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ABSTRACT

Five areas of irregularly flooded salt marsh in Carteret County,

North Carolina were studied to determine the effects of ditching on

mosquito populations inhabiting the areas, The principal species of

mosq ~ i toes present were A~no hales ~atro os gym r and Knab, ~Ano hales

~bradle i King, Aedes soilicitans IWalker! and Aedes taeniorh nchus

 Weidemann!, Present in lesser numbers were Culex salinarius

Data on both plant cover and on the abundance of mosquito larvae

of each species showed such wide variation in both ditched and un-

ditched sections that no significant differences between sections

could be detected, However, data from weekly field observations of

mosquito breeding sites and ground water levels showed that ditrhed

sections had shorter wet intervals than unditched sections. Despite

this reduction, the potential survival of the mosquitoes did not

significantly differ from the unditched sections, since, acrording

to tide gauge data the ditched sections, on the average, were com-

pletelyy flooded from 14 to 21 times per month, producing conditions

in which the wet intervals were often iong enough for mosquitoes to

complete their development. On the other hand, this high frequency

of flooding created microenvironments in some sections on the marsh

incompatible with heavy larval breeding.

sites marginal to the marsh, whereas those of A~no hales and Culex

were found to be more evenly distr ibuted throughout the study areas.



In general, the percentage of Aedes and Psoro hora larvae taken

in samples  i.e. their relative abundance! tended to be directly

proportiona! to the mean slope of the breeding depression and in-

versely proportional to its frequency of flooding. Converseiy, the

relative abundance of A~no hales and C ~ lax species, although not as

to a point, directly proportional to the frequency of flooding.

According to statistical analysis, the relative abundance of species

in the ditched sites was more affected by the mean slope, frequency

of flooding and the ratio of frequency of f Iooding/mean slope

 Suitability Index! than in the unditched sites, where the additive

effect of the frequency of standing water, the number of days per

wet period and the Suitability Index were found to be more signifi-

cant.

Light trap and biting count data collected for the principal

salt marsh species showed that the A~no hales and, at times, Culex

spec ies,
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SUMMARY

Approximateiy 60,000 acres of the coastal wetlands of North

Carolina are regularly flooded and do not produce mosquitoes.

However, another 100,000 acres, dominated by the black needle

rush  Juncus roemerianus!, are irregularly flooded by tidal

waters and are capable of producing important man-annoying

species of mosquitoes. Since 1960, a ditching program designed

to reduce mosquito production, has been carried out on these

irregularly flooded marshes. The present study was conducted

to determine the effectiveness of this control effort and to

provide guidance for its improvement.

Five areas of irregularly f looded salt marsh in Carteret

County, North Carolina were utilized for the study. Since before

and after ditching evaluations were not possible, comparisons were

made on adjoining tracts of ditched and unditched marshes.

The principal species of mosquitoes present were ~Ano hales

conf innis. Although al 1 of these are coastal pest mosquitoes, the

two Aedes species consti tute the principal problem, since they are

capable both of occurring in tremendous numbers and of dispersing

many miles from their breeding si tes. The A~no hales and Culex

species are produced in lesser numbers and are only local ly
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Aedes but fortunately, since they are principal ly fresh water breeders,

are not that abundant in our coastal areas.

Necessary to an understanding of the mosqui to-breeding

potential of marshlands, is the knowledge that A~no hales and

Culex mosquitoes are permanent pool breeders and are more consistent

and nume rous in the i r presence when there i s an extended ava i 1 ab i 1 i ty

of water. Conversely, Aedes and ~Psoro hor- are produced only in

temporary or intermittent pools since their eggs are laid on wet

soi 1 and must undergo a dry period and a subsequent flooding before

they wi 11 hatch,

Sased upon the diverse marsh areas studied, the research

reported on here disclosed that the Juncus marshes in Carteret

County were subject to a hi gh rate of t i da 1 f looding for most of

the mosqui to breed i ng season, whi ch presumably accoun ts for the

relatively low level of Aedes breeding found to occur. This

would also account for the finding that the permanent pool breeders,

A~no hales-Culex, were as abundant or more so than the Aedes. The

relatively high abundance of A~no hales-Culex mosquitoes collected

was further demonstrated by the light-trap and biting-count data

for the study areas.

Concerning the question of whether ditching controlled mosquito

b reed ing in the Juncus marshes of Carteret County, even t hough d i tch-

ed sections of the study areas generally had shorter wet periods

than the unditched sections, these periods were usually not of

sufficient brevity to prevent a significant number of larvae from
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completing development. An addi tional contributing factor was the

frequent replenishment of water because of the high fiooding fre-

quency which occurred. Also contributing to mosquito survival

was the finding that crabholes serve as water-holding refuges

for the larvae, enabling them to complete development even if

the breeding depression itself became dry.

If, as was the case in this study, field observations show

that most sections of the marshes surveyed were flooded at a

frequency sufficiently high to preclude the production of serious

numbers of Aedes-Psoro hora mosquitoes, an area-wide gridded

pattern of ditching is not advised. Since our work showed that

less frequently flooded upper marginal areas of the marsh, any

ditching done for their control should be concentrated in that

section. The relatively unproductive outer Juncus marshes can

in most cases be bypassed.

Where control of A~no heles-Culex mosquitoes is considered

necessary  because of closely adjacent human concentrations!, a

150-200 foot grid ditching pattern wi I I not significantly reduce

the populations of these species, The only potential ly adequate

method for their controI known to us at present is the use of

appropriately-managed impoundments.

In view of the finding that large areas of Juncus marsh can

exist in a natural condition without producing significant numbers

of Aedes, the importance of conducting intensive season-long



xv

surveys in salt marshes to accurately determine mosquito producti-

v i ty cannot be over emphas ized, Unfortunate 1 y, however, surveys

may be neglected because of the apparent magni tude of the task.

in cases such as these, a method enabling one to predict the re-

ing in salt marshes, using only a few key factors, would be most

helpful .

Observations and measurements made during the study disclosed

that s igni f i cant correlat ion existed between the r clat i ve abundance

of flooding of the breeding depression, A statistical study of

the data col lected showed that the relative abundance of Aedes-

of the site and inverseiy proportional to i ts frequency of f looding.

Conversely, the relative abundance oy A~no heles-Culex larvae, although

up to a point, directly proportional to the frequency of flooding.

Preliminary procedures and predictive tables for using this relation-

ship in larval breeding surveys were developed.
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RECOMMENDATIONS

To accomplish the most effective source reduction of

saIt marsh mosquitoes with the least disturbance to the marsh

ecosystem, habitat modif ication procedures such as ditching

should be attempted only after intensive season-long larval

surveys have been made, The survey program should include

some or all of the following procedures;

a. 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 fre-

quently during at 1east one entire season to deter-

mine its full mosquito breeding potential.

c, The burden of this initial survey work can be con-

siderably lightened by installing tide gauges at

strategic points in the survey areas to determine

the frequency of f looding. This information will

help to eliminate from serious consideration those

sections flooding too frequently 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,

i t could develop that under certain condi tions,
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control of one or more species present may not be

necessa ry.

d. Marsh level s along random transects from the ti de

gauges to high ground should be determined, Com-

bining marsh elevations with tide gauge data makes

it possible to estimate the duration and extent of

flooding for each breeding site,

e. Assessment of adult mosquito populations by light

trap or other means must be carried out on a regular

basis in and adjacent to areas under survey. Addi-

tionally, biting and/or landing counts should also

regularly be taken to assess the nuisance value of

the mosquito species present,

If survey and larval-pupal monitoring data show a de-

finite need for mosquito control in a particular area and

ditching is decided upon, then extensive testing should first

be undertaken to determine the porosity and drainage potential

of the soil.

If ditching is to be done, care should be taken to tailor

the ditching design to local conditions in such a manner as to

obtain maximum control of mosquito breeding with minimum dis-

turbance to the marsh ecosystem.



INTRODUCTION

About one-half of the 200,000 acres of coastal wetlands in

North Carolina consists of irregularly flooded salt marsh dominated

by the plant species Juneau rnemerienus Scheele  biecir needie rush!

Juncus marshes occur primari ly north and east of Beaufort in Carteret,

Pamlico, Hyde and Dare counties, as well as along the outer banks

 Adams 1967!. Six species of mosquitoes breed in these areas of

salt marsh.

