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ABSTRACT. Blocks of  expanded polystyrene (EPS) were placed in a var iety of  habi tats to invest igate their

potential as an egg-collection device fcrr container-dwelling Aede.s and Ochlerotetus species. Eggs from Ochler-

otatus japonic.u.s, Oc. triseriotus, Oc. hendersoni, and Aedes ulbopi<'tu.s were collected with EPS floats. The flt lat

provides an inexpensive, low-maintenance alternative to the Centers for Disease Control ovitrap tor sampling

container-dwelling mosquito species that are important vectors of disease. Eggs collectcd on the floats have

many potent ia l  appl icat ions,  inc luding use in rout ine populat ion survei l lance;  detect ion of  Oc.  . io l . t r t r t ic 'us.  Ae.

albopictus,  and other container-dwel l ing species in new areas;  species dist r ibut ion studies;  natural  t ransovar ia l

t ransmission studies;  oviposi t ional  studies,  col lect ion ol ' local  f ie ld populat ions fbr  insect ic ide resistance assays,

assessment of  adul t ic id ing ef f icacy:  and establ ishment of  new laboratory colonies.
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INTRODUCTION

Oc'hlerotcttus jaytnicus japonica.s (Theobald) is
an Asian mosquito that was I st discovered in the
United States in 1998 (Peyton et al.  1999). In the
5 years since its discovery, the mosquito has spread
to 14 states (Connecticut [Andreadis et al.  2001],
Delaware [Chris Lesser, personal communication].
Maine [Foss and Dearborn 2001]. Maryland [Sar-
del is and Turel l  20011, Massachusetts [El len Bid-
lack, personal communicationl, New Hampshire
[Sarah McGregor, personal communication], New
Jersey [Peyton et al. 1999), New York [Peyton et
al.  19991, Ohio [Robert Resti fo. personal commu-
nicationl,  Pennsylvania [Sardel is and Turel l  2001].
Rhode Island [Alan Gettman, personal communi-
cationl,  Vermont [Graham and Turmel 2001], Vir-
ginia [Harrison et al. 2002, David Gaines, personal
communicationl,  and West Virginia [Jim Amrine.
personal communication]) in the eastern USA and
Quebec, Canada (R. Savignac, personal communi-
cation), and has been discovered on the Pacif ic
Coast near the port ci ty of Seatt le, WA (Washington
State Department of Health 2OO2).

Laboratory studies have demonstrated that Oc'.
juponicus is an eff icient vector of La Crosse virus
(Sardel is et al.  2O02b), eastern equine encephali t is
virus (Sardel is et al.  2OO2a). Japanese encephali t is
virus (Takashima and Rosen 1989), and West Nile
v i rus (WN) (Sarde l is  and Ture l l  2001) .  West  Ni le
virus-posit ive Or:. jctponicus have been col lected
from New Hampshire (Centers fbr Disease Control
iCDCl, unpublished data), New Jersey (W. J"
Crans, unpublished data), New York (White et al.
2001) ,  Ohio  (CDC, unpubl ished data) ,  Pennsy lva-
nia (Michael Hutchinson, PA Department of Envi-
ronmental Protection, West Ni le Virus Program.
personal communication). and Massachusetts (Wer-
ner 2001). The vector potential of this mosquito f irr
WN and other viruses requires that we find eff-ec-
t ive survei l lance methods f irr  i t .  But since i ts arr ival

in the United States in the late 1990s. few tradi-
t ional methods of mosquito survei l lance have been
effective in detectin g Oc. jctpotticus. Inlusion-baited
gravid traps (Reiter 1983) have been the most ef--
f icient means of col lect ing adults of this species for
virus survei l lance (Andreadis et al.  2001, Scott et
al.  2001. Falco et al.  2OO2), but in low numbers
relat ive to other species and do not provide infor-
mation about i ts abundance. Larval survei l lance is
the most rel iable method for detecting populat ions
of Oc:. japonic'u.s: however. this may be time-con-
suming and laborious.

Egg col lect ions are a sampling method that few
mosquito control agencies include as part of their
standard survei l lance program. Most egg survei l-
lance programs use the tradit ional CDC ovitrap as
descr ibed by Fay and El iason (1966) ,  which con-
sists of a I  -pint glass jar with a painted black ex-
terior surface, containing water and a wooden
tongue depressor with a str ip of brown blotter paper
as the oviposit ional surface inside the open.jar. The
blotter paper is col lected and replaced with f iesh
paper weekly, and the water in the ovitrap is re-
placed or topped off as needed.

