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SUGAR FEEDING BY FLORIDA MOSQUITOES

W. L. BIDLINGMAYER avp D. G. HEM !

Florida Medical Entomology Laboratory, Florida Division of Health, Vero Beach, Florida 32960

Sugar is utilized by mosquitoes directly
for flight energy (Hocking 1953, Nayar
and Van Handel 1g71) and excess
amounts ate converted into glycogen and
fat (Van Handel 1965). Sugar is widely
distributed, and mosquitoes have been re-
corded feeding upon flowers, extrafloral
nectaries, honey-dew, and fruit juices
(Smith 1904, Howard ez al. 1912, Nielsen
and Greve 1950, Hocking 1953, Haeger
1955, Nielsen and Nielsen 1958, Downes
1958, and Laarman 1968). Usually these
reports are based on visual observations
and only in a few cases has the presence
of sugar in the mosquitoes been confirmed.

Metnops. The method used to detect
sugar was based on the reaction of an-
throne on fructose (Van Handel 1972).

1Supported by National Institutes of Health
Grant No. Al-06587.

Fructose, free or as the fructose com-
ponent of sucrose, is found in all plant
sugars and the proportion of all fructose
in a variety of Florida fruit juices and
nectars ranged from 40 percent to. 6o per-
cent (Van Handel ¢z al. 1¢72). As unfed
or blood-fed mosquitoes do not contain
this sugar, the presence of fructose clearly
demonstrates the acquisition of a sugar
meal.

Field collections were made by a suction
trap (Bidlingmayer 1964), and a portable
power aspirator, in a red maple (dcer
rubrum) swamp about 10 miles west of
Vero Beach. The latter method consisted
of a sheet aluminum tube 13.5 inches in
diameter with the distal (intake) end cut
obliquely, so that the length of the tube
along the long and short sides was 46
inches and 39 inches, respectively. A
cloth mesh bag, the margin folded over
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the lip of the intake and held in place
by an elastic band, was fitted within the
tube. A 12-inch fan at the discharge end
was operated by a 12-volt motorcycle bat-
tery and the battery was carried either in
a back pack or by a battery carrier in one
hand. Collections were made by passing
the intake end of the aspirator a few
inches above the surface of the ground
while the operator walked along the 1200
fr. of boardwalk that traversed the swamp.
Aspirator and suction trap collections were
made twice weekly, May through Novem-
ber, and up to 20 specimens of all species
from each aspirator collection, and up to
10 specimens of certain species (see Table

1) from each suction trap collection, were
tested for fructose.

In another area at the edge of the salt
marsh adjacent to the laboratory, addi-
tional suction trap collections were taken.
Up to 10 specimens of each species were
tested daily, but only Aedes taeniorhyn-
chus and Culex nigripalpus occurred here
in large numbers.

Immediately after return to the labora-
tory, mosquitoes were placed individually
in 10x %75 mm test tubes and wetted with
2-3 drops of chloroform-ethanol (1:1) to
remove wax from the cuticle. To each
test tube 0.5 ml of the fructose reagent
was added, and after about ope hour,

TasLE 1.~Numbers of thosquitoes tested and the percentages containing fructose. Specimens taken
from collections made in maple swamp between May 1 and November 30, 1972 by a power
aspirator during daylight hours and by a suction trap at night.

Female Male
Number Number
Species tested  w/fructose % tested  w/fructose %
Power aspirator

Aedes infirmatus 247 88 36 148 59 40
Culiseta melanura 720 259 36 912 266 29
Psorophora ferox 91 18 20 46 i .
Psorophora confinnis 68 12 18 7 1 »
Culex nigripalpus 1061 179 17 1013 167 1y
Aedes vexans 53 [} 17 11 3 .
Culex (Melanoconion) 404 58 14 225 16 5
Aedes atlanticus 317 30 10 208 51 25
Anopheles crucians 300 1L 4 202 16 6
Uranotaenia lowii 526 13 3 123 7 6
Uranotaenia sapphirina 650 6 1 279 5 2
Aedes taeniorhynchus 24 21 11 7
Culex territans 26 7 30 11
Aedes triseriatus 1 I . 1 1
Wyeomyia medioalbipes 11 4 . 4 2
Aedes fulvus pallens 8 1 . 5 3
Coguillettidia perturbans 3 2 . ..
Culex salinarius 4 1
Mansonia titillans 3 1

Suction trap *
Aedes vexans 55 29 53 .. .. .
Culiseta melanura 638 115 18 518 161 31
Anopheles quadrimaculatus 228 35 15 . .. .
Psorophora confinnis 63 9 14 .. .. -
Culex nigripalpus 669 44 Vi .. ..
Anopheles crucians 453 30 7
Aedes taeniorhynchus 13 10 .

