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ABSTRACT

Four impoundments constructed in areas of irregularly flooded salt marsh
in Carteret and Pamlico Counties, North Carolina were studied to determine

the effects of this type of water management on mosquito production. The

principal species of mosquitoes present in the study areas were Aedes taenior-

hynchus (Weidemann), A. sollicitans (Walker), Anopheles bradleyi King, An.

atropos Dyar and Knab and Culex salinarius Coquillett,

Breeding sites within the study areas in Carteret County differed from
those in Pamiico County in their vegetational makeup, and in the size and
species composition of their mosquito populations. The effects of the impound=
ments on these different situations, however, were simitar.

Large patches of Distichlis spicata (L) and Spartina patens (Aiton) inter-

spersed throughout the unimpounded marsh dominated by Juncus roemerianus
Scheele, were often eliminated after the installation of an impoundment. J.
roemerianus was, in most cases, also destroyed after flooding, remaining in
the impoundment in large dead stands. In Pamlico County, however, a large
stand of J. roemerianus did continue to thrive in one impoundment. Ruppia
maritima L., or widgeon grass was the dominant plant species in the Pamlico
County impoundments. Very little Ruppia was found in the Carteret County
impoundment during the time of this study. There was, however, an invasion
of Typha L. into a few isolated sections of this impoundment.

Both Aedes species, at times exceedingly abundant in the unimpounded marsh
sites, especially in Pamlico County, were absent from the impoundments. Only
C. salinarius and An. bradleyi, in comparatively low numbers, were present in
the impounded marsh. These species were most often collected from those
regions of thickest vegetation, such as the few remaining live patches of D.

spicata and $. patens near the perimeter of the impoundment, and in combinations



of J. roemerianus and R. maritima situated in regions where the water depth
was less than one foot. (. salinarius was also collected from five muskrat
holes located on the dikes enclosing Impoundments Nos. | and 2 in Pamlico
County,

It was found that at water depths greater than one foot, vegetation was
submerged and/or dispersed sufficiently to eliminate the conditions conducive

to Anopheles and Culex breeding.,

The salinity of the water in the impoundments was somewhat higher in those
in Pamiico County than in the one at Smyrna Creek in Carteret County. This
difference however, did not seem to affect the populations of permanent pool
breeders found in the impoundments in either county.

Light trap and biting count data collected for the principal salt marsh

species showed that although A. taeniorhynchus and A. scliicitans were the most

prevalent species at Davis in Carteret County, substantial numbers of Anopheles

mosquitoes were also taken, 1In Pamlico County, A. taeniorhynchus and An.

bradieyi were the most commonly collected species in the light traps, however,

only the former species was the most commoniy collected during biting counts.
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SUMMARY

A large percentage of the approximately 300,000 acres of coastal wetlands
in North Carolina consists of salt marsh flooded irregularly by tidal waters

and dominated by the plant species Juncus roemerianus (black needlerush).

These marshes are capable of producing the species of mosquitoes which are
often extremely annoying to man., Since the early to mid 1960's, several
impoundments have been constructed to reduce mosquito production. The
present study was conducted to determine the effectiveness of this control
effort and to provide guidance for its improvement.

Four impoundments, one located in Carteret County and 3 located in
Pamlico County were utilized for this study. Adjacent or nearby tracts of
natural, unimpounded marsh were used as a basis for comparison. fin Carteret
County, most breeding sites located within the unimpounded marsh were pre=
dominantly vegetated with J. roemerianus, usually matted down to form open
areas., In Pamlico County, most sites consisted largely of D. spicata and

S. patens.

The principal species of mosquitoes present were A. taeniorhynchus, A.

sollicitans, An. bradieyi, An. atropes and C. salinarius. Present in lesser

numbers were A, atlanticus Dyar and Knab and Psorophora confinnis (Lynch
Arribalzaga). Although all of these are coastal pest mosquitoes, A. taenior-
hynchus and A. sollicitans constitute the principal problem, since they are
both capabie of occurring in tremendous numbers and of dispersing many miles
from their breeding sites. The Anopheles and Culex species are produced in
lesser numbers and are only locally annoying. Psorophora have habits and

capabilities similar to Aedes but, since they are principally fresh water

breeders, are not that abundant in our coastal areas.
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The Anopheles and Cylex mosquitoes are permanent pool breeders and are

more consistent and numerous in their presence when there is an extended avail=

ability of water. Conversely, Asdes and Psorophora are produced only in tem=

porary or intermittent pools since their eggs are laid on wet soil and must
underge & dry period and & subsequent flooding before they will hatch,

Based upon the unimpounded marsh areas studied in both counties, the
research reported on here discliosed that the Juncus marshes in Carteret County
were subjected to a much higher rate of tidal flooding for most of the mosquito
breeding season than the marshes studied in Pamlico County. Consequently, a
much lower level of fedes breeding was found to occur in the former area than
in the latter, The higher flooding freguency probably accounted for the
presence of Anopheles and Culex mosquitoes which were as abundant or more so

than the Aedes. The relatively high abundance of Apnopheles and Culex mosquitoes

collected in Carteret County was further demonstrated by the light trap and
biting count data. The much larger mosquito population found in the unimpound-

ed marsh area in Pamlico County consisted predominantly of A. taeniorhynchus

and A. sollicitans. According to light trap and biting count data for this

county, A. taeniorhynchus was, overall, the most commonly collected species

during the months of this study.