In the mid-fifties a series of hurricanes hit the North Carolina

coast and the accompanying high tides and rain caused the production

of intolerable numbers of mosquitoes, This led to the establishment

of the North Carolina Salt Marsh Mosquito Study Commission  White

1956! . The purpose of this Commission was to assess the mosquito

problems in eastern North Carolina and to suggest means for alleviat-

ing them. One result of the work done by the Commission was the

initiation in 1960 by the North Carolina State Board of Health of a

salt marsh ditching program for mosquito control, To date, areas in

Carteret, Craven, Dare, Onslow and Pamlico counties have been ditched.

As a result, at least 30'/ of a 11 irregularly flooded salt marsh in

the State has now been altered for mosquito control  Adams 1967!.

In this work a dragline was used to excavate a pattern of

paralleI ditches approximately 100-400 feet apart, 3 feet in depth

and 8-10 feet in width through tracts of Juncus marsh. Beginning in

tidal water, the ditches usually ended at the wooded high ground mar-

ginal to the marsh and were connected to perimeter ditches parallel to

the high ground.



In recent years, growing concern for the we 1 fare of coastal

wetlands has caused a questioning of the effects of such ditching on

marsh and estuarine ecosystems. To provide some information on this

subject in North Carolina, a cooperative research program was conducted

during the years 1970, 1971 and 1972 by personnel of the University of

North Carolina at Chapel Hill and North Carolina State University at

Raleigh. Consisting of two phases, the first was an evaluation of

the effects of the mosquito control ditching on the marsh ecosystem

itself and the second a determination of the effectiveness of the

ditching in controlling mosquito populations. The results of the

first phase have been published by Kuenzler and Marshall �973!.

Phase 2 is reported on here.

Following the publication of a comprehensive report by Smith

�904! advocating filling and drainage as the most satisfactory methods

of e'Iiminating salt marsh mosquito breeding, extensive uses of these

practices developed in several coastal states and continue to hhe

present. For evaluative information on salt marsh ditching, see

MacCreary and Stearns �935!, Richards �938!, Reiley �951!,

Carmichael �957!, Smith �962! and Helm, et al �963!. However, no

previous reports have been published dealing with ditching far mosquito

control in marshes similar to those which occur in North Carolina.

Specific objectives of this study included determining the tem-

poral and spatial distribution of each mosquito species breeding on

ditched and unditched sections of Juncus marsh and the correlating to

each breeding site of such factors as frequency of flooding, mean de-



pression slope, plant cover, and distance from ditches and maximum

high tide level.



EXPERIMENTAL PROCEDURE

This research project was conducted in five areas of irregularly

flooded salt marsh located in Carteret County, N. C.  fig, I, p, 33 !,

These areas were specifically located at ; North River, 5 miles north

of Beaufort; Ward's Creedk, about I mile east of Bettie; Davis; King' s

Point, I mile north of Davis; and Newport River near Mo!ehead City

 fig. 2, p.34 !.

The North River and Newport River study areas were selected princi-

pally because each had a ditched section of marsh adjacent to an un-

ditched section. In the case of the Davis study area, which was en-

tirely ditched, King's Point was selected to represent the nearest

appropriate tract of unditched marsh. The Ward's Creek area was an

additional unditched area, selected because of its known high mosquito

breeding potential. These areas were also selected because they re-

presented differing types of salt marsh conditions. This was of im-

portance if a worthwhile evaluation was to be made of the usefulness

of ditching as a method of mosquito control.

The vegetation of all study areas except Ward's Creek was pre-

dominantly Juncus roemerianus, interspersed with large patches of

Distichlis ~s icata  Linnaeus! and ~S artina Natant  Aiton! The Ward's

Creek area was predominantly covered with D. ~s icata, with scattered

stands of J. roemerianus and ~Scir us robustus pursh, The Newport

River area was also distinctive in having a rather high percentage of

short ~Sar ting el ternif lore Loi sel

In order to compare the mosquito populations occurring in ditched



and unditched areas, an extensive larval-pupal monitoring routine was

established, Collections were made at the North River and Ward's

Creek areas from March 1st to August 17, 1971, and at Davis, King' s

Point and Newport Ri ver from March 1st to September 30, 1972.

The study areas were surveyed an foot for breeding. A represen-

tative number of the s i tes found were numbered and marked wi th a

3-foot stake. Additiona1 ly, the maximum area of each was determined,

Each site's precise location was determined by measuring to it from

the nearest ditch, These locations are represented by an encircled

"X" in the study area drawings reproduced in figures 3, 4, 5, 6 and 7,

pages 35-39. For moni.toring purposes each site was visited 2 to 4

times a week. At each visit, the mean water depth was determined and

a breeding index was calculated. These data served as a basis for

comparing the frequency of standing water and numbers of mosquitoes

produced in ditched and unditched sites,

The North River study area contained 41 of these marked breeding

sites, all occurring in an area of about 50 acres. Qf this number,

26 were located in the unditched section  numbers 16, 18-42, see

fig. 3 !, and 15 in the ditched section  numbers 2-15 and 17, see

fig,3!. Another 50 sites occurring in a contiguous unditched area

were visited at least once a week to obtain a general impression of

the mosquito breeding occurring over a wider area, The ditched por-

tionn was crossed by a series of s tra i ght parallel di tches, excavated

in 1968, which extended from the wooded high ground across the marsh

to the river, These ditches were approximately 150 feet apart.



The Davis study area contained 26 marked sites occurring in an

area of about 50 acres. Of this number, 23 were located in the di tched

section  see fig, 4, p. 36 !, The remaining 3 sites  Sites A, B and

C in f ig. 4! were located in the pine woods and were considered un-

di tched. These s i tes were routinely checked for larvae and pupae in

order to compare their mosquito productivity with that of the outer

marsh. The di tches in thi s area, which were excavated in 1965, were

approximately 200 feet apart.

The King's Point area contained 21 unditched sites occurring in

an area of 50 acres. Twenty of these sites were arranged along two

transects beginning at the same point 500 feet from Route 70 and

diverging across the marsh to Core Sound, One transect ended at a

tide gauge, the other at a berm area  see fig. 5!,

The one remaining si te, number 21, was located in brushy high

ground near the highway. The transect method was used in this case

principally as a convenient samp!ing procedure to locate sites at

various distances from maximum high tide.

The two remaining study areas were Ward's Creek, an unditched

site of approximately 600 square feet adjacent to Core Sound  see

fig. 6!, and the Newport River Study area located near Horehead City.

The latter study area contained 13 sites, all occurring in a ditched

section of marsh about 10 acres, and 1 large unditched site  site 10!

of about 1 acre  see f ig. 1!,

Larval-pupal numbers were determined at the study s i tes by means

of the sampl ing procedure reported by Belkin �954!. Representative



samples of the larvae and pupae collected at each site during this

sampl ing procedure were brought into the laboratory. Most of the

specimens were killed in boiling water and preserved in 80%%u> alcohol

for subsequent identification, The remainder were held alive in the

laboratory at room temperature and allowed to complete development,

lf the collection sites did not dry up before the most immature of

the larvae completed development, it was assumed that emergence

could have occurred in the field, This information is the basis

for the survival percentages given later in this report. As a further

measure of mosquito population, standard New Jersey light traps were

operated and biting catches . for explanation see below ! were made

adjacent to the study areas, This latter procedure helped assess

the pest potentia1 of the species coming f rom the marsh.

Two light traps were in operation in 1970 and 1971, one at

Williston 19 miles east of Beaufort, and one at North River. Three

traps were in operation during the 1972 season, one each at Atlantic

Beach, Newport River and Davis, Each light trap operated from 7 p.m.

to 7 a,m. and the collections were pic.ked up at least 3 times a week,

Biting catches were taken twice a week at North River from June 1

to August 17, 1971, and at Davis anct Newport River from June 1 to

September 30, 1972. The adults were collected off the arms and legs

of the author by means of an aspirator tube, Twenty-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 Climato1o ica1 Data, published by the U. S . Department



of Commerce. Stations at Morehead City and Cedar island were used as

representative of the study areas.

In the belief that the interaction of mean slope and the mean

frequency, duration and extent of flooding of breeding depressions

has an influence on species composition and abundance, appropriate

measurements were made at each site.

The mean frequency of flooding on the marsh was determined by a

series of Leupold-Stevens Type-F tide gauge recorders which were set

up, one each, at North River, Oavis, King's Point and Newport River.

To faciIitate the collection of data on flooding frequency at the

sites, site levels within study areas were determined by use of a

surveyor's transit.

