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ABSTRACT

Research was conducted during the summf r and fal" of 1974 in three ad-

jacent areas in Garteret County, N. G., to determine the effectiveness of an

impoundment for mosquitc control. A compari son was made between a natural

marsh, a partiaLly completed impoundment, arid a completed mosquito control
impoundment,

Potential mosquito producing sites in toth the natural marsh and the

partially completed impoundment were comparable in vegetative cover, Neither

area produced salt marsh mosquitoes, probably due to opposite reasons. The

natural marsh was inundated by tides too often; in the partially completed

impoundment, the dikes eliminated normal tidal flooding,

Within the impounded marsh, Juncus roemerianus Scheele  black needle-

rush! remained in several large stands. However, in vast areas, only the
stumps of the ~uncus remained. Hast of these and other marginal areas had

been invaded by ~fa spp.  cattail!, Numerous patches of ~gart ag'at~e
 Aiton! and ~Disti hlis spicata  L.! were sti!.1 thriving around the peri-

meter of the dike and on high ground within the interior. ~gaco a monnieri

 L.! Pennell, an emergent plant species, had aLso invaded the shallow areas
near the perimeter.

Only two larvae of the salt marsh specii s Aedes sollicitans  Walker!,

were recovered within the impoundment. They were recovered following a

heavy rain from a deep hole left by a fallen tree. ~Ano hale mosquito

larvae were collected in small numbers from 'ireas containing thick mats of

vegetation  ~gartina ~ate s, D. ~a cata and !i. Ntnnie~r'! and flooded with

less than six inches of water. During the h it summer months, the water level

dropped 6 inches due to evaporation. This Lciss of water caused most mosquito
breeding sites to become unproductive. Areat in deeper water, or where the

vegetation was submerged, were not mosquito producers.



Salinity within the impoundment was 0 parts per thousand throughout

the entire research period.

Light trap data indicated that adult mcsquito populations were greatest

during late spring and early summer in the nearby Davis community, Aedes

' 'll

 King! and Aedes taeniorh nchu  Wiedemann! following, respectively, in
abundance.
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SUMMARY AND CONCI-tJS: ONS

Production of mosquito larvae was dete:mined over a 19 week period  June-

October! in 1974 at three adjacent sites ne;,r Otway, Carteret County, North

Carolina. These were {1! a natural marsh, l 2! an impounded marsh and �! a

partially constructed impoundment, Very few mosquito larvae were found in

any of tits areas. Ssm ll nnmlse"-s of ~Ano he'<:s larvae were recovered ln the

impoundment,

The natural marsh adjacent to the impoLndment was flooded too frequently
to be a source of Aedes salt marsh mosquito~s. The impounded area continually

lost water and the water was fresh � ppt salinity throughout the study! and
could not support Aedes salt marsh mosquitoes. Emergent and floating vegeta-
tion was increasing in the impoundment and appeared to be suitable for some

Arl~i~e e~ mosquito production. The partially completed impoundment was largely
mud flat and unsuitable for mosquito production.

The impoundment was an excellent wildlife retreat wi.th abundant bass fish

and visiting ducks. Osprey nests were present but declining drastically in

numbers due to the lack of nesting sites as ~ result of trees rotting off at
the waterline and falling.

Water was not being pumped into the impoundment to maintain the proper

level and salinity. No efforts were being m~de to maintain a desirable habitat
for wildlife.

From this study, it is not possible to ,iay whether or not this impound

ment has been successful in reducing the mosfiuito abundance in the area.

This is principally due to the low numbers o. mosquitoes produced on the un-

impounded or check area during the period of the study.



With the lack of any management practi< es on the impoundment, it is con-

cluded that the wildlife benefits are likely to decline in the future.

If impoundments are to be built for thr purpose of mosquito control and

side benefits to fish and wildlife, greater attention should be given to their

construction and management. Retention of cwnership by a private landowner

after investment of public funds for impouncment construction encourages con-

struction wherever a landowner is cooperative rather than where serious mos-

quito production occurs. Further, it leaves no public control over the

proper post-construction management of the impoundment and no public access

to enjoy the enrj.ched wildlife habitat.



