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NOTES ON THE BIONOMICS AND SEASONAL OCCURRENCE
OF MOSQUITOES IN SOUTHWESTERN GEORGIA

G. J. LOVE a~np M. H. GOODWIN, Jr.1

INnTRODUCTION. Observations on  the
abundance and distribution of mosquitoes
in southwestern Georgia have been made
since 1939 in connection with studies on
the natural history of arthropod-borne
diseases. Results of most studies and
observations have been reported separately
(see bibliography) but much material
which was collected incidentally or re-
sulted from preliminary experiments has
not been made available. The purpose of
this paper is to record pertinent unpub-
lished observations made over an eighteen
year period, 1939 to 1957. Some material
is fragmentary and some of the comments
concerning bionomics of various species
are speculative. It 1s believed, however,
that the data presented are of interest
and value to culicidologists.

In 1951, an extensive, long-range study
on the microhabitat of mosquitoes was
inaugurated (Platt, 1955). The present
report does not give details of this recent
work since it is developing rapidly and
progress to date has been reported ade-
quately. (Platt, 1957; Platt ez al., 1957;
Platt ez al., 1958; Love ez al., 1958).

TorpograPHY AND CLIMATE OF STUDY
Area. All observations were made 1n. the
experimental area of the Emory Uni-
versity Field Station. The topography
and climate were described in detail by
Hendricks and Goodwin (19522). The
area covers approximately 200 square
miles of Baker and FEarly Counties,
Georgia. The center of the area is ap-
proximately latitude 31° 20’ N., longirude
84° 20° W, about 190 miles west of the
Atlantic Ocean and go miles north of the
Gulf of Mexico. The clevation ranges

1 Communicable Disease Center, Bureau of
State Services, Public Health Service, U. S.
Department of Health, Education, and Welfare,
Atlanta, Georgia, and Emory University Tield
Station, Newton, Georgia. See end of paper for
address changes of authors.

from 100 to 250 feet above sea level. The
area lies within the Dougherty Plain
which covers about 7,000 square miles.
Limestone, which once overlay the area,
has been removed by the solution of
ground water leaving a residuum of sands
and clays ranging in thickness from 7o
to 100 feet. Beneath the residuum are
undissolved remnants of Oligocene and
Eocene limestones. Numerous sinks and
surface depressions occur in the area. It
is believed that these sinks result from
the collapse of the overburden when the
deep-lying limestone is dissolved. Depres-
sions thus formed have gentle sloping
sides and lack evidence of fracture of the
surface strata. Limestone sinks, which
are caused by solution at or near the sur-
face, have steeper sides and show evidence
of slumping of the surface strata. Forma-
tion of the lime-sink ponds was described
by Goodwin and Lenert (1943).

The climate of the study area, in com-
mon with that of the rest of the region,
is warm and moist. Normal annual pre-
cipitation is about 50 inches. The heavi-
est precipitation occurs ordinarily during
July and August and a secondary peak
usually is reached during February and
March. The fall secason is the driest of
the year. Wide variations in amounts of
annual rainfall are experienced.

For the years 1892 to 1957, annual
rainfall in the southern division of
Georgia ranged from 28.97 to 66.53
inches (U. S. Weather Bureau, 1958).
The July precipitation ranged from 3.3
to 14.69 inches. Average monthly pre-
cipitation figures in inches for three sta-
tions near the area having 30 years or
more of records are shown in Table 1.

The average annual temperature at
Bainbridge, located about 24 imiles south
of the center of the area, is 6777 F.
(Table 2). Very changeable temperature
conditions prevail in winter; daily maxima
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TABLE 1.—Average monthly precipitation in
inches at Albany, Blakely, and Bainbridge for
period 1882-195%

Month Albany® Blakely2 Bainbridge?
January 3.90 4.44 3.80
February 459 4-96 4-33
March 5.01 5.54 4.68
April 4.00 4.51 4.78
May 3.81 3.63 3.28
June 4.31 4.50 4.76
july 5.96 6.82 6.64
August 5.36 5.77 5.66
September 3.52 3.97 4.41
October 2.26 2.56 2.19
November 2.50 3.08 2.37
December 3.90 4-44 4.30
Annual 49.12 54.22 50.60

1 Twenty-one miles N. E. from center of study
area.
2 Eighteen miles W. from center of study area.
3 Twenty-four miles S. from center of study

arca.

TABLE 2~—~Mean monthly air temperature 1n
degrees Farenheit at Bainbridge, Georgia, based
on records for 1882-195%

January 52.7
February 54.8
March 61.0
April 67.5
May 749
june 80.6
July 81.7
August 81.5
September 78.1
October 68.3
November 58.3
December 52.7

Annual 67.7

are rarely below 32°F. and frequent
warm periods occur. The highest re-
corded January mean temperature exceeds
the lowest by about 20° F. Summer tem-
peratures are more consistent. The highest
recorded July mean temperaturc exceeds
the lowest by about 6° F. The average
date of the first killing frost is November
15 and of the last is March 10. The
average length of the growing season is
250 days. Snowtfall is rare.

Relative humidity is highest in winter,
and a secondary peak occurs in midsum-
mer. Spring and fall have the driest at-

mosphere, conforming to the pattern of
rainfall distribution. Evaporation from a
U. S. Weather Bureau Class A pan at
the Emory University Field Station av-
eraged 55.74 inches annually for 12 years
(1946~1957).

MerHODS OF COLLECTING MOSQUITOES.
From 1939 to 1941 adult mosquitoes were
collected only from houses, barns, culverts,
hollow trees, and similar natural resting
places. In 1941 an artificial resting sta-
tion, primarily for the study of Anopheles
quadrimaculatus, was developed by Good-
win (1942). These stations, one-foot
cubical boxes with one end open and
painted red inside and out, provided a
comparatively uniform resting place which
could be located near breeding areas and
in other situations where mosquitoes con-
gregate. Also in 1941, use of battery and
power-line operated New Jersey type light
traps was commenced. Beginning in
1952, mechanical sweep nets were em-
ployed. These traps used no attractant
and thus had advantages over other traps
in sampling all species active within range.

During the winters of 194445 and
1945-46, collections of Anopheles spp.
and some culicine species were made by
fumigating hollow trees on days follow-
ing nights during which the temperature
fell below freezing (Zukel, 1949a, 1949b).

