however he added larvae are
found in "any available breeding places
where the water is clean, exposed to sunlight
and moderately shallow" in western Iran.
Dow (1953) foundAn. superpictuslarvae
with An. maculipennisand probablyAn. sa-
charovi Cx. hortensisCx. theilerj andUr.
unguiculatain different kinds of habitats in-
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cluding; rivers, streams, pools, pastures,
springs, irrigation ditches in different areas
of Iran. Horsfall (1955) said the associated
species of the species af). cinereus(as
An. hispaniol3, An. claviger An. sacharovi
An. sergentiji Cx. laticintus Cx. mimeticus
and Ur. unguiculata and mentioned that
three main larval breeding placesAnf. su-
perpictus are: "clear shallow water over
rocky bottom”, "rivers of clear water over
sandy bottom", and "hill streams of shallow
water over mud bottom". The larvae passed
the winter in pit wells where the temperature
was 5-15°C in Greece. Yaghoobi-Ershadi et
al. (1986) foundAn. superpictudarvae in
habitats such as river edges (80%), ground
pools (15%), and pastures (5%) which were
often transient (62.5%) and stagnant (100%),
without (50%) or with submerged (22.8%)
vegetation, in partial (56.3%) or full (37.4%)
sunlight, with mud (56.2%) and sand (43.8%)
substrate. Also they noted associated larvae:
An. dthali An. fluviatilis s.l, An. multicolog
An. stephensiand An. turkhudiin Minab.
Mousakazemi et al. (2000) collectedin.
superpictuslarvae with those oAn. macu-
lipennis s.I, Ae. vexansCs. longiareolata
Cx. pipiensCx. perexiguusCx. theilerj Oc.
caspius s.l. from rice fields in Isfahan
Province. Yaghoobi-Ershadi et al. (2001) found
An. superpictusarvae withAn. sacharovin
Ardebil Province. Ghanbari et al. (2005)
studied some physical and chemical factors
of the larval habitats oAnopheledarvae in
Iranshahr including\n. superpictusAmong
mentioned specie&n. cinereudhas not been
found in Iran (Azari-Hamidian 2007a) and
An. dthalj An. fluviatilis s.I, An. multicolor
An. sergentii An. stephensiAn. turkhudj
Cx. laticinctus andCx. perexiguusn Guilan
Province (Azari-Hamidian et al. 2002b, 20044,
2005, Azari-Hamidian 2007b). In the present
study,Anopheles sacharowas not found in
the province (Azari-Hamidian et al. 2002b,
2004a) andAe. vexandarvae were not in
association witln. superpictutarvae (Azari-
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Hamidian 2006) andDc. caspius s.lwas
found only as adult (Azari-Hamidian et al.
2002c). Other mentioned species were as-
sociated withAn. superpictudarvae in the
province (Tables 2 and 4). In parallel to the
results of many researchers (Macan 1950,
Dow 1953, Horsfall 1955, Yaghoobi-Ershadi
et al. 1986, Zaim 1987a), in this stuéy.
superpictuswas found in natural habitats
(100%) and mostly exposed to sun (88.5%),
with clear (100%) water, without vegetation
(65.6%), and mud (67.8%) substrate (Table
3). Finding in rice fields (artificial habitat)
by Mousakazemi et al. (2000) in Isfahan
Province seems to be to some extent unusual
and interesting.

Larval habitat water pH, electric conduc-
tivity (EC), turbidity, dissolved oxygen, and
different organic and inorganic compounds,
other aquatic associated animals especially
predators, and the life tables of different
mosquito species are items, which should be
considered in future studies.

