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TABLE 5.—Toxicity of acctone-water suspensions of DDT to fourth-instar Anopheles griadrizaculatus
larvae when they were starved for 4 hours or fed up to thc time of tcsting

24-hour exposure

48-hour exposure

LC—so0 (p.p.m.) LC-90 (p.p.m.) Slope LC—30 (p.p.m.) LC—g0 (p.p.m.)
Fed 0.0065%.0013 0.013E.0010 4.31F 24 0.0044=E. 0010 0.0107E.0007
Unfed ©0.00652%.0008 o.0127F.0010 4.38*=.56 ©0.00477.0005 ©0.0xr==.0010

of acetone were added to the water, the
LC-s50 and IL.C-yo were not as high as
when the volume of acetone was kept con-
stant and the concentration varied. How-
ever, the slopes of the regression lines
were not significantly different, and the
LC—50 and LC—go obtained at a constant
volume were no higher than those in some
other tests with varying volumes, such as
those given in the first line of table .
It is therefore concluded that when acetone
is used as the solvent the two methods
give equal results.

Errect oF FEEDING LaRVAE. As shown
in table 5, there was no significant differ-

ence in mortality between larvae fed up o
the time of testing and those starved for
4 hours.
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THE STRATIFICATION OF MOSQUITOES

G. J. LOVE axp W. W, SMITH

Communicable Diseasc Center, Public Health Service, U. S. Department of Health, Education, and
Welfare, Atlanta, Georgia, and Emory University Field Station, Newton, Georgia

InTRODUCTION. As part of studies on
the bionomics of mosquitoes in southwest-
ern Georgia, collecdons were made at six
elevations from 3 feet to 50 feet in an
effort to determine the extent of natural
stratification among mosquito species.

Previous studies on the vertical distribu-
tion of mosquitoes have been made in this
country (MacCreary, 1941; Gjullin <z «.,
1950; Snow, 1955 ) and in other parts of the
world (Davis, 1944; Bates, 1944; Had-
dow ez al., 1945 a and b, 1947, 1948, 1949;
Garnham ez al., 1946; Kumm er al., 1946,
1951; Galindo ez 4., 1951), but in these

investigations attractants were employed.
Studies conducted in this area of Georgia
on the strarification of mosquitoes at vari-
ous times throughout the night as meas-
ured by light traps are reported elsewhere
{Love ¢z al., manuscript). The present
report gives the results of mosquito col-
lections made without attractants.
MateriaLs aNp Mernops.  From May
1954 to July 1956 collections of mosquitoes
were made one night each week with
mechanical sweeping devices at clevations
of 3-, 6-, 15-, 25-, 40-, and s0-foot eleva-
tions in a wooded area adjacent o a breed-
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ing site. The mechanical nets, attached
to a specially constructed tower, were
rotated at approximately 235 r.p.m. from
6 pam. until about ¢ a.m. the following
morning. A complete description of the
sweep nets has been given previously
(Love and Smith, 1957).

Only collections made on the 85 nights
when all nets operated successfully were
used in this analysis. After the numbers
of mosquitoes collected had been totaled
by species and listed in tabular form, the
collections for those species which showed
similar distribution characteristics were
ther: totaled and plotted graphically to
illustrate the differences in patterns of
vertical distribution. To eliminate the
abundance factor from the graphic presen-
tation of the data, the maximum collections
of all patterns were plotted on a common
axis. The remaining points were then
shown as percentages of these maxima.

Resvras anp Discoussion.  Ten species
of mosquitees were used in the analysis.
Most -of these were present regularly in
the collections but some, particularly the
Culiseta spp., were taken sporadically and
in small numbers. The vertical distribu-
tion indicated for the Culiseta was dis-
tinctive enough, however, to justify
inclusion. The numbers of specimens of
each species collected at each elevarion are
shown in Table 1. Four types of distribu-
tion patterns were observed. Species show-
ing similar distribution characteristics were
grouped ‘together and their collections
totaled, as follows: pattern 1—Anopheles
crucians, A. quadrimacularus, and Urano-
tacnin  sapphirina; pattern 2—dAdedes in-
firmatus, Ac. vexans, and Psorophora ferox;
pattern 3—Culex restuans and C. (Melano-
conion) sp.. and vpattern 4—Culiseta
inornata and Cu. melanura. Too few
representatives of other species were pres-
ent in the collections to warrant use in this
study.

These four types of distribution patterns
are shown diagrammatically in Figure 1.
Each pattern 1s typical for a particular
genus or for ecologically related genera.

The maximum numbers of Anopheles and
Usanotaenia were collected at 6 feet, 51
percent of maximum at 3 feet, with a
marked decrease at 15 feet continuing
through higher elevations. The maximum
numbers of Aedes and Psorophora were
collected at 40 feet, with near maximum
collections also taken at 25 feet and 3 feet.
Fewer but still appreciable numbers were
collected at 6 feet, 15 feet, and at the high
so-foot level. The greatest number of
Culex was collected at 3 feet, the numbers
decreasing at higher elevations, except for
a secondary peak at 23 feet. Culisera was
collected most frequently at 3 feet, with

collections at other elevations varying
only from 64 to %3 percent of this
maximum.

These distribution patterns indicate that
Anopheles and Uranotacnia are predomi-
nantly low fliers, and only rarely get as
high as 15 feet above the ground. The
Aedes and Psorophora fly more uniformly
at higher elevations, being rather evenly
distributed  throughout the vegetative
canopy. Culex apparently flies at higher
elevations than do Anopheles or Urano-
taenie but mnot as high as Aedes or
Psorophora. Culiseta is evenly distributed
from 6 feet to 50 feet. The larger propor-
tions of the collections taken at 3 feet
probably indicate that most specimens of
the genera studied rest during the day in
low vegetation and are therefore subject
to capture at the time nocturnal activity
commences and the tollowing morning
when individuals are again seeking suit-
able diurnal resting places.