* Not 2ll species captured were tested.
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the appearance of a green or blue color

in the reagent revealed the presence of
fructose.

Resurrs anp DiscussioN. Fructose was
found in 21 species (Table 1 and also
Deinocerites cancer). Most species appear
to feed freely, the percentage of individuals
with sugar ranged according to species
from 1 percent to over 50 percent. Culisela
melanura, Aedes infirmatus, Aedes taenio-
rhynchus and perhaps Aedes vexans, were
heavier feeders than C. nigripalpus, while
Anopheles crucians, and both Uranotacnia
species, had very low rates. Feeding rates
for male mosquitoes were similar to those
for their respective females.

Table 2 shows that the percentage of
mosquitoes with fructose varied during
the year. Within cach area, the sugar
feeding rates of the two species showed
similar fluctuations (footnotes a and b),
which may reflect availability of sugar.
Both A. taeniorhynchus and Cs. melanura
fed more heavily than C. nigripalpus. C.
nigripalpus captured pear the salt marsh
showed a higher rate of sugar feeding
than those taken in the maple swamp area.
This suggests that sugar is more abundant
in the vicinity of the salt marsh and that
C. nigripalpus is less efficient than either
A. taeniorhynchus or Cs. melanura at find-
ing sources. Maple swamps have fewer
nectar sources than the adjacent open pine-

lands, and therefore the high sugar rates
for Cs. melanura showed that, despite its
greater restriction to this type of habitat,
this species is highly successful in obtain-
ing sugar supplies.

Visual inspection to detect nectar-fed
mosquitoes was unreliable, for mosquitoes
that appeared empty were often positive
and specimens with abdomens distended
by a clear fluid also may lack sugar.

The digestion of sugar proceeds logarith-
mically and small sugar meals are rapidly
converted into glycogen and fat which
do not react with the reagent (Van Handel
1965). Large meals may require several
days.- In field populations, neither the
amount nor the time of the meal is known,
and therefore a weak response to the
reagent (light green ring) may indicate
either a recent small meal or the remnants
of a large meal taken several days earlier.
Negative tests do not demonstrate that
the specimens have never fed on nectar,
and the probability of an individual mos-
quito obtaining sugar is greater than
shown here.

Summary. A simple method for de-
tecting sugar in wild caught mosquitoes
revealed sugar feeding in females of 21
species. Feeding rates were high in Aedes
taeniorhynchus (up to 65%) and Culiseta
melanura (up to 39%,) and low in Anoph-
eles crucians (4%,), Uranotaenia lowsi

TaLE 2—Numbers of female mosquitoes examined by months and percentages with fructose taken in
suction traps: A—adjacent to a salt marsh, B—within a maple swamp.

1972 1973
Species Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.
Trap Al
Aedes taeniorhynchus No. 83 130 191 192 173 216 154 201 85 106 16 25 11
- % 52 54 64 38 55 44 65 60 35 59 25 9 9
Culex migripalpus No. 70 80 152 202 184 191 207 210 180 143 176 136 65
o 14 15 23 16 24 12 14 20 4 11 4 4 8
Trap B2
Culiseta melanura ~ No. 180 177 go 470 90 8o 8o 50
o .. 39 =24 20 20 14 16 15 o0
Culex nigripalpus ~ No. 18 179 90 70 90 80 8o 8o
% .. 19 12 9 4 6 4 1 4

1 Correlation of monthly sugar feeding rates between species: r=.74 (P=<.01).
2 Correlation of monthly sugar feeding rates between species: =80 (P=<.01).
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(3%) and Uranotaenia sapphirina (1%,).
These are minimum rates as sugar ex-
pended in flight or converted into glycogen
and fat cannot be determined. Monthly
changes in feeding rates presumably reflect
availability of sugar. Suction trap collec-
tions adjacent to a salt marsh showed
higher feeding rates than in a fresh water
maple swamp. Both sexes exhibited simi-
lar feeding rates.
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THE ANAHEIM MEETING

Among the features of the Anaheim meeting will be panels on labor relations, mos-
quito distribution and taxonomy, and bio-control. According to Program Chairman
Mel Oldham, there will be an all-day session designed especially for trustees and com-

missioners.



