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AN UPDATED CHECKLIST OF THE MOSQUITOES OF OKLAHOMA
INCLUDING NEW STATE RECORDS AND WEST NILE VIRUS
VECTORS, 2003-06

BRUCE H. NODEN,' LISA COBURN,' RUSSELL WRIGHT,' anp KRISTY BRADLEY>

ABSTRACT. The mosquito fauna of Oklahoma has not been evaluated since 1965 and no report has been
published concerning species associated with urban areas in the state. Mosquito collections were conducted
as part of the West Nile virus (WNV) surveillance program between April and November from 2003 to 2006,
using standard collection methods. A total of 74,756 adults were collected in 26 urban centers in 16 counties
of Oklahoma. Altogether, 40 species were recorded during this study period, bringing the total mosquito
species recorded in Oklahoma to 62 species in 9 different genera and 18 subgenera. An updated checklist of
Oklahoma mosquito fauna is included with a comparison to historical records. New state records include 3
species: Aedes muelleri, Anopheles perplexens, and Culex coronator. In addition to updating the checklist, 12
species of mosquitoes were tested for WNV. Pools of Culex pipiens complex represented the highest
proportion testing positive for WNV (134/766, 17.5%), followed by Cx. tarsalis (13/192, 6.8%) and Aedes
albopictus (5/215, 2.3%). West Nile virus—positive mosquitoes were detected earliest in June 2005 and latest in
November 2004. Infected Cx. pipiens complex testing positive for WNV were more prevalent in the eastern
and central areas of Oklahoma, whereas positive Cx. tarsalis were found mainly in the western areas of the
state. This distinct geographical difference needs to be monitored and followed up to ensure optimal

mosquito control efforts in Oklahoma communities with mosquito control capabilities.
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INTRODUCTION

The first published study on mosquito taxa in
Oklahoma was carried out by Rozeboom between
the summers of 1938 and 1940 and consisted of
larval dipper collections and light traps for adult
mosquitoes (Rozeboom 1942). Forty species were
identified in this initial survey, but the northeastern
corner and south-central areas of Oklahoma were
not sampled. Griffith (1952) increased the list of
mosquito species by another 11 species by sampling
in different locations. A subsequent survey was
completed in 1965 by Parsons in which personal
larval and adult collections were reported together
with records from the K.C. Emerson Museum
(housed in the Department of Entomology and
Plant Pathology, Noble Research Center at Okla-
homa State University) and state collection records
and was published in 1971 (Parsons and Howell
1971). This last published listing included 58 species
of mosquitoes from 9 different genera. Harrison et
al. (1973) later confirmed the presence of Aedes
taeniorhynchus (Wiedemann) in Oklahoma.

Thirty years after the last published checklist,
West Nile virus (WNYV) surveillance was initiated
in Oklahoma between 2003 and 2006. The first
identification of WNV in Oklahoma was a dead
crow (Corvus Brachyrhynchos) collected in July
2002 in Tulsa County. Oklahoma’s WNV sur-
veillance program expanded in 2003 through
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a cooperative study with the Oklahoma State
University (OSU) to monitor mosquitoes from
select locations. By 2003, the virus had spread
through 62 of 77 counties in Oklahoma (Johnson
et al. 2015). While 2004 and 2005 were milder,
WNYV infection in animals and humans was
detected in 44 and 40 counties, respectively
(Oklahoma State Department of Health 2015).
The continued reduction of cases and funding for
surveillance after 2005 led to a downsizing of the
mosquito surveillance network, which was not
prepared for the explosion of West Nile cases in
2012 in urban areas in the Great Plains region
(Murray et al. 2013). In addition to identifying
WNYV vectors in Oklahoma, this sampling effort
provided an opportunity to verify current lists
and add new species. As effective mosquito
control efforts and surveillance for mosquito-
borne diseases depend on knowledge of mosquito
species in local areas, the aim of this paper is to
present the data from the mosquito surveys,
update the checklist of mosquitoes in Oklahoma
to current nomenclature, and identify the princi-
pal vectors of WNV.

MATERIALS AND METHODS

Adult mosquitoes were collected in 26 urban
centers in 16 counties around Oklahoma (Fig. 1)
in the spring, summer, and fall months of 2003-06
(Table 1). West Nile virus data for 2003 were not
included in Table 2. Combinations of 3 trapping
methods were used to ensure that a representative
sample of mosquito species was collected from
a given area. Adult mosquitoes were collected
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Fig. 1. Oklahoma counties sampled by West Nile virus surveillance, 2003 and 2006.

using new standard miniature blacklight traps and
Centers for Disease Control and Prevention
(CDC) miniature light traps using CO, released
from cylinders at 250 ml/min plus octenol or CO,
sachets plus octenol. Additionally, CDC gravid
traps baited with fermented Bermuda grass in-
fusion were used. The sampling methods used
were chosen primarily to collect mosquitoes in
urban centers that could be involved in the
transmission of WNV. With such an urban focus,
it is highly possible that rare species that require
different trapping methods were not collected.
The references to Culex pipiens L. complex
recorded in the text and tables are the Culex
pipiens/quinquefasciatus complex. Rainfall records
for the surveillance period were obtained from
historical records (Weather Underground 2014).