Ovitraps have many applications, and have been
used to detect new populat ions of introduced spe-
cies such as Aede.s albopictLts (Skuse) and Aecle.s
deglp t i  (L . )  (R ichardson et  a l .  199-5.  Be l l in i  e t  a l .
1996). for species distr ibution studies (Hanson et
a l .  1988,  Yap 1995) ,  and for  eco log ica l  and ov i -
posit ional studies (Loor and DeFoliart 1969. Clark
and Cra ig  198-5.  Az iz  and Hayes 1987.  Bal lard  e t
a l .  1987.  K i t ron et  a l .  l9 t t9 .  Beehler  and DeFol iar t
1990, Trexler et al.  1991). Over the years. ovitraps
have col lected many species of container-dwell ing
mosqui toes.  inc lud ing Ochlerot t r tu .s  a t ropalpu.s
(Coq.). Oc. tr i .seriutus (Say). Ae. ulbopit ' tus. Aedes
tnediov i t tu tu .s  (Coq. ) .  Or thopodont t ' i t t  .s ign i . fer r t
(Coq. )  (Prat t  and Kidwel l  1969) .  Oc.  her tdersoni
(Cockere l l )  (C lark  and Cra ig  198-5.  Ba l lard  e t  u l .
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Fig. l .  (A) Local i ty. date . and other intormation is
writ ten direct ly onto the f loat. Two sides of the same ex-
panded polystyrene (EPS) f loat are shown in (B) and (C).
More eggs were deposited in the crevices and contours
produccd by breaking the EPS panels (B) than on the
srlrooth surfhces produced by cutt ing the foam panels (C).

1987), and Ae. aegyTtt i  (Reuben et al.  1977, Reiter
e t  a l .  l 9 9 l  ) .

Because Oc'. jttporzic'rr^s is a container-dwelling
mosquito, i t  is a natural candidate for survei l lance
with ovitraps. Oc'hlerototu,s . japonic'us was lst de-
tected in Ohio by using ovitraps (Berry 1999). but
only 6 specimens were col lected. In Connecticut,
Andreadis et al.  (2001) reported that ovitraps were
not effect ive in detecting Oc'.  jop()niL' t t . t  even
though many ovitraps were set in areas where gri iv-
id and l ight traps col lected adult Oc. . j r tytrnt i t t t .s.

During routine larval col lect ions of Or' .  . japort i-
c 'ru.r from automated l ivestock watering devices. the
senior author observed large numbers of mosquito
cggs on the polystyrene f loats used to regulate the
w'ater level.  These eggs were col lected and returned
to the laboratory, where they were hatched and thc
larvae were identi f ied as Oc'.  j t tponicus. This ob-
scrvation provided the inspirat ion to investigate
whether Oc. j t tytnic'rrs would lay i ts eggs on similar
substrates placed in other containers, and i f  a f loat-
ing polystyrene block could be used as an alterna-
t ive to the tradit ional CDC ovitrap.

Fig.  2.  Typical  habi tats sui table for  use of  expanded
polystyrene f loats.  (A) Plast ic  t ray:  (B) d iscarded t i re ;  (C)

t rash can:  and (D) gravid t rap.

MATERIALS AND METHODS

Sheets of Shelterfoam, a commercial ly avai lable
expanded polystyrene (EPS) panel insulat ion (Shel-
ter E,nterprises, Inc., Cohoes. NY) used f irr  insulat-
ing homes, were purchased t iom Home Depot
(Bound Brook,  NJ) .  Shel ter foam is  so ld  in  pack-
ages of 6 panels. with each panel measuring 0.7,5
x 13.625 x  48 in .  (1 .9  x  34.6 x  121.9 cn- r ) .  The
EPS panels were broken into l2-cm-wide str ips,
and the str ips were further broken into -5-crn-long
pieces tcl  produce a f loat measuring 12 x 5 X 2 cm
(Fig .  lA) .  S ix ty  s imi lar ly  s ized EPS f loats  werc
produced from each panel. Init ial  attempts using a
uti l i ty knif 'e to cut the EPS panels into the small
size needed fbr survei l lance were abandoned be-
caLrse this was a slow process that produced srnooth
edges on the float. We found that breaking the EPS
panels on the edge of a table or workbench was a
faster process and produced textured surfaces. A
single worker can produce several hundred f loats in
less than an hour.

