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PHOTOPERIOD ENTRAINMENT OF TWO
ANOPHELES MOSQUITOES*

DONALD P. WILTON axp RICHARD W. FAY

The well-recognized cyclic nature of
certain aspects of insect behavior is fre-
quently an expression of endogenous cir-
cadian rhythms entrained (sct in phase)
by the photoperiod (Harker, 1961; Beck,
1968). Among mosquitoes, such diverse
rhythmic activities as oviposition, pupa-
tion, nectar feeding, biting, and flight are
recognized as circadian, the times at which
these activities occur being established by
the daily cycle of light and dark. Evi-
dence for such control of flight activity in
anophelines has been found for several
species (Bates, 19413 Eyles and Bishop,
1943; Jones er al., 1966; Taylor, 1969).
Anophelines frequently show a pattern of
daytime seclusion and quiescence with
periods of intensc activity associated with
sunset and sunrise. These habits can have
inconvenient conscequences for laboratory
studies of anapheline responses to envi-
ronmental factors. Assessments of behav-
ior made during conventional working
hours may be seriously biased because of

1 From the Biology Scction, Technical Develop-
ment  Laboratories, Laboratory Division, Center
for Dizease Control, Health Services and Mental
Health  Administration,  Public  Health  Service,
U.S. Department of Health, Education, and Wel-
fare, Savannah, Georgia 31402.

the mosquitoes’ low level of responsive-
ness during the day. Laboratory evalua-
tions of light trap designs are particularly
subject to this limitation. Ordinarily, such
tests must be done at night because the
alternative of daytime tests in a dark
chamber does not include the mosquitoes'
normal periods of maximum activity.

Artificially entrained mosquitoes appear
tc provide a way of meeting this objec-
tion. The procedure described in this
paper was devised to determine whether
photoperiod manipulation could be used
to produce adults of Anopheles albimanus
Wied. and . stephensi Liston with high
levels of flight activity at predetermined
times during the day.

Meznons ann Mareriats. The mosqui-
toes used in these tests were obtained from
inscctary colonies long established at Tech-
nical Development Laboratories. The 4.
albimanus strain came from El Salvador.
The A. stephensi colony was started with
material originally from India which came
to this laboratory via colonies in London,
England, and Atlanta, Georgia.

All specimens were received as pupac.
Those to be used as controls emerged in
netting-covered gallon cartons placed near
a window to expose them to the natural

-
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photoperiod.  Absorbent cotton pads satu-
rated with 1o percent sucrose were kept
on the neting to provide nourishment.
No blood meals were offered. Tempera-
tures of 78°-82° F. and humidities of 6o-
=u percent were experienced by these
mosquitoes prior to testing.  Test speci-
mens were tremed similarly except that
their emergence cartons were placed in
containers permitting the use of artificial
photoperiods.

The size of the cartons required a
larger photoperiod chamber than the use-
ful lard can type described by Dutky ef al.
(1962) and by Cothran and  Gyrisco
(1966). Plywood boxes, with dimensions
as shown in Figure 1, were used for photo-
period control. The removable cover of

cach box was provided with a 2-inch
double overlap on all four sides. A 13-
watt incandescent lamp was positioned at
the center of the cover directly below a

hinged vent that was apened and closed
by a shutter motor* The motor and
famp were connected to an electric time
switch set to provide 12 hours of light
(121, photophase) followed by 12 hours
of darkness (12D scotophaser.  During
the photophase the vent remained open,
preventing heat buildup from the lamp.
The vent was automatically closed at the
beginning of the scotophase, keeping ex-
trancous light out of the box while allow-
ing unrestricted entry and use of the
room. Three such photoperiod boxes were
used to oltain 121~121) photoperiods with
subjective sunsets at selected umes, Tem-
peratures and relative humidities recorded

Madel 208310 Davton Fiane Mfg. Co,
Clhcago, Blinois 6oogs, Use ot srade names s for
wentiication purposes only and does not con-
situte endorseient by the Pubin Health Service
ar the ULS, Department of Hleeith, Batucation, and
Weltare,
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ERRATA
Values, Table 1, are as follows:

Females
No. released 7% trapped

2097 87
2163 19
426 90
331 16
1841 92

1617 28




in the boxes ranged from 80°-84° F. and
from 72-76 percent, respectively.