Sites were chosen based on reported mosquito
activity, access to sites either in public parks or on
private properties, and reduced risk of vandalism
and theft. Oklahoma State University personnel
were directly involved in trapping efforts in
Stillwater while, in other areas, OSU Extension,
County Health and Fire Department personnel,
and volunteers were relied on for their local
knowledge, connections, and willingness to col-
lect and preserve mosquito samples from traps
until acquisition by OSU personnel. Mosquitoes
were transported to the OSU mosquito facilities
on ice packs in coolers, euthanized by freezing at
—20°C, and stored at —80°C until processing by
OSU personnel. Adult mosquitoes were identified
to species by an experienced technician using the
keys of Darsie and Ward (1981, 2005). After
identification, 25-50 mosquitoes from a species
were placed into a vial and frozen until screened
for WNV by OSU personnel using commercial
VecTest® kits (Medical Analysis System, Inc.,

Camarillo, CA) at OSU facilities. Mosquito pools
were then transported to Oklahoma State De-
partment of Health in Oklahoma City for
confirmation by reverse transcriptase—polymerase
chain reaction (RT-PCR), using a method stan-
dardized for public health surveillance (Lanciotti
et al. 2000). Pool infection rates reported were
taken from positive RT-PCR assay results.
Voucher specimens were deposited in the K.C.
Emerson Entomology Museum at Oklahoma
State University. To revise the checklist to current
taxonomic data, published lists were compared
with the traditional taxonomic classification used
in the online catalog of the Walter Reed Bio-
systematics Unit (WRBU 2013). All mosquitoes
species listed were then brought into conformity
with the traditional mosquito classification
scheme as listed by WRBU (2013).

RESULTS
Surveys 2003 to 2006

Forty different species (37 previously recorded
and 3 newly reported) were identified during the
study period from 26 urban sites in 16 counties in
Oklahoma (Fig. 1 and Table 1). The number of
adult mosquitoes collected ranged from 3,301
(2003) to 26,881 (2006), while numbers of sites
sampled each summer ranged between 5 (2006) and
14 (2004). The number of species collected varied
between 25 (2003) and 37 (2004), with sampling
periods ranging from April to November. There
were slight differences in rainfall totals between
sites, with more rainfall recorded in 2004 (Fig. 2).

Culex pipiens complex (50.5%), Aedes albopictus
(Skuse) (12.4%), and Ae. vexans (Meigen) (11.6%)
accounted for 74.5% of the mosquitoes collected
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Table 1. Numbers and percentages of mosquito species collected in West Nile virus mosquito surveys in
Oklahoma between 2003 and 2006.

2003 %o 2004 o 2005 o 2006 %o Total Yo

No. sampling sites 11 14 6 5
No. counties sampled 10 11 3 5
No. species identified 25 37 29 27
Sampling period Jul 29-Oct 14 Apr 5-Oct 7 Apr 25-Nov 8 May 8-Nov 9
Culex pipiens complex 1,391 42.14 1,863 10.47 15,574 5823 18,887  70.27 37,715 50.45
Aedes albopictus 521 1578 1,419 797 2812 10.51 4,495 16.72 9,247 12.37
Ae. vexans 395 11.97 4,700 26.40 2,433 9.09 1,146 426 8,674 11.60
Cx. erraticus 200 6.06 2,029 11.35 2,143 8.01 807 3.00 5,179 6.93
Cx. tarsalis 142 430 3,210 18.03 313 1.17 534 1.99 4,199 5.62
Cx. salinarius 10 0.30 1,406 7.90 289 1.08 19 0.07 1,724 231
Psorophora cyanescens 70 2.12 41 0.23 1,560 5.83 32 0.12 1,703 2.28
Ae. sollicitans 5 0.15 742 4.17 95 0.36 19 0.07 861 1.15
Anopheles punctipennis 32 0.97 328 1.84 290 1.08 29 0.11 679 091
An. quadrimaculatus 66 2.00 229 1.29 332 1.24 39 0.15 666  0.89
Ps. columbiae 224 6.78 90 0.51 258 0.96 49 0.18 621  0.83
Ae. dorsalis 586 3.29 586  0.78
Ae. trivittatus 309 1.74 87 0.33 143 0.53 539 0.72
Cx. restuans 26 0.79 191 1.07 54 0.20 261 0.97 532 0.71
Ae. triseriatus 16 0.48 83 0.47 112 0.42 179 0.67 390 0.52
Ae. epactius 42 1.27 111 0.62 132 0.49 99 0.37 384 0.51
Coquillettidia perturbans 72 2.19 117 0.66 8 0.03 5 0.02 202 0.27
Culiseta inornata 7 0.22 66 0.37 40 0.15 8 0.03 121 0.16
Uranotaenia sapphirina 2 0.06 42 0.24 39 0.15 8 0.03 91 0.12
Ps. discolor 1 0.01 52 0.19 37 0.14 90 0.12
Ps. ferox 40 0.22 6 0.02 37 0.14 81 0.11
Ps. signipennis 61 0.34 18 0.07 79 0.11
Ps. ciliata 10 0.30 18 0.10 42 0.16 9 0.03 79  0.11
Orthopodomyia signifera 14 0.43 6 0.03 28 0.10 18 0.07 66  0.09
Cx. territans 1 0.03 17 0.10 23 0.09 12 0.04 53 0.07
An. crucians 1 0.03 22 0.12 4 0.01 27  0.04
An. barberi 5 0.03 6 0.02 0.02 17 0.02
An. perplexens 3 0.02 4 0.01 1 0.00 8 0.01
Ae. hendersoni 5 0.15 1 0.01 1 0.00 7 <0.01
Ae. muelleri 6 larvae 0.43 6 <0.01
Ps. howardii 1 0.03 2 0.01 1 0.00 1 0.00 5 <0.01
Ae. atlanticus 1 0.03 3 0.02 4 <0.01
Ae. taeniorhychus 4 0.02 4 <0.01
An. pseudopunctipennis 1 0.03 1 <0.01
Cx. coronator 1 0.03 1 <0.01
Cs. incidens 1 0.01 1 <0.01
Ae. zoosophus 1 0.01 1 <0.01
Ps. mathesoni 1 0.01 1 <0.01
Toxorhynchites rutilis 1 0.01 <0.01

