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I, INTRODUCTION 

Disease and annoyance due to mosquitoes have long been associated 

with impounded waters. The Federal Security Agency (1947) reports that 

long before the discovery of the transmission of malaria by mosquitoes, 

there are records of darns being destroyed by irate citizenry who 

attributed the local occurrence of malaria to the presence of impounded 

water. Although malaria has been almost completely suppressed in this 

country, other diseases transmitted by mosquitoes such as encephalitis 

may appear sporadically any time there is sufficiently high virus 

activity associated with a vector population, Even with the total 

absence of a disease threat, the annoyance caused by mosquitoes in many 

situations is enough to limit human inhabitance and depress real estate 

values around recreational areas. 

Since the early part of this century, it has been known that mos-

quito control over the vast majority of impounded waters may be effec-

tively accomplished by frequent water level fluctuation. Christopher 

and Bowden (1957) state that water level management, properly employed, 

is the most potent single measure that can be applied toward controlling 

mosquito production in a manmade impoundment. Water management for 

mosquito control means the manipulation of water levels in such a manner 

that the microhabitat normally favorable for mosquito propagation is 

either destroyed or the mosquitoes are prevented from developing beyond 

their larval stage. 

The pumped storage plan of water level management employed on the. 

Smith Mountain system is unique in that a portion of the water moved 
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from the upper lake, through the upper dam's turbines, is retained in 

the lower lake for temporary storage. Then, when demand for power is 

low, usually on weekends but also at night, the turbines at the upper 

dam are reversed and,·operating as pumps, move a portion of the retained 

water back into the upper lake to be used again, The result of this 

situation is a constant rise and fall of the water line which, due to a 

number of factors, probably reduces the mosquito populations. It was, 

therefore, suspected that the pumped storage process to be put into 

effect on Smith Mountain Lake in Virginia during July, 1965, would 

create a variation in·tpe water level that would reduce mosquito breed-

ing to some extent within the.impoundment, 

The concept of .pumped storage is unique and relatively new to the 

United States. The first plant to utilize pumped storage was the 

Brunnenmlihle plant built in Germany in 1908 (Harza, 1961). Other 

western European countries quickly followed Germany's cue by building 

their own pumped storage systems, usually with slight modification to 

suit their own particu+ar needs, The United States lagged behind Europe 

in its acceptance.of the pumped storage principle. It was not until 

1955 that the first major pump-turbine was installed at Hiwassee dam on 

the T.V.A. system, 

Jaski (1954) provides.a comprehensive discussion of the general 

process and economic feasibility of .pumped storage, The reversible 

pump-turbine employed in pumped storage·is similar to the older conven-

tional turbines with the major exception of having the additional 

capacity of pumping or recycling water from a lower reservoir.back up 
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into an upper reservoir. When water is passed through the turbine at 

the upper dam, hydroelectric power is generated. However, during off-

peak periods when demand for electricity is low, the turbine may be 

reversed and consequently, a portion of the water from the lower reser-

voir is moved back into the upper reservoir. The power for this re-

cycling process may be derived from coal-burning steam plants which, for 

economical reasons, should be kept in operation although there .is little 

demand for power they produce during the off-peak period. Thus, the 

power from steam plants that would ordinarily be available in surplus 

quantities may be employed for pumping water back into the upper 

reservoir where it may be used again ~o generate hydroelectric power. 

No reference was found in the .literature in regard to mosquito problems 

associated with reservoirs that employ the pumped storage process. 

Smith Mountain Reservoir, which was formed by impounding the 

Roanoke and Blackwater Rivers .in southwestern Virginia, is a project 

of the Appalachian Power Company. A smaller lake below the Smith Moun-

tain dam was created by the construction of Leesville dam. The project 

was completed in 1965 with the primary purpose of generation of hydro-

electric power, but it also serves as a major recreation facility for 

the area. 

Probably an increase in the mosquito population occurred after 

the construction of Smith Mountain.dam. However, this fact cannot be 

documented since no pre-impoundment mosquito survey was conducted. Such 

a survey would have been useful for the purpose of defining the mos-

quito species present and their respective population densities prior 
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to reservoir construction. Had this information been available, a more 

precise analysis could have been made upon the effect of the impoundment 

on the local mosquito population. 

The primary objectives of this study were to survey the seasonal 

abundance of mosquito species present within the proximity of the 

impoundment and to investigate the effect of the pumped storage water 

level schedule upon mosquitoes breeding within the lake proper, In 

addition to information concerning seasonal abundance, attempts were 

also made to secure data on the times of flight activity of the various 

mosquito species present within the study area. 
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11. LITERATURE REVIEW 

A. Water Level Management Considerations 

Carter (1914) was one of the first individuals to have noted the 

deleterious effects of water level variation to mosquito breeding. He 

observed that, "These changes of elevation within a shorter time than the 

cycle of development of the mosquito should tend to prevent breeding. 

As the water falls it should leave some larvae stranded in the grass 

and behind drift, while the rise would expose them to some extent to 

fish, from which the shallow water and other conditions at the edges 

had protected them. Accidental changes should work to their disadvan-

tage, because it would be a change from protective conditions which 

they themselves had sought out." Although Carter's observations were 

of a casual nature without supporting data, later research has proven 

that his assumptions were correct. Carter (1915) and Carter, LePrince, 

and Griffitts (1916) carried out more detailed, scientific investiga-

tions on impounded ponds that helped substantiate Carter's original 

statements. On the basis of their study they also recommended the 

maintenance of reservoirs at high elevation during the non-breeding 

season in order to kill brush and vegetation and to strand flotage. 

They also advised the storage of summer freshets in order.to give as 

much variation of level as possible during the mosquito breeding season. 

This varying level strands flotage and exposes larvae to attack by fish 

and other predators. Hinman (1938) found that as the water level 

receded in an experimental pool, concentrations of larvae occurred in 
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small depressions and subsequent death occurred. However, he felt that 

more important than this was the drawing of the larvae out of the 

vegetated margin into the open water where minnows and other predators 

could attack them. 

Darrow (1949) conducted experiments to determine the fate of 

Anopheles guadrimaculatus Say as affected through water level fluctua-

tion in impoundments. Her work was carried out in an experimental 

fluctuation pool constructed above·an inlet of Wilson Reservoir of the 

Tennessee Valley Authority. It was ascertained from these studies that 

from 75 to 100 percent of the larvae migrated with the receding waters 

and that the numbers stranded appeared to be inversely proportioned to 

the rate of water level recession and all larval instars were equally 

susceptible to stranding. She also found that the combined effects of 

exposure to both predators and climate for 8-hour periods on clear summer 

days resulted in the death of about 92 percent of the larvae and 75 

percent of the pupae left stranded and exposed on the dewatered shore; 

however, 100 percent larval mortality resulted after 48 hours of 

exposure. 

Van Dine (1922) conducted studies near Mound, Louisiana, upon the 

effect of impounding the waters of a bayou on mosquito breeding. He 

observed the favorable influence of variation in the water level due to 

leakage at the dam. When the water line receded, a very clean margin 

around the impounded water resulted and this dewatered area had its 

aquatic and semi-aquatic vegetation destroyed. Therefore, when the 

water was returned to its original level, the margins were clear of the 
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vegetation that normally provided protection to mosquito larvae. Van 

Dine thus concluded that growth of marginal vegetation was discouraged 

by a varying water level. 

Hinman (1938), in discussing the biological effects of water 

level fluctuation on anopheline breeding, quotes from the Regulations 

Governing the Impounding of Waters (Alabama State Board of Health, 

Montgomery, Alabama, 1927) that "During the mosquito breeding season, 

pronounced fluctuations of the water level may be, or may be.made to be, 

a controlling factor in breeding. When the water level is varied at 

ten-day intervals, a 24-inch fluctuation on steep slopes and a 48-inch 

fluctuation on flat slopes will make prolific breeding impossible. 

Changes in water level tend to prevent rank growth of aquatic plants 

and aid fish enemies (Gambusia) in reaching the mosquito larvae or 

flush the larvae within reach of the fish." 

Smillie (1927) reported on the necessity for proper shoreline 

maintenance through clearing heavy brush and timber in areas that were 

to be submerged by impounded waters. This was clearly demonstrated in 

1924 when the Gantt impoundment in Covington County, Alabama, inundated 

a section of land that had not been properly cleared in the design of 

the project. The result of this situation led to heavy anopheline pro-

duction and a consequent malaria epidemic-that produced 238 confirmed 

cases from a.total population of 742 in the town of Gantt, Alabama. 

The most extensive work on mosquito control by water level fluc-

tuation came with the creation of the Tennessee Valley Authority in the 

mid-1930 1 s and their efforts in controlling malaria along the tandem of 
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impoundments created on the Tennessee River, 

Stromquist (1935), in discussing malaria control on the Tennessee 

Valley system, pointed out the value of water level management on the 

Wilson and Norris Reservoirs, On Lake Wilson in 1934 effective control 

was maintained with a fluctuation of one foot at ten-day intervals, 

When the fluctuation was reduced to only six inches, an increased 

production was observed and following the raising of the pool to the 

maximum level, still greater production resulted in spite of the use 

of more than double the quantity of .larvicides, On this same lake in 

1935, the water level was held constant with the result that effective 

control was not established until vegetation was removed from 30 miles 

of shoreline to make possible effective application of .larvicides. 

Here the lack of water level variation more than doubled the cost of 

malaria control during the season, due.to additional larvicidal work 

and marginal clearing, 

Hinman (1941)* states that the .most .important factor in the. 

management of .water for malaria control on manmade impoundments is the 

incorporation in the design of the project a provision for effective 

variation of water level. He ·further contends that. proper reservoir 

preparation, supplemented by shoreline maintenance, are also fundamental 

features,· In .the preparation of most reservoirs, it is necessary that 

the entire area to be flooded.be cleared of all trees and that all 

*Hinman is quoted extensively throughout this section. When the 
source is not specified, the reference will be understood to be Hinman 
(1938, 1941), 
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timber be removed. Not only is this an important anti-larval measure, 

but it may be a requisite for removal of hazards to navigation and 

sources of drift which may be objectionable at the dam. 

An important consideration with new impounded water projects is· 

the initial wintertime filling of the reservoir. Dr. E. L. Bishop 

(1936), the first Director .of Health of the Tennessee Valley Authority, 

stated .as a precondition that no reservoirs would .be filled on the 

T.V.A. system during the mosquito breeding season. It has been demon-

strated repeatedly that if the impoundage is allowed to fill during the 

mosquito breeding season in the southeastern states, a situation con-

ducive to the propagation of Anopheles guadrimaculatus, as well as 

several other mosquito species, will follow. When water rises slowly 

into. terrestrial vegetation, it picks. up debris which makes a rich 

medium for larvae. Thus, a new reservoir should be filled sometime 

after the close of one mosquito breeding season and before the beginning 

of the following one, Preferably each project should have provision 

for a so-called "malaria surcharge." This process entails filling the 

reservoir above the normal summertime operating level and then rapidly 

drawing the water level down to this point just at the beginning of 

the breeding season. This results .in the stranding of drift and flotage 

which would otherwise provide potential protection to mos qui to larvae. 

Following adequate re.servoir preparation, the next and most 

important step in mosquito control on impounded waters is the proper. 

management of the water level, if .such can be provided. Pool level 

fluctuation for mosquito control may be employed along two distinct 
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lines. A slow, continuous drawdown throughout the entire breeding 

season may be effective if it is of a sufficient magnitude. Such a 

procedure is termed seasonal recession. On storage reservoirs where a 

wide drawdown follows the requirements for power proquction, navigation, 

or flood control, this simple process usually provides adequate ¢osquito 

control. On the other hand, there are numerous projects on which only 

a limited amount of water level fluctuation is allowable, If stream 

flow or upstream reservoirs allow a regular pool level variation between 

constant limits, a cyclical fluctuation may be provided, This consists 

of a drawdown of a certain amount and then refillipg to the previous 

elevation within a regular interval. .Therefore, the elevation of the 

lake may be lowered one foot over a period of 3,5 days and refilled a 

foot over the same period, This would constitute a weekly cyclical 

variation in level of one. foot. The time .interval in which this cycle 

is accomplished might be of any length but probably should not exceed 

ten days (it .should be less than.the length of life of the larval stage 

of the mos qui to). This type. of fluctuation is usually experienced where 

reservoirs are located in tandem.and the drawing down process in one 

lake may coincide with the filling of the one immediately below it, It 

should be pointed out, however, that any project utiiized as a hydro-

electric development will invariably undergo a certain variation in 

water level, If this variation can be scheduled to be periodic, it will 

be advantageous in preventing the development of mosquito larvae. Hess 

and Kiker (1944) found that the use of cyclical fluctuations of l½ to 2 

feet in amplitude, without seasonal recession, gave satisfactory control 
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on Wilson Reservoir during the 1943 season. 

