Vector Contr. Bull. North-Central States. 1(2): 215-224

A SHIFT IN CULEX PIPIENS OVIPOSITION INITIATION IN
EAST-CENTRAL ILLINOIS DURING 1991

Bruce A. Steinly'Z, R. J. Novak'?, and Intan M. Ahmad®

ABSTRACT:

During 1991, egg raft oviposition frequen-
cies of Culex pipiens and Culex restuans
were monitored daily from late April
through September in east-central Hlinois.
During the week of June 19, the abun-
dance of Cx. pipiens egg rafts increased
from 3% to 19%. The percentage of Cx.
pipiens rafts continued to increase
throughout the season and became the
predominant portion of the Culex popula-
tion (cross-over) during the week of July
10, 1991. During the weeks of July 24
and September 4, 1991, comparable Cx.
pipiens oviposition peaks were observed.
Cx. restuans egg raft deposition reach a
peak in the week of June 12 and was
followed by a continuous gradual decline
through mid September. The initiation of
Cx. pipiens oviposition in June, 1991 was
approximately a month earlier than the
beginning of egg raft deposition in the
previous three years. A comparison of
1988 and 1991 cooling degree day
accumulations during the period of Cx.
pipiens oviposition initiation revealed an
overlap of these ranges.

INTRODUCTION

During the last four years, Culex oviposi-
tion has been monitored daily to establish
the character of Culex abundance patterns
in east-central lllinois. Heretofore, circum-
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stantial evidence has been accumulated
concerning the abundance characteristics
of Culex pipiens Linnaeus and Culex re-
stuans Theobald populations between and
during St. Louis Encephalitis (SLE) epidem-
ics. Increased Cx. pipiens abundance has
been reported during and after several SLE
outbreaks (Lumsden 1958, Ranzenhofer et
al. 1957, Reeves 1965, Kokernot et al.
1969). In the midwestern United States,
the importance of vector population abun-
dance and the association of abundance
with SLE incidence has been difficult to
establish because regular collecting inter-
vals and standard sampling techniques
have not been maintained throughout inter-
epidemic periods and SLE outbreaks
{(Mitchell et al. 1980). Although anecdotal
evidence suggests a positive relationship
between SLE transmission and increased
vector abundance, Mitchell et al. (1980)
believed that the existence of a striking
association between Culex species abun-
dance and epidemic SLE virus activity was
not indicated. Tsai and Mitchell (1989)
believed that baseline data describing Cx.
pipiens and Cx. restuans abundance pat-
terns will be required to document signifi-
cant interepidemic temporal and quantita-
tive changes that may play a role in SLE
epidemic development. In view of the
drought conditions in 1988, and conflicting
species abundance and SLE incidence
patterns (Lumsden 1958, Mitchell et al.
1980, Monath 1980), Culex oviposition
monitoring was initiated during 1988
(Steinly and Novak 1990) and continued
through 1991 to characterize egg raft
deposition patterns.

The purpose of this investigation was to
describe Cx. pipiens and Cx. restuans daily,
weekly, and seasonal oviposition abun-
dance patterns during 1991. The weekly
relative abundance of Cx. pipiens and Cx.
restuans egg rafts are reported. The dates
of Cx. pipiens oviposition initiation during
1988 and 1991 are compared with cooling
degree day accumulation patterns.
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MATERIALS AND METHODS

Egg raft deposition frequencies, an es-
timate of potential female abundance, were
monitored with 7 white ovitraps that were
distributed along a north-south and east-
west transect in Urbana and Champaign,
respectively. Culex rafts were counted,
recorded, and removed daily from the
ovitraps with a fine artist brush which
eliminated egg raft break-up. After rafts
were removed from the traps, the surface
water was skimmed with a standard tea
strainer to eliminate the accumulation of
fungal/bacterial scum and plant debris. The
accumulation of bacterial and fungal
blooms may radically alter surface tension
and inhibit Culex egg raft deposition.

Oviposition traps were constructed from
20 L plastic buckets. All buckets had 6
equally spaced 7.65 cm holes drilled in the
sides that were approximately 10.2 cm
below the bucket opening. The traps were
partially filled with 15 cm of water that
was enriched with rabbit chow pellets. A
cup (750 ml) of rabbit chow was wrapped
in cheese cloth and immersed in the trap
water for 24 hours. Initially, the infusion
was diluted, 1/3 infusion to 2/3 tap water,
before the buckets were placed in the
shade. Rabbit chow pellets were reintro-
duced into all buckets every 10 days for 24
hours to insure that an adequate concen-
tration of organic matter was suspended in
the water column. Plastic oviposition trap
lids were taped on and/or weighted with a
brick to eliminate possible disturbance of
the bucket contents by large vertebrates.
The oviposition traps were placed along the
two transects on April 21, 1991. Ovitraps
were removed from the field sites on
October 16, 1991, because egg raft pro-
duction ceased and/or the maximum night-
time ambient air temperature was consist-
ently below 13° C.

