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PREFACE

1. This report represents the final compilation of all data and
information developed from investigations conducted for fulf}llment of a
contract initiated by the United States Army Corps of Engineers (CE),
Charleston District, Charleston, South Carolina (DACW 60-76-C-0031) on
23 September 1976 with The Citadel—The Military College of South Carolina.

2. The purpose of this contract was to complete a thorough study
of diked dredged material disposal sites associated with the maintenance
dredging of the Atlantic Intra-Coastal Waterway within the boundaries of
the Charleston CE District. Observations of the substrate, drainage,
vegetational and other physical and biological features of these disposal
sites were made to qualitatively and quantitatively describe the extent of
mosquito breeding associated with them. Observations of other types of
saltmarsh habitats were made to provide comparative data. Field studies
were conducted by aerial photographic surveillance of and on-site visits to
all disposal areas within the Charleston CE District. Laboratory studies
were conducted at The Citadel Biology Department.

3. Field and laboratory studies were conducted under the direction
of the Principal Investigators, Mr. Joseph Vorgetts, Jr., Instructor and
Research Associate, and Dr. William Bruce Ezell, Jr., Associate Professor
at The Citadel, Department of Biology. The Contracting Officer for the
Corps of Engineers was Col. Harry S. Wilson, Jr. The Contracting Officers
Representative (COR) was Mr. John L. Carothers, Chief, Environmental
Resources Branch.

4. The authors wish to express their appreciation to personnel of
the Charleston CE District, especially Messrs. Braxton Kyzer, John
Carothers, Hager Metts, Willard Mizzell and Lt. Randy Bolton for their
assistance and unfailing cooperation throughout the duration of this
project. The authors also offer an expression of gratitude to Mr. Max
Askey, Director of the Charleston County Mosquito Abatement Program; Mr.
Robert Zack, Director of the Georgetown County Mosquito Abatement Program;
Mr. David Arnold, Director of the Lowcountry Vector Control Program, Mr.

Tommy Strange, Supervisor of Waterfowl Management—South Carolina
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Department of Wildlife and Marine Resources and the personnel of these
agencies who were extremely helpful and cooperative in locating and
monitoring some of the sampling sites established for this study. An

. expression of thanks is also extended to Mr. Fritz Aichele of the South
Carolina Coastal Council whose help with securing aerial photographs was
invaluable. Publication of the final report was made possible by a special
grant from The Citadel Development Foundation (CDF) and special thanks are

.‘ extended to Cols. J. R. Woods and J. K. Reed for the administrative assistance
they provided throughout the duration of this project. A final, special
note of gratitude is extended to Mr. James Campbell, Mosquito identification
specialist, for his didicated assistance with the taxonomic work necessary

e for completion of this study.
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L1, INTRODUCTION

5. Maintenance of adequate channel depths for passage of
commercial and private vessels which utilize the coastal harbors and
waterways of South Carolina is a precondition for the continued success
and growth of three of the state's most important industries: recreation,
commercial fishing and the import-export trade. These industries also
depend to varying degrees on the continuing viability of one of the
state's most valuable natural resources, the coastal wetlands.

6. The wetlands of South Carolina comprise about 788 square miles.
Most of this area (about 678 square miles) is made up of tidal saltmarsh.
The remainder consists of marsh which has been impounded for wildlife and
other management purposes (Tiner, 1977). Marshland serves several
important functions including the maintenance of (1) habitats which serve
as nursery areas for fin and shellfish; (2) buffer zones which absorb
energy and runoff from coastal storms; (3) natural filters which trap
sediments and pollutants which run off from upland areas; and (4) natural
and aesthetically pleasing environments important for recreational and
educational pursuits. Most of these functions can and do impinge directly
or indirectly on the state's major coastal industries.

7. The necessity of channel maintenance and the equally important
need for marshland preservation represent conflicting goals that are
necessary to maintain waterborne commerce ir. coastal areas. These
conflicts arise because channel maintenance requires frequent dredging
and usually the only sites available for disposal of dredged material are
tidal saltmarshes. Disposal areas, that are located in the vicinity of
saltmarshes, are easily recognized by at lcast one prominent feature common
to such sites. This feature is the presence of dikes which surround each
of the sites. These dikes prevent runback of dredged material into
channels,

8. Diked disposal sites unfortunately do not have a completely
desirable impact on the environment. When the confined dredged mate;ial
(a mixture of sand, silt and clay particles with water) gradually dries,

a series of successional seres are produced (Carlson, 1972; Ezell, 1976).
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These seres are characterized by physical changes in the substrate which
can also be associated with a concurrent plant successional pattern. All
of these successional stages are also associated with production of
arthropods, including some pest species. The nuisance potential cof these
insects is not limited to the immediate vicinity of their breeding sites
but extends into nearby residential areas and other human population
centers. There is also a public health risk factor associated with this
problem because some species, especially mosquitoes, may serve as vectors
of arthropod-borne encephalitis.

9, At the present time, there are no feasible alternative methods
for the disposal of dredged material which could circumvent the need for
diked disposal areas. Even if operationally and economically feasible
alternatives were developed in the near future (an unlikely possibility),
the present mosquito nuisance problem associated with existing diked
disposal areas in South Carolina and other U.S. coastal areas would
persist for many years (Askey, 1974). Thus, the only remaining alternative
is to attempt to control noxious insects produced in dredged material
disposal areas.

10. Temporary (insecticidal) control of mosquito breeding in
dredged material disposal habitats is currently the only practical method
available to mosquito abatement programs in South Carolina, Source
reduction (permanent control by physical manipulation for elimination of
breeding habitats) is rarely used at the present time because of a paucity
of detailed knowledge about mosquito breeding habitats within dredged
material disposal sites. The development of source reduction technigques,
which could be integrated with temporary control measures in a pest
management program, is however highly desirable because the need for
insecticidal control would be reduced resulting in a cost reduction both
in environmental and economic terms. Because source reduction appears to
offer an extremely useful means of reducing mosquito-related problems
within diked dredged material disposal sites, this study was undertaken
to asgess the potential of this approach and provide the necessary data

needed for developing methods for its implementation.
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IT. BIOLOGY OF MOSQUITO SPECIES
QCCURRING IN COASTAL AREAS

11. More than 50 species of Culicidae occur in South Carolina.
Based on records of the Charleston County Mosquito Abatement Program, 48
mosquito species occur in coastal sections of the state (Askey, 1977).
Less than ten of these species are found in association with saltmarsh
habitats. However, these saltmarsh species are responsible for the major

portion of the nuisance associated with mosquitoes in the coastal zone.

Floodwater Mosquitoes

12. The most important mosquito pests in South Carolina coastal
areas are species which breed in saltmarsh habitats that are intermittenly
flooded by tidal flow and/or rain. The two major species in this category
arc the common saltmarsh mosquito, - o o-0 7 !f2rc (Walker) and the
black saltmarsh mosquito, 4. tu ilciv .ios4s (Wiedemann). Both species are
common along most of the Atlantic and Gul: Coasts of the United States.
Further details about the distribution and taxonomic position of these two
species are given by Carpenter and La Casse (1955), Carpenter (1968; 1970)
and Knight and Stone (1977). The summarv of the biology and life history
of these two species which follows has been taken from King et.al. (1960).

13. Several factors contribute to the importance of A. sciiicitans
and 4. tacolsrigiciie as pests of man.  The most significant are the
habits of the adults. The femalcs of both species are fierce biters and
strong fliers. They readily feed on warm-blooded hosts including man and
they commonly migrate inland from the vicinity of their breeding
habitats. Individuals mav disperse more than 30 miles from the breeding
site, but the average flight range is probably much less. Nevertheless,
great influxes of both species into populated areas of the coastal plain
are a common occurrence. At the end of such migrations, adults settle in
grass, shrubbery and other types of available vegetation which offer some

protection from the elements. From such positions, they will readily

attack any passing persons or warmblooded animals. A significant

i




behavioral aspect of these mosquitoes, which adds to their nuisance

potential, is that biting activity is not necessarily restricted to the

crepuscular periods. 4. gcilicitans and to a lesser extent,

ri A. taeniorhynchus will attack at anytime of day or night—even in fully °
sunlit areas!

l4. Breeding habits: Mosquitoes of the floodwater group are ;—{;: ff—;

L similiar in many respects and they share the common habit of depositing

.I their eggs on moist soil slightly above the prevailing water level. In T .-
[ the saltmarsh habitat, this soil zone is represented bv that portion of

t the marsh which is irregularly f{looded by monthly spring tides (high

[ marsh) but not the dailv action of tidal c¢bb and tflow (low marsh). The

F‘ lower limit of the high marsh zone is usually delineated by a transition ‘ °

from cordgrass,. . ar+iv: zlrored " ipr to other halophvtic species. Further
details of saltmarsh vegetational patterns in relation to community
structure and zonation are given by Adams (1963). The reclationship of
vegetational communities to insect species composition and diversity in ®
saltmarshes has been described by Davis and Gray (1966).
15. The crucial factor which determines floodwater mosquito
distribution is related to the characteristics of substrates which are
chosen for egg laying sites. Several substrate characteristics have been ) ®
studied in efforts to determine what factor exerts the greatest influence
on oviposition site sclection. Knight and Baker (1962) found that the
moisture content of artificial substrates significantly influences

.- . e s

oviposition sitce selection by laborator reared . c:llicizans and ] ®

Ae aoulommienes.  Most eggs were laid on substrates with a high moisture

level (70 percent or more of the saturation moisture content of the ‘fffﬂ;i”~
substrate). Knight (1965) r norted that the larvae ot the saltmarsh - 1ﬁ3;
mosquitoes 1. oo/l Tsmie, . otawtorngrene and sncrkelee bradleyt were °
always found in areas that resulted from the flooding of habitats where
soil exhibited a total soluble salt content of 1,644 ppm or more.
However, Peterser and Chapman (1970) found that both /4. acl7l27¢ans and

wooo ol oer . yould breed on substrates with an extremely wide range . ° )

of salinity and concluded that salinity may not be the only factor

restricting the distribution of these species. Petersen (1969) examined e

the oviposition responses of several saltmarsh .. .7 ¢ spp. to seven S
different incrganic salts and found evidence that salinitv may be more ) ® l
. ;
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important as a repelling factor than an attracting factor. Thus the exact

role of physical and chemical factors in mosquito oviposition site

selection remains unclear. No definitive studies have been conducted on

F‘ the ovipositional requirements of mosquitoes developring within dredged °®

material disposal sites. Despite the absence of good microhabitat features .

at the present tir>, saltmarsh mosquito breeding sites can be identified on ;

the basis of mac:cnuditat features, especially vegetational features. “2}7-_fAii

.‘ | Travis and Bradley (1943) demonstrated that the distribution of Aedecs » "- i

mosquito eggs on saltmarshes was correlated with vegetational type.
lo. Once laid, eggs require a few days for embryonic development ]

i and conditioning., During this period, eggs will not hatch under any

i] conditions. Once this conditioning period is completed, ricst eggs usually ®

[ will hatch if inundated by water. Factors which prevent hatching include

high dissolved oxygen levels in the water (deoxygenated water induces

hatching), embryonic diapause (the physiological conditioning of eggs which

prevents hatching during seasons which are unfavorable to successful )

development) and secondary conditioning factors. This latter factor refers :

to the fact that a small percentage of eggs requires one or more floodings i

to properly condition them for hatching. The details of this specialized ]

mechanism remain unclear. A thorough review of available information ‘ ®

about this unusual habit has been provided by Horsfall et al. (1973). N,
17. Foliowing hatching, larvae feed on microplankton including

algae, rotifers, protozoa, bacteria, and to some extent on detritus

although ""e exact impoitance of non-living organic food is not known Y
(Clements, 1963). Adulr eclosion may occur in as few ac six days

following egg hatch under optimum condi'ions, but development to the adult

stage usually requires 10-12 days—the developmental time is highlv o 1
dependent on water temperature. Floodwater mosquito broods are usually L
closely svnchronized and emergence of all adults in a brood is usually »

completed in a 2- to 3-dav period once adult eclosion begins. Males

R )

usually emerge before females and remain near the breeding site in

surrounding vegetation. Once a sufficient number of females have emerged ®
and dried sufficiently, mating begins. Mating occurs in nuptial flights.

During the period precceding the onset of these mating flights, the females

do not feed on blood and restrict their diet to nectar from flowering

plants., Nectar apparently provides a carbohvdrate energy source for ® 4

9
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flight, while blood is used as a protein source to produce eggs. Males
feed only on nectar as their mouthparts are not morphologically adapted
for the blood sucking habit. Migration of females occurs shortly after
the peak of the mating period. More detailed information about mosquito
life history has been provided by Clements (1963), Edman (1971) and

Nayar and Sauerman (1975 a,b,c).

Non-Floodwater Mosquitoes

18. Several species of mosquitoes deposit eggs directly on the
surface of brackish or saline water associated with saltmarsh habitats.
None of these species are as great a source of nuisance as saltmarsh
Audce because they usually do not occur in as great abundance and they
apparently have a more restricted flight range. Nevertheless, localized
outbreaks of some of these species can be bothersomce. Two species of
szt les (Al awro oo Dyar and Knob and . fovod/. o7 King) frequently
occur in saltmarshes. . ;o is apparently best adapted to pools
with a 1-12 percent salinity range. 4. atrores larvae occasionally
occur with those of [ »..loyl but (reile.? larvae usually occur in water
with a lower salt concentration according to King et al., (1960).
However, Chapman (1939) reported o::0lcf from New Jersey saltmarsh sites
with a salinity above 50 percent. .. Imii .7 is most frequently
associated with locations having emergent vegetation. Adult females of
both species attack man. .. i/50 08 is apparently active even during
daylight hours. The behavior of usruu..;: is difficult to document because
it lacks characteristics which distinguish it from those of 4. crucians
and ~. o rrsliias. Host preferences of .o 3 spp. have been described
by Edman (1971).

19. One species of ‘. ¢ Is frequently associated with saltmarsh
habitats. 1In the Carolinas, J.lex culinirius Coquillett is usually found
near the upland jerimeter of high saltmarsh vegetation, especially in
grassy pools where .mir:7is ;2.3 1s dominant. This species apparently
breeds in both fresh and brackish water and occurs in the Midwestern
States as well as along the Atlantic and Gulf Coasts. The females attack
man and disperse rather widely from their breeding habitats but are less

important as pests in the south than in more northerly areas according to

10
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King et al. (1960). Edman (1974) reviewed literature about the feeding

habits of C. salinarius throughout its range and reported results of

~tudies from Florida. This species feeds on many types of warm-blooded

hosts, taking blood about as often from birds as from mammals. Crans ) o

(1968) reported similar results from host preference studies in New

Jersey.

Medical Importance of Saltmarsh Mosquitoes ]

20. The involvement of saltmarsh mosquitocs as vectors of human

disease has been documented in a number of studies. The most important

diseases transmitted by saltmarsh mosquitoes in the United States are — [
the encephalitide viruses. Major outbreaks of encephalitis in man,

horses and pheasants have been attributed to five groups of virus:

Eastern Equine Encephalitis (EEE): Western Equine Encephalitis (WEE):

St. Louis Encephalitis (SLE): Venezuelan Encephalitis (VEE): and ' [ ]
California Encephalitis (CE). The mosquito-virus relationships of

these encephalitides have been reviewed bv McLintock (1978). Eastern

encephalitis is most significant because it has severe effects on the

central nervous system. Although human outbreaks have thus far o
demonstrated low numbers of cases with clinical symptoms, approximately
two-thirds of clinical cases have resulted in death (Crans, 1968). EEE

has a more restricted distribution than some other forms of encephalitis

and appears to be localized along the eastern seaboard and the Gulf of ®

Mexico. The incidence of this disease closely parallels the distribution

of 4. eolileiiaiie and a considerable b.dy of evidence from laboratory

and {ield studies has strongly implicated this species as a principal

vector of human infection (Crans, 1962; 1964; 1968). .. so’ ' ftwus L
also has a demonstrated capability to carry Western and California

Encephalitis. The frequency of these two infections is much lower

than that for EEE in the eastern sections of the country. However,

recent evidence indicates that both forms may be advancing eastward ® <
(Altman et al., 1967; Crans, 1968; Pratt, 1977). .. tuaenicrhynchus

and O. ou.Ziniriuc also have a demonstrated abilitv to carry EEE and
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WEE. In addition, SLE has been isolated from A. taeniorhynchus.
21. Evidence of involvement of saltmarsh anophelines in the
cycling of encephalitis is sparse. Only one study has implicated Y N
A. bradleyi as a possible vector of encephalitis (Buescher et al., L
1970) . Both bradleyi and atropcs have been infected with malaria
parasites in laboratory studies but no evidence indicates that either

of these species are important natural vectors (King et al., 1960). - ‘ PY '

12
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22. An organized effort to control mosquitoes associated with
saltmarshes was first developed in New Jersey. This pioneering effort °
was based on the studies and recommendations of Smith (1904) which
advocated source reduction techniques by means of proper water management .
Source reduction has been achieved primarily by the construction of

ditches which promote drainage and/or improve circulation of tidal water °

in mosquito breeding habitats. Thus, either standing water is eliminated
or free flow of water into such habitats is achieved. 1In the latter case,

free circulation permits larvivorous fish to reach the major foci of

vy

. mosquito breeding and devour the larvae before they can affect man. In °
some circumstances, water impoundments have been used to eliminate
breeding sites by flooding and managing water depth at a level which

exceeds the shallow depths required for the development of mosquitoes.

ag

g 23. Similar efforts were initiated in other coastal regions of °
the country in the 1930's, particularly in Florida, where most of the

coastal counties established mosquito abatement programs. However,

control methods shifted dramatically in the 1940's when DDT was introduced
as an insecticide. During the two decades which followed, much reliance A: ‘
was placed on DDT because the compound was inexpensive and reliable
ground and aerial application methods had been developed which provided
a means for thoroughly treating vast acreage in short periods of time ﬁ:-ﬁi,f;;
(King et al., 1960). e
24, More recently, strict reliance on insecticidal control has . ‘
waned because of the development of re-istant strains of mosquitoes and
the adverse effects to non-target wildlife. At the present time, many
mosquito abatement districts are emphasizing the integration of a 6
variety of procedures into their programs. Although this approach may
add to the operating costs of a program, researchers and district
supervisours are gradually recognizing that added costs are frequently
offset by having the most ecomomical tool available to control different ) .b
tvpes of mosquito problems. The components of such an nie wcte] aontool R
program include public education, preventive planning and surveillance as :}h;ff;.:

well as the more traditional concepts of water management, larviciding

S N T S A
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and adulticiding (Provost, 1976). 1In addition, the latter three categories
have undergone many refinements in the past two decades. Persistent
insecticides such as DDT have been phased out in favor of short-1lived
compounds such as the organophosphate chemicals. Thus, the buildup of
toxic compounds in the environment is reduced. Also, in many areas,
greater emphasis is now given to the chemical control of mosquito larvae
rather than the control :f adults. Larval control offers at least two
important advantages: (1) mosquitoes are eliminated before they ever have
an opportunity to attack man; (2) much less insecticide is required to
control mosquitoes in their aquatic habitats when compared with the amount

needed to control adults once they have dispersed into human population
centers.

25. The improverment of water management procedures has perhaps
bevn as dramatic as changes in insecticidal control methods. Efforts
to improve water management methods were accelerated following many
critical reports of such procedures (Daiber, 1972). These studies
indicated that ditching solely designed to eliminate mosquito breeding
could tave gevere negative effects on other saltmarsh fauna. Ditching
vitorts intended for the achievement of drainage of marshes were reported
to cause changes in the water table which then elicited changes in salt~
marsh plant communities. The net effects ol such changes reportedly
resulted in drastic declines in various invertebrates such as molluscs
and crustaceans followed by a decline in populations of waterfowl and
wading birds which feed on the invertelirates. Impoundments generally
had less severe or even positive effects on wildlife, but the difficulty
of proper maintenance of impoundments was cited as a drawback and the
need for additional studies on the impact of impoundments on microfauna
was emphasized. Poor management of such areas was described as
frequently eliciting a transition in mosquito species composition from
floodwater to permanent water species, but not complete elimination of
breeding.