Checklist of the mosquitoes of Guilan Prov-
ince

Azari-Hamidian et al. (2002b) found 23
species of mosquitoes representing seven
genera based on morphological characters
including egg pattern (for the Maculipennis
Group) in Guilan Province. In this list three
speciesAn. superpictus Oc. echinus and
Ur. unguiculatawere recorded in the prov-
ince and Cs. morsitansand its subgenus
(Culicella) in Iran for the first time. Five
species includingAn. atroparvusand An.
sacharovi of the Maculipennis GroupAn.
algeriensis Cs. subochreaand Cx. torren-
tium, which were recorded in Guilan Prov-
ince before (Danilov 1975, Saebi 1987, Zaim
1987b, Dinparast-Jadid et al. 2001), were not
found by Azari-Hamidian et al. (2002b).
After that, Sedaghat et al. (2003) and Gholi-
zadeh et al. (2004) reportekh. persiensis
and An. labranchiaeof the Maculipennis
Group based on PCR technique in the prov-
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ince, respectively. In general, all seven spe-
cies of the Maculipennis Group recorded in
Iran (Azari-Hamidian 2007a) have been
found in Guilan Province Anopheles at-
roparvus An. labranchiag An. maculipen-
nis, An. messeaeAn. persiensisAn. sa-
charovi are presented in the province and
Iran based on DNA data and their sequences
are available in GenBank (Sedaghat et al.
2003, Gholizadeh et al. 2004, Gholizadeh et
al. 2005, Djadid et al. 2007), howevAn.
melanoon(also asAn. subalpinushas been
found only using egg pattern (Zolotarev
1945, Dow 1953, de Zulueta et al. 1957,
Azari-Hamidian et al. 2002b). Dow (1953)
and Djadid et al. (2007) foundin. sacharovi

in Guilan Province based on egg pattern (in
Hassan Kiadeh) and DNA sequence, respec-
tively, however it seems, as Dow (1953)
noted, the species is quite rare in the prov-
ince. Azari-Hamidian et al. (2002b, 2004a)
identified three specieg\n. maculipennis
An. melanoon and An. messeadased on
egg pattern in Guilan Province. During his
studies, Saebi (1987) did not finén. al-
geriensisin Iran and mentioned it a very rare
species which had been recorded in Lahijan
and Fooman (Fuman) of Guilan Province
before. This species was not found by Azari-
Hamidian et al. (2002b, 2004b) either; how-
ever its occurrence in the province seems to
be possible, because of the presence of its
preferred habitats; reedy swamps (Horsfall
1955). Based on the second Internal Tran-
scribed Spacer (ITS2) and Cytochrome c
Oxidase subunit | (COI) sequence data, re-
cently Oshaghi et al. (2007, 2008) reported
three genotypes named X, Y, and Z within
An. superpictusin Iran. Genotype X was
found in all parts of the country except for
the southeastern areas. It seems thaithe
superpictusspecimens of Guilan Province
belong to genotype X, however it needs to
be confirmed by more investigation. Zaim
(1987b) reportedCs. subochrean Guilan
Province; however Azari-Hamidian et al.
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(2002b, 2003b) found onls. annulata
These two close and rare species are very
similar in larval stage; however they are
easily distinguishable as adult. It seems the
occurrence ofCs. subochreain Guilan
Province is possible, especially in view of
the recent finding of both species in Ardebil
Province, northwestern Iran (Azari-Hamidian et
al. 2009). There is little information about
taxonomy and distribution of three close
specieCs. alaskaensifLudlow), Cs. annu-
lata, and Cs. subochreain Iran (Azari-
Hamidian et al. 2003b, Azari-Hamidian 2005).
Recently,Cs. subochreandCs. longiareo-
lata were found in Sanandaj County of Kur-
distan Province (Moosa Kazemi et al. 2010).
Danilov (1975) was the unique reliable re-
cord of Cx. torrentiumin Rasht of Guilan
Province and Iran. Recently the larvae of this
species was found in Ardebil Province
(Azari-Hamidian et al. 2009) and the moun-
tainous areas of the western part of Guilan
Province (Heyran) (witlCx. pipiens Azari-
Hamidian, unpublished data), thus its occur-
rence in Iran, Guilan Province, and for the
first time in Ardebil Province was verified.
All 30 species, which have been discussed
above, were mentioned in the checklist in the
present article. There is a unique record of
Cx. quinquefasciatuSay in Enzeli of Guilan
Province by Harbach (1988). There is no
more information about this record (Har-
bach, personal communication). This is out
of the usual distribution of this species that
occurs in southern Iran (Zaim 1987b), so it is
not mentioned in the checklist. Taxonomy,
distribution, and ecology of the Pipiens
Subgroup of the Pipiens Group @&fulex
(CuleX need to be studied extensively in
Iran. Beklemishev and Shipitzina (1947)
found An. marteriin the valley of the river
Yuzbashchai between Qazvin (Qazvin Prov-
ince) and Rasht (Guilan Province); however
there is no record of this species in Guilan
Province. The species complexes and the
mosquito fauna of the forest areas of the



Iran J Arthropod-Borne Dis, 2011, 5(1): 3753

province are important subjects to study in
future taxonomic investigations.
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