On the T.V.A, lakes a combination of seasonal recession and 

cyclical fluctuation has been found to be a most effective measure 

against mosquito breeding. With this process the reservoir is lowered 

a definite amount during the first half of the cycle but the refilling 

process does not take it back to the original level, e.g., lowered 1.0 

ft, but refilled only 0,9 ft. This results in a "staircase" type of 

schedule which has been found quite effective. Each individual periodic 

drawdown, whether it .is part of the cyclical variation or of the sea-

sonal recession, accomplishes several things, including strandage of 

debris which may have entered the lake recently· and strandage of larvae, 

pupae, or eggs at the margin. In addition, a certain percentage of the 

larvae (75-100% as determined by Darrow, ·1949) are flushed out of ·the 

marginal breeding areas into open water where they are destroyed, pre-

sumably by fish and other predators. Finally, the drawdown reduces the 

total area of.potential breeding surface. 

Fluctuation of pool level has a profound effect upon vegetation 

within the fluctuation zone, According to Hinman (1941), many aquatics 

(Potamogeton, Chara, etc,) cannot withstand even temporary dewatering, 

and it appears that certain semi-aquatic plants are unable to thrive 

under conditions which alternately dewater and inundate them. The great 

majority of terrestrial plants are killed with only a few days of flooding 

and, thus, if a .cyclic variation schedule is employed, the entire fluc-

tuation zone would tend to be. clear of vegetation, 

Another variation on the theme of water level fluctuation remains 
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to be considered, This may be employed as a modification of ·the cycles 

represented by either gradual seasonal drawdown or by cyclic fluctuation 

in.combination with seasonal drawdown. Since both of these processes 

result in a constantly receding shoreline, it is obvious that marginal 

vegetation will tend to invade down to the waterline, To aid in pre-

venting this, it may be advisable to refill to maximum elevation or 

approximate this at intervals throughout the mosquito breeding season, 

Or, advantage could be taken of heavY rainfall to refill the reservoir 

at irregular intervals, These irregular fillings should-tend to-retard 

the invasion of terrestrial _and semi-aquatic plants into the fluctuation 

zone,. Hinman (1941) summarizes his thoughts regarding water management 

by stating that-"regardless of the exact mechanism by which fluctuation 

of.water level exerts its beneficial effect, it should be considered as· 

prophylactic rather than, palliative. Through the control _of water level, 

the objective becomes, one of making the environment unsuitab_le to the. 

development of mosquitoes rather than attempting merely to destroy 

developing larvae,-" 

The Federal Security Agency (1947) and Hess and Kiker (1944) pre-

sented outlines of the various phases of water level management and 

their application, These phases consisted of initia,l filling, surcharge, 

fluctuation, ,seasonal, recession, and constant level. All of these 

aspects have been discussed previously with the exception of constant 

level. Coqstant level-pool.entails bringing the water to or above the 

basic clearing line by the beginning of the vegetative growing season, 

where.it should.be maintained with a minimum of fluctuation until the 
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beginning of significant mosquito production. This phase is employed 

to delay the development of marginal vegetation. The success of later 

water level manipulation for mosquito control depends to a large degree 

upon the use of constant level phase. If water is removed from the 

shoreline .within the fluctuation zone even for a few days during the 

spring growth period, many plants will sprout and produce growth which 

will survive for a while even though reflooded. Further, this downward 

invasion of growth into .the zone of cyclic fluctuation may later inter-

fere with the effectiveness of the water level variation. Where the 

constant level pool phase is applicable, it may be sufficiently valuable 

as a growth control measure to extend it into the beginning of the 

mosquito breeding season, even though some mosquito production will be 

the result. This is justified since a cleaner shoreline will be the 

result later in the season when more.effective mosquito control is 

necessary. Fig. 1 illustrates diagrammatically the beneficial phases 

of water level management including surcharge, cyclical fluctuation, 

and cyclical fluctuation combined with seasonal recession. 

With the present day dissension from some quarters over pesti-

cides in our ecosystem, it is gratifying that such complaints, whether 

justified or .not, can be answered with a measure of management mosquito 

control. Hall (1951) points out that in order to obtain the objective 

of mosquito control over the T.V.A. system, three major elements are 

employed: naturalistic measures, chemical measures, and mechanical 

measures. Of these, water level management, a naturalistic measure, is 

the most important element and is used as a control procedure on 24 
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reservoirs which have in aggregate more than 10,000 miles of shoreline. 

The long-term objective of the program has been to place progressively 

increasing reliance upon water level management with decreasing emphasis 

on the more costly and repetitive measures of chemical control. The 

effectiveness of water level management is borne out by the fact that 

of the 24 impoundments involved, water level management is now being 

relied upon entirely on 16 reservoirs, with minor supplementary larvi-

ciding being required on two reservoirs and considerable supplementary 

larviciding and other measures on only 6 reservoirs. 

The most recent work concerning mosquito control by water level 

management was carried out by Edman (1964). He found that a high sur-

charge .with subsequent withdrawal from the reservoir at the rate of 0.1 

foot per week was adequate in controlling Culex tarsalis Coquillett and 

Aedes vexans (Meigen) on Gavins Point Reservoir in Nebraska. On the 

other hand, an unscheduled three-foot rise in the water level during 

August created a situation that greatly favored the production of.Aedes 

vexans. 

Christopher and Bowden (1957) reported on the various primary 

purposes of reservoirs and the water management problems associated.with 

each. Dams are constructed and reservoirs impounded for a number of 

reasons. Such reasons generally include domestic or industrial water 

supplies, flood control, irrigation, hydroelectric power, recreation 

and navigation. Some reservoirs are termed multi-purpose in that they 

are constructed and operated to serve two or more of the above functions. 

Water supply, irrigation, and recreational reservoirs are constructed 
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to store water _during periods of high streamflow to assure an ample 

supply for use throughout the year as it is needed. The operation of 

these types of-reservoirs is usually aimed toward maintaining the. 

reservoir water level at or as near full pool elevation as possible con-

sistent with supplying the demand for water. On the other hand, a 

flood control reservoir requires the opposite type of operation. In 

these reservoirs there must be enough storage space available when needed 

to collect and hold, at 1east temporarily, flood waters in excess of 

that which can be safely passed downstream. Operation of a reservoir 

primarily designed to serve navigation requires that a certain channel 

depth be maintained at all times .. In addition, sufficient water must 

also be available to operate the navigation locks. 

Reservoir water management for hydroelectric power generation may 

at times be more complicated than those operations mentioned above. The 

most.efficient operation demands that all available water be passed 

through the turbines and not over the spillway. In considering the 

several different types of reservoirs, _it should be apparent that each 

individual reservoir presents specific problems with respect.to the 

application of water management for mosquito .control. The degree of 

effective mosquito control which can be achieved on a particular reser-

voir will depend chiefly on how closely the requirements of control can 

be incorporated into an overall water management schedule without 

materially interfering with operations.necessary in carrying out the 

primary purpose of the.reservoir. 

Since Anopheles punctipennis (Say) and Culex salinarius Coquillett 
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were the _two dominant species which comprised over 70 percent of the 

total mosquito population in the Smith Mountain area, some consideration 

is given the biologies of these two species in the following discussion. 

B. The Biology of Anopheles punctipennis (Say) 

According to Matheson (1966), Anopheles punctipennis is.the most 

widely distributed nearctic anopheline .. It occurs in southern Canada 

and throughout the eastern, central, and southern states -to New Mexico, 

and from the Pacific states into western Canada. 

The eggs of Anopheles punctipennis are boat-shaped, pointed on 

both ends, and are laid singly on the surface of water where there is 

emergent or _floating vegetation and debris of various kinds. The eggs, 

which possess floats that keep them_at the surface of the water, hatch 

in from two to three ,days under favorable conditions into larvae accord-

ing to King, al. (1960). Horsfall (1955) found that eggs are re-

sistant to a certain amount.of drying. Eggs that had been stranded by 

receding water in a forest.pool in central Illinois hatched nine days 

later when they were floated. 

Horsfall (1955) states that larvae require 12-14 days for develop-

ment in the presence of abundant food and in the face of an inadequate 

food supply, the interval may.be lengthened to over a month. The pupal 

stage lasts from 2-4 days, 

Bradley and King (1941) point out that!• punctipennis may utilize 

both permanent and temporary waters for breeding; however, the most 

general characteristic of their breeding waters is that they are clean. 
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Foul or contaminated waters are seldom inhabited. Unlike other species 

of .Anopheles, !!_. punctipennis .is frequently found in moving as well as 

still water. The margins of streams often provide adequate protection 

for. this species •. 

Boyd (1929) analyzed temperatures of anopheline breeding waters 

and concluded that!!_. guadrimaculatus breeds in the warmer.waters which 

have a rather limited diurnal range.· Anopheles punctipennis prefers 

waters that either are distinctly cooler or have. a wide variation in. 

diurnal range. These differences were particularly evident in the fall 

when breeding of!!_. guadrimaculatus was definitely limited and this 

species was replaced by!!_. punctipennis in many locations, Boyd also 

states .that the range.of!!_, punctipennis .extends much farther north. 

The preference of !!_. punctipennis: for neutral to alkaline breeding 

waters is quite well established, Boyd (1929) observed that larvae of 

!!_. punctipennis in both.Georgia and North Carolina have but rarely been 

found in.waters having a pH lower.than 6,1 and never in those below 

pH 5. 1. The .mean pH· values for the breeding waters of !• punctipennis 

were found to be approximately 7,10 in North Carolina and 7,32 in 

Georgia, 

Boyd (1929) observed a considerable variation in the.amount of. 

dissolved oxygen in various anopheline-breeding waters in North Carolina, 

the.range being from 0,1 to 14,0 ppm. However, no larvae were found.in 

waters devoid of.oxygen, 

Bradley and King (1941) reported that!!_, punctipennis breeds in 

a great variety of places, Margins of flowing streams,.pools in 
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intermittent stream beds, springs, ponds and pools, artesian wells, 

artificial water receptacles, and new borrow pits and other excavations 

are noted as breeding places of this species. It is often found in 

association with!_. guadrimaculatus in the more.permanent water situa-

tions. It has also been noted by Bradley and King (1941) that it is the 

first anopheline to occur in certain rain.or flood pools when micro-

organisms are scarce, and to be replaced by !_ .. guadrimaculatus as a 

richer flora and fauna develop. Cool, clean water free from the prod-

ucts of.organic decay is, in the opinion of most authors, most suited 

to the .species. However, Carpenter (1941) thought that· they tolerate 

more filth in their breeding places than other anophelines in Arkansas. 

Frequencies of association of!_. punctipennis with larvae of other 

mosquito species .were determined in Virginia by Dorsey (1944). An 

analysis of 969 collections showed that!_. punctipennis larvae were 

taken from the same breeding waters: (1) 342 times with Culex territans 

Walker; (2) 191 times with£.• restuans Theobald; (3) 139 times alone or 

in "pure culture"; (4) 72 times with f.. salinarius; (5) 69 times with 

Aedes. vexans; (6) 54 times .with £.. erraticus (Dyar. and Knab); (7) 50 

times with Anopheles guadrimaculatus; and with other species very rarely. 

Bradley and King (1941) point out.that anopheline adults seek 

shelter for daytime resting places and such shelter includes corners 

in stables, porches of all sorts, chicken houses and out-buildings, 

especially privies, culverts, beneath overhanging vegetation on stream 

banks and, in hollow trees. These authors· also state that !_. punctipennis 

tolerates more illumination in its .daytime shelters than does!_. 
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guadrimaculatus and that!• punctipennis·is rarely found inside houses. 

Horsfall (1955) reported that in domestic.situations!• 

punctipennis has been found to feed naturally on man, horse, cow, pig, 

sheep, dog, cat, and fowl, 

No infonnation could be found on the flight range of!• 

punctipennis; however, Bradley and King (1941) consider all nearctic 

anophelines to be comparatively weak fliers, In the .case of!• 

guadrimaculatus, it is a common practice to limit control measures to 

a radius of from 1/2 to 1.mile from habitations, depending on intensity 

of breeding, since many authors believe that few migrate farther than a 

mile from.their breeding grounds. 

C, The Biology of Culex salinarius Coquillett 

This mosquito is commonly distributed from Utah eastward through-

out the remainder of the continental United States. Eggs are deposited 

in rafts on the surface of fairly clean freshwater sites, and Horsfall 

(1955) quotes from Mitchell (1907) that each raft contains 50-55 eggs, 

Dyar (1922) states that larvae live in permanent pools in marshes con-

taining grass and Lemna, and that they are frequently very abundant near 

the seashore, ·and hence named, However, they also occur inland, even in 

water barrels on occasion. 

In Oklahoma, Rozeboom (1942) found f.. salinarius breeding in 

artificial containers, pools in streams, springs, and seeps, Owen (1937) 

reports that this· species occupies the margins of semi-pe.rmanent ponds, 

marshes, and temporary rain pools in Minnesota. Dorsey. (1944), while. 
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conducting a mosquito survey near Williamsburg, Virginia, collected . 

