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ABSTRACT KEYWORDS
Thiswork isinterested in a qualitative and quantitative study of mosguito Diptera;
larvae (Diptera, Culicidag) inten major aquatic systemslocated inthe Gharb Culicidee;
plain and the urban area of the city of Rabat /Salé in Morocco. Thus, we Frequency;
have elaborated an inventory of species, their frequency, the evolution of Density;
their densities and their geographical distribution. Gharbplain;
The results show that the settlement of the Culicidae Dipterais formed by Rabat / Salé cities;
13 species. However, this richness varies locally depending on the Morocco.

hydrosystem heterogeneity and the physcochemical characteristics of the
environment. Thus, the biotops that are ecologically more hétrogénes have
shown the higher richnessin species. Also, the frequency was not the same
for al harvested species. Anopheles labranchiae and Culex pipiens were
the most common species, while Culiseta subochrea was collected in a
single Biotop.

Moreover, depending on the species and the aquatic systems, the first
appearance of larvae may beinthefall, winter or spring. The density varies
with the species. So, Culex pipiens and Ochlerotatus detritus have high
densities. Unlike Culex hortensis and Culex impudicus have shown low
densities. Similarly, depending on the species, the évolution of the density
may show a single or several density peaks.
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INTRODUCTION typesof insects, including maariawhichisawaterborne

parasitic disease. Thus, of all theparasitosis, thema-

Mosquitoesareinsectspotentially vectorsof para-  lariaisresponsiblefor themost of human deaths. This
siticdiseasesof manand animd™. InAfricadone more  diseaseistransmitted to humans by inoculation of in-
than amillion children dieeach year, victimsof these  fectiveformsat themoment of thebite, withthesdiva
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of themosguito, aCulicidee Diptera, whichisaninter-
mediate vector of themalariapathogen.

In Morocco, thema ariadoesnot continueto pose
amgjor problem for public health™2 but itsmain vec-
tor, Anopheleslabranchiaeis still frequently presentin
the environment(>4,

Intheregion of Kenitracity, ageographical area
whichisrichinsurfacewater accumulations, mdariais
not common, but at any timeexisting casescould bea
corepointintheevolution of thisdisease. In addition,
the high water frequency inthe Gharb plain often cauises
adeve opment many wavesof Culicidaepecieswhich
areharmful to humansandto livestock by their bites.

Moreover, for any epidemiologica study or any pro-
gram against harmful Diptera, it isuseful to know the
systemati ¢ stand structure and the dynamicsof themain
speciesof the Culicidaein thegeographica areawhich
isto be protected. Thus, in different regions of Mo-
rocco, many studiesareinterested inthistype of study,
weincludethoseHimmi (2007)1 and Trari et al. (2002
and 2004)34,

By thiswork, we contributeto abetter understand-
ing the ecol ogy of insects DipteraCulicidae, by deter-
mining the systematic structureand the density evol u-
tion of each speciesin tenimportant hydrosystems of
the Gharb and the nearby of two cities, Rabat and Sale
(Morocco).

Thestudied hydrosystemsare characterized by the
diversity of their physical-chemicd characteristicsand
of their nationd andinternationa ecologica importance.
Notethat, the systematic identification of aspeciesal-
lows predicting the vector-borne diseases that can be
transmitted by this speciesin thestudy ared®.

MATERIALSAND METHODS

Sudied sitesand stations(Figure 1)

Ten of theimportant aguatic systemsinthe plain of
Gharb or nearby thecitiesof Rabat and Sdewerepros-
pected. According to their heterogeneity, oneor many
stationswere studied at each of them.

Dayet Eddis

Itisatemporary water accumulation locatedinthe
western part of the forest Mamora. It is covering an
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areaof approximately 8800 m? and adepth that can
be 60 cm. It issupplied by water from precipitation,
and of groundwater whenit swells. Aquatic vegetation
consists mainly of Panicum repens, Ranunculus
aquatilis, Lemna gibba and filamentousalgae.

Lac Sidi Bougha

Since 1964, it wasranked by IWRB asanaturd
steof internationa importancefor waterfowl, and asa
biologica reserveby theAdministration of Forestry and
Soil Conservation. It wasalso listed as “Ramsar site
“since 1974. It is a natural accumulation of standing
water nearby the Atlantic coast of Morocco. Itislo-
cated 3 km south of thecity of Kenitra, 35 km north of
the city of Rabat and occupiesthe center of areserve,
thereserve of Sidi Boughaba, whichisawetland of
internationa importancefor migratory waterbirds.