Estimation of mean slope was made by determining the deepest

point at each site and the average distance from this point to the

edge of the depression or 'to vegetation surrounding the water tn de-

pressions with 1ittie slope.

in order to determine the significance and usefulness of the

mean frequency, duration and extent of flooding and the mean slope

and ~Ano heles-Cutex breeding on a salt marsh, att data collected

during the study were analyzed by multiple regression, using a

standard statistical program  Barr and Goodni ght 1971! on the Re-

search TriangIe IBM 360/165 computer. The arcsin transformation was

variance. Tables 10 and 11 contain all parameters  independent



variables! used in the ana1ys Is and in the f inal regression model .

These variables were selected because i t is bel ieved that their re-

lationships, according to f ield observations and information already

avai lable, are non-I inear, that is their interactions produce optimum

Above and below thi s optimum the percent relative abundance for the

species decrease,

In order to determine and compare ground water levels and rate

of subsurface drainage on ditched and unditched portions of the study

areas, 14 series of holes, 36 inches deep by 6 inches wide, were dug

at the North River, Davis, and Newport River Study areas. Water

levels in these holes were checked during each area visit by means of

a graduated dips tick and expressed in inches from the surface. The

first hole of each series was excavated approximately 3 feet from a

ditch, with subsequent holes being located at 20 foot intervals

along a line perpendicular to the ditch. In some cases, these lines

were between two ditches and in others they extended from a ditch inta

an adjacent unditched control area.

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

attempt to correlate the plant cover with the numbers and kinds of

mosquitoes present. At each site the number of square feet occupied

by each plant species in a 100 square foot plot was estimated. In the

case of mixed stands, 10 samples 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 following is an explanation of the various types of values

given in the text, tables and graphs,

Mean f re uenc of f loodin /month at t i de au e.

This was determined by divi ding the total number of floodings

for an area by the number of months the tide gauge was in operation,

Mean fre uenc of floodin /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 separate determination of the frequency of flooding/month was obtained

for each site. A surveyor's transit was used to dete rmine the site s

height in relation 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.

Fre uenc of standin 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 fre uenc of standin water/area.

Determined by total ling up all frequency of standing water values

for the sites of an area and dividing by the number of sites in the

area,

Suitabilit index S

Determined by dividing the frequency of flooding of a site by its

mean slope. lt is a measure of the amount of soil exposure made avail-

able during the mosquito breeding season for the deposition of Aedes



suitabi l ity .indices represent smaller amounts of soil exposure,

Breedin index,

This value was determined by the method and formula developed by

Be lkin �954!, where Breeding index  B.I.!
SA x PD x TLP

ND x ND x 10

SA = Surface area of body of water serving as effective

breeding site in square feet.

PD = Positive dips obtained  those dips in which mosquito

larvae and pupae are found!,

TLP = Totai number of larvae and pupae obtained.

ND = Total number of dips taken, disregarding all

negative dips prior to the first positive dip.

Mean number of s ecimens taken/site.

Determined by dividing the total number of mosquito larvae and

pupae from each separate ditched and unditched area by the number of

sites in each area.

Percent s ecimens taken/area.

Determined by dividing the number of specimens taken from each

separate di tched and undi tched area by the total taken f rom the com-

bined ditched and unditched areas,

Percent relative abundance of s ecies/site.

Determined by dividing the number of specimens of each species

identified from a site by the total number of specimens identified

from that site.
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Mean ercent relative abundance of s ecies/site for ditched and

unditched sections.

Determined by totalling up the percent ~elative abundance

values for all sites of ditched and unditched areas separately and

dividing by the number of sites in each section.

Percent relative abundance of s ecies for ditched and unditched sections.

Determined by dividing the number of specimens of a particular

species taken from the ditched and unditched sections separately by

the total number of specimens of that species taken from the entire

study area.

Percent survival.

Determined by dividing the number of larvae estimated to have

survived  see procedure p, 7 ! in each site by the total number

collected at each site.

Mean number of mosquitoes taken er.l.i ht tra ni ht.

Determined by dividing the tota I number of specimens taken/week

by the number of nights the 1 ight trap was in operation that week.

Mean number of mosqui toys taken' b itin per 30-minute interval.

Determined by dividing the total number of specimens taken each

night in bi ting counts by the number of 30-minute intervals in each

collecting period.



RESUl TS

Data on the frequency, duration and extent of flooding for the

study areas  summarized in table 1, p. 78 , detailed in appendix

tables 1-4, pages 90-94 ! demonstrate the variability which occurred

between the areas, North River and Ward's Creek were similar in

averaging 15 floodings per month at the tide gauge, whereas the other

study areas averaged from 24-30 floodings. This probably indicates

that the former two areas are at higher elevations than the latter

three.

These data also show that, as compared with the unditched areas,

the ditched areas all had a reduced frequency of standing water, an

equal or slightly higher number of wet intervals of shorter duration

and a higher number of dry intervals of longer duration.

The vegetation of marsh breeding sites consisted primarily of

varying proportions of Juncos roemerianus, Distichlis ~s icata and

~S artina isatens  table 2, p. 79 , appendix tables 9-8, pages 95-99,

and appendix figures 6, 4 and 12 !. Rather wide var iation in the

relative abundance of these plant species was found to occur between

di tched and undi tched areas. Unfortunate ly, the s igni f icance of this

variation is unclear because plant surveys are not availabie for ihe

areas prior to di tching, However, i t does seem safe to conclude that

there has been a significant invasion of Baccharis hal imifolia into

the ditched sections of the study areas.

Mosqui to popu1 at i ons found occur r ing i n marsh breeding s i tes



and An. ~bradla i. Additionally, small numbers of Culex saiinar-

confinnis were found breeding in wooded sites around the marsh. The

relative abundance of the larvae and pupae of these species for each

study area is summarized in tab'!e 3, p. 80, detailed in appendix

tables 9-12, pages l00-i06 . Rather wide variations between popula-

tions within a species was found to occur between sites of ditched and

unditched sections, As with plant cover, the significance of this

variation cannot be determined because surveys for larvae were not made

prior to ditching.

Oespite this variation, when relative species abundance is com-

pared between ditched and unditched sections rather than just between

sites, it becomes apparent that a higher percen tage of combinations

conf inn is, deposit their eggs on drying soi I and are considered tem-

porary pool breeders.

Another generalization that can be developed from the data

collected is that the larvae of the temporary pool breeders were more

often collected from marsh sites situated in or near high ground than

in the marsh proper  for example, see figs. 8, 9, 10 and Ii, pages

4o-43 !. In contrast, the permanent pool breeders were more evenly

distributed over the marsh.



Aedes and Psoro hora species were more commonly col lected during

the months of June, July and August. However, a few major peaks of

abundance occurred at the North River and Ward's Creek study areas

during the months of March and Apr i 1  see f i g. 13-16, pages 45-48!,

Although not occurring to any marked degree during the study period

itself, peaks of abundance for these species can also occur in Sep-

tember and even into early October.

Within the above time scale, larvae and pupae of these species

were most abundant during the few instances when dry periods were

followed by heavy rains and/or excessive tidal floodings  see fig,

13-16!, During 1971, these periods occurred during the weeks of

April 8, June 3 and July 29. In 1972, they occurred in the weeks of

April 29 and July 15. Because of this marked response of Aedes and

tion pattern was characterized by a number of sharp transient peaks

of larval activity  see figs. 13-15!.

In contrast to the above, A~no hales and Culex larvae were more

consistently present, producing in some instances a long term bui ld-

up in numbers  f i gs, 13 and 14! . This is due to the cont i nuous

development which occurs in these species and to the high frequency

of tidal flooding in the areas under study. The seasonal distribu-

that of ~Ano hales and Culex species because the eggs of the former

must undergo al ternate periods of drying and flooding before they

will hatch.
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Using larval abundance data from unditched marsh as a check, the

ditched marsh at North River and Davis supported lower populations of

~Ano hales and Culex  figs. 13 and 14; appendix tables 9-17, pages

i 0 0 - 1 1 6 ! , b u t d i t c h i n g d i d n o t ma r ked 1 y a f f ec t the population n um b e r s

1 6 , the po pu 1 a t i on levels for a 1 1 species were h i g he r in the d i t c h e d

s e c t i o n t han in the un d i t ch e d s ec t i on be c a u s e of the p r e sen c e of two

comparatively product i ve mos q u i to b ree d i n g s i te s , s i t e s 3 a n d 8   s ee

f i g . 1 2 , p . 44 ! . Together t h e y y i e 1 de d 58 3 mosq u i t o larvae . This

r e p re s en ted 8 3'/ of a 1 1 larvae t a ke n from the d i tc h ed sec t i o n . Co n-

8

vival values, ranging from 73'/, for Aedes soil icitans to 100/ for

from site 3 were A~no hales. Survival values for this site ranged

+ ur . ~i* 'r'I «

though the average distance of these sites from the nearest di tch

was only 60 feet, both had high water availability values, ranging

f rom 61/ at s i te 8 to 95/ at s i te 3. Addi ti ona 1 1 y, both possessed

deep pockets of water with thick clumps of ~S artina alrerniflora,

~S . patens, and gistichlis ~s icata

Although the ditched marsh at North River and Davis supported

fewer ~Ano hales and Culex than did the unditched marsh, differences

in survival values between these areas were not significant  tables

3 and 6, p. 80,83 and appendix tables 18-21, pages 118-122!, Based
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upon the survival data collected, at least half of the larvae could

have completed development in e i ther di tched or undi tched marsh

 Table 3!. With the exception of A. soll icitans at North River, this

was also true for the Aedes and Psoro hora species  see table 3!,

According to the ground water level data found in tables 8 and 9

 pages 85 and 86 !, the ditches at Davis and Newport River suffi-

ciently drained most sections of salt marsh within two days. Fewer

sections of North River ditched marsh were drained as fast. ln this

area, water usually remained on the marsh for as long as three days

after the subsidence of tidal floodings  see table 7, p. 84 and

fig, 35, p. 67 !, All control sections drained somewhat more slowly.