The levels of daytime flight activity of
artificiallv and naturally entrained A, al-
bimanus and A, stephensi were compared
in a series of timer-controlled, 2-hour tests
with ultraviolet traps.  The tests were
conducted with 5- 10 6-day-old mosquitoces
ia par of 6 x 6 x 6 O whiteawalled
chambers i a light-proof room.  The
mosquitoes were released in the darkened
chambers at least ¥4 hour before the start
of trap operation.  The traps * employed
a horizontally mounted Kawean BLB fus.
rescent tube with a peak emission near
3650A.  Mosquitoes attracted to the light
were swept by a fan-produced air stream
into a pan ol detergent solution.  Twao
such traps, similarly placed in each cham-
ber, were used ;liwumiuly Hvls cxp':rimcn-
tal and control specimens to compensate
for undetected differences. At the end of
each test, untrapped mosquitoes were re-
covered with a small vacuum  cleaner
provided with a trap in the intake hose.

Resvrrs axp Discvssion. A, albintanus:
In Central America and the Caribbean
the peak biting activity of this species is
reported to oceur during the carly evening
(Rachou ez ul., 1965: Taylor, 1966). Al
tests, therefore, were begun Yy hour alter
subjective: sunset o include  this peak,
should it occur with artificially entrained
mosquitoes, within each of the 2-hour
trapping periods selected, The subjective
sunset times chosen for these tests were
8:30 aam., 10530 aan. and 130 pan. The

IModel RD-1. IMS Corp., Albuqueraue. New
Mexico 85110,
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effectiveness of the entrainment procedure
is indicated 1. Table 1. In all these tests
the catches ot artificially entrained mos-
auitoes were markedly and consistently
greater for both sexes than those of the
naturally entrained controls.  Captures of
artificially conditioned males averaged 8-
94 percent compared with 30-44 percent
for the controls. For females the com-
parable catches were 87-92 percent and
16-28 percent, respectively.

These altered responses of mosquitoes
conditioned to davtime sunsets appeared
to demonstrate a reversal of their normal
behavioral cyele.  Attempts made to con-
firm this by tests conducted during the
evening are summarized in Table 2. With
trap operation from 6:30 to S:30 pan.,
captures of mosquitoes conditioned to a
to:00 aan. sunset slichtly exeeeded those
of the naturally entrained controls.  Simi.
lar tests with specimens entrained by a
1:30 pam. sunset showed artificially and
naturally entrained males 10 be equally
attracted by tne trap, wiereas witiniat.,
entrained females were caught in substan-
tally fewer numbers than were contral
females. With mosquitoes conditioned to
A 200 aan, sunset, the responses of hoth
sexes were markedly fower than those of
the contraols.

These results suggest several conclu-
sions regarding the nightly activity pat-
tern of Ll albiraanus. The large catch of
specimens conditioned to sunset at join
am.indicates a strong activity peak asso-
ciated with dawn in addition to that
associated with sunset.  For inseets accus.
tomed to a 12-hour night from 10:00 1.
to 10:00 p.m., the 6:30-8:30 pan. trapping

Tawer 1—Captures by U-V Jight teap of wiiticialle and naturally entrined L Anophedec albimanus

at three times of day. (Totals of x replicates,)

Males

Test period

Subjective sunset

No. refeased

Yo trapped  No, released o4 trapped

9-11 a.m, 8:30 a.m, 2143 Ry 2007 87
Normal 2141 30 2104 19
11 a.m.~1 p.m, 10:30 a.m, 344 92 g26 a0
Normal 379 44 121 "
2-4 puan, 1:30 pam, 1900 v4 togt -
Normal 181y 30 1617 28
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TasLE 2.—Evening captures by U-V light trap of Anopheles albimanus conditioned to three
subjective sunsets and to normal sunset.

Males

Females

Subjective sunset No. released

% trapped

No. released % trapped

10:00 a.m.* 669
Normal 541
1:30 pm.” 118
Normal 847
2:00 a.m.® 987
Normal 629

96 623 88
89 686 82
91 1013 fig
92 938 85
27 857 28
77 768 74

*Two replicates.
*Three replicates.

period extended within an hour and a
“alf of their sunrise.  An increasing level
of responsiveness toward the end of the
dark period presaging a preaawn activity
peak would account for the large catch
obtained.