Despite the ébove differences in the flooding frequency and mosquito
abundance, the effects of the impoundments on these types of marshes were
generai]yithe same,

Practically all areas of D. spicata and §. patens within the study areas
were eliminated after the construction of the impoundments., J. roemerianus,
in most cases, was also destroyed, remaining in the impoundments in large,
dead stands. R. maritima was the dominant plant species in the Pamlico County
impoundments. VYery little Ruppia was found in the Carteret County impoundment

during the time of this study, however, an invasion of Typha did occur in this




impoundment In a few isolated sections.

Both Aedes species, at times very abundant in the unimpounded marsh
sites, especially in Pamlico County, were absent from the impoundments, Only
C. salinarius and An, bradleyi were, in comparatively low numbers, present in
the impounded marsh., These species were most often collected from those regions
of thickest vegetation, such as from the few remaining patches of live D,

spicata and S. patens near the perimeter of the impoundment and in combinations

of J. roemerianus and R. maritima situated in regions where the water depth was
below the one foot level., €. sslinarius was also collected from 5 muskrat holes
focated on the dikes enclosing impoundments Nos. | and 2 in Pamlico County.

it was found that at water depths greater than one foot, vegetation was
submerged or dispersed sufficiently to eliminate the conditions conducive to
Anopheles and Culex breeding.

The salinity of the water in the impoundments was somewhat higher in
Pamlico County than in Carteret County. This difference, however, did not seem
to effect the species composition of the populations of permanent pool breeders
found in the impoundments.

Although the research findings show impoundments to be effective in re=
ducing salt marsh Aedes populations, it must be emphasized that such permanent
control measures should be employed only where necessary.

In view of the finding that large areas of Jjuncus marsh, such as those in
Carteret County, can exist in a natural condition without producing signifi-
cant numbers of Aedes, the need to conduct intensive season-long surveys in
salt marshes to accurately determine mosquito production is extremely essen=
tial. Such surveys woﬁld help to locate areas of marsh most suitable for the
construction of an impoundment. These areas would contain large, scattered
clusters of breeding sites yielding consistently large numbers of Aedes mos-

guitoes. [f the larval surveys show a definite need for mosquito control in a



particular area and an impoundment is decided upon, then it is essential that
after its completion, the proper water depth and dike management be under-

taken and maintained.

1. in general, vegetation within the impoundments differed markedly from
that of the unimpounded areas., Natural marsh plants were often eliminated
and, in some cases replaced by plants more suited to the permanent water
environment.

2. Mosquito abundance data for both the unimpounded and impounded study areas
show that the impoundments are effective in elimirnating larval populations

of the important pest specises A, sollicitans and A, taeniorhynchus.

3. The environmenta! conditions within the impoundments can create a suitable
habitat for the less bothersome Anopheles and Culex mosquitoes. Their
numbers, however, can be kept to & minimum with proper water depth and
dike management (see Recommendations).

L., Although impcundments can be effective in controlling Aedes mosquitoes,
care must be taken in appiving this means of control to only those areas
of marsh where it is really necessary (see Discussion and Recommendations).
This precaution is especially important when considering the fact that, at
present, there is an unfortunate lack of information concerning the
environmental impact of impoundments on the estuarine systems adjacent to

the marsh.




RECOMMENDAT | ONS

1. To accomplish the most effective source reduction of salt marsh mosquitoes
with the least disturbance to the marsh ecosystem, habitat modification pro=-
cedures such as impounding, should be attempted oniy after intensive season-
lTong larval surveys have been made, The survey program should include some

or all of the following procedures:

@, Areas subject to flooding should be delineated and then visited
at such intervals as required to locate all specific breeding sites
occurring within each area.

b. Once located, each site should be examined frequently during at least
one entire season to determine its full mosquito breeding potential.

c. The use of impoundments should be considered for only those areas of
marsh where a large, scattered cluster of breeding sites yielding
consistently large numbers of Aedes mosquitoes exist,

d. The burden of this initial survey work can be considerably lightened
by installing tide gauges at strategic points in the survey areas to
determine the frequency of flooding. This information will help to
eliminate from serious consideration those sections flooding too
freguently to be a serious source of mosquito breeding., Additionally,
data from tide gauge readings can be used as a basis for predicting
the relative abundance of the mosquito species breeding on the marsh,
With such information, it could develop that under certain conditions,
control of one or more species present may not be necessary.