.£, salinarius larvae in every type of breeding location encountered, 

including treeholes and brackish water, but they were most numerous.in 

quiet, freshwater pools in streams.and channels, Dorsey also analyzed 

the frequencies of association of.£. salinarius with larvae of other 

mosquito species and from a total of 346 collections he found.£, 

salinarius associated with: (1) .£. restuans 88 times; (2) .£, territans 

74 times; (3) A• punctipennis 72 times; (4) .£, salinarius alone in 

"pure culture" 55 times; and with other species very rarely, 

Wallis and Spielman (1953) successfully colonized.£, salinarius 

and found that the eggs of this species hatched within two days after 

oviposition and that the larval stage lasted eight days in the labora-

tory at a temperature of 27 ± 3°c. No mention was made of the length 

of the pupal period, 

According to Carpenter and Lacasse (1955), larval development of 

this species under natural conditions begins early in the season and 

continues at a rather uniform rate during the summer.and early fall 

throughout most of .its range, Larvae and adults may be found any time 

during the year in the extreme South, but inseminated females over-

winter.in hibernation farther north. 

The adults are often found resting during the daylight hours in 

outbuildings and other similar shelters. Carpenter and LaCasse (1955) 

report that males and females are often captured in large numbers in 

New Jersey light traps in the Atlantic and Gulf coastal regions where 

the species probably reaches its greatest abundance, Huffaker and Back 
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(1943) found that f_. salinarius constituted more·than half of the total 

mosquitoes taken in several types of collections, and many were taken 

while biting during the first three-hour period after dark, King, 

al, (1960) state that adults may disperse quite widely from their 

breeding places, Some indication of their.flight range was elucidated 

by MacCreary and Steams (1937) when they collected f_. salinarius in 

two light traps in Delaware Bay about eight miles from the nearest 

shore. 

The females bite readily outdoors and according to Matheson (1966), 

they occasionally enter houses to feed on man, Rozeboom (1942) col-

lected this mosquito from human bait more often than any other Culex in 

Oklahoma,· 
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Ill. METHODS AND MATERIALS 

A. Methods Employed in Sampling Adult Mosquito Populations. 

1. The New Jersey light trap. 

Numerous workers throughout the world are charged with the _ 

responsibility of .obtaining accurate measures of adult mosquito popula-

tions for the purpose of determining the effectiveness of various con-

tr_ol procedures. Voluminous accounts have been published of the various 

types and modifications of devices employed by such workers. In the 

past quarter-century, the New Jersey mosquito light trap as described 

by Mulhern (1942) has emerged as the most universally accepted method 

for sampling populations of adult mosquitoes. 

These traps are based on the attraction of mosquitoes to light 

sources during the dark evening hours. However, Huffaker and Back 

(1943) point out that different species may be attracted to different 

degrees, depending upon the prevailing conditions and the species; such 

factors as time of day, lightness of the environment, and meteorological 

conditions are known to complicate the analysis. These workers con-

ducted experiments to compare the effectiveness of several methods.of 

sampling mosquito populations including light traps operated in the 

usual manner, light traps baited with co2 as an additional attractant, 

co2 baited traps without light, light traps with no.attractant (only 

the-fan was used), landing rate counts, sweeping, and collections from 

resting shelters. Their results revealed that none of these methods 

could be.depended upon for an adequate, non-selective analysis of a 
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heterogeneous mosquito population. They reported that a trap with no 

attractant seemed to give the best qualitative results, but this method 

caught too few mosquitoes.to be,of practical use in itself. 

In defense of the New Jersey light trap, however, it may be noted 

that its more favorable points have been the ease with which records 

may be obtained and the degree to which such a record is devoid.of the 

usual errors associated with the use of any non-mechanical devite. • 

Also, workers concerned with discrepancies _in sampling procedures may 

feel justified in their efforts if they assume the attitude of Bates 

(1949) who states that "Any datum on mosquito abundance is bound to be 

an index, since there is no way of making a census of the actual number 

of individuals found in a particular area. For the most part the .index 

serves only as a guide to population fluctuations in a given place, or 

to variations from place to place: the rise and fall of .the index is 

assumed to correspond directly to fluctuations in the .absolute popula-

tions, but we have no idea.of the real size of the population at anytime 

or place." (p. 41) 

During the summers of.1965 and 1966 modified New-Jersey.light 

traps (Fig. 2) were operated at six permanent and several temporary or 

"spot-check" locations within the prox;l.mi ty of selected mos qui to breed-

ing grounds at Smith _Mountain and Leesville Reservoirs. These sites 

were initially located from the air in the spring of 1965, The use of 

a helicopter provided by Appalachian Power Company proved to be an 

invaluable tool.in spotting potential mosquito breeding areas. Un-

doubtedly, the aerial survey provided the most practical and rapid means 
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Fig. 2. Modified New J e rsey light trap in operation. 

Fig . 3. Light traps and batteries ready for transport. 
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for accurate location of mosquito source production •. 

The light traps were operated at the six permanent locations an 

average of two rain-free nights each week during the mosquito breeding 

season and "spot-checks" were made at: irregular intervals whenever heavy 

mosquito breeding was suspected in any given area. Each trap was 

powered by direct current from a 12-volt automobile battery, Traps and 

batteries were transported to. and from the various collecting sites in 

a frame .built and mounted on a pick-up truck (Fig. 3). 

Care·was exercised in the selection of the exact spot where each 

trap was to be situated, In all.cases tree limbs that were approximately 

six feet from the ground were used for supporting the light traps, and 

the _traps faced at least 180° of cleared· ·area but dense forest always· 

provided a background. · This forest background afforded some degree of 

protection from strong winds that are known to deter mosquito flight 

towards a source-of.attraction. All traps were placed in areas devoid 

of.artificial illumination that may have acted as a competing light 

source. 

The traps used in.these studies were modified .for collecting at 

pre-set time intervals, Mr. U. F, Earp of the Agricultural Engineering 

Department, Virginia Polytechnic Institute, designed the timing apparatus 

and Dr, J. A. Hair, now a.research entomologist _at the Communicable 

Disease Center, Atlanta, Georgia, assiste_d in the necessary wiring of 

these devices. A time switch that operated on alternating current was 

installed on each trap. The direct current from the 12-volt automobile 

battery was converted to the alternating current necessary to operate 
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the timer by a Powercon® vibrator inverter (Cornell-Dubilier Electronics; 

Fuquay Springs, N. C.). 

In preliminary trappings·the timers were set to turn the trap on 

at 8 p.m. E.D.T. and to turn the trap off at 12 midnight E.D.T. It was 

hoped that by operating the light traps only four hours during the even-

ing hours that enough power would be conserved in the.batteries to allow 

two consecutive nights of trapping without having to replace or recharge 

the batteries used on the first night. However, it was soon learned 

that the power drain placed on the batteries during the first evening 

created a situation that often led to the vibrator inverter burning out 

on the second evening if the same battery was used. Apparently, there 

is a critical high level of direct current above·which the battery must 

be maintained in order for the inverter to function properly. There-

fore, after these preliminary trials, the timers were not.used and the 

trap was set to operate throughout the night on direct current for the 

purpose of obtaining data on seasonal, abundance. However, the automatic 

timers.were very.useful in obtaining information on peaks-of-adult 

flight activity to be described in another section .. For these experi-

ments, a freshly charged battery was provided for each night.of .trapping. 

2. The Malaise trap. 

Malaise (1937) has described the use and construction of·a 

novel insect trap, and Townes (1962), who also published an account of 

its construction plans, states that·this type of trap merits more 
' 

development and use than it has had. The original trap was a tent-like 
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structure made of fine,·weatherproof·netting supported by.a wooden 

frame. A collecting assembly at.the top of the trap consisted of a 

funnel made of aluminum sc~eening that opened into a killing jar. This 

trap catches all kinds of actively flying insects, particularly Diptera, 

Hymenoptera, and Lepidoptera. Insects are trapped by flying into one 

of the four.baffles in the lower half of the device, and their natural 

tendency. to work upwards leads them to the killing jar at the top of 

the structure. The upper.half of the trap is covered·with a roof made 

of weatherproof netting that also aids in preventing the insect's 

escape while it is working its .way toward the collecting assembly. 

Breeland and Pickard (1965a, 1965b) used a Malaise trap in con-

ducting a survey of tabanids, muscoids, and stinging wasps on the 

T.V.A,'s land between the Lakes national recreation area in western 

Kentucky and Tennessee. These workers noted that.the trap was also 

effective in capturing a surprising number of adult mosquitoes. They 

further stated that to.their knowledge the device had·never been employed 

previously for the purpose of sampling mosquito populations,, 

Breeland and Pickard (1965a) outlined the advantages that the 

Malaise trap would provide mosquito workers: (1) The trap will gather 

species such as Toxorhychites septentrionalis (Dyar and Knab) that 

normally elude other collecting methods in common use. (2) The trap can 

operate almost anywhere, including places not easily accessible, or 

where the briefness of.favorable weather or the paucity of the fauna 

would discourage the ordinary collector, (3) It collects efficiently 

both day and.night under•variable:weather conditions. Only.conditions 
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that inhibit mosquito flight would reduce its effectiveness. (4) The 

operator need not, be present except at collecting time, and there is no 

fear of mechanical.failure. (5) With proper care the _specimens taken 

are in "museum condition.'.' (6) Since the ,t~ap does .not attract, it 

gives a completely unbiased sample of mosquito. activity. 

This last opinion of Breeland and Pickard may.be open.to question 

since Brown (1951) showed that dark-shaded patterns are clearly attrac-

tive to Aedes mosquitoes, and.it·is likely that bright shades·are 

actively repellent since even in very dim.light in the field a black 

dummy was more attractive to Aedes than a white one.· However, employing 

green netting in the construction of Malaise traps probably reduces 

their attractiveness since·Brown (1954) discovered an unexpectedly low 

attractiveness of green dummies in the field due to their.lack of 

contrast against the foliage. 

Two Malaise traps were constructe.d and operated during the 1966 

season at two of the established permanent study sites. These traps 

were modeled after the design of Marston (1965), and the primary dif-

ference between them and· the devices. described by Malaise· (1937), 

Townes (1962), and Breeland and Pickard (1965a) was that the .traps 

built for these studies employed a tubular aluminum frame·for an 

11 1 X 11 1 tent·(Sears, Roebuck and Company, Catalog No. 6H7894N) instead 

of a wooden one. for a supporting structure., 

The completed trap is shown in operating position in,Fig. 4. 

Interior baffles were made of 18 X 14 mesh, green Lumite® saran, and 

the top panels which formed the roof were cut from 20 X 20 mesh, natural 
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Fig. 4. The Malaise trap in operating position. 

Fig. 5. Malaise trap collecting assembly. 
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or "clear". Lumite® saran (Chicopee Manufacturing Company; Cornelia, 

Georgia). This material was too heavy and bulky to sew with a conven-

tional sewing machine, and the models used in these studies were sewn 

by a local upholstering company, 

The collecting assembly at the top of the trap (Fig. 5) consisted 

of sheet metal strips obtained from a local sheet metal works, an 

aluminum screen funnel that opened into a.two-inch in diameter hole cut 

in the side of.a large polyethylene plastic funnel, and a.cyanide kill-

ing jar. The top of the polyethylene funnel was closed by cementing a 

piece of stiff Plexiglass® plastic over the upper end with epoxy glue. 

The lower tapered portion of the plastic funnel was cut away to provide 

a two-inch bottom which opened into. the cyanide killing jar. The trap 

was stabilized by driving wooden.stakes into·the ground about.six feet 

from the trap between the legs in each· direction,, and plastic clothes-

line was alternately wrapped around a stake and passed through a hook 

at each of :.the four upper. angles of the frame. Samples were taken by 

collapsing two.legs on one side of the supporting frame to bring the 

killing jar within reach of· the collector as shown in Fig. 6. The 

samples were then placed in pint-sized food containers, marked as to 

locality and date, and transported back to the laboratory for sorting 

and identification. 

Traps were placed in relatively open areas in the ·field. At . 

first the.traps were set up in the afternoon, allowed to operate through-

out-the night, and.then the sample was collected and the trap taken 

down. the next morning. However, this soon proved to be a time-consuming 
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Fig. 6. Trap shown with two legs collapsed to bring collecting assembly 
within reach of collector. 
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procedure and after a few weeks, the traps were permanently established 

and left to ·operate 24 hours a day throughout the remainder of the 

season. Samples were taken of.a single evening's catch an average of 

twice a week by placing an empty killing jar on a.trap in the late 

afternoon prior to dusk and removing it the next morning shortly after 

dawn. The·traps also operated during the irregular periods when the 

single night collections were not being taken (e,g., approximately 59 

consecutive hours between the completion of one single night's collec-. 

tion and.the beginning of another single evening collection period). 