26. These and other criticisms of early mosquito control water
management procedures threatened to establish a permanent conflict between
persons charged with mosquito control responsibilities and those
affiliated with wildlife conservation (see Glasgow, 1938; for a discussion
of the origi-s of these conflicting interests). However, an important

step toward an equitable resolution of these differences occurred when

14




MacNamara (1952) proposed that a cooperative research program be initiated
to develop ways of coordinating mosquito control efforts with beneficial
wildlife management practices. The results of the research effort which
followed have been reviewed by Clark (1977) and Provost (1977). A P
summary of these results has been provided in the remainder of this
section. Since the proposal of MacNamara (1952), many studies (including
Chapman and Ferrigno, 1956; Franz and Ruber, 1962; Franz, 1963; Mangold, i, ‘
1962; Shoemaker, 1964; Florschutz, 1959; and Provost, 1959; 1968) have ‘ .
demonstrated that water impoundments in coastal areas can be successfully
managed to achieve the dual purpose of eliminating mosquito breeding and
encouraging wildlife, especially waterfowl and muskrats.

27. More rccent studies have shown that marshes may even be o
ditched with much less disruption than was previously thought possible if
indiscriminate parallel ditching is avoided. A procedure for constructing
ditches and ponds for both the elimination of mosquito breeding
depressions and the creation of habitats attractive to wildlife has been )
described by Ferrigno and Jobbins (1968), Ferrigno, et al. (1969) and . -
Ferrigno (1970). This method, referred to as Open Marsh Water Management
(OMWM), emphasizes detailed surveys to locate mosquito breeding sites so
that a proposal for elimination of breeding sites can be developed for .zq“w
advance review. Before a project is implemented, areas are marked where
ditches and/or ponds are to be constructed. During implementation, :‘j:f: ;*;
maximum emphasis is given to proper sod disposal so that natural marsh :
clevations are maintainad—a key element of this management approach. )
This is achieved by using trained personnel and specialized equipment
(Ferrigno et al., 1975). Amphibious rctary ditching equipment falls
into the latter category. Fquipment of this type cuts a ditch with a
rotating cutting head. As the marsh sod is removed, it is shredded and ®
scattered over a broad swath. The resulting spoil deposit never exceeds
more than a few inches in depth and consequently, marsh vegetation

within the swath 1s able to recover quickly and no change in species

compocition is produced. When properly carried out, an overall increase ®
in productivity »f marsh subjected to OMWM is observed (Shisler and f'[‘»::
- Jobbins 1977). Another significant aspect of this type of sod disposal ‘ :
is that it avoids the risk of creating new mosquito breeding habitats : -

1® around nummocks resulting from piles of disposed sod. This method also ®

11——1f.vvf
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has the added advantage of being faster than most other techniques

currently available.
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IV, PHYSICAL FEATURES OF DIKED
DREDGED MATERIAL DISPOSAL SITES

28. The general subject of navigation dredging and the
environmental impacts associated with it have been reviewed by Clark
(1977), LaRoe (1977) and Jeane and Pine (1975). However, few references
arv available which describe mosquito problems related to dredging
activities, and since only one comprehensive review of this subject is
currently available (Ezell, 1978) a summarv of some of the more salient
features of this topic have been provided in this report. That dredging
activities are a potential source of mosquito production has been known
for more than 75 vears. One of the earliest such records is provided by
william Crawtord Gorgas (1915), Chief Sanitary Officer during the con~

struction of the Panama Canal:
Occasionallv, at a station where we had controlled
mosquitoes for several years, a great swarm
would appear tor reasons which we could not
explain. These swarms would not remain for a
long period of time, and usually theyv were not
made up of anopheles. While they lasted, we
used the method of catching infected mesquitoes
for the protection of our force. On one occasion,
however, we had a large flight of anopheles.
Thev swarmed everywhere about the station, and
we could not account for them, or discover where
thev came from., The saritary iaspectors'’
department devoted all its spare force to
investigating this point, and for a considerable
period Mr. Joseph Le Prince who had supervised
rield operations for the vellow fever eradication
program in Havana in 1901 and had a similar
responsibility in Panama+ devoted all his time
to the subject. He finally located the breeding-
arca in a snall swamp about a mile from the
town. The swamp had existed there during the
preceeding vears when Gatun had been comparatively
free tfrom mosquitoes. At this particular time
when the anopheles were so troublesome, the
enpincers had begun to pump silt from the
channel of the Canal into this swamp. This
silt was carried by salt water, which made the
water ot the swamp brackish. This brackish water
apparently tavored development of the anopheles,
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and they were produced in enormous numbers. The
engineers were requested to pump sea water into
the swamp area for a few days. This soon made
the water of the swamp too salty for the anopheles,
r. and in a few days the mosquitoes disappeared
g from the town.
- 29. A few reports indicate that deposition of dredged material
o may not always have negative side effects with respect to mosquito
- breeding. One study (Darsie, et al., 1953) suggests that hydraulic
fills for maintenance of the Delavare and Chesapeake Canal eliminated
some breeding of the freshwater species ojud . o: 7 porturkans.
However, most studies indicate otherwise. Reports bv Brooks (1939),
n; Vannote (1945), Helm (1959) in New Jerseyv; Kinsey (1958) in New York;
Ruth (1952) in Virginia; Fehn (1957) in South Carolina; and the Chatham
County Mosquito Control Commission (1969) in Georgia represent some
of the many documented cases of mosquito breeding in association with
® hvdraulic dredged disposal sites along the Atlantie Coast,
30. Except for a section between Little River and Winyah Bay,

- most of the AIWW in South Carolina is contiguous with low saltmarsh

: (L.ev, .2y 27w "lor: and/or -To.cue rocmer?anus marsh) . Most

diked disposal areas are located on low marsh because marshes were ,
deemed to be of little value when these disrosal arcas were designated.
Although tfurther diking of low marsh appears unlikely in view of recent

tvepislation designed to protect wetlands, sore areas already diked may

be subject to periodic use for many vears. Even when dredged material
has not been pumped into diked areas, dikes alone produce approximately 1
the same effect as raising the elevation of low marsh. Deposition of
dredged material merely accentuates the effect.

31. . The relationship oi marsh elevation to floodwater mosquito L .

P

breeding is illustrated in Figure 1. Diked dredged material disposal

areas correspond to the categorv of '"unmanaged, impounded marsh" in the 3',-
illustration. Mosquito breeding associated with diked disposal sites f‘ifn‘;y
is usually confined to a number of identifiable subhabitats within and - ’ 1
immediately outside the dikes. These subhabitats are illustrated in

Figure 2 and described in the following paragraphs. More detailed

18
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summaries of these subhabitats with respect to their occurrence and
characteristics in parts of the country outside South Carolina have been

provided by Ezell (1978).

Structural Features

32. Several mosquito producing subhabitats are usually created
when construction of a new disposal site is underway or when dikes of
previously existing sites are reinforced. The most significant aspect
of these mosquito breeding foci is that some breeding commences almost
immediately after the construction work has been completed—the deposition
of dredged material is not a prerequisite for initiation of mosquito
production, although breeding is usually much more intense after a pumping
operation. Since sites are usually constructed or modified far in
advance of the time they are needed (to allow sufficient time for dike
settling and consolidation) the conditions described below may prevail
for several years. Asterisks denote those conditions which may produce
mosquitoes both before and after a site is pumped.

33. Dike swales* (item 1, Figure 2): These are areas located
between borrow pit swales and dikes.. The dike swale consists of a shallow
depression bounded on one side by the dike and on the other side by
a ridge of soil which usually is only a few inches above the prevailing
contour. This ridge is created when soil spills from the dragline
bucket as the dragline tegins its pivot from the borrow pit to the dike.
This areva may be continuous around the entire inside perimeter of a site
or it may be divided into a series of shallow depressions. The exact
depth and conformation of this subhabitat is primarily dependent on
the consistency of the borrow pit substrate and the habits of the dragline
operator. Dike swales are extemely prone to intermittent flooding and
drying and thus, to floodwater mosquito breeding (see also paragraph 45).
The adjacent dike is a primary factor in the flooding of the dike swale
because the extreme slope of the dike acts as an excellent watershed

directing runoff from rainfall into the swale.

34. Borrew pits* (item 3, Figure 2): These areas are created
21
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when fill is removed to provide material for dike construction. In South

Carolina, as in most areas of the country, material for dike construction

ii is usually removed from inside the disposal site, 10-15 meters from the _ J
dike in most instances. This procedure, called incremental dike con- e
struction (Murphy and Ziegler, 1974), results in a pit 1-3 meters deep.

) This borrow area may be either a continuous pit encircling the site or

.F a series of unconnected pits depending upon the preferences of the . . 4

dragline operator. Since most disposal sites are constructed in areas
where water tables are very close to the surface, borrcw pits usually
flood immediately after they are excavated. These areas usually remain ]
r— flooded until dredged material is pumped into a site. Flooded borrow 4
pits usually acquire a minnow population soon after they are flooded.
Thus, in most instances the borrow pit is not a significant source of
mosquito production prior to the disposal operation. However, occasion-
ally only a small amount of fill is required for the dikes, resulting in o 4
a very shallow borrow pit. This type of bnrrow arca is prone to inter- » R
mittent flooding usually caused by rainfall and it is conducive to
mosquito production. Nevertheless, even when these conditions prevail,
ii mosquito production is usually less severe than in dike swales. - _“.;

\ 35. Double diking* (not illustrated): This is a less frequently

1

employed method of dike construction referred to as the "interior dike"
method by Murphy and Ziegler (1974). This method emplovs a svstem of new
ii dikes that are added around a disposal area always to the inside of the P L;;
previous dike. This method does not ap,car to be in common practice at 1
the present time in South Carolina. However, this description has been
included because depressions between successive dikes in the series

provide excellent conditions for heavy mosquito production.

36. Blockage of tidal drainage®* (item 7, Figure 2): This con-

dition results when dredged material disposal sites are interposed within 1

natural tidal drainage patterns. This results in the interruption and/or

) rediversion of small tidal creeks which drain the marsh. 1If rediversion °
. : . . , 1
is complete, no mosquito breeding problem is produced. However, partial . -
. X 4
. or conmplete interruption of drainage patterns results in th~ creation of e
~ VL <
) a <hallow pond or large puddle o -0 7T T s ea T L ropDgter R
4 ® |
. "o -‘-'
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o) disposal areas. Such habitats serve as an excellent breeding areas
for some mosquito species.

37. Localized breeding outside disposal areas* (item 11, Figure

2): This situation may occur in natural habitats similar to that described
in the previous paragraph. Localized breeding habitats differ in one

major respect. They usually result from the entrapment of runoff from
rainfall in pockets occurring along the outside perimeter of the dike
rather than from interruption and entrapment of tidewater. These de-
pressions are excullent floodwater mosquito habitats.

38. Surface distortion* (item 12, Figure 2): This category

includes mosquito breeding habitats that are attributable to the operation
of mechanical equipment used in the construction and maintenance of
disposal sites. This includes ruts created by movement of mechanical
equipment and depressions resulting from mats used to support equipment
on the extremely unstable marsh substrate. These habitats mayv take the
form of shallow, temporary potholes or larger, deeper, long-lasting
depressions. The integrity of these habitats in relation to the overall
conformation of the disposal site substrate is frequently retained even
atter deposition of dredged material. Thus they are likely to produce
mosquitoes both before the pumping operation and following the operation
once the material begins to consolidate. Flooding of these habitats

usually results from raintall and/or tidal flow.

reatures Developing

After Disposal of Dredged Material

39. Most of the subhabitats described in the preceeding section
continue to produce mosquitoes after thev have been covered by dredged
material, although breeding mav be brieflv interrupted immediately follow-
ing the pumping operation (see Section V for more details about temporal
effects on mosquito production). A more important fact is that the
mosquito breeding potential of these subhabitats tends to be increased by
deposition of dredged material. As a result larger broods of mosquitoes

are produced more frequently. In addition, several subhabitats are
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directly associated with dredged material and do not appear until after

a site has been used at least once for a disposal operation. Descriptions
of these subhabitats are provided in the remaining portion of this
section. The modifications to some of the previously described subhabi-
tats which result from deposition of dredged material, are also summa-
rized.

40, Fissured soil: This represents a generalized habitat which

occurs in most of the subhabitats that occur inside disposal areas after
the disposed material has begun to dry and consolidate. The presence of
fissures or cracks in the substrate (see profile diagram, Figure 2; see
also paragraphs 63-70) is the best, single, preliminarv indication that
the substrate will support mosquito production. The composition of the
substrate material, tie depth of fissures, the effect of aging, weathering
and filling of fissures and the density of vegetational stands which
become established on the substrate are sccondary factors which influence
the degree and tvpe of mosquito breeding on fissured substrates. The
influence orf these factors is described in greater detail in Part V.

4l. Scepage (item 4, Figure 2): Following a disposal operation,
surface water gradually percolates into the substrate. In some disposal
sites, subsurface hiorizons of the dredged material substrate apparently
are nearly impervious to surface water. This situation results in a
perched water table. As a result, horizontal percolation of water occurs
which is manifested bv seepage at the base of the dike arcund the outside
perimeter of the disposal area. Other ractors mav also influence this
effect (e.g., the close proximity of the borrow pit to the dike and
improper dike construction) and the relative importance of each of these
factors has not vet been established (sce Part UV for a more detailed
discussion of dredeed material substrate characteristics). Such seepage
may result in the formation of pools along the outer perimeter of the dike,
which represent a frequent source of mosquito production. Formation of
such breeding arcas 1s especially enhanced if the dike interrupts the
natural marsh drainage pattern and/or is juxtaposed with upland areas.

42, Depression and hummock sites* (items 5 and 6, Figure 2):

These conditions result when depressions associated with the natural

1]
i~
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contours of a disposal site are covered and filled by dredged material.
The conformation of these depression areas is reestablished during drying !
of the dredged material because the depressions initially trap a larger ® J
deposit of dredged material than that deposited on surrounding higher
substrate contours. This heavier deposit undergoes greater shrinkage
from consolidation which results in deeper fissures that enhance the

mosquito breeding potential of rhese subhabitats. A significant aspect ®

of these situations is that their presence and distribution is not readily
detected during ground inspections because they are not associated with

any prominent landmarks (such as dikes). Thus, thev are easily overlooked.

* For this reason, the heavv mosquito breeding they are rapable of support- Py
ing mav go unabated during control efforts implemented by ground crews.

43. Dike failures (item 8, Figure 2): This situation may
result when seepage at. the base of a dike (paragraph 41) undermines some
portion of the dike around a disposal site. Erosion caused by runoff ®
from rainfall and by the effect of wave and tidal action which occurs in

the AIWW, may also result in dike failure. wave and tidal effects can be

magnified by situating the disposal site too close to the AIWW., Dike

failure may eventually occur even when several meters of marsh or other o
substrate are situated between the Waterway and a disposal site if the
energy ol wave and tidal action is sufficient to graduallv crode the
substrate which was previously acting as a buffer. An important aspect :'»; ":'
influencing this effect is the force of waves created by the wakes of e
passing boats (this problem is particularly acute for disposal sites

located in the vicinitv of McClellanville, South Carolina; see individual

site descriptions for additional detail-). When a dike is breached in AR "fj
the manner described above, the disposal site frequently becomes prone to o
flooding caused by spring and storm tides, but not to the flooding caused

by the ebb and flow of daily tides. Thus, the site is easily flooded, but

not flushed by tidal action. As a result, dike failure provides an

g excellent means for flooding some otf the mosquito breeding subhabitats [

b

described in this section. Thus, dike failures tend to enhance and S

augment mosquito breeding conditicns that are already present. ce

’
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L 34, Discharge sites  (item 9, Figure 2): These sites are SRS
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produced when sediments are pumped from a channel under high pressure

and this material pours into a disposal area from a single outlet which

is usually suspended one meter or less above the substrate. The combined
effects of the quantity of material discharged, the pressure or force
behind the discharged material and gravity result in the scouring of the
substrate at the point of impact on the surface (illustrated in Figure 3).
This e:fect can be avoided if a splash pad is used to absoro the energy

of the discharged material. This action of the discharged material results
in the formation of a deep depression or crater (about 1.5 meters in depth),
which usually persists long after the disposal operation has ceased (at
least several vears). The bottom of depressions created in this manner
usually occur below the prevailing water table. Therefore, they tend to
remain partially flooded except during periods of very dry weather. The
semipermanent water present in these subhabitats tends to support several
species of aquatic and semiaquatic predators that attack mosquito larvae.
These predators usually provide effective, natural biological control in
the discharge site. However, extremelv drv conditions may eliminate
populations of predators and transform the depression into an efficient
mosquito breeding habitat which is manifested at the beginning of the

aext peric ! of wet weather.

43, Borrow area and dike swales (i1tems 1 and 3; Figure 2):

These two subhabitats were previously described in the first part of this
section (paragraphs 33 and 34). Additional descriptive information is
also provided here because deposition ot fresh dredged material dramatically
intensifies mosquito breeding in these two subhabitats. The r<lative
mosquito breeding intensity of these two subhabitats also changes after

a disposal operation. Prior to disposal of dredged material, mosquito
breeding is usually more intense in dike swales. Afterward, more intense
mosquito production is usually observed in borrow area swales. Since the
borrow pit is nearly always the lowest portion of a disposal site, fresh
dredged material fills it before anv other part of the disposal area.
Therefore, the heaviest deposit of dredged material occurs in the borrow
area. As a result, the drying effects of shrinkage consolidation and
fissure formation are greatest in the borrow area, making it one of the

most suitable—as well as the most extensive—mosquito breeding areas in

R
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a disposal site. Mosquito breeding conditions in the borrow area are
» usually further enhanced if a series of borrow holes are created during
dike construction instead of a single continuous borrow ditch around the
inside perimeter of a disposal area. A series of borrow holes results L
in a series of depressions following the dredging operation. During wet L
conditions each of these depressions normally floods, but the floodwater SR
in each depression will not be joined with water in adjacent depressions.
Therefore, if small fish or other predatory organisms were to bhecome ®
established in only one of these depressions the cffect of their biological
control function would remain isolated. In contrast, predators gaining
access at a single point of a continuous borrow ditch swale are free to
disperse throughout its entirety. ]
46. Dike swales also tend to concentrate a heavier deposit of
fresh dredged material than most other portions of a disposal site.
Although the deposit is always less than that occurring in borrow arcas,
the dike swale deposit is usually sufficient to undergo the shrinkage o
and fissuring processes which ultimately result in an excellent mosquite
producing substrate. One of the most significant aspects of the Jdike
swale subhabitat is that its conformation is reestablished when the deposit

of fresh dredged material begins to dry. Therefore, an effective barrier . e

L. persists between a flooded dike swale and a flooded borrow area swale.
t" Thus, should mosquito predators gain access to ceither subhabitat, thev

usually cannot disperse into the other subhabitat. Observations described

in the subsequent sections of this repcrt indicate that even when predators v e
gain access to the borrow area swale, mosquito breeding persists in the ST
dike swale.