€. Marsh levels along random transects from the tide gauges to high ground
should be determined. Combining marsh elevations with tide gauge data
makes it possible to estimate the duration and extent of ficoding for

each breeding site.



f. Assessment of adult mosguito populations by light trap or other means
must be carried out on a regular basis in and adjacent to areas under
survey, Additionally, biting and/or lending counts should also be
regularly taken to assess the nuisance value of the mosquito species
present,

2, if survey and Jlarval=pupal monitoring show a definite need for mosquito
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control in a particular area and an impoundment is decided upon, then it is
essential that after its completion, proper management be undertaken and main-
tained,
Proper management technigues should include the following:
a. The water depth of the impoundment should be at least 12 inches,
This will prevent the development of prolific emergent and floating
stands of vegetation which produce conditions suitable for the breed-
ing of permanent water mosquitces. In North Carolina, areas of the
impoundment which should be closely checked are those in which J.

roemerianus and R, maritima are in close association. (e.g. R.

maritima surrounding J. roemerianus).
b. The water depth should also be high encugh to cover any highground
that was present in the original marsh. These regions usually con-

tain Pinus spp. and Baccharis halimifolia L. (groundsel bush) inter-

spersed with patches of D. gpicats and §$. patens.

¢, The envircnmental conditions within the impoundment should be main-
tained in such a way as to encourage the production and activity of top-
feeding minnows.,

d. The entire top of the dike should be checked periodically for depres= -
sions due to erosion from rain add/or muskrat activity. Thesedde=

pressions may become filled with water and produce broods of Aedes




mosquitoes. Rain and impoundment water may also collect more per=
manently in muskrat holes which open into the impoundment beneath
the waterline, and create suitable habitats for mosquitoes such as

Culex salinarius. Depressions and muskrat holes found should be

filled with soil and leveled off to prevent further accumulation of

water.



{INTRODUCT | ON

Five species of mosquitoes are commonly produced on the salt marshes of

North Carolina: Aedes taeniorhynchus (Wiedemann), A. sollicitans (Walker),

Culex salinarius Coquillett, Anopheles bradleyi King, and An. atropos Dyar and

Knab, Only the first two species normally constitute a serious pest problem
to man and his domestic animals.,

Both Aedes species lay their eggs on drying soil and require at least a
few days of continued drying before inundation by tides or rainfall will hatch
the eggs. Because of this feature; it has been postulated that impoundment of
prolific breeding areas would control these economically important mosquito
species by eliminating drying conditions which are required for oviposition.
| This means of control was first applied, although based on a different
principle, to reduce populations of malaria mosquitoes in Louisiana bayou
country (Van Dine, 1922). Heavily vegetated areas of water which produced the

undisturbed environments conducive to the breeding of An. guadrimaculatus Say

- were permanently flooded and the waterline area of the banks enclosing the
impoundments was kept free of vegetation. This produced an open water situa-
tion which efficiently prévented mosquito breeding and reduced the incidence
of malaria.

The bank management tecﬁniques used in Louisiana were later adopted in

conjunction with water Jevel management programs, to reduce An. guadrimaculatus

in the TVA reservoirs {Anonymous, 1947; Christopher et ai,‘i957),
Later, this method was expanded to include the control of sait marsh Aedes
through the elimination of the exposed soil needed for oviposition. As a

subsequent outgrowth of this, the concept developed that if properly managed,




an impoundment could be made to serve a dual purpose., First, it would elimi=
nate the breeding of satt marsh Aedes and, if vegetational yrowth was kept to

a minimum, of salt marsh Anopheles and fLulex. Second, it would provide an ex-

cellent habitat for waterfowl, muskrat and fish production (Darsie and Springer
1957, Proveost. 1959, Fervigho 1969, Lake and. Murphey 1970, Service 1971},

A careful assessment of the effectiveness of impoundments in eliminating
salt marsh Aedes populations has never been made in North Carolina, nor in
the adjacent states of Virginia and South Carciina. Such work has been done
in New Jersey, Delaware and Florida, and although these states do not have the
type marshes characteristic of coastal North Carolina, the results have been,
to a certain degree, favorable.

The impoundments in the states where studies were conducted ranged from
shallow brackish water impoundments of less than 12 inches in depth, to deep
fresh water impoundments of over 12 inches in depth (Lesser 1965). The latter
type was constructed in such a manner as to retain precipitation and surface
runoff from upland streams and to prevent excessive salt water intrusicn. The
purpose of this was to maintain open expanses of water several feet in depth
to encourage growth of certain pondweeds for duck food (Darsie and Springer
1957).

in all the studies, it was shown that the breeding of salt marsh Aedes
was substantially reduced or eliminated. However, the permanent water condi=
tions found in these impoundments did create a suitable environment for the
less bothersome Culex and Anopheles species.

C. salinarius was reported as the most commonly collected species in these
impoundments. This species was taken in New Jersey from areas consisting of

dead Spartina alternifiora Loisel and §. patens and from areas containing

Phragmites communis Trinius (Chapman and Ferrigno 1956, Chapman 1959, Franz




1962, 1963, Franz and Ruber 1962, Mangold 1962}, In Filorida, Clements et al
(196k4) reported collecting . salinarius from areas of cattail (Typha) in
impoundments flooded both yeariong and seascnally from March through October.