Mosquito larvae were usually collected
from ponds and other large areas by skim-
ming the water surface with an enamel
pan or dipper. Larvae were collected
from tree holes with a siphon. In cases
where larvae could not be removed di-
rectly from artificial containers, because
of small orifice or presence of debris, most
of the water was decanted and the remain-
der, containing the larvae, was poured into
a shallow white pan.

Mosquito collections from 1938 to 1948
were made primarily in connection with
studies of malaria and anophelines. Dur-
ing this period no regular effort was made
to collect all species in the area. A suffi-
cient number of collections was made over
the nine-year period, however, to obtain
tenable data on seasonal distributions of
prominent species. After 1948, collec-
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tions were designed to obtain all culicine
species.

The nomenclature used in this report
is based on Pratt’s Check List of North
American Mosquitoes (1956).

Descriprion oF Breepine Areas. The
mosquito breeding places in southwest-
ern Georgia consist of “permanent” ponds,
temporary pools, roadside ditches, tree
holes, and many types of artificial con-
tainers. With the exception of tree holes
and artificial containers, the character of
most breeding areas is determined by
topography and by climate, particularly
precipitation and temperature. The char-
acter of a particular breeding area and
the fauna supported, may vary from year
to year.

An example of variations in climatic
factors and the associated variations in a
breeding area is shown by the monthly

precipitation data and water level fluctua-
tions at Mossy Pond (Figure 1). This
pond is representative of the “permanent”
limesink ponds, the most important habi-
tat for mosquitoes in the area. From 1939
until 1949 Mossy Pond held water con-
tinuously (Figure 2) and the mosquitoes
produced were characteristic of the fauna
in relatively permanent, mature limesink
ponds.  Anopheles crucians Wied., .
quadrimaculatus Say, Culex erraticus (D.
and K.), Uranotaenia sapphirina (O. S.),
and Mansonia perturbans (Walk.) were
common during the summer months. In
the cooler portions of the year A. crucians,
A. punctipennis (Say), and C. zerritans
Walk. were abundant (Table 3). In
these years, the water level in the pond
receded during the summer (growing sea-
son) and rose during winter (water-stor-

age period).

Fic. 2.—Permanent limesink breeding area, Baker County, Georgia
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TABLE 3.—Species of mosquito larvae collected from various types of breeding areas

in southwestern Georgia

Permanent

Temporary

Intermitrent

Artificial containers

A. crucians *
A. georgians
A. punciipennis

A. quadrimaculatus
A walkeri *

Culex ervatices

C. nigripalpus *

C. territans ¥
Culiseta inornata *
C. mclanura *

M. periurbans *

U. sapphirvina *

U. lowii

A. crucians

A. punctipennis
C. ervaticus

C. peccaror *

C. territans

Ae. atlanticus
Ae. canadensis
Ae. cinercus *
Ae. dupreei

Ae. fulvus-pallens *

Ae. infirmatus
Ae. mitchellae
Ae. vexans

P. ciliata

P. confinnis

P. discolor

U. sapphiring
U. lowii

A. punctipennis A. barbert *

Q. signafera ™

T, septentrionalis ¥
Ae. triserivius *

C. pitosus *
C. restuans 1.
e, atlanticus ®
Ae. canadensis
Ae. dupreei *
Ae. infirmutus ™
Ae. mutchellue *
e, strcrens ®

e thibaulti *
Ae. tormentor *
Ae. vexans *

P. ciliata *
P.confinns *
P. cyanescens ©

P. ferox ™
P. horrida *
P. howardit
P. waripes

AL cruciuns

AL punctipennis

C. p. quingquefasciatus *
C. restuans

C. territans

O. signifeic

T. r. seprentrionalis

Ae. triseiriaius

* Indicated type breeding area in which the species most comumonly occurs.

Fia. 3.—Typical limesink breeding area following several years of drought
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In the fall of 1949 and spring of 1950
precipitation was insufficient to restore the
water level to the normal spring stage and
the usval depletion during the summer
further lowered the level. In the winter
of 1950—51 rainfall was again deficient
and the pond became completely dry late
in the summer of 1951 (Figure 3). Dur-
ing 1951 and most of 1952 the mosquito
fauna was completely different. The
prominent species were Aedes wvexans
(Meig.), Aec. atlanticus D. and K., Ae.
infirmatus D. and K., Psorophora ferox
(Humb.), P. confinnis (1.-A.), P. ciliata
(Fab.), P. cyanescens (Coq.), and during
the cooler periods of the year Aedes mitch-
ellac (Dyar), Ac. canadensis (Theob.),
and Culex restuans Theob. In the latter
part of 1953, the pond level was higher
than during any fall month since 1949.
Raintall was greatly deficient in the frst

months of 1954, the water level dropped
during the growing season, and by July
the pond was again dry. In 1954, species
which develop in “permanent” ponds were
produced from January until June; after-
ward species associated with temporary
pools were present.

The substrata of temporary ponds and
pools were highly porous. The length of
trime that water was retained depended
upon increment and condition of the wa-
ter table. During years with normal or
heavy precipitation many of the ponds
(Figure 4) contained mosquitoes charac-
teristic of permanent ponds; e.g. U. sap-
phirina, C. nigripalpus Theob., and C. er-
raticus. Culex peccator D. and K. was
often found in ponds of this type. Dur-
ing periods of extreme drought temporary
pools frequenty produced few or no mos-
quitoes since intermittent rains were not

Fic. 4.—lntermittent pond, Baker County, Georgia
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sutficient to maintain water in the pools
long enough for larvae of Aedes and
Psorophora to mature even though eggs
hatched.

Psorophora spp. were the characteristic
species found in roadside ditches (Figure

5); .dedes spp. and Culex pilosus (D. and

K.} occurred less prominenty in these
situations. In common with other types
of highly intermittent aquatic habitats,
the ephemeral biota in ditches was not
consistently characteristic.  The mos-
quitoes found most frequently in road-
side ditches occurred also in temporary
pools and in “permanent” ponds depend-
ing upon the extent of drought.
Artificial containers (Figure 6) pro-
duced primarily Culex pipiens quingue-
fasciarus Say in the summer and C. 7es-

tuans in the winter. - Toxorkynchites ru-
tilus septentrionalis (D. and K.) and
Orthopodomyia signifera (Coq.) larvae
were found throughout the year in art-
ficial containers which held water con-
taminated with organic naterials.