septentrionalis
Ae. dupreei 1 0.00 1 <0.01
Unknown 39 1.18 69 0.31 108  0.14
Total 3,301 100.00 17,818 100.00 26,756 100.00 26,881 100.00 74,756

during the survey period and were the 3 most
abundant species collected in 2003, 2005, and 2006
(Table 1). In 2004, Ae. vexans, Cx. tarsalis
Coquillett, and Cx. erraticus (Dyar and Knab)
were the most abundant. None of the other 37
species identified during the survey period ac-
counted for >7% of the totals for all 4 years.

New species

During the survey period, 3 new species were
added to the list of mosquitoes found in Okla-
homa. One adult female Cx. coronator Dyar and

Knab was collected from a light trap in McA-
lester, OK, on August 24, 2003. This was
followed in 2004 by the collection of a single
Cx. coronator larva in Sallisaw, OK. Four Ae.
muelleri Dyar larvae were collected from a con-
crete water tank in McAlester, OK, on September
23, 2003, with 2 additional dead larvae collected
from the same tank on October 3, 2003.
Anopheles perplexens Ludlow was collected in
2004 from 3 sites in northern Oklahoma. Three
adults were collected from traps from Elk City,
Ponca City, and Stillwater, and 3 adults were
reared from larvae.
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Table 2. Summary of West Nile virus (WNYV) surveillance data from Oklahoma between 2004 and 2006.
Description Details 2004 2005 2006 Total
% total mosquitoes All places 72% 69% 92%
tested
First positive Date Jul 21 Jul 27 Jun 8
WNV pool
Place Goodwell Stillwater Stillwater
(County) (Texas (Payne (Payne
County) County) County)
Species Culex tarsalis Cx. pipiens Cx. pipiens
Last positive Date Sep 27 Nov 1 Oct 8
WNV pool
Place McAlester Stillwater Stillwater
(County) (Pittsburg (Payne (Payne
County) County) County)
Species Cx. pipiens Cx. pipiens Cx. pipiens
Total no. mosquitoes All places 12,868 (686) 18,464 (371) 24,694 (499) 56,026 (1,556)
(no. pools tested)
No. pools tested Cx. pipiens 82 (7.4%) 308 (12.3%) 376 (23.9%) 766 (17.5%)
(% positive)
Cx. tarsalis 174 (7.0%) 6 (16.7%) 12 (0.0%) 192 (6.8%)
Cx. salinarius 69 (0.0%) 5 (0.0%) 74 (0.0%)
Cx. erraticus 1 (0.0%) 15 (0.0%) 16 (0.0%)
Cx. restuans 31 (0.0%) 5 (0.0%) 36 (0.0%)
Cs. inornata 8 (0.0%) 8 (0.0%)
Aedes albopictus 74 (0.0%) 50 (2.0%) 91 (4.4%) 215 (2.3%)
Ae. vexans 175 (0.0%) 175 (0.0%)
Ae. triseriatus 10 (0.0%) 2 (0.0%) 12 (0.0%)
Other! 62 (0.0%) 62 (0.0%)

" Includes Psorophora columbiae (4), Ae. epactius (1), Ps. ferox (1), Culex species (31), unknowns (2), and mosquitoes from Tulsa

(23).

Species list for Oklahoma

The current number of mosquito species in
Oklahoma stands at 62 (Table 3): Aedes (23
species), Anopheles (7 species), Coquillettidia (1
species), Culex (12 species), Culiseta (2 species),
Orthopodomyia (2 species), Psorophora (10 spe-
cies), Toxorhynchites (1 species), and Uranotaenia
(3 species).
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Fig. 2. Total rainfall (cm) between 2003 and 2006 at
3 different sampling sites.

Clarifications from historical checklists

Aedes epactius (Dyar and Knab): Ae. atropalpus
Coquillett in Oklahoma have been misidentified in
past surveys as they are geographically separated
from locations where Ae. epactius is present
(O’Meara and Craig 1970). As such, it was not
included in the list of Oklahoma mosquitoes
(Table 3). Further clarification is needed, howev-
er, as O’Brien and Reiskind (2013) list both species
in their heartworm (Dirofilaria immitis Leidy)
vector survey in central Oklahoma.

Aedes fulvus pallens Ross: Darsie and Ward
(2005) does not consider Ae. bimaculatus (Co-
quillett) to be close to Oklahoma and it appears
to have been misidentified by past surveys. As
such, it was not included in the list of Oklahoma
mosquitoes (Table 3).