In Delaware, this species also continued to thrive in areas of relatively deep
water containing Phragmites, cattail and switchgrass (Darsie and Springer 1957),
and in areas where emergent vegetation such as §. patens was flooded to depths
of 6 inches or less (Catts et al 1963, and Lesser 1965).

Two other species, An. bradleyi and An. guadrimaculatus were also collect-

ed in substantial numbers from flooded emergent vegetation in the impoundments.
The former species was taken predominantly from areas containing cattail and
soft=stem bulrush (Chapman 1959, Florschutz 1959, Tindall 1961, and Clements

et al 1964). An. quadrimaculatus was found in largest numbers in sections of

the deep, fresh water impoundments which contained predominantly Phragmites,
cattail, switchgrass {(Panicum) and swampdock (Rumex). Additionally, Urano-

taenia sapphirina (Osten Sacken}, C. restuans Theobald, Mansonia perturbans

(Walker) and Aedes vexans (Meigen) were collected less frequently from these

same plant mixtures., The last species was found only aftér rises in water
level resulting from heavy rains (Darsie and Springer, 1957).

From observations made during these impoundment studies, it was concluded
that the populations of Anopheles and Culex mosquitoes found in these situa-
tions could be substantially reduced or even eliminated by maintaining the
proper water levels.

Both Provost (1959) amd Catts et al {1963} found that keeping the water
between 9 and 12 inches would reduce the number of Anopheles and Culex mosqui=
toes. |In other cases, it was reported that these species could be sufficiently
controlled if the water level did not drop more than 10 inches below the maxi-

mum water depth of the impoundment (3°8") (Florschutz 1959).




in North Carclina, several impoundments have been constructed within the
past 10 years in the hope of reducing Aedes mosquitoes in salt marshes vege=

tated predominantly with Juncus roemerianus. The following report includes

the results and conclusions of a project that was established to evaluate the

effects of some of these impoundments on the production of salt marsh mosquitoes.



PROCEDURE

This research project was conducted on Irregulerly flooded salt marsh

[#]

areas in Carteret and Pamlico Counties (see fig. 1, p.26 ). The areas were
specifically located at: Smyrna Creek, 1 mile north of Davis in Carteret

County and between Florence and Whortonsviile in Pamlico County (see fig. 2
and 3, pp. 27 and 28},

The Florence=Whortonsville area included 3 impoundments surrounded by
large expanses of adjacent unimpounded sait marsh, Sections of the latter
were used as the control. The Smyrna Creek ares contained only one impound=-
ment, The Kings Point areas was used as [ts control, since it represented the
nearest appropriate tract of natural marsh,

in order to compare the size and species composition of the mosquito
populations occurring in the impounded and unimpounded marsh, a standard
larval=pupal monitoring procedure was established. Collections were made at
the Smyrna Creek impoundment from July 15th to October 3ist, 1972; Kings Point
from March Ist to September 30th, 1972 and at the F]oreﬁéeuWhortonsvil]e area
from April 15th to October 6th, 1973.

The study areas were surveyed on foot for breeding. A representative
number of the breeding sites found were selected, numbered and marked with
stakes, Additionally, the maximum area of each was determined. These loca-
tions are represented by an encircled ''x'' in the study area drawings repro=-
duced in figures 4, 5, 6 on pp. 29, 30 and 31. For monitoring,purposes,‘each site
was visited 1 to 3 times a week, At each visit the water depth was determined
and for most visits the information necessary for the calculation of a breeding
index was collected, These data served as a basis for determining frequency
of standing water, water level fluctuation and the influence of these factors

on size and species composition of mosquito populations in the study areas.
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Additional information on the guantity of standing water on the marshes was ob-
tained from a Leupold=Stevens type F tide gauge recorder, set up in each research
area. The data collected from the tide gauge recorders also helped to determines
the flooding fregquency of the unimpounded sites,

Salinity samples were taken periodically at each impoundment. A refracto-
meter was used to determine parts/thousand (0/00) of salt. These data were used
to determine and compare the degree of fluctuation in the salinity of each im-
poundment and whether or not these changes had any effect on mosquito breeding.