Tree holes (Figure 7) produced Aedes

.

Fie. 6.—Aruficial

container
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¥1G. 7 —Trec hole from which numerous .dedes wriseriatus larvae were obtained, Baker County, Georgia

iriseriatus Say, Anopheles barberi Coq.,
O. signiferu, and T. r. septentrionalis.
StasoNar DisTriBUTioN 0F MosQUIToEs.
The collecting techniques used for these
studies do not provide an accurate, com-
parable, quantitative measurement of rel-

ative abundance of all species. For ex-
ample, 4. quadrimaculatus were taken in
large numbers from hollow trees and arti-
ficial resting stations, but the numbers of
A. ¢rucians in these same places were too
small to indicate population trends. Con-
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versely, light traps in the same areas col-
lected many A. crucians but fewer A.
quadrimacularus. Comparative data on
abundance are neccessarily limited to a
single species or to populations which are
closely related ecologically. Comparison
of trends in populations is more reliable,
however. For example, the direction and
magnitude of variations in populations of
adult A. guadrimaculatus was the same
whether measured by light trap collec-
tions or by enumeration of mosquitoes in
artificial resting stations. For other spe-
cies, however, e.g. Culiscta melanura,
Aedes triseriatus, or Psorophora ferox, in-
significant numbers of adults were ob-
tained by light trap collecticns or by
other repetitive techniques, to provide
comparative data on abundance.

Bait traps using animals or chemical
attractants were singularly unsuccessful
in collecting adult mosquitoes in the area
studied. Bait traps, as well as light traps,
measure taxis rather than comparative
abundance and hence have limited use-
fulness in population measurements.

Probably the most accurate information
on the relative abundance of various spe-
cies was obtained from the mechanical
sweep nets. Because of the small num-
ber of some species collected ecach night,
however, it may be necessary to use this
technique for several months or years
to obtain valid information. By compar-
ing collections made with light traps with
those made with the sweep nets prelimi-
nary indices of attractiveness to light were
derived for most of the specics which oc-
cur in the area (Love and Smith, 1957).

Larval collection methods employed in
this study were selective for certain spe-
cies. Anopheles spp. are easily collected
by skimming the water surface with a
pan; but some other species, e.g. Culiseta
melanura (Coq.), Psorophora spp. and
Aedes dupreei (Coq.), dart to the bottom
at the slightest movement of the water
surface and remain submerged for several
minutes. Consequently, larval collections
in this study did not provide tenable data
on relative abundance of aquatic stages.

These limitations of both larval and

adult collections are emphasized to indi-
cate the reservations held in interpreting
the following data which were collected
as collateral observation rather than as
studies designed specifically to provide
comparable information on populations.

Of the 51 species of mosquitoes previ-
ously reported from Georgia (Table 4),
42 were collected in the southwestern sec-
tion of the state during the present study.
Four of the remaining nine species,
Anopheles atropos D. and K., 4. bradley:
King, Aedes sollicitans (Walk.), and Ae.
taeniorhynchus (Wied.), breed in salt
marshes, a habitat which does not occur
in the area observed. de. trivittatus
(Coq.) was reported from Iee County,
Georgia, 35 miles northwest of the area,
by Root in 1924 but has not been reported
since. Two female mosquitoes collected
at Camp Wheeler, Georgia, in 1943 and
identified as Culex tarsalis Coq. (Middle-
kauff and Carpenter, 1944) are the only
state record for this species. Culex pipiens
pipiens Linn. has been identified from
collections in the northern part of the
state but not from the southern section.
Orthopodomyia alba Baker was identified
from Georgia material in 1945 (Carpen-
ter, ez al., 1946) and Toxorhynchites vu-
tilus rurilus (Coq.) was reported from
Georgia before 1920 (Howard, er al.,
19r2~17). Neither of the latter species
was found in southwestern Georgia dur-
ing this study.

A summary of records on mosquito col-
lection for the period 1939 through 1957
is shown in Table 5. Data are summar-
ized by months; the species collected and
the methods used are shown. An indi-
cation of abundance also may be ob-
tained from this table since, in most in-
stances, the species present in greatest
numbers were collected by more than one
method. Aedes was most abundant from
March through June (Table 5), Psoro-
phora from June through October, and
Culex from July through November. In
the field, succession of Acdes and Psoro-
phora was especially noticeable.  Species
of both genera occurred in the same larval
habitats, but only a few P. ferox and P.
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TABLE 4.—Spccies of mosquitoes reported from the state of Georgia, and those collected during the
present study in southwestern Georgia

Anopheles atropos 1
barber:
Pradleys 1
crucians
georgianus
punctipennis
quadrimaculatus
walkert

Culex erraticus
nigripalpus
peceator
priosus
prpicns 2
quinquefasciatus
Fesizuns
salinarius

terriiuns

Culisete inornata
melgni

Mansonia perturbuans

Orthopodomyia albi B
signifera

Toxorhynchites rutilus rutilus ©

rutilus septentrionalis

Aedes atluniicus
canadensts
cinercus
dupreet
fulvaus-pallens
infirmatus
mitchellae
sollicizans 1
sticiicus
taeniorhynchus 1
thibulti
tormentor
triseriates
irivittatus *
vexans

Psorophora ciliata
confinnis
cyanescens
discolor
ferox
horvide
howardil
varipes

Uranotaenia lowii
sapphirina

1 Sait marsh species does not occur in southwestern Georgia.

2 Reported only from North CGeorgia.

3 Reported trom Macon in 1943. not found in southwestern Georgia.

% Reported trom Lee County in 1924, not found since that time.

5 Reported from Georgia in 1045, not found in southwestern Georgia.

¢ Reported from Georgia before 1920, not found in southwestern Georgia since 1g940.

ciliate hatched when Aedes larvae became
abundant following early spring rains.
Atter the areas became dry and were sub-
sequently filled, large numbers of Psoro-
phora, as well as Aedes, were produced.