Thelakeisabout 6 kmlong and could bedivided
into four areas having different environmental condi-
tiong?:

o Temporary pond of Sidi Boughaba: Itisacir-
cular depression about 1 hectare of surface hav-
ingamuddy bottom. It issurrounded by adense
vegetation of Juncus maritimuswith afew feet
of Scirpus lacustris and its flooding is per-
formed by therainwater. Thealgal vegetation
is rich in Chara canescens and
Chaetomorpha linum.

o Small Merja: itisabrackish semi-permanent
Swamp, which hasduration of floodingupto 7
months. It isadepression about 6 hectares|o-
cated north of themain lake. Thewater depth
could reach 0.7 mand peripherd vegetationis
mainly formed by Juncusrigidusmixedwitha
few feet of Scirpuslacustris.

o Themain-lake: It isthe permanent part of the
lakeand it isalength of about 4 km, thewater
isnot brackish and the peripherd vegetationis
abundant.

o Permanent ditch Sidi Bou Ghaba: It hasagap
of 3to 4 m diameter, the water is permanent
and 1.5 m deep. It islocated at the southern
end of themainlake Sidi Bou Ghaba. Thewa-
ter isvery sdty and can communicatewith the
main lakewhen it swellsafter heavy rainfall.
Mainly, the aguatic vegetation consists of
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Lemna gibba and Chaetomporphalinum, and
the edge of Juncus maritimus.

Lacfouarate

It is a wetland located northeast of the city of
Kenitra, whichis, according Lahrouz et a. (2012)!9, a
wintering areafor migratory birds. Itsareais2.16 km2
and it isadepth of 0.5to 4 minvaded with vascular
vegetation and filamentousd gae and itsimpoundment
isprovided by theinflowsof theriver Fouarate, water
fromtheoutcrop of theaquifer inthewinter, thewater
of precipitation and thewastewater!”. In addition, the
|lakeisthe ultimate repository for many releasesand
waste from densely popul ated surrounding neighbor-
hoods and where arelocated several small industrial
units(textiles, tanneries,....).

According tothegpparent heterogeneity of thelake,
threeresearch stationswere surveyed:

Sl Itislocated upstream of thelakeon theriver Fouardt.
Thissiteisconsdered asareferencesite.

S2: Itislocated at Lake Fouarat, respectively, on the
right bank near cropfields;

S3: Itislocated near theoutfall wastewater of the sur-
rounding neighborhoods.

Thetemporary pond and thewell of sidi amira

It islocated about 15 km east of Rabat, near the
forest homeof Sidi Amira. Itisaflat bottom trough.
Theagueti c vegetation gppears as soon astheimpound-
ment begins. Thevegetation consistsof hygrophilles
herbaceous species, Characeae (Chara canescens)
and other algeefilmenteuuses (Spiroger sp.). Theveg-
etation consists of phanerogammesincluding Ranun-
culusaquatilusand Glyceriafluitans.

Sidi yahia

ItisinBenhtriver at the Sidi Yahiaof Gharb. Itisa
river that inthiscity receives wastewater of thecity.
Often, thewater flow isnot too high except during the

rainy season. In places, herbaceous vegetation or sub-
merged filamentousa gaeispresent.

Oued fekroun

Itisanartificial river dugintothegroundtodrain
theexcessveirrigationwater and water of rouissdement
or floods. Itislocated fifteen kilometers north of the
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city of Kenitra. Theflow of water isoftenlow, thea gal
and vascular vegetation isoften very developed. Simi-
larly, in places, thewater surfaceis covered with duck-
weed; thewater depth isoften lessthan 80 cm.

Dayet zdegh

It isasemi-permanent pool of an areaof 2 hect-
areswhichislocated 7 km east of thecity of Kenitra
Thewater depth can reach one meter and the aquatic
vegetationisrichinfilamentousa gae and Ranuculus
aquatilis.

Giteouljarabat

Itisatemporary to semi-temorairesswampswhich
recelving sewagefromthecity of Rabat. Sdinity varies
from one placeto another according to the heteroge-
neity of themedium and the amount of freshwater re-
ceived. Therichnessof the environment of theaquatic
végétation varies according to the degree of local salin-
ity and water depth can reach 0.80 meters.

Dayaouljasale

Itisatemporary pond contaminated by water from
leaching from thedisposal of solidwasteinthecity of
Salé. Salinity is not too high the végétatition consists of
filamentousd gae and Ranunculusaguetilis. Weter depth
isupto 1 meter.

Dar El gueddari

Dar El Gueddari isasmall villageinthe plain of
Gharb very proneto flooding or storm of Sebouriver.
Thus, ditchesand temporary poolsarevery common.
Aquatic vegetation consistsof filamentousalgae, Ra-
nunculusaquatilis and duckweed (Lemnagibba).

Ricefields

In Morocco, the fields of rice are located in the
Gharb plain. Their areaisestimated at 13000 ha. Itis
an agro-ecosystem that isflooded during thegrowing
season of rice (lateApril to mid-September) and dried
up therest of theyear.