Weekly, egg raft subsamples of 90-400
rafts were placed in petri dishes lined with
moist facial tissue and returned to the
laboratory for hatching and rearing. Weekly
egg raft subsample size was limited by field
abundance and laboratory rearing space. In
the laboratory, individual egg rafts were

placed in petri plates half-filled with tap
water. After eclosion, the larvae were fed a
suspension that contained tap water and
finely ground Tetramin fish food. The use
of a suspension, rather than powdered
Tetramin, reduced bacterial mat growth in
the rearing dishes. During pre- and post-
hatch periods, the immature stages were
exposed to a natural light/dark cycle and
room temperature. Third and fourth larval
instars were killed with ethyl alcohol and
identified to species. The percentages of
Cx. pipiens and Cx. restuans were calcu-
lated for each weekly subsample. Addition-
ally, percent abundance (i.e. relative
abundance) was calculated for daily sam-
ples throughout the season. The total
number of egg rafts deposited in all ovipo-
sition traps and the weekly percentage of
each Culex species were multiplied to
calculate the weekly number of rafts
deposited by Cx. pipiens and Cx. restuans.

Daily Cx. pipiens and Cx. restuans raft
frequencies were compared to cooling
degree day accumulations (CDD) to estab-
lish any relationships between the 1988
and 1991 oviposition initiation patterns.
Oviposition initiation is defined as sus-
tained raft deposition occurring on four or
more days within a seven day period. CDD
is the number of degrees by which the
mean daily temperature exceeded the base
temperature of 65° F. The accumulation of
daily CDD is composed of the sum of the
daily mean deviations above 65° F during
May through September.

RESULTS AND DISCUSSION

Cx. restuans initiated oviposition on May 1,
1991 and was the only Culex species
collected until the week of May 29, when
Cx. pipiens egg rafts were first collected.
The mean number of Cx. restuans egg
rafts/locality/week increased until the week
of June 12, 1991 (Figure 1) while the rela-
tive abundance i.e. percent of Cx. restuans
egg rafts in the Culex population decreased
(Figure 2). After a maximum mean deposi-
tion peak of 59 egg rafts/locality/week (A)
during the second week in June (Figure 1),
weekly raft numbers and relative abun-
dance of Cx. restuans decreased gradually
through September. Although the number
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and relative abundance of Cx. restuans egg
rafts continued to decrease after the
second week in June, this species re-
mained a viable part of the Culex popula-
tion {Figures 1 & 2).

During the week of June 19, the relative
abundance of Cx. pipiens egg rafts in-
creased from 3% to 19% and became the
major portion of the Culex population
(cross-over) during the week of July 10,
1991 (Figure 2). Coincidentally, cross-over
occurred during the same week in 1988. In
general, the total absolute number of Culex
egg rafts/locality/week reach a maximum
of 684 at a mean deposition of 98 egg
rafts/locality/week during the week of July
24, 1991 (Figure 1). The first peak of Cx.
pipiens oviposition (C) was followed by a
second peak of comparable magnitude (D)
during the week of September 4, 1991
(Figure 1). Both the early and late Cx.
pipiens oviposition peaks (C and D) con-
sisted of 80 egg rafts/locality/week (Figure
1). Similarly, a second late season oviposi-
tion peak was observed during the week of
September 25, 1988 (Steinly and Novak
1990). Additionally, the mean weekly egg
raft deposition peaks of Cx. pipiens and
Cx. restuans exhibited similar magnitudes
in 1988 (Steinly and Novak 1990).

Although 1988 and 1991 were dryer and
hotter than normal years in east-central
lllinois, the annual accumulations of CDD
during 1988 and 1991 were not compar-
able. Examination of temperature records
revealed a difference in early and late
season CDD accumulation patterns.
Although the total accumulations of CDD
for both years through September were
similar, CDD accumulation started in early
May 1991 and these higher than normal
levels of accumulation were sustained
through September, while in 1988 the CDD
accumulation patterns were near normal
until mid June (Figure 3). During the week
of June 12, 1991, Cx. pipiens egg raft
deposition was initiated within a CDD
range of 297 to 394 (Figure 4). In 1988,
Cx. pipiens oviposition was first observed
on June 27 at a total CDD accumulation of
345. A comparison of 1988 and 1991
CDD accumulations during the period of
Cx. pipiens oviposition initiation revealed

an overlap of CDD ranges (Figure 5). The
date of Cx. pipiens oviposition initiation in
1991 represents a shift or displacement of
3 weeks. Tentatively, the overlapping CDD
accumulation ranges suggests that temper-
ature and/or the rate or pattern of tempera-
ture accumulation may be responsible in
part for triggering Cx. pipiens oviposition.
Further analysis will be required to identify
additional abiotic and biotic stimuli that
may play a role in the initiation of Cx.
pipiens oviposition in east-central lllinois.