ANOPHELES. Six species of Adnoph-
eles were found in southwestern Georgia.
A. quadrimaculaties occurred in “perma-
nent” limesink ponds throughout the area.
This species may breed throughout the
winter depending on severity of the cold
(Bellamy, 1950). In this area, true hiberna-
tion was not observed; males died off and
females became inactive during the win-
ter for periods of several days. During
the warm intervals, however, the females
became active and fed (Zukel, r1949a,
1949b). In some instances ova were pro-

duced following winter feedings but fre-
quently only fat bodies were produced.
During a mild winter such as 1948—49
breeding apparently was not interrupted;
fourth instar A. gquadrimaculatus larvae
and adult males and females were collected
each month during the period. In more
severe winters neither larvae nor adult
males were collected from November un-
til March.

During the winter of 1946—47, over
200 wild 4. guadrimaculatus females col-
lected from artificial resting stations were
isolated individually and held in an area
of the insectary which was heated dur-
ing the day to approximately %0° F. and
unheated at night. FEach specimen was
given an opportunity to feed daily from
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TABLE 5.—Summary of information on occurrence of culicidae in southwestern Georgia
Genus_and Specie Jan Feb March ‘April May June July Aug. Sept.  Qet. Nov. Dec
Anopheles barberf - - - - - - - . 1R _ _ _

crucians ITR ITRBS ITRS TITERS ITBRS ITRES ITZRS ITRS ITRS ITRS ITRS ITERS
georgianus - - - - I - - - - - - -
punctipennis ITRS ITRB ITRS ITRS ITRBS IIRS ITR 1TK TRS ITBRS 1ITRS ITR
guadrimaculatus TITBRS ITR ITRS ITRS ITBRS ITRES ITRS ITRS ITBRS ITBRS ITRS LTRS
walkeri - - - - - - T T T - - -
- I - TBIS TBS TBS ITBRS ITBS TBS TBS TBS -
IT IT IT ITB TB T - T T s - s
- - - B B T - - - - - -
g - - - TS TS T TS ITS TS is - -
fulvus~pallens - - - - TBS s TS TS T8 TS 5 -
infirmatus BR - ITBS TBRI1S TBS TBS TBRS TBRS TBS TBS TBS BS
mitchellae 1TBR ITBRS TIBS ITBS ITS TS TS ITS 1Ts TS TS TBIS
stlcticus - - T TBR TBS TBS - - - - - -
thibaulti - - R BR RB TS TS B - - - -
tormentor - - - - TB T TL T T T - -
triseriatus I I ITR ITBS 1ITBS 1TBS ITBS ITs 1Ts 18T is I
¥exans ITBRS ITRS ITRS ITBRS ITBRS ITERS TRBS ITBRS 1TBS TERS TBLS ITS
Gulex nigripalpus B - - T s TS - - ITS ITs T8 T 1s
gquinquefasciatus I - 1T I IIR IRST ITRS ITRS TIS TRIS ITRS I
restuans ITBRS ITRS ITRS ITRS ITs TRIS IRS T8 ITs TTRS ITRS ITRS
salinarius - - - - - - - - Z z T z
territans ITRS ITRS ITRS ITRS 1ITRS TTRS 8 I1r8s TRIS ITRS ITS ITs
‘(Melanoconion) sp. TRS TR TRLS TIRS TRIS TIRS ITRS TRIS TRLS TRIS TRIS RIS
I3 5 TR R i IR RIT IR ITR ITR ITR ITR IT T
peccator - - - - I - I I IT TR - -
pilosus - - - - - - TX T pad IT T -
Culisets inornata TIS IT8 TL TRS TE T T T T TS TS TSL
melanura TR TRS ITRS TRSY TRS TRS TBR TS s TS T8 T8
Mansonia perturbans - - - TBR TBRS ITBRS TBRS TRSB TBS TBRS - -
Orthopodomyia signifera I 1 IR iTs I8 ITSs 1s ITS 1Ts is ITS it
Psorophora clliata. - b psi] ITBS TIBS ITBS ITBR IBIS ITSB TISB T -
confinnls IBR I T 118 TiS TBL LITBS LITBS ITBS 1ITBS I IR
cyanescens - - - 1ITB BT BTS TI IETE 1B BTS - -
discolor - - - 1T iT T8 118 1Ts Ir T - -
ferox - 1 TI ITBS TBIRS TBRS ITBS ITBS ITBS TBRS BST -
horrida - - - - B T8 T T - - - -
howardii ~ - - I - - s IBT TB T8 - -
varipes - - - T B BT BS T - B - -
Toxorhynchites rutilus
septentrionalis ks I 1 I 1 T is b I T T I
Uranotaenia sapphirina TR TR 1ITR ITR ITRS 1TS ITS ITS ITs ITS ITRS TRS
lowii - - - - - - - T T T T -
T - Adults collected in light traps
R - Adults collected in resting stations
I - Immature stages collected
B - Adults collected biting
S - Adults collected in mechanical sweep nats

the hand or arm of the insectary tech-
nician; usually 3 to 5 specimens engorged
fully. No ova were obtained, however,
from the middle of December through
February, although some specimens sur-
vived for more than 6o days and fed as
many as 5 times. In a similar study con-
ducted during January, February, and
March, 1953 more than 100 wild female
A. quadrimacularus were collected from
‘he same stations as in 1947 and placed
in an open section of the insectary under
:ssentially ambient conditions. In every
instance the surviving females fed, de-
veloped ova, and oviposited. Low tem-

peratures to which the specimens were ex-
posed were about the same in 1947 and
1953. The high temperatures were dif-
ferent, however, since in 1947 the in-
sectary was heated during the day. The
higher daytime temperatures in 1947 may
have stimulated more activity and feed-
ing. But the greater temperature vari-
ations from day to night in this series
may have accounted for the production
of fat rather than ova. The mortality
rate was low in the 1947 series but ex-
ceeded 50 percent in the 1953 series. Mor-
tality in the 1953 series usually occurred
among unfed specimens.
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In January and February 1053 a series
of female A. guadrimacularas from the
laboratory colony were fed in the insec-
tary at 78° F. and held at a constant tem
perature of 50°F. All of these speci-
mens developed ova.