Water in most inner ground water holes  holes 3-5 at North River and

holes 6-10 at Newport River! remained at marsh level for most of the

breeding season, draining only during the relatively few long periods

of dryness.

Despite the adequate rate of drainage in most sections of the

ditched areas, long intervals of marsh flooding by tides, occasionally

combined with heavy rains, replenished breeding sites. Despite this

replenishment of water, however, the sites in these areas still pro-

duced low numbers of both temporary and permanent pool breeders when

compared with the Ward's Creek area, where 13,886 Aedes were collected

 see table 3!.

Additional information on the mosquito populations at the study

areas, obtained from light trap and biting count data, is found in



figures 17-34  pa'ges 49-66 ! and appendix tables 22-.41  pp. !23-146!,.

According to these data, A~no he ice ~atro os and ttn, ~bradle i com-

bined were the most commonly col i ected species in 1 ight traps at North

River, Wi 1 1 istons and Atlantic Beach and were the most commonly col lect-

ed species during the biting counts at North River. The interval of

highest abundance was from June through October. During this time,

the number of adults taken in light traps ranged from 45 adults in

August at Atlantic Beach to over 20,000 col lected at North River in

July. These species were most often taken biting during the months

of June and July at North River when over 600 and 400 were taken res-

pecti vely  see f i g. 17-26 and appendix tables 22-31, 40 and 4l! . At

Davis, the A~no heies species were among those most commonly coiiected

from the 1 ight trap, ranging in abundance from 637 taken in June to

969 taken ln September. Numbers col 1 ected during bi ting counts were

highest in June and August when 65 and IOQ adul ts were taken res-

pect i ve l y  see f i g, 27, 30 and 31 and appendi x tables 32-35! . Com-

paratively low numbers of these species were col lected at Newport

River, Light trap data for this area are not available for

July and August. The highest number of adul ts taken bi ting there were

in the months of June and August when only 80 and 48 were col 1 ected,

respect ive I y  see f i g. 32-34 and appendi x tables 36-39!,

The highest numbers of Culex sa I inarius were taken in 1 ight traps

during the months of June, July and August at North River, Davis, and

Williston, ranging from 160 at North River in August to 594 at Willis-

ton in July  appendix tables 22-31!. This species was most commonly
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col lected from biting counts during June and July at Newport River

�972! and North River �971!. During the former month, 80 specimens

were collected at Newport River and during the fatter month approxi-

mately 170 were col lected at North River  see fig. 17 and 22 and 32-

34, and appendix tables 32-35!.

The Aedes and Psoro hora species were the most commonly taken

mosquitoes at Davis, and were among those most commonly taken at North

River. At Davis, they ranged in abundance from 1123 taken in the light

trap in June to over 2,000 collected in August  see fig. 27 and 30,

and appendix tables 22-27 and 32-35!. At North River their combined

peak of abundance was approximately l300 for both July and August

 see fig, 1 7 and 2 1 and appendix table 22-27!, Large numbers of these

species were also taken in the North River light trap in September,

but only the Aedes species were in any abundance in October and few

of either genus were taken in November  see fig. 17 and appendix

tables 22 and 23!, Very few P. conf innis were taken biting, while

Aedes were, in most cases, among the most commonly collected species.

Comparatively high numbers of Aedes adults were taken biting from

June through September, particularly at Davis, where they ranged

from approximately 100 in June to over 500 in August  see,fig. 27 and

31 and table 34 and 35!,

Tables 10 and 11 give the results of the statistical analysis.

The additive effect of the mean slope index, the frequency of flood-

ing and the ratio frequency of flooding/mean slope  represented as
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Suitability index  S. i.! in table 10, see also p. 10, Suitability

Index! was highly s ignif icant in the ditched sections influencing

considerably the relative abundance of Aedes-Psoro hora and Ano-

~heles-Culex species. in the unditched sections, however, the fre-

quency of standing water and the number of days per wet period were

found to be more s i gni f i cant than the mean s lope and f requency of

flooding when combined wi th ihe Suitabi I ity Index  see table 11!.

F'I gures 36-45   pages 68-77 ! and appendix tab les 42 and 43

 pages 147, '149! i I lustrate the influence of these fa tors on the

re'lative abundance of the above species in unditched and ditched

sections, The corresponding S,I. values for each point on the graphs

are found in appendix tables 42 and 43, These graphs describe the

general trends in the changes of the relative abundance of the above

species within certain limits. Naturally, for instance, when the

frequency of flooding per month becomes too high, the resulting dis-

turbance precludes the existence of mosquito larvae. Therefore,

only flooding rates which produced conditions in which mosquito

larvae were found, were considered.

Figures 42-45 and table 43 show the influence of the change in

number of days per wet period at selected S.I. and frequency of stand-

ing water values on the relative abundance of the above species. The

frequency of standing water values in the graphs were chosen because

they best represented actual conditions in the unditched study sections.

At each of the standing water values, the relative abundance of

~Ano heine and Culex species increased as the number of days per wet
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period increased. The greatest change in the relative abundance of

these species, for each increase in the number of days wet, occurred

at the S, l. of 1.0. Smaller changes occurred at a S.l. of 3.0 and no

change occurred at a S. I . of 5.0, At the latter index, the abundance

of A~no hales and Culex was 100'/ for the entire range of days per wet

period values.

Figures 43 and 45 show the corresponding decreases in the re-

conditions.

Figures 36 -39 show the change in the relative abundance of

increase in frequency of flooding at selected mean slope va'lues, The

at sites with 1-5 floodings per month and with mean slope values rang-

ing between .25 and .35. As the frequency of flooding increased for

any given mean slope, the proportion of Aedes found in larval samples

decreased. The rate of decrease was highest when the mean slope was

.05, and more gradual when they ranged from ,55 to 1.25.

Converseiy, the maximum relative abundance predicted for the

~Ano hales and Culex species occurred in sites flooded 25 to 35 tirses

per month and with mean slope values of,05, The relative abundance

for these species increased when the frequency of flooding at any

given mean slope increased. This rate of increase in relative abun-

dance was highes t in sites with mean slope values of .05. At high

frequencies of flooding  i.e. 30/month or over!, the relative abun-
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dance decreased in s i tes wi th mean slope values ranging from .15 to

.45, but increased in s i tes wi th mean slopes of .55 and over.

Figures 40 and 41 show the change in the relative abundance of

the above species wi th increase in mean s lope at selected values of

frequency of flooding. The maximum relative abundance predicted for

s i tes wi th mean slope values ranging between,25 and .35. The hi gh-

est maximum predicted for these species was at a frequency of flood-

ing of 5/month, and the lowest was at a f requency of f looding of

35/month. in sites where the frequency of flooding ranged from 10-

35 floodings per month, the relative abundance for Aedes and Psoro-

dshora species increased rapidly as the mean slope increased from .05

to ,15 and decreased gradually as the mean slopes increased beyond

.45. Change in mean slope had little or no effect on the relative

abundance of these species in sites flooded 5 or less times a month.