47. Outrfall and sump sites (items 10 and 14, Figure 2): Most

the dike. As excess water from a disposal operation (or runoff from heavy

4
%. disposal sites are provided with drainage weirs, which are installed in L4
4
L . . . I3 .
3 rainfall) spills from the outfall pipe of the weir into the marsh, a

}

3

depression is crerated by the scouring effect of tiie water. These depressions

usually remain flooded either by water draining from a site, or in some - L

instances by tidal action. Therefore, thev usuallv are not a significant

source of mosquito production. However, occasional breeding in these




depressions may occur following periods of unusually dry weather,
unusually low tides or rarely when larvae are flushed out by drainage

from inside the disposal area and become trapped in the depression. A

similar type of entrapment of larvae may also occur within the coffer of
the weir in rare instances.
48. The sump area represents a depression which forms immediately
behind the weir inside a disposal site. It is often joined to or continuous
: with the borrow area swale. This depression is apparently the result of

the increasing velocitv of water draining from a disposal site which occurs

near the weir. The velocity of the current apparently reduces the

| sedimentation rate of particulate matter suspended in the draining water

i‘ as it approaches the weir. Thus, less material is deposited in the immedi-
ate vicinity of the weir than at points more distant from the weir. This
effect is of course manifested as a depression. The sump habitat is
probably subjected to the greatest amount of drving and wetting fluctuations

of any points within a disposal area because it is always one of the

———

lowest spots within a site. Therefore, it is often the most consistent
and frequent source of mosquito production found in disposal areas.

49. Protective vegetation* (item 13, Figure 2): Diked disposal

vegetation including tall trees. Such areas usually result from diking
around areas which had previously been used as undiked disposal sites.

The vegetation in these areas is important to mosquito development and

protecting themselves from the elements. The vegetation in these areas
alwavs includes large stands of herbaceous flowering plants. Thus, thesc

areas probably fulfill another important requirement of the adult mosquito
50. The ridges of high ground usually possess an irregular
surface. Thus, this surface will trap dredged material and establish
mosquito breedinz depressions if material pumped into an area overflows
However, since these ridges supported upland vegetation prior to the kill,

they also act as an excellent sced source.  Thus, they are important -

29

areas frequently include ridges of high ground which support upland ' ®

survival because it provides newly emerged mosquitoes with a means of e

life cvele by providing flower nectar as a source of carbohydrates. Py

onto these ridges. Such an overflow frequently kills all vegetation. °

for promoting rapid regrowth ot pioncer vegetation which promotes more e
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rapid reestablishment of mosquito breeding conditions. Biological
interactions influencing mosquito production are discussed more
thoroughly in the section which follows.
e
g
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Y, CHEMICAL AND BIOLOGICAL FEATURES OF
DREDGED MATERIAL DISPOSAL SITES

Introduction

51. The presence or absence and extent of mosquito breeding

associated with dredged material disposal areas and other coastal
habitats can be easily established from gross field observations. The
results of such descriptive surveys are valuable in the applied sense 1

for implementing effective mosquito control measures and a synthesis of

such data was presented in the preceeding section of this report. Empirical ®
data and more extensive descriptive data were also collected during this

study so that factors influencing mosquito production could be firmly

established and better defined. The purpose of this effort was to provide ‘ ;
F; more specific and more accurate information that would (1) improve pre- P
dictive capabilities for applied control; (2) provide the basis for new
and more effective control efforts and (3) establish new directions in
basic research which might yield better solutions for mosquito-related

problems at some later date. ®

Dredged Soil Chemistry -f,;,ﬁ'}lﬂ

52. The important, but yet unclear relationships between the o iF
physical and chemical properties of marsh soils and the selection of
breeding sites by female saltmarsh mosquitoes about to lay eggs have _ ;'
been reviewed in a previous section of this report (see paragraphs 13- -
14). Because of this presumed importance of soil factors, several ®
chemical characteristics of dredged material were analyzed in selected
sites in South Carolina. The purpose of this effort was primarily
descriptive, but the authors also believed that results might provide a
more definitive, chemical characterization of known mosquito breeding °

microhabitats in the field than is currently available. ' :.
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Literature Review

53. The vast majority of analytical soil studies have been
directed toward the characterization of soil suitable for agricultural
production. Few attempts have been made to develop a classification
system for tidal marsh soils. One of the most significant of these
efforts has been provided by Hill and Shearin (1970). In this system,
three primary factors were utilized to classify the tidal marshes of
Connecticut and Rhode Island: (1) thickness of the surface organic layer;
(2) texture of the underlying mineral layer and (3) salinity. This
system is particularly useful because all three parameters can be identified
in the field if plants are used to estimate salinity. Studies of dredged
material substrates appear to be even less common than those for saltmarsh
soils. Ezell (1978) has reviewed this small body of literature and has
provided data for dredged material substrates in the vicinity of
Charleston Harbor, South Carolina.

54. Properties of sediments: The physical and chemical conditions

present in sediments before and after they are deposited at the bottom of
water bodies are of interest to the study reported herein, because they
reflect some of the conditions which prevail in dredged material im-
mediately after a disposal operation. Sediments in coastal areas such

as those deposited on the bottom of navigational channels and eventually
removed by dredging, often contain a large organic component. Saltmarshes
are an important source of such organic material in the form of detritus.
Organics within a bottom deposit are decomposed primarily by bacteria. A
thin layer near the surface of the sediments usually contains sufficient
oxygen, which diffuses into the sediments from overlying water, to
support aerobic bacteria. Below this microzone, highly anaerobic con-
ditions prevail. In the anaerobic region, bacterial decomposition of
organics usually shifts from a reliance on oxygen to a reliance on
sulfate as a hydrogen acceptor. As a result, sulfate is reduced and
sulfides are produced in the anaerobic layer. These sulfides react with

available iron in the sediments to form hydrous iron sulfide (hydrotroilite)

which produces the characteristic black coloration of subsurface marsh




and benthic sediments (Hill and Shearin, 1970). When the rate of deposi-
tion of organics is high, as it often is in coastal areas, free sulfides
produced bv sulfate reduction mav exceed the level of available iron. ®
When this occurs, free sulfides build up within a deposit (Bella, 1977).
When present, high sulfide concentrations in sediments have an important
influence on the nature of substrates produced by dredging operations.
55. As Hill and Shearin (1970) have emphasized, acidity is a Y

useful parameter because it provides a means of distinpuishinz between
marsh sediments that have been permeated with fresh water and those
permeated by salt water. Aciditv also provides an indication of the

‘ relative degree of drving that has occurred in drained sediments such as ®
those resulting from deposition of dredged material on drv land.

56, Sediments exposed to seawater generallv exhibit a neutral

or =slightlv alkaline pH which reflects the high pH (approximatelv 8.0)

) of seawater. Brackish and freshwater marsh sediments usually are more ®
acid because seawater alkalinitvy is not available to neutralize organic
acids rroduced bv anacrobic decormposition of plant matter. Drying of
drained marsh or henthic sediments that have been pumped to the surface

] i< usuallv associated with an increase in aciditv. This process, referred ®
to as sulfur aciditvy (Flemming and Alexander, 1961), results from the
expesure of sulfide-rich sediments to atmospheric oxvgen. On exposure
to air-drving, the sulfides oxidize to sulfate bv chemical and biochemical L

| reactions. If there are not enough alkaline earth carbonates present, T ®
sulfuric acid is formed and high aciditv results. These soils are
similar to problem soils which occur in Heolland where thev are called

Katteklei (cat's clav) soils.

Materials and Methods

57. A total of six disposal sites were selected for the R
J cherical characterization of the dredged seil habitat including four ® 1
sites on the AIWW, S-10, S-11, G-10 and G-7 and one site in the vicinitv

of Charleston Harbor adjacent to the campus of the Citadel. One other
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site was located on a disposal area in the Maryville section of
Georgetown on the south bank of the Sampit River approximately one mile
from its confluence with Winyah Bay. This site was selected because it
supported a dense stand of reeds (Phragmites comrmunis/, a plant that is
common in many other coastal areas of the United States, but was only
recently found in South Carolina (Stalter, 1975). Other criteria, in
addiGion to vegetation also influenced the selection of soil sampling
sites. An effort was made to select disposal areas which represented a
cross-section of substrate conditions with respect to the length of the
time interval since the last disposal operation on the site. Once sites
were selected, an effort was also made to remove the soil samples from
the highest and lowest points within the area. In some instances, however,
relative elevational differences could not be distinguished. The
temporal data for the disposal areas included in the soil survey are
provided in Table 1.

38. Three fundamental characteristics of the dredged material
substrate were chemically analyzed: the acidity or alkalinity (as pH);
conductivity (as micromhos/cm) and soil particle size (as percent sand,
silt and clay). Samples were collected with a core sampler (5.1 cm, i.d.).
Surface samples were isolated by removing the topmost 5.1 cm (two inches)
of soil from a core. Subsurface samples were isolated by removing the
fraction of a core between 12.7 and 17.8 cm from the surface. The

analytical procedures were the same as those used by Ezell (1978).

Table 1. Age of disposal site substrates (computed from the time of the
last disposal operation) included in the scil sampling survey.

Disposal Area Elapsed time since
last disposal operation

G-10% 1 year

Citadel* 1 vear

G-7% 1 vear

S-10 1-5 vears
34
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Table 1. (continued)

S-11 1-5 vears

Maryville 5 years

*Designates those disposal areas in which relative elevational differences
could be distinguished.

Results and Discussion

59. Results of the soil survev have been tabulated in Tables
2-7. The tables have been arranged in approximate order of the age of
the substrate beginning with the most recently pumped sites.

60. Acidity and conductivitv: Both of these parameters exhibited

variations which appeared to be closely associated with the age of the
substrate of each disposal arca sampled. As expected, an inverse relation-
ship was observed between conductivity values and increasing time following
deposition of dredged material. This effect is illustrated graphicallyv

in Figure 4. The values shown in the histogram of Figure 4 represent the
averages of all surface and all subsurface conductiveness (reported in
Tables 2-7) recorded fer cach disposal area sampled. A similar time-
related decline in conductivity was reported bv Ezell (1978) for disposal
areas in the vicinity of Charleston Harbor. The results of the Ezell
(1978) study were combined with the results reported in Tables 2—7. These
data were used to construct a histogram for the average conductivity of
dredged soil less than one vear old, one-five vears old and more than

five vears old (Figure 5). Much of the observed conductivitv apparentlyv
results from seawater salts deposited in disposal sites as dissolved

salts in the mixture of particulate matter and water which makes up

dredged material. Conductivity values for some sampling sites exceeded
that of seawater which probably represents the precipitation and concentra-
tion of salts at the substrate surface as surface water evaporated following
a disposal operation. The decline in the salinity of older substrates

apparentlyv reflects the translocation of surface salts to deeper strata

15
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Table 2. Summary of physio-chemical factors affecting dredged material
habitats on disposal area G-~10, Atlantic Intra-Coastal Waterwav
(mouth of the Waccamaw River).

Sample No. pH Conductivity Percent .
(Micromhos/cr) Sand Silt Clay
s (low) 6.4 85,200 47.0 13.0 40.0
2s (low) 6.6 81,600 43.5 20.5 36.0
Avg. (low) 6.5 83,400 45,2 16.8 38.0
3s (high) 6.2 61,000 57.8 11.8 RI
4s (high) 5.3 46,000 64.6 6.2 29.2
Avg. (high) 5.7 53,500 61.2 9.0 29.8
1ss (low) 6.3 4,000 65.0 11.0 240
2ss (low) -— e -———- -——= -——
3ss (high) 6.4 33,500 78.8 6.8 R
4ss (high) -— - - _—— -———- -
f:;-surface sample T ss: subsurface sample o

lable 3. Summary of phvsio-chemical factors affecting dredged matcerial
habitats cn The Citadel disposal area (Ashley River, viciaity
of Charleston Harbor).

sample No. pH Conductivity Pereent

- (Micromhos/cm) Sand Silt o Clax
Is (low) 6.2 32,000 10.0 31.3 AN
Js (low) 6.4 45,000 8.6 31.9 RIS
Avg. (low) 6.3 38,500 9.3 31.6 ER
3s (high) 6.2 30,000 6.1 32.¢6 Gl
.5 (high) 6.5 70,000 3.1 48.6 4R,
Avg. (high) 6.4 50,000 4.6 40,07 ST
lss (low) 6.3 36,000 3.5 29.8 SO
Ies (low) b4 40,000 5.3 68.0 6.
Ave. (low) 6.5 38,000 4.4 48.9 .7
3ss (high) 7.0 40,000 45.9 3104 R
-ss (high) b.6 61,000 4.2 49.9 “5.0
Ave. (high) 6.8 50,500 25.1 40,7 LI
{L- surface sample ss: subsurface sample _»_—1-‘::‘":;;:
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, caused by the leaching effect of water deposited from rainfall.,
,
! 6l. The pH tended to be near neutrality in samples from sites
» . . . . . .
b which had recently been filled with dredeed material.  These sites (G-10, B
s - _ - . [
‘ Citadel and G-7) exhibited a pH range of 5.8-6.8. 1In contrast, sites
with a one to five-vear-ola uredged material substrate (S-10 and S-11)
exhibited more acid conditions with a pH range of 4.0-5.9. Thuese results S T
are consistent with the offect of sulfur acidity because an interval of
’ . . . , . . . . o
time is required tor the slow drving and oxidation processes associated
with the formation ot sulfur acidity. The development of surface fissures
in the substrate is associated with drving and undeubtedlv cnhances the
! drocess byoinervasing the anmount of survace arca which is exposed to the
0 - o . ' - S . ]
» atmosphere,  The pHoof the Marvville site ranged between 5.7 and 7.1 which
: sugpests that sultur acidity produced during the drving process or dredueed
L material mav eventually be partially neutralized cither by leaching, plant-
. substrate interactions or wome other process as vet unknown. However, the
{ o
t’ results obtained from this Jdisposal site vrobable should nor be rezarded
1 as conciusive because samples were onlv recovered from the highest ole-
[ vation of the site.  This substrate mav have been influcenced by the
neutralizing offect of a deposit of marl which occurred in the immediate .

viclnity of the discharge site. Results provided by Ezell (1978) from

Charleston Harbor sites tend to support the view that pH values tend to

drop and then roegress back toward neutrality daring a period of several

1

vears after a site is pumped. A1l disposal arcas sampled in the Charleston

Harbor =tady (tzell, 1978) however, csoibited higher pH values than
theose rtor sites sampled tor the present report, althongh relative ditferences
between substrates of different ages appeared to be approximately the same.
The more alkaline conditions in toe Charieston Harbor sites aprear to o
reflect the intluence of g aigher concentration ot scawater (pH about
.0) in the drodoed material slurre deposited on these sites. A higher
seiAwdater concoentration would bhe expected because the Charleston Harbor _
Ssites are closer to the Atlantic vcean than the AIWW sites that were A
®
sampled. .
6l sand, -ilt and celav:  The composition of the substrate with . e -.‘:_'
respect to particle size appeared to o intlnence the extent of substrate ;
®
B .
- v - - L L | ] | J L L L L L L L ]
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fissure formation and the duration of the fissured soil stage in the
aging process of dredged material. Ezell (1978) has provided detailed
descriptions of stages in the drying cycle of dredged material with
respect to mosquito breeding, and these stages have been summarized in
a stbsequent section of the present report (paragraphs 63-70). Fissures
usually form within the first year following a disposal operation and
their presence is nearly always associated with mosquito breeding. These
fissures normally exhibit a weathering and filling pattern with increasing
age (1-5 years following disposal of dredged material). Sites less than
one vear old (listed in Tables 2-4) followed the expected pattern, but
in the case of the Esterville (G-7) disposal area, the pattern appeared
to be greatly accelerated. Within a period of one year, the substrate
dried, tfissures tormed, weathered, and werc completely filled. In
reviewing the data for the three sites less than one year old, the two
areas (G-10 and The Citadel) with the highest clay content in tne surface
laver (range between 29.8 and 61.7 percent) exhibited a slower aging
pattern (longer retention of surface fissures) than the Estervi.le site
{range of the surface clayv content between 13.6 and 31.6 percent).
Explanations of this obscrvation based on other factors such as sand and
silt content appear less uscful in explaining the differences. For
example, the sand content at the Esterville site was high (48.1-63.3
percent., but it was also high at the (G-10) site (43.5-64.6 percent)
shere ] sures were retained much longer. Ezell (1978) has noted that the
stablisament of vegetation on fissurec dredged soil appears to slow
vhe weathering and filling of fissures. This observation was believed to
result from the rormation of a ront mat which physically held together the
clods of the dreduvd material mosaic between the fissures. Results from
tne present study suggest a sccond factor. Electrostatic forces between
clav particles when present in sufficient concentration in the surface
laver apparentiv have an important role in the formation and retention of
surfdace fissures.  The establishoent ol a root mat bv pioneering forbs
and grasses probably slows the rate of translocation ot the surface fines

(clav particles required for fissure retention) to deeper strata. Other

factors mav also be important. For example, the amount of organic material

/,
~4

ro




, present in the substrate (which was not measured for this study) may

» influence fissure formation and retention. Further studies encompassing
3

t additional variables would probably be useful in characterizing more

elaborate substrate interactions influencing fissure formation.

Comparative Survey of Mosquito Breeding in

Coastal Habitats of South Carolina

63. That the presence of fissures in dredged material disposal
areas 1is probably the best single indicator of mosquito breeding was
previously mentioned in tl.is report. The fissured stage and conditions
prior to and following fissure formation have been classified according
to physical substrate characteristics and the floral and faunal species
composition inhabiting the substrate (Ezell, 1978). This classification
svstem is especially useful for applied mosquito control operators because
the stages are easily identified in the tield and the stages most likelv
to support mosquito production have been described. A total of eight
stages bearing the abbreviation DM (for dredged material) werce identified
by Ezell (1978). A descriptive summary of these stages follows. A
summary diagram of these stages is provided in Figure 6.

64. DM-1 (supernatant liquid): This initial stage of the

disposal site habitat begins as soon as deposition of dredged material on
the surface of a site ceases. It is marked by the partitioning and
sedimentation of particulate matter suspended in the slurry of dredged
material. Manyv species of aquatic insects invade the overlaving laver

of supernatant water that marks this stage. Theyv usually inhabit the
site until the supernatant water is lost bv evaporation and percolation.
This process is usually complete in six months or less but the duration
is, of course, influenced by seasonal and dailv weather patterns.
Mlosquitoes are not usually associated with this stage.

65. DM-2 (bare mud): This is a transitional stape characterized

by an unbroken mud flat. 1t is not significant as a mosquito producer.
This stage precedes the formation of mosquito producing stages by about
six-eight weeks. Thus, it is a good indicator of the approximate time

of onset of mosquito brecding within a site.
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Spec ex
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{Odonata Libelluidae}
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Chironomidae)
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{Diptera
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Smolt dung fhes
(Diptero
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Figure 6 Summary Diagram of Insect Habitats Based upon Dredged Sol Weathering Conditions (after Ezell. 1978)
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66. DM-3 (incipient fissure formation): This is also a

transitional stage resulting from further drying of the mud flat
characteristic of DM-2. It is always marked bv the presence of

shallow, tenuous fissures. It may also be marked by the presence of

the white, siliceous remains of diatems stranded on the surface of the
mud when supernatant water evaporated. These depnsits frequently
persist through subsequent stages. This stage rarelv lasts longer

than six weeks and no mosquito breeding is associated with it.

However, Ezell (1978) found that overall arthropod diversite was highest

in this stage.

67. DM-4 (mature fissures): In this stage, the differential

rate of drying at surface and subsurfanre strata i< manifested by a
greater rate of shrinkage near the surface. As dehvdration continues,
deep fissures form (10-60cm and occasionally more in depth). When
viewed from above, the fissured surfacce of dredeged material appears

as a mosuic of blocks (see Figure 7). Such fissures torm ideal mos-
quito breeding microhabitats because raintall is trapood gt the bottom
of them. The duration of this stage is approximateiy i-=3 vears. If
the duration is short, fissures mav till before pioneering vegetation
has had sufficient time to become established. In this case, the DM-4
stage advances directlv to the DM-6 stage.