Method of wildlifeharvesting

Onall the selected Sites, thelarvae were col lected
every fortnight. Each session consistsof asampleset of
10 shotsmade using an aguatic net of 20 cm diameter
and 0.5 mm vacuum mesh. Each sampleblow wasmade
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by the same person over adistance of 1 m, and these
blowsweretaken at various placesin the biotop. Then,
each sampleisstored in apolystyrene bottleof aliter
and a half and transported to the laboratory of
Biodiversity and Natural Resources of the Faculty of
Sciences of Kenitrafor asystematic determination of
harvested species.

For agiven species, because of knowing thearea
of the opening of kicknet, thelength of the swept vol-
ume of water and the number of larvae collected, the
density of individualsisca culated. Notethat the den-
Sity evolutionisused to characterize the dynamics of

thespecies.

Atlantic ocean |

Figurel: Geographical map of the Gharb region (Sour ce:
DAT)

RESULTSAND DISCUSSION

Harvested species, species richness of cottages
and resorts, and frequency of species:

AsshowninTABLE 1, with 7 species, Lake Sidi
Boughabaistherichest in speciesof DipteraCulicidae.
Thissitewedth can be explained by the heterogeneity
of the structure of the environment. Indeed, thissite
presentsfour typesof habitatsthat are physi cal-chemi-
cdly different - including thedegreesof dinité and con-
ductivity of thewater, water depth, and duration of the
flood phase. Thisvariety of ecological conditionsinthe
environment increaseand diversfiesthenumber of eco-
logical niches. Also, note that thisisthe Station $4,
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formed by adug pit and very, isrichin Limnea gibba
and a gaefilamentouswhich housesamaximum of 5
pecies

With respectively 6 and 5 species, Fouarate Lake
and temporary pool Sidi Amirahave presentedthehigh-
est specificrichness. Also, the heterogeneity of habitats
constituting these cottages could betheorigin of this
peciesrichness.

Most of theother sites, often with arelatively ho-
mogeneous mesol ogical structure, have shown three
speciesor less.

Moreover, with the presence of Culex pipiensin
12 gationsin eight cottages and the presence of Anoph-
eleslabranchiaein seven stations covering 7 aguatic
ecosystems, these two species appear to bemorefre-
guent inthegeographic areacf thestudied hydrosystems.
Theimportant frequencies of thesetwo speciescould
be explained by their high ecologica vaence.

Further notethat, among the 13 speciescollected,
seven species have been collected only inone or two
cottages. The requirements specific to each of these
epéces could be a cause.

Evolution of density and ecological overview of
harvested species

TheTABLE 1 (inAnnex1) showsthedensity evo-
lution of different speciescollected inthe studied geo-
graphic area.

Anopheleslabranchiae(Falleroni, 1926)
Density evolution
OuljaSale

Early larvd stages appear by theend of December,
generdly, larva dendtiesarelow, an averagedengty of
20,2 individuads'm?, amaximum density of 29individu-
as/miwhichwasrecordedinMarch/April andasingle
pesk dengity.

Sidi yahia

Thelarvaewerefirst gppeared at thelate Septem-
ber; oftenthelarva denstieshave beenimportant with
anaverageof dengity of 99,95 individua s'm?; themaxi-
mum Density was 270 individual§'m?® recorded in late
October, and three density peakswereullistrés in late
October, late January and early March.
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TABLE 1: Harvested speciesin stationsand surveyed biotops

0 . = — © > o]
98 s §8 T8 § _8E . g2,2,¢ £
. . T5 2 @ Eéw%m*g@%m*s‘;za.zsa%%m‘_ﬁ
Studied aquatic ecosystems sc & 2g = :-—3:3“%:85§-5'Cf§9‘6'5
2% 5 27 3 3 85°35B 3828288552
Stations <8 S 5 5 3 3 c S #05°C°8 =3
- O < O O O =N'S) 0 O 5 S
S1 + +
Lake of Sidi Boughaba S2 oot
3 +
A + + + + +
S5 +
Loke Fouarate S6 + +
S7 + +
River of Fekroun S8 + + +
L , S9 Da + + + +
Sidi Amira .
S10 Puit + +
Dayet Zdegh S11 + + +
Sidi Yahya S12 + + + +
Dar Gueddari S13 + +
Ouljaof Salé S14 + +
Oulja of Rabat S15 +
Ricefields S16 +
Dayet Eddis S17 + +
Ouljarabat peaksof dengty, oneinlateNovember andtheotherin

Thelarvaewerefirst appearing in late December,
an average density of 56,8 indinvidus/m?® and amaxi-
mum density of 102 individud ¥m? notedinlateMarch,
two density peaks, oneinlate February and the other
inlateMarch.