The study area at the Smyrna Creek impoundment consisted of approximately
ten acres of flooded Juncus marsh (see fig. 4, p. 29). Twelve sites which re=
presented various plant associations and water depths were marked and visited,
The control area at Kings Point contained 21 sites occurring in an area of 50
acres, Twenty of these sites occurred along 2 transects which began at the same
point 500 feet from Route 70 and diverged across the marsh to Core Sound. Qne
transect ended at a tide gauge and the other at a berm area. The one remaining
site, number 21, was located in brushy highground near the highway (see fig. 5,
p. 30). The transect method wa; used as a convenient sampling procedure to
locate sites representing various flooding frequencies,

impoundment No. 1 at the Florence=Whortonsville area, completed in Janu=-
ary 1965 and flooded the following month, was 70 acres in size. Ten potential
sites, all near the perimeter of the impoundment, were selected, marked and
numbered. No sites were selected toward the center of the impoundment, since
in this section deep, open water prevailed, precluding the existence of any
mosquito breeding (see fig. 6, p. 31).

impoundment No. 2, in the same area was completed and flooded in July
1965 and consisted of 638 acres divided by means of dikes into 3 sections, each
approximately 200 acres in area. Twelve potential breeding sites, all situated

near the perimeter of the impoundment, were marked and numbered. Additionally,
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a transect was set up through & large, thick stand of Juncus roemerianus and

Rupplisa maritima located in the northernmost section,

tmpoundment No. 3, completed in October 1965 and flooded the following
month, consisted of 123 scres, Ten sites near the dikes were selected (see
fig. 6, p. 31). As in Impoundment No. 1, no sites were selected toward the
middle, since, here too, there was deeper, open water, The control area
consisted of 18 unimpounded sites adjacent to these 3 impoundments (see
fig. 6, p. 31).

Larval=pupal numbers were determined at the study sites by means of the
sampling procedure reported by Belkin (1954)., Representative samples of the
tarvae and pupae collected at each site during this sampling procedure were
brought intc the laboratory. The specimens were killed in boiling water and
preserved in 80% alcohol for subsegquent identification.

To further measure the mosquito populations, standard New Jersey 1ight
traps were operated and biting catches were made near the study areas.

in Carteret County, one light trap was operated at Davis, and in Pamlico
County, 3 light traps were in operation, one each at Oriental, Bayboro, and
Florence (see fig. 2.and 3, pp. 27 and 28). Each. trap was.os from.7.p.m. to
6 a.m..and the collections were picked .up at least.3 times weekly,

Biting catches were taken once or twice a week at Davis from June Ist to
September 30, 1972 and at Oriental from June 7th to October 1, 1973. The
adults were collected off the arms and legs of one of the authors by means of
ah - aspirator tube. Ten minute catches were made every half=hour from sunset:
to at least 10 p.m..

The temperature and rainfall data needed for this research was obtained

from Climatological Data pubiished by the U.S. Department of Commerce. Stations

at Cedar island in Carteret County and at New Bern in Pamlico County were used
as representative of each research area.

A survey of vegetation was made at each breeding site in an attempt to
14




correlate the plant cover with the numbers and kinds of mosquitoes present
and to determine any vegetational differences between unimpounded and im=
pounded sites, This was done by estimating the number of square feet occu-
pied by each plant species in a 100 square foot plot at the site. In the case
of mixed stands, 10 samplies were selected at random from each stand and the
ratio of the mean number of stems of each plant species to the total number
in the 10 samples, was determined,

The fé%iowing is an explanation of some of the values given in the text,
tables and graphs.

Freguency of flooding/month at tide gauge.

This was determined by dividing the total number of floodings for an
area by the number of months the tide gauge was in operation.

Freguency of flooding/month at each site.

Since the floodings at the tide gauge did not necessarily mean that
sites located at various distances from the gauge were also flooded, a separ=
ate determination of the frequency of flooding/month was obtained for each
site. A surveyor's transit was used to determine the site's height in re=
lation to the tide gauge. The number of times the tide reached higher than
the height of the site was divided by the number of months the tide gauge
was in operation.

Frequency of standing water/site (FOSW).

Determined by dividing the number of days when water was present at each
site by the number of days during the research interval.

Mean frequency of standing water/area,

Determined by totalling up all frequency of standing water values for
the sites of an area and dividing by the number of sites in the area.

Mean number of mosguitoes taken per light trap night.

Determined by dividing the total number of specimens taken/week by the

15



number of nights the light trap was in operation that week,

Mean number of mosguitoes taken biting per 10 minute interval,

Determined by dividing the total number of specimens taken each night
in biting counts by the number of 10 minute fntervals in each coliecting
period.

Breeding [ndex,

This value was determined by the method and formula developed by Belkin

. SA x PB x TLP

(1954}, where Breeding Index (B.1.) = TG

SA Surface area of body of water serving as effective breeding site
Y g

in sguare feet,
PD = Positive dips obtalned (those dips in which mosquito larvae and pupae
are found).
TLP = Total number of larvae and pupae obtalined,
NB = Total number of dips taken, disregarding all negative dips prior

to the first positive dip.




RESULTS

Data on the freguency, duration and extent of flooding of the unimpounded
sections for both counties are summarized in Text Tables 1 and 2 on pp. L6
and 47 , and detailed in Appendix Tables 1 and 2 on pp. 55 and 56.

The most notable difference between these two unimpounded sections was
that of surface water availability for mosquito breeding. The mean flooding
frequencies for the sites ranged from 8 floodings/month at the Florence-
Whortonsville area to 21 floodings/month at Kings Point, This produced a much
lower standing water frequency for the former area (46%) than for the latter
(80%). This difference in water availability produced noticeable differences

~in the species composition of both the vegetation and the mosquito populations
in each county. The number of mosquitoes present was also affected.

