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IMPOUNDED WATER AS A MAJOR PRODUCER OF CULEX SALINARIUS
(DIPTERA: CULICIDAE) IN COASTAL AREAS OF
NEW JERSEY, USA'?

Marc Slaff and Wayne J. Crans?®

Absnact. Culx salmarins was found fo be the dowmnant
species in 9 ol the 10 kagest Culex populations ur New Jersey,
SN Sanphng revealed that fatval habnats mduded coastal
brackish and freshwater impoundments, a stop dich and a
dredge deposit zone Votually all o these habitats were man-
made, and many were constructed o contiol the salimash
mosquno, Aedes sollictans. These data demonstiate the need to
more thotough evaluation of marsh nranagement techngques
1o avoid replacing one naisance species with another

Culex salinarius Coq. is a common mosquito that
is most abundant along the Atlantic and Gulf
coasts of the United States (Garpenter & LaCasse
1953). The species accepts a wide variety of blood-
meal hosts (Murphey et al. 1967, Edman 1974) and
is considered a major nuisance o humans (Sicel-
man 1975). Chambaerlain et al. (1938) implicated
Cx. salinarius as a possible vector of eastern equine
encephalitis along the castern scaboard. Clark et
al. (1977) suggested that the species may also be
important in the transmission of $t. Louis enceph-
alitis. Althoagh Smith (1904) originally classified
Cx. salinarius as a salt-tnarsh mosquito, the species
is widely distributed thoughout the inland states
(Eldridge et al. 1972). Larval habitats include a va-
riety of brackish or fieshwater sources that are rich
in emergent vegetation and decaying plant mate-
rial (Horsfall 1955, Murphey 1961).

The state of New Jerseyv, USA, has been moni-
toring mosquito populations with standard New
Jersey light traps since 1931 (Headlee 1932) and
has a continuous record of the major pest species
in most arcas of the stare. The traps. operated pri-
marily by county mosquito control agencies, are
used o compare mosquito abundance {rom one
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vear 1o the next and identify problem arcas where
control is necded 1o alleviate mosquito nuisance.
Records from this monitoring svstem indicate that
Culex mosquitpes are extremely abundant in many
coastal areas of the state. Because of the coastal
distribution. the populations are assumed 10 be
composed primarily of Cx. salinarms, but the actual
pereentage of this species in local collections has
never been well defined. Culex mosquitoes collect-
ed by light wap are usually 1ubbed and fairly dif-
ficult to accurately identify to species (Headlee
1945, Siverly 1972). As a result, most New Jersey
light trap record sheets group Culex species as a
complex, which includes Cuflex pipiens V... Culex 1es-
fuans Theo. and Cx. salinarius.

In 1978. a stady was initiated 10 determine if Cx.
salinaraes was actually the dominant Culex along the
New Jersey coast. Studies were also undertaken to
defme the primaiy lnval habitats marcas where
the species was a major pest.

MATERTALS AND METHODS

Records from approximately 335 county light
taps were examined 10 deterine those that col-
lecied the Tavgest patber of Culex mosquitoes on
an annual basis. ‘Uhe 10 uaps that showed the
highest populations from 1973 0 1977 were
rankerd according to the mean total naimber of Cu-
lex collected during the month of August, the peak
period for Cx. salinarius in the middle Atlantic re-
gion. Fach of the traps was then located and the
trap sites were visited for related field studies.

In 1978 and 1979, pigeon raps were emploved
in the vicinity of cach light trap site 1o collect Culex
specimens that could be accuratels identified o
species (Ehrenberg 1966, Downing & Caans 1977).
Two pigeon traps were operated biweekIv at cach
ol the 10 sites during Julv and August of the
2-vemr period. Pigeon rap collections weie frozen
as soon as possible, and the speamens were ex-
amined to determine the pereentage of Cx. pipuens,
Cx. restuans and Cx. salinaniws in the samples. In
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areas where Cx. salinarins constituied ar least 506
of the Culex population, potential larval habitats
within a 3-kin radius of the light trap were sampled
using a stancdard mosquito dipper, Whenever Cx.
salinarius lavae were located. the habitat water was
assayed for salinitv, and associated mosquito larvae
and vegetation were raken for identification.
RLSULTS