ACKNOWLEDGMENTS

We wish to express our appreciation to Dr.
Donald Webb for his suggestions and assis-
tance in the construction of oviposition
traps. The helpful suggestions of Joel
Siegel regarding an early draft of this
manuscript were invaluable. The generous
donation of recycled buckets supplied by
the University of Hlinois, Building and
Grounds Department is greatly appreciated.
Our special thanks are extended to Dr.
William Horsfall for sharing his accumulat-
ed observations, wisdom, and expertise.
This research was supported in part by the
Ilinois Waste Tire Act through the lllinois
Department of Energy and Natural Re-
sources Grant SENR TM-2.

REFERENCES CITED

Kokernot, R.H., J. Hayes, R.L. Will, C.H.
Tempelis, D.H.M. Chan, and B. Radivoje-
vic. 1969. Arbovirus studies in the Ohio-
Mississippi basin, 1964-1967. Il. St. Louis
Encephalitis virus. Am. J. Trop. Med. Hyg.
18 :750-761.

Lumsden, L.L. 1958. St. Louis Encephalitis
in 1933. Obsérvations on epidemiological
features. Public Health Rep. 73:340-353.

Mitchell, C.J., D.B. Francy, and TP
Monath. 1980. Chapter 7. Arthropod
vectors, pp. 313-379. In: T.P. Monath
(ed.), St. Louis Encephalitis. Am. Publ.

Health Assoc., Washington, D.C.

Monath, T.P. 1980. Chapter 6. Epidemiol-
ogy, pp. 239-312. In: T.P. Monath (ed.),
St. Louis Encephalitis. Am. Publ. Health
Assoc. Washington D.C.

217




Ranzenhofer, E.R., E.R. Alexander, L.D.
Beadle, A. Bernstein, and C.A. Pigford.
1957. St. Louis Encephalitis in Calvert
City, Kentucky, 1955. An epidemiological
study. Am. J. Hyg. 65:147-161.

Reeves, W.C. 1965. Ecology of mos-
quitoes in relation to arboviruses. Ann.
Rev. Entomol. 10:25-46.

Steinly, B.A. and R.J. Novak. 1990. Culex

restuans and Culex _ pipiens oviposition
frequency characteristics during a drought
year (1988) in east-central lllinois. Proc. lil.
Mosq. and Vector Control Assoc. 1:16-24.

Tsai, T. F. and C. J. Mitchell, 1989. St.
Louis encephalitis. Chapter 42., pp.113-
143. In: The Arboviruses Epidemiology and
Ecology, Volume IV. T. P. Monath ed. CRC
Press Inc., Boca Raton, Florida, 243 pp.

218




%280 = Aeq/eley |ealaing
002 yey/sb63 jo sequinN uesiy
rA = lequinp Jepuer)

. KNP ul yeepuey/sB63 JequinN uespy

2 Aeq ssjewe4 Buianmng sequinN =(Aeq/eley fealaing) (1 Aeq sejewe BUIAIAING Jequinp) m

g
Jlaquinpy Jepuex)
(1 AeQ sefewe Buiaiung JequinN) =(Aeq/eley [eAIANG) (syey Jo JequinN) JTJEH/SODT JBQWNN USSR

v

[BAIAING ejewa SUBITI XB[N7) pejewiisy 0 uonenoe) | eiqel



Crossover

Culex pipiens
Culex restuans
A
£

RIS, o, (S
A

Sept 11

Aug 7

Date

Figure 1. Mean Culex pipiens and Cx. restuans Raft Deposition in

29

I . LI J I . |
O o o
S 3 S &

X83M/A11180071/S1jRY 4O LBQUINN UBaL
220

is

no

East-Central {11

During 1991



SI0UILLT [BJIUaD-3seT U} sAeq aaubag Buj(00) Jo UOLIBINWNIOY A[3aoMm 'S 8nb) 4

Qo1e
p3dg £ Bny Y S np m;mz
<z 8l || 8Z 1Z bl £ vZ L1 0ol | 9z &1 zI 62 22 S|

-
uea @

886 |

1661 ©

=~ 009

= 006

= 0021

9am/sAeq aaubaq Buijoor

222



1661 Buldng siouj(|| |B4IUaD-1SBT U| UOIIRII|U| UOL}IS0dIAQ SUBTATE XBIND t anbi4

AeQ/sJaquinN 1iey

0l

O
o~

O
M

Oov

0S

a1eQ
Z Athp LZ ZZ Ll Al 4 Z aunp 8z £z Aeld
1 1 11 _ | I | I\— 1 1 - | — OO—
nk_ﬂ
e
— 00¢
abuey aaJbag bu}|[00) _ !
ﬂ =5
knﬂﬂ. (010)74
nﬂn_
o i
&R
mnwnﬂ - 005
Piog
4~ i
e | - 009
o] sAeq sadbaqg bul00) [

sAeq aaJtbag Bul100)

223



1661 pue gg6|

Ul uolyisodiao suaidid xaind yo uoiieiyiug ayy Bujing sabuey Aeq 8346sq Bul(00D ‘g aunb 4

L AlNP-£22Z sunp

844

. Sp¢

Sl-~¢£ aunp

1453

L6

224