RECOMMENDATIONS

1. If an impoundment is used for source reduction of salt marsh mosqtiitoes,

proper and long term management should include:

a. Maintenance of water levels through pumping at a minimum depth of

12 inches over all marsh within th< dikes. Proper water depth will

help to prevent dense mats of. vegetation at the surface, will al.low

greater wave action, and will permi t easy access for surface-feeding

minnows, all factors that limit or prevent mosquito production.

b. Fish and wildlife should be stocked and or encouraged to make use

of the available habitat. Nesting sites such as those for ospreys,

which are created by large dying trees, should be maintained by

placing pilings at their bases to prevent their falling or even re-

placed completely by tall poles.

2. The existence of salt marsh impoundments which have been partially con-
structed and abandoned due to political or ezvironmental pressures should be

corrected:

a. Dikes should be completed and the interior flooded to serve the

original function in mosquito sourc reduction and to create better

habitats for waterfowl and wi1dlife, or

b. Existing dikes which prevent or impt de the normal flow of tides and

subsequent nutrient exchange should be removed if mosquito source re-

duction and other fish and wildlife benefits do not justify the

necessary changes to the environment .



3. Tf federal, state, or local taxes are used to finance the impoundment of

salt marshes:

a. The state and local governments shculd finance and enforce the proper

management of the impoundment to insure maximum mosquito control and

wildlife enhancement.

b. The resulting fish and wildlife hatitat created by impoundment should

be included in the state game lands or sanctuaries,



The effects of impoundments on tQe production of salt marsh kg~ mos-

quitoes in North Carolina were documented in the University of North Carolina

Water Resources Research Institute Report No. 92 by R. N. LaSal,fe and K. L.

Knight  " Effects of Salt Marsh Impoundments on Mosquito populations"!. A

review of the literature and discussion of the problem was included. That

report included several impoundments, in Carteret and Pamlico Counties,

which were predominately expanses of Juncus roemerianus  black needlerush!.
These studies have been extended by an examination of a more varied marsh

habitat in Carteret County. The study site  Otway Impoundment! included an

impounded area, a partially constructed impoundment and an adjacent unimpounded
marsh. The results are presented in this report.



PROC EDURE

Thi,s research was conducted at the Otwa.y Impoundment  also known

locally as Huntley's Impoundment! in Carteret County, North Carolina  Fig. 1-3!.
The impounded salt marsh is located approximately 2 miles south of Otway, 3
miles northwest of Harkers Island, and 4 miles northeast of Beaufort. The

impoundment is immediately bordered to the r,orth by a large expanse of unim-

pounded salt marsh, to the west by North River and to the south by a partially
constructed salt marsh impoundment, Construction of the 17 acre impoundment

was completed in 1966. The impounded area consists of several acres of Juncus

marsh, several small groves of pine woods, and large expanses of open water.

A sixteen acre area, primarily salt marsh, adjoins the southern dike of

the impoundment and was intended to be a second impoundment. Approximately
65 percent of the diking was constructed in 1966 but the remainder was never

completed. Except for an open channel approximately 25-30 feet in width, the

marsh was enclosed in dikes running from high ground to high ground. The

existing inlet permits slight flooding of the enclosed marsh but normal high
tides are never accomplished.

The primary objective of this study was to compare the size and species

co~position of the mosquito populations occu ring in the natural salt marsh,

the completed impoundment, and in the partia Lly completed impoundment. A

standard larval--pupal monitoring procedure w«s established and collections

were made at weekly intervals from June 17 t<i October 21, 1974.

The three research areas were surveyed <in foot to locate mosquito larvae

and potential mosquito breeding sites, Sele< ted sites were numbered and

marked with stakes four feet in height, The maximum breeding area and the

vegetative cover was determined at each site, At each weekly visit, the

mean depth of water at each site was determir<ed and the necessary data for a



mosquito breeding index were collected,  se~ LaSalle and Knight, WRRI Report
No, 92!,

Salinity at various sites in each stud~ area was determined weekly using
a refractometer measuring parts per thousanc of salt. A rain gauge was sta-
tioned at the impoundment and precipitation data were collected weekly. A
water-level gauge measuring in inches was Located within the impoundment and
the water level measured weekly.

Two water-depth transits extending from the dike into the impoundment

were established. Each month a line was stretched between the end stakes

and the water depths determined at 3 feet intervals.