68. DM-5 (vegetated fissures): When the DM-4 stage persists

for more than a year and/or when sced sources are in close proximity
to or inside a disposal site, a dense stand of vegetation mav become
established on the fissured surface (see Figure 8). 7o « .77

S 5 s B N N S PR AL F S I L S DRI AP S S SV L S
Pt Tioox Ter ooo o0 co (and perhaps anvwhere in the coastal
environment). The vegetative laver has several roles in relation to

mosquito production: (1) it reduces air circulation and insolation

within the fissures and this reduces evaporation of water within fissure..

This stabilizes the mosquito breeding microhabitat.  The extent ot

the possible offsetting effect of transpiration is not known. (2) Tt
provides a more protected habitat which provides for preater survival

of adult mosquitoes—especially for emerging adults. (3) It contributes

to the fulfillment of the encergy needs of adult mosquitoes by rroviding
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a source of carbohydrate in the form of flower nector.

69. DM-6 (weathered fissures)and DM-7 (weatnered fissures with

vegetation): DNM-6 conditions normally tollow the DM-4 stage if weather-
' ing of fissures is rapid. DM-7 conditions result when weathering of ®
fissures is slow and is further retarded bv the tendency of vegetation
to maintain the fissured substrate. The DM-4 to DM-5 to DM-7 sequence
usually represents a series of conditions which support hcavy and
l sometimes nearly continuous mosquito breeding for ~any vears. The DM-4 ’ PY
to DM-6 succession usually results in less inten .o mosquito production
which is ~aintained for a shorter duration ot time.  Neverthless, even
in this latter case, mosquito breeding i= neariv alware sutficiently
of severe to require control measures. °
700 DM-8 (climax stage): This staxe iz ropresented by the
devolopment of tall woodv shrubs and trees with o losed canopev. Al-

theugh usually less intense, mosquito brecding ma persist during this

) stage especially 1 the M=o to DM=5 to DM=7 suoco ~sioaal sequence has » ®
sreceded Tt Another tvpe ot climax stard ae Yoesuomonoeglture
produced by oo T oo CeL This conditio oo g chicax in the
lov<est sense of the ferm hocduse No otin ¥ Ve Laliona: -1 eCles are

i usually observed to precede its deveiloprent, oo o mopoculture , ®

of I, <o s established, it appears to persist indefinitely.
This species is probacly most accurately viewed as a persistent ruderal.
When a new dreduaing operation results in destiaction of a phragmites
| stand, this species is able to rapid. o reestablish itself by the pro- e B
suction of new stems which penetrate through the poar joaver of
overlaving dredged material.
71, Although the presence and extent of =wwesquito breeding has

) heen described for the stages listed in the preceeding paragraphs, no [ J

thorough studv of the species couposition of mo-uitoes occurring in

the dredpged disposal areas of South Carolind is currentlv available.

Also, little or no information is currently available about the R

) relative intensity of mosquito hreeding in Jdredged disposal areas when
compared with other ceoastal habitats of the state. Therefore, the :::~ - :
rollowing studv was made to provide data abouat mosauito species compo- ‘i:-§~:}7;

sition and breeding intensity.

'
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Materials and Methods

72. Three types of habitats were surveyed with emergence
traps to characterize mosquito production. The habitats studied
included dredged disposal areas, waterfowl management impoundments
(commonly referred to as duck ponds and henceforth this vernacular
terminology will be used in this report) and natural high marsh (see
Figure 1 for the relative position of high marsh in South Carolina
coastal areas) associated with barricer beach islands. Twenty-five
wooden frame emergence traps covered with nylon screen were used to
sample mosquito production. Each trap covered one square meter of
substrate. The collecting containers for the traps were fashioned
from one-quart polyethylene ice cream containers by cutting a hole in
the bottom of each container and glueing a polyethylene funnel (in the
inverted position) over the hole. A trap and collecting container are
illustrated in Figure 9. Fifteen sampling stations were located in
dredged disposal areas: six on dredged substrates which had aged less
than one year; six on substrates 1-5 vears old; three on sites more
than five vears old. Five sampling stations were also’established on
each of the other two habitat types studied. However, two of the duck
pond sites were later dropped from the survey because of a logistical
problem with collecting samples. An ec¢ffort was made to establish at
least one sampling locatiou representing each type of habitat studied
in each of the three geographiral arcas included in the survey:

Charleston, Georgetown and Beaufort-Colleton counties. Traps were

collected once or twice per week from 30 June-28 September 1977. Traps

were relocated each week to sample a previously unsampled portion of
the same substrate type within each studv location. A record of rain-

fall and surface water depth was maintained for each sampling location.

Results and Discussion

73. Six different specics oi mosquitoes were collected during
the survey., Most specimens collected were cither dedes taeniorhynchus

or A. snilisitans. The level of mosquito breeding observed in coastal
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E South Carolina during the summer months of 1977 was lower than had .

. been anticipated. This apparently resulted trom extremely dry condi-

: tions throughout the period. For example, the site (N-21) which 1
received the most rainfall, received only 12.5 inches during the entire i
3-month period of the survey. Total rainfall in excess of ten inches ;
during the 3-month span was recorded at onlv three of the other 24 )

. locations sampled. S ;
74. Records of mosquito emergence at each of the sampling i
sites have been tabulated in Table 8. Most of the mosquito production
indicated in Table 8 occurred at the end of the summer when more rainfall
was recorded than at the beginning of the =urvev., The two locations .
producing the most mosquitoes were at N-7 and Bear Island, a dredged
naterial disposal site and a duck pond, respectivelv. These results 3
tend to support the view that the artificial, man-made habitats are
responsible for more mosquito production than high, natural saltnarsh.
when weekly emergence trap records were reviowed, a pattern of nearly o
constant emergence of small numbers of mosguitoes in the range of 10-20
per square meter of sampling area was noted for the natural marsh sites. ]
In contrast, mosquito ciergence from the modified habitats {(i.e., dredged N 1
disposal sites and duck ponds) occurred in the form of fewer but very i 1
large broods.  The production of these broods was closely associated
witn periods of heavy rainfall. These results indicate that normal
tidal fluctuations have little intluence on mosquito breeding in the . 4
modified habitats. However, tidal a tion is apparently the dominant ¢ 1
tactor influencing mosquito production in natural saltmarsh habitats. i
whether or not this factor would remain dominant during vears with ]
heavier rainfall is not known. Nevertiweless, the tidal intluence on -
mosquito breeding clearly is a more important factor in natural marsh 1
locations than in modified habitats, . Q
75. The dominant species recorded for the summer of 1977 was -%
N N A M N e ©.t was present as a sccond dominant T
but was exceeded by <. o0 w9 by a ratio of more than 6-1. * A
Askey (1977) has suggpested that during some vears, .. »~ 7"+ e appears : :
to be more prevalent than .. @+ in South Carolina and that 4'-ﬁff .
the relative abundance of these two species mav tfluctuate according to
some as ver unclarified cvele. Results from the present studv are not . i
= ',;.Vi.j~.*;f'.1
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sufficient to either confirm or refute this view. However, if such |
a cycle does occur, the results of the 1977 survey indicate that A. 3
taeniorhynchus is possibly a more successful species than A. sollicitans - 4
when abnormally dry conditions prevail. A seasonal cycle in the _ f
relative abundance of these two species could also account for the

observed results. Evidence for such a cycle has been observed in

North Carolina disposal sites (Scotton, 1977). This study indicated ST

that the abundance of 4. sollicitans eggs was much lower during the
mid-summer months than during the fall.
76. Closer analysis of the different types of dredged
L material sites sampled for this study indicatesthat additional factors
r‘ probably influenced the differences in abundance of the two dominant
aedine species. Disposal areas with a substrate less than one year
] old had a more even distribution of these two species than sites with
1 older substrates (l-5 years old; cf. results from The Citadel and -
i S-15 sites with those from N-7). Possitle explanations for these
differences include (1) the presence or absence of vegetation; (2)

substrate salinity and (3) substrate acidity.

77. Vegetation: The N-7 site, where A. tzeniorhynchus was - et
more prevalent, had a well-developed layer of herbaceous plant growth
(substrate stage late DM-5 or early DM-7). The S-15 and Citadel sites,
where . 2777272 :me was more prevalent, supported no vascular flora T
(substrate stage DM-4). Therefore, A. sociliz{tans may be better me e
adapted to non-vegetated dredged material substrates while 4.
*zeniorngvienus may have a dependence on some aspect(s) of vegetation.
Evidence that vegetation may have an important role in oviposition
site selection has been found in North Carolina. Scotton (1977)
reported that significantly higher numbers of eggs were found in
association with the exposed surface roots of live Aster subulatus
than with any of the other habitats sampled. However, this association
was manifested for both 4. caeniorhyrchus and 4. sollicitans and the
fall A. s llizitans peak was postulated as being influenced by the
flowering season of A. sululatus. Inflorescences were thought to
provide nectar which resulted in increased production of sollicitans

eggs. °

56




78. Results of soil conductivity measurements of disposal
site substrates exhibiting different degrees of aging suggest an
obvious correlation between de.lining salinity and colonization by
aedine mosquitoes. These results indicate that A. sollicitans may ) ®
tolerate higher substrate salinities than 4. taeniorhynchus. The
mechanism of this response is unclear, however, especially since
previous studies have yielded conflicting results. Petersen (1969)

has discussed earlier studies which suggest a direct correlation with ©

substrate salinity. However, results of Petersen's 1969 study conflict
with this view and suggest that salinity may be more important as a

- repelling factor rather than as an attracting factor. A negative

* response, such as this, nevertheless, could still account for the ®
; observed differences in abundance observed in the survey results
X reported here. Such a postulated inhibitor» role of salinity implies
Y.. that the two aedine species would have different thresholds of sen- .
) L

sitivity to substrate salts with . zcol. 7°7:ins being less inhibited
by higher salinity levels than 4. luonicrkensnus.

79. Acidity: Increasing substrate age within dredged

material disposal sites was also correlated with a decline in the pH
of the substrate (an effect apparently caused by the production of ®

4

sulfur acidity). Thus, colonization of sites by 4. :ionicrrurchug and

¢ /ilef-zvie may have been governed by a response to pH rather than

Ca

A
salinity. Support for this view in previous laboratorv studies is

more convincing than for the salinit. theory. McGaughey (1968) observed

that laboratory-reared .. rusn ornyvwzous exhibited a negative response

to sodium chloride salinity. However, unlike the Petersen (1969)
interpretation, sulfate salinity appeared to elicit a positive response

in a. -aenlornunehue.  This result was interpreted as more likely being -
a response to the production of sulfur acidity rather than a direct

response to sulfate ions. Further support for this argument was

provided by the fact that the repellent effect of sodium chloride could

be removed if sulfuric acid was also added to the oviposition substrate.

The acidity parameter also appears to explain the response of 4.

s~l.i2iting to oviposition substrates. As McGaughey (1968) has

emphasized, 4. ... f27:3.¢ breeding in inland habitats has been associated

with the a:id tailings of mining operations. Thus substrate activity
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generated by sulfate reactions appears to provide a better expla-
nation which is consistent with the observed response of saltmarsh

Aedes spp. to potential oviposition substrates. Field data from the

ml

present study are consistent with this interpretation. However, :
further field investigations are needed to corroborate this theory of N

oviposition site selection and elucidate possible interactions with AR

i‘ other substrate chemistry factors. Such studies would undoubtedly
yield a more precise definition of the oviposition niche of saltmarsh

mosquitoes.

. Summary and Conclusions [

80. Data about the chemical and physical composition of
dredged material disposal sites was presented. The possible relation-
ship between these factors and mosquito breeding habitats was discussed. ) e
Mosquito breeding in South Carolina saltmarshes in 1977 was monitored

with emergence traps. The relative abundance of mosquitoes in natural f?f?f“ﬂ

compared. Some possible areas for further research emphasis were o

suggested.

f

A

~

el ]

marsh habitats, dredged material disposal sites and duck ponds was -  ?'3i;Tj
4

]

81. Results of the study provided the basis for the following 1

conclusions:

82. Aedes taeniorhynchus was the dominant mosquito species o o
breeding in South Carolina saltmarsh nabitats in 1977. ‘

83. sdedes sollicitans was the second dominant species. :} » ;:ﬂﬁ

84. The abundance of the two dominant species appeared to be

more nearly equal in disposal sites with substrates supporting little ) L4

or no vegetation (newer disposal areas).
85. As dredged material aged, substrate conductivity declined ;;33 :E.f
and substrate acidity increased. The increase in acidity appeared to .
é‘ be followed by a period of decline in the oldest disposal sites sampled. o
86. Substrate acidityv appeared to be a better parameter than
conductivity for explaining the utilization of dredged material as a

breeding site by saltmarsh spp. However, an interaction between these

two parameters could also be an important determining factor and this o

possibility was not explored.
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87. Percent clay in the surface substrate layer of dredged
material appeared to be the most important factor influencing fissure

development and retention.
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DISPOSAL SITES USED FOR MAINTENANCE OF
THE AIWW IN SQUTH CAROLINA

88. During the course of this study a survey was made of
all diked disposal sites used for the maintenance dredging of the
AIWW in South Carolina. Results of these ground and aerial inspections
follow. The major purpose of this survey was to assess the mosquito
producing capabilities of each site. Emphasis was placed on assessing
the extent of mosquito breeding occurring on each site, determining and
describing the exact locations within a site which were producing
mosquitoes, identifyving the species present and making an assessment of
whether or not breeding intensity was likely to change as the site aged.
A system was devic.od for evaluating each site. Inspections were made to
determine if specific structural features and subhabitats frequently
associated with disposal sites were present or absent (see paragraphs
32-50 for a detailed description of these structural features and
subhabitats). A determination of the mosquito breeding capability of
each subhabitat present in a site was made by sampling with a one-pint
dipper and by observing whether or not the substrate condition (e.g.,
presence or absence of fissures) was conducive to mosquito production
(see paragraphs 63-71 for a detailed description of the successional
stages associated with the aging and drying processes of disposed dredged
material). The results of inspections were tabulated and used to esti-
mate the overall mosquito breeding potential of each site. The breeding
potential was described with a scale of 0-5 with the highest value being
indicative of the most intense mosquito breeding possible.

89. A descriptive summary of each level of intensity follows:
(0) no mosquito production; (1) capable of occasional, low density
mosquito breeding comparable to or less than the breeding intensity found
in natural, low {.‘partina alterni;lora) saltmarsh (rarely or never a
source of nuisance level, adult mosquito populations); (2) capable of
producing occasional mosquito broods which exceed nuisance level; (3)
capable of producing mosquito broods which exceed nuisance levels at

frequent but indefinite intervals (broods usually correlated with
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rainfall only); (4) capable of producing mosquito broods which exceed : 4
nuisance levels at frequent definite intervals (mosquito broods correlated .
with both rainfall and spring tides); (5) capable of constant, sustained
mosquito breeding (populations in excess of nuisance levels constantly
emerging). The extremes of the scale (0 and 5) are essentially hypo-
thetical situations which never or very rarely occur. Except for a few };i " o
areas such as those with a pure sand substrate, no area can be described Sl 4
as completelyv incapable of producing mosquitoes. Constant, heavy

mosquito production is equally unlikely because such a situation obviously
would require permanently flooded breeding sites--a situation which

would also be conducive for the production of small fish and other preda- 4
tors which would limit the size of mosquito populations. Therefore, all
disposal sites described in this studv have a mosquito breeding potential

which is greater than zero and less then five.

90. The disposal site evaluations described in the remainder of
this report are grouped according to the counties the sites are located
in with a brief introductory comment about general conditions occurring
in each county. Aerial vicws of most of the major sites surveyed have
been provided. These plates represent enlargements made from negatives - S
photographed at a scale of 1:20,000. Since the size of disposal arcas
in the Charleston District varies from less than ten to well over 100

acres, it was necessar, to varyv the scale of the enlargements to produce

reproductions that illustrated each site with adequate detail. Most of T -ﬂ*
the plates represent enlargements to o scale within the range ot 1:2,500 k
to 1:8,000. Acreage estimates were made directlv from the original 5
1:20,000 negatives using a compensating polar planimeter, )

91. Designations for each site cvaluated have been listed
according to the system used by the Charleston CE District and also
according to a separate system used during this study. The CE system A
involves the use of station numbers as thev appear on the official aerial B  .>€j:
maps of the AIWW in the Charleston District. The system used in this - -
study involves a prefix (H or G) for the Horrv and Georgetown County
sites, followed by a number. Numbers for sites in Horry County have
been ascribed in ascending order when proceeding from north to south "~‘.;.

on the AIWW. Numbers for sites in Georgetown Countv have been ascribed
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in ascending order from south to north on the AIWW. Thus, G-7 is

north of G-6 but H-7 is south of H-6. The remaining sites are

designated with a prefix N or S depending upon whether they are ®
‘i north or south of Charleston Harbor. This system of notation is the

same as that used by personnel of the Charleston County Mosquito

Abatement Program. In the inventory of sites, which follows, the
': CE designation is given first and is followed by the notation used °

during this study in parentheses.

) i )
» °
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Section 1: Horry County

92. Dredged material disposal sites in Horry County are
limited to a section of the AIWW north of statute mile 345 (the extreme
north end of the county). Two of the sites (H-1 and H-2) are located
north of the north boundary of the Charleston District. A portion of
H-1 is located in North Carolina. All of the sites are located in the
vicinity of the town of Little River or in the vicinity of the confluence
of Calabash Creek and Little River. Some of the sites were well-drained
and represent only minor mosquito breeding sources. One site, H-4,
possesses what was believed to be all the best design characteristics
wnich minimize meosquito breeding. Thus, it could serve as a model for

future construction and modification of disposal arcas.
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:  STA., #59 L-W (H-1); STA. #92 L-W (H-2)

Summary

93. Only a summary is provided here for these two sites
because they are located beyond the north boundary of the Charleston
District. The brief description which follows is provided because both
sites are significant sources of mosquito production. H-2 was primarily
sandy on the north end. However, a long borrow swale extended northward
and westward from the south corner (Plate 1:A). The substrate was in the
late DM-4 stage and represented an excellent breeding habitat for Aeles
- taentorhynchus and A. sollicitans. One inspection of this site revealed

the presence of large numbers of cast pupal skins of these two major

saltmarsh species. Thus, this site was clearly an active mosquito
producer. The estimated breeding potential was 3.
° 94. The H-1 site (not pictured) was at least two or three ' e
times larger than H-2. Substrate conditiuns at H-1 represented the
early DM-4 stage. More than 50 percent of the surface was either

fissured or possessed a substrate which was likely to become fissured

ii before the 1978 mosquito breeding season. The estimated breeding ®

, potential was 3-4. Conditions conducive to heavy mosquito breeding are

) likely to prevail at these two sites for at least several years. -
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SITE DESIGNATION: STA. #£110 L-W (H-3)

Physical Features

95. Estimated acreage: 9.4,

96. Substrate evaluation: The soil within the site contained

a high amount of sand. No soil fissures were observed at this site. The -
south corner (Plate 1:B) exhibited a higher organic content than that of .
the soil in the central portion of the site. 7The substrate in the west

corner appeared to contain less sand and more silt tlan soil in the

central area.

