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potential means of control. Field trials of
such applications are necessary to de-
termine the acceptance of JH baits pre-
sented in competition with the food nor-
mally available.
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SOME INFLUENCES OF AQUATIC VEGETATION ON THE
SPECIES AND NUMBER OF CULICIDAE (DIPTERA)
IN SMALL POOLS OF WATER

BRUCE M. FURLOW anp KIRBY L. HAYS

Department of Zoology-Entomology, Agricultural Experiment Station, Auburn University,
Auburn, Alabama 36830

AsstracT. Physical configuration of the aquatic
vegetation in 10 ft. diameter plastic pools in the
southeastern United States appeared to influence
qualitative paramerers of mosquito populations.
There were definite trends reflecting the associa-
tion of particular species of Culicidae with a par-
deular type of aquatic plant: submerged, floating,
cmergent or none. Even though apparent quanti-

InTrRODUCTION. Most mosquito  breed-
ing is associated with aquatic vegetation
(Bates, 1949). Thus, understanding the
mosquito-zquatic plant relationship is im-
portant. Plants may influence mosquitoes
in many ways. They may physically re-
strict oviposition either by disrupting the
behavior of the female or by rendering
the surface of the water inaccessible (Ma-
can and Worthington, 1951). Conversely.
metabolites or biochemical processes of
plants may act as attractants to the female,
leading her to favorable oviposition habi-

tative differences were observed in culicid popula-
tions among the various types of vegetation, vege-
tation had no significant effect on population
sizes. The floating plant, Spirodela oligorrhiza
(duck weed), had a detrimental effect on mos-
quito survival when it completely covered the sur-
face of the water,

tats (Rapp and Emil, 1965). Happold
(1965) observed that the distribution of
mosquito larvae in nature was influenced
by the female’s behavioral reaction to vege-
tation, amount of shade, and habitat loca-
tion.

The influence of plants is important to
both adult and immature mosquitoes.
Aquatic vegetation influences many of the
physiochemical and ecological relation-
ships that contribute to the success of im-
mature forms. Plants reduce wave action
of the water and thus provide a more
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stable interface for the exchange of gases
(Rucger ez al.,, 1964); conceal and protect
the eggs, larvae, and pupae from preda-
tors (Bradley, 1932); provide shade from
intense solar radiation (Zetek, 1g20); and
provide a substrate for algae and other
larval food (Barber and Hayne, 1925).
Plants also influence water temperature,
evaporation rate, chemical content, oxy-
gen supply and attachment sites for food
organisms (Horsfall, 1967). Certain
products of plant metabolism, especially
plant growth hormones, promote survival
of certain mosquito species (Abdel-Malek,
1948).

However, some plants inhibit the sur.
vival of immature mosquitoes. Among
these, the most unusual are carnivorous
plants, such as Utricularia macrorhiza,
that capture and consume mosquito larvae
(Twinn, 1931). Caballero (1919) re-
ported larvicidal or antimosquito proper-
ties of several species of Characeae, but
MacGregor (1924) found the same species
incapable of deterring mosquito breeding.
Some species of blue-green algae limit
mosquito production in rice fields (Ger-
hardt, 1954). Complete surface mats of
floating plants also limit mosquito breed-
ing (Smith, 1910). Bradley (1932) at-
tributed the effectiveness of complete mats
of Lemna in decreasing Anopheles spp.
breeding to three factors: (1) larval food
supply is decreased because phytoplankton
do not flourish, (2) larvae cannot break
the surface film for respiration, and (3)
larvae are not effectively hidden by the
plants from enemies in the water. Smith
and Enns (1967) also noted that mosquito
breeding was virtually eliminated in an
oxidation pond in Missouri which was
covered by Lemna minor L. The duck
weed caused high algal mortality and
probably acted as a physical barrier to ovi-
positing female mosquitoes.

The present authors investigated the
interrelationship of mosquito breeding
and four different aquatic environments.
The results are reported herein.

MareriaLs ANp MeTs0DS, This rescarch
was conducted during the summer and

fall of 1968 at the Auburn University
North Auburn Dairy Research Unit, Lee
County, Alabama. Sixteen vinyl plastic
wading pools 10 ft. in diameter and 2
ft. deep were assembled in a fenced half
acre of sloping pasture adjacent to a small
pond. About % cubic yd. of sandy loam
topsoil was spread evenly in the bottom
of each pool. Unfiltered pond water was
pumped into each pool, and appropriate
plants were added. The water level was
maintained about 6 in. below the rim on
the lower side of the pool throughout the
research.

