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Species

Ae. cinereus, Ae. diantaeus Howard, Dyar and
Knab, Ae. intrudcns, and Ae. punctor (Kirby) s.l.;
and in late June with Ae. cnntans, Ae. diantaeus,
Ae. excrucians (Walker) s.1., and Ae. punctor s.l.
(Table 2).

Table 2. Mosquitoes collected as larvae and/or
pupae at 3 sites in the Sissman area during biweekly

sampling from April to August 1983.

Total
number

Sampling date emerged

Ae. cantans
Ae. eataphylla
Ae. cinereus
Ae. communis
Ae. diantaeus
Ae. excntcians s.l.
Ae. intntdens
Ae. pionips
Ae. punctor s.l.
Cx. territans
Cs. alashaensis
Cs. bergrothi
Cs. morsitans

May 24-June 21 123
May 10-24 26
May lO-June 8 6
May l0-June 2l 1,245
June 8-21 13
May 24-June 21 6
May 24-June 8 36
June 8-21  4
May 24-June 21 23
July 5 5
June 2l-July 20 5
August 3 4
April 2O-June 21 60

the year. Despite intensive searches of potential
sites, we were unable to find overwintering fe-
rnales of these species.

Mosqurrors rN cATTr.E sHEDS. Six species or
species groups were collected in the cattle sheds
between April 27 and September 14 (Table 3).

Females of the An. maculipe,nnis complex
dominated the mosquito fauna. They appeared
in late April and increased in numbers during
May. The summer generation started to emerge
in the latter part of June. The last 2 gonoactive
females were collected on September 14. Both
females were engorged with blood and devel-
oped their follicles beyond stage 2. On the
same day non-gonoactive females were caught
in the cattle sheds.

Seventy-seven egg batches were obtained
from the An. maculipennis s.l. females collected
between April 27 and July 6 (Table 3). The egg
rnorphology revealed that l0% were A.n. beh-
lemisheai Steg. & Kab. and 9OVo were An. messeae
Fafleroni. Eggs of beklemisheui were obrainec
from females collected between April 27 anc
June 8 .  These females  produced 32  egg
batches, 8 of which were identified as bek-
lemisheui and the remaining as m?::ea(.

Although An. beklemisheuilme.ssene generally
dominated the rnosquito fauna in the cattle
sheds, a large number of Aedes fernales, espe-
cially Ae. intrud,ens, were also present in June
(Table 3).

Mosqulrons ATTRACTED To MAN. Table I lists
the mosquitoes that were attracted to man. In
April and May low numbers of An. maculipennis
s.l. and Cs. alaskaensis were collected. In early

June large nurnbers of Ae. intrudens and Ae.
communis were captured. In early July the com-
position of the samples had changed with a high
prevalence of Ae. excrucians s.1., Ae. cinereus and
Ae. communis and a lower prevalence of Ae. can-
taw, Ae. intrud.ens, Ae. di.a,ntaeru and Ae. punctor
s.l. In August the most abundant species at-
tracted to man were Ae. excruci.ans s.l. and Ae.
cantens followed by Ae. communis, Ae. cinereus,
Ae. diantaeus, Ae. punctor s.l. and Ae. intrudens,
A l l  spec ies  l i s ted  in  Tab le  I ,  except  An.

Larvae of Culiseta morsilans (Theob.) were
[bund during a relat ively long period (Apri l-

June). Culex territans Walker, Cs. alashaensis
(Ludlow) and Cr. hergrothi (Edwards) were only
collected after June 20 in restricted numbers
(Table 2). No larvae could be found after Au-
gus t  3 .

OvrnlvrNrnnrN(; FEMAT.ES. Relat ively large
numbers (N:351) of inseminated, nul l iparous
females of An. maculipennis s.l. were collecteo
fiom most of the potential overwintering sites
investigated.

One fernale of Cs. aktskaen.ies was found in a
basernent on March 15 and one female of Cx.
territans was found in a cellar on March 16.

Four other species that hibernate as adults,
Cx. Pipiens L,., Cx. torrentium Martini, Cs. bergrothi
and C.s. ochroptera (Peus) were collected in the
study area as adults during the warmer part of

Table 3. Female mosquitoes collected in 2 cattle sheds in the Szissman area between April 27 and
September 14,  1983.

Sarnpl ing date

Species
Ap. Muy May .fun Jun J., l  Jrr l
2 7  l l  2 4  8  2 1  6  2 0

Sept
14 No.