97. Drainage characteristics: More than half of the surface P

arca cxhibited excellent drainage that resulted rom the high sand content

of the seil. oOnlv a few shallow depressions woere observed in the central

portion of the site. These depressions arc probablv never flooded. The

lowest elevation occurred at the south corucr ‘Piate 1:8). This area is ®
4 pernancntly flooded {reshwater marsh.  Anothicr low ar-oa occurred at the

west corner (Plate 1:C). This area is probably intermittently flooded

bv heavy rainfall. The site is not flushed by tides,

Biological Featurcs

98. Vegetation: The highest c¢levation (central portion) of

the site supported a wide varicty of forbs, especially composites such
as Ao spp. and .0 T s spp.  The freshwater marsh is dominated by
"o ospp. and T spp. Although small, this marsh appeared to be
an cvxcellent waterfowl habitat becausc of the tood source available from
fruiting bodies of the rushes. A low area in the west corner (Plate 1:C)
supported a pure stand of Firrre’ oo e Y00 The remainder of the site
supported a mixed stand of shrubs, pines and a {vw hardwoods. Some ' )
of this vegetation is dead but it was still standing at the time of the
site inspection. This kill undoubtediv resulted from the accretion of
dredged material around the vegetation. The ¢ffects of this kill may
nave had some positive side benetfits to wildlife since white ibis
utilize the dead vegetation as a roosting site and possibly as a nesting

site,
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99. Mosquito breeding: The freshwater marsh represented an

ideal situation for a variety of permanent water mosquitoes. However,
the habitat supported a well-developed complex of mosquito predators.
Therefore, the potential for producing nuisance level adult mosquito
populations appeared minimal. The low area supporting hrajmizes
enmunte appeared to be suitable for production of saltmarsh floodwater
species. However, dry conditions during 1977 made evaluation of this
area difficult. A small area along the outside of the dike (Plate 1:D)

also appeared suitable for low-level saltmarsh mosquito production.

100. Mosquito species composition: Syl Spp., . SPP.,
JiGue loer Il verrarl e, Pgovcrhira spp., a0l v e and 4.
P T T E

101. Mosquito breeding potential: 1-2.

102. Site prognosis: No change in mosquitc production is likely

to occur unless the site is altered by further dredging.
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SITE DESIGNATION: STA. #177 L-W (H-4); STA, #200 L-W (H-5);
STA. #210 L-W (H-6)

103. These three sites are situated in close proximity of
each other. Because they exhibit similar features, they are described

here in a single summary. All three sites are pictured in Plate 2,

Physical Features

104. Estimated acreage: H-4, 9.1; H-5, 9.6; H-6, 22.7.

105. Substrate evaluation: Disposed dredged material consisted

primarily of sand in all three sites. H-5 contained the heaviest deposit
of dredged material. Sites H-4 and H-6 contained only a small deposit
(Plate 2:A and B).

106. Drainage characteristics: The sandy deposits of dredged

material were well-drained on all three sites. The undisturbed marsh
substrate of H-4 and H-6 was also well-drained because weep holes have
been provided in the dikes of each of these sites (Plate 2:C and D).
Three hummock areas, resulting from disposal operations conducted before
the dike was built, were present in H-6. The two hummock ridges at the
extreme east and west ends partially interrupted the drainage pattern of
the site. This resulted in two arcas where drainage is reduced, but not
entirely stopped (Plate 2:E and F). The hummock did not affect drainage
on H-4 because ot the close proximity of the weep hole. Both H-4 and
H-6 also exhibited excellent drainage features outside the dike because
the marsh in this area was drained by several tidal creeks. Both sites
are internallyv flushed by dailv tides. H-5 is not flushed bv tides.

The construction of the H-5 dike has resulted in tidal blockage of marsh

outside the dike at the southwest end (Plate 2:G).

Biological Features

107. Vegetation: The high ground of the hummock sites supported
a mixture of shrubs and stunted trees including Hooeo oo D e 0

Maopter wnitoer) red cedar and black cherry. Disposed material deposited

since dike construction supported a sparsclv distributed stand of forbs
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and a few shrubs. The marshy portions of H-4 and H-6 supported Juncus
roemerianus and Spartina alterniflora.

108. Mosquito breeding: None of the three sites surveyed

exhibited any significant sources of mosquito production. Good con-
ditions for low level saltmarsh mosquito production were observed at
points E, F and G shown in Plate 2.

109. Mosquito species composition: A Lo ool 7z2itans, A.

caomtoraynaur and snopheles dralicud,
110. Mosquito breeding potential: H~4 = 0-1' H-5 = 1;
H-6 = 1-2.

111. Site prognosis: No increase or reduction in mosquito

activity is likely at any of the sites unless they are altered by further

dredging. There is a slight possibility that tidal drainage at H-4 and
H-6 could be interrupted by natural siltation processes or dike erosion
in the vicinity of the weep holes. Such an occurrance probably would

increase the breeding activitv within these two sites. However, alter-
ation of drainage in these sites by new dredging activities is probably

more likely to occur before natural processes result in such changes.
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SITE DESIGNATION: STA. vic. #248 L-W (H-7); STA. vic. #280
L-W (H-8); STA. vic. #300 L-W (H-9)

112. These sites are not listed on the updated (in 1975)
version of the 1963 Charleston District AIWW CE survey map. A summary
is provided however, because all three sites exhibit mosquito producing
potential.

113. The H-7 site was located between Sta. #250 and statute
mile 345, almost directly opposite Brainard Landing (see Plate 3). A
comparison of the 1963 AIWW map photograph with Plate 3 indicated that
the marsh behind H-7 (Plate 3:A) may have been impounded and flooded
sometime between 1963 and 1977 when the Plate 3 photograph was produced.
The highest elevation of H-7 was represented bv sandy disposal material
(Plate 3:B). The internal portions of H-7 were not flushed by tides.
Tidal access to a section of marsh between H-7 and the flooded area
(Plate 3:C) has been cut off. This area produced saltmarsh mosquitoes.
The estimated breeding potential is 2-3.

114, Site H-8 was located between statute mile 345 and Sta.
#300. H-9 was directlv opposite Sta. #300. Both sites were enclosed
by make-shift dikes on three sides. The high ground of the upland
formed a barrier along the remaining (south) side of each site (see Plate
4). Habitats conducive to mosquito production in H-8 are indicated in
Plate 4:A. The estimated mosquito breeding potential was 2-3. Habitats
conducive to mosquito production in H-Y are indicated in Plate 4:B. This
area contained a shallow, silty deposit of dredged material in the DM-4
stage. Tidal creeks entered the west side of H-8 and the east side of
H~9 (Plate 4:C). A considerable portion of the west perimeter of both
sites was located above MHW (Plate 4:A and B). Therefore, monthly spring
tides were an important factor influencing mosquito breeding in both of

these sites. The estimated breeding potential for both sites is 3-4.

71

PR - PRI A
asalas 143-7.'.;'.‘L'5 i’

Wy PR




A

.

o

B PLATE 3

— - — - —




RS L% T
By, e rr [
oo YelSe

- e b




e e L b e b s e e e e e e e e p—— v ——

A

;
°

Section 2: Georgetown County

115. All dredged material disposal sites used for the main-
tenance of the AIWW in Georgetown County are located south of the
Waccamaw River. That portion of the AIWW which runs north of Winyah
Bay to the vicinity of Little River in Horry County exhibits little
or no shoaling problems. This results from a geographical peculiarity
which occurs in this portion of South Carolina. The coastline from
North Island to the North Carolina state line fronts directly on the
Atlantic Ocean. There are no barrier islands and few saltmarshes along
this portion of the South Carolina coast. Thus, the AIWW runs through
high, stable land where sedimentation and shoaling are not significant

problems.
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SITE DESIGNATIQON: STA. #1025N W-C (G-1)

Physical Features

116. Estimated acreage: 90.1.

117. Substrate evaluation: Approximately 90 percent of the

surface of this site was covered by a substrate with a high silt content.
The discharge area, located at the southeast corner, was sandy. This
discharge area (Plate 5:A) represented the highest elevation within the
site and apparently resulted from accretion from disposal operations
conducted since the dike was constructed. Another area of high ground,
which appeared to be the result of a disposal operation which was
conducted before dikes were built, was situated near the center of the
site (Plate 5:B). The substrate condition was variable ranging between
late DM-4 to DM-6.

118. Drainage characteristics: The central portion of the

site was fairly well-drained, although a number of depression and

hummock areas occur in this portion of the site. The borrow area swale
extended around the entire inside perimeter of the site except for a small
section in the vicinity of the discharge area. Portions of the borrow
area swale remained flooded at all times. Poorest drainage was associ-
ated with the dike swale, especially that portion along the west perimeter

of the site. The site was not flushed by tides.

Biological Features

119. Vegetation: The highest area near the center of the site
(Plate 5:B) supported some tall woodv growth. Otherwise, vegetation was
sparsely distributed, consisting of a few grasses and forbs. At least
half of the surface did not support vegetation.

120. Mosquito breeding: The dike swale was a major source of

mosquito production because it is subjected to regular flooding by

rainfall. The borrow area swale retained a sufficient amount of water

to maintain aquatic predators that reduce mosquito populations. Depressions
in the central portion of the site were subject to flooding by rainfall.

Thus, they tere capable of floodwater mosquito production. However, these
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- depressions were not as extensive as the breeding sites in the dike j
. swale portion of the site. ]

; 121. Mosquito species composition: Acdes sollieitans and

A. taeniorhynchus. - .

122. Mosquito breeding potential: 3.

123. Site prognosis: No major shift in mosquito breeding B R

activity is likely if the site is not subjected to further dredging - g:':5j

. operations. A slight increase could occur if the borrow area swale is

o

invaded by emergent aquatic vegetation. Such a development would provide : ]
a suitable breeding situation for .o :r o legilend,
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SITE DESIGNATION: STA. #1152N W-C (6-2)

Summary

124. This site was not listed on the 1975 Charleston District
survey map. It appeared that the site may have been constructed since
the map was last updated. The site is located between station 1175
and 1136. 1t possessed an entirely sandy substrate and it supported no
vegetation. Therefore, is exhibited no potential for mosquito produc-
tion. Two pools of water, one on the east and one on the west end, were
located in the site. These areas were being utilized by gulls, terns
and a few wading birds at the time the site was inspected. Bird
utilization has resulted in an accumulation of bird droppings in these
areas. This deposit may provide sufficient nutrients for invasion of
the site by submergent and/or emergent aquatic vegetation. Such a

modification could result in conditions suitable for mosquito breeding.
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SITE DESIGNATION: STA. #1190N W-C (G-3): STA. #1229N W-C (G-4)

Physical Features

125. Estimated acreage: G-3, 70.6; G-4, 19.8.

126. Substrate evaluation: Most of the (-3 substrate consisted

of a silt-clay mixture except for a few isolated sandy locations on the
south end of the site. The south end represented the highest elevation

of the site (Plate 6:A). Substrate characteristics of G-4 were similar

to those of G-3. The lowest portion of G~4 was located at the east corner
(Plate 6:B). The substrate condition was represented by late DM-4 or
early DM-6 stages. The DM-5 stage was represented to a limited extent

in areas where dredged material has filled around previously existing
vegetation.

127. Drainage characteristics: Both sites were poorly drained.

A small portion of the borrow arcva swale near the low end of each site
remained flooded. More than nhalf of the borrow area swale in each site
was prone to frequent drying and reflooding cvcles caused by rainfall.
Similar conditions prevailed in the dike swales of each site. Both sites
also possessed a number of depression and hummock sites which are capable

of producing mosquitoes.

Biological Features

128. Vegetation: More than half of the surface of G-3 was
bare. Most of the existing vegetation resulted from upland shrub and
tree growth that developed on piles of dredged material left by operations
on the site before it was diked. The G-4 site exhibited similar vegeta-
tional characteristics except that proportionately more of the surface
was vegetated. The vegetation on (-4 was primarliv composed of woodyv
shrubs.

129. Mosquito breeding: The dike swale, borrow area swale and

depression sites all supported heavy, frequent mosquito breeding.

130, Mosquito species composition: & oo~ -0l lsdrang, 4.
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131. Mosquito breeding potential: G-3 = 3-4: G-4 3-4.

132. Site prognosis; The current level of mosquito production

should continue for several years. The dominant species may shift from

A, 3lcitoltans to A, twalorialeowr i aping processes continue.

snornenes braili»7 will probably begin breeding on the site if emergent
aquatic vegetation develops in the borrow area swales. Further deposition
of dredged material on either ~ite woald interrupt mosquito breeding

for six months to a vear when conditions similar to present conditions

could again be expected to develop.
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SITE DESIGNATION: STA. #1370N W-C (G-5); STA. #142IN W-C (G-6);
STA. #1450N W-C (G-7)

Physical Features

a0 133. Estimated acreage: G-5, 66.5; G-6, 21.5; G-7, 24.2.
b

L 134. Substrate evaluation: All three of these sites contained .
FI a substrate which has a high silt content. A discharge area was located

at the north end of G-5 (Plate 7:A). This northeast corner was separated
by a secondary dike from the remaining portion of the site (Plate 7:B).
- Most of the site exhibited an even contour. The lowest area was
[" represented by a borrow area swale which runs along the entire length
of the west side (Plate 7:C). The substrate condition was in the early
DM-7 stage except for the borrow area swale which exhibited late DM-4
b conditions.
135. The G-7 site was the last of these three sites to receive
a deposit of fresh dredged material. As described in a previous section
of this report, the substrate weathered very rapidly to the DM-6 stage.
. Both C-5 and G-6 appeared to contain soil which was similar to that found
Ei in G-7. Thus, substrate weathering patterns following disposal opera-
- tions were probably similar in all three sites. The G-7 site was rediked
during early 1977. This has left a series of deep borrow pits around the
"‘ perimeter of this site (see Plate 8). These borrow pits represent the

lowest elevation within the site. No discharge site was apparent in

v

f this site. -
136. The G-6 site exhibited characteristics found in both G-5 .
and G-7. The central portion exhibited substrate stage DM-6., This ®
-, area has been modified mechanically by plowing. This resulted from a LA »,?f
g deliberate attempt to cultivate corn on the site—perhaps to attract ";,; B
& ducks and other game birds. Tt was impossible to determine if the it?{ .i
*; substrate would have weatered as rapidly to the DM-6 stage if the area : 4"'>'i
had not been plowed. The lowest portion of G-6 occurred in the borrow
L: area swale along the west side. The substrate in this area was in the 1[
- DM-4 stage. The highest clevation occurred nenr the southeast corner ]
(Plate 8:A) and apparently resulted from the production of high land ® ]
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by dredging operations conducted before the area was diked. Substrate

in this area was in the DM-8 stage.

137. Drainage characteristics: The central portions of all

three sites were well-drained. Poorest drainage was associated with

the borrow area swale along the west perimeter of G-5 and G-6 where
water levels fluctuated according to weather cycles. These borrow areas
may dry out completely during extremely dry weather because rainfall is
the only source of flooding—no tidal flushing occurred in either G-5

or G-6. The deep borrow pits of G-7 maintained water to a depth of
several feet in places and appeared to be influenced by the high water
table as well as by weather conditions. During the extremely dry -

weather period of 1977, these areas remained flooded. Drainage in G-7

was not influenced by tides.

Biological Features

138. Vegetation: The G-7 site was almost entirely bare except
for a few stands of pulkweed. The G-6 site exhibited better developed
layer of primarily herbaceous vegetation. The most common plant in the
central portions of the site was polkweed. Near the perimeter of the
east dike, grasses, forbs and woody shrubs formed a dense substrate
cover. The high area {(Plate 8:A) had a similar vegetational structure,
but with the addition of hackberry trees (to 10 meters). Semiaquatic
vegetation appeared to be gradually encroaching along the borrow area
swale on the west side of both G~-6 and G-5. Thus, a shift from DM-4
to DM-5 substrate conditions appeared to be in progress. The remainder
of the G-5 site supported a mixture of grasses and forbs.

139. Mosquito breeding: G-7 was one of the sites monitored

for the emergence trap survey (See Table 8 for results; see Plate 8:B
for trap location). Mosquito breeding in G-7 was less extensive than
that occurring in G-5 and G-6 probably because of the permanent nature
of the water in G-7. The borrow area swales of G-5 and G-6 were the
major foci of breeding in those sites. 1In additinn, G-6 exhibited
heavy breeding in a sump area near the northwest corner (Plate 8:C).

-

140. Mosquito species composition: dJdeldes soiiieitans,
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A. taeniorhynchus and Anopheles bradleyt.

1l41. Mosquito breeding potential: G-5 = 3; G-6 = 3; G-7 = 2.

142, Site prognosis: Mosquito activity in G~7 may increase

slightly if or when vegetation develops in the site. Deposition of
dredged material in the area will probably result in the production of
borrow area swales conducive to more extensive breeding than now

occurs. Conditions in G-6 and G-5 are not likely to change for at

least several years if the sites are not altered by further dredging

operations.
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SITE DESIGNATION: STA. #1505N W-C (G-8); STA. #151IN W-C (G-9)

Physical Features

143. Estimated acreage: G-8, 22.7; G-9, 44.0.

144, Substrate evaluation: G-8 was recently diked but no

evidence that dredged material deposition was observed. Deep borrow
areas were located around most of the perimeter of the site. G-9
appeared to be a much older site and has been utilized for dredged
material disposal many times. The highest elevation located in the site
is indicated in Plate 9:A. Lowest areas were represented by borrow

area swales (Plate 9:B and C). The substrate condition was in the late
DM-5 or early DM-7 stage.

145. Drainage characteristics: G-8 was well-drained in the

central portions. Perimeter borrow pits were permanently flooded. The
site was not flushed by tides. G-9 was poorly drained throughout most
of its extent. Portions of the borrow area swale and dike swale (Plate
9:B and C) were irregularly flooded by rain. No evidence of tidal

flushing could be found in the site.

Biological Features

146. Vegetation: The central portions of G-8 supported a mixture
of grasses. This area has previously :een used as a pasture for grazing
domestic cattle. G-9 supported a variety of woody shrubs which dominated
the dike swale. sgucniria aalimi;»!7a was most common. A mixture of
primarily freshwater vegatation occurred in the borrow area swale.
Cattails, sedges and rushes were most common. Giant cord grass

Jparrting cyncsurcidéss also occurred in this area. The south perimeter
and southwest corner supported a stand of pines and a few hardwoods.
Many of these trees apparantly were killed by dredged material deposited

on the site, but remained standing.

147. Mosquito breeding: Low level mosquito breeding was

associated with borrow pit areas in G-8. Borrow area swales and dike

swales were major foci for mosquito breeding on G-9.
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148. Mosquito species composition: G-8, (iu’ex spp. and

< A 2N L PR B . e A L saea)an P e Ta T
aorheles spp. G-9, Aclec sol o, S0 caondopnioizhus and Avopes os
i

raliont.

P

149. Mosquito brecding potential: G-8 = 1-2; G-9 = 3.

150. Site prognosis: G-8 conditions are likely to show a slight

tendency toward more favorable conditions for mosquito production as IS

semi-aquatic vegetation invades the edges of borrow pits. Disposal

of dredged material on this site would probably establish a borrow

area swale producing a significant increase in mosquito activity. G-9

{
E breeding conditions arc likelv to prevail for at least several vears
‘; if the site is not further altered by dredging. o
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SITE DESIGNATION: WACCAMAW NECK (G-10)

Summary

151. This site was not shown on the Charleston District
survey map. The site is located at the mouth of the Waccamaw River
and it was unclear from inspections whether it used for AIWW or
Winyah Bay maintenance. The substrate represented a DM-4 or DM-8
stage. Most of the site had a fissured soil habitat. More than half
of the substrate supported Phragriites corrunis. Mosquito production at
this site was monitored with an emergence trap (see Table 8). Emergence
at this site during 1977 appeared light and lack of rain was undoubtedly
a factor influencing this result. But the homogenous nature of the
substrate in this site suggested that the emergence trap results were
representative of the mosquito production of the entire surface of the
site. Therefore, even apparant light breeding was significant in this
case when multiplied by the total area of the site. This reasoning
provided a basis for estimating the mosquito breeding potential of
the site at 3. The nuisance produced by this site is magnified by its
geographical position which is immediately adjacent to the major

population center of the city of Georgetown.
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Section 3: Charleston County

152. The majority of diked dredged material disposal sites
3 which occur in South Carolina are found along the AIWW in Charleston
X County. More than half of these (28) occur north of Charleston Harbor
b and many are characterized by excellent mosquito producing conditions. :
o
Some of the sites in the vicinity of McClellanville, South Carolina
were among the heaviest mosquito producers encountered during this
survey. Fewer sites (13) are found along the AIWW scuth of Charleston.
ip_ This apparently results because the course of the AIWW south of Charleston
e
»" Harbor follows the main channel of several major river systems, the
Stono, Wadmalaw and Dawho Rivers, where the effects of currents reduce
shoaling problems. This effect is emphasized by the fact that the
major disposal sites (S-7, S-8, S-9, S-10, S-11 and S-12) to the south o
of Charleston all occur along a man-made cut (Watts Cut) which connects
the AIWW between the Dawho and South Edisto Rivers.
[
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’ SITE DESIGNATION: STA., #/74N W-C (N-1)

’i Physical Features e

153. Estimated acreage: Not available.

ii 154. Substrate evaluation: This site was rediked in 1977

resulting in deep borrow pits which surround the site. A major o
feature of the substrate was a number of deep ruts resulting from the
movement of heavy equipment on the site during the rediking operation.