The geographical distribution of the 10 light
traps that averaged the greatest number of Culex
mosquitoes in New Jersey [rom 1973 0 1979 iy
illustrated in Fig. 1. The numerals within each
light-trap symbol rank the traps from | to 10 ac-
cording 10 the average total collection for August
during the 3-vear period. The trap sites all bor-
dered cither the Atlantic Ocean or Delaware Bav,
and all bur light trap 10 were within 6 km of the
coast. Traps 1-9 were situated in relatively rural
arcas on the coastal plain in the southern portion
of the stare. I'rap 10 was much farther inland in
a heavily populated region iu metropolitan north-
castern New jersey,

Lable 1 shows that the average August collec-
tions in these traps ranged frow a high ol 23,379
Culex mosquitoes in trap | alow of 1952 in trap
10. Pigeon tap sampling showed that Cx. salmarius
was the dominaut Culex species at all the sttes in
the southern portion of the state; Cx. pipiens and
Cx. restuans were detected in low numbers at some
of the southern sites. In the single trap (site 10)
located in the wiban northeast, however, Cx. pupicns

represented over 924 of the Culex population. and
Cx. salmarius was found oulv in low numbers.

Larval sampling revealed that cach of the 10
largest Culex populations detected by the light
traps originated [rom a nearby permanent or seni-
permanent water source. Although many of the
traps were starioned on or adjeent 1o vast acrcages
of wransient coastal marsh, all the Culex mosqui-
toes, including Cx. salinarius, were wiilizing more
permanent bodies of water as the major breeding
sites.

Table 2 lists the primary breecding habitat asso-
ciated with cach of the light taps monitored in
this study. In the southern portion ol the state.
some form of impounded water was responsible
for producing each of the local Cx. salimarius pop-
ulations that wus reflecied by the abnormally high
trap counts, In the northeast, a sanity landfill
produced the Cx. ppiens that were collected
tap-site 10.
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Lasir B Percentages of Culex salmarius m New Jerses s 10

largest Culex populations.

No. or Culex Dis-
IN FIGHT IRADS 1ANCl G Culex As MEASURID
I e— TROM BY PIGTON TRAPS
Avcusy Coast S E—
ANG. (km) fnprens  restuans salinaries
1 23.379 0.9 1.3 0.7 98 0
2 16.801 L3 0.3 0.3 98.9
3 5272 2.0 Al 1] 91.9
1 5083 60 9.2 6.1 84.7
3 3860 3.0 0.1 01 99.5
[ 3507 60 0 0 100
7 E4 3.0 0.R 0.3 98.9
] 2010 0.1 32.0 8.0 60.0
9 2003 3.3 0 0 100
10 1932 27.0 923 2.9 4.8

The impoundments on the eastern coast of New
Jersey that were producing large numbers of Cx
salinarius (trap-sites 2. 3 and 7) were originally
ated 1o control the salumarsh mosquito, Aedes sol-
licstans (Walker). In cach case, several hundred
hectares of salt marsh were diked and inundated
with fresh water to prevent the alternate flooding
and hying conditions that favor the salt-marsh
Aedes. None of the impoundments was more than
20 vears old, and salinity readings during 1978 and
1979 indicated that the water comained less than
2.0 pprt of salt when larval sampling was conduct-
cd. Cx. salmarius larvac were most often associated
with vegetation comprising Phragimites communis,
Typha sp. and Scirpus sp. At one ol the sites (trap 3),
larvac were collected in small numbers within
stands of Spartina alterniflora that remained from
the original salt-marsh ecosystem.

Larval sampling near wap-site 5 on the casten
coast of the state showed that Cx. salinarius larvae
were abundant in an area where salt-marsh drain-
age ditches had been blocked 3 vears carlier to
create a low-level immpoundment for the control of
dAe. sollicitans. 1The techuique, often refened to as
“stop ditching™ (Shisler 1978), intertupts tidal (low
and allows water from upland areas (o flood the
marsh to a depth of approximately 13-30 cm. Sa-
linity varied from 0.5 to 10.0 ppt while larvac were
being sampled. Distichlis spicata and S, alternifiora
he dominant plaws in areas where Cx. sali-
narius [Arvac were most nuinel ous.