Oued fekroun

Early larva stages appear by the end October, the
denstiesof theselarvaewererelatively high, an aver-
age density of 197,5individuas/m?, amaximum den-
sity of 403 individualym?® noted in lateMarchand a

singlepeak density.
Dayasidi amira

Thelarvaewerefirst appeared at early dévembre,
larval densitieswere often weak, a medium density of
33,22 individual /m?, and amaximum dendity of 67in-
dividuds/m?, asingle peak density.
Dayazdegh

Theearly larva phase appears by the beginning of
October, an average dengity of 66,57 individuagm?, a
maximum density of 171 individuals'm?®, andthetwo

late February.
Ricefields

LarvaeweregppearedinlateMay, larval dengities
were often weak and asingle peak density (26 indi-
viduam?®) which, a the sametime, hasmadethe maxi-
mum dengty.

Ecological overview

Anopheleslabranchiaeisthe mgor vector of ma-
lariain the Maghreb, particularly in Morocco™®. It pre-
fersthe accumulation of water exposed to thesunt¥, or
temporary permananteshaving lessthan 1900 m above
sealevel®; thewater isshallow, freshwater or dightly
brackish*%, weakly mineralized and covered by veg-
etablesrichinfilamentousa gag*12.

Moreover, this specieslivesin temporary ponds,
puddles, streamshavinglow flow, and rice paddies. In
addition to the mediastudied; thefirst appearance of
larvaewas carried out in autumn except in rice ponds
wherethegpparitiontook placein May. Thelarva den-
stiesdiffer remarkably according habitats. Himmi et d.
(1995)1® havereported that this speciesshowsan an-
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nual presenceinthefal and spring and seemstoreach
itsecologica optimum autumnin permanent stations,
and springinthetemporary station. But, its presencein
thericefieldswhich havein Morocco aflooding stage
insummey, thisspecieslivesinthesummer.

Culex pipiensL.
Density evolution
Sidi amirawdll

Thelarval phase beganin early December, larval
densitieswere oftenlow, amaximum density of 63in-
dividuas/m® noted in early March, an average density
38,27 individua ¥m? and one density peak.

Ditch sdi boughaba

Thebeginningof larva phasewascompletedinearly
January, larva densitieswereoften high, amedium den-
Sty of 196,42 individua ¥m?, and amaximum density
of 730individuas'm?whichwasnotedin early March
and asingle peak density.

Dayasidi amira

Thefirst appearance of larvae was in early No-

vember, the average larval density was 107,07 indi-

viduag'm?, themaximumdensity was 214 individud
m3, and one density peak.

Merjasdi boughaba

The larval phase began in early September, the
maximum density was 598 individua s/m? an average
density of 292,92 individua ¥m? and thetwo peaks of
density onein early November and the other in late
January.

D. zdegh

Thebeginning of thecyclewasin early November,
an average density of 93,12 indinvidua s/m?, amaxi-
mum density of 226 individua §m?®whichwasrecorded
inlateApril,asingledensity pesk.

Ouljasale

Thelarva phasebeganin early January, larva den-
sitieswere often weak, amedium density 23,75 indi-
viduag/m?, amaximum dengity of 36individuas'm?and
onedensity peak.

Oued fekroun
Thebeginninglarval cyclewasinlate December,
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anaveragedengity of 97,63 individua §m?, amaximum
density of 171 individua m3, whichwasnotedin early
April, and two density peaks, onein early March and
theother inearly April.

Ouljarabat

Thelarvaewerefirst gppearinginlate October, larva
densitieswere often high, amaximum density of 322
individuagm?, an average dendty of 224,83 individu-
als/m? and two density peaks, onein early December
and the other theend of January.

L akefouarate S1

Thefirst larvae have been emerged in early No-
vember, often high larval dengities, anaverage density
of 240,46 individua ¥m3, amaximum density of 421
individua sm? (early February) and asingle peak den-
gSty.

LacfouarateS2

Thebeginning of thelarva stagewasin early Octo-
ber, often high larval densities, an average density of
170individud g/m?, amaximum density of 374 individu-
ads/m?and asingledensity peak.

Lacfouarate S3

Beginning of larval stage appear inthelate Octo-
ber, with an average density elevated of 145,15indi-
viduads/m?, amaximum density of 281 individuasm?
and onedensity peak observed inlate January.

Dayet eddis

Thefirst larvaewereinthebeginning of November,
theaverage density was 84 individua s'm?, amaximum
density of 117 individud ¥m3, and asingledensity pesk
was recorded at theend of February.