155. Drainage characteristics: The deep borrow areas usually

3
'; remain flooded although they are subject tco fluctuation according to e
weather cycles. The ruts which cover many portions of the surface are

subjected to irregular flooding. The site was not flushed by tides.

Biological Features o

156. Vegetation: The borrow arca was completely bare and

supported no vegetation. The center of the site supported a stand of
pines which has become established on an old disposal area created before ®
- the site was diked (hummock area). .

- 157. Mosquito breeding: The major source of mosquitoes from e

this site was the depressions which resulted from heavy equipment.

158. Mosquito breeding potential: 2-3. o
159. Mosquito species composition: A-ucs T2t tans, A.
taeniopraneiue and Jelos spp.
160. Site prognosis: Depression sites should continue to breed
o o

unless the site ix altered. Borrow pits probably will begin producing
mosquitoes as vegetation develops around the edges of these sites. If

the site is filled, the development of borrow area swales should contri-

bute to increased mosquito production.
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SITE DESIGNATION: STA. #716N W-C (N-1A); STA. #63/N W-C (N-1B)

Phvsical Features

161. Estimated acrecage: N-1A, not available; N-1B, 26.2.

162. Substrate evaluation: N-1A and N-1B exhibited identical

conditions. Both sites were constructed during 1977 by diking previously
undiked disposal areas (see Plate 10 for a comparison of conditions
before and after diking). The substrate of cach site consisted of high
ground in the center. The lowest arcas were Lhe borrow pits (Plate 10:A)
along the inside perimeter of each site. A number of depressions have
also been created within the site by movement of heavy equipment.

163. Drainage characteristics: The borrow pits of each site

usually remained {looded, but the water depth was subject to fluctuation.
Depressions resulting from ruts left by heavy equipment were irregularly

flooded. Neither site was influenced by normal tidal action.

Biological Features

164. Vegetation: Both sites support a well-developed pine
forest (hummocks) to ten meters or more. The perimeter areas were
stripped of vegetation by the diking operation.

165. Mosquito production: Low-level mosquito production by

permanent water species was found in t.c¢ borrow pits. Slightly more
intense breeding by floodwater species occurred in shallow depression
sites.,

166. Mosquito species composition: ‘wisx spp., Acdes

5 A fe s, N o o~ e N h
Foo L nia and M. TLATT O TS

167. Mosquito breeding potential: N-1A = 2; N-1B = 2.

168. Site prognosis: Depression sites should continue to

breed unless the site is altered. Borrow pit breeding probably will
intensify as aquatic vegetation develops in and around these sites. If
the sites are filled, the development of borrow area swales should

intensify floodwater mosquito brecding.
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SITE DESIGNATION: STA. #598N W-C (N-2)

Physical Features

169.
170.

Estimated acreage: 73.8.

Substrate evaluation: The lowest area was found to be

associated with the borrow pit at the north corner (Plate 11:A).
Another low portion occurred in a borrow swale along the southeast
face (Plate 11:B). The substrate along the southeast face was in the
late DM-5 or early DM-7 stage.

171.

Drainage characteristics: The borrow area slong the

entire northwest and southeast perimeter of the site was found to be
irregularly flooded by rainfall. The site was not flushed by normal

tidal action.

Biological Features

172. The borrow area along the northwest side

Vegetation:
of the site was generally free of emcergent and aquatic vegetation. The
borrow area swale along the southeast side supported several species of
composites, sedge rushes and cattails. The central portion of the site
supported a pine forest (hummock arva) with trees to ten meters.

173. Mosquito breeding: The borrow area swale slong the south-

east perimeter was a major source of m-'squito production.

174, Mosquito species composition: Soi08 goclieitans, A
sroniopimohus and Julox spp.
175. Site prognosis: No change in mosquito breeding activity

is likely unless the site is altered. Further augmentation of the dredged
material deposit may briefly interrupt breeding but a return to present
conditions would probably occur in less than a year after a new disposal

operation,
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SITE DESIGNATION: STA. #507N W-C (N-4); STA, #508N W-C (N-4A)

Physical Features T e
177. Estimated acreage: N-4, no estimate; N-4A, 20.4. e
178. Substrate evaluation: Both sites were sandy throughout. jﬂ{ifw_fnf

179. Drainage characteristics: Neither site was affected by ®

.

normal tidal action. Both were well-drained.

Biological Featurcs

vy
o

180. Mosquito breeding potential: N-4 = 0-1; N-4A = 0-1,

181. Site prognosis: N-4 appeared to be unsuitable for further

filling unless dikes are raised, and no change in the mosquito breeding

r potential of this site is likelv. No change is likely in N-4A unless L
(g
t the site is altered by further dredging activities.

)
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SITE DESIGNATION: STA. #460N W-C (N-5)

Physical Features

182. Estimated acreage: 52.1.

183. Substrate evaluation: The site was recently rediked.

Thus, the lowest elevation occurring in the site was associated with the .

borrow pit. The borrow area extended around most of the inside perimeter

{ of the site. Two areas of high ground representing discharge points ' N R
:‘ interrupted the borrow area (Plate 12A and B). The discharge areas . . ]
t: were sandy. The surface of the site also retained numerous depressions ) ® :

created by movement of heavy equipment. That portion of the substrate 7 1

which was not disturbed by the rediking operation was in the late DM-5

or early DM-6 stage. - 1
184. Drainage characteristics: The borrow area usually i 'Y _4
remained flooded, but the water level was subject to fluctuations. 1
!

:

Depression sites were irregularly flooded. Normal tidal action was

p——r

not influencing flooding in the site.

Biological Features

- 185. Vegetation: The site was almost completely devoid of BRI
4 : B ael e
vegetation. . ® 4
- 186. Mosquito breeding: Mosquito breeding was associated with e
| 8 the borrow area, especiallyv on the north side. However, the major B B
1 ) ST e
b source of mosquito production was the depression sites. oo {.:f“"d
g .
*. 187. Mosquite species composition: dAoize scllieltans and A. ®
- -

SR Rt

188. Mosquito breeding potential: 2-3.

189. Site prognosis: Some increase in borrow area breeding is

likelv to accompany develcepment of aquatic vegetation. Deposition of . ®

dredged material would result in a borrow area swale which would increase

the mosquito breeding capabilities of the site.

P L P Y

TOPOOMD RSP TR AP SIS







—
ol

—r - w— vw = = % = - W

SITE DESIGNATION: STA.#402N W-16 (N-6); STA., #34ON W-C (N-7):
STA.#308N W-C (N-8); STA. #204N W-C (N-9)

Physical Features

190. Estimated acreage: N-6, 48.1; N-7, 86.5; N-8, 34.7;

N~-S, not available.

191. Substrate evaluation: The lowest portion of N-6 was

associated with borrow area swales along the southeast side and north-
east corner (Plate 13:A and B). Highest elevations were in the center and
at the extreme ends of the site (Plate 13: C, D and E). The substrate
in the low areas of the site was in the late DM-3 or early DM-7 stage.
N-7 was rediked in 1977. This resulted in many shallow depressions,
especially at the southwest end (Plate 1l4: A). The substrate was in the
late DM-5> or early DM-7 stage except in borrow pits where the rediking
operation destroved prevailing vegetation. N-8 has been rediked and
also enlarged (Plate 13; irregular broken line surrounds addition).

The lowest areas were represented by borrow pits resulting from rediking
which surrounded the inside perimeter of the site. The substrate was

in the late DM-5 or varly DM-7 stage. The highest area occurred on the
southwest end (Plate 15: A). The lcwest portion of N-9 occurred in the
borrow area along the southeast side and northwest side. The substrate
was in the late DM-5 or early DM-7 stage.

192. Drainage characteristics: The N-6 borrow area swale has

been subjected to frequent drying and reflooding cveles. The site was
not influenced by normal tidal action, however. Most of the site was
low and poorly drained. N-7 drainage was influenced by tidal flow

on the southeast and southwest sides. However, borrow area and dike
swales along the northwest side of the site (Plate l4: B) were not
influenced by this tidal action. They were irregularly flooded by
rainfall. Depression sites (Plate 14: A) were also irregularly flooded
by rainfall. N-8 was well-drained on the north end because a weep hole
was constructed at the northwest corner (Plate 15: B). A series of
shallow depressions were associated with the dike swale on the south .
half of this site. These depressions are irregularly flooded by rainfall.

The borrow area of N-9 was flushed bv tides on the southeast and
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southwest sides. The dike swale of most of this site was irregularly

flooded by rainfall.

Biological Features

193. Vegetation: The vegetation pattern of all four sites
was approximatelv the same. The lowest, wettest areas supported a
mixture of rushes and .rurrisne «yvsour Sdoc. Slightly higher elevations
supported a mixture of forbs dominated by composites. The higher central
portions of ecach site supported more woody shrub growth with Saccharis

e T predominating.

194, Mosquito breeding: Major mosquito breeding areas on N-6

were associated with borrow area swales on the southeast side (Plate

13: A and B). At the time the site was inspected, outfall pipes in the
vicinity of these depressions were slightly too high to permit tidal
tlushing. A minor adjustment of the weirs would permit flushing and
allow predatory mosquito fish to gain access to these breeding areas.

The dike swale and depression sites (Plate 14: A and B) were major sources
of mosquite production on N-7. Drainage through the weep hole on the
north end of N-8 has significantly reduced mosquito breeding in this
portion of the site. Depressions associated with the dike swale produced
large mosquito broods on the south half of N-8. Tidal flushing through
outfall pipes on the southeast side of N-9 (Plate 16: A and B) were
effective in reducing mosquito product.on in the borrow area swale.
However, the effects of tidal flushing did not reach the dike swale areas
where breeding continued to be heavy.

194. Mosquito species composition: i o iondorn

L = .js.t A’ > and M7 ._/,A‘; /'_/Iﬂ . 1,3'( ~”’“ - .

195. Mosquito breeding potential: N-6 = 3-4; N-7 = 3-4; N-8 = 3;

197. Site prognosis: No change is likely to occur in the mosquito
breeding capabilities of these i1our sites unless modifications specifically

designed to control mosquitoes are implemented.
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SITE DESIGNATION: STA. #78N W-C (N-10)

y‘ Physical Features °
i
. 198. Estimated acreage: Not available.

. 199. Substrate evaluation: The highest portion of the site

il occurred on the northwest side. The substrate was in the late DM-7 . ®
or carly DM-8 stage on the northwest hilf of the site. DM-6 conditions

prevailed on the opposite side of the site.

200. Drainage characteristics: Drainage was cxcellent because
r‘ a continuously declining clevation gradient promoted drainage from the ®
»

highest elevation into the marsh on the undiked southeast side of the

site.

° Biological Features ®

201, Vegetation: The site was dominated by a mature stand of

LRI T P

202, Mosquito breeding: Little or no mosquito breeding ®

occurred on the site,

203. Mosquito breeding potential: 0-1.

204. Site prognosis: The site should remain unchanged with
respect to mosquito production if the undiked portion of the site is not [ ]

enclosed by dikes.,
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SITE DESIGNATJON: STA. A4ON W-C (N-11)

Physical Features

205. Estimated acreage: 59.5 acres.

206. Substrate evaluation: The substrate was primarily silt

throughout except for a small snad flat at the northeast corner. Most
of the substrate has aged beyond the fissured soil stages except in
the vicinity of several depressions (described below) Fissures
associated with the depressions are deep (up to 2 feet) and represent

substrate condition DM-5,

207. Drainage characteristics: The highest elevation within the

site occurred at the north end and appar-ntly resulted from accretion of
dredged material which was discharged during past disposal operations.
Although no discharge hole was located at this end during inspections,
the presence of a sandy substrate appeared to verify the observation.
The lowest elevation was located at the opposite cnd of the site near
the southeast corner. However, the site did not possess a continuous
clevation gradient from highest to lowest points because a secondary
dike perpendicular to the long axis of the site between the southwest
and northeast ends interrupts the gradient (Plate 17: A). Depressions
located along the base of the sccondary dike (Plate 17: B and C) were

a major drainage feature that acted as reservoirs for surface runoff.
These depressions are intermittently f.ooded. The frequency and extent
of flooding was wholely dependent on weather conditions. Flooding also
occurred in borrow area depressions near the dike at the north and
southwest corners (Plate 17: D and E). No portion of the site was

flushed by tidal actioen.

Biological Features

208. Vegetation: Highest elevations within the site supported
a mixture of woody vegetation including pines and shrubs (Bazcharic
;72;ivv:ry' ST " ;y)"f LR T

ST, M Jomowi s 0 In some sections shrubs formed dense

thickets which were nearly impenetrable. The northeast side of the site
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supported a mixture of grasses, forbs and low shrubs. Vegetation is
sparse and gradually disappeared compictelv on the sand flat at the
extreme northeast corner. o

209. Mosquito breeding: A major source of mosquito breeding

occurred in the site in swales associated with the secondary dike St
which divided the site. These swales are located on both sides of EURRE STy
the secondary dike and apparvntly were the result of borrow areas left ®

after after construction of the secondary dike. Borrow area swales
assocliated with the primary dike at the north and souvthwest corners of
the site also supported mosquito breeding (see Plate 17: B, C, D, and
ol E). Mosquito production in all depressions was sporadic and was L
correlated closelv with heavyv rainfall. Populations were frequently

produced which exceeded nuisance levels.

t 210. Mosquito species composition: o loa tronicrhunchus and
Ay

21l. Mosquito breeding porential: 3.

212. Site prognosis: Mosquito breeding potential is likely

to remain at the level present when the site was inspected if the

surface is not disturbed bv new dredged material disposal operations. - L4
Depression fissures which are an important indicator of the mosquito
breeding potential are not likely to fill oecause standing vegetation

currently impedes weatnering processes.
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SITE DESIGNATION: STA. #I9N W-C (N-12); STA. #14N W-C (N-13)
STA. #41S W-C (N-14)

Physical Features

213. Estimated acreage: N-12, 19.8; N-13, 39.5; N-14, 89.7.

214, Substrate characteristics: The N-12 substrate consisted ®

of a borrow area swale around the perimeter of the site. This was the

lowest area in the site. The substrate stage was DM-5 or early DM-7.

Two areas of high ground near the central portion of the site

represented the highest elevation. The lowest areas in N-13 occurred e
in borrow area swales along the south and southeast sides of the site.

The substrate stage was DM-5 or early DM-7. Two discharge sites also

represented low depressions (Plate 18: A). The lowest portion of N-14

occurred along the southeast side and especially in the extreme south ‘ ®
corner (Plate 19: A). Several discharge sites located along the north- :
west face (Plate 19: B) were also low. The substrate was in the DM-4

stage along the southeast side. Several areas of high ground were

situated along the central axis of N-14, Y

215. Drainage characteristics: Surface water conditions on

both N-12 and N-13 were influenced by normal tidal action. Tidewater
entered N-12 through an outfall pipe on the east corner of the site
(Plate 18: B). Seepage produced by tides extended around the entire °
site. The tides entered N-13 on the south side (Plate 18: C). Tides .
flushed the borrow area swale along the south and east perimeters of
N-13, but the dike swale usually was not affected. Tides also entered
N-14 at the extreme southeast corner but this usually only occurred a
few times during each month. No daily flushing was observed at N-14,
A number of depression sites at the southeast end of N-1l4 were

created during the last rediking operation. These depressions were
irregularly flooded by rainfall. All three sites were prone to
flooding by rainfall, particularly in dike swales along the perimeter

of each site.
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Biological Features

r. 216. Vegetation: The hummock arca ot -1, produced by Y
| disposa: operations conducted before the site was diked supported a
. mature pine forest surrounded by a dense stand of shrubs. A band :.3{;?._
o of grasses and forbs occurred along the southeast wide of the upland ;kﬁ,:{
i‘ areas. The remainder of the arca between herbaceons growth and the . .. -
southeast dike was barren, fissured soil.  Similar but less extensive
areas of mature pine were found on N-12 and N-13. Y substrate
between these arcas and the dike was entirely coverod bw o a herbaceous
Lﬁ laver ot vegetation. Species observed included 0 0 o o i rg, ' ‘
; Ceoratemey Do el e pr iy T e e T spp. o the tidally
f intlTucenced areas.  Other species included . . oM, oo i
: soscen Doy e and LT win spp., LT o wppe and ot spp.
217. Mosquito breeding: The higher rcaciies ot the borrow ®
arcva swale on N-12 and N-13 were flooded only by the monthly spring
tides.  These areas, such as area D shown in Plate I3, supported heavy =
mosquito production. Similar conditions were found on N=13 (Plate 18:F). >;; _ %.fé
The dike swale which runs parallel to the borrow area along this section f o i n:
of N-13 also produced mosquitoes. Mosquito produaction on N-14 was o T
associated with soil fissures and depression sites at the south corner
(Pli]f\‘ 19: A)-
218. Mosquito species composition: 5. o . 57 elahug,
A el inia, Anephoics bradleni ana wloo spp. T 1
219. Mosquito breeding potential: N-12 = 4; N-13 = 4; N-14 = 2-3, R ;
220. Site prognosis: No change in mosquito activity at N-12 : C"’_ ‘ i
and N-13 is likely unless the sites are specitically altered to improve ®
drainage for elimination of mosquitoes. N-la brocoing conditions are . 1
likelv to be further enhanced by the gradnal development of vegetation oo
at the south end of the site. A ‘ ;'f
o ]
iy
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SITE DESIGNATION: STA. #6085S W-C (N-15); STA. #6455S W-C
(N-16)

Physical Features

221. Estimated acreage: N-15, 29.6; N-16, 31.5.

222, Substrate evaluation: The N-1% area has been diked

for several years, but no dredged material has been deposited in the
site since it was diked. Thus, the major surface fvature was a deep,
permanently flooded borrow pit which surrounded most of the inside
perimeter of the site. N-16 has been used for a* least one disposal
opuvration. The highest elevation and the discharpe site were located
at the south corner (Plate 20: A). A few shallow borrow area depres~
sions (substrate stage DM-6) extended northeast tfrom this point. The
lowest portions of the site occurred at the north end. The substrate
was in the late DM-5 or early DM-6 stage. A number ot depression sites
have been created in this site during recent rediking operations.

223. Drainage characteristics: N-15 was well-drained except

tor some shallow dike swale depressions which are most extensive at

the south corner of the site. These areas wcere flooded by heavy rain-
fall. The central portions of the site were generally higher in
¢levation than the perimeter areas. Thus, runof!{ trom the center was
diverted into the permanently flooded borrow area. Shallow depressions
of the borrow area swale and the dike swale on the socutheast corner

of the site were occasionallyv flooded by raintfall. Most runoff,
however, followed the declining elevation gradient to the north end

of the site. The north end of N-16 was flushed by tidewater which
¢ntered through a weep hole in the dike at the extreme north corner
(Plate 20: B). In August, 1977, this opening was closed during rediking
operations. Since then, the low, north end of N-1b has been poorly

drained.