The vegetational summaries for the unimpounded areas are found in Text
Tables 3 and 5 on pp. 48 and 49, and detailed in Appendix Tables 3 and 5 on
pp. 57 and 59. In Carteret County, the vegetation of the sites at Kings
Point consisted predominantly of J. roemerianus, usually matted down to form

open areas, with smaller amounts of D. spicata, S. patens and Cladium jamaj-

cense Crantz., The unimpounded sites in Pamlico County contained a much larger
percentage of D, spicata than in Carteret County. This species was often in
combination with 3. patens and surrounded by J. roemerianus.

Data on the abundance and species composition of mosquito populations
found in the unimpounded areas of both counties are found in Text Tables 7 and
9, pp. 50 and 52, and detailed in Appendix Tables 6 and 8, pp. 60 and 63.

The mosquito populations found occurring in both unimpounded areas consisted

principally of A, sollicitans, A. taeniorhynchus and An. bradleyi. Addition-

ally, small numbers of An. atropos and C. salinarius were taken from time to

time. Aedes atlanticus and Psorophora confinnis were found breeding in wooded

sites around the marsh.
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A much smaller number of larvae were taken from the sites at Kings Point

{total number 1605, 2.4 larvae/pos

=0
Y

ve dip) than from those in Pamlico County
{total number 36,891, b2.3 larvae/positive dip). OF the larvae collected

from the former area, 65% were Anopheles and Culex species and 35% were Aedes
and Psorophora species. In Pamlico County 96.5% of the total number of speci-

mens collected were A, sollicitans and A. tseniorhynchus, and almost all of

[

o

the remaining percentage was fn. bradley]. 1in both counties, the Anopheles and

o

tulex species were distributed more or less svenly throughout the marsh, where=-

as, the Aedss and Psorcphora species were more often encountered in sites with
comparatively lower flooding frequencies and deeper depressions (high slope
index values).

Despite the above differences in vegetational characteristics and mos-
quitoc abundance, the effects of the impoundments on these types of marshes were
generally the same,

in both counties, the changes in vegetation were gquite apparent. Much of
the Juncys found in the Smyrna Creek impoundment was elther dead, dying or,
as in a few isoclated locations, replaced by Typha (cattail). All of the areas
of D. spicata end S. patens were eliminated, surviving only near the perimeter
of the impoundment. In the Florence=Whortonsville impoundments, the two dom=
inant plant species D. spicata and §. patens were aﬁsa eliminated., They were

replaced by extensive areas of introduced R+ maritima. I some cases, as

in Impoundment No., 2, large stands of J. roemerianus remained and thrived
(see fig. 6, p. 31).

Mosquito populations in all the impounded areas were much reduced (see
Text Tables 8 and 10, pp. 51 and 52, and Appendix Tables 7 and 9, pp. 62 and
£5) .

At Smyrna Creek, the total number of specimens taken was 178 (5.71 larvae/

positive dip) all of which were Culex and Anopheles species. €. salinarius
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was the most commonly collected species in this impoundment, accounting for
97% of the total number of larvae taken from the study area. This species was
- found exclusively at Site No. 1, located about 16 feet from the edge of the
dike near the southern portion of the impoundment (see fig., 4, p. 29). This
150 square foot section consisted of thick mats of D, spicata along with traces
of §. patens. The average water depth of this site was 10.8' with a seasonal
fluctuation of 8' = 13", The mean salinity of the water was 3 0/00 with a
range of 2=4 0/00. The thickest mats of vegetation and the highest number
of mosquitoes taken occurred when the water depth was approximately 8" or
lower, Very few larvae were collected when the water depth was greater
than 12",

Aside from Site No., !, mosquito breeding at ihe other sites in this im=
poundment was extremely rare. . The remaining 3% of the total number of speci-
mens taken, all of which were Anopheles, were found in Sites 2, 5, 6 and 11
(see fig. &4, p. 29). The vegetation in thess sites consisted primarily of
large, thick stands of dead J. roemerisnus. The salinity at these sites
ranged from 2.0=2.5 0/00.

In Pamlico County, mosquito larvae were found only within the northern-
most section of Impoundment No, 2 (see fig. 6, p. 31), and in one depression
and § muskrat‘ho]es on the dikes of Impoundments Nos, 1 and 2. No larvae were
found within Impoundments 1 and 3.