The 6:30-8:30 p.m. trapping period
occurred midway between sunset and sun-
risc  for specimens  conditioned 10 a
1:30 p.m. sunsct. . The high response level
of the males (91 pereent trapped) com-
pares well with that of male: exposed to
the trap shortlly after subjective sunsct
(87-94 pereent trapped), indicating that
male activity is sustained at the same level
from sunset through at least the first half
of the night.  Female activity, though still
at a relatively high level midway through
the night (6y percent trapped), was no-
ticeably reduced in comparison with that
found during the first hour or two after
subjective sunset.

Finally, the use ol mosquitoes condi-
tioned 1o a 200 am, sunset scemed 1o
remove the influence of both subjective
sunset and sunrise on their activity state

during the trapping period. They acted
much like naturally entrained mosquitoes
exposed to the trap at midday.

oA stephensi: In Saudi Arabia, Daggy
(1959) recorded the onset of feeding by
Ao stephensi immediately after sundown.
On the basis of limited experimental data
Strickland and Roy (1936) indicated that
this species in India feeds most avidly
just before midnight.  Results of light
trap tests with colonized . stephensi
verify an activity peak for females around
midnight (Table 3.)  In tests begun a
half  hour after subjective sunset, the
response of artificially entrained females
of this species, although several times
greater than that of the controls, was nev-
ertheless at a low level. At 3 hours after
subjective sunset, the traps captured an
average of 71 pereent of the females re-
leased and at 4 hours the catch increased
to 87 pereent, a figure comparable to the
results with . albimanus.  The controls
in these tests averaged 2= percent cap-
tured,

The pattern of male response was very

Tanti s-=Dactime captures by U=V light trap of artifically entrained Anopheles stephensi
at ¥, 3, and 4 hours after subjective sunset.

Males

Females

Test penod Subjective sunset No. released S trapped No. released % trapped
)

130 aame-~1:30 pom,* 11:00 a.m. 340 94 231 30
2:00-4:00 p.in.t 11:00 a.m, 513 04 290 71
12:30-2:30 p.m.® §:30 a.m, 977 95 733 87

* Three replicates,
Six replicates,
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different from that of the females. Al-
though the entrainment procedure was
successful with both sexes, the time of
testing had no apparent effect on the
male catch, Tests begun %, 3, and 4
hours after subjective sunset all resulted
in more than go percent capture of arti-
ficially conditioned specimens and very
small catches of controls. These results
suggest that, like 1. @bimanus, males
of A. stephensi in nature maintain a high
level of activity throughout at least the
first half of the night.

Preliminary tests designed to show a
reversed behavior pattern with . steph-
ensi as a result of photoperiod manipula-
tio  have demonstrated a  definite
change, although the response levels of
mosquitoes conditioned te a late morning
sunset were higher than anticipated. In
2-hous tests spanning midnight, catches
averaged 22 percent for males and 47 per-
cent for females compared with 82 and
84 percent, respectively, for controls con-
ditioned by the natural photoperiod.

Concrusions, Both oA, albimanus and
A. stephensi responded readily and con-
sistently to  photoperiod manipulation.
The behavioral cycles of other, perhaps
most, nighrbiting mosquitoes can prob-
ably be rescheduled for experimental pus-
poses in like manner. The convenience
of being able to elicit valid nighttime
reactions during the day is clear and the
technique appears to offer a simple means
of obtaining mosquito “activity profiles.”
In addition, the minimal responses shown
by both species when exposed to the light
trap at inappropriate times suggest it may
be very important to consider the mos-
qQuitoes” activity state at the time of testing
in any investigation of behavioral or phys.
iological responses likely to be influenced
by photoperiod.

Summary. The susceptibility of the be-
havioral cycles of A, albimanus and .
stephensi to photoperiod  manipulation
was demonstrated in a series of daytime

U-V light trap tests in darkened cham-
bers. Photoperiod entrainment was shown
to produce anophelines whose nocturnal
activity peaks were moved to specific
times during the day when they are nor-
mally quict and unresponsive. The tech-
nique provides valid nighttime responses
during conventional working hours for
convenient study of the influences of en-
vironmental factors on anopheline behav.
ior.
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national Development.
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