Ricefields

Thelarvaewereappeared inlateMay, larval den-
Stieswereaveraged with an averageof 56individuas/
m? and onedensity peak was noted in late M ay.
Therefore, thisspeciesisvery commonintemporary,
semi-temoprairesor permanent aguati c environments.
Thelarvaeappear inthemiddleinthewinter and often,
larval dengitiesaremoderateto high.

Ecological overview
Injurious speciesby itshitesto human people, hav-
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ing awide ecological valence3, |t iscommon in
Morocco and can evenlivein polluted water™; o, it
growswdl inthestationsat [ow or high temperature, in
different pH and low rate of oxygen but it does not
tolerate strong mineralization or sAminité!® of thewa
ter. Theselast authorg® and Berchi et dl. (2012)1*% Have
signaled that this speciesis ubiquitous and hasacon-
tinuous devel opment whatever the environment. Simi-
larly, Vezilier et a. (2012)1'" reported that thisspecies
could beinjuriousspeciesby itsbhitesto human people,
having awide ecological valenceg**. Itiscommonin
Morocco and can evenlivein polluted water™; o, it
growswdl inthestationsat low or high temperature, in
different pH and low rate of oxygen but it does not
tolerate strong mineralization and sAminité® of thewa
ter. Those last authorg® and Berchi et al. (2012)¢
Have qualified to this species ubiquitousand having a
continuous devel opment whatever the environment.
Similarly, Vezilier et d. (2012)1*" reported that this spe-
ciescould beresistant to pesticides.

Cx hortensis
Density evolution
Sidi yahia
Thelarval phasebeganin December, larval densi-
tiesoftenlow, an average dendity of 22.22 individual ¢/

me, amaximumdengty of 45individudsm3andasingle
dengity peak inearly March.

Dar gueddari

Thelarvd cyclebeganinlateNovember, low larva
densitieswith an average density of 24.8 individuals/
m2, amaximum density of 40individuasm3 notedin
early March and asingle densitypesk.

Notethat Himmi and d ¥ have signaled that Culex
hortensisisstrictly aspring species, anditsdensity re-
mainslow.

Ecological overview

This speciescolonizedifferent habitats, rural and
urban. It may livein smaller areas of environmentsus-
ingafreshand deanwater, or inthelarge surfaces (chan-
nels, ponds) having rich vegetation. Often both Culiseta
annulataand Culex pipiensliveinthesamehabitat. It
overwintersinthe adult stage and doesnot sting man,
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but it stingsthe amphibiang*®.
Culex theileri Theobald, 1903
Density evolution

Dar gueddari

Thelarval phasebeganin early December, low lar-
va dengitées an average density of 18,15 individuals/
m2, amaximum density of 35individuas/m?inlate
March, and asingledensity peak.

Oued fekroun

Thelarvaewerefirst gppearing inlate November,
low larval densities, an average density of 22,42 indi-
viduad ¥m?, amaximum density of 39individuds/m?(in
March) and two density pesksin early January and late
March.

Sidi amia (well)

Theearlylarva cyclebeginsinlate November, low
larval dengities, an average density of 20,85 individu-
as/m?, amaximum density of 40 individuals/m?® was

notedinlateMarch and two density peeksin early Janu-
ary andlateMarch.

Sidi amira (pond)

Thelarvaewerefirst gppearinginearly December,
thelarval densitées were low, an average density of
45,4 individuas'm?®, amaximum density of 75individu-
ads/miinlateMarch and asingle peak density.

Temporary pond sidi boughaba

Thebeginning of thelarval stagewasin late De-
cember, thelarvae densitieswerelow, amedium den-
sity of 13,45individuds'm?, amaximum density of 26
individual /m?whichwasnoted at thebeginning of Feb-
ruary and asingle peak density.

Dayet eddis

Thebeginning of thelarval stagewasin late De-
cember, larval density hasremained low with an aver-
ageof 18 Deniteindividuas/ m?, amaximum dengty of
26 individua /m?®whichwas noted at the beginning of
February and asingledensity peak.

Ricefields
Shortly after theflooding of thericefields(in early
May), the larvae were emerged=merged, the larval
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densitieswerelow, andtheaveragewas 29 individud ¢/
m3 and asingledensity peak.

S0, thisspecies, thereforeliveintemporary, semi-
permanent or temporary water. Thelarvaeappearedin
autumn and larva dengitiesremained low. Himmi et al.
(1995)18 reported that this speciesmay appear at dif-
ferent periodsof the year.