In Impoundment No., 2, three larvae were collected. from perimeter sites |
and 2, Of these three larvae, 2 were An. bradleyi and one was C. salinarius.
The remainder taken from this section {(104; 1.31 larvae/positive dip) were
found along the transect (see fig. 6, p.-31). OF this number, 94% were An.

bradleyi, 3% An. guadrimsculatus and 3% C. salinarius., The vegetation of

these sites consisted of large clumps of J. roemerianus in combination with

thick mats of R. maritims. The number of specimens taken was highest during
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Appendix Tables 16 and 17, pp. 75 and 76), A. taeniorhynchus was alsc the most

commonly collected species in the light trap and biting counts at Oriental and,
in addition to An. bradleyi, the most commonly collected species in the
Florence light trap (see figs. 14 and 15, pp. 39 and 40, and Appendix Tables
1823, pp. 77 -to 85).,. A. scllicitans was collected in substantial numbers
chly at the Oriental light trap. The interval of highest adult abundance for
all the above species taken in Pamlico County was from the latter part of June
through the early part of October. During this time, the highest peaks of
abundance ranged from 99 for Culex In June at Bayboro to over 1400 for An.

bradleyi in October at Florence.



_The influsnce of thess on the mosquito populatiens in salt

marshes varying
In both countiss, mosquito populations were greatly reduced. This reduction
could be maintained as long as the water depths of the Impoundments were

great encugh, usually 12" or sbove, to help cover mixtures of emergent vege=
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grved as sulteble environments for populations of permanent water

mosquitces such as An. bradieyi{ end C. salinarius. Apparently, the thick

vegetation offered a good sanctuary for mosquite larvae, helping to protect
them from predators and undue water disturbance. The undisturbed nature of
these areas may alsc help to faclilitate egg laying and pupal. emergence of

adult Culex and Anopheles.

The selinity date recorded during this study has shown the Smyrna Creek
Impoundment to be fresher than the impoundments studied in Pamlico County,

The differences in salinity, however, did not seem to significantly affect
the mosquito populations present.

Although the effectiveness of these Impoundments in reducing meosgulto
populations has been demonstrated, a question has tsen as to whether the
floodings of certain sections of the study areas was nscessary.

According to the date on abundance and species composition of mosquito
populations collected. from the study areas, very low numbers of mosquitoss were
taken from the Kings Point marsh. Both Kings Point and the marsh adjacent to
the Smyrna Creek Impoundment have very similar flooding conditions. These con=

diticns have been shown T0 & prior study (LsSalle and Knight 1972) to preclude
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the existence of consistently heavy mosquito breeding, especiaily that of Aedes.
it is possible, then, that the permanent flooding of certain sections of the
Smyrna Creek marsh could have been bypassed.

The need for the impoundments studied in Pamlico County however, was
probably greater, since, in many cases, the marsh conditions surrounding them
were more suitable for the production of large numbers of Aedes mosquitoes.

Data on adult mosqﬁito activity from light traps and biting counts in
both counties have shown that peak numbers of mosquitoes were highest after
periods of major flood tides and prolonged heavy rains. During these periods
many areas of high marsh and adjacent woods, usually dry during periods of

normal flood tides and drought, can become flooded and produce large numbers

of Aedes Tarvae. |t is in or near these areas where permanent control tech=-
niques stch as. impoundments: should be considered, (n. order to locate marsh

areas yielding consistently high numbers of mosquito larvae throughout the
entire breeding season, it would be necessary to develop a county-wide
systematic sampling procedure,

Marsh areas df the type found at Kings Pcint only eccassionally produce
annoyingly large broods of Aedes mosquitoes. In such cases,‘serious considera-
tion should be given to the use of temporary control measures in place of those

requiring extensive alterations of the marsh ecosystem.

23



REFERENCES CITED

Anonymous, 1947, Malarial contrecl on impounded water. U, 5, Government

Printing Office, Washington, D. C,, 422 pages.

Catts, E. P, et ai, 1963. Wiidlife usage and mosquito production on im=-

pounded tidal marshes in Delaware, 1956-196Z. Transactions of the
Twenty=Eighth North American Wildlife and Natural Resources Conference

pp. 125=132.

Chapman, H. ¢., 1959, Studies of mosquitoes breeding in natural and im-

pounded salt marsh areas in New Jersey. PhD thesis, Department of
Entomology, Rutgers State University, New Brunswick, New Jersey.

Chapman, H. C. and F. Ferrigno, 1956, A three-year study of mosquito

breeding in natural and impounded salt-marsh areas in New Jersey.
Proceedings of the Forty=Third Annual Meeting of the New Jersey
Mosquito Extermination Association, pp. 48=64.

Christopher, G. $, and N, W. Bowden, 1957. Mosguito control in reservoirs

by water level management. Mosquito News 17{L4): 273-277.

Clements, B. W., Jr. and A, J. Rodgers, 1964, Studies of impounding for

the control of salt marsh mosquitoes in Florida, 1958-1963. Proceed~
ings of the Twentieth Annual Meeting of the American Mosquito Control
Association 2L4(3): 265=276

Darsie, R. F., Jr. and P, F, Springer, 1957. Three year investigation of

mosquito breeding in natural and impounded tidal marshes in Delaware.
University of Delaware Agricultural Experiment Station, Bulletin
No. 320, 65 pages.

Ferrigno, F,, 1969, Ecological approach for improved management of coastal

meadowlands., Proceedings of the Fifty-Sixth Annual Meeting of the
New Jersey Mosquito Extermination Association, pp. 188-202.