The names of 5 species have been updated
since the historical publications: 1) Ae. sticticus
(Meigen) (formerly reported as Ae. hirsuteron)
Theobald; 2) Ae. zoosophus Dyar and Knab
(previously reported as Ae. alleni (Turner)); 3)
Cx. stigmatosoma Dyar (formerly reported as Cx.
peus Speiser); 4) Cx. territans Walker (formerly
reported as Cx. restuans Theobald); and 5) Ps.
columbiae (Dyar and Knab) (formerly reported
as Ps. confinnis [Lynch-Arribalzagal).
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Table 3. Updated checklist of mosquitoes of Oklahoma using traditional names (WRBU 2013). X denotes
collection reported by author.
Total West Nile
Rozeboom Griffith  Parsons and  Darsie and virus surveys
No. Taxon (1942) (1952) Howell (1971) Ward (2005) 2003-06
Genus Aedes
Subgenus Aedes
1 Aedes cinereus X X X
Subgenus Aedimorphus
2 Ae. vexans X X X X
Subgenus Ochlerotatus
3 Ae. atlanticus X X X X
4 Ae. canadensis X X X
5 Ae. dorsalis X X X X
6 Ae. dupreei X X X X
7 Ae. epactius X X X X
8  Ae. fulvus pallens X X X
9  Ae. mitchellae X X X
10  Ae. muelleri X
11 Ae. nigromaculis X X X
12 Ae. spencerii X X
13 Ae. sollicitans X X X
14 Ae. sticticus X X X
15 Ae. taeniorhynchus X X
16  Ae. thelcter X X X
17  Ae. tormentor X X X
18  Ae. trivittatus X X X
Subgenus Protomacleaya
19  Ae. hendersoni X X X
20  Ae. triseriatus X X X X
21  Ae. zoosophus X X X X
Subgenus Stegomyia
22 Ae. aegypti X X
23 Ae. albopictus X X
Genus Anopheles
Subgenus Anopheles
24 Anopheles barberi X X X X
25  An. crucians X X X X
26  An. franciscanus X X X
27  An. perplexens X
28  An. pseudopunctipennis X X X X
29  An. punctipennis X X X X
30  An. quadrimaculatus X X X X
Genus Cogquillettidia Dyar
Subgenus Coquillettidia Dyar
31  Cogquillettidia perturbans X X X X
Genus Culex
Subgenus Culex
32 Culex coronator X
33 Cx. nigripalpus X X
34 Cx. pipiens complex (Cx. pipiens/ X X X X X
quinquefasciatus)
35 Cx. restuans X X X X
36  Cx. salinarius X X X X
37  Cx. stigmatosoma X X
38  Cx. tarsalis X X X X
39  Cx. thriambus X X
Subgenus Melanoconion
40  Cx. erraticus X X X X
41  Cx. peccator X X X
Subgenus Neoculex
42 Cx. apicalis X X X
43 Cx. territans X X X

Genus Culiseta
Subgenus Climacura
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Table 3. Continued.
Total West Nile
Rozeboom Griffith Parsons and  Darsie and virus surveys
No. Taxon (1942) (1952) Howell (1971) Ward (2005) 2003-06
44 Culiseta melanura X X X
Subgenus Culiseta
45  Cs. incidens X X X X
46  Cs. inornata X X X X
Genus Orthopodomyia
47 Orthopodomyia alba X X
48  Or. signifera X X X X
Genus Psorophora
Subgenus Grabhamia
49 Psorophora columbiae X X X X
50  Ps. discolor X X X X
51 Ps. signipennis X X X X
Subgenus Janthinosoma
52 Ps. cyanescens X X X X
53 Ps. ferox X X X X
54 Ps. horrida X X X
55 Ps. longipalpus X X
56  Ps. mathesoni X X X X
Subgenus Psorophora
57  Ps. ciliata X X X X
58  Ps. howardii X X X X
Genus Toxorhynchites
Subgenus Lynchiella
59 Toxorhynchites rutilis septentrionalis X X X X
Genus Uranotaenia
Subgenus Pseudoficalbia
60  Uranotaenia anhydor syntheta X
Subgenus Uranotaenia
61  Ur. lowii X
62  Ur. sapphirina X X X X
40 11 57 59 40

WNYV surveillance

Between 2004 and 2006, a total of 1,556 pools
consisting of 56,026 mosquitoes from 12 species of
mosquitoes in 3 genera were tested for WNV of
which 152 pools (9.8%) were positive (Table 2).
Pools of Cx. pipiens complex comprised the
greatest number tested (49.2%), followed by Ae.
albopictus (13.8%) and Cx. tarsalis (12.3%). Pools
of Culex pipiens complex represented the highest
proportion testing WNV positive (17.5%, 134/
766), followed by Cx. tarsalis (6.8%, 13/192) and
Ae. albopictus (2.3%, 5/215). No pools of Cx.
salinarius Coquillett, Cx. restuans, Cx. erraticus,

Cs. inornata (Williston), Ae. vexans, Ae. triser-
iatus (Say), Ae. epactius, Ps. columbiae, or Ps.
ferox (von Humbolt) tested positive for WNV.
The WNV-positive mosquitoes were detected
over a 5-month period each year, with the earliest
detection occurring on June 8, 2006, and latest on
November 1, 2005 (Table 2). While potential
vector species were collected throughout the state,
WNV-positive Cx. pipiens complex mosquitoes
were found only in the central and eastern areas,
whereas WNV-positive Cx. tarsalis were collected
in central and western areas of Oklahoma

(Fig. 3).