Ecological overview

Injurious speciesto humanshy itshites, butin South
Africa itwasfound naturdly that itisinfected with West
Nilevirus. It hasarange extending from South Africa
to Russia, in Europe, in Moroccoto Indiaand Nepal.
It iscommon in Morocco and it developswith high
densities?. However, thedensity of itspopulationis
highly variableaccordingthehabitats. Theenvironmenta
temperatureinfluencestherate of hatchingand atem-
perature of 36 ° C seems to be very favorablel*,

Culex modestusFicalbi, 1890
Density evolution
Sidi amira(Daya)

Thefirst appearance of larvaein early February,
very low larva densities, an average density of 10,87
individuas'm?, amaximum density of 16individuds/m?
(inearly March) and asingledensity peak.

Dayet eddis.

Such asinthe biotop of Sidi Amira, thefirst ap-
pearanceof larvaewasin early November, but thelar-
val density washigher, theaveragedensity was 84 indi-
vidua g/m?, amaximum density of 106 individuas/m?®,
and asingle density peak wasrecorded in the end of
February.

Dayazdegh

Ealyingar larvaein February end, larval densities
werevery low, anaveragedendity of 12,75 individuas/
m?, amaximum density of 20individuas'm?, and only
onedensity peak inlate December to March.

Thisspecieslivesintemporary ponds, thelarvae
were gppeared in February, and larval densitieswere
very low. Himmi et d. (1995)® Reported that species
isstrictly aspring species.

Ecological overview
Theprincipa vector of West Nilevirus(WNV) in
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Europe, Culex modestusiscommonly foundin areas of
deltalakesand ponds?®!. Thewatersof itshabitatsare
usually freshwater, rarely brackish. Indeed, it hasbeen
reported in shallow and salty water (857 mg/ )24,
But, Chinaev (1964) hasindicated that high sdinity
inhibitsitslarva development. ThepH isoftenacid®-23,

Culeximpudicusficalbi, 1890
Density evolution
Sidi amira(Daya)

Thefirst larvae were appeared in early February,
larva dengtiesremained low, amedium density of 20,1
individua /m?, amaximumdensity of 38individua/m?,
and adensity peak at March end.

Sidi amira (Well)

Theearly larvad stage hasstarted in the beginning of
January, larval dengitiesoftenlow, medium density is
18,66 individualym?, amaximum density of 37 indi-
viduals/m® and one density peak inlate January.

Thisspecieshaveonly gppeared only in Sidi Amira
that isformed by atemporary pond and awell whichis
closeto, and which could ama gamatewith whenrain-
fdl isimportant. Thefirst larvaewere gppeared in Janu-
ary / February and larval dengtiesremained low. These
findingsareconsstent withthoseof Himmi et d. (1995)®
which have reported that larvae of this speciesdevel -
opscontinudly duringfal and spring.

Ecological overview

Culex impudicusisaMediterranean specieswhich
has a geographical range extending east to Iran and
whose presence has been reported in Morocco, Alge-
riaand Tunisia. It isvery common in settings having
clear, fresh water and shaded but can livedifferent en-
vironments?. Accordingto thelatter author, it growsin
environmentswithlow minerdization, havinganimpor-
tant depth of water and high average temperatures.

Culeximpudicus, being partly ornithophilic, could
transmit WNV inmigratory birdsin the non-migrating
during the spring4.

Culisetalongiareolata macquart, 1838
Density evolution
Sidi amira(well)
Thefirst appearanceof larvaein early December,
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an average density of 110,85 individuas/m?, amaxi-
mum dengity of 284individua Sm?® andtwo dengity peeks
inearly January and lateApril.

Sidi amira(pond)

Thelarval cyclebegan in early December, larval
densitieswerelow, an average density of 31,1indi-
vidual/m?3, amaximum density of 43 individual s/m?,
whichwasnotedinlateApril, and asngledensity pesk.

Ouljaof sale

The appearance of the first larvae was in early
Novembe, an average of larval density of 64,5 indi-
viduals/m?, amaximum density of 161 individuas/m?
and two dengity pesksinlate December andlateMarch.
Sidi yahia

Thelarva cyclebeganin early November, larval
densitieswerelow, an average density of 31 individu-
as/m?, amaximum density of 55individuds/m?and two
density peaksin late December and late March.

For thisspecies, thelarvaewerethereforeemerged
inthefal; thelarval densitiesmay belowsto averages
depending onthe habitatsand specieslivingintempo-
rary pondsor puddlesof water from ariver. Himmi et
a. (1995)"® havenoted that this specieshasacontinu-
ous occurrence in full-winter-spring; nevertheless,
Ramdani (97) hassignded that itsdevel opment coul d
beindl year.

Ecological overview

Mosguito, which hasawideecologica vaenceand
which could to grow in brackish or fresh water. He
couldliveintemporary, semi-permanent water, and even
in polluted water. But for Morocco, itsoptimal devel -
opment wasnoted inthelow minerdizingwater®. Note
that most species of the genus of Culisetaare adapted
to cold and thiskindisfound throughout theworld ex-
cept South America®.