Most EPS f loats for this study were set between
March 2001 and November 2002 in exist ing art i-
t icial containers in Hutcheson Memorial Forest,
Frank l in  Township ,  NJ (F ig .  2) .  S ince 1998,  rout ine
larval survei l lance conducted at this site revealed a
typ ica l  rn ix  o f  conta iner-dwel l ing mosqui to  spec ies
for the region. including Oc. tr iseriatus, Culer pi-
pien.s L. and C.r. restLran^r Theobald. Ochlerototus
japort ic ' t ts was I st detected at this site on August
l-5. 2000. Other species col lected as larvae from
containers at the study site included Anophele.s
punc't ipenir i .r  (Say), An. cluctdrimacnlatns Say. Cu-
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tr ig.  3.  Expanded polystyrene f loat  loc i . r t ions wi th containcr  types.  habi t i t ts .  and species col lected.

Key Counfy Containers Habitat No.  ofEPS

Floats

Species
collected

Mean number of
larvae per float
(ranse)

A Bergen Various plastic
containers. tires

Forested 7 0c. japonicus

Oc. triseriatus

Oc. hendersoni

8 r .0 (6-2s3)
e.0 (0-4 r )
3.7 (0-22)

B Middlesex Tires IndustriaV
Urban

5 Oc. japonicus

Oc.lriseriatus

24.0 (0-69)
54.0 (0- l  s2

C Morris Tires Forested I 7 Oc. japonicus

Oc. triseriutus

Oc. hendersoni

r 8 0 . 7 ( l e - 5 7 3 )
25.5 (0-84)
2.6 (0-t6)

D Passaic Plastic barrels RuraV
Forested

+ Oc. japonicus

Oc. triseriatus

Oc. hendersoni

206.8 (63-4r6)
36.3 (2-86\
0.8 (0-3)

Salem Tires Industrial 6 Ae. albopiclus

Oc. triseriatus

60 .7  ( r8 - r  l o )
t2.7 (0-32)

F Somerset Tires, various plastic
containers, tarps.
woodland oools

RuraV
Forested

1 0 0 0c. japonicus

Oc. triseriatus

t7s.4 (0-1245)
26.8 (0-3 i l  )

G Sussex Tires, various plastic
contaners

RuraV
Forested

l 8 Oc. japonicus

Oc. triserialus
Oc. hendersont

r57.8 (0--503)
s r .7 (0-201)
2.3 (0-23\

H Union Tires IndushiaV

Urban

0c..japonic'w
Oc. triserialus

l  9.E (0-7e)
13.3 (0-22)

Warren Cement catch basins,
various plastic
containers

Suburban/
Rural

4 l Oc. japnicus

Oc. triseriatus

25.7 (0-233)
4.  r  (0-55)

RESULTS

The EPS floats collected eggs tiom Oc. .japrnti-
(u.r, O('. ltertdcr.soni, Ot'. lri,seriutu.s, and Ae. albop-
rcrzr.r (Fig. 3). Eggs were general ly deposited at or
sl ightly above the waterl ine on thc f loats. Eggt
above the waterl ine rarely hatched befbre imnter-
sion in the laboratory. Where ()c. juport i t ' t ts wus
present, the species made Llp the ma.iori ty of eggs
deposited on the EPS f loats, with smaller numbers
(general ly less than 2OVa) of Oc. tr iseriatus. Oc' l t-
lerotatu.s hertdersort i  was col lectecl in low numbcrs
from 7 locations. al l  in wooded areas of the rural
northwestern rcgion of thc state (Fig. 3). When pre-
sent" A6,. ulbopitt t ts rcadi ly deposited eggs on the
floats (tr ig. 3). Srnal l  numbers of eggs of An. pun(:-
t ipertrt is occasional ly were col lected ers well ,  bLlt
these ref lected incidcntal adhesion to the f loats. t- tot
d i rect  ov ipos i t ion.

More eggs were deposited on the textured sides
produced by breaking than on the smooth sides pro-
duced by cr-rt t ing the Shelterfoam panels. This rnay
be related to greater surface area on the broken
sides relat ive to the cut sides: howevcr. f lcld obscr-
vations showed that the mosquitoes tended to de-
posit their eggs in the rnany crevices created along
contour  l ines o f  the ce l ls  (F ig .  I  B)  ra ther  than on
the smooth surfaces (tr ig. lC). So the textured sur-
faces produced by breaking the EPS sheets ap-
peared to increase their attract ivencss to oviposit ing
mosqui toes.

The floats collected Oc'. japrntic'rr.s eggs from a
wide v:rr iety of larval habitats. The rnajori ty of col-
lect ions were made from natural and art i f ic ial con-
ta iners ,  inc lud ing d iscarded vehic le  t i res ,  hubcaps,
cement catch basins, tarps, birdbaths, tree holes.

ler .sulirtun lr.r Coq., and Trxorhyrtt'ltites nttiltt.s sep-
terttrionali.s (Dyar and Knab). No Or'. otroltulpu.s,
Oc. hender.soni, Ae. albopit ' tu,s, or Ae. eegrpti  hLrve
been col lected fronr this site.