Aug
3

Aug Aug
t 7  3 l

Percent
of total

An- mnculipenni.s s.l.
Ae. communis
Ae. excrueians s.l.
Ae. intrurlens
Ae. punctor  s. l .
Cs. bersrolhi

134 266
0 0
0 0
0 0
0 0
0 0

69 rS7 r7
1 0 0

l 0  5  r
3 2 5 0

1 0 0
1 0 0

6 797 85 .9
0 8 0 . 9
0  1 6  r . 7
0  102 I  1 .0
0 4 0 . 4
0  I  0 . 1

4
0
0
0
0
0

5 6

7
o

b 5

3
0

40
0
0
0
o
0

5

U
0
0
0
0

I

0
0
0
0
0
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Brummer-Korvenkontio et al.  (1971). Many
authors consider this species to be multivoltine
(Detinova 1968, Mohrig 1969, Gutsevitch et al.
1974, Wood et al.  1979) whereas Service (1969)
concluded that in England the species is univol-
tine. The varying results may, partly, be due to
the fact that in England only Ae. cinereus s.str.
occurs while in continental Europe and the
USSR at least two other species, very closely
related to cinereus, are also present. It may be
possible that the seasonal activity patterns differ
between these species. In North America, how-
ever, it has been shown that about half the eggs
laid by Ae. cinereus were nondiapausing eggs
that hatched without cold conditioning (Wood
et al. 1979). Our results do not show whether
cinereus had a second generation.

The flight and biting behavior of Ae. cinereus
is different from those of other species of Aede.s
in the study area. The females mainly attack the
lower extremities and usually fly very close to
the ground (Mohrig 1969), at least duringzday-
time (Natvig 1948). The fact that no males were
captured in any of the traps and that no females
were caught in the light traps may be further
reflections of the peculiar behavior of cinereus.

Aedes communzi-Amongst all of the female
mosquitoes caught in traps, this was the most
numerous species. Females and males were
present between May 3l-August 25 and May
2&-July 13, respectively. Trap-caught, engorged
females were present between June 2 and Au-
gust ll. Aedes communis was the second most
numerous species in the human-bait catches in
earlyJune. It was still biting man in late August.
In wet summers commanis may have a second
population peak due to a second generation
(Gutsevitch et al. 1974) or delayed hatch (De-
t inova 1968).

Lvov et al. (1984) recently isolated an agent,
possibly identical with the Okelbo disease agent,
from a pool of Aedes mosquitoes collected in
central Karelia in 1983. About 80% of the mos-
quitoes were Ac. comrnunis. They concluded that
Ae. communis probably is the vector of the
Karelia fever.

Aedes tlianta,eus-Adult females and males were
collected in all 3 trap-types (females: June 2-
August 23, males: June 8-July l9). Large num-
bers of both sexes were captured in the S-traps.
Blood-filled females were present in the trap
samples between June l5 and August 3.

Aedes diantuezs is considered to be relatively
rare in Denmark and Sweden (Natvig 1948). I t
had previously only been recorded frorn 5
Swedish provinces from Scania in the south, to
l,apland in the north (Dahl 1977). This suggests
that Ae. diantaeus rnay have a scattered distribu-
tion throughout Sweden, as ir-r Finland (Utrio
1979). 

-fhere 
is usually one annual generation

with flight starting later than many other spe-
cies of Aezles (Gutsevitch et al. 1974) which
agrees with our data.

Aedts excrucians s.1.. Ae. excruciarx s.str. and a
similar but apparently different species were
present in the samples. No regular attempts
were made to distinguish between the two spe-
cies. They are, therefore, treated together as
excrucia'rn s.l. In the animal-baited traps both
sexes were captured in large numbers, whereas
in the light-traps both sexes were present only
in low numbers. In the traps, females and males
were caught during June 9-September 13 and

June 9-July 19, respectively. In the trap sam-
ples blood-fed females were present from June
14 to August 18. Aedes excrucians s.str. has nor-
mally only one generation per year (Gutsevitch
et al. 1974).

Aedes intrudens-Both sexes were captured with
all 3 types of'traps (females: May 3l-August
17, males: June l-22). Blood-f i l led females
were trap-caught betweenJune 7 and August 4.
Aedes intru.dens was the most abundant species in
the human-bait catches in June. It was also the
most numerous culicine species in the cattle
sheds in June. In agreement with other obser-
vations (Mohrig 1969, Gutsevitch et al. 1974,
Wood et al. 1979), Ae. intrudens had only one
generation and the adults appeared to be
short-lived. The endophilic habit of intntdens
(Natvig 1948, Wood et al.  1979) is confirmed by
the present records of large numbers of intru-
deru in the catt le sheds.