By allowing the trap to collect during this time .interval, mosquito 

species such as Psorophora ferox (Humboldt) and Toxorhynchites 

septentrionalis (Dyar and Knab). that are ,normally active during the 

daylight hours were taken. 

3. Diurnal resting shelters. 

Adults of several mosquito species that are inactive during 

the day normally congregate in dark, cool diurnal resting places. 

Inspection of such shelters often provides a useful index to population 

densities. This method· is. particularly .valuable when used for mos-

qui toes that are not•readily attracted to light traps such as Anopheles 

guadrimaculatus. 

Carpenter. (1946) and Pratt, gal. (1960) have described the 

various objects.that may be employed for daytime resting shelters. 

They are usually divided into two general types: natural and artificial. 

Natural shelters include places normally present in an, area such as 
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houses, stables, chicken houses, privies, culverts, caves, hollow trees, 

and overhanging banks along streams. 

Artificial shelters are devices placed in the field specifically 

for the purpose of evaluating mosquito populations, A great many 

different types of artificial resting stations have·been used, includ-

ing boxes, barrels, and nail kegs. 

Suitable natural resting stations were not available in sufficient 

numbers near the six permanent study. areas at Smith .Mountain lmpound-

ment. Therefore, heavy duty cardboard barrels that measured 14-1/4 

inches in diameter and 31 inches in height were used for these studies. 

Since all barrels used were of identical size and shape, a high degree 

of standardization was provided which would have not been possible had 

natural shelters been employed. The cardboard barrels gave good service 

and normally retained their shape· for about 40 days during the season. 

However, the effects of-weathering usually necessitated their replace-

ment after a 40-day period. 

These stations were examined twice a week during the 1965 and 

1966 seasons and adults, if present, were collected.with an aspirator, 

killed in a cyanide collecting jar, and placed in metal tins marked as 

to locality and date. 

4. Biting collections. 

Information regarding mosquito species feeding or attempting 

to feed upon man is of great practical value in that it provides an 

estimate of the nuisance level of the population as well as records of 
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the exact species present in a particular area. 

Biting collections were made at irregular intervals at the two 

study sites at Smith Mountain that exhibited the heaviest mosquito 

production. These collections were made by exposing both arms to the. 

bites of female mosquitoes for a one-hour period. All mosquitoes that 

landed were collected with an aspirator, killed with cyanide, and placed 

in metal tins marked as to locality and date. 

B. Larval Surveys. 

Potential breeding sites were sampled for mosquito production .at 

all six of the permanent study areas and at several other points over 

the two reservoirs. Any breeding source (e.g., water-filled hoofprints, 

temporary rain pools) which was not directly associated with the lake 

proper but near enough to contribute to the mosquito population of the 

area was also sampled. An ordinary white enamel dipper about four inches 

in diameter was employed for collecting mosquito larvae, and the follow-

ing index as described by Edman (1964) was used: heavy production, 

more than an average of 10 larvae per dip; moderate production, an 

average of from 1 to 10 larvae per dip; and light production, an average 

of less than 1 per dip. 

Larvae were poured from the dipper into a white enamel photo-

graphic pan until an accumulation of 10 dips had been obtained. The 

larvae were then transferred from this pan to a small vial by a wide-

mouth pipette and preserved in 70% ethanol, Collected larvae were 

cleared for 24 hours in a saturated phenol-absolute ethanol solution, 
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mounted in.Canada balsam on slides, and identified to species. Pupae 

taken from breeding sites were placed in pint-sized, cardboard food 

containers covered.with 40 mesh saran screening, reared to the adult 

stage, and then.identified to species. 
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IV. RESULTS 

A, Reservoir Operation. 

Reservoir pool elevations for the period May 1 to September 15, 

1965, are graphically illustrated in Fig. 7. It may be noted from the 

graph that the reservoir was in the process of filling from May 1 until 

July 15. Bishop (1936) points out that if a new impoundment is allowed 

to fill during the mosquito breeding season, a situation conducive to 

the propagation of several mosquito species will follow. Directly in 

accordance with Bishop's statements, the highest mosquito populations 

of the 1965-1966 study were encountered during and immediately after 

this rising pool phase. 

After July 15 the pumped storage water level schedule was put into 

effect to continue throughout the season.· This process resulted in a 

cyclical variation with no seasonal recession. Hinman (1938) has given 

an excellent account of the several ways that fluctuation may be 

employed in mosquito control on impounded waters. He points out that 

in the past; cyclical fluctuation has been utilized most frequently. 

Usually, this was on a weekly basis by drawing the water level down one 

or.more feet and subsequently refilling to near top elevation within 

the seven-day period. The speed of the.drawdown and refilling has 

varied; either one or both may be rapid. Likewise, the period at which 

maximum and minimum elevation was maintained has been varied. Essen-

tially, cyclical fluctuation was the type schedule employed on Smith 

Mountain Reservoir.from July 15, 1965, until the end of the mosquito 
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Fig. 7 
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breeding season as shown in Fig. 7. The reservoir was in the rising 

pool stage up until July 15 with no cyclical variation. 

The sudden one-foot drop after July 15 may be considered a sur-

charge;. however, unlike the "malaria surcharge" recommended by Hinman 

(1938), the pool level at Smith Mountain was returned to its .original 

elevation on August 3 and a large percentage of the stranded drift was 

re floated. 

Hinman (1938) further suggests that in contrast to a cyclical or 

periodic.fluctuation, a slow seasonal drawdown might be desirable on 

large reservoirs where an insufficient water supply exists to refill it 

on a weekly basis, During the.winter and spring, the reservoir would 

be maintained intermittently at top elevation. Then just before the 

beginning.of the mosquito breeding season, a regular weekly drawdown 

would start. Therefore, a progressively lower water line would result 

as the season advanced. For this type of schedule to be effective, the 

drawdown.must be great enough to keep the shoreline receding before the 

constantly advancing mat of ,vegetation. 

If a combination of the two above types of fluctuation were put 

into effect, it would combine the benefits of cyclical fluctuation and 

slow gradual (seasonal) drawdown. This is the basic type schedule 

employed on Smith Mountain Impoundment during the season of 1966, as 

illustrated.in Fig. 8, The scheme put into effect at Smith Mountain 

also had the additional benefits of a rapid drawdown and refilling and 

a wide variation in.the cyclical fluctuation (0.3 - 1,1 ft./week in 

1965 and 0,4 - 2.0 ft./week in 1966). It should be pointed out that the 



-49-
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severe drought conditions that occurred over-most of the summer of 1966 

contributed greatly to. the overall seasonal recession experienced on 

Smith Mountain Reservoir and in future seasons of normal rainfall, this 

additional mosquito breeding deterrent may.not prevail. 

Another very important factor in the control or prevention of 

mosquitoes on impounded waters is that of proper.reservoir preparation. 

Inspection of the ,clearing line in the fall of 1964 indicated. that an 

adequate job had been done over the vast majority of the.impoundment from 

the standpoint .of elimination of brush and timber that would have created 

potential mosquito breeding sites. 

B. Results of the 1965-1966 Study. 

1. Adult mosquito survey. 

Table 1 contains a list of the _20 mosquito species collected 

by light trap during the 1965-1966 study. and their respective percen-:-

tages of the to_tal population. Cul ex salinarius comprised 50. 2 percent 

of the total population and Anopheles punctipennis 20.6 percent, the _two 

totaling over.70 percent of the total population. Next ranked Aedes 

vexans, Anopheles guadrimaculatus, Culex erraticus, Mansonia perturbans 

(Walker), and Psorophora confinnis. (Lynch Arribhzaga), respectively. . . 

These studies also produced a new mosquito record for Virginia. 

Aedes cine re us Mei gen was. taken on several occasions from both light 

and Malaise traps. This species is not listed for Virginia in litera-

ture by Dyar.(1922), Dorer,~ al. (1944), Dorsey (1944), Carpenter and 

Lacasse (1955), and Bickley (1957). Dr .. Alan Stone, ·U.S. National 
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Museum, Washington, D, C., verified the identifications of Aedes cinereus 

and also confirmed the fact that it was a new state record. 

It is interesting to note that Malaise trap collections provided 

three additional mosquito species that were never encountered in the two 

years of light trap collections. One specimen of Aedes grossbecki Dyar 

and Knab, one of Psorophora cyanescens (Coquillett), and two of 

Toxorhynchites septentrionalis (Dyar and Knab) were collected in Malaise 

traps in 1966; therefore, these three may be added to the species list 

of Table 1, bringing the total number of species to 23 taken from the 

Smith Mountain area, In addition Aede.s atlanticus Dyar and Knab and 

Psorophora ferox (Humboldt) were collected from light traps in 1966, but, 

neither of these two species were taken in 1965, 

Tables 2 and 3 are lists of the total number of mosquitoes taken 

by light traps in the six study areas during 1965 and 1966, The average 

number of females per catch, the percentage of the total females com-

posed of A· punctipennis, £, salinarius, and other species are also 

included in these tables, It may be seen from Table 2 that£, salinarius 

was .. the dominant species at each of the study sites in 1965 with the 

exception of lla-Rt, 605, Table 2 reveals that _g_. salinarius was also 

the dominant species in 1966 at three of the permanent study locations. 

The map (Fig. 9) illustrates the approximate locations of the 

six permanent sites utilized in this study, These sites are referred 

to on the map as: la-Hardy Ford, 2a-Rt, 668, 3a-Pelican Point, 4a-

Pelican Point, 9a-B-Bar-B area, and lla-Rt. 605, 

Site la, Hardy Ford, This site was a cove which contained an 
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Table 1, Species of mosquitoes collected.by light trap at Smith Mt, and 
Leesville Lakes during 1965 and 1966, 

Species 

Aedes atlanticus Dyar and Knab 

~- canadensis (Theobald) 
b Ae,-cinereus Meigen 

Ae, triseriatus (Say) 

Ae, trivittatus (Coquillett) 

Ae, vexans (Meigen) 

Anopheles crucians Wiedemann 

!, punctipennis (Say) 

!, guadrimaculatus Say 

Culex erraticus (Dyar and Knab) 

.£, peccator Dyar. and Knab 

.£. restuans Theobald 

.£, salinarius Coquillett 

.£, territans Walker 

Culiseta inornata (Williston) 

Mansonia perturbans (Walker) 

Psorophora ciliata (Fabricius) 
, !'..• confinnis (Lynch Arribalzaga) 

!'._, ferox (Humboldt) 

Uranotaenia sapphirina (Osten Sacken) 

:_j Less than 0,5% of total, 

~/ New state record for Virginia, 

Total 
Number 

1 

7 

25 

11 

12 

401 

29 

1,382 

371 

293 

2 

190 

3,367 

60 

3 

217 

10 

214 

5 

108 

6,708 

Percent of 
Total Population 

a 

a 

a 

a 

a 

6,0 
a 

20,6 

5,5 

4.4 
a 

2,8 

50, 2 

0,9 
a 

3,2 
a 

3,2 
a 

..J:..& 
100 



-53-

Table 2, !l_. punctipennis and.!:,_. salinarius collec;ted by light trap at 
each of the six permanent study areas, May 15-September 21, 
1965. 

la 2a 3a 
Hardy Ford, Rt. 668 

Species 
,! 

Anopheles punctipennis 90 22 53 50 44 13 
Culex salinarius 677 416 111 47 46 12 
Other species 127 _9 22 _3 _ll 1 

Total mosquitoes 894 447 186 100 114 26 

Total collections 27 28 22 

Average females/catch 33.1 6.6 5,2 

Percent !l· punctipennis (~) 10,0% 28.5% 3!).6% 

Percent .!,_. salinarius (~) 75.7% 59.7% 40.4% 

Percent other species 14.3% 11.8% 21.0% 

4a 9a lla 
Pelican B-Bar-B Rt, 605 

Species Pt, 
,! 

Anopheles punctipennis 103 35 482 67 81 23 

Culex salinarius 171 57 791 280 36 7 

Other species -2.!. ...1. 244 .....il 262 .§2. 
Total mosquitoes 345 95 1,517 388 379 99 

Total collections 22 26 12 

Average females/catch 15. 7 58.3 31.6 

Percent !l• punctipennis (~) 29.9% 31.8% 21.4% 

Percent.!,_, salinarius (~) 49.5% 52 .1% 9.5% 

Percent other·species 20.6% 16.1% 69 .1% 
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Table 3. !!_. punctipennis and _g_. salinarius collected by light trap at 
each of the six permanent study areas, May 7-September 15, 
1966. 