Culisetaannulata (Schrank, 1776)
Density evolution
Sidi amira(well)

Theappearance of thefirst larvaein late October,
anaveragelarva density of 59 individua gm?, amaxi-
mum dengity of 96 individuas'm?, whichwasrecorded
in early January and three density peaksin late No-
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vember, inearly January and inlate February.
Sidi yahia

Early larval stageswereintheend of September,
larval dengtieswerevery low withan average density
of 13,33individuas/m?, amaximum density of 25indi-
viduas'm® whichwasnotedinearly January, andasingle
pesk dengity.

Thus, thelarvae of this specieshave appearedin
autumn, thelarvd dengtieswerelow to medium; Himmi
et al. (1995)® have reported that, this species could
havean aquaticlifeduring full-winter-spring.

Ecological overview

The speciesisfound throughout Europe, covering
the Mediterranean region. It hasbeenreportedin Mo-
rocco,Algeriaand Tunisa Thelarvaedevelopin artifi-
cid or natural and even polluted varied cottages; but, it
Isvery commoninwater richinnitrogen, and theartifi-
cial environmentsare preferred?2, Thefemaeshite
al warm-blooded vertebrateswith apreferencefor birds
and the species could transmit thevirusmyxomatos's.

Culisetasubochreaedwards, 1921
Density evolution
Ditch sdi boughaba

Early larvae appear inlate December, larval densi-
tieswerehighwith an average density of 188,45indi-
viduas/m?, amaximum density of 368 individuas/m?,
notedinlate February, and asingle peak density.

Asfor Culisstaannulata, Himmi et a. (1995)® have
reported that Culisetasubochreahas continued devel -
opment during full-winter-spring, anditslifecydecould
be discontinuous.

Ecological overview

This specieshaswide ecological valence, the de-
velopment of larvaewasin environmentshaving differ-
ent degreesof sdinity but it prefersthedightly brackish
waters. It canbefoundinthecdear waters, dightly acidic
pH and low levelsof sdlinity!®,

Ochlerotatuscaspius (Pallas, 1771)
Density evolution
Ditch sdi boughaba
Early larval stageswereintheend of September,
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somelarva dengtieswerehigh, an averagedensity of
127 individud gm?, amaximum density of 100individu-
als/m?® and one density peak, observedinlate Novem-
ber.

S2 of sidi boughaba

First larvae appear in early November, an average
density of 45,23 individud m?, amaximum dengity of
85individuasm?, beginning in January / February and
two peaksdengities.

Dayazdegh

Early larval stageinlate October, an average den-
sty of 52,76 individuad ¥m?, amaximum density of 102
individuas/m? and two density peeks, a thebeginning
and end of February. So, the appearance of the first
larvaecould beinfadl/winter. Larval denstiescould be
medium or high, and the speciescould livein tempo-
rary or semi-permanent aguatic biotopes. Himmi et al.
(1998)2% haveindicated this Diptera as an autumnal
species, but Ramdani (1997)%! hasreported that this
specieswas harvested throughout the year.

Ecological overview

Itisacommon speciesinthe coastd plainsof Mo-
roccol?®, A rich vegetation characterizesthefavorable
habitatsof the devel opment of itslarvae popul ations?!.
Femaescouldlay inbiotopswhich arerichinaquatic
plant debrig®*l. [tsgrowth rateisoptimal when water
salinity reached 29.8 g/l (Redondo-Gomez and al.
2006)12,

Ochlerotatusdetritus(Haliday 1833)
Density evolution
Ditch sdi boughaba

First larvaewere gppeared in early December, lar-
vd densitiesexceed sometimes 1200 individud s'm?, an
averagedensity of 603,14 individual /m?, amaximum
dengity of 1800individuds/m?, and asingledensity pesk
wasobserved in early January.

S1 of sidi boughaba

Thefirst larvae were appeared in early December,
anaveragedengty of 91,78 individua 'm?, amaximum
density of 180individuas/m?, and two density peaksin
early January and early March.

S2 of sidi boughaba
Theearly larvaewasin|late October, an average
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dengty of 151,84 individua¥m?, amaximum density of
384 indinvidus/ m® and asingledensity peak in early
January.

Ecological overview

Therel ationship between thedensitiesof larvaeand
pupae of Oc. detritus and the recovery rate of some
alophileplant species(S. fruticosa) is narrow®!, and
itsgrowth rateisoptima when soil salinity reached 29.8
g/ 13, However, our results show that larval habitats
populated by J. maritimusare not conduciveto devel-
opingitslarvae. Thesameresult wasbeing signaed by
Kridaand a.”, and Harant and Rioux,

Moreover, the salinity of thewater seemsto bea
determining factor in the geographic distribution of
Ochlertatus caspiusand Ochlertatus detritus; the pre-
imagind stagesof Ochlerotatus caspiusweremoreabun-
dant inwaterswith low salinity and inwater with high
salt content?®, However, in Morocco, Mestari
(1997)134 has asserted that the development of
Ochlerotatusdetritusdid not seemto beclosdy related
tosdinity.