Aedes leucomelas-This species is considered
rare  in  Sweden (Natv ig  1948,  Dah l  1977)  as  was
noted in the Sissman area. Only 7 females were
caught in the S-traps and N-traps between June
2 and July 19. I t  is regarded as one of the
earlier species of Aedes to appear and the flight
of the single annual generation ends in the
middle of the summer (Mohrig 1969, Gut-
sevitch et al. 1974). This agrees with our data.

Aedes pionip.s-Only 4 larvae were found (in

June).
Aedes punctor s.l.-Apart from typical speci-

mens of Punctor s.str., females with an ex-
tensively scaled probasisternum, a large patch
of white scales at the base of the costal vein and
apically white-scaled abdominal sterna were
found. These females were identified as Aa.
hexodontus Dyar. However, interrnediate forms
were seen and no regular attempts were made
to distinguish between the two species. They
are, therefore, treated together as Ae. punctor
s.l. Aquatic stages of punctor s.str. were found
in May and June. Females occurred in the
trap-samples between May 3l and August 16.
In these samples, blood-fed females were pres-
ent between June 14 and July 14. However, the
species was present in the human-bait samples
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between June 7 and August 4. In the Sissman
area there seemed to be only one generation of
punctor s.l. although a second population peak,
possibly due to delayed hatching of eggs, may
occur in some areas (Brummer-Korvenkontio
et al.  1971, Gutsevitch et al.  1974).

Aedes aexans-Only one specimen was cap-
tured, this being a female caught in the rabbit-
baited S-trap onJune 21. There are only a few
previous records of this species from Fenno-
scandia (Finland and Scandinavia) (Natvig 1948,
Dahl 1977, Utr io 1979).

Culex pipiens and Cx. torrentium-Examination
of male terminalia revealed that both Cx. pipierx;
and Cx. torrentium occurred in the area. Since it
is not possible morphologically to distinguish
with certainty individual females of the two spe-
cies, they are treated together. Females and
males were caught in the traps from May l0 to
September 15 and July 13 to September 15,
respectively. Blood-fed females were only
found from May 17 to July 28.

Like other Culex species the non-blood fed
females overwinter (Wood et al. 1979). After
overwintering they feed mainly on birds (Ser-
vice 197 l). Man-biting females of Cx. pipiens
have not been found in the Sissmanarea.Cubx
pipiens may have more than one generation an-
nually (Brummer-Korvenkontio er al.  l97l).
Sindbis virus was isolated from one pool of 50
nonengorged females of Cx. pipiens collected
with the traps between July 20 and August 3
1983.

Culex territans-Females were collected in the
traps betweenJune 8 andJuly 19. One male was
caught in a N-trap on July 14. The species ap-
peared to be rare in the study area as in other
parts of Sweden.

C u li.s e ta a las ka e nsi s -Ma n-biti n g femal es were
captured in April and May. Unengorged fe-
males were caught in the animal-baited traps
between May l0 and July 28. Larvae were
found in June and July, and 4 newly emerged
females, presumably non-gonoactive and des-
tined to overwinter, were caught in an UV-light
trap on September 15. There is only one annual
generation (Wood et al. 1979), which conforms
to our data. Thus, the females that emerged
from the larval samples were destined for
hibernation. Our observations. that Cs. aku-
kamsis ingests human blood, appear to be the
first ones for the Scandinavian peninsula
(Natvig 1948, Mehl et al.  1983).

Cu l ise ta  bergro th i -Females ,  p resumably
blood-seeking, were caught in the animal-baited
traps between May 24 and July 13. One female
was caught in a catt le shed on June 21. A few
larvae were sarnpled on August 3. Two newly
emerged females, presumably destined to

overwinter, were caught in August in an UV-
light trap.

In the northern part of its geographic range
Cs. bergrothi has one generation annually. The
hibernated females feed mainly on cattle, and
sometimes enter cattle sheds (Gutsevitch et al.
1974). These statements conform to the data
here obtained. Although Cs. bergrothi was not
present in the human-bait catches, we have ob-
served this species to ingest human blood in the
Uppsala area, cenral Sweden. The females
from the larval samples collected in early
August as well as the females captured in Au-
gust with the light traps were, presumably,
nongonoactive females destined to overwinter.

Culiseta morsitans-Late instar larvae were
sampled between April 20 and June 21. Adult
females and males were trap-caught between

June 22-September 13 and June 23-Sep-
tember 15, respectively. Blood-fed females
were present only during the period 26 July-6
September. The species was caught neither in
the cattle sheds nor off human bait.