The 16 pools were divided randomly
into 4 series of treatments with 4 repli-
cates in each series. Each of three series
of pools was planted in April and May
with one species of aquatic vegetation.
The fourth series was not planted. The
plants were duck weed, Spirodela oligor-
rhiza (Kunte) Helgelm, a floating type;
elodea, Egeria densa Planch., a submerged
type; and cattail, Typha latifolia L., an
emergent type. ‘The pools in the un-
planted series developed natural popula-
tions of phytoplankton. All plants were
able to maintain themselves and grow in
size and number. From midsummer to
late fall, filamentous algae and extraneous
submerged weeds appeared in most of
the pools. Grass clippings, leaves, and
other debris were often floating on the
surface of the pools.

Enough duck weed was placed in each
pool to form a complete surface mat
which remained in each of the four pools
until July 26. At that time about % of
the plants were removed from each pool.
On September 6 enough duck weed was
placed in each of the pools so that the
surfaces were covered completely again,

Sampling of immature mosquitoes be-
gan June 14 and ended December 12
except for two weeks in September when
samples were not taken. The pools were
sampled once each week by teking ten
dips of water from each pool with a 4.5
in. diam. white enameled dipper. For
convenience, it was assumed that every
sample was taken randomly, but the only
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pools sampled with true randomness were
the duck weed series pools. The other
pools were sampled primarily in places
where mosquito larvae were found most
frequently, ie., around the bases of emer-
gent stems of cattail and in floating algae
and debris in elodea and unplanted pools.
Both larvae and pupae were collected. The
first, second, and third instar larvae were
identified to genera. Fourth instar larvae
were identified to species. Pupae were
identified using larval exuviae or reared
adults. No attempt was made to collect
adults in the field.

Resurts anp Discussion. Three genera
and five species of Culicidae were col-
lected from the simulated natural aquatic
environments. These were Anopheles
crucians Wiedemann, Anopheles puncti-
pennis (Say), Anopheles quadrimaculatus
Say, Culex ervaticus (Dyer & Knab), and
Uranotacnia sapphirina (Osten Sacken).
The number of larvae of each genus col-
lected in the different habitats are pre-
sented in Table 1. Uranotaenia larvae
were collected only from pools containing
emergent vegetation. Culer populations
exhibited a definite preference for either
floating vegetation or emergent vegeta-
tion. Generally, they were absent from
pools lacking vegetative cover at or above
the surface. However, Anopheles larvac
lived well in floating debris found in elo-
dea pools, in non-planted pools, and
around broken leaves and stems in cattail
pools. No Anopheles larvae were found
in the duck weed pools. The plant type

supporting the greatest diversity of mos-
quito species was emergent vegetation;
all five species were collected from pools
containing cattails,

The plant association of Anopheles spp.
based on collections of fourth instar larvae
is presented in Table 2. Anopheles crucians
exhibited a strong preference for emergent
vegetation. Apparently, it did not live in
floating debris. Anopheles punctipennis
and A. quadrimaculatus occupied all
habitats except those containing duck
weed.

Disregarding species, vegetation did not
significantly enhance the total number of
larvae collected from any one habitat. The
greatest numbers per dip were : collected
from habitats containing elodea. Pro-
gressively fewer larvae per dip were
collected from habitats lacking higher
plants, cattails and duck weed, respectively
(Table 1). Thus, environments with sub-
merged vegetation produced the largest
populations of Culicidae. A Duncan’s
multiple range test (Table 3) revealed the
existence of two significantly different sub-
sets within this population. Although
numbers of larvae collected from cattail
habitats and unplanted habitats were not
significantly different at the 5 percent
level, numbers collected from duck weed
and elodea habitats were significantly dif-
ferent, This difference would probably
have not been significant had only a partial
cover of duck weed been maintained
throughout the mosquito breeding season.

The most obvious influence of vegeta-

TasLE 1.~Total number of mosquito larvae of eack genus collected from each series of
plastic pools, Lee Co., Alabama, 1968.