The number of mosquito larvae and pupae at each site was determined

using a sampling procedure standardized by Belkin �954!. Larvae were

grouped according to size, first and second instars in one group with third

and fourth instars in a second and their num>ers recorded in the field. Re-

presentative samples of the larvae and pupae collected at each site were

brought into the laboratory. The larvae were killed in boiling water and

preserved in 70/ alcohol. The larger specimens were mounted on slides for

identification. Pupae were placed in rearing chambers for emergence and
identification.

A standard New Jersey light trap, operaI ed at Davis in Carteret County,

has been used to monitor adult mosquitoes each season since 1970. Though not
located in the immediate area of the impoundment, the collections from this

trap were used as an indicator of the adult mosquitoes in the general area.



RESULTS

A summary of the physical and vegetative data for the three study areas

is shown in Table 1, with more detailed dat . on. each site in Appendix Tables
1- 1.2.

The natural marsh was dominated by ductus roemerianus, ~S artina Ratens,
and Distichlis ~icata. Although no tide gauge was placed in the area, 20-25

floodings per month would be a conservative estimate. The seven sampling
sites regularly visited throughout the research period failed to produce

mosquito larvae. Additional weekly searches through approximately four acres

of this natural marsh also failed to reveal any productive mosquito breeding
sites.

The partially completed impoundment also proved to be free of mosquito

larvae. There were many sites throughout the area which had vegetation
commonly associated with mosquito production  Fig. 5!. The lack of mosquito

larvae was due to the continual absence of surface water  Table 1!. The dikes

across the low marsh on either side of the area prevented normal tidal action.

Only one site near the marsh edge was flooded by high tides and this occured

only four times during the research period.

In the case of the completed impoundmen", the passage of eight years has

produced vegetative changes that even the most casual observer would notice.

The large stands of existing ~~g appear to be 90 percent dead or dying, with
a high percentage of sucl= stands having been replaced by ~T~glha  cattail!

 Fig. 6!. In these areas only the basal portions of the Juncus stems remain.

~S artina Satens and Distichlis ~s teats are alundant around rile inside peri-

meter of the dike and on natural elevations c f marsh sod  Fig, 7! throughout

the impoundment. /ac~os monnieri  Fig. 8!, was also very abundant in the

shallow areas of the impoundment near the dik e.



Data on mosquito populations within the Otway Impoundment are shown in

Table 2, A t'otal of 449 specimens were taken throughout the study period.

Field counts indicate that 65 percent of the larvae were first or second in-

stars and 33 percent were third or fourth ir.stars, Only seven pupae �,5/.'!

were taken. Righty percent of the specimens were anopheline mosquitoes

 primarily P~o~hel g cradle ~! . Sites 1-14, located in the northwestern

corner of the marsh were consistently breeding mosquitoes during .June and

July These sites were dominated either by diurttssst ~sten, Disticblis

~i.ata or ~ai~>~ gi~oni~er' . Breeding continued until evaporation lowered

the water level  Figs. 9-11! leaving the sites free of standing water. Only

3 mosquito larvae were found in these 14 sites past August 6, 1974. Sites

15-33 were located throughout the dead pine ~oods area  Fig. 12!. These

sites consisted of deep natural depressions ~r stump holes formed by falling

trees. Mosquito breeding occured in only 3 af these sites, following a 3.5

inch rainfall  Fig. 13! the last week in tun'. Except for this occasion,

these sites were free of standing water untiL the middle of October.

Data on the adult mosquito populations were obtained at the Davis

light trap and are shown in Figures 14 and LJ. Mosquito populations were

greatest during the late spring and early suramer reaching a peak of 1755

adults captured during the month of May. Dai a indicate that in the Davis

community, Aedes sollicitans was the most abundant mosquito species present,

pectively, in abundance.



DISCUSSION

The three study areas at Otway are ext:-.emely difficult to compare. The

natural unimpounded marsh is flooded frequently and is therefore not a pro-

ducer of mosquitoes. The area inside the p Lrtially completed impoundment does
not flood often enough to obtain or to maintain the necessary standing water

for mosquito production. Within the impouncment, mosquito production was

greater in areas where floating surface vegetation occurred in dense mats and

the water was 4 to 6 inches deep. Mosquitoes were not found in areas where

water was deeper and wave action vigorous. These findings are in agreement

with the data reported by LaSalle and Knight  WRRI Report No. 92! from other
impoundments in Carteret and Pamlico Counties.