In the field, populations of A. quad-
rimacularus adults vsually began to in-
crease in April and rose sharply during
May and June. Reductions usually oc-
curred in July and August as a result of
high summer temperatures detrimental to
larval development (Goodwin and Love,
1957; Love and Whelchel, 1957) and rose
again in September when temperatures
moderated. Populations declined sharply
when the minimum temperature fell be-
low approximately 40° F.

Variations in the time when maximum
density of A. quadiimaculatus occurred
during comparable vears of normal pre-
cipitation were related to early spring
temperatures. Populations generally were
higher in June or early July. The maxi-
mum height which the population reached
was influenced by the length of time dur-
ing which favorable developmental tem-

peratures occurred. Moderate tempera-
tures, averaging above 60° F. during Feb-
ruary and March, permitted larval de-
velopment and resulted in higher popu-
lation levels during June than were noted
when winter and early spring tempera-
tures were lower. This effect of early
spring temperature on summer popula-
tions has been observed also in the Ten-
nessee Valley (Hess and Crowell, 1949).

A. crucians apparently overwintered
principally as larvae, as observed in South
Carolina (Frohne and Hart, 1949). In
southwestern Georgia, however, some
specimens complete development during
warm periods of the winter, so that adult
males and females were collected con-
sistently throughout the winter from arti-
ficial resting stations adjacent to the breed-
ing areas. Larvae of both A. crucians and
A. quadrimaculatus developed at tempera-
tures above 50° F.; Jower temperatures
were apparently lethal to most 4. guadri-
maculatus but not to A. crucians. Con-
sequently, 4. cruciens adult populations
increased immediately after temperatures
moderated in the spring. 4. quadiimacu-
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latus adult populations increased only
after temperatures moderated for a period
sufficiently long to permit development
from egg to adult.

The relative abundance of A. quadri-
maculatus and  A. crucians, based on
weekly collections of larvae in 1946 and
1947, from an area suitable for heavy pro-
duction of both species Is shown in Fig-
ure 8. Temperatures during these years
were close to the average. A. quadri-
maculatus was the predominant species
from June through October, but few
specimens were collected during the re-
maining months when A. crucians was
more abundant. However, this patiern
varied considerably in years with abnor-
mal temperatures. During the winters
of 1948-49 and 1949—50 monthly mean
temperatures ranged from 3 to 12 degrees
above the average shown in Table 2. ..
quadrimaculatus larvae were collected reg-
ularly throughout both of thesc winters.
The relative abundance of A. guadri-
maculatus and A. crucians larvae in re-
lation to mean water temperature during
1949 is shown in Figure 9. Above 75° F.
the proportion of A. quadiimaculatus rose
rapidly. Below =5° F. larval collections
were always predominandy -A.

A. punctipennis larvae and adults were
most abundant during the winter months,
but could be found in considerable num-
bers in suitable breeding areas through-
out the year. In southwestern Georgia,
A. punciipennis sl. was represented by
both the typical form and the “single
haired” form, A. p. perplexens Ludlow.
Bellamy (1956), after an exhaustive study,
concluded that each form represents a
distinct species. Ova of the two forms
are easily recognized by the size and
shape of the dorsal exposure of endo-
chorion. In A. punctipennis ova this ex-
posure is slipper-shaped and smooth-
edged while in perplexens ova a inuch
narrower area is exposed and the sides
of the exposure are wavy. On fourth
instar perplexcns larvae, hair 2 on ab-
dominal segments IV and V is predomi-
nantly singie but is generally branched
on puncripennis. Adults of puncripennis

CTUCIans.

have longer wings than perplexens and
the light subcostal spot is reduced in
perplexens. Ecologically, 4. punctipennis
was found in a wide variety of temporary
and permanent waters, but .. perplexens
was apparently restricted to limestone
springs and the streams formed by them.

Since no effort was made to separate
the two forms before 1949, only A. punc-
dpennis sl. is considered in this report.
Adult populations were low from June
to September (Figure 10), rose sharply
to a peak in October, receded in Decem-
ber when low midwinter water tempera-
tures occurred, increased in February and
reached the highest peak in March or
April.  The wend of larval abundance
was the same as that of adults.

In the laboratory, ovarian development
of A. punctipennis proceeded at reduced
temperatures, but ovipositon did not oc-
cur until the temperature was raised. En-
gorged adult {emales held at a constant
temperature of 56° F. produced no ova
within 15 days. However, specimens
which were removed after 6 to 13 days’
exposure to 56° F. temperature and placed
at a constant temperature of 75° F. al-
ways oviposited within 2 to 16 hours.

The remaining three species of Ano-
pheles in the area were collected intre-
quently. .. barberi was found occasion-
ally in tree holes, the characteristic habi-
tat of this species, but successive collec-
tions of .. barberi larvae could rarely be
made from the same tree hole. _dnopheles
georgianus King was identified only once
in larval material collected in the study
area. Adults of this species are indis-
tinguishable from . crucians. During
the winter of 193738 Bellamy (1039)
collected 4. georgionus larvae from
Brooks, Sumter, Terrell, and Thomas
Countes, all within s0—75 iniles of the
study area.  Additional collections made
subsequently in these counties indicate
that larvae may be collected almost any
time during rhe year. The classic habi-
tat of this species is pasture-land seepage
areas which. are headwaters of smali
streams. In these habitats . georgianmus
may be assoctated with a few A. crucians
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but seldom with any other species of
Anopheles.  Anopheles walkeri Theob.
was collected with light traps 5 times in
18 years; larvae were not collected.

Ova of both A. crucians and A. puncti-
pennis were observed to withstand desic-

cation. A soil sample removed from a
pond basin which had been dry for the
10 previous days was held at room tem-
perature and approximately 50 percent
relative humidity in the laboratory for
24 hours to allow further drying. Fifty
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anopheline larvae, both crucians and
punctipennis, hatched when the soil was
flooded.  Subsequent insectary studies
showed that, as long as mud was suffi-
ciently moist to maintain a film of water
on the surface, A. quadrimaculatus ova
would hatch in the usual time. Under
the same conditions larvae would de-
velop to the pupal stage although the rate
of mortality was high (go—95 percent).
No adults were obtained.