In contrast, the maximum relative abundance predicted for the Ano-

~heles and Culex species at any frequency of flooding value between

10 and 35 times per month occurred in sites with mean slope values

of .05 or less or 1.15 or more. Wi thin this range of f looding, the

abundance of A~no hales and Culex species dropped rapidly as the mean

slope values increased from .15 to .45 and gradual ly increased as

the mean s lope va iues increased f rom .45 on. I n s i tes where the f re-

quency of flooding was 5 or less, the relative abundance for these

species always remained very low.
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DISCUSSION AND CONCLUSIONS

According to the results of this research, areas of marsh under

study were subjected to a high rate of flooding for most of the mos-

quito breeding season. Though the frequency of flooding ranged

widely between study areas, none on the average were flooded less

than 14 times per month. This strongly affected the drainage per-

formance of the ditches and the nature of the mosquito populations

found in these marshes.

Although ditched sections of the study areas generally had short-

er wet periods than the unditched sections, these periods were, in

many cases, not short enough to prevent a significant number of

larvae from completing development. In other cases, completed iar-

val development occurred because of the relatively high flooding fre-

quency of these areas and the consequent replenishment of water.

In some places, due to their comparatively lower eievations,

and at certain times during storm and spring tides, tidal flooding

was so disturbing that it prevented prolific larval breeding,

As seen in table 3, all of the study areas except Ward 's Creek

yielded comparatively small numbers of mosquito larvae, with Ano-

This abundance is not so unexpected, since the former genera are

permanent pool breeders and are more consistent and numerous in their

presence when there is an extended availability of water. Conversely,

the often lower numbers of Aedes and Psoro hora taken were probably

due to the relatively few long periods of soil exposure needed by
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these species for oviposit ion and proper egg development.

The site at Ward's Creek, despite i ts high avai labi1 ity of water,

y iel ded a large number of Aedes larvae. This was probably due to a

high percentage of soil exposure being available because of the com-

paratively high mean slope value of this site. The periods of soil

exposure were long enough for the accumulation and proper develop-

ment of large numbers of Aedes eggs. Sites with lower mean slope

values, had, in many cases, shorter periods of soi1 exposure, since

in these more level areas, the loss of water was slower, keeping the

soil in the site covered for a longer period of time,

The relatively high abundance of A~no hales-C ~ lax species collect-

ed is further demonstrated by light trap and biting count data. These

data demonstrate that, in some situations, these species can be im-

per iod of annoyance can be longer, s ince they overwinter as adul ts

become acti ve in any period of unusual ly warm weather during the

winter months.

Cespite rhe fact rhat the coastal A~no hales-Culex species can

efforts are directed towards the latter genera, This is principal ly

due to the greater numbers that can be produced of these species and

because of their abi 1 ity to fly great distances from where they emerged.

If light traps and biting counts show populations of mosquitoes

large enough to seriously annoy residents of adjacent settled areas,
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it is essential that intensive surveys be made in and around these

areas to locate the most productive breeding sources before drastic

contro'I measures are begun. This work has shown that such surveys must

be extended through at least one ful 1 breeding season.

An area wide gridded pattern of ditching is not advised if, as

was the case in this study, field observations show that most sections

of the marshes surveyed were flooded at a frequency sufficiently high

to preclude the production of serious numbers of Aedes-psoro hora

species. Since this work shows that prolific breeding of Aedes-

of the marsh, any ditching done for their control should be concentra-

ted in that section. The outer, relatively low mosquito-producing

Juncus marshes can in most cases be bypassed.

Where control of ~Ano heles-Culex is considered necessary, field

data indicate that, at least for the areas studied, a 150-200 foot

grid ditching pattern wi11 not significantly reduce the populations

of these species, The only adequate method for their control known

at present is the use of appropriately-managed impoundments,

The existence of sites 4 at North River, site 16 at Oavis and

sites 3 and 8 at Newport River, points out the fact that despite the

prox.imity of a ditch, physical and biological characteristics such

as height above sea level, depth of depression, underlying soil tex-

ture and plant cover can often help to create conditions that can

maintain a substantial number of mosquito larvae. Close checks for

these exceptional sites during breeding-source surveys should be made,
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Another factor to be cons i dered and watched for, and one that may

influence the survival of mosquito larvae, is the incidence of crab-

hole breeding on the marsh. This was particularly noted at the North

River study area. According to appendix table 44, 10 sites located

in both ditched and unditched sections contained crabholes from which

iarvae and pupae were collected after all water in the sites drained

off or evaporated, The presence of many pupal skins in the siphoned

water from the crabholes showed that adults had emerged from these lo-

cations. Crabholes seem to serve as water-holding refuges for the

mosquito larvae, enabling them to survive a few extra days during long

periods of dryness, and thereby increasing their chances to complete

development.

The importance of conducting intensive surveys in salt marshes

to determine accurately their mosquito productivity cannot be over-

statedd, Unfortunately, however, in some situations surveys may be

neglected because of the extent of the area to be covered, In cases

such as these, a method enabling one to predict the relative abun-

using only a few key factors would be helpful. The results of the

statistical analysis of the independent variables and their influence

species show that such a method could be developed.

According to the results of the analysis, the high frequency of

standing water values �0'/ and over! in unditched sections seemed to

mask the direct influence of the mean slope and frequency of flooding
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on the relative abundance of the above species. Apparently, the de-

gree of mean slope and change in flooding rate mattered I ittle in

situations more suitable for ~Ano hales and Culex species, where the

frequency of standing water was generally high and where avai lable

soi I exposure was normal ly Iow. Instead, the relative abundance of

~Ano hales and Culex was significantly affected by a change in the

number of days per wet period,

According to graphs 42-45 f' or each frequency of standing water

given, there i s a f ixed number of wet days that could be grouped into

a number of periods of varying lengths, I t was found that fewer wet

intervals of longer duration made conditions more suitable for the

~Ano hales and Culex species, than many short wet intervals lnter-

spersed between many short dry intervals, For example, the frequency

of standing water for a section of marsh was 70/ for the entire breed-

ing season �40 days!. This resulted in 240 x .70 = 168 wet days and

240 - l68 = 72 dry days. Two possible combinations during the breed-

ing season could occur; one consis ting of 20 wet intervals each

averaging 8,4 days in length, the other consisting of 3 wet inter-

vals, each averaging 55 days. The latter would be much more con-

ducive for the longer developing A~no hales and Culex species.

Another variable exerting significant influence on the rela-

tive abundance of ~Ano hales and Culex species was the Suitability

Index  S, I .! which represented the ratio of frequency of flooding/

mean slope  see page 16!, As this index increased for each of the

given frequency of standing water and number of days wet values, the



relative abundance for A~no hales and Culex species increased, This

was because an increase in the S,i. represented an increase in either

the frequency of flooding or a decrease in the mean slope which in

both cases produced conditions more suitable for A~no hates and Culex

spec i es  see graphs 42 and 44! .

Conversely, since there were al ready enough dry periods of

suff icient length in the ditched sections,  a condition more suitable

change in the number of days per dry period which would vary as the

number of days/wet period varied, did not seem to play as important

a role in changing the relative abundance of the above species as did

the mean slope and a change in the frequency of flooding caused by

lunar and/or storm tides, As seen in graph 41, as the mean slope in-

creased up to a certain value, such as .35 for a given flooding rate,

the loss of water became more rapid and increased the amount of soil

and increasing their relative abundance. Beyond this optimum mean

slope value, their relative abundance gradually decreased, due to the

fact that sites with mean slope values of,55 or over often contain

pockets deep enough to hold larger amounts of water which would take

longer to drain. This would create longer wet periods which would

produce conditions more suitable for A~no hales and Culex, increasing

their relative abundance and decreasing the relative abundance of

Aades and P~soro hera, A similar change in relative abundance wiii

occur, if at any given mean slope, the frequency of flooding increases,

resulting in less soil exposure,
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For ditched marsh;

2sin b + b ms + b ff1 + b S,i.+ b4 S.I! 	00
y Aedes o 1

where; = the / relative species abundance
" Aedes

A 1-y
~Ano he les Aedes

ffl = 1/frequency of flooding

b = 0.78284
0

b = 5.20616
2

b4 = 0.02399

ms = mean s lope

S, i,= ff/ms

b ="0.00494
1

b =-0.33915
3

The resul ts and the above discussion of the statistical analysis

have revealed certain relationships between the physical characteris-

tics and the degree of f looding and thei r combined influence on the

mosquito populations in a salt marsh. By determining the mean slope

and the frequency of flooding for a di tched marsh and by obtaining

information on the frequency of flooding to estimate the frequency

of standing water and the number of days per wet period for undi tched

marsh, a rough prediction, using the information found in appendix

tables 1-4, 9-12 and 42 and 43, could be made about the potential

relative abundance of salt marsh mosquitoes in both types of con-

ditions. For all independent variables fall ing between the values

1 isted in these tables, the following regression formulae, based on

the standard mul ti pie regression formula  Snedecor and Cochran, 196$!,

could be used to obtain potential relative abundance values.
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For unditched marsh;

A -2Y = sin b + bi foswl + b2nwet + b3S l .+ b4 S. I,! 	00
Aedes

1-y
Aedes

where: foswl = 1/frequency of standing water

nwet = number of days per wet period

0.61028S. I. = ff/ms

b = 30,43958

b = -0,23687
3

b
0

= -0. 03892
2

0. 01253b
4

The values obtained from the above formulae represent that pro-

port ion of the total number of larvae taken in a sample that would be

a particular species. For examp/e, a value of 50% for Aedes means

that 50% of the total number of larvae taken in a sample would be

Aedes. The above formulae do not give the potential number of mos-

quito larvae that would emerge from a site during the breeding

season, Furthermore, the independent variables used in the regression

formulae account for about 70'/ of the variation in the data. Further

study should continue on the relationships of the physical charac-

teristics of the marsh to the relative abundance of salt marsh mos-

quitoes. This information would be most helpful in improving the

formulae and the accuracy of the predictions.
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table 9. AbundanCe OF AedeS - pl~ruhr and Agi~ha - ~ SpCC i CS at
creek and ldorth River study si tes, 1971  percentage/rapp nrarrber!