Fig. 3.
Counties where (A) Culex pipiens complex, (B) Culex tarsalis, and (C) Aedes albopictus were collected (shaded gray)
and where pools of WNV-positive mosquitoes were detected (shaded black).

Distribution of West Nile virus (WNV)-positive mosquitoes in Oklahoma between 2004 and 2006.
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DISCUSSION

The Oklahoma WNV mosquito surveillance
data presented here confirmed the presence of 37
species of mosquitoes previously reported in the
state and added 3 new species, Ae. muelleri, An.
perplexens, and Cx. coronator, which had not
been previously recorded. This increased the total
recorded mosquito species in Oklahoma to 62.
The most abundant taxa collected during this
period were Cx. pipiens complex, Ae. albopictus,
and Ae. vexans (Table 1). The biased collection of
urban species of mosquitoes was due mainly to
the main focus of the study being WNV
surveillance. As such, the use of CDC light and
gravid traps are known to collect more Culex spp.
and Aedes spp., while more specialized collecting
methods are required for rarer species (Farajol-
lahi et al. 2009, Obenauer et al. 2010). Culex
pipiens complex mosquitoes were common in
urban and suburban areas where they lay their
egg rafts in storm sewer catch basins, ground
pools, ditches, effluent from sewage treatment
plants, and other sites with highly eutrophic
conditions (Yee and Skiff 2014). Aedes albopictus,
found in most Oklahoma counties (Noden et al.
2015), were also common in urban areas,
breeding in containers and other smaller water-
filled vessels (Juliano and Lounibos 2005). While
Cx. pipiens complex mosquitoes prefer to feed on
birds, Ae. albopictus prefer humans and other
mammals (Lindsey et al. 2008). Both species are
known vectors for a variety of pathogens
(Kramer et al. 2008).

West Nile virus was detected in pools of Cx.
pipiens complex, Cx. tarsalis, and Ae. albopictus.
While WNYV has been reported as occurring in all
3 species of mosquitoes, Cx. pipiens complex and
Cx. tarsalis are considered major bridge vectors
for WNV throughout the USA (Lindsey et al.
2008). West Nile virus has been detected in all 3
species in northern Texas (Bradford et al. 2005)
and in Cx. pipiens and Cx. tarsalis in New Mexico
(Pitzer et al. 2009). Unlike other studies, WNV
was not detected in Ae. vexans, Ps. columbiae, Cs.
inornata (Pitzer et al. 2009), Ae. salinarius, or Ps.
ferox (Cupp et al. 2007). No testing was
performed on Ae. dorsalis (Meigen), Ae. sollici-
tans (Walker), Ae. trivittatus (Coquillett), or Ps.
signipennis (Coquillett) in which WNV was
detected in New Mexico (Pitzer et al. 2009).
Based on these results, the principal vectors for
WNV in Oklahoma are most likely Cx. pipiens
complex and Cx. tarsalis.

While both species of Culex were collected in
various parts of Oklahoma, WNV-positive Culex
seemed to be geographically associated with only
infected Cx. pipiens complex identified in eastern
and central Oklahoma and infected Cx. tarsalis in
the western and central areas of the state.
Geographical differences have also been reported

in Texas, with higher prevalence of WNV in Cx.
tarsalis in the north-central areas (on the Okla-
homa border) and Cx. pipiens quinquefasciatus
Say in more central eastern areas around Dallas
(Warner et al. 2006). Culex tarsalis has been
implicated in WNV transmission activity in West
Texas (Bradford et al. 2005), New Mexico (Lujan
et al. 2014), Arizona (Colborn et al. 2013), and
California (Kwan et al. 2010).

The abundance of Cx. pipiens complex, Ae.
albopictus, and Ae. vexans was similar during
2003, 2005, and 2006 (Table 1). However, there
was a major shift in the species of mosquitoes
collected in 2004 due to the inclusion of western
Oklahoma county sites and more rainfall during
this period (Figs. 1 and 2). Most likely, the
increased rainfall in western Oklahoma in 2004
filled the numerous playa lakes (catchment areas)
on farms throughout the region and increased the
numbers of Cx. tarsalis collected in Beckham and
Texas counties (Fig. 1 and Table 1). As much as
90.2% of the Cx. tarsalis were collected in these 2
western counties during 2004, with an almost
equal prevalence of WNV detected that year in
both Cx. pipiens complex and Cx. tarsalis
(Table 2). The increased rainfall in 2004 appears
to have also enhanced the species of mosquitoes
collected in urban areas. Seventy-one percent of
mosquitoes collected in 2004 consisted of 6
species: the floodwater mosquitoes (Ae. vexans,
Ae. sollicitans, and Ae. dorsalis) and the perma-
nent-water mosquitoes (Cx. tarsalis, Cx. salinar-
ius, and Cx. erraticus). These 6 species accounted
for only 23%, 20%, and 9% of the totals collected
in 2003, 2005, and 2006, respectively. This
suggested that rainfall differences in one year
can have a dramatic effect on mosquito popula-
tions and their subsequent impact on public and
veterinary health. For example, while Cx. salinar-
ius accounted for <1% of mosquitoes collected in
2003, 2005, and 2006, it was 8% of the total
collected in 2004, with 76% originating in the city
of Ardmore. As WNV (CDC 2012) and dog
heartworm (Ludlam et al. 1970, Ernst and
Solcombe 1984, Paras et al. 2014) have been
detected in all 6 species, the ability of these
mosquitoes to breed when conditions are favor-
able makes them difficult to control.