During 1947 and 1948 precipitin tests
were made on ingested blood in freshly
engorged Anopheles. Of 4,971 A. quad-
rimaculatus and 4,244 A. crucians tested,
4,616 A. quadrimaculatus and 3,897 4.
crucians reacted to human, equine, por-
cine, bovine, or avian antisera. Results
indicated that approximately 1 percent of
each species had fed on humans, slightly
more than 1 percent on birds, and nearly
98 percent on horses, cows, or pigs. Most
specimens were collected in barns and
sheds; few were found in or under
houses.

CULEX. In southwestern Georgia, the
genus Culex is represented principally by
C. territans and C. restuans in the winter
and by C. p. quinguefasciatus, C. nigri-

palpus, C. erraticus, C. peccaior, and C.
pilosus, during the summer.

C. zerritans and C. restuans are pre-
dominantly northern species, and south
Georgia is near the southern limit of dis-
tribution. These species were seldom col-
lected except during the late fall and early
spring probably because of unfavorable
high temperature during the remainder
of the year. The seasonal occurrence ol
each species paralleled the distribution of
A. punciipennis (Figure 10). Adults
were most abundant from March to May
and were collected rarely during the sum-
mer. The number of adults and larvae
increased in August or September and
the adults usually reached a secondary
peak during November. The annual
pattern of occurrence was consistent but
density varied from year to year. During
mild winters, e.g. 1948—49 and 1949-50,
larval development apparently was not
interrupted and adult populations were
sustained at high levels from November
through April. During more severe win-
ters, the lower temperatures inhibit de-
velopment but do not cause serious
nortality among larvae. Adults are less
active, however, less oviposition occurs,
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larval populations are smaller, and adults
emerge during a comparatively shorter
period than during mild winters.

Larvae of both species were common
throughout the winter months, C. zerri-
zans in the ponds and C. restuans in arti-
ficial containers and small temporary rain
pools. During dry periods C. feiritans
also was found in artificial containers.
Apparently, this species was highly selec-
tive in choice of oviposition sites. Egg
rafts were obtained from pools 10 to 25
feet in diameter which contained decay-
ing leaves but no eggs were present at
the same time in similar adjacent pools
which contained no debris.

The developmental time of C. restuans
larvae varied with temperature; less mor-
tality occurred at low than at high tem-
peratures. At a constant temperature of
78° F. or higher, less than 40 percent of
the C. restuans developed to the pupal
stage. Those which survived completed
the cycle from ova to adult in 10 to 15
days. When larvac were alternated at
24-hour intervals between water baths at
85° F. and 55 to 60° F., the developmen-
tal period was lengthened to 20 to 25
days and mortality was reduced to less
than 20 percent. Larvae reared at a
constant temperature of 55° F. to 60° F.
required more than 30 days for develop-
ment to the pupal stage, but mortality
was only 14 percent.

Results of the laboratory studies were
consistent with field observations. The
average mean air temperatures during the
periods when adult C. restztans were most
abundant were 68.3° F. and 58.3°F. in
October and November and 61.0° F. and
67.5° F. during March and April (Table
2, Figure 10). The higher spring peak
was attributed to the longer period of
temperatures favorable for larval devel-
opment than preceded the fall peak.

The periods of maximum adult activity
and oviposition, as indicated by light trap
collections and daily collections of ova
from selected breeding sites, occurred
when the temperature was between 50° F.
and 60°F. Activity declined steadily

with lowering temperatures, and, at ap-

proximately 40° F., ova and adults were
not collected.

In the summer, C. restuans in artificial
containers was succeeded by C. p. guin-
quefasciatus.  This species became very
abundant around houses and barns but
was found rarely in woodland areas. C. p.
quinquefasciatus adults were taken in
traps from March through November,
and larvae were collected regularly from
March through October; one collection
of larvaec was made in January 1950. A
few hibernating adults were collected
during the winter months by fumigating
hollow trees.

Chickens apparently were the principal
source of blood. This impression was
corroborated by a laboratory study con-
ducted during the summer of 1954. A
large colony, reared from specimens col-
lected in nature, was established in a
cage 10 by 10 by 15 feet. Rabbits and
birds were placed in the cage as constant
sources of blood. Human blood was of-
fered for one-hour intervals two or three
times each day between 8 a.m. and 8 p.m.
The locations of the rabbits and birds
within the cage were changed each 24
hours so that the animals were placed
at all possible elevations in relation to
one another. Each morning a sample of
freshly engorged females was collected
and prepared for precipitin tests. None
of nearly 200 specimens tested fed on
either human or rabbit blood.

Culex  nigripalpus was usually rare.
With the exception of a single collection
of larvae in March, specimens were ob-
served only from August throngh Novem-
ber. Larvae occurred most frequently in
ditches and small open pools but oc-
casionally during the late summer months,
large numbers were obtained from perma-
nent ponds which had receded to depths
of one to two feet. At this stage lush
growths of floating and emergent vegeta-
tion were present. In these areas, more
than one egg raft per square foot of
water surface was sometimes oviposited in
a single night. During periods of such
heavy production, which lasted from 6
weeks to 2 months, C. nigripalpus adults
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accounted for more than 50 percent of
all mosquitces in light trap collections.

Culex salinarins was collected in light
traps in November 1942. A single male
was identfied early in the month and
one female was found in a collection made
approximately two weeks later. The two
collecting stations were 15 miles apart.
These two specimens represent the only
record of this species {rom the study area.

The difficulty in specific identification
of the C. (Meclunoconion) group poses a
problem to mosquito ccologists in the
area. Until recently three species in south
Georgia, C. erraticus, C. peccaror, and C.
pilosus, were considered members of this
group. Each species apparentdy occupies
a separate ccological niche but the three
are indistinguishable as adults except by
study of the male genitalia. After an
intensive study of C. (Melunoconion) lar-
vae, Foote (1954) revised the subgenus
Mochlostyrax for some species including
C. pilosus.