Although no attractant was used to col-
lect the specimens for this study, undoubt-
edly there were motivating factors which
determine the approximate elevation at
which the greatest number of individuals
was active. Bates (1949) listed factors be-
lieved to influence the vertical distribution
of mosquitoes as gradients in temperature,
humidity, and light; specific resistance to
desiccation: search for oviposition sites;
swarming and mating activities; and the
location of their larval habitats. It ap-
pears that the activity of food seeking



Decestser, 1958

Mosouitro News 281

TABLE . —Nuwmnber of mosguitoes Lullcch in nechamcal sweep nets located from 3 fect to so fect
above the ground, Baker County. Georgla, May 1953-July 1956
Pattern 1: dnopheies and Uranoteeniu
Elevauon _inopheiles Anopheles Uranotacnia
(i feet) CTUCLATS guadrimactiaiis sdpphlarina Votal
3 196 130 451 777
[ 345 139 1,629 1513
15 28 10 16 54
25 2 5 T 23
40 I 1 5 >
50 2 a 7 G
T'otal 285 1,519 2,383
Pattern 2: Acdes and Psorophora
Elevaunon Aedes ledes Prorophors
(in fect) /0 fermalis wexdis ferox Votal
3 g 390 183 1,217
¢ 48 326 a8 o2
15 24 743 [ Hz29
25 32 1,160 47 1,245
40 66 1,132 e 1.270
50 61 g28 09 1,058
Total 375 5.385 531
Pattern. 3: Culex
Elevation Culex Crslex
{in feet)y resiuans (Melanoconiony sp. Votal
3 100 7T 177t
6 70 48 1§
15 49 33 82
25 75 ST 126
40 35 25 90
50 22 27 45
Total 371 D32
Pattern 4: Culiseta
Elevauon Culiseta Ceeliseta
{in teet) inornaia melanuri Taotal
3 & TO 22
[} 3 12 15
5 5 g 14
25 3 i 14
40 4 32 16
50 o 9 15
Total 2 69 g6

might well be added, since the availability
of preferred hosts at a relatively constant
height might indicate the level at which
the majority of the females fly.

Results of thousands of precipiun tests
have shown that Anopheles rarely feeds on

hosts other than man or domesuc mam-
mals. Upranotacnia is thought to feed ex
clusively on cold blooded animals. All of
these hosts occur near the ground in close
association with the indicated distribution
of these mosquito genera.
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FIGURE 1

DISTRIBUTION PATTERNS FOR MOSQUITOES AS INDICATED BY MECHANICAL
SWEEP NET COLLECTIONS, BAKER COUNTY, GEORGIA; MAY 1954-JULY 1956
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The feeding habits of Culex are not so
well known. 1In rural areas, greatest num-
bers of adult female C. guinquefasciatus
and C. erraricus may be found associated
with poultry. "While chickens usually do
not roost very far above the ground, this
association may indicate the preference of
these species for avian blood. The coloni-
zation ot C. gquinguefasciatus and the
laboratory feeding of C. reszuans is greatly
facilitated by the use of birds as a source
of blood. 1In the western United States
C. tarsalis is the chief vector of encepha-
litis, the pathogen of which occurs in birds.
Since this species transmits the infection
to man, the indicated association is ‘with
both birds and man, with birds probably
being the preferred hosts. A preferred
avian host which consistently roosts in the
tree canopy might require the Culex mos-
quitoes to fly at a higher elevation than
Anopheles and Uranozaen:u.

Several species ot Aedes have been found
naturally infected with encephalitis, al-
though they are not thought to be impor-
tant 1n transmitting infections to man.
Many species of ‘both Aedes and Psoroph-
ora have been shown capable of direct
transmission of encephalitis virus in the
laboratory (Ferguson, 1954).

It Aedes and Psorophora are predomi-
nantly higher fliers as indicated by their
distribution pattern, they would be ex-
pected to teed primarily on birds. They
could be very important then in main-
taining encephalitis in the avian reservoir
and be found infected with the virus, but
still be of little importance as far as human
infections arc concerned. However, there
is some evidence that A¢. vexans does not
feed primarily on birds. Of approximately
35 freshly engorged specimens collected in
the course of this study and tested to de-
termine the source of the blood meal, not
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one had f{ed on avian blood. Burroughs
and Burroughs (1954) reported that 77

/7
percent of 202 .de. vexans collected in the
upper Mississippi Valley had fed on

domestic mammals as indicated by pre-
C1pitin tests.

The only information concerning the
teeding habits of Culiseru is the reported
ncrimination of Cu. melanura as the vec-
tor of encephalitis in domestic pheasants
in New Jersey. Both Cu. melanura and
Cu. inornate were fed successfully on
birds in the laboratory.

The observations point out that in some
cases there may be correlation between the
vertical distribution of inosquitoes and
their feeding preferences, but that much
additional work on the subject is desirable.

Summary. Mosquito collections made
with mechanical sweeping devices which
utilized no attractant indicated thac the
gerial distribution of various genera con-
forms to different patterns. . dnopheles
and Uranotaenia rarely auained an alu-
tude of t5 feet. .dedes and Psorophora
were more active at higher elevations, and
Culex occurred most frequently at inter-
mediate clevations. Culiseta was evenly
distributed from 6 feet to 50 feet. There
are corrclations between the indicated
vertical distribution and known. feeding
preferences.
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