Ward's

Aedes and
~PP*

Tote I
spec iliieris
taken/site

A~II ~
and Cu lepr

Total
specimens
identified

RangeSite
No.

Fie an
Breeding

Index

Ward's
Creek
5 Iudy
arra

0-4320.0 13,886 100/ 13,88611, 157 0/00.000

30/40
2o/4g

25.0
2.6

420.0
151.0

0.025

2.000
o.44O

262.400
14,00o
O,oa4
6. 100
2. 100
0.550
3.000
3. 3rao
I,SDD
o.540

61.000

NIII i II
R iucr
5 iudy
el i.'d 43/38

33/3
71/132
83/103
87/49

I . 25
23.0
5.4

18,0

2

4 5 6 7
8 9

10
II
12
13
14
15
i6
17
IB
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

2.000
'I, eaa
I 000
4.500
1.000
1.900
7.900
1.800
2.100
I, 600

13.00D
2. Iaa
2.000
1.300
1.100
1,400
1.800
1,300
1.700
1.800
0 500
1.000
4.ooo
4.800
0.200
2,000
0.500
1.200

0-
0-
0-3
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-

69,0
14.7
3.6

43 0
43 0
20.0
5.6

445 5
17.3
18.0
4.2

28,0
9.6

13.0
35.2
5.6

47,o
19.2
Bo.o
16.0
12,0
13.0
8.3

13.0
12.0
11,0
21.6
i 7.6
4,2
7.5

33 0
72.D

133
244

1540
88
8

i86
124
56

199
175
36
g8

289
183
138
131
194
45

132
237
141
194
132

iB
50
90
50
65
57
73
64

107
110
53
54
53
ee
52
73
4g
86

80
106
433

40
3

53
34
24

i36
74
20
53

242
73

103
39
48
27
57

116
66
90
48
IO
12
37
23
25
20
22
17
44
47
35
16
22
29
22
42
22
28

70/93
80/195

100/1,540
57/50
67/5
29/54
17/21
13/7
100/199
43/75
25/9
35/34
86/248
46/85
100/138
25/32
70/136
30/14
78/103
90/213
75/ io6
80/155
35/46
IO/2
0/0
0/0
0/0
0/0
0/0
0/0
6/4
5/5
0/0
3/2
0/0
0/0
0/0
5/3

SS/40
23/11
0/0

57/ IDD
75/27
65/54
I4/41
54/ge
0/0

75/99
30/58
70/31
22/29
10/24
25/35
20/39
65/86
90/16

Ioo/50
IOD/90
100/50
100/65
100/57
Ioa/73
94/60
95/102

IDO/lio
97/Si

100/54
IDO/53
100/88
95/49
45/33
77/38

Ioo/86
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Table 9,  Continued!

Site
No.

A~h
~atro os

Aedes
sollicitans

tref'd f s
C rvvi
5tvdy
area

6, 2/860 93,8/13,052

Nfff t h
Ri vcr
5 tvdy
el ca

3/6

4/7

2/2

25/46

14/ 19 2/3

3/ I

10/2

5! 2

5/2

2 3
4 5
6 /
8 9

10
11
12
13
14
'I5
'16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

58,0/77
65. 0/158
21.0/ 3 39
47. 0/41
67,0/58
17.0/32
17.0/21
13,0/7
60.0!119
jg.o/68
25.0/9
33.0/32
16.0!46
38 . 0/69
61,0/84
18,0/24
64.0/124
22. 0! 10
73.0/96
84,0/199
74.0/104
28.0/5I4
29,0/38
10. 0/2

0/0
0/0
0/0
0/0
0/0
0/0

6.0!4
5.0!5

0/0
3.0!2

0/0
0/0
0/0

5.0/3
36.0/26
14.0/7

0/0

Aedes Othe r
h -Ad

~ch s Seit.

12.0/16
15.0/37
78,0/1201
10.0/9

0/0
8. 0/15

0/0
0/0

40.0/80
4.0/7

0/0
2.0/2

70.0/202
8.0/15

20.0/28
B.G/10
6.0/12
8.0/4
5.0!7
6.0/14
0.0/0

52.0/101
5.0!7
0,0/0

0/0
0/0
0/0
0! 0
0! 0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

I".0/14
9.0/4

0/0

4/5
I/2
0/0

23/20
0/0
g/16

13/16
20/11
0/0
0/0

15/5
6/6
2/6

10/ I 8
2/3

12/16
5/10
7/3
0/0
2/5

14/ 20
6/12

'I 2/16
0/0
8/4

32/29
30/'15
44/2 9

5/3
32!23
18/12
60/64
68/75
37!20
31/17
I 8/10
34/30
45/23
22/16
40/22
36/31

A~Pl dfh C
~hdl ~ ' ~hh I I ' ~

26/35
19/46
0/0

20/18
33/3
62/11
70/87
67/38
0/0

53/93
60/22
56/55
12/35
17/3'I
0/0

62/81
25/'49
60/27
22/29
8/'19

11/16
14/27
54/71
80/14
92/46
68/61
70/35
56/36
95/54
68/50
76/48
35!37
32/35
60/31
69/37
77/41
66/58
50/26
23/17
32/16
64/55
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Thl 10. Ah d IAd -P~h**dd~ht -C~IAI I ~ ~ td
Study Sites  percentage/raw number!.

Range Total Tt I Ad d ~AI I* Ad Aedes
P I P'~Phd�11 t ~ ~ ~ ~~;; ~

taken/site identified thus

Site
IIo,

Hean
breeding

index

2/2

2/'I

6/2

9/14

."Unditched Sites

A" 57.30
aha 96.00
c* B.oo
I 5,30
2 0.26
3 3,20
4 0.00
5 o.65
6 2.30
7 2,10
8 3.90
9 1.90

IO 2,6a
I I 8.10
12 6,40
13 6.20
14 1.70
15 I. 10
if 6.6o
17 1.30
iB 1.30
19 0.00
20 o.84
21 6.30
22 0.00
23 0.90

2.30-234.0
5.00-45a,o
0,40- 31.0
D.I5- 12,6
0.01- 0.9
0.40- 7.7

0. 10- 1,2
o. Io- 4.5
G. Ia- 9. I
0.20- 17,6
0.40- 4.o
0.20- 20,0
o.20- 65,o
0.60- '18.9
0.20- 20.0
0.15- 6.75
0.20- 1.80
D.a6- 72.60
0.10- 1.80
0.10- 1,80

0.05- 4.20
0.40- 16,0

0,'15- 4.5

177
114
132
55
27
49
0
5

Ia
20
24
38
72

198
93
53
33
IS

156
31
29
0

33
12
0

15

145
98

132
55
27
37

0 5
10
i8
24
38
71

168
82
51
32
iB

156
3i
29
0

33
12
0

15

0/0
2/2

99/131
100/55
100/27
91/37
0/0
0/0

56/6
60/10
17/4
68/26
49/34
47/178
19/7
8 i/41
15/5
0/0

70/100
3/ I
0/0
0/0

100/33
8/ I
0/0

20/3

100/145
98/96

I /'I
0/0
0/0
9/3
0/0

100/5
44/4
4o/8
83/20
32/12
51/37
53/90
81/75
19/'I 0
85/27

100/18
3D/46
97/30

100/29
0/0
0/0

92/11
0/0

80/12

0/0
0/0

25/32
2/I
0/0

13/5
0/0
0/0

50/5
28/5
8/2
0/0

20/13
8/14
5/4

41/22
9/3
0/0

20/31
3/I
0/0
0/0

40/13
8/I
0/0

20/3
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Table 10  Cont inued!