Species 

Anopheles punctipennis 

Culex salinarius 

Other species 

Total mosquitoes 

Total collections 

Average females/catch 

Percent!!_. punctipennis (~) 

Percent _g_. salinarius (~) 

Percent other species 

Species 

Anopheles punctipennis 

Culex salinarius 

Other species 

Total mosquitoes 

Total collections 

Average females/catch 

Percent!• punctipennis (~) 

Percent _g_. salinarius (~) 

Percent other species 

la 
Hardy 

Ford 
.~ ,1 

66 8 

293 56 

126 20 

485 84 

29 

16. 7 

13.6% 

60.4% 

25.9% 

4a 
Pelican 

Pt, 
,1 

5 1 

11 2 

14 2 

30 5 

21 

L4 

16 .6% 

36.6% 

46 .6% 

2a 3a 
Rt. 668 Pelican 

Pt. 
·~ ,1 ,1 

5 1 5 0 

15 6 4 1 

11 0 ...!±. .!. 
31 7 13 2 

30 21 

1.0 0,6 

16 .1% 38.4% 

48.3% 30. 7% 

35.4% 30. 7% 

9a lla 
B-Bar-B Rt. 605 

,1 ,1 

31 2 121 6 

80 28 72 14 

.J!2 -1!. 708 48 

194 38 901 68 

32 :32 

6.1 28.2 

15. 9% 13.4% 

41.2% 7 .9% 

42.7% 78.5% 



-":t,- , .. 

··< _I 

"-. 
)_ .. -

T 1!~_,, 

,;._/'-" .. !..:....,._ . 
.,.rL"At. '""-•.. ••• 

<-- \ 
\ 

.... . .H• ... k: 
/ '· . . 
'• 

Fig. 9. Locations nf the six permanent study sites utilized in the 
1965-66 study. Stations ar~ marked in red. 

. ·' ________ ,.._"'"'-_ _;;.-.....j, 

I 
V, 
V, 
I 



-56-

abundance of aquatic and terrestrial vegetation during the rising pool 

phase in 1965 (Fig, 10) and offered favorable breeding conditions for 

the larvae of Anopheles punctipennis and Culex salinarius, The situa-

tion that best typified the majority of mosquito breeding grounds at 

Smith Mountain Lake was that of small coves containing calm water and 

abundant·aquatic and terrestrial growth, 

Fig, 11 graphically depicts the seasonal abundance of.£, salinarius 

and !!_. punctipennis, at Hardy Ford for the · 1965 season. It may be noted 

from this graph that populations of these two species were at their 

peaks·of abundance between June 24, and July 22, After July 22 the 

populations declined drastically and ,never again reached their former 

high numbers. By referring to the.graph of the reservoir pool elevation 

of Smith Mountain Reservoir (Fig. 7), .it may be observed that the water 

level began fluctuating markedly after July 15. 

Fig, 12 reveals that mosquito populations at the Hardy Ford area 

were held in check reasonably well throughout the summer of 1966. It 

is of.particular significance that the average.females per catch 

declined from 33.1 in 1965 (Table 2) to 16,7 in 1966 (Table 3), Un-

doubtedly, an even more substantial reduction would have been the result 

had it·not been for an adjacent pasture which often contained standing 

water in numerous depressions and hoofprints (Fig, 13) that did not ebb 

and flow with the weekly cycle of water level fluctuation, Larval col-

lections made in the quiet, shaded water in the pasture often revealed 

high counts of Aedes vexans, Psorophora confinnis, Culex salinarius, 

and Anopheles punctipennis, particularly after heavy rains. This source 



Fig. 10. A portion of Hardy Ford Cove which supported large numbers of 
~- punctipennis and .£. salinarius larvae during the rising 
pool phase of 1965. 
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s,a,onol abundance of S:, 10Hno[lu1 and .A, euncll011noi1, Hardy Ford 
light trap. 1960. 
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Fig. 12 
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Fig. 13. Portion of a pasture adjacent to Hardy Ford that provided a 
breeding site for larvae of Ae. vexans, f. confinnis, £. 
salinarius, and ff!_, punctipennis . 
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contributed substantially to the numbers of adults taken at the Hardy 

Ford light trap in 1966. 

The resting shelters provided only, meager data· for the two-year 

study as shown in Tables 4 and 5. However, it may be noted from these 

two tables that the two dominant mosquito species_ declined in number 

from 1965 to 1966 and that !!_. guadrimaculatus was not present in this 

area in significant numbers either year. 

The· typical effects of· a weekly fluctuation cycle at Hardy Ford 

are shown in .Figs. 14 and 15. Note the _stranded debris in Fig. 15. 

Site 2a. Rt. 668. A small embayment (Fig. 17) west of Scruggs, 

Virginia, served as the second study site; however, it was.never as 

productive as Hardy Ford from the standpoint of mosquito source produc-

tion. The first larvae of these investigations were .taken at this 

location in mid-May, 1965. It may be seen from the lower graph of Fig. 

16 that numbers of adults taken in light trap collections began to 

decline before July 15, 1965. In this cove the rising pool level during 

the first half of_ June (Fig. 7) _inundated much of the aquatic growth 

which had afforded mosquito larvae protection from wind and wave action. 

The submergence of a great portion of this vegetation coupled with the. 

water level fluctuation reduced mosquito abundance to near minimal 

numbers. 

Seasonal· abundance records are graphically illus_ trated for the 

two.dominant mosquito _species for 1965 in the lower.half of Fig. 16. 

However, collections were .so low in 19_66 that it was .necessary to plot 

the total mosquito population, including all species collected, for this 



Table 4. Mosquito species taken at resting stations at each of the six permanent study areas, 
May 15-September 21, 1965. 

SEecies Site la Site 2a Site 3a Site 4a Site 9a Site 
a a a a 

fl. guadrimaculatus 27 18 

fl. 12uncti12ennis 31 6 4 9 11 5 
a a a a £.. salinarius 7 6 

a a a a a 
£_. erraticus 8 

Total times.station inspected 27 • 28 22 22 26 12. 

Table 5. Mosquito species taken at resting stations ,at each of the .six permanent study areas, 
May 7-September 15, 1966. 

Seecies Site la Site 2a Site 3a Site 4a Site 9a Site 
a a a a a 

fl. guadrimaculatus 24 
a a a 

fl. EUnctiEennis 8 - 8 7 

lla 

lla 

a a a a a a £.. salinarius 
a a a a a 

£.. erraticus 6 

!!.• sa1212hirina a a a a a 
4 

Total .times station inspected 29 30 21 21 32 32 

:J Less than 3 specimens taken at site for entire season. 

I 

"' N 
I 
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Fig. 14. Hardy Ford Cove at high point of weekly fluctuation cycle 
(middle of season, 1966). Elevation 792.6 ft. 

Fig. 15. Close-up view of same area as in Fig. 14 at low point of 
weekly fluctuation cycle (middle of season, 1966). Elevation 
790. 8 ft. 
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Fig, 16 
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Fig. 17. Embayment at Rt. 668 during rising pool phase (1965 season). 
Elevation 789 ft. 

Fig. 18. Same view as Fig. 17 except several yards more distant during 
low point in weekly fluctuation cycle (1966 season). 
Elevation 790.8 ft. 
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year as illustrated in the upper half of Fi&· 16. Nevertheles1>, ·it is 

apparent from the comparison of the _two that a substantial reduction 

occurred from one year to the next. 

With an average of 6. 6 females per catch in 1965 (Table 2) and an 

average of 1.0 females per catch in 1966 (Table 3), this breeding site 

never produced mosquitoes in exceptionally high numbers except during 

the _latter part of June, 1965 (Fig. 16). The_ lack of mosquitoes present 

in resting stations .as shown in Tables 4 and 5 .prevented any meaningful 

data from being taken from thes_e sources at Site 2a. 

Fig. -17 _shows this breeding site in the rising pool phase during 

1965 at an elevation of 789 feet_. Fig. 18 is a photograph of this same 

area at the Jow point in the weekly fluctuation cycle during 1966 

(elevation 790.8 ft.). Fig. 18 was photographed several yards farther 

back to show the dewatered and denuded shore. 

Site 3a. Pelican Point. This area was a small _inlet north of 

Union Hall, Virginia, and near Pelican Point, a family c·ampground and 

picnic ,area. Due to isolation from roadways, access to this location 

was attained by motor driven boat. Mosquito abundance here was com-; 

parable to that of _Site _2a. With an average ,number of -5.2 females per 

catch in _1965 -(Table 2) and 0.6 females per ·catch in 19_66 (Table 3), it 

was the least productive of all breeding areas sampled. Again,!;_. 

punctipennis and_£. salinarius populations are plotted for 1965 and the 

total mosquito population plotted for 1966 in Fig. 19. The paucity of 

adults found in resting stati_ons .at Pelican Point is apparent from 

Tables 4 and 5, 
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Site 4a. Pelican Point, A cove near Site 3a and also reached by 

motor driven boat served as our fourth study area. Mosquito abundance 

ranged somewhat higher here than at Site 3a due to the larger expanse 

of more favorable mosquito breeding grounds (Fig, 20), The sudden 

decline in the mosquito population after July 22, 1965, may be noted 

from the lower graph and .the continued reduction thro.ughout 1966 may be 

seen in the upper graph of Fig, 21. Average females per catch declined 

from 15. 7 in 1965 (Table 2). to L 4 in 1966 , (Table 3). A, punctipennis 

was the only·species encountered in any significant .numbers in resting 

stations at this site (Table 4). 

Both Sites ·3a .and 4a at Pelican Point were selected for study 

because of .their similarity to the many small coves and embayments that 

are typical of Smith Mountain ,Lake, Neither. place, produced mos qui toes 

in outstandingly high numbers in 19.65, .but it is evident from Figs, 19 

and 21 that· total mosquito production in 19.66 decreased to near minimal 

levels. 

Site 9a. B-Bar-B property .. The fifth permanent study site was 

located on.property owned by Appalachian Power Company, which has plans 

for its future development as a recreational area, This site offered 

the widest expanse of aquatic and semi-aquatic growth. of any area sam-

pled on the upper reservoir, Carex was the most abundant plant associ-

ated with the littoral zone of the reservoir at .this site. Larval 

collec;tions made in pure stands of .Carex often produced high numbers of 

_g_. salinarius and!!,_, punctipennis. As shown in Fig. 22, light trap 

catches here were extremely high in 1965 until the cyclical water level 



Fig. 20. A portion of Site 4a-Pelican Point that supported high larval 
populations of!_. punctipennis and f. salinarius during the 
1965 season. 
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management plan was put into effect. The r;,.pid decline in the mosquito 

population was most pronounced at this site, particularly in the latter 

half of July, 1965, and continuing through the summer of 1966 (Fig. 23). 

During this year, neither of the two dominant species was ever collected 

in numbers greater than 10 per trap night. In contrast to this, .collec-

tions made before mid-July, 1965, for.£. salinarius alone often totaled 

over 90 specimens per trap night. On a seasonal basis, this region 

produced the highest number (58.3 from Table 2) of .females per catch 

during 1965; on the other hand, average females per cat.ch declined to 

6 .1 in 19.66 (Table 3). 

Malaise trap collections at the B-Bar-B property provided little 

significant data for the 1966 season. Apparently, since this type trap 

offers no strong source of attraction to mosquitoes, it must be operated 

in areas of dense mosquito populations to provide useful quantitative 

data. Table 6 reveals that from a total of 30 nights of trapping, the. 

Malaise trap produced only a total of 74 specimens. However, it should 

be noted that light traps .which did.offer an attracting source also 

produced low collections during the 1966 season at this site (Table 3). 

Had Malaise traps been employed during the summer of 1965, a more com-

plete analysi.s could have been made of the change in population densities 

from one year to the next. 

Table 4 indicates that!:_. guadrimaculatus was more prevalent in 

this region than at any other area sampled during 1965. Resting stations 

provided an average of over one !:_. guadrimaculatus per inspection for 

this year; however, this spec.ies was not taken at any time during the . 
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Fig, 23 
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Table 6, Total number and species of mosquitoes taken by single evening 
Malaise trap collections at Site 9a-B-Bar-B, 1966 season .. 

Species 

Anopheles punctipennis 

Culex salinarius 

.f.. terri tans 

.f.. res tu ans 

.f.. erraticus 

Aedes canadensis 

Psorophora confinnis 
a Toxorhynchites septentrionalis 

Total 

Total collections: 30 

Total· i- of Total 
Number Collected 

2 2.7 

11 14.9 

28 37.8 

2 2.7 

1 1.4 

1 1.4 

25 33.8 

3 4.1 

...1. ...1..,l!. 

74 100 

Average mosquitoes/collection: 2,5 

:J Species taken by.Malaise trap only, 

Table 7, Number of mosquitoes taken from human bait in one hour at 
B-Bar-B property, 

1965 1966 
Species (July 17) (July '17) 

Anopheles punctipennis 1 1 

Culex salinarius 51 3 

Aedes vexans · 2 2 

Mansonia perturbans _Q ....i 
Total 54 10 
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1966 season at diurnal resting shelters. 