The field data on larval development indicate that few reached maturity.
This probably is a result of the very large minnow and bass populations.

Salinity data throughout the study show the impoundment to be consistantLy
fresh, On no occasion did we record any degree of salinity within the im"

poundment. Mx. George Huntley, former owner of the property, recalled that

the water Level within the impoundment had not been increased by pumping from
the tidal basin within the past three years.

Data from this study, and other impoundrients, indicate that had the water

level been maintained at a Level greater than 12 inches, the mosquito breed-
ing found in sites 1-14 probably wouLd not have occurred.

From a fish and wildlife standpoint, th< Otway Impoundment is a paradise,
The impoundment was stocked with fresh water bass. Fishing with artificial

lures was fantastic . On several occasions before the property changed owner-
shi.p in 1972, one of the authors averaged a catch of 30 to 40 �/4 - l lb! bass
per hour. Individual bass weighing 4 to 5 pounds were not uncommon.

10



Waterfowl used the impoundment heavily. The numbers and variety of shore
birds utilizing the area make it a bird watcher's haven. At the time of con-

struction, one osprey nest was located within the impoundment. The population
increased until 1972, when there were 13 active pairs of ospreys nesting with-
in the impoundment boundary. Xn 1974, only 4 active pairs remained. This de-
cline in the osprey population i.s a direct result of the loss of nesting sites.
Large pine trees which died as a result of impoundment were favored nesting
sites but within the past year, most have fallen because. of decay in the area
of the water surface.
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Fig. 3 AERIAL VIEW OF THE OTWAY IMPOUNDMENT, 1970. A = NATURAL
MARSH, B ~ IMPOUNDMENT, C = PARTIALLY CONSTRUCTED
IMPOUNDMENT. A COMPARISON OF THIS PHOTOGRAPH AND FIG. 4
SHOWS THAT MUCH OF THE AREA WITHIN THE IMPOUNDMENT MICH
WAS OPEN WATER IS NOW DOMINATED BY THE EMERGENT VEGETATION,
TYPHA.
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FIG. 5 THIS SAMPLING SITE DOMINATED BY JUNCVS ROKMERIANVS
AND DISTICHLIS SPICATA WAS TYPICAL OP THOSE BITES
LOCATED WITHIN THE PAR'IIALLY CONSTRUCTED IMPOUNDMENT.
THE EXISTING DIKES OBSTRUCTED THE TIDAL FLOW TO SUCH
A DEGREE THAT ONLY THE OUTER EDGE OF THE MARSH FLOODED.
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FIG. 6 AT THE BEGINNING OF THE SAMPLING PERIOD, MUCH OF THE HARSH WAS OPEN
WATER WITH SCATTERED EMERGENT VEGETATION. AS THE WATER LEVEL RE-
CEDED, AREAS SUCH AS THIS WKRE COMMON. FRESH MATER ENRRGBNT VEGE-
TATION, QRCCEANQNNIERI�AMD THE DEAD ~ORCUS ROOTS DEMARK THE RECEDED
WATER LEVEL. AREAS COVERED IN CATTAILS WERE ESSENTIALLY OPEN MATER
AT THE START OF THE STUDY PERIOD. THESE AREAS SUPPORTED A POPULA-
TION OF FRESH WATER BASS BUT AS TH/ MATER LEVEL DROPSY'EDR THE FISH
MIGRATED TO THE DEEPER MATER.



FIG. 7 SITE NO. 2 WAS LOCATED BESIDE A RIDGE INSIDE THE IMPOUNDf4RNT. THE
VEGETATION CONSISTED OF g MONGER/ AND tI. SPICATA. DURING THE FIRST
TNO MONTHS MOSQUITO BREEDING OCCURRED. THE HATER LEVEL DROPPED SIX
INCHES LEAVING THE SITE CPMPIPETELY OUT OF WATER. WITH THJS DROP IN
WATER LEVEL THERE WAS A DISCQNTINUAT/PN OF MOSQUITO BREEDING. THE
NATURAL RIDGE IN THE STUDY PERIOD WAS SURROUNDED COMPLETELY BY OEEN
WATER. DURING THE COURSE OF THE STUDYP CATTAILS EME~ED TO COMPLETELY
COVER THE AREA.