Florschutz, 0., Jr., 1959. Mosquito production and wildlife usage in

impounded, ditched and unditched tidal marshes at Assawoman Wild=
Life Area, Delaware, 1957-1958., Proceedings at the Forty=Sixth
Annual Meeting of the New Jersey Extermination Association,

pp. 103=111,

Franz, D, R., 1962. Ecolcgical aspect of New Jersey salt marsh impound-

ments with references to mosquito larval production, distribution and
control. M.S. thesis, Department of Entomology, Rutgers State
University. New Brunswick, New Jersey, 110 pages.

, 1963, Production and distribution of mosquito larvae on some

New Jersey salt marsh impoundments. Proceedings of the Fiftieth Annual
Meeting of the New Jersey mosguito Extermination Association, pp. 279-285.

24




Franz, D R , and E. Ruber, 1962. Some effects of salt marsh impoundments
on micro=crustacean and mosquito productivity. Proceedings of the
Forty=Ninth Annual Meeting of the New Jersey Mosquito Extermination
Association, pp. 126-136,

Lake, R, W. and F. J.Murphey, 1970. High and low level Impoundments for
mosquite control in Delaware. Proceedings of the S, E, Conference
on Mosquito Suppression and Wildlife Management, pp. 10=13.

Lesser, F, H., 1965. Some environmental considerations of impounded
tidal marshes on mosquito and water bjrd prevalence, Little Creek
Wildiife Area, Deltaware, M,S. thesis, University of Delaware,

73 pages.

Mangold, R, E., 1962, The role of low level dike salt impoundments in
mosquito control and wildiife utilization. Proceedings of the
Forty=Ninth Annual Meeting of the New Jersey Mosquito Extermination
Association, pp. 117-120.

Provost, M., W., 1959. Impounding salt marshes for mosquito control and
its effects on bird 1ife. The Florida Naturalist 32(4),

Service, M., W,, 1971. Conservation and the control of biting flies In
temperate regions. Biological Conservation 3(2): 113-122,

Tindall, E. E,, 1961, A two=-year study of mosquito breeding and wilid=
tife usage in the Little Creek impounded salt marsh, Little Creek
Wildlife Area, Delaware, 1959=1960. Proceedings of the Forty=
Eighth f&nnual Meeting of the New Jersey Mosquito Extermination
Association, pp. 100-105,

Van Dine, D, L., 1922, Impounding water in a bayou to control breeding

of malaria mosquitoes. U. S, Government Printing 0ffice, Washington,
D. C., USDA Bulletin No. 1098, 22 pages.

25



sRaleigh

Loldsboro

oKinston

FIG.1 AREA OF NORTH CAROLINA
WHERE STUDY WAS CONDUCTED

26




iwol

ulog sbury ¢
doiy 4yb17 siapqg Z
}o9i ) puslwg |
IIELERR

Daly YOIDasay 0D 819410 D

z By

27



V34V HOYVISId 0O OOIMAVd € Old

desl by I
¢'ou Juswpunodu ¢
z'ou juswpunodwi g
L'ou juswpunodwi |

pusbsT

11
oioqging

uiag MaN

28

punog

ootjwng




g Siaeg

il

[4

0L sn Aomybyy

WIE UOISIIM ———n

REILEYHT

“bunodg

9r0i6 suid poop
AN

10N oHS @
puabal

INIWANNOdNI

B

%‘of_ﬂooc -
e

MITUD YNYANS

29



VICIWIYH  SIEVHOOVT

VEOHINGLY VNILIVES vds RNDVWY WhlavD
VOINIDIA VIRIOONYS vs SNEIVd VNIDIVES
VIVOIS STHNISIA a STINVIEWIOY SNONT
IDISNVYL ONOTV “SINVIS

39nvO 3aK oL IHUVW  3LS

qNIoT

ve
»
ds
f

-—

-]

~ NOILVIIO3A

clel
v3dv AANLS INIOd SONM S 'Old

ANNOS 3J¥O0D

aNNoOs 3I40D

30




PAMLICO

SOUND

IMPOUNDMENT
NO. 2

TREE FARM

LEGEND,
® SITE MARKER
gwl GROUND WATER LEVEL
HOLES

///// |, AUNCUS STAND
6007,

FIG. 6 FLORENCE-WHORTONSVILLE IMPO'UNDMENTS

31















































































































L7y

66

1408
16,387
863
1423
122

16 17 18 Total
0
0
0 b4
0 850

15

1k
120

13
9

12

151

11

35

10
70

interval from Unimpounded Sites at
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Florence-Whortonsville, Pamlico County, North Carolina, 1973.
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Aedes and Psorophora
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Total Number of Larvae taken per Weekly
Site number

29-May 5 0
27-Jun 2 0
10-16
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Table 11.
Date

Apr 22-28
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Jul

0
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0
0

23 274
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0

0

0
2
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0

3
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1ok 50 29
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0
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