C. erraticus larvae succeeded C. ferri-
zans in permanent ponds during the sum-
mer months. C. erraricus was the most
common Culex in ponds from May to
October; larvae were not collected in De-
cember, January, or February. C. pec-
cator larvae were found most frequently
in semipermanent, sunlit ponds which
contained heavy growths of emergent
vegetation. C. prlosus was collected only
from roadside ditches and small tempo-
rary pools. Observations corroborated re-
ports of others (King, ¢z al., 1939) that
ova of C. pilosus withstand desiccation.
Larvac were collected within a few hours
after flooding from areas which previously
were dry. Positive identifications of €.
pilosus and C. peccaror adults were made
from light trap muaterial collected from
July to November. C. wicus  adults
were identified from material obtained
during each month of the year. Both C.
erraticus and C. peccaror were collected
by fumigating hollow trees during the
winter months. Because of the time in-
volved, many collections were identified
only as C. (Mclunoconion).

CULISET.A. Two species of Culisera

occurred in the area, inornatz (Will))
and melanura (Coq.). Both  were
most abundant during the winter and
early spring; imormpata was readily
attracted to light traps, but melonura
was taken only occasionally (Love and
Smith, 1957). However, in collecuons
with mechanical sweep nets which util-
ized no attractant, the species were equally
abundant. Both species were collected in
greatest numbers with light traps during
April, but specimens were collected oc-
casionally throughout the year.

Female Cufiseta inornaia, collected in
the field, oviposited readily in the insec-
tary. Adults were held in 18- by 18- by
24-inch screen cages, and clear glass fin-
ger bowls half filled with tap water were
placed on the bottom of the cages w
receive the eggs. After hacwching in 2
to 4 days at 78° F., larvae were placed in
an aquarium. Larval developiment was
completed in approximately rs5 days, and
adults emerged 6 to 10 days later. Mor-
tality was low among larvae and pupae
reared in the aquarium but was high
when enamel pans were cmployed as tor
rearing A. guadrimacularns, Maung was
observed in many instances, but few fe-
males fed when offered rabbit, pigeon,
human, and fox blood from cotion
pledgets. No eggs hatched from several
cgg rafts obtained in the insectary.

Culisete inornata larvae darted to the
bottom of rearing pans or aquariums at
ihe slightest disturbance and remained mo-
donless for several minutes. This be-
havior probably accounted for the infre-
quency with which larvae of this species
were obtained in routine larval collections.

Larvae of Cufiscia melanura were col-
lected infrequently from small grassy
marshes or shallow permanent pools. Al-
though light iraps are only slighdy at-
tracuive for this species, adults were taken
in this manner each month during the
vear but were most abundant from Feb-
ruary through May. In some years adults
were not collected with light traps from
April through December.

Laboratory studies substantiated the ob-
servations of Chamberlain ¢z @/, (1955)
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that larvae collected from a cool environ-
ment require a short period of condi-
tioning to enable survival at higher tem-
peratures in the insectary. Larvae col-
lected in November or December re-
quired as long as two months to com-
plete development from third or fourth
instar to adult. Development time was
not affected by variations in length of the
photoperiod. Females fed on a pigeon,
but mating apparently did not occur in
a cage 18 by 18 by 24 inches. The egg
rafts deposited were distorted and failed
to hatch. Reared adults survived as long
as 3% months under insectary conditions.
URANOTAENIA. U. sapphirina was
generally the most common species of mos-
quito in permanent ponds from spring
until fall. Larvac were found in almost
any situation suitable for Anropheles and
also in open sunlit ponds. Probably be-
cause larvae of Uranotaenia can survive
and develop at higher temperatures than
can Anopheles, adult populations did not
drop during the hotter months as did
anopheline populations.  Larvae were
usually found from March to November
but were never collected in December,
January, or February. Collections with
light traps, which are strongly attractive
to Uranotacnia, indicated that adults are
first active in March and increased rap-
idly to a peak in July, when as many as
5,000 specimens were taken by a single
light trap in one night. Populations re-
ceded slowly through September and
dropped rapidly during October and No-
vember. Few adults were collected in light
traps throughout the winter but many
hibernating U. sapphirira females were
collected by fumigating hollow trees. In
one instance over 400 specimens were re-
covered from one tree. Largest numbers
of specimens were found in trees having
large hollow areas with small entrance
openings (Zukel, 1949a). Few Urano-
taenia lowii Theob. were identified.
MANSONIA. M. perturbans is the only
species of this genus found in southwest-
ern Georgia. Most of the permanent
ponds provide suitable habitats for larvae
of this species. Plants commonly associ-

ated with Mansonia were Sururus cernuus
and Pontederia cordata. Adults. of the
single annual generation first emerge in
April and almost immediately become
abundant around breeding areas. Adults
were prominent in light trap collections
through June and were collected occas-
ionally through October. Biting records
indicate that adults are most active at
dusk before light traps can be utilized
effectively. M. perturbans fed readily on
humans in shaded situations adjacent to
breeding areas at any time of the day.
Adults were never collected from October
until April, which was probably the mini-
mum time of larval development in this
area. In the insectary at 78° F. ova were
obtained from wild-caught females 6 to
8 days after feeding and in every instance
ova required 5 days for hatching.

AEDES. Thirteen species of .4edes were
found in southwestern Georgia. Their dis-
tribution and abundance was apparently
governed by temperature and rainfall.

Ae. mitchellac and Ae. canadensis oc-
curred primarily during the cooler
months, but Ae. mitchellae was collected
occasionally in light traps throughout the
year. Ae. vexans was found from early
spring until late fall. The remaining
species of Aedes occurred primarily from
April through August, but during mild
winters breeding sometimes continued
without interruption.

Deficient precipitation during the wa-
ter-storage period (January, February,
and March) from 1949 to 1954 depleted
breeding arcas. During one or more
years of this period almost all ponds be-
came dry. Suitable conditions for breed-
ing of Aedes and Psorophora developed
in most ponds when water levels were
reduced.  Consequently, populations of
these mosquitoes were unusually large
during the summers of 1950 to 1954 com-
pared with populations from 1945 to 1950
when pond levels were high. During the
years of normal precipitation dedes and
Psorophora spp. comprised less than 10
percent of light trap collections but dur-
ing the dry years these species accounted
for more than go percent of the speci-
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mens collected. Also, during the drier
years, total mosquito catches in light traps
were 80 percent higher than in the years
when average breeding conditions ex-
isted (Smith and Love, 1956).