Biological Features

224. Vegetation: N-15 included a few patches of scrubby upland

114

T I—

@
4
[
4
T
®
L
&
®
)
y
)
4
@
o
i
®




e~ e e o e o 4 a4 s

PR |



-

vegetation which developed on dredged material deposited before the
sire was diked. The remainder of the site -upported saltmarsh vegeta-
tion. Specie: observed included .7 i o7 T s U0 v,

N A L O ) L T P T R ) S 1 R
Jrddoscaii and dier e poers o g N=16 exhibited o similar species
composition at the low north end. A number of forbs including S0
speoand o0 TG s spL have breome established on the wouth end of the
site. A tew stands of tall, upland, woody orowth ocearred Iin the more
centrally located sections of the site.

2250 Mosquito breeding:  The only sipniticant wmosquito breed-
iny arcas oo N=10 occurred along the dike swale at the south end.  The
permanent water in the borrow areda adeguately maintarined a complex o1
predators which minimized mosquito production in that subhabitat.
Mosquito production at N-16 was restricted to the north ens until the
weep hole at the south end was closed by redikine., Within a week
ol the climination of tidal tTushing, mosquito brecding was observed

in borrow arcva swales and depression sites.

2260 Mosquito species composition: o o T el 00,
e, e s L and e s spp.
227, Mosquito breeding potential:  N-15 = 25 N-16 = 3.

228, Site prognosis: Current N-i5 conditions are likely o
prevail unless the site is altered by new dredging operations.  The
breeding intensity at N-16 is currently increasing. This trend can
be expectod to continue unless the dike at the south end is reopened

to tidal tlushing:

P




SITE DESIGNATION: (N-17, N-17A, N-18 anp N-19)

Summary

229. These sites are not listed on the current Charleston District

survey map and are not part of CE system of disposal sites designated for
AIWW maintenance. N-17A, N-18, and N-19 are located in the vicinity of
Sta. #950 and exhibited little or no mosquito production at the time of
inspection. N-18 and N-19 have been filled with sand. -17A has a weep
hole in the dike at the southwest end which promotes drainage. This drain-
age outlet has eliminated most mosquito breeding. A few depressions at the
south end were occasionally flooded by unusually high tides. This resulted
in some minor floodwater mosquito production. The mosquito breeding
potential of N-19 = 0-1; N~18 = 0-1; N-17A = 1.

230. The N-17 site is located immediately south of N-16 near
Sta. #700. This site was very similar to the N-16 disposal area. The
prominent feature of N-17 was a dike failure which has occurred along the
southeast face of this site. Therefore, this side of N-17 is subject to
occasional flooding by abnormally high tides resulting from storms. Flood-
water mosquito breeding follows such events. The opposite side of the site
was flushed by normal tidal action entering through a breach in the dike.
This side of N-17 was less likely to breed mosquitoes. The mosquito breed-

ing potential of N-17 was rated at 2.
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SITE DESIGNATION: STA. #970S W-C (N-19A)

Physical Features

231. FEstimated acreage: 25.9.

232. Substrate evaluation: The highest elevations within the site

were associated with hummocks which apparently resulted from dredged
material deposits pumped on the site before it was diked (Plate 21: A and
B). Another ridge divided the site near its center (Plate 21: C). The
lowest point, a sump site, occurred near the west corner (Plate 21: D).
Deep depressions were associated with discharge sites, where the only
sandy substrate of the site was located (Plate 21: E and F). A series

of shallower borrow area depressions occurred along the north perimeter

of the site between points D and C, Plate 21. With the exception of those
limited areas of high ground and the two discharge points described above,
the entire substrate of the site was in the DM-4 stage.

233. Drainage characteristics: The entire site was poorly drained.

Tidal flushing occurred through an outfall pipe at the west corner (Plate
21: D). As a result, the borrow area swale along the southwest side
rermained permanently flooded. The shallow depressions along the north
perimeter were flooded by monthly spring tides and/or rainfall. Swales
occurring along the fringes of the higher elevation of the site were
flooded by rainfall. Drainage was also poor along the outside of the
dike which interrupted tidal drainage, vspecially at the southwest end

(Plate 21: G).

Biological Features

234. Vegetation: Very little vegetation occurred on the site
except for pines and shrubs growing on the hummock sites.

235. Mosquito breeding: Adequate drainage occurred in the

borrow area swale along the southwest side of N-19A. All other areas

described, except hummock and discharge sites, favor mosquito production.
The entire fissured portion of the substrate supported mosquito breeding
when runoff was trapped in fissures. Areas outside the dike, where tidal

drainage was blocked, also produced mosquitoes.
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236. Mosquitc species composition: Aeire oo elony
taentornunchus and snvphelen cradl 47,
237. Mosquito breeding potential: 4-5. - °
238. Site prognosis: The present level of mosquito breeding in
N-19A is likely to persist for at least several vears uniess the site is
altered by further dredging.
.
®
o
o
®
o
[ ]
]
®
I
- - - L ] L - - ] - - - - - ®
e o3 s et a3 i PRI I AL ISP PN PRI P IO




A

S S

"z

o

o

@ - - - L ] v v R 4 L 4 - v L [ L J | L L J

L'A.I.QL‘L'A'&'I_-‘:"L.L'L'\.k‘\_ PP LI SIS VT YRETIT SO TR B LA S S N Al Vil S Wl ST VR VAL WY WL DVl S VAl W Vol VAl W/ R S LN




, - .- . .o . — e — e e ] - .
f:
E .
o e
SITE DESIGNATION: STA. #1006S W-C (N-20): STA., #1056S W-C
(N-21)
Ia .
; ‘ Physical Features
3 239. Estimated acreage: N-=20, 61.2; N-21, 47.0. _
240.  Substrate evaluation: The highest clevations ot N-20 were . °
{ associated with several hummock sites distributed alone the central
t axis. Only two hummock arcas occarred on N=I1,  [he jowest clevations
were found along the west perimeter of N=20 (Plate 220 A) in borrow
S
ol areas and at the north corner of N=21 (Plare 23: A). A divcharge point °
occurred at the cast corner of N=20 (Plate 22: 1) and it the south corner
of N=21 (Plate 23: B). The substrate of N=20 wvas in the DM-4 or DM-6
stage.  The N=21 substrate was in tne DM=4 stage.
241, Drainuge characteristics:  The general Jdivectien ol Jdrainage °
in N=20 wias from ocast to west.  Drainage was poorest in 1issured portions
o1 the substrate, in depressions around fringe arcas oif hummock sites
and in depressions associated with borrow arca and gike swales. A
poartion of the borrow area on the north side of the site wis rlushed by " o
tides (Plate 22: C). Most of N=21 was poorly driained becausc of the )
preponderance of fissured soil in the site.  Borrow area and dike swales ¥i"::gﬁ
on the nerth and south {aces exhibited poorest droing.o.  Tie bhest drain- - A
age ocenrred in the extreme north corner, which was 1V <hedi by normal t b’ -
tidal action (Plate 23: A).
Biological Features . ~
o
242, Vegetation: The only vegetation presont oo tae low eolevations :
of N=I1 occurred at the extreme nerth corner.  This arca supported a
small stand of rushes (Plate 23: A).  The low clevatione of N=20 supported
more vegctation than N=21, especially at tihe west ondg of the site near or ‘
in the borrow arca swale (Plate 22: A)Y.  Horbacoous wrowth, ospecially
Coe e and T spp. were most oprevalent. Ghe hartock sites of N-20 f{:{i;:[}
and N=21 were similar and supported a mixed stonag ot osmall pines, red
cedar, wax mvrtle and palmetto. ®
J43. Mosquito breeding: The borrow area -wale aiong the south -
22
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and west sides of N-20 were major mosquito breeding habitats. The
entire borrow area swale of N-21 had recently reached the DM-4 stage

at the time the site was inspected and low level mosquito breeding was
evident. Fissured areas near the center of the site were alsn suitable
mosquito breeding habitats.

244, Mosquito species composition: N-20 and x=21: il.deg collicitans,

A. taentormunenus and Ancphales Erallcsl,

245. Mosquito breeding potential: N-20 = 2-3; X-21 = 1-2.

246. Site prognosis: Conditions at XN-20 are likely to persist

unchanged unless the site is altered by further Jdr.ddeing activities.,
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p Mosquito breeding intensity at N-21 is likelv t increase as the sub-
o
» .

strate continues to age. The establishment oi berbaceous vegetation

L may slow this process and increase the mosquito breeding intensity.
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SITE DESIGNATION: STA. #1089S W-C (N-22)

Physical Features

247. Estimated acreage: 88.2

248. Substrate characteristics: A major feature influencing

substrate conditions within this site was a center dike which divides
it in half (Plate 24: A). The west half of the site has been further
modified by a weep hole in the dike. The lowest eleva*tions occurred
in the borrow area swale along the entire south perimeter both east
and west of the center dike. The borrow area along the north side was
slightly higher. The highest elevations occurred along the east-west
center axis in the form of hummocks produced by undiked disposal
operations. The substrate stage on both the east and west ends was
late DM-5 or early DM-7. The substrate was primarily silty.

249. Drainage characteristics: The drainage pattern within the

site was from the central portion to the perimeter. The central area
exhibited good drainage features. A few depression sites that were
flooded after heavy rains represented the only poorly drained locations
in the center area of the site. Therefore, most runoff flowed to the
perimeter. With respect to the perimeter aione, flow in the borrow

area swale on both ends of the site was directed to points on either
side of the center dike along the south face of the site (Plate 24: B
and C). Runoff, which reaches the point just west of the center dike
(Plate 24: B), was flushed out through the weep hole in the main dike

at low tide. Runoff, which reaches the point just east of the center
dike (Plate 24: C) was trapped in a depression which exhibited a
fluctuating water level, because the main dike at this point did not
contain a weep hole. The borrow area on the west end of the site (Plate
24: D) exhibited a somewhat erratic elevational gradient which has
resulted in a series of potholes that are irregularly flooded by rainfall.
Similar conditions prevailed in the borrow area swale along the south
and east face of the main dike east of the center dike. The borrow area
along the south face of the main dike west of the center dike (Plate 24:

E) was flushed by tidewater entering through the weep hole (Plate 24: B).
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Depressions outside the dike at the east and west ends of the site were
also irregularly flooded (Plate 24: F and C). Tlooding of these
depressions usually resulted from rainfall, but abnormally high tides

also influenced these sites.

Biological Features

250. Vegetation: Both divisions of this site had a well-developed

layver of herbaceous and short woody vegetation including Acicr spp.,

.

007 iaz0 SPPe, forydeniy Crarcooscis and et oo -ond Umiz, The vegetation

has encroached along the periphery of the entire borrow swale and at
times of heavy rain may be partially submersed. Hummock sites were
typically composed of trees and tall shrubs including pines, wax myrtle,
red cedar and cabbage palmetto.

251. Mosquito breeding: Mosquito production was most intense in

the borrow area swale east of the internal center dike. Inspecticons
consistently resulted in the collectien or larvac at a rate of 25-50

per dip. Small fish have gained access to the borrow area swale west of

the center dike through the weep hole in the main dike. Thus, this portion

of the borrow area swale was not a scource of signiticant mesquito breed- i

. . .9
ing. Depressions at the west e¢nd in the borrow area and sites outside ;}..4' ﬁ
the dike were significant foci of mosquito activity, but the breeding f:‘if "3
intensity was not as severe as the borrow arca swale along the south T e -T

face of the dike cast of the center dike.

”y

252. Mosquito specics composition: oo oo e, A

PRl A ;R-fgf Pt and v o T Tl

253. Mosquito breeding potential: Tast division = 3-4; west L4 1
division = 2, o

254. Site prognosis: No major changes in the mosquito breeding L o

intensity are likely to occur uniess the site is altered by further

dredging activities. . L4 1




SITE DESIGNATION: STA. #1207S W-C (N-23)

Physical Features

255. Estimated acreage: 34.4

256. Substrate evaluation: The highest elevation in the site

was situated at the extreme east corner (Plate 25: A). This end was
characterized by a deep discharge hole. A fairly constant, declining
elevation gradient extended from the east to the west corner. The
lowest point occurred in the borrow area swale at the west end (Plate
25: B). A hummock area was also situated at the west end (Plate 25:
C). The substrate in the hummock area and near the discharge point
was sandy. One other sandy area (Plate 25: D) was located near the
center of the site and may represent a second discharge point. However,
no discharge hole could be located in this vicinity to verify this
observation. The remaining low surfaces were composed of a silty
substrate. Most of the substrate was in the late DM-5 or early DM-7
stdagc.

257. Drainage characteristics: The sandy nature of the higher

elevations together with the uninterrupted elevational gradient provided
aaequate drainage into the borrow area swale at the west end. This
portion of the borrow area was flushed by tidewater entering through
outflow pipes and was permanently flooded as a result. Irregular or
intermittent flooded occurred only in the discharge hole (Plate 25: A)
and in the borrow area swale along the north face of the site midway

between the east and we.t ends (Plate 25: E).

Biological Features

258. Vegetation: Vegetation was sparse and mainly herbaceous in
form in the vicinity of the sandy high spots, except for the hummock
arca at the west end where trees including hardwoods prevailed. Dense

shrubby vegetation was prevalent along both sides of the borrow area

swale on the south face of the site (Plate 25: F). The dominant species
was SocenorTo naliv7 7 i. Emergent rushes and cattails occurred in the
128
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borrow area swale along the north face (Plate 25: F),

259. Mosquito breeding: Mosquito production was confined to

the discharge hole at the east end (Plate 25: A) aund the borrow area
along the north face (Plate 25: E). Larvae did not normally exceed
ten per dip in these areas. Fish provided satistactory control of
mosquitoes in the cther portions of the borrow arca.

260. Mosquito species composition: .o v U0 s, A

- oo yn aprny Vi e T i ST T, . T . . .
coentopiionnun, Ao rrolee rriioo gl and oo e e,

261. Mosquito breeding potential: 1-2.

262. Site prognosis: No change in mosquito production within

this site is likely if it is not disrupted by rurther dredging

activities.
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SITE DESIGHATION: STA, #104 C-P (S-1A); STA. #400 C-P
(S-1); STA. #U475 C-P (S-2); STA. #540
C-P (S-3)

Summary

263. These four disposal areas were small (less than 15 acres
each), sandy locations which provided little or no habitats suitable
for mosquito production. S-1A is located immediately south of
Charleston Harbor in the vicinity of Elliott Cut. S-1, S$-2 and S-3
were located on the Stono River in the vicinity of or just east of
Limehouse Bridge. Conditions on these sites are not likely to change
to those favoring mosquito production even if they are used for further
dredging activities unless the composition of dredged material changes

from sand to a more silty material.

131
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SITE DESIGNATION: STA. #532 C-P (S-4); STA., #5830 C-P
(S-5)

Physical Features

264. Estimated acreage: S-4, 61.9; S-5, not available.

265. Substrate evaluation: Dredged material which was deposited

on both of these sites was composed of sand. Only a small amount of
material has been deposited on S-4 since the site was diked (Plate
26: A). Similar conditions prevailed on S-5. Approximately half of
the substrate within each site oconsisted of unmodified saltmarsh.
Hummocks resulting from disposal operations conducted prior to diking
were also present (Plate 26: B and C).

266. Drainage characteristics: The borrow area of S-4 remained

flooded throughout its entirety at all times. Fluctuating water levels
occurred in a few depression sites locatea along the fringe areas of
hummock sites in both S-4 and S-5. Flooding of the borrow area cf §-5
was similar to that of S-4, but tidal flushing appeared to influence

conditions on S-4 to a greater extent than on S-5.

Biological Features

267. Vegetation: The lowest portions of both sites supported

typical saltmarsh vegetation including [yup:iny . roruiiora,

<. ratens,

Suroud poorerianug, ete.  S-5 supported some freshwater emergent species.

268. Mosquito breeding: Conditions similar to those which prevail

in natural saltmarshes were found in both sites. Mosquito production
was confined to a few small depressions which occurred near the center
of the site and the fringe areas surrounding hummocks.

.

269. Mosquito species composition: acice oo ] Iuns, Al

PUNLISVIRND S S N 2 o S M A e T and Tucexr az.oinarius.

270. Mosquito breeding potential: S-4 = 1-2; S§-5 = 1-2,

271. Site prognosis: No change is likely to occur in the

intensity of mosquito breeding within these two sites. Further dredging
activities probably will not influence any increase in mosquito breeding

if disposed dredged material continues to be sandy.

132
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SITE DESIGNATION: STA. #1595 C-P (S-%); STA. #1663 C-P (S-7)

Phvsical Featurces

272. Estimated acreage: S-6, not available; S-7, 38.1

273. Substrate evaluation: Approximately onc-third of both S-6

and S-7 was predominantly sand. The north and cast perimeters of S-6
exiibited muddy surfaces with little or no vegctation.  Most of the
perimeter of S-7 was surrounded by a deep borrow arca. Shallower

depressions occurred alone the north tace or 5-7 (Plate 27: A). The
east end of the site was higher in e¢levation and represents the dis-
charge arva (Plate 27: B). The west end was low and resenbled low
saltmarsh.  Fissured sarfaces were of ovinor sianiricance on both sites.

J74%. Dbrainn

Lo e

characteristics:  Floading on S-6 was primarily
oD ot _ IS t J
under tidal intfloence.,  Tidewater enters the site through two outflow
sipes on the north o side duvieg cevery hich tide.  S-7 was also under
the influcence of tidal action. However, runot{ 1roem rainfall was
responsible tor tlooding or depressions on the north side which were

associated with the dike and borrow area swales.

Biological Features

270, Vegetation:  Less than half of the surface of S-6 and S-7
nas been distarbed by dredpging activities.  Therefore, these sites have
retaived a vesetative cover tupical of high or low saltmarsh.

2760 Mosquito breeding: The influence or the tide was effective
in provicineg o means of access tor Tish to most of the flooded portions
of both o citen. A small area at the east end of S-i was irregularly
rlooded and o scurce of low level mesquito production.  Depressions
along the dive and borrow drea swale espocially on the north side were

aceasional sources of heavy mosquito production,

277, Mosquito species composition: oo T,
sy e o st and e s T T
274, Mosquite breeding potential: S-6 = 1@ S-7 = O,

279, Site prognosis:  Present levels of mesquito activity on
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of

or

altered by further dredging activities.

—v WY e vt .o

both sites are likely to continue unchanged unless the sites are

If sediments in the vicinity

these sites continue to yield sandy dredged material, the deposition

such material on the breeding sites described above could reduce

eliminate production within these sites.
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SITE DESIGNATION: STA. #1717 C-P (S-8); STA #1783 C-P (S-9);
STA. #1789 C-P (S-10)

Physical Features

280. Estimated acreage: S-8, 58.5; S$-9, 117.6; S-10, 49.3

281. Substrate evaluation: All three sites have been utilized

extensively for several disposal operations. Thus, all three sites
have extensive areas of hich ground resulting from the accretion of
dredged material. The highest point on $-8 was at the discharge point
near the east corner (Plate 28: A). The lowest sactions were located
in borrow area swales at the west end (Plate 28: B) and near the north
corner (Plate 28: C). The highest c¢levation of S-9 occurred at the
east corner (Platc 29: A). The dike at this corner has eroded and
collapsed. The borrow area was deep around the entire perimeter and
represented the lowest portion of the site. $-10 was lowest in the
borrow area swale at the south corner (Plate 30: A). Another low

area occurred at the east corner (Plate 30: B). The perimeter aleng
the north face of the site was characterized by a series of shallow
depressions which occurred in the borrow areca and dike swales (Plate
30: C). The highest elevation occurred on a hummock site, which
apparently was produced by undiked disposal operations. The substrate
of all three sites was composed almost cntirely of silty material.

The substrate condition at the three sites was in the late DM-5 stage.