1,09 inches

0

TOTAL NO. LARVAE
BREEDING INDEX

62

. 809
MEAN WATER DEPTH
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19

FIG. 8 SITE NO. 7 WAS LOCATED ALONG THE BASE OF THE IMPOUNDMENT DIKE. THE
OOHINENT VEGETATION NAS SACOPA NO~~EIDI. AI THE START OF THE SAHPLING
PERIOD, THE SITE WAS UNDER SIX INCHES OF WATER. THHPUGHQUT THE
.SAMPLING PERIOD THE WATER LEVEL RECEDED PROM THE DIKE UNTIL THE VEGE-
TATION WAS OUT OF WATER. AS THE WATER LEVEL RECEDED, THERE WAS A
CORRESPONDING DROP IN THE LATTER FART OF THE SAMPLING PERIOD, PRODUCING
NO LARVAE AFTER THE INITIAL SAMPLINGS.
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FIG. 12 SITES 15-33 WERE LOCATED ZN A DEAD PINE GROVE AT THE SOUTHEAST END
OF THE IMPOUNDMENT. ALL OF THE SITES IN THE DEAD PINE GROVE WERE
TREE STUMP HOLES RANGING JN DEPTH FROM 3 TO 6.5 IIKHES. MOSQUITO
LARVAE WERE FOUND IN THIS AREA FOLLOWING HEAVY RAINS. OSPREY NESTS,
SUCH AS THE ONE SHOWN IN THE IPLCKGROUND, WERE ABUNDANT. NOW, MOST
OF THE LARGE TREES SUITABLE FOR NESTING SITES HAVE FALLEN.

23



e

Q

U

0

C

C

Q C c
N~

6$

0 0
lO

V C
0 E
C

0 CL
E

o
0

E
O g
CV

CL
I!

o Q!

SQlf 3U! 0 I UOI ! 8! ICfl38lg



24

22

20

18

O 8

20

April

Fig. 1 4

C

~~ 14

12

~ 10

~ 60

~ 40

May June July August September October
Total Number of Adults 1I aken per Month at
the Davis, N. C. Light Trap



80

CO
01
O 70

CF
60

0

$0
0

~ 0
E

2
30

I Ol
CI

20

10

27 ld 6 26

April May June July Aug, Sept. Oc t.

Fig.15 Average Number of Mosquitoes Taken per Li ght Trap
Night Per Collection at the Davis Light Trap, Carteret
County, N. C, 1974.



SUMMARY OF PHYSICAL AND VEGETATIVZ DATA FOR THE OTWAY
IMPOUNDMENT AND AD JAC ENT STUDY AREAS ~ CART ERET COUNTY
NORTH CAROLINA, 1974.

TABLE 1.

PHYS ICAI DATA MEAN RANGE

Surface Area  ft.! 21,1
6315.6

Site Water Depth  inch! .07 �-6e5! 1.39 �-7.3!

19.1 �-32! 0 �!Sa1inity �/00!

VEGETATIV:e COVER PERCENT

67.1 57 .8
tuncus roemerianus

49 .9 20.029,1

22 8

27

~Sarrina ~arena

~Baco a monnieri

NATURAL

MARS H
IMP 3UND-

MENT
PARTIALIY CONSTRUCTED

IMPOUNDMENT

0. 2 �-1!

6.4 �-32!



FIELD COUNTS

449Total No. Speciraens collected

Total No. 1st and 2nd Instar larvae

Total No. 3rd and 4th Instar larvae

292

150

Total No. Pupae

LABORATORY DENTI ICATIONS

71Anopheline species

Culicine species 1.8

~Ano hales ~brad le i 20

A~no hales ~atro os

Aedes so 1 lie itans

Culex species

TABLE 2 SUI RY OF MOSQUITO ABUNDANCE FOR:I7 LARVAL SAMPLING SITES IN
THE OTWAY IMPOUNDMENT, CARTERET COUNTY, NORTH CAROLINA, 1974.
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