From May through October 2O02, addit ional EPS
floats were set in Bergen. Middlesex, Morris, Pas-
srr ic, Salem, Sussex, Union, and Warren counties
(Fig. 3) for 7-52 days to determine i f  the f loarts
would col lect other container-dwell ing species n()t
lournd at the primi.rry study site. Final ly, the lon-
gevity and durabi l i ty of the EPS f loats were as-
sessed by leaving addit ional f loats out in a variety
of habitats for extended periods up to 350 days.

The majori ty of EPS f loats were set in art i f ic ial
containers, except in Warren County, where previ-
ous larval sampling had revealed a signif icant pop-
ulat ion of Ot' .  . japonic'us in cement catch basins. so
20 of the 4l f loats in this county were set in the
catch basins. The ernplr)yees of the Warren County
Mosqui to  Exterminat ion Commiss ion (WCMEC)
used lengths of monofi lament l ine to tether EPS
floats in catch basins to faci l i tate retr ieval and pre-
vent  the i r  loss dur ing ra in  events  (Chr is t ine Musa.
WCMEC Director, personal communication).

Floats were col lected and placed direct ly into in-
dividual sandwich-sized resealable plast ic bags and
transported to the laboratory. Floats were stored in
these bags fbr 7-lzl  days at room temperatl l re (20-
24'C) and l6:U h l ight:dark. The water adhering tcr
the f loats provided high relat ive humidity inside the
sealed plast ic bags, and al lowed eggs tc-r complete
embryonation without desiccation. Individual EPS
floats were submerged in pans containing 1.0 l i ter
of 24-h aged tap water with l0 mg of powdered rat
chow added. Floats remained submerged f irr  l
days. and larvae were identi f ied and the number of
each species was recorded.
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plast ic  rn i lk  jugs.  p last ic  t rash cans,  and a var ie ty
of  p last ic  buckcts .  pans.  and p lanters  (F ig .  2) .

Intercst ingly. eggs of Ot' .  . joponit 'us erlso were
col lected frorn several f loats placed in woodland
poo l s .  Repea ted  l a r va l  co l l e  c t i ons  du r i ng  t he
sprirrg. summer. and fal l  of 2002 fai led to col lect
any larval Oc. japort icu,; from these wc-rodland
pools. although many typical woodland pool spe-
cies were taken, including Aecles vexons (Meigen).
Oc. ctrrtudetr.si^s (Theobald). Oc'hlerotatus g/7).r.r-
l t t ,cki (Dyar arnd Knab). C,r. re,t tuons, Psoro1thoru
farrtr (von Humboldt).  zrnd Ps. t 'olumhiue (Dyar
ancl Knab). No eggs of other species were col lected
on thc EPS f loats in woodland pools.

Afier mid-October only eggs of Oc. . juponictts
w,ere ccrllected on the floats. Ochlerotutu.t.jultttrtit'tts
continued to deposit eggs through early December
in  2001,  and through mid-November  in  2(X)2.  Con-
current larval and adr-r l t  survei l lance also revealed
tl-rat Or' .  . j t r l tort i t 'us was the most abundant species
fion-r Apri l  tholrgh mid-October, and the only rnos-
quito species present from rnid-October though De-
ccmber.

Thc durabi l i ty and longcvity of the f loats was
cxamined by a l lowing addi t iona l  f loats  to  remain
outdoors in a varicty of containers from July 14.
2001,  to  Apr i l  30,  2002 (286 days) .  The f loats  were
very durerble, and withstood exposure to sunl ight.
a  wide range of  temperat l t res  ( -12 to  37 'C) ,  ar rd
repeated drying without any apparent deteriorert ior-r.
These long-term f loats col lected several thousand
e-ugs each, with as many as 4 layers of eggs de-
posited on top of each othcr. Afier several weeks.
these EPS f loats u,erc noticeably heavier because
they had absorbed water. None became suff iciently
waterlogged tt ' r  sink: howevcr, sorne of the eggs de-
posited closest to the waterl inc were submerged and
hatched.

During the study, only 3 of the 202 f loats were
Iost: 2 were damaged by squirrels gnawing on the
floats. and I was blown from a dry container in
windy condit ions. However. note that the surface
tension of the water on the f loat is general ly sr-rf f l -
cient to prevent the f loat f iom being blown away
in  windy condi t ions.