Col ox
ted'r i tans

Ot hrr
Culex
5 pe,

Aedes Other
atlanticus Aedes

Si te
No.

An
Bn

30/3842/53
I 94/52
2 100/27
3 70!25

2/8
4/2

6/3 9/32/ I

'I 0/ I
7. 28/5
8 4! I 8/24/ I

37/ E4
29/21
37/62

30/II
3/2

11/19
I/ I
9/5
6/2

3/2
6/3 30/16 4/2

3/4
4D/12
41/12

41/65

3/I57/19 42/58/I42/5

40/66/I34/5

eDnditched sites

9
ED
11
12
13
14
l5
16
E7
18
19
20
2I
22
23

P~l d d A~hl ** A A
fi P . ~ d~dl i 2 d ' ~

2/4 44/64 46/68 6/9
B/8 44/42 jl!30 14/ 14 2/2

I/I

60/3 40/2
40/2

16/3 28/5
8/2 68/l6

22/5 IO/7
12/9 36/26
9/16 33/55

25/20 66/54
9/5

25/8 54/17
12/2 88/16
4/7 23/35

16/5 41/ I 3
14/4 45/13
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Tab ie I I,  Centinved!

A~hl A~hl 1
~bd I I 1" ~ ' ~ ~ ~ I ~Site

No.

6/122/4 O.S/I
0. 5/ I

I /2
32/5
24/18
23/5
27/7
40/ I I
3'I/5
18/2

7/ I

26/7
18/20
50/11
61/19
55/6

11/3
8/9
9/2
6/2
9/I9/ I

5/ I
6/24
I/2

I/2 I /I
31/71

I /3
12/252/4 17/40 3/I 8/23

I

2 3

4 5 6 7
8 9

10
11
12
13
14
15
16
17
18
19
20
21

Aedes A d dth Dth A~II ~
~li h - 11 t I A d P h
ehvs PP ~

24/43
50/10
24/72
6/I

40/31
41/9
27/7
26/7
13/2
18/2
15/2
79/15

SO/86
50/11
73/198
62/10
36/28
36/8
46/12
33/9
56/9
64/7
78/11
2/14

100/ I
63/17
74/81
36/8
29/9
9/ I
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2 hl 12. At d I A d - ~ph d A~A ~ I � C I ~ ~ CP I I
Newport River Study Si tes, 1972  percentage/raw ntenber!.

Range Total 2 t I A ~ d d A~pl ~ ~ A d Aedes
p I P I ~PI d C I* lll II ~ih

taken/site identified C thuS

Site
No,

Mean
breeding
index

66/24 66/2434/12
'I 00/1
69/239

100/9
31/106 30/105 1/1

0/0
100/1

6/2
28/8

94/34
72/19

7/2
zB/8

' Undi tcited Site

4. 30
z 0.4o
3 17.50
4 3.80
5 0.20
6 D.oO
7 0,00
8 4.20
9 0.35

10* 256. 00
11 0. 00
12 0. 00
13 8,00
i4 2.4o

.4-0019,2

.4-0200.D

.4-o009.6

0-
0-

.1-0025.6
,z-ooO0,8

40.0-1600.D
0-

.4- 14.0
,2- 7.2

36
I

355
9
1
0
0

iz8
5

156
0
0

36
27

36
I

355
9
I
0
0

i28
5

156
0
0

36
27

100/128 8o/104 6/8
40/2 60/3 40/2
30/47 70/109 22/35 0.07/I
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Table 12.  Continued!

Site
No,

6/2 15/6 12/4
I OII/ 'I

5/18 'IS/51 46/162 I/ I
99/8 I / I

I /2

12/15 2/ I 411/220/I
19/29 29/46 I /2

8/11 2'I/32

16/6
19/5

58/21
37/IO

8/3
7/2

55/2
7/2

55/2

I
2

4 5 6 7
8 9
10
11
12
13

0td ~Ph A~hl ~ A~hl A~hi C I C I* 0
A d f ~ ~t ~b, dl* I 2 d I ~ I;,; «,«I C
See. SI e.
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Table 26. Tata'I Number of ltosqultoes Taken Sitin9
River Study Area, 1971.

Per Thirty Hinute Interval at North

Date

8:30- 9:00
8:30- 9;00
8'.45- 9:'15
8;30- 9:00
8;30- 9:15
9:15- 9:45
9 30-10 00
9:00- 9;30
9:30-10:00
9:00- 9:30
9:30-10;00
9:00- 9;30
9:30-10:00

10.00-10.3D
9.00- 9;30
9.'30-10:Do
8:30- 9:00
9:00- 9:30
9:30-'IO:00

10:00-10:30
8:30- 9:oo
9:00- 9'.30
9.30-10;00

10;00-10:30
10'.3Q-II'.DO
8,30- 9:00
9:oo- 9;30
9 30-10:00

Io:00-10:30
ID:30-10:45
8;30- 9:00
9.'00- 9 30
9:30-10;00

I 0: 00-10; 30
8:30- 9:00
9:00- 9;30
9:30-10;QQ

10;OO-ID;30
8 00- 8 30
8;30- 9;00
9:00- 9:30
9:30-10;00
8;30- 9:00
9: QQ- 9; 30
9.30-10;00

10 DQ-10'30
8:30- 9,00
9:Qo- 9,30
9:30-10:OQ

IO:OO-IO 3Q
10:30-11:00
8;30- 9:00
9 00- 9:3D
9;30-10;00

Io;OD-ID:30
10;30-11,00
8:30- 9 00
9:Oo- 9:30
9 3P-10:Oo

10:QQ-IO:3Q
8: 30 9' .po
9:Pg- 9:30
9: 30- I 0: QQ

10:QO-ID:30

8 7 2
13 7
4

2 2
20
14
Il

2 5 9 i

II
4
7

10
17
9
2

13
8

12
23
10
7
4

27
12 8
24
42
22
25
36
29
33
55
29
31
18 7
5

7
13
20
44
9
6
2

48
10
7
4

June 2
4
8

10
15

17
20 74

14
21

3

8 4 I
22

25

27

28 3
25

8 6 3
4 2 2

I
23

4 'I

2 4 2
28

12 4 2
13

6 9 5
14
56
34
i4 3
5

38 2 3 5

13 4 8 6
II

4 4 6 3 I
2 2 3
lo 2 I I
7

'I 7
6

16
Jul y 5

23
23
16
24 I

4 5 5 6
13 10

5
6
2

3
14

16 9 7
6 7

2 3 3
6 4

24
13

6 I
5 5

10
3

I
13

15
21

14 6 2
20
i4
22

21

23

3 I
16
12

4 I
15

4 3 0 2 4 2
5 3 3 8 7 I
6 2 7
2

26
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chus

Date

8;oo- 8:jo
8:30- 9:00
9:00- 9:30
9:jo-la:00
8:00- 8:30
8;30- 9:00
9:00- 9:3o
9:30-Ia:00
8:Qa- 8;30
8:30- 9:00
8;00- 8:30
8:30- 9'.00
9:00- 9;30
9;30-10;00
8,0IQ- 8:30
8;30- 9:0IQ
9:00- 9:30
9:30-10;00
8:oo- 8;3o
8.30- 9;00
9;00- 9:30
9:30-10.00
8:00- 8:30
8:30- 9:00
9;00- 9:30
9;30-10:00
8:00- 8.30
8:30- 9;00
9:00- 9;30
9:30-10:00
8:00- 8:30
8:30- 9:00
9:00- 9;30
9:30-10;00
8;oo- 8:30
8.30- 9:ao
9:00- 9:3o
9ljo-Io:00
8;00- 8:jo
8;30- 9,00
9:00- 9;30
9:30-IIQ 00
8:oo- 8:jo
8;30- 9:00
9:00- 9;30
9:30-10:00
8:00- 8.30
8:30- 9;00
9:00- 9:30
9i30-10;IQQ

10:00-10:30
8;ao- 8:30
8:30- 9:00
9:00- 9:30
9i30-10;00
8:oo- 8;jo
8.3o- 9:oo
9:00- 9:30
9;30-10:00

June 2

June 5 19
3
2

4
13

June 9

June 12

I
i8

June 16
3

10
2
0

I

0 0
June 20

June 28

0 0July 3
3

10

July 7

July 10

4 0
20
23

4 I
7

10 2 2
22 7
4

July 17 0

12
12

0 0

July 26

Aug. 2

I
46
18
3
5

11

4

7
36
6
3

27
28
15
3

Aug 7

Aug. 14

i6
7

Table 34. Total Humber of Adul t Hosqui toes Taken per Thirty Hinute Interval During 8 i t ing
Counts at Davis, 1972.
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Aug 25

4
25
4

A IJ9 30

Sep 8

26 7

8 7 3 I
Sep 12

20 7
31
22 8

Sep 26

8:00- 8;30
8.'30- 9:00
9:00- 9:30
9:30-10:00
8;00- 8;30
8:30- 9.00
9;00- 9:30
9.30-10:00
7:30- 8;00
8;DD- 8:30
8;3D- 9:00
7:30- 8:00
8.00- 8:30
8;30- 9;00
7:OD- 7:3D
7:30- 8:00
8.00- 8:30

60
45
27
15
54
17
10 I
4 4
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Ps~ r n.Date
C' v1.