An indication of the reduction in biting annoyance from 1965 to 

1966 is presented in Table 7 with a total of 54 females feeding within 

a one-hour period in 1965 compared with 10 females taken from human· 

bait on the same date in 1966. Both collections were taken at dusk 

under basically ideal conditions for mosquito feeding activity. Lack of 

daylight feeding activity prevented the taking of mosquitoes in large 

numbers for biting counts.during the day, However, when such collec-

tions were made, Aedes vexans, ·Psorophora,ferox and Aedes trivittatus 

were the mosquitoes involved. 

A number of. mosquito breeding sources not directly associated with 

the reservoir waters were present at .the.B-Bar-B property and contributed 

to the mosquito population of this area. The primary ,extra-reservoir 

sources were large depressions that retained water .for a.considerable 

time .after a rain as. shown in Fig. 24. Such places. often supported 

heavy larval concentrations of Aedes vexans, !':!:!i• canadensis, Psorophora 

confinnis, and at times, Anopheles punctipennis, Also, a small oxbow 

basin, which was formed by a meandering stream that entered the reser-

voir at .the B-Bar~B area, supported high .numbers of£., territans and 

occasionally, fl, punctipennis larvae .. It is·obvious that the water 

level fluctuation schedule would have no effect upon.mosquitoes breed-

ing in such situations .. 

Numerous spot-check collections made at various points.on the lower 

Leesville Re.servoir, usually revealed low mosquito production. Situations 

such as the _one shown.in Figs. 25 and 26 which appeared to offer 
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Fig. 24 . Temporary rain pool breeding habitat of Aedes vexans, Aedes 
canadensis, Psorophora confinnis, and Anopheles punctipennis 
on the B-Bar-B property. 
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Fig. 25. Aerial view of a small flood plain on the lower Leesville 
Reservoir. 

Fig. 26. A close-up view of same area as in Fig. 25 that appeared to 
offer excellent mosquito breedin~ grounds. 
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excellent breeding potentialities were quickly dewatered and, subse-

quently, inundated again. Water.level variations on the smaller 

Leesville ,impoundment were of a much greater magnitude than on Smith 

Mountain, ·oft;en being on ;he order of ,,i five-foot rise or fall from one 

day to .. the next .. 

Site lla. Rt. 605. Our sixth and final permanent study area 

(Figs. 27 and 28) was .,a body of water adjacent to Leesville Lake but 

was in no way.under the influence of the water level fluctuation 

schedule, It was created by·the construction of a.spillway.on Frying 

Pan Creek that .would have normally entered ,Leesville .Lake had it not 

been for this obstruction., Anopheles ·guadrimaculatus production as. 

determined·by light trap was.much greiiter here than.at any other area 

sampled, and it was the .otlly location where Culex silinarius .and 

Anopheles punctipennis were not·the two .dominant species collected 

(Tables 2 and 3). Resting station counts (Tables 4 tlhd 5) further 

attest to the presence·of._!. guadrimgculatus. for both.years in this 

area. Since. this site was. not affected by the .Pumped storage watet 

level variation, it served as a.check or control for the .other ateas 

sampled.· Only•a total ,of 12 light trap collectioris ,were .made at th:ls. 

site in 1965 because it was .. not discovered until th¢ latter part of 

July. However, it may be seen from the .lower graph in. Fig. 29 ·that of. 

the collections made· from July 31. through September .21 1 the higher 

catches occurred during the latter half of August--a time when callee-. 

tions at Smith Mountain were at extremely low levels. 

It may be noted from Fig. 29 and· from Tables ,2 and 3 that a 
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Fig. 27. Aerial photograph of lla-Rt. 605 study site that produced high 
numbers of A. guadrimaculatus. 

Fig. 28. Ground level view of same area as in Fig. 27. 
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Fig, 29 
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substantial reduction in the mosquito population did.not occur at this 

location from the 1965 to the 1966 season. An average of .31.6 females 

per. catch was taken in 1965., compared to an average number of 28. 2 col-

lected for 1966 at this site. 

Table 8 is a composite of eight 1-hour biting collections taken 

at Site lla. Mansonia perturbans and·Culex erraticus.were the two mos-

quito species taken most often by this method. The level of mosquito 

annoyance,is indicated by the fact that an average of 29,8 females per 

hour were taken from human bait. 

Comparisons of Malaise .trap collections from Site 9a (Table 6) 

with those from Site lla (Table 9) reveal the quantitative and qualita-

tive richness of the mosquito fauna at the non-reservoir area (Site lla). 

A total of 9 more.species was taken at the non-reservoir site than at 

the study area associated with the reservoir in 1966 .. In addition, an 

average of 45.4 mosquitoes per collection were taken from the Site lla 

Malaise trap in comparison to an average of 2,5 per collection at·Site 

9a. 

It should be noted that .£, ·territans was the dominant species 

taken in Malaise traps at both sites (37.8% of total catch at Site 9a 

from Table 6 and 67.8% of total catch at Site lla from Table 9,) This 

species was also taken in high numbers in larval studies as shown in 

Tables 10 and 11 of .the following section dealing with the larval survey. 

However,.£. territans was never taken in biting counts, and it was col.,. 

lected only in scant numbers from light traps (Table 1). Its absence 

from biting collect.ions is understandable since King, il al. (1960) 
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Table 8, Number of mosquitoes from human bait in eight 1-hour,dusk-
biting collections at Site lla-Rt, 605, 1966 season, 

Species 

Aedes atlanticus 

Aedes canadensis 

Aedes cinereus 

Aedes triseriatus 

Aedes tri vi ttatus 

Aedes vexans 

Anopheles crucians 

Anopheles punctipennis 

Anopheles guadrimaculatus 

Culex erraticus 

Culex salinarius 

Mansonia, perturb ans 

Psorophora ciliata 

Psorophora ferox 

Total 

Total collections: 8 

':._! Less than 0.5% of total. 

Total 
Number 

1 

2 

8 

4 

2 

8 

1 

6 

4 

54 

3 

143 

1 

-1. 
238 

% of Total 
Collected. 

a 

0,8 

3,4 

1.7 

0,8 

3.4 
a 

2,5 

1.7 

22,7 

1.3 

60,1 
a 

a 

100 

Average biting/hour: 29,8 
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Table.9. Total number and species of mosquitoes taken by single.evening 
Malaise trap collections at Site lla-Rt. 605, 1966 season; 

Total % of Total 
SEecies Number Collected 

Aedes atlanticus 1 a 

Aedes canadensis 21 1.4 
Aedes cinereus 9 0.6 

b a Aedes grossbecki 1 

Aedes triseriatus 1 a 

Aedes trivittatus 3 a 

Aedes vexans 100 6.9 
AnoEheles crucians 1 a 

AnoEheles EUnctiEennis 18 1.2 
AnoEheles g uad rimacula tus 3 a 

Culex erraticus 31 2.1 
Culex restuans 96 6,6 

Culex salinarius 101 7.0 
Culex territans 985 67,8 

Mansonia Eerturbans 52 3.6 

PsoroEhora ferox 12 0,8 

PsoroEhora b 
1 a cyanescens 

Uranotaenia saEEhirina 16 ...bl. 
Total 1,452 100 

Total collections: 32 Average mosquitoes/collection: 45.4 

:_/ Less. than 0. 5% of total. 

~/ Species taken by Malaise trap only. 
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report that f_. territans is fairly common, but the adults :are· seldom 

seen and evidently do not· attack man •. They have been .observed feeding 

on frogs and are believed to live on cold-blooded animals. Their 

relative scarceness at light traps is not completely understood, but. 

peak-of-activity studies, which are discussed in a.following section, 

reveal that this species is primarily a crepuscular and diurnal flier 

and, hence, light traps would not be effectiye in their capture. 

2. Larval survey. 

Summaries .of the 1965 and 1966 larval surveys are presented 

in Tables 10 and·ll. The general locations of the larval collecting 

sites are marked on the map in Fig. 30. A total of _14 species represent-

ing 6 genera were taken in larval collections during the two-year study .. 

Although highly satisfactory techniques for quantitatively measuring 

larval populations have never. been. developed by mosquito workers, the 

dipper method does provide information relative to specific source 

production of.a given mosquito species. In_other words, it reveals 

the exact breeding place of a.particular species, but, due to variations· 

in size between habitats, the ability of some ·species to elude the 

collector ,more readily than others, and the.lack of-standardization 

inherent in the technique, this method-does not produce reliable quan-

tit<l,tive data. Therefore, strict consideration of the .numerical data 

in Tables 10 and·ll should be de-emphasized in f<l,vor.of the general 

trends of light, moderate, and heavy production also shown in these 

tables .. 
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Table 10, • Larval survey, Smith Mountain Reservoir area, 1965 season.· 

Station 
No, on 

Map 

a.*** 

£.*** 

g,* 

j.* 

Site Description 
and·Location 

Hardy Ford Cove breed-
ing site as shown in 
Fig, 10 directly 
associated with reser-
voir waters. 

Small embayment at 
Site .2a (Fig, 17) 
directly associated 
with reservoir con-
taining partially 
submerged terrestrial 
growth during rising 
pool phase, 

Stream inlet (Fig, 20) 
on reservoir.at Site 4a 
containing small willow 
growth and Carex, 

Larval breeding grounds 
of Site 3a-Pelican 
Point. 

Main body of reservoir, 
margins at Site 9a 
containing dense stands 
of·Carex, 

Standing water in de-,-
pressions left by 
tractor tires and 
heavy.construction 
equipment.· 

Flood,plain (Fig, 25) 
below dam on Leesville 
Reservoir. 

Species 

!:!,_, .punctipennis 
!:!,_; guadrimaculatus 
.£, salinarius 
.£, territans 
.£.. res tu ans 

A• punctipennis 
!, guadrirnaculatus 
.£. salinarius 
.£, terri tans 
hf!}., canadens is 

A• punctipennis 
.£. s alinari us 

!• punctipennis 

! . punctipennis 
.£. salinarius 
.£, territans 
Ae, canadensis 
.£. restuans 

.£, pipiens complex 

.£, restuans 
Ae. vexans 
.!'... confinnis 

Culex spp. 
(2nd instar) 

Total No, 
(Larvae and· 

Pupae) 

57 
2 

89 
25 

1 

22 
4 

14 
14 

4 

39 
5 

11 

18 
97 

4 
1 

13 

5 
13 

3 
1 

6 
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Table 10.--(continued) 

Station 
No,. on Site Des~ription Species 

Map and Location 

1.•• Marsh,area (Fig. 27) A. punctipennis 
at Site lla created by A, guadrimaculatus 
spillway on Frying Pan £. restuans 
Creek. £, territans 

!!. • sapphirina 

*Light production: less than 1 per dip, 

**Moderate production: 1-10 per dip. 

***Heavy production:.over 10 per dip, 

• Total No.· 
(Larvae and 

Pupae) 

8 
22 
4 

11 
4 
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Table 11, Larval survey, Smith Mountain Reservoir.area, 1966 season, 

Station Total No. 
No, on Site Description Species (Larvae and 

Map and Location Pupae) 

a,* Hardy Ford Cove breed- !;_, punctipennis 6 
ing site as shown in, Anopheles spp, 17 
Fig, .14 directly ( 2nd ins tar) 
associated .with reser- Cu lex spp, 6. 
voir waters. ( 2nd ins tar) 

Culex territans 19 
Aedes spp, 4 

(3rd instar) 

b,*** Pasture adjacent to !;_, punctipennis 21 
Hardy Ford Cove with !;_, guadrimaculatus 1 
abundant willow growth Culex spp, 84 
and numerous hoofprint (2nd instar) 
depressions (Fig, 13) , f:!l.• vexans 31 

c,* Small embayment at Anopheles spp, 13 
Site 2a directly asso~ (2nd instar) 
ciated with reservoir. Culex spp, 2 
which had the majority (2nd instar) 
of its _vegetation 
destroyed during the. 
1966 .study (Fig, 18). 

m.** Ground pool depressions A~ punctipennis 2 
adjacent to Site 2a. ,£, territans 1 

,£, restuans 65 

d,* Stream inlet on reser- Anopheles spp, 13 
voir at .Site .4a. (3rd instar) 
Majority of Carex and 
willow growth present 
during 1965 was in-
undated or destroyed 
during 1966 study, 

e.* Larval breeding grounds 0 
of Site 3a-Pelican 
Point, 



Table 11,--(continued) 

Station. 
No, on 

Map 

f.* 

h. *** 

Site Description 
and· Location 

Main body of reservoir 
margins at Site 9a con~ 
taining dense stands 
of Carex, 

Series of large rain 
pools (Fig. 24) at 
Site 9a associated with 
Carex.and various kinds 
of terrestrial growth, 

Stagnant water present 
in small oxbow basin 
near Site 9a, 

Flood plain (Fig, 25) 
below .dam on Leesville 
Reservoir. 