282. Drainage characteristics: Drainage on all three sites was

poor. All three areas cxhibited a well-developed dike and borrow area
swale. Drainage in the swales as well as in more centrally located
portions of these sites was further impeded by a predominance of
fissured substrate conditions. The borrow arca of $-8 on the west
side of the site was apparently permanently flooded. The extent to
which this condition was influenced bv tidal action could not be
determined.  Swales on the cast half were irregularly flooded and were
under the influence of runoff from rainfall. $-9 was under greater
tidal influence than $-8 because the breach in the dike at the east

corner (Plate 29: A) provided an access point for flooding during










spring tides. As a result, most of the borrow arca remained perma-

. nently flooded. Shallow depressions along the nortf: 1ace of $-10

. (Plate 30: B and C) and the extensive areas of ri:nurced substrate in ]
r. the central portions of the site were flooded by raintall. The o

- borrow area in the vicinity of the south corner (Plate 30: A) was e

influenced by tidal action and remained permanentiv tlooded. o

Biological Features

l 283. Vegetation: Conditions on all three «ites were greatly

. - intluenced by vegetation. 3-8 and $-9 supported laree expanses of 4

!w ) . . ‘ . e
piant cord grass . it ol sl T el §5-9 was almost completely 1

covered by this species.  Sections of §-8 along the north face of the

site supported a mixture of cattails, sedges and rushes in addition

to glant cord grass. The north face of S-10 (Plate 30: C) supported . 4
. - > . . . . .

woodv shrubs, primarily - oeencele oo i Toos A small ostand of mived {

rushes and sedges which at times of heavy rainfall was partially . 1

submerged, occurred at the east corner (Plate 30: B). The remainder
of the site, except for the hummock area (Plate 30: D) was about S
equally divided between barren non-vegetatoed fissurcd substrate and

areas supporting marsh grasses. These vegetated arvas appeared to

result from marsh grasses which were overlaid by drodged material. The
depth of the dredged material was apparently shailow enough to permit oo o4
the original marsh vegetation to survive and penetrate through to the
new surface. Vegetation on all three sites had a significant role in o )
maintaining soil fissures in a partially filled condition.

284. Mosquito breeding: More than half of the S-8 and $-10 areas

‘ exhibited excellent mosquito breeding conditions. $-8 was especially . 1
E significant as one of the most uniformly conducive breeding habitats
:. of all areas surveved during this studv. Larval dip counts consistently
l approachied 100 por dip when dike and borrow arca swales were [looded

after signficant rainfall. Fissured areas in the central locations of et

the site also consistently produced mosquitoes. Conditions on $-10

e e e

were similar to but less extensive than those of $-8. A major focus

ol mosquito production occurred in depressions along the north face '1
‘
<
-.‘
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(Plate 30: B and C). Fissured areas on the south half of the site
were also significant. The intensity of breudine 1 5-9 was somewhat
less than that of S$S-8 and S-10 because of the tii., acvese at the east
corner.

285. Mosquito speci:s composition: . . .° - Lo e, A

ey B TR SRR ¥ AT e
SUlel LTINS, ANOrREe 28 braa Cul

and oo ooy L

286. Mosquito breeding potential: S$-8 = 4; 3-9 = 2-3; S-10 = 3.

287. Site prognosis: Present conditions on il three sites can

be expocted to persist even if thev are vl ror rarttor dredging
operations. Deposition of new dredged wateriagr oin be expected to

interrupt breeding for onlv a briet pericd (oo than one vear).
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SITE DESIGNATION: STA. #1320 C-P (S-11); STA. #1836 C-P (S-12)

Physical Features
288. Estimated acreage: S-11, 21.3; S-12, 43.7

289. Substrate evaluation: Conditions of S-11 resembled those

of S-8 however, the substrate has undergone more extensive weathering
which has resulted in the filling of most fissures. The lowest areas
were located in the borrow area along the : - ath face of the dike (Plate
31: A) and in the northwest corner (Plate 31: B). The highest area

was a hummock site on the east side (Plate 31: C). The substrate
throughout most of the site was in the late DM-5 or early DM-7 stage.
The lowest portion of S-12 occurred in the borrow area swale which runs
along the entire inside perimeter of the site. A large hummock repre-
sents the highest elevation and extends along the entire east-west axis
of the site (Plate 31: D). This area exhibited a dense vegetational
cover which was thought to be an indication that the site has not been
disturbed by dredging operations for many years. Most dredged material
which has been pumped into the site has settled in the borrow area
along the north face (Plate 31: E). The substrate was in the late

DM-4 or early DM-5 stage.

290. Drainage characteristics: Draindage on S-11 was poorest

in the swales along the south face and in the northwest corner (Plate
31: A and B). These areas were subjected to a fluctuating water level
which was dependent on rainfall. ©No tidal flushing occurred in this
site. Drainage in the entire borrow area swale of S-12 was very poor
and the water level was dependent on rainfall. Tidal action was of
minor importance and appeared to influence the borrow area only at the

southwest corner (Plate 31: F).

Biological Features

291. Vegetation: More than half of S-11 supported a mature
stand of Baccharis haliriolia. A portion of the northwest corner
was overgrown with Spartina cyrosuroizes (light area of S-11 in Plate
31). A transition to freshwater species such as cattails, sedges and

rushes occur.ed in the extreme northwest corner (Plate 31: B). Little
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or no vepctation grew in the borrow area

ot S=12. The hemmock area supportod oo
pines, cedar, wax mvrtle and hardwoods.

sradient from the hummock to the south

o s and finally saltmarsh eroeeacs

A small area atong the west side of the
and rushes.

92,

Mosquito brecding: Moot o
, L
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Section 4: Colleton-Beaufort Countices

296. Only a small section of the AIWW in Beaufort County is

t‘ within the boundary of the Charleston District. Little or no °
shoaling occurs along this short stretch north ot Port Royal Sound
: and as a result no diked disposal sites have been constructed along i
E“ it at the time of the writing of this report. The AIWW in Colleton )
il County is similar to the portion of the wWaterway in south Charleston °
County in that most of it passces through rivers (the Vouth Edisto,
Ashepoo and Coosaw) which have naturally deep channels.  As a result,
little dredging is required for maintenance of tihe AIWW in Colleton
r; County. Most of the six diked disposal sites in Colleton County are °
associated with man-made cuts which connect the AIWW between the above |
mentioned rivers. These cuts include those at Fenwick and Ashe Island. ]
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SITE DESIGNATION: STA. #2157 C-P (S-15); STA. #2234 C-P (S-16)

Physical Features

297. Estimated acreage: S-15, 32.1; S-16, 5.5

298. Substrate features: S-16 was small and of minor significance

from the standpoint of mosquito control. Most of the site was sandy
throughout except for a hummock area in the center. The dike at the
north end was eroded and has collapsed. As a result, tidewater entered
a small portion of the site and the substrate at this point contained a
few shallow fissures in the late DM-4 stage. S-15 has been filled and
the entire surface has been covered with silty dredged material. A
small portion near the east corner (Plate 32: A) was covered with sandy
material and this area represented the discharge location. Except for
this discharge point, the entire surface was fissured and was in the
DM-4 stage. Fissures were deep, especially in the borrow area swale
where depths approached one-half meter.

299. Drainage characteristics: S-16 was well-drained. Drainage

in S-15 was poor. Runoff from rainfall was trapped in fissures. Borrow
arca and dike swales encircled the entire perimeter of the site and
were especially prone to flooding because they represent the lowest
areas in the site. The lowest portion of the borrow area occurred along
the west side of the site (Plate 32: B). On some occasions, heavy rainfall
resulted in water depths which approached one-half meter in this area.
S5-15 was not influenced by tides. §-16 was subjected to a minor tida!
influence as described in the preceeding paragraph.

300. Vegetation: S-16 supported little vegetation except for
plant growth on the hummock area which supported mature trees. S$-15
was completely devoid of vegetation.

301. Mosquito breeding: S-16 exhibited no significant mosquito

breeding habitats except for occasional light breeding near the breach
in the dike. The fissured substrate of S-15 represented excellent
conditions for mosquito production, especially in the dike and borrow
area swales.

302. Mosquito species composition: S-15 and S-16: A. sgollicitans
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and A. taeenicorkunchus.
303. Mosquito breeding potential: S§-16 = 1; S-15, 2-3.
304. Site prognosis: No chanpge is likely in S-16 conditions ' 1
unless the site is altered by further dredging. Mosquito breeding o
intensity at S-15 is likely to increcasce as the surface ages. This _;,._f:' -
effect will be further enhanced if a laver of herbaceous vegetation if'j l:'ff
becomes established before weathering of fissures is complete. 4
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:  STA. #2461 C-P (S-17); STA. #2508 C-P
(S-18); STA. #2536 C-P (S-19); STA. #2564
C-P (§-21)

é

Physical Features

305. Estimated acreage: S-17, 72.3; S-18, 45.7; S-19, 19.3;
$-21, 29.6

306. Substrate evaluation: All four sites were basically similar

(5-20 was not diked when this report was prepared). They all have been
filled and the deposited dredged material is silty. S-17 and $S-18 each
have a large, high hummock area which occupied approximately one-half
of the surface area (Plate 33: A; Plate 34: A). The remaining half was
low and completely covered with dredged material. The substrate stage
was early DM-4. Both sites were encircled by a deep borrow area swale
and a dike swale. A discharge arca was a prominent feature of S-17
(Plate 33: B), but the discharge point on $-18 could not be located
during inspections of the site. Sump sites were located on the east end
of S-17 (Plate 33: C) and the south end of S-18 (Plate 34: B). The
highest areas on S-19 and S-21 were small hummock sites (Plate 34: C
and Plate 35: A). Most of the surface of both sites was composed of
silty dredged material except for sandy deposits in the vicinity of the
discharge points (Plate 34: D and Platc 34: B). Most of the surface in
both areas was fissured and represented the DM-4 substrate stage. Sump
areas represented the lowest elevation in both sites (Plate 34: E and
Plate 35: C).

307. Drainage characteristics: Irregular flooding occurred in all

four sites and this resulted primarily from runoff from rainfall. None

of the sites were influenced bv tidal action. However, several depression
sites located oitside the dike of $-21 were flooded by abnormally high
tides as well as by rainfall (Plate 35: D). All the low areas within
S-17, S-18, S$-19 and S-21 exhibited a tendency to flood, including

discharge holes, dike and borrow area swales and sump sites.
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Biological Features

308. Vegetation: Except for trees and shrubs occurring in the
hummock areas, most of the surface of these sites was devoid of vegeta-
tion. One section of S$-21, adjacent to the hummock area, was beginning
to revegetate rapidly (Plate 35: E). This area was overlaid by a
shallow layer of dredged material which covered - " /70 “wotoroong.
The depth of the dredged material deposit was not sufficient to kill
the stand of - " -7 and a dense stand of new sprouts was emerging
when the site was inspected. This will probably impede weathering of
fissures in the portion of the site where the = =" 7. is developing.

309. Mosquito breeding: All four sites exhibited excellent mos-

quito breeding habitats throughout most of their extent. All low areas
including discharge holes, dike and borrow area swales, sump sites and
the entire fissured surface of each site was capable of heavy mosquito
production.

310. Mosquito species composition: S-17, S$-18, $-19 and S-21:

PR R SV S SVL < § o e BN U SN IR A P TRIN

311. Mosquito breeding potential: S-17 = 3; 5-18 = 3; S-19 = 2-3;

312. Site prognosis: Mosquito breeding intenvity on all sites

will probably increase slightly as vepetation begins to develop on the
barren surfaces. This effect will be enhanced if roevegpetation is rapid
enough to impede weathering of fissures. Such an c¢ftect is already
occurring on $-21. Further deposition of dredped material probably will
not have anv lasting effect on the mosquite prodoecing capabilities of

these sites.




313. Experimental data about the generalized physical, chemical
{‘ and biological conditions found on dredged material disposal sites in 4 ]
the Charleston CE District have been presented. Detailed summaries of
existing conditions on each disposal area associated with the maintenance
dredging of the AIWW within the Charleston District have also been
II iy presented. The major conclusions relating to the information presented o
in the preceding sections of this report are reviewed in this section
together with recommendations for reducing or eliminating mosquito
breeding associated with the disposal of dredged material. Many of these
rﬁ recommendations relate to working methods used for mosquito abatement e
in other types of saltmarsh habitats, but they have not been adequately
studied and refined to maximize their effectiveness in diked dredged

material disposal site situations. Therefore, many of the recommenda-

PO R

tions presented in the remainder of this section shculd nct be regarded

as practicable methods for implementing control measures at this time.
They should instead be interpreted as suggestions for initiating
experimental pilot studies. This may be regarded as the initial recommen-~

dation of this section, (i.e., to conduct further studies of the feasibility 1

of augmenting and supplanting insecticidal control methods witk cultural

practices in a dufined pest management program).

Interagency Communication

314. Ezell (1978) has provided an excellent report of the attitudes

of persons associated with different government agencies concerned with . !
|
harbor and channel maintenance and with mosquito abatement. Results of 1

this study indicated that personnel within each of these agencies had

T _vi-vv

differing and sometimes conflicting perspectives of the role, function R
and responsibility of the other agency. Thus, the improvement of

é‘ communication among different agencies should contribute to an improve- .
A ment in the achievement of the goals of all concerned interests. It is ‘ ;':;;.i”
s therefore, recommended that some mechanism be established for interagency ‘ i;"Qi‘“f

F‘. communication. The structure of such a mechanism should be devised in S
d
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a manner that will best accomodate the existing organizational structure
of the different agencies concerned. Since organizational structures
vary in different areas and since the scope of problems may encompass
r. different amounts of area (i.e., county, regional, state, etc.), no ) o ’
Lo single standard for developing channels of communication is applicable

in all cases. In some instances, the establishment of a position for a

PUNPY ST

i; commissioner representing a given interest group or agency on the board
. of commissioners of a mosquito abatement district may suffice. 1In other ) o

instances, a state commission organized under the aegi-s of an appropriate

PR S {

department such as environmental protection or public health may be

necessary. A somewhat novel and extremely effective approach to stimu-

P

r" lating interagency communication has been developed in New Jersey. The ® 4
Associated Executives of Mosquito Control in New Jersey is an organiza- ;
tion of supervisory personnel which meets monthly to review problems |
within their purview, establish policv and develop cooperative, regional )
projects. Policy decisions are formulated onlv after members of
agencies with a possible interest in such policy have represented their
views before this organization. The range of possible organizational
approaches is of course virtually limitless and any structure which is

functional and amenable to all interested parties can be considered to

sl

be a satisfactory means of solving communication problems. Ta

A

Cultural Practices

315. Results already discussed in this report demonstrate that : 1

e ¥ F ¥

most mosquito-related problems associated with diked dredged material

disposal areas im South Carolina are attributable to floodwater mosquitoes.

Therefore, the application of an appropriate water management scheme - 1
3 within disposal areas would provide an excellent means of implementing .

. permanent control. As previously described, water management for mosquito

PR S

' control in saltmzrsh habitats can be implemented in one of two basic

A

ways: by means of permanent water impoundments; by means of a water

drainage and circulation schemes (Open Marsh Water Management). The

P )

latter approach appears to be the most suitable one for diked disposal
areas because it complements the need for dewatering sites which is

necessary belore sites can be reused. Results from the review of the
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generalized physical, chemical and biological features of disposal
areas indicated that drainage is a feasible approach. The implemen-
tation of this type of management scheme would involve modifications
to practices currently used in disposal site construction and to the
manner in which dredged material is pumped intc sites. Additional
site modifications might also be required after the disposal operations
are completed. Such modifications might also entirely replace the need
for changes to sites prior to the pumping operation in some instances.
316. Rim ditching: One approach to drainage has been liscussed
in detail by Ezell (1978). This method, which is illustrated in Figure
10, involves the establishment of an elevation gradient with the highest
point at the center of the disposal site. The perimeter area, which
is the lowest portion of the site, is then excavated to provide material
for reinforcing the dike and to produce a deep rim ditch. The rim
ditch acts as a sink receiving runoff from the higher, central portions
of the site. This sink can be connected with tidewater by weep holes
in the dike which will permit larvivorous fish to enter the site and
devour any mosquitoes before they reach the adult stage. The success
of this technique is dependent on two factors: a continuous elevation
gradient with a surface that is even and does not trap water; the action
of tidal flushing resulting when a weep hole or access pipe is installed
in the dike. Under some circumstances, such as disposal areas which
have been used for many disposal operations, it may be impossible to
excavate a rim ditch which is deep enough to be flooded by daily tidal
action. In such situations, rim ditches would still be effective if
they were carefully constructed with sufficient slope to provide drainage
to an outlet (weep hole or access pipe in the dike). Extra care would
be necessary in such instances to avoid any irregularities in the slope
of ditches of this kind=—irregularities could result in potholes con-
ducive to mosquito breeding if drainage patterns are not carefully designed
and constructed.

317. Radial ditches and minnow reservoirs: Mosquito breeding in

many disposal sites may not be completely eliminated by rim ditch
construction alone because of naturally occurring irregular contours and

the shape and size of sites. During the preliminary phase of developing
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a plan for implementing permanent control measures, an on-site inspec-
tion should be conducted to locate potential trouble spots. A decision
can then be made to either excavate such potential breeding sites to

a depth sufficient to maintain permanent water (ponding) or to connect
the site to the rim ditch with a secondary or radial ditch. Where small
ponds would eliminate the mosquito breeding habitats, the possibility

of using high explosives in place of heavy equipment should be studied.

318. External drainage: Augmentation of drainage patterns

surrounding the outside perimeter of many disposal arecs may be necessary
to eliminate mosquito breeding sites created by blockage of natural

tidal drainage patterns and other localized breeding situations which
develop along the base of dikes outside disposal areas. The need for
such control procedures could be determined during the on-site inspection
made to plan the internal drainage scheme. In some situations, the
creation or modification of external drainage may be necessary to make
the internal drainage scheme function precoerly.

319. Specialized equipment: Modifications described in the previous

paragraphs are difficult and expensive to implement with standard con-
struction equipment. Consideration should be given to the use of more
maneuverable amphibious equipment whenever possible (this would have the
added advantage of eliminating breeding habitats created by mats used

to support non-amphibious equipment)., Consideration should also be given
to the use of specialized equipment designed specifically for soft
terrain and mosquito problems. Since c¢quipment in this category, such

as the rotary marsh ditcher and the riverine utility craft (RUC), has had
few trials in diked dredged material disposal sites, it should be con-
sidered for inclusion in a pilot study.

320. Surface modification: 1In some localities of the country,

harrowing the surface of dredged material with a disc or spring tooth
harrow has proved to be an effective means of abating associated mos-
quito problems (Ezell, 1978). This approach to control in the South
Carolina coastal area unfortunately does not appear to be feasible for
most disposal arcas because climatic conditions and sediment compositions
in this region of the country tend to produce a dredged material sub-
strate which remains unstable for long periods of time. As a result,

mosquito breeding substrate stages frequently develop before the
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substrate is firm enough to support equipment used for harrowing. The
possible use of this technique in older disposal areas, which are no
longer used for disposal of dredged material, should not be ruled out
however.

321. Other means of surface modification should receive further
study. Premilinary investigations (Ezell, 1978) have indicated that
soil fissuring can be retarded or eliminated by the application of
materials over the dredged material surface which reduce the rate of
moisture loss. Soil chemistry profiles reported in this study do not
rule out the possibility of chemically altering the substrate composi-
tion in a manner which makes the substrate unattractive as an oviposition
site for floodwater mosquitoes. These two potential control approaches

should therefore be emphasized in future basic research studies.

Chemical Control Procedures

322. Yo review of the effectiveness of current chemical control
methods was provided in this report because this was not part of the
intended purpose of this study. However, it is possible that even the
best designed permanent control efforts will not always provide 100
percent control of mosquitoes. Therefore, efforts should be made to
review and study chemicals and formulations available at the present
time because many new, safer compounds have recently been developed and

placed on the market.
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