DISCUSSION

The EPS f loi i t  has several advantages over other
cg-e-co l lec t ion methods.  I t  is  smal l ,  l ightweight .
cas i ly  t ranspor tcd.  and easy to  use.  The whi te  co lor
ol ' the EPS f loats contrasts with the dark eggs. and
perr-r-r i ts rapid :rssessment in the f leld f irr  the pres-
cnce or abscncc of cggs. The E,PS f loats are very
durerble and do not de-9rade. cvcn when exposed to
cl irect sunl ight. drying and rcf looding, and freezing
tL^rnperatures for scveral months. Their durabi l i ty
contr ibutes to their low maintenance as a passive
sarnpl ing method; EPS f loats may be set out early
in the season. and checked as frequently as is con-
venient .  They are very  incxpens ive to  produce:  I

package of 6 EPS panels costs about U.S. $i-5.00 at
most hardware stores and about sixty 12 X -5-crn
f loats can be produced from each sheet. The f inarl
production cost per f loat is approximil tely U.S.
$0.03 (1 .2A tbr  rnater ia ls  and l .9g fbr  labor) .  A l -
though the f loats used in this study wcre al l  of a
standardized size. f loats nray be broken into smaller
sizes to accommodate smaller containers. Monofi l-
ament rnay be used to tether EPS f loats in hard-to-
reach locations. such as deep tree holes, or whcre
intermittent f looding may carry away the f loat, such
as in catch basins. This may provide useful ancl
cost-eff icient mosquito survei l larnce in the early and
late seasons when conventional trapping may be in-
f ieqr,rent. The EPS f loats rnay be placed in exist ing
containers. which tend to hold rnore water f i rr  lon-
ger periods of t ime than the CDC ovitraps. arrd thus
do not require frequent. regular inspections to
maintain the water level.  Infbrrnation such as lo-
cal i ty data. date, and agency contact infbrmation
rnay be writ ten direct ly on the f loat.

A l though ident i f ica t ion o f  the eggs is  poss ib le .
this is er labor-intensive process and comparative
photos and keys to the eggs of the North American
contariner-dwell ing Aedcs and Ochler()tutt t , \  species
rure not readi ly avai lable. The larvae are identi f ied
quick ly  and eas i ly .  and many o1 '  the d iagnost ic
characters fbr container-dwell ing species are pre-
sent  in  the ear ly  ins tars .

The eggs col lected on thc f loats rnay bc uscd ftrr
rnzrny cl i f fbrent purposes, inclr.rding routine popLr-
f at icrn survei l lance: detection of Oc'.  . japott i t 'us, Ae.
tt lbopit ' tLt. ; ,  and other container-dwell ing species in
new areas: species distr ibution studies: natural
t r ansova r i a l  t r ansm iss ion  s tud ies ;  ov ipos i t i on : . r l
s tud iest  co l lec t ion o f  loca l  f ie ld  popula t ions for  in -
secticide resistance i lssi lys; assessment of adr-r l t ic id-
ing eff icacy: and establ ishment of new laboratory
co lon ies .

The col lect ion of cggs of Oc. . jupotuc'rr.r  from
f loats  set  in  woodland pools  ra ises an i r r terest ing
questior-t :  atre ovipr-rsit ing Or'.  . juponit 'us attractcd to
the EPS f loats no matter what the habitat.  or do Or'.
. jul torr icu.s deposit their eggs in i i  broader ranse of
habitats than previor"rsly reported' l  The fhi lure to
coflect latrval Oc. juponicrr^s f l 'om these woodland
pools durin-u subsequent samples suggests that Or' .
. j t r l tort icu.s may not be a successful competitor in
these habi ta ts .  or  that  the spec ies on ly  depos i ted
eggs on the f loats and nowhere else in the pools.

Eggs were deposited on f loerts set in containers
that had been treatcd with mosquito control prod-
ucts includin-e Altosido and Vectol-exG). Most of
these e-egs hatched. but none of the larvae survived
to the plrpal stage. suggesting that some residual
larvicide remained on thcse EPS f loats. The appar-
ent lack of adult repel lency to these larvicidal prod-
ucts may permit the EPS f loats to be used fbr lnon-
itoring posttreatment populat ions.

The EPS f loat  prov ides a s imple.  inexpens ive.
and ref i i rble mcthod for sarnpl ing Or'.  . juponit ' r t .s,
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Or:. triseriotus, Ae. ttlboTtic'tLts, and other container-
dwell ing rnosquito species that are important vec-
tors of disease.
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