Small, . low lying area . 
inundated at high tide 
but retaining standing 
water in depressions 
after water level re-
ceded. from high .water 
line,· 

Marsh .area (Fig, 27) 
at Site lla created.by 
spillway on .. Frying Pan 
Creek, 

-88-

Species 

!!_, punctipennis 
£_;. salinarius 
Mansonia. spp, , 

(2nd instar). 
Culex spp, 

( 2nd ins tar) 

!!_. punctipennis 
Ae, vexans 
Ae, canadensis 
Ae, trivittatus 
Ae. cinereus 
!'..• confinnis 

!!_, punctipennis 
£., terri tans 

Anopheles spp. 
(3rd instar) 

!!_, punctipennis. 
~- vexans 

!!_. punctipennis 
!!_, guadrimaculatus 
£., restuans 
£., territans ~- vexans 
Ae. crucians 

*Light production: less than 1 per dip, 

**Moderate production:,1-10 per dip, 

***Heavy production: over 10 per dip, 

Total No. 
(Larvae and 

Pupae) 

4 
1 
1 

6 

19 
186 

58 
2 
1 

61 

4 
433 

8 

2 
34 

22 
14 
52 
55 

1 
1 
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Larval abundance of fl, punctipennis and.£. salinarius corresponded 

closely to adult samples .of the same species, particularly in the 1965 

study, The overall reduction in numbers of larvae .from 1965 to 1966 at 

all sites.associated with the reservoir proper.is apparent from Tables 

10 and 11, It is evident from Table.11 that the ratio of.larvae in the 

second or third instar of development to those in the fourth or final 

(and identifiable) stage is quite high, This strongly indicates that 

larval development often proceeded no further than the third instar in 

waters directly associated with the impoundment. 
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C. Peak-of-Adult Activity Studies. 

Standfast (1965) states that in a study of mosquito biology it is 

essential to know the period of the day or night when the mosquito is 

active. Although the studies discussed in this section have no direct 

relation to mosquito control by water .level management, they were under-

taken with the objective of providing more information on the flight 

rhythms of Virginia culicids, 

It.is necessary to have an understanding of the elements responsi-

ble for initiating or.suppressing mosquito flight. Wright and Knight 

(1966) point .out that although periodic in nature, the activity pattern 

of· adult mosquitoes can be shortened, delayed, or .even postponed alto-

gether by the unfavorable .forces of temperature, relative humidity, air 

movement, and barometric pressure. Abnormalities ,in light intensity 

produced.by extra heavy cloud cover during the day or the appearance of 

a bright moon at night are capable of further modifying this pattern. 

Wright and Knight (1966) studied the effects of the exogenous 

factors of light.intensity, temperature, relative humidity, air movement, 

and barometric pressure on the flight activity of Aedes vexans and Aedes 

trivittatus in Iowa. In their work, light intensity appeared to be.the 

most critical factor .in controlling activity of these two crepuscular 

species when other exogenous factors were not at extremes of their 

range (e.g., when temperature and humidity values were not extremely 

low) .. However, these workers' samples were taken at 15-minute intervals 

within the.time span of 45 minutes pre-sunset to 2 hours post-sunset 
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for ~.·vexans and ~.·trivittatus with a limited 5½ hour diurnal study 

for Ae. trivittatus. Maximum flight activity was initiated in the .first 

15-minute post-sunset period and subsided to a rather.constant low 

level about 60 minutes after darkness, but these experiments were termi-

nated ·2 hours .. after sunset. 

Strict adherence to the proposition that the onset and cessation 

of activity is controlled entirely by exogenous factors, such as light 

intensity, must be avoided since, as Clements (1963) points out, endog-

enous circadian rhythms play an important part in the control of 

mosquito activity. Harker (1961) states that circadian rhythms are 

maintained by a physiological clock.within the organism that must first 

be ."set" by an external stimulus, such as a change from light to dark, 

but thereafter maintains the .rhythm independent of further stimuli. 

Bates (1941) in laboratory studies .showed that·the activity of!• 

superpictus can be independent of the light intensity variation stimulus 

once the .rhythm is ,establish,ed. 

Other factors further complicate attempts in defining definite 

periods of .activity .and quiescence.' Many species have been shown to• 

exhibit two peaks of activity during a.24-hour period, and Lumsden 

(1952) suggests that the two.peaks are produced by mosquitoes of dif-

ferent ages. Separate circadian rhythms within, diff~rent individuals 

of the same species ,may produce at least slightly different times in 

initiation and cessation of flight. 

It is apparent that. the complex interactions of climatic factors 

and endogenous, rhythms would,make difficult the ,determination of precise 
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activity times of adult mosquitoes, Therefore; in our.studies sampling 

periods were divided into intervals corresponding to dusk (7:52* D;S,T,)-

11 p.m,, • 11 p,m,-1 a.m., 1 a.m.-3 a.m., and 3 a,m.-dawn (6:13* D,S.T.). 

for one series of experiments. And in, another set of investigations; 

24-hour cycles were divided in half by taking 2-hourly interval samples 

for the nocturnal and·crepuscular periods.from 7 p,m, to 7.a,m. and a, 

single 12-hour diurnal,sample.from 7 a,m, to 7 ·p,m, In.this.manner 

sharp delineations in activity times •were not determined; however, 

certain trends in flight activity were established, 

The areas used in these. investigations were three of the permanent 

study sites mentioned.in previous sections: la-Hardy Ford, 9a-B-Bar-B 

property, and lla-Rt. 605, Mosquito flight activity was measured by 

timer-equipped light traps and Malaise traps previously discussed under 

Methods and Materials. 

Several workers, including Standfast, (1965), Harcourt and Cass, 

(1958), Horsfall (1962), .Williams, (1935), and Hutchins (1940), have 

used variously modified light traps.which partition the catch into 

desired time intervals. These traps could be classified into two general 

groups--falling disc types and turntable types, 

In our studies, four timer-equipped light traps placed in close. 

proximity to one another (Fig. 31) were operated at a given site on each 

night of sampling. Individual traps were pre-set to collect at.one of 

*Average times of sunset and sunrise, respectively, obtained from 
the 1966 Nautical Almanac for the period of the peak-of-activity 
studies. 
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Fig. 31. Timer-equipped light traps in operating position for sampling 
peaks-of-flight activity. (Trap on extreme left has utility 
box open to show timer apparatus.) 
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four time intervals during the dark evening hours. The four time 

intervals represented were dusk-11 p,m., 11 p,m,-1 a.m.,.l a.m.-3 a.m., 

and 3 a.m.-dawn (D,S,T,), Nights whicp presented cortditions unfavorable 

for mosquito flight-(e,g,, rainfall, low temperatures, etc,) were 

avoided, 

A total of 30 peak-of-activity study collections were taken by 

this method during the.summer of .1966 and Table 12 presents the data 

obtained from these experiments, 

According to Williams (1935), the numbers of insects taken by 

light traps are influenced by the factors of activity, density, _and 

phototactic response. Clements (1963) cites several examples of short. 

term changes in phototaxis, Corbet (1961) presents evidence.that 

swarming, oviposition, and.the acquisition of-a blood meal effect mos-

quito response to light and expresses the opinion .that a large propor-

tion of the mosquitoes collected in light.traps are engaged in non-

specific locomotor activity, Evidence has-also been presented by 

Standfast (1965) that indicates that host-seeking activity and the 

acquisition of. a blood meal depress the phototactic response,. 

Therefore, it would appear that a sampling device which offered 

little.or no attracting force to mosquitoes would be devoid of·the 

limitations inherent in light traps and would provide a much more 

accurate measure of overall mosquito flight activity. With .this thought 

in mind, we conducted a series of peak-of-activity investigations.using 

the Malaise trap as a-sampling apparatus, In addition to its ,freedom 

from reliance upon the variable phototactic responses of mosquitoes 



Table 12, Composite of 30 peak-of-activity study collections by light trap, Summer, 1966, 

dusk-11 2m 11 2m-l am 1 am-3 am 3 am-dawn 
Mosquito S2ecies ct' 1 ,1 ,1 

Aedes vexans 1 16 1 7 4 20 0 2 

~- cinereus 0 .4 0 5 0 4 0 3 

~- canadensis 0 1 0 0 0 0 0 0 

~- atlanticus 0 1 0 1 0 0 0 0 

Ano2heles 2uncti2ennis 3 48 0 20 0 17 2 4 

!• crucians 0 10 0 10 0 5 0 1 I 

"' a, 
!• guadrimaculatus 2 41 0 21 0 7 0 5 I 

Culex salinarius 15 66 1 32 8 30 2 13 

.£. restuans 1 29 1 24 0 21 0 11 

.£. territans 1 10 0 2 1 4 1 2 

.£. erraticus 4 37 0 9 7 17 1 5 

Mansonia 2erturbans 3 56 0 11 1 7 0 4 

Psoro2hora confinnis· 3 0 0 6 0 9 0 2 

f.. ciliata 0 0 0 0 0 2 0 0 

f.• ferox 0 2 0 0 0 1 0 0 

Uranotaenia sa22hirina 15 25 5 8 2 12 0 1 
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during the .night, this trap also permitted the collection of samples 

with equal efficiency during crepuscular and diurnal periods as well as 

at night, 

The Malaise trap provided a means for 24-hour activity studies, 

Each 24-hour,period of sampling was begun by placing an empty cyanide 

jar on the trap at 7 p,m, (D.S.T.). The trap catch was removed from 

the jar at 2-hour intervals at 9 p,m., 11 p.m., 1 a,m,, 3-a.m., 5 a,m., 

and 7 a,m. respectively. After the 7 a,m, collection, the trap was 

allowed to operate for a.continuous 12-hour period throughout the _day, 

and this final sample was removed at 7 p,m, to complete the 24-hour 

cycle, 

Immediately.before the killing jar was removed from the trap to 

collect each 2-hour sample, the interior baffles were inspected for 

mosquitoes which had not completed their migration _to the collecting 

assembly at the top •. The few mosquitoes found in the process of migra-

tion to the top were aspirated from the interior of the trap, killed, 

and placed in with the major sample already present in the cyanide kill-

ing jar. The entire process of aspirating the lingering mos qui toes 

from the interior, collapsing the trap to remove the sample from the. 

killing jar, and re-establishing the trap required less than_S minutes, 

Two possible sources of error were the presence of the investigator at 

the trap during collecting time and a small, dim.head lamp worn.by the 

collector when-nocturnal samples were being removed, Table 13 presents 

the data taken from 7 peak-of-activity st;udy, collecti,;,ns by Malaise trap 

during the summer of 1966 at Site lla-Rt. 605. 



Table 13. Composite of 7 peak-of-activity study collections by Malaise trap, Summer, 1966--
lla-Rt, 605. 

7-9 Em 9-11 Em 11 Em-1 am 1-3 am 3-5 am 5-7 am 7 am-7 Em 
Mosquito SEecies ,1 ,1 ,1 ,1 ,1 ,1 ,1 

Aedes vexans· 0 30 0 4 0 2 0 1 0 2 0 6 0 1 

~- cinereus 0 4 0 0 0 0 0 0 0 0 0 1 0 0 

AnoEheles EunctiEennis 0 2 0 2 0 2 0 0 0 0 0 0 0 2 

A_. guadrimaculatus 0 0 0 0 .. 0 0 0 0 0 0 0 2 0 0 

Culex salinarius 1 12 0 5 0 13 0 5 0 0 0 13 0 3 

.£, restuans 0 7 0 7 0 15 0 17 0 5 0 18 0 6 

.£, territans 3 so 0 8 0 6 0 2 0 0 0 59 1 81 

.£, erraticus 0 2 0 3 0 0 0 1 0 1 1 1 0 3 

Mansonia·perturbans 0 4 0 9 0 9 0 6 0 4 0 6 0 0 

PsoroEhora confinnis 0 0 0 0 0 0 0 0 0 0 0 0 1 5 

f.. ferox 0 3 0 0 0 2 0 0 0 0 0 1 0 10 

Uranotaenia saEEhirina 0 0 2 1 2 0 1 1 0 0 0 3 0 1 

I 
'° 00 
I 
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Inspection of· Tables 12 and 13 reveals· that generally low numbers 

of most species were taken by both methods, However, certain trends 

in activity are evident for some species, and a few interesting compari-

sons of the.data taken by both methods can be made, 

Activity .of.Ae, vexans as indicated by light trap (Table 12) 

revealed two peaks during the night--one at the dusk-11 p,m, period and 

a slightly larger one during the 1 a,m,-3 a,m, period. However, in 

contrast to the behavior measured by.light traps,~. vexans showed no 

peak of activity in the early.morning hours.in Malaise traps·(Table .13), 

but a burst of activity was· apparent in the late diurnal and crepuscular 

periods, 

Both!_, punctipennis and!_. guadrimaculatus exhibited similar 

activity patterns at light traps, Maximum flight activities were 

initiated .in the dusk-ll p,m, period, but subsided to.gradually decreas-

ing levels throughout the remainder of the night, TI)e Malaise trap 

did.not provide sufficient numbers of any of the anophelines. to permit. 

determinations of their activity patterns by this method, 

Table 12 indicates that _g_, salinarius flight activity was at its. 

peak during the first period of light trap operation from dusk-11 p,m,, 

but· sub.sided· to, approximately one-;-half this intensity during the follow-

ing two.sampling periods, and to the lowest level during the final 3 a,m,-

dawn period,· Malaise trap samples for this species (Table 13) yielded 

small numbers but did.show three apparent peaks: one during the late 

diurnal and crepuscular period, another at the 11 p,m,-1 a,m, period, 

and a third during the dawn.period. 
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The light trap study for_£. restuans·indicates that this species' 

time of flight is remarkably evenly distributed throughout. the night. 