8.00- 8:30
8:30- 9:00
9:oa- 9;30
8:Oo- 8:ja
8:30- 9:oo
9;oa- 9;30
9:30-10;00
8;30- 9'.00
9:00- 9:30
7;jo- 8:oa
8:oo- 8:jo
8:30- 9:oo
9:ao- 9:30
9:30-10:00
8.aa- 8.3o
8:30- 9:oa
9:Oo- 9:30
9;30-10;00
8.oo- 8 3o
8:30- 9'.00
9;00- 9;30
8.00- 8:30
8;30- 9.00
8;00- 8;3D
8:30- 9;00
9'.aa- 9:30
9:30-10;oo
8:oa- 8;3o
8.30- 9:oo
9;oa- 9:30
9;30-10'.30
8:oo- 8:30
8;30- 9:00
9:00- 9:30
7:30- 8:00
8:00- 8:30
8;30- g,oo
7:30- 8:oo
8;OO- 8;jo
8 30- 9 oo
7:oo- 7:30
7;30 8:00
8:oo- 8:30

Junc II
15
15

Junc 6
6

lg 5 8
21

3 7
3

19
21

Junc 12

Junc 15
1 1
7
14 1

July 8

Jul y 18
4 6

10July 31

Aug 3
ll
4
3
2
6
1
2
8

8
17
4
7
2

Aug 12

6
10
2
2
3
1

Aug 24

Sup 2

2

II

Srp ll 10lo
1

Sup 26 11
6

Table 38, Total Number of Adult Hosquitoes Taken per Thirty Hinute Interval During Bi ting
C uun t s a t Ne~po r t R i ve r, 1972 .
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P I I Al P dt«d / R I I lt d 4 I I ~A» I - 4
~ ~ dA ~ .~P«hl I RP«* I,FF,R
values  Di tchod S i tes!,

IIS  mean S lape! FF  frequenCy Of S. I .
flooding!  Suit, Index!

Aedes and
~P«h

A~A* I
and Culex

0, '15
0,05
0 05
0. 05
0 05
D. 05
0. 05
0,15
0.15
0.15
0.15
0.15
0. 15
0 15
0.25
0.25
0.25
0.25
0.25
0.25
0 25
0-35
0 35
0.35
0.35
o.35
0.35
0 35
0 45
0 45
0.45
0 45
0 45
0 45
0 45
o 55
0 55
0.55
0 55
0 55
o 55
0.55
0 65
0 65
0,65
0.65
0.65
0.65
0.65
0 75
0.75
0 75
0 75
o- 75
o 75
0 75
D. 85
0.65
0 85
0 85
0.85
0.85

5
10
15
20
25
30
35
5

10
15
20
25
30
35
5

'I 0
15
20
25
30
35
5

IO
15
20
25
30
35
5

10
15
20
25
30
35 5
Io
15
20
25
30
35 5
10
15
20
25
30
35 5
10
15
20
25
30
35 5
10
15
20
25
30

I.ODOO
2,0000
3,0000
4.000D
5 .0000
6,0000
7.0000
0.3333
0.6667
I.OQGO
1.3333
1.6667
2.0000
2,3333
0.2000
0.4000
0.6000
o,8ooo
I.DODO
1.2000
'1.4000
0,1429
0.2857
0.4286
0,5714
0.7143
0.8571
I.DODO
0, 1111
D.2222
0 3333
0,4444
0.5556
o,6667
O.7778
0.0909
0. 1818
D,2727
0.3636
0,4545
0.5455
0.6364
0.0769
0. '1538
0.2308
0.3077
0,3846
o.4615
0.5385
0,0667
0.1333
0.2000
0.2667
0.3333
0.4000
0.4667
o.0588
0.1176
0.1765
0.2353
0.2941
0.3529

0.37
35. 85
70.09
95 43

100,00
100.00
100.00

0.23
15.1 I
32.52
46.93
59.37
70.46
80.45
0. 19

13.35
27.47
38,40
47.53
55.57
62,89
0.05

13.99
27.16
36.80
44,52
51. 16
57 10
0 DO

15.48
28.47
37.53
44,56
50,44
55.63
0.12

17.47
30.58
39.40
46.04
51.48
56. 18
0.44

19.81
33.20
41,92
48,34
53.50
57. 90
0,97

22.43
36.17
44,go
51, 19
56. 17
60.35

1. 74
25.29
39,44
48.21
54,43
59,28

99.63
64. 15
29.91
4.57
0.00
0,00
0.00

99.77
84,89
67.48
53 07
40,63
29,54
19.55
99 81
86,65
72.53
6I.60
52.47
44,43
37.1 I
99 95
86, 01
72.84
63.20
55 48
48.84
42.90

100.00
84.5z
71.53
62.47
55 44
49,56
44.37
99.88
82.53
69.42
60 eo
53 96
48.52
43,82
99,56
80.19
ee,8o
58.oB
51.66
46,50
42.10
99 03
77. 57
63.83
55.10
48.81
43.83
39,65
98.26
74 71
60.56
51.79
45.57
40.72



i48

Table 42  Continued!

FF  frequency
of f Iood I no! A~ and Culex Aedes and

rpp 1
IIS  mean s lope!

o.85
0,95
0.95
0.95
0,95
0.95
0.95
0.95
1,05
1.05
1.05
1,05
I .05
1.05
I 05
1,15
I . 15
1.15
1.15
1.15
1.15
1.15
1.25
1.25
1.25
1.25
'I 25
'1.25
I 25

35 5
10
15
20
25
30
35 5
lo
15
20
25
30
35 5
10
15
20
25
30
35 5
10
15
20
25
30
35

0.4118
0,0526
0.1053
0,1579
0.2105
0,2632
0.3158
o.3684
0,0476
0.0952
0,1429
0.1905
0.2381
0.2857
0.3333
0.0435
D.o87o
0.1304
0.1739
0.2174
0.26D9
0.3043
D.o4oo
D.oBoo
0.1200
0.1600
0.2000
0.2400
D,2800

63.30
2,73

28.38
42.94
51,79
57.97
62.73
66.63
3,95

31.67
46.64
5,58

61. 75
66. 44
70.25
5,39

35,16
50.53
59.56
65.72
7D.36
74.10
7.07

38.81
54.58
63.71
69.86
74,46
78, I 3

36. 70
97,27
71.62
57.06
48,21
42,03
37,27
33.37
96,05
68.33
53.36
44.42
38.25
33,56
29. 75
g4,6i
64,84
49,47
40,44
34.28
29,64
25.90
92.93
61.19
45,42
36.29
30.14
25.54
21.87
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Table 44,

Ig C I DENCE OF CRASHOLE BREEDING

NORTH RIVER STUDY SITE, CARTERET CO., N. C.

No. of holes Total
Aedes

To ta lNo. Larvae 6 Pu aeSite
A~no heles

503

4
'13

14
16

17

18
20

21

23
24

4 � 12
3-6

10 - 30
10 - 20

2-3
1

5 - 10
I

4-5
3-4

87
19

137
32

0

7

23
103

22

0

3
26
21

3 2 I
7
2

4
4

90
45

158
35

2 8
30

125

6
4
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BACCWARIS HAL IMIFOLIA



}52

BORRICHIA F RUTESCENS



l53

CLADIUM JAMAICENSE



DISTICHLIS SPICATA



i55

IVA IMBRICATA



IS6

F IG. 6

JUNC US ROE MERIANUS



MYRICA CERIFERA



FIG. 8

PINUS TAEDA



l59

FIG. 9

SALICORNIA YIRGINICA



16O

SCIRPUS ROBUSTUS



161

5 PART INA ALTERNIFLORA