The impoundments along the Delaware Bay
coast ol New Jersey that were producing large
numbers of Cx. salinarius (trap-sites 1, 4, 6 and 9)
were constructed o convert marshes (o farmland
mote than 30 yvears ago. lhese impoundments
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‘Tance 2. Primans breecing habitats of New Jersey's 10 Jargest Culex populations.

JARVAL HABILAY

. o
MI(HH TR (){t’}wx SaLiNiy ASSOCIATED oA
TraAP NO. ALGUST AVG. salimarius 'y {(ppv 110N
1 98.0 I'reshwater impoundinent 0 Phragmites commmuns
2 98.9 Freshwater and brackish o P, commurns
impoundraents Iypha sp.
3 5272 919 Lreshwater and brackish 1.0-2.0 P. communts
impoundments Spartina altermflora
! Scurpas sp.
4 5083 1.7 Fireshwater impoundinents 0 P. communis
h 3860 99.5 Low-level impoundmem 0.5 10.0 Dushhlis spucata
{stop-clitch} S. alterneflna
G 100 Freshwater impoundment 0 P. commouns
7 98.9 Ireshwater and brackish 0 . communys
impoundments Typha sp
3 2040 60.0 Dredge deposit zone 0 P. communis
Q@ 2003 100 Freshwater impoundmem 0 P. communus
Scarpus sp
10 1952 1.8 Sanitary landfilt [ None

< Although salimiy 1eadmgs indicated fresh water throughout this study. extreme high tides occasionally flow over the dikes

of these napoundments to aeate brackish conditions.

tap {resh tdewater [rom the mouth of the Dela-
ware River and keep the adjacent upland drained
well enough o farm. Water samples from the im-
poundments yielded salinity readings of 0 ppt
throughont the year. Consicderable aquatic vege-
tation had grown up in the flooded arcas, and
farge muskrat populations currently provide the
property owners with an important source of in-
come. Cx. salinarius larvac were found in dense
stands of P. communis, the dominant vegetation in
the impounded arcas.

Larval sampling near wrap-site 8 on Delawarce
Bay showed that Cx. salinarius was breeding heavily
in a dredge deposit zone. ‘The habitat is actually a
high dike impoundment created to hold the mix-
ture of mud and water that is pumped from dredg
ing operations to deepen unavigable waterways.
The impoundment temained (looded throughout
the period of larval sampling, but complete evap-
oration of this habitat is possible because rainwater
is the only source of replenishment when pumping
operations cease. $alinity readings indicared 0 ppt
throughout the 2-year imvestigation, and Cx. sali-
narius larvac were most abundant in the dense
stands of P. communis that were overraking his
arca.

A number of mosquito species were frequently
collected along with Cx. salinarius. "I'he impound-
ments most often yielded freshwater species in-
cluding dnopheles punctipenms (Say), Anopheles quad-

rimaculatus (Say), Culex ferritans Walker and
Uranotaenia sapphiring (Osten Sacken). Lesser num-
bers of Cx. restuans and Culiseta silvestris mmnesolae
Barr were detected in some of the impounded
avcas. Aedes cantator (Coq.). a lloodwater species.
was the only salt-marsh mosquito associated with
salinarius in (reshwater impoundments, and
also the only species associated with Cx. sali-
narius in the mote saline low-level impoundment
aud in the transient dredge deposit zone.

Although Cx. salinarius amounted 1o less than
5% of the Culex mosquitoes collected at trap-site
10 in the urban northeast, larval mmpling wds con-
ducted to determine the source of the Cx. pipiens
that accounted for that trap’s high mosquito pop-
ulation. Numerous Cx. pipiens larvae were located
in a nearby sanitary land(ill that encompassed sex-
cral hundred hectares of heavily polluted stagnant
pools and discarded containers. No Cx. salinarius
were found in the landfill area, but laivae were
collected [rom a nonpolluted freshwater impound-
ment approximately 4 km southeast of the light
trap location.