Three new species were identified in Oklahoma
during the surveillance period. Two species (A4e.
muelleri and An. perplexens) are not medically
important, while Cx. coronator is a potential
WNYV vector (Alto et al. 2014). The identification
of Ae. muelleri and An. perplexens in Oklahoma
was notable when comparing the regional distri-
bution maps published by Darsie and Ward
(2005). According to these maps, Ae. muelleri is
found only in a small region in Texas while An.
perplexens is considered to be found only in the
eastern United States. It is possible that the An.
perplexens described in Nebraska in 2000 (Moore
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2001) has moved southward through Kansas into
Oklahoma.

The distribution and importance of Cx. cor-
onator in the state needs further focused study.
This mosquito species has invaded much of the
southeastern USA since moving north from Texas
after 2000 (Gray et al. 2008). It has since been
reported in Mississippi (Varnado et al. 2005),
Louisiana (Debboun et al. 2005), Florida (Smith
et al. 2006), Alabama (McNelly et al. 2007),
Georgia (Kelly et al. 2008), and South Carolina
(Moulis et al. 2008). Normally collected with
other species in a variety of water bodies and
locations (Moulis et al. 2008), it is not a dominant
invader when compared with Ae. albopictus (Yee
and Skiff 2014). The first report of the presence
and description of Cx. coronator in Oklahoma
was made by one of the authors (K. Bradley)
during a State Vector Control Conference Power-
Point presentation. While this slide has been cited
in the literature (a site that is no longer accessible)
as evidence that the species is present in Okla-
homa, to date no official publication has sub-
stantiated this observation. Another identifica-
tion of a single larva in 2004 and the subsequent
inclusion in a species listing from Payne County
in the north-central region of Oklahoma (Paras et
al. 2014) demonstrates this species has invaded
new territory since its first description in south-
central Oklahoma. A reported vector for WNV
(CDC 2012, Alto et al. 2014), the extent this
invasive mosquito will play in arbovirus trans-
mission in the southern USA remains uncertain.

While 64.5% of the species on the checklist
were collected at one or more sampling sites
during the 4 years of surveillance, 16 (26%) of the
historically reported species in Oklahoma have
not been observed since 1965 (Parsons 1965). As
several are competent vectors for WNV and
canine heartworm, it is important to establish
whether they still are in the state and whether
they could pose a local threat should rainfall
increase one year. Of the “missing” species, the
most important for disease transmission potential
and risk is Ae. aegypti (L.), which has not been
reported in Oklahoma since 1938 (Rozeboom
1938). The last published record of this species
was in central Oklahoma in Edmond (Jones and
Coyner 1933) and Stillwater (Rozeboom 1938).
However, it appears to have been identified again
in 2013 by Department of Defense surveillance in
Lawton, OK (K. Bradley, unpublished data). The
current distribution of this vector remains un-
known. One possible reason for the disappear-
ance of Ae. aegypti from Oklahoma could be the
1999 invasion by Ae. albopictus, which effectively
outcompetes Ae. aegypti during the larval stage
(Juliano and Lounibos 2005).

Even though the focus of mosquito collections
was on WNYV surveillance in urban areas, this
4-year survey demonstrates Oklahoma’s diverse

and abundant mosquito fauna throughout its 11
unique ecozones. In total, 40 species were
identified, including 3 new state records. This
information will be valuable in developing
mosquito ecological studies and control programs
in the anticipation of future arboviral outbreaks.

ACKNOWLEDGMENTS

The authors are indebted to the many collec-
tors from all counties of Oklahoma who have
worked in the WNV surveillance program.
Specifically, the authors would like to thank
Mike Echelle, Tim Langford, and Ted Evicks
(Pittsburg County), Jo Berger and Rick Forbes
(Pawnee County), and Robert Whitaker and
Bruce Cypert (Carter County) for their tireless
efforts in setting the traps and collecting the
mosquitoes. Special thanks to Wyatt Hoback and
Hassan Malouk for reviewing the manuscript.
The 2003-04 mosquito collection and testing
projects were supported by the Oklahoma State
Department of Health through grant funding
provided for WNYV surveillance by the Centers
for Disease Control and Prevention (CDC). This
work was supported by Cooperative Agreement
Number U50/CCU616800-04-2 funded through
the CDC. The article was approved for publica-
tion by the Director of Oklahoma Agricultural
Experiment Station, and Bruce H. Noden was
partially supported by the Oklahoma Agricultur-
al Experiment Station (OKL-02909).

REFERENCES CITED

Alto BW, Connelly CR, O’Meara GF, Hickman D,
Karr N. 2014. Reproductive biology and susceptibil-
ity of Florida Culex coronator to infection with West
Nile virus. Vector Borne Zoonotic Dis 14:606-614.