On the other hand, Malaise trap collections-point to a greater activity 

during the middle of the night.from 11 p.m.-3-a.m. and during the dawn 

crepuscular period from 5-7 a.m. with at least limited activity during 

the day. 

Table -13 offers the apparent solution to the problem of why light 

trap collections of.£. territans were extremely low in spite of the high 

larval and Malaise trap collections.discussed in the previous section. 

Table 13 shows·that _£. territans exhibited two distinct periods of 

flight activity. One took place during the dusk crepuscular period from 

7 p.m.-9 p.m. while the other was evident during the dawn crepuscular 

period from 5-7 a.m. Large numbers were also taken in the diurnal 

sample from 7 a.m.-7 p.m. It is obvious-that light traps cannot attract 

efficiently during such periods of full and partial light; hence, they 

were evidently functioning during the time of flight minima for this 

species and, consequently, relatively few adults were collected by this 

device. 

Table 12 indicates that_£. erraticus was most active from dusk-

11 p.m. and declined thereafter to a constant low level. Malaise trap 

activity studies for this species (Table 13) yielded low numbers and 

erratic.results. 

Collections of Mansonia perturbans by light trap (Table 12) re-

vealed _that this mosquito _is most active during the_ early evening hours 

from dusk until 11 p.m., after which time flight subsides to generally 
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low levels, At least·limited activity prevails during the 7-9 p.m. 

period as shown in Table 13; however, no flight activity was detected 

for this species during the full daylight hours. 

No·activity trend for Psorophora.confinnis or!'..• ferox could be 

established by either sampling method; ,however, Tables 13 and 14 indicate 

that there is .a diurnal and a.nocturnal cycle of.activity for both of 

these species, 

The results obtained for Uranotaenia sapphirina by both ~ethods 

(Tables 12 and 13) express an exclusive limitation of activity to the 

nocturnal hours for this mosquito, 
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V. DISCUSSION AND CONCLUSIONS, 

Although 23 mosquito species representing 8 genera were found to. 

occur in the Smith Mountain area, Culex salinarius and Anopheles 

punctipennis represented over 70 percent of the ,specimens taken in light 

traps. 

The pumped storage process of hydroelectric power generation 

produced two of the classic beneficial water level management phases 

for mosquito control during the 1965 and 1966 seasons on Smith Mountain 

Impoundment. The 1965 reservoir fluctuation schedule (Fig. 7) repre-

sented the constant cyclical variation phase after July 15, 1965. On 

the other hand, the 1966 water level fluctuation schedule (Fig. 8) 

combined the benefits of cyclical variation and slow seasonal drawdown 

due to drought conditions. The-effectiveness of these two phases in 

controlling the two_dominant mosquito species breeding in association 

with,Smith Mountain Reservoir is evident from the seasonal abundance 

records obtained for the two-year study. 

Seasonal abundance graphs for 1965-also indicated that a slowly. 

rising pool which invaded marginal vegetation produced a situation 

highly favorable for the propagation of._£. salinarius and fl• punctipennis. 

The advantageous effect of cyclical variation was demonstrated when the 

situation immediately shifted from. the slow rise on July 15, _1965, to 

a_constant cyclic fall and rise that continued throughout.the remainder 

of the season. 

Mosquito populations at each of the five permanent study areas on 

the upper reservoir ,were at minimal levels during the cyclic fluctuation-
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slow recession phase.of 1966, These studies closely parallel the 

results obtained for several of .the reservoirs on the T.V.A. system 

which employed similar phases.of cyclical variation and seasonal reces-

sion in combination with cyclical fluctuation. 

The availability and consequent study of an adjacent area which. 

was not·under the influence of the.pumped storage water level schedule 

provided a check or control site. Since there was.no substantial 

reduction in the mosquito population from one year to the next at this 

site, it is apparent that the water.level variation on,the impoundment 

was the major factor responsible for the mosquito suppression on Smith 

Mountain·Reservoir during the 1966.season. 

The larval survey produced little useful quantitative data, 

However, this study.did reveal the.exact habitats involved in.mosquito 

production and indicated that sites not directly associated.with .reservoir 

waters often constituted an important larval.breeding source that·con-

tributed to the overall adult mosquito population of the reservoir area. 

The collection of Aedes cinereus .is considered a significant find 

since it represents a new mosquito record.for Virginia, This is somewhat 

surprising in view of.the extensive and numerous mosquito surveys that 

have been conducted in the state,· However, the majority of these sur-

veys.(Dorsey, 1944; Dorer,~~•• 1944; and Bickley, 1957) have been 

carried out in the coastal areas, and the collection of,Ae, cinereus 

in southwestern Virginia by this survey indicates that this species is 

either absent or scantily distributed in.coastal areas, 

In addition to providing information relating to the basic biology 
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of mosquitoes, the determination of peak flight activity times has an 

important control implication, Wright and Knight (1966) point out that 

insecticidal fogs are·widely used in adult mosquito control and because 

of the fineness of fog droplets, the bulk of them will not impinge upon 

stationary objects but will do so if the target has an additive velocity 

of its own. Therefore, in the application of fogs, it is highly 

advantageous to conduct fogging operations when the mosquitoes to be 

controlled are most active. 

Peak-of-activity investigations also provided the answer to the 

problem of why Culex territans population densities as measured by. 

light traps were extremely low in contrast to the high numbers of·this 

species taken in.larval samples and Malaise trap collections, Activity 

studies conducted by Malaise.trap revealed that.this species exhibits 

definite bursts of flight during the crepuscular periods of dusk and 

dawn and that it is somewhat active during periods of full daylight, 

It_is, therefore,impossible for light traps-to.sample adequately a mos-

quito species that is predominantly active at such times, 
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VI. SUMMARY 

Smith Mountain Impoundment in.southwestern Virginia was created 

by the construction of a dam on the Roanoke River. It is a project of 

the .Appalachian Power Company, and its primary function is generation 

of hydroelectric power. Appalachian Power Company provided a grant-in-

aid to the Virginia·Agricultural Experiment Station for the purpose of 

studying mosquito populations associated with ,the impounded waters. 

That effective mosquito control may be attained on reservoirs by 

proper water level management practices is a fact well documented by 

such agencies as the T,V,A, The water level management schedule put 

into effect at Smith Mountain Impoundment on July 15, 1965, and that 

continued throughout the summer of 1966 was found to reduce mosquito 

breeding significantly within the impoundment. The means by which the 

water level fluctuation schedule was accomplished is a unique process, 

termed pumped storage. This process basically involves the passing of 

water through the turbines at the upper dam, the retention of this 

water in the lower reservoir, and recycling the water back into the 

upper reservoir by reversible pumps at times of off-peak demand for 

electricity. This operation resulted in a constant rise and fall of 

the water level which greatly reduced the extent of aquatic habitats 

favorable for mosquito propagation, 

Mosquito populations were sampled by light traps, Malaise traps, 

larval dip collections, resting stations, and biting collections. Culex 

salinarius and Anopheles punctipennis were found to be the two dominant 

mosquito species breeding in association with the impoundment, 
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Seasonal abundance records indicated that significant reductions in 

populations of these two species occurred immediately after the cyclic 

water level schedule was initiated. 

In addition to investigations relating to mosquito control by 

water level management, peak-of~mosquito activity studies .were conducted. 

Basically, these studies revealed a pattern of high level activity for 

the majority of species during the late crepuscular and early nocturnal 

periods with activity gradually subsiding as the night progressed. 

This pattern was evident for most species of Culex collected with the 

exception of£. territans. In contrast to the generalization of Bates 

(1949) that time of flight is a group character with related species 

tending to show similar behavior,£. territans exhibited two distinct 

peaks--one at the dusk crepuscular period and the other at the dawn 

crepuscular period with flight minima occurring during the nocturnal 

hours. 
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Sample laboratory data sheet, 

Ma lo iac antl },ios(!uiCo Light Trtip Rccr,rGs 
Seith Uoun..:ain and Lc,:.:;villc Lakes 

County, _________ _ 'Hrcir.ir. 
Year 196_ ;reek. __________ _ 

Tr•p i.".o. _________ _ 

S:,~ciee 

A<'c!~s canade~~sis 

~l c !nereu!'I 

Aedes stirnulans group 
A<'crPs trhcria tus 

Aed<'s rrtvittatus 
Aedes vcxans 

l.noQheles crucians group 
Ano2he lc!'I 52unct iQennis 

A:i.012helc!i1 gua<lrtma cula tua 

Cule:: erraticus 
Cul~x ecccator 
Culp;,:; rcstuans 
Ct:l c:,,: salinarius 

Cul~:: territans 

Culisei:a inornata 
Culiscta me lanurfl 

r~nsonfa ~~r.::urbene 

0rt:h0ll0rlor.i::r:tA stcntfere complex 
To:..:orh::r:nch Hes spp. 

P~oro2hora ciliate 

PsoroQhora confinnis 
P~oro52hora feror. 

n r.iJC\l ~.:11);12 \1 n 
• 

" ' 

Locetion'-------

Llgh~ 'frap 
0 a •' 

!l ll I• MF ;· h 

' 

Identifier ______ _ 

11£lai&e Trap 
.a.o.:al "-VC'• ,. :.-: ~· ,. ,., • ' 

' 
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MOSQUITO CONTROL ON SMITH MOUNTAIN RESERVOIR 

BY PUMPED STORAGE WATER LEVEL MANAGEMENT 

by 

William Jess Gladney 

Abstract 

Six study areas were established at various points on Smith 

Mountain Lake in southwestern Virginia for the purpose of assessing 

the effect of the pumped storage water level schedule upon mosquito 

populations associated with the impounded lake waters. Pumped storage, 

a process relatively new in the hydroelectric field in the United 

States, basically involves the passing of water through turbines at the 

upper dam, the retention of this water in the lower reservoir, and 

recycling the water back into the upper reservoir by reversible pumps, 

at times of off-peak demand for electricity. 

The data obtained in these investigations indicate that the pool 

level variation as affected by the pumped storage process of hydro-

electric power generation produced a deleterious effect upon mosquito 

larval development and survival, 

Mosquito populations were sampled by light traps, larval dip co.1-

lections, res ting stat ions, and biting collections, Malaise traps, 

which are tent-like devices made of fine weatherproof netting, were also 

employed in these studies. Culex salinarius Coquillett and Anopheles 

punctipennis (Say) together comprised over 70 percent of the .total 

population of the .reservoir area as indicated by light traps. Next 

ranked are Aedes vexans (Meigen), Anopheles guadrimaculatus.Say, Culex 
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erraticus (Dyar,and Knab), Mansonia perturbans (Walker), and Psorophora 

confinnis (Lynch Arrib:i.lzaga), respectively, Malaise ,trap collections 

provided three .mosquito species, including Psorophora cyanescens 

(Coquillett), Toxorhynchites septentrionalis (Dyar and Knab), .and Aedes. 

grossbecki ,Dyar ,and Knab, that were never encountered by. the other 

sampling methods .. 

Seasonal abundance-records obtained during the mosquito breeding 

seasons of 1965 and 1966 revealed that after the initiation of the 

pumped ,storage process mos qui to populations were significantly reduced 

and never again approached their former levels, However, larval surveys 

revealed that several larval.habitats (e.g., temporary rain pools, 

partially flooded pastures) not directly associated with the reservoir 

proper and.not under.the influence.of the water level fluctuation cycle, 

often constituted ,important sources .that contributed to the overall 

mosquito population of the area. 

Investigations were also conducted to. determine the times. of peak 

flight activity of the mosquito species present within the lake region, 

Timer-equipped-light traps and Malaise traps were employed as sampling 

devices.for this work, The light.traps provided data only for the dark 

evening hours, .whereas Malais.e traps yielded data for a complete 24-hour 

activity sample, , Precise delineations of flight activity periods were 

not ascertained:by the methods.used; however, activity trends for some 

mosquito species were established, 

In general, these studies revealed a pattern of high level activity 

for the majority of .species during the dusk crepuscular and early 
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nocturnal periods with activity gradually subsiding as the evening 

progressed, This pattern was particularly evident for most species of 

Culex with the exception of.£, territans. Malaise trap collections 

indicated that .£• territans is least active during the periods of full 

darkness, but that it exhibits definite peaks-of-flight activity 

during the dusk and dawn crepuscular periods, 
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