Genus
Anopheles Culex Uranotaenia Total no. Mean number
Vegetation spp. erraticus sdpphiring collected per 10 dips
Typha latifolia 235 120 T ag 369 3.5
Egeria densa 344 2 0 346 4.4**
Spirodela oligorrhiza 0 214* 0 214 2.1
Non-planted 346 28 a 374 3.6

* All collected during 6-week period when the water surface was not covered by plants.
*##* Data from one replicate considered atypical and not used.
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TaeLe 2 —Vegetation preferences of Anopheles larvae * collected from the plastic pools,
Lee Co., Alabama, 1968.
Species
4. A. 4. Total no.
Vegetation crucians punctipennis quadrimaculatus collected
Typha latifolia 8 20 11 39
Egeria densa 0 12 5 17
Spirodela oligorrhiza 0 0 0 0
Non-planted 0 19 18 37
Total 8 51 34 93
* Fourth inster larvae.
tion on mosquito breeding was by the gust. Breeding became more intense,

floating plant, duck weed. Mosquito
breeding was completely inhibited when
plants were dense enough to cover the
pool surface. When this cover was par-
tially removed, breeding produced o.9
larva per dip. Either larvae were unable
to locate a place for their siphons to break
the air-water interface or the continuous
surface mat presented a barrier to female
oviposition. The latter seems a more
probable explanation of this inhibitory
effect since Culex larvae were collected
from the pools for 10 days after a con-
tinuous layer of plants was replaced.
Habitats containing cattail supported a
more consistent and uniform mosquito
population. There were three collection
peaks between June and November, each
producing about 0.8 larva per dip. Elodea
and unplanted habitats each yielded no
more than 0.5 larva per dip through Au-

TasLE 3.—Statistical treatment of mosquito col-
lections from each type of vegetation without re-
gard to the species of larvae. Duncan’s Muldple
Range Test.

Mean

number
Vegetation of larvae*
Spirodela oligorrhiza 2.1 a**
Typha latifolia 3.5 ab
Non-planted 3.6 ab
Egeria densa 4.4 b

*The mean number of larvae per ten dips.
** Means followed by same letter are not sig-
nificantly different at the 5% level.

however, in early September and in mid-
October, and the elodea habitats yielded
2.0 larvae per dip. Unplanted habitats
yielded as many as 1.5 larvae per dip.
Anopheles  punctipennis composed the
largest part of this population.
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THE EFFECTS OF LOW TEMPERATURES ON EGGS
OF AEDES AEGYPTI (L.)*
E. M. McCRAY, JR. anp H. F. SCHOOF

INTRODUCTION

Low winter temperatures are 2 limiting
factor in the survival of many species
of insects and, in many instances, restrict
their geographical range. An excellent
example of such a restricted range is that
of Aedes aegypri (L.). Christophers
(1960) states that the species is probably
the only mosquito that, with human as-
sistance, is spread around the globe. He
points out that in spite of this wide dis-
tribution, it is limited by latitude (45° N
and 35° S); distance from the sea; desert
conditions; and isolation from human
intercourse. Primarily, the northern and
southern distributions appear to be related
to temperature, There appears to be, with
a few exceptions, a striking correlation
between the mean isotherm of approxi-
mately 50°F for January in the northern
hemisphere and July in the southern
hemisphere. One of the more notable
exceptions is in the eastern portion of the
United States where it has been found as
far north as Boston, Massachusetts (Chris-
tophers, 1960).

Any insect in a cold climate requires

1From the Technical Development Laboratories,
Malaria Program, Center for Discase Control,
Public Health Service, Health Services and Mental
Health Administration, U. S. Department of
Health, Education, and Welfire, Savannah,
Georgia 31402,

some form of protection against low win-
ter temperatures. -‘This may be the insu-
lating protection of its environment or the
ability of the insect to undercool (Salt,
1950). The ability to undercool confers
cold-hardiness to an insect species (Salt,
1953, 1961), and many species possess an
inherent  cold-resistance  which enables
them to survive extremely low tempera-
tures (Salt, 1956).

This paper reports a portion of the
studics conducted by the Technical De-
velopment Laboratories (TDL) on the
possible inherent cold-resistance in Ae.
acgypti. Specifically, these experiments
were undertaken to determine: (1) if Ae.
aegypti trom different localities " poten-
tially different gene pools) are equally
tolerant to low temperatures during the
egg stage; (2) if Ae. acgypti eggs are
capable of surviving temperatures at or
near freezing and, if so, for what period
of time; and (3) what effect sublethal low
temperature exposure has on subsequent
larval survival and adult emergence.

MATERIALS AND METHODS

L. Source or Test Sercimens. Eggs of
strains of Ae. aegypti from Puerto Rico;
Cucuta, Colombia; Trinidad, B.W.L;
Camp Detrick, Maryland; St. Thomas,
Virgin TIsles; Pensacola, Florida; Lagos,
Nigeria; Sudan; Galveston, Texas; Bang-
kok, Thailand; Queens, Ontario; and