DISCUSSION

1here is substantial evidence 1o show that im-
poundments constructed in coastal areas will pro-
duce large populations ol Cx. selinarius. Such an
occurrence was documented in New Jersey by a
comprehensive 3-vcar study designed 10 deter-
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mine the influence of wildlife impoundments on
mosquito breeding (Chapman & Ferrigno 1956),
and concurrent research in Delaware provided os-
sentially identical 1esults (Springer & Darsic 191
Florshutz 1959). The stuclies concluded, however.,
that the rise in Cr. salinarius populations was not
aserious problem. Additional work has shown that
impoundments in the southern United States have
a similar cffect. In Florida, Clements & Rodgers
(1964) reported a substantial increase in Cx. safi-
narus [rom a freshwater impoundment construct-
ed 1o control salt-marsh Aedes species. Comparable
results were obtained in Louisiana by Fleetwood et
al. (1978), who noted thar wildlife impoundments
produced significandy more Cx. salinarius than un-
disturbed salt marsh. In all of these studies. the
habitats that led 1o an increase of Cx. salinarius
were brackish or freshwater regions that contained
large muounts of cmergent vegetation.

Results from the present investigation agree
with the carlier studices, but indicate that the prob-
lem is widespread and more serious than originally
believed. Virtually all of the largest Cx. salinarius
populations in New Jersev emanaie from some
form of freshwater or brackish impoundments,
many ol which were originallv designed to protect
the public {rom salt-marsh mosquito nuisance.

Although Cx. selinarius is common along the At-

lantic and Gulf coasts of the USA, the impact of

the species appears to be overshadowed by salt-
marsh Aedes such as Ae. sollicitans, Ae. taeniorhynchus
and Ae. cantator. As a group. the salt-marsh dedes
can be sevete pests. ‘They are capable of flying con-
siderable distances from the larval habitat (Smith
1904, Provost 1952), feed almost exclusively on
mammalian hosts (Ecdinan 1971) and feed avidly
during the day as well as the night (Teadlee 1943,
Fbsary & Crans 1977). Cx. salinarius is known to be
a pest species (Griffiths 1928, Sieeliman 1975) and
a potential discase veaior (Clark et al. 1977). but
is less apparent than most salt-marsh Aedes. Cx. sal-
inarius 1s more apt 1o be a local nuisance because
the species has a limited flight range (MacCreary
& Stearns 1937), accepts blood from birds as well
as mammals (Murphey et al. 1967) and secks a host
almost exclusively after sunset (Muphey & Darsie
1962). As a result, large populations of salina-
rius can be overlooked in favor of controlling the
more aggressive salt-marsh Aedes. New Jersey pro-
vides the perfect example in this regard. de. solli-
citans populations are monitored continuously with
landing rate counts taken during daslight hours.
and the state operates an airspray program lor
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adult control when the species reaches nuisance
levels (Sutherland & Kent 1977). Lopublished
data from the New Jersey Agriculiural Experiment
Station show that Culex species outnumber Ae. sol-
licians in many coastal areas, but the members of
the complex are not separated in most state and
county light-trap 1ecords and contol is not subsi-
dized with state funds.

Impoundmeuts represent oue very effective
method of controlling the salt-marsh Aedes that
breed along the coast. By inundating poitions of
salt marsh that would novmally produce 3 o1 more
broods during a scason. annovance by these
specics can he grearly reduced. Impoundments
frequently provide side benefits as well, ¢.g.. en-
hancing watetlowl usage and recreational benefits
(MacNamara 1952) and maintaining upland water
tables for agricultural purposes (Harris 1937).
Many Culex species, however, are aided by man's
activities and thrive near human populations. Cx.
salingrius 15 no exception and appears 1o he quite
capable of exploiting a man-made ecosystem. Iin-
pounded arcas offer an expanse of {resh water
that quickly supports the emergent vegetation fa-
vored by the species. In a relatively short time, Cx.
salmarius can become a serious pest.

Ag human activities inerease in coastal arcas of
the country, greater numbers of people will be af-
fected by the mosquitoes that breed in these re-
gions. Lhe replacement ol one pest with another
does not represent a logical pest-management
strategy. Fvery effort should be made 1o develop
an integrated approach for coastal areas that in-
cludes Cx. salinarius as well as the classical sali-
marsh pests.
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