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IN REPLY REFER TO: WESEV 30 September 1978

SU3BJECT: Transmittal of Technical Report D-78-48

TO: All Report Recipients

1. The report transmitted herewith represents the results of one of the
research efforts accomplished as part of Task 2C (Containment Area
Operations) of the Corps of Engineers' Dredged Material Research Program
(DMRP). Task 2C was part of the DMRP Disposal Operations Project and,
among other considerations, included research into various ways of
improving the efficiency and acceptability of facilities for confining
dredged material on land.

2. Confining dredged material on land is a relatively recent disposal
alternative to which practically no specific design or construction im-
provement investigations had been addressed prior to the DMRP. Being a
form of a waste-product disposal, dredged material placement on land has
seldom been evaluated on other than purely economic grounds with emphasis
nearly always on lowest possible cost. In the last several years, there
has been a dramatic increase in the amount of land disposal necessitated
by confining dredged material. Attention necessarily is directed more
and more to the environmental consequences of this disposal alternative
and methods for minimizing adverse environmental impacts.

3. Several DMRP work units have been designed to investigate improved
facility design and construction including methods of considering and
minimizing adverse environmental impacts during the design, construction,
and management phases of the disposal area. An earlier DMRP study iden-
tified mosquitoes as being a potential problem associated with the
confinement of dredged material. Consequently, this detailed study was
undertaken by The Citadel, the Military College of South Carolina, to
provide an understanding of the problem and to develop methods of re-
ducing or eliminating mosquitoes associated with