The seasonal distribution and abund-
ance of Ae. mitchellae and Ae. canadensis
was similar to A. punczipennis (figure
10). Larvae of these species were found
in temporary grassy pools. Ova were
deposited in areas subject to flooding and
larvae hatched when water accumulated
after winter or early spring rains. Hatch-
ing was sometimes delayed and develop-
ment of larvae prolonged by severe cold.
As observed for the winter Culex species,
larvae sometimes accumulated during the
winter and caused an explosive increase
in adult populations early in the spring.
Ae. vexans sometimes occurred early in
the spring, but became most abundant in
April or later. At the peak of production
some rainfilled depressions literally
teemed with larvae. Ae. atlanticus and
Ae. infirmatus sometimes became locally
abundant from May through September
when woodland pools were filled. .de.
sticticus (Meig.), de. tormentor D. and
K., Ae. thibaulti D. and K., Ade. fulvus
pallens (Ross), Ae. dupreei (Coq.), and
Ae. cinereus Meig. occurred in lesser num-
bers but became locally abundant for
short periods between May and July. Ae.
triseriatus overwintered as larvae observed
in tree holes at most times of the year.
Larvae were also found in artificial con-
tainers in shaded situations. Adult Ae.
triseriatus were collected infrequently by
light traps or by biting collections from
March through summer. Most other
Aedes were readily attracted to light traps.

Ae. aegypti (1..) occurred in artificial
containers only in the urban areas. A
survey of one city in October 1956 re-
vealed larvae in 88 percent of the city
blocks and at over 40 percent of the in-
dividual residential or business premises
examined. Studies in this area indicated
that Ae. aegypti larvae probably survived
the winter in outdoor containers (Siith
and Love, 1958).

Insectary studies showed that drying

and reflooding were not necessary for
hatching of all Aedes ova. Ae. vexans
ova, which were deposited directly on
water and remained for ro days without
hatching, usually hatched readily after
transfer to a hatching medium consisting
of an infusion of dog biscuits and water
which had aged for two or three days
to reduce oxygen concentration. Ova did
not hatch until they were submerged in
the medium. This occurred readily when
a drop of water fell on the egg. Hatch-
ing followed within 15 minutes. Studies
of hatching also showed that Ae. vexans
ova in nature did not hatch when flooded
during the winter when temperatures
were low. However, ova remained viable
for at least several months. In one in-
stance, samples were removed in May
from the bottom of a pond which had
held water for four months following a
winter rain. .de. wvexans larvae hatched
after the samples were dried thoroughly
and reflooded.

Studies were made
light on development
following observations that larval stages
were prolonged in a laboratory colony
(Repass, 1953) during the fall (Love and
Whelchel, 1955). It was found that
shortening the photoperiod in the fall
stimulated production of ova from which
photosensitive larvae developed. These
larvae pupated only when the duration
of daylight was approximately 12 hours
or more. Larvae from ova produced at
other times of the year did not show such
sensitivity and were capable of completing
development in total darkness. In the in-
sectary where the photoperiod approxi-
mated that in nature, the first pupae were
obtained from overwintering larvae in
late January. Pupation continued through
February and 50 to 60 percent of the
larvae pupated during March. Field col-
lections made concurrently with the
laboratory study showed that 70 to 8o
percent of the Ae. triseriarus in natural
tree holes were in the pupal stage when
pupation in the laboratory was complete.
Two weeks later no larvae or pupae were
present in the same tree holes. As a re-

on the effect of
of Ae. triseriatus
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sult of these studies, continuous produc-
tion of larvae was obtained by regulation
of the photoperiod to which adults were
exposed.

PSOROPHORA. 1In southwestern Geor-
gia, the genus Psorophory is represented
by 8 species (Table 3). Larvae developed
in temporary wheel ruts and roadside
ditches. Under favorable conditions many
species developed from ova to adult in 3
to 7 days. .dedes sp. usually predominated
in the intermittent ponds but Psorophora
sometimes occurred in these situations.

Ciligta, confinnis, and jerox were the
most common Psorophora with respect to
frequency of collecdon, number of speci-
mens, and period of occurrence. The av-
erage seasonal distribution was from May
through October, but moderate tempera-
tures in early spring or late fall extended
this range from February or March
through November. Although encoun-
tered less trequently, P. cyanescens and P.
discolor sometimes became locally abund-
ant following summer rains. P. Aoirrida,
P. howardii, and P. varipes were collected
infrequently and in small numbers. Prior
to 1955 P. dzscolor had been collected on
only two occasions. During this year
specimens were identified regularly, and,
in 1956 P. discolor was as prominent as
P. confinnis in breeding arcas which had
previously produced only P confinnis.
In 1957 P. discolor was collected regularly
but was not so abundant as during the
two previous sumimers.

Females of all Psorophora spp. in the
area werc fierce biters and fed readily
at any timec of the day in shaded situa-
tions near breeding areas. Specimens
rarely werc observed biting other than
in wooded areas during the day. Of the
more common species of Psorophora, con-
finnis and ciliate were readily attracted to
light traps but few jerox were collected
in this manner.

ORTHOPODOMYI4 and TOXO-
RHYNCHITES. O. signifera and T. r.
septenirionalis were found throughout the
area in tree holes and shaded artificial
containers. Adults of O. signifera were
coliected infrequently in light traps. Spec-

imens rarely fted in the laboratory. A few
tudividuals fed on an immobilized bird
held overnight in the cage, but none fed
on humans, rabbits, chickens, or caged
birds or from cotton pledgets soaked with
blood from these animals. O. signifera
overwintered as photosensitive larvae and
pupated only when days lengthened in the
spring (Baker, 1935). Larvae were col-
Jected each month of the year.

T. r. septentrionalis adults were rarely
observed in nature. Specimens were col-
lected twice in light traps and on two
occasions a single adult was observed on
the wing in a densely wooded area.
Larvae of the species can withstand tem-
peratures below freezing.  Specimens
held at approximately 30°F. in a block
of ice for a period of onc weck apparently
suffered no ill effect. Larvae were killed
within 24 hours, however, when exposed
to temperatures of approximately o°F.
The species overwinters as larvae or ova.
Some overwintering larvae of T. r. septen-
srionalis collected in the field remain in
the fourth instar for several weeks after
being placed in the insectary at 80° F.
Other specimens, however, pupate within
a few days.
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