Uranotaeniaunguiculata Edwards, 1933
Density evolution
A of sidi boughaba

Thelarva cyclebeganinearly October, larva den-
stieswereoften highwith an averagedensity of 128,88
individualm?, amaximum density of 400individuas/
m? and thetwo peaksof dengity in early December and
lateMarch.

S3of fourate

Early larvd phaseinthelatein October, low larva
dengities, anaveragedensity of 21,56 individuasm?, a
maximum dengity of 45individuads'm?, andasingleden-
sity peak in early February. Therefore, thefirst larvae
apparent in the early of autumn, and in the same cot-
tage, larval densities of this species may differ; the
phys co-chemical heterogeneity of the biotop could be
themain cause of thisphenomenon. Also, Himmi et d.
(1995)1® havenoted that it fally species.

Ecological overview

It isavery common speciesvery in the southern
half of Europe®, theaguatic stagesdevelopisin shal-
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low marsh, in thetemporary ponds, intheirrigation
ditchesor in banks of thelake, overgrown with lush
vegetation inthe duckweed organic matter. It livesin
freshwater or dightly brackish which could besunny or
lightly shaded'53,

In Morocco, according Himmi et a. (1998)1%, itis
adipteraof fresh or brackishwater, preferring shallow
areasand rich vegetation. Thefemaleshitetheamphib-
iansand reptiles. Itsoptimal development isobserved
inlow-oxygen watersand dightly sdty.

Uranotaeniabalfouri theobald 1904
Density evolution
S2 of sidi boughaba

First larvae have appeared in early December, lar-
va densitieswerevery low, an averagedensity of 11,85
individua/m?, amaximumdengty of 17 individuds/'m?
and asingle peak of densitieswas noted in the begin-
ning of February.

S2 of fourate

Theearly larval phasewasstarted in early Novem-
ber, larval densitieswere very low with adensity of
13,8individuds/m?, amaximum density of 19 individu-
als/m?, and asingledensity peak inlate December.

So, thelarval stageischaracterized by low density
and an appearance of thefirst larvae was during the
winter. These results arein agreement with those of
Himmi et al. (1995)® who reported that thisspeciesis
grictlyfal.

Ecological overview

Uranotaeniabafouri isanAfro-tropicad speciesthat
inMoroccoispresent, intheNorthAtlantic plains, and
that issuspected of transmitting virusesto amphibiang®”.
Thelarvae of this species, which bitesbirdsand am-
phibians, devel op in permanent or temporary aguatic
environments, in fresh or brackish water and that are
richin vegetation?. According to thelast authorsthe
optimum devel opment occursinwaterswith high min-
erdization rates, and low oxygen.

CONCLUSION
Thetentypesof theaguatic sudied Steshaveshown

aCulicidaefaunaformed by 13 speciesdemonstrating
asignificant speciesrichness of those Diptera. How-
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ever, theimportance of thiswedth variesaccording to
the aquatic systemtype.

Thus, thelakeof Sidi Bou Ghabagroup seven spe-
cies, thelakeof Fouarate six, and thetemporary pond
andthewd | of Sidi Amirafive, whiletheother biotops
havefour or less. Thisvariationin Culicidae species
richnessisdepending of the heterogeneity of the envi-
ronment; so, theimportant richnesswasshowninthe
biotops having agreat ecologica heterogeneity.

Depending on the species and the aquatic system
type, thefirst appearance of larvaein the biotop may
beinthefdl, winter or spring. Moreover, inthestudied
stesthe speciesfrequency isnot thesame. In contrast,
every one Culex hortensis, Culex modestus, Culex
impiducus, Culiceta  annulata, and
Uranotaenia balfouri, Urano unguiculata was har-
vested only intwo aquatic hydrosystems. In addition,
Culissta subochreawascollected inonly onesite. Simi-
larly, thedensity of harvested speciesdifférent. Anoph-
eleslabranchiae, Culex pipienshavevariabledensi-
tiesbut which could bevery high values. Unlike, Culex
hortensisand Culex impudicus have shown only den-
sitiesthat wererelatively low. In addition, depending
on the species, the kinetic of thedensitieshas shown
one, two or three density peaks.

To conclude, for any chemical control against these
mosquitoes, chemical treatment of the studied area
should take account of existing speciesintheenviron-
ment, their dengities, the heterogeneity of theenviron-
ment and thetiming of density peaks.
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