In contrast to the other species of Culiseta in
the study area Cs. morsitaru apparently over-
winters in the larval stage. This agrees with
other observations on Cs. morsitanu in northern
Europe and Russia (Natvig 1948, Brummer-
Korvenkontio et al. 1971, Gutsevitch et al.
1974). ln most of Canada, however, Cs. morsi-
laru overwinters in the egg stage (Wood et al.
1979). One generation per year seems to be the
rule for Cs. morsitarx. In agreement with our
data, Service (1969) and Morris (1984) showed
that there was a delay of 5-6 weeks between adult
emergence and blood feeding. The females are
long lived and capable of producing several egg
batches (Wood et al. 1979). Although there are
records of Cs. morsitans biting domestic mam-
mals and man, this mosquito is essentially a
night-bit ing, avian feeder (Service 1969, l97l;
Wood et al.  1979).

The late appearance in the summer of blood
feeding Cs. morsitans females, their feeding
habits and long average life-span may be of
considerable importance to the epidemiology of
Sindbis virus and other arboviruses. There
have been several isolations of Eastern equine
encephalitis, which is related to Sindbis virus,
from Cs. morsitans in the eastern USA. Sindbis
virus was isolated from one pool of 24 non-
engorged females of Cs. morsitans collected in
the traps between July 24 and August 3, 1983.

Culiseta ochroptera-This species was found to
be ornithophilic and probably hibernates in the
adult stage as inseminated, nulliparous fernales
(Jaenson et al. 1984). Twenty females were
captured in the S- and N-traps between April
28 and July 19. They are the first records of Cs.
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ochroptera from the Scandinavian peninsula.
The species was not found in cattle sheds nor in
human-bait samples.

According to Gutsevitch et al. (1974) Cs. och-
roptera prefers birds as host but sometimes
bites man. Because Cs. ochroptera probably does
not feed on blood until after overwintering, i.e.
in spring and summer, and due to its relatively
low abundance and ornithophagous habits this
species may be disregarded as an important link
vector of Sindbis virus. However. in view of its
ornithophagous habits, Cs. ochroptera may be of
some importance as a primary (sylvatic) vector
o f  S indb is  v i rus .  The apparent ly  c lose
taxonomic relationship between Cs. ochroptera
and the Nearctic Cs. minnesotar Barr needs
further study.

Mansonin richiardii-This was a relatively rare
species and found only during the period July
l2-August 23 as non-engorged females in the
S-traps and an N-trap. Near Uppsala, central
Sweden we have found this species i/ horse
stables and in human-bait collections.

Apparently Ma. ichiardii had only one an-
nual generation which conforms to other inves-
tigations (Natvig 1948, Service 1969, Gutsevitch
et al. 1974). Hibernation occurs in the larval
stage and a first batch of eggs may be produced
autogenously (Service 1969). Elsewhere in Swe-
den Ma. richiardii sometimes occurs in very
large numbers attacking man and domestic
animals (faenson, unpublished data).

Eprorurolot;IcAL IMpLIcATIoNS. Various
ecological factors determine the geographic
distribution of Ockelbo disease in humans. On
the a priori assumption that birds are natural
vertebrate hosts of Sindbis virus in Sweden,
as they are for other strains of Sindbis virus,
ornithophagous mosquitoes are likely to be pri-
mary vectors. It may then be assumed that, in
spring and early summer, the virus is transmit-
ted in bird populations mainly by Cx. pipiensl
torrentium and Cs. ochroptera. Later in the sum-
mer and autumn it is likely that Cs. morsitans
may be the main vector among birds. This hy-
pothesis is supported by the isolation of Sind-
bis virus from 2, possibly 3, (single species)
pools of nonengorged females of Cs. morsitans
and Cx. pipiens as well as the record of Sindbis
virus neutralizing antibodies during August-
Septernber in one of the doves used as bait
(Niklasson, Jaenson and Espmark unpublished
data, Niklasson et al.  1984). The possibi l i ty that
Cs. morsitans transmits Sindbis virus to at least
some humans should however, not be dis-
rnissed. But the majority of the human infec-
tions are probably caused by abundant link
vectors, which feed on both birds and man. In
late surnmerAe. commu,nis (Lvov et al.  1984) and

other abunda nt Aedes species may be potentially
important link vectors. Species of Aedes may also
be included among potentially important me-
chanical vectors of tularemia to man in this part
of Sweden.

In order to give a concise picture of the
epidemiology of Ockelbo disease, results of vir-
ological and serological investigations and data
on host-feeding patterns of the mosquitoes will
be presented in subsequent papers and exper-
iments on the vector competence of the sus-
pected vectors are being planned.
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