Bradford CM, Nascarella MA, Burns TH, Montford
JR, Marsland EJ, Pepper CB, Presley SM. 2005. First
report of West Nile virus in mosquitoes from
Lubbock County, Texas. J Am Mosq Control Assoc
21:102-105.

CDC [Centers for Disease Control and Prevention]. 2012.
Mosquito species in which West Nile virus has been
detected, United States, 1999-2012 [Internet]. Atlanta,
GA. Centers for Disease Control and Prevention
[accessed October 5, 2015]. Available from: http:/
www.cdc.gov/westnile/resources/pdfs/Mosquito%?20
Species%201999-2012.pdf.

Colborn JM, Smith KA, Townsend J, Damian D, Nasci
RS, Mutebi JP. 2013. West Nile virus outbreak in
Phoenix, Arizona—2010: entomological observations
and epidemiological correlations. J Am Mosq Control
Assoc 29:123-132.

Cupp EW, Hassan HK, Yue X, Oldland WK, Lilley
BM, Unnasch TR. 2007. West Nile virus infection in
mosquitoes in the mid-south USA, 2002-2005. J Med
Entomol 44:117-125.

Darsie RF Jr, Ward RA. 1981. Identification and
geographical distribution of the mosquitoes of North
America, north of Mexico. Mosq Syst Suppl 1:1-313.


http://www.cdc.gov/westnile/resources/pdfs/Mosquito%20Species%201999-2012.pdf
http://www.cdc.gov/westnile/resources/pdfs/Mosquito%20Species%201999-2012.pdf
http://www.cdc.gov/westnile/resources/pdfs/Mosquito%20Species%201999-2012.pdf

344

JOURNAL OF THE AMERICAN M0sQUITO CONTROL ASSOCIATION

VoL. 31, No. 4

Darsie RF Jr, Ward RA. 2005. Identification and
geographical distribution of the mosquitoes of North
America, north of Mexico. Gainsville, FL: Univ. Press
of Florida; American Mosquito Control Association.

Debboun M, Kuhr DD, Rueda LM, Pecor JE. 2005.
First record of Culex (Culex) coronator in Louisiana,
USA. J Am Mosq Control Assoc 21:455-457.

Ernst J, Solcombe JOD. 1984. Mosquito vectors of
Dirofilaria immitis in southwestern Ontario. Can
J Zool 62:212-216.

Farajollahi A, Kesavaraju B, Price DC, Williams GM,
Healy SP, Gaugler R, Nelder MP. 2009. Field
efficacy of BG-Sentinel and industry-standard traps
for Aedes albopictus (Diptera: Culicidae) and West
Nile virus surveillance. J Med Entomol 46:919-925.

Harrison BA, Reinert JF, Saugstad ES, Richardson R,
Farlow JE. 1973. Confirmation of Aedes taenior-
hynchus in Oklahoma. Mosq Syst 5:157—-158.

Gray KM, Burkett-Cadena ND, Eubanks MD. 2008.
Distribution expansion of Culex coronator in Ala-
bama. J Am Mosq Control Assoc 24:585-587.

Griffith ME. 1952. Additional species of mosquitoes in
Oklahoma. Mosq News 12:10-14.

Johnson MG, Adams J, McDonald-Hamm C, Wendel-
boe A, Bradley KK. 2015. Seasonality and survival
associated with three outbreak seasons of West Nile
virus disease in Oklahoma—2003, 2007, and 2012.
J Med Virol 87:1633-1640.

Jones RW, Coyner W. 1933. An observation of Aedes
aegypti in Oklahoma. Proc Okla Acad Sci [Internet]
14:19 [accessed October 5, 2015]. Available from:
http://digital.library.okstate.edu/oas/oas_pdf/v14/
p19.pdf.

Juliano SA, Lounibos LP. 2005. Ecology of invasive
mosquitoes: effects on resident species and on human
health. Ecol Lett 8:558-574.

Kelly R, Mead D, Harrison BA. 2008. Discovery of
Culex coronator Dyar and Knab (Diptera:Culicidae)
in Georgia. Proc Entomol Soc Wash 110:258-260.

Kramer LD, Styer LM, Ebel GD. 2008. A global
perspective on the epidemiology of West Nile virus.
Annu Rev Entomol 53:61-81.

Kwan JL, Kluh S, Madon MB, Reisen WK. 2010. West
Nile virus emergence and persistence in Los Angeles,
California, 2003-2008. Am J Trop Med Hyg 83:
400-412.

Lanciotti RS, Kerst AJ, Nasci RS, Godsey MS,
Mitchell CJ, Savage HM, Komar N, Panella NA,
Allen BC, Volpe KE, Davis BS, Roehrig JT. 2000.
Rapid detection of West Nile virus from human
clinical specimens, field-collected mosquitoes, and
avian samples by a TagMan reverse transcriptase-
PCR assay. J Clin Microbiol 38:4066-4071.

Lindsey NP, Kuhn S, Campbell GL, Hayes EB. 2008.
West Nile virus neuroinvasive disease incidence in the
United States, 2002-2006. Vector Borne Zoonotic Dis
8:35-39.

Ludlam KW, Jachowski LA Jr, Otto GF. 1970.
Potential vectors of Dirofilaria immitis. J Am Vet
Med Assoc 157:1354-1359.

Lujan DA, Greenberg JA, Hung AS, Dimenna MA,
Hofkin BV. 2014. Evaluation of seasonal feeding
patterns of West Nile virus vectors in Bernalillo
county, New Mexico, United States: implications for
disease transmission. J Med Entomol 51:264-268.

McNelly JR, Smith M, Micher-Stevens KM, Harrison
BA. 2007. First record of Culex coronator from
Alabama. J Am Mosq Control Assoc 23:473-475.

Moore JP. 2001. New Nebraska mosquito distribution
records. J Am Mosq Control Assoc 17:262-264.

Moulis RA, Russell JD, Lewandowski HB Jr, Thomp-
son PS, Heusel JL. 2008. Culex coronator in coastal
Georgia and South Carolina. J Am Mosq Control
Assoc 24:588-590.

Murray KO, Ruktanonchai D, Hesalroad D, Fonken E,
Nolan MS. 2013. West Nile virus, Texas, USA, 2012.
Emerg Infect Dis 19:1836-1838.

Noden BH, Coburn L, Wright R, Bradley K. 2015.
Updated distribution of Aedes albopictus in Okla-
homa, USA and implications for arbovirus trans-
mission. J Am Mosq Control Assoc 31:93-96.

Obenauer PJ, Kaufman PE, Kline DL, Allan SA. 2010.
Detection of and monitoring for Aedes albopictus
(Diptera: Culicidae) in suburban and sylvatic habitats
in north central Florida using four sampling tech-
niques. Environ Entomol 39:1608-1616.

O’Brien VA, Reiskind MH. 2013. Host-seeking mos-
quito distribution in habitat mosaics of southern
Great Plains cross-timbers. J Med Entomol 50:
1231-1239.

Oklahoma State Department of Health. 2015. West Nile
virus in Oklahoma [Internet]. Oklahoma City, OK:
Oklahoma State Department of Health [accessed
October 5, 2015]. Available from: http://www.ok.
gov/health/Disease,_Prevention,_ Preparedness/Acute_
Disease_Service/Disease_Information/Mosquitoborne_
Tllness/West_Nile_Virus/.

O’Meara GF, Craig GB Jr. 1970. Geographical
variation in Aedes atropalpus (Diptera: Culicidae).
Ann Entomol Soc Am 63:1392-1400.

Paras KL, O’Brien VA, Reiskind MH. 2014. Compar-
ison of the vector potential of different mosquito
species for the transmission of heartworm, Dirofilaria
immitis, in rural and urban areas in and surrounding

Stillwater, Oklahoma, U.S.A. Med Vet Entomol
28:60-67.
Parsons RE. 1965. The mosquitoes of Oklahoma

[master’s thesis] Oklahoma State University: Still-
water, OK.

Parsons RE, Howell DE. 1971. A list of Oklahoma
mosquitoes. Mosq News 31:168-169.

Pitzer JB, Byford RL, Vuong HB, Steiner RL, Creamer
R1J, Caccamise DF. 2009. Potential vectors of West
Nile virus in a semiarid environment: Dona Ana
County, New Mexico. J Med Entomol 46:1474-1482.

Rozeboom LE. 1938. The overwintering of Aedes
aegypti L. in Stillwater, Oklahoma. Proc Okla Acad
Sci [Internet] 19:81-82 [accessed October 5, 2015].
Available from: http://digital.library.okstate.edu/oas/
oas_pdf/v14/p19.pdf.

Rozeboom LE. 1942. The mosquitoes of Oklahoma
[Internet]. Technical Bulletin T-16. City, OK: Okla-
homa Agricultural and Mechanical College Agricul-
tural Experiment Station [accessed October 5, 2015].
Available from: http://ww.w.sandflycatalog.org/files/
pdfs/113600-4.PDF.

Smith JP, Walsh JD, Cope EH, Tennant RA Jr, Kozak
JA 3rd, Darsie RF Jr. 2006. Culex coronator Dyar
and Knab: a new Florida species record. J Am Mosq
Control Assoc 22:330-332.

Varnado WC, Goddard J, Harrison BA. 2005. New
state record of Culex coronator Dyar and Knab
(Diptera:Culicidae) from Mississippi. Proc Entomol
Soc Wash 107:476-4717.

Warner RD, Kimbrough RC, Alexander JL, Rush
Pierce J Jr, Ward T, Martinelli LP. 2006. Human



DECEMBER 2015

MosQuiTo CHECKLISTOF OKLAHOMA

345

West Nile virus neuroinvasive disease in Texas, 2003
epidemic: regional differences. Ann  Epidemiol
16:749-755.

Weather Underground. 2014. Historical weather [Inter-
net]. San Francisco, CA. Weather Underground Inc.
[accessed December 5, 2014]. Available from: http:/
www.wunderground.com/history/.

WRBU [Walter Reed Biosystematics Unit]. 2013.
WRBU-—New Mosquito Classification, 2013 [Inter-

net]. Switzerland, MD: Walter Reed Biosystematics
Unit [accessed October 5, 2015]. Available from: http://
www.mosquitocatalog.org/files/pdfs/mq_Classifica-
tionNew201309.pdf.

Yee DA, Skiff JF. 2014. Interspecific competition of
a new invasive mosquito, Culex coronator, and two
container mosquitoes, Aedes albopictus and Cx.
quinquefasciatus (Diptera: Culicidae), across diffe-
rent detritus environments. J Med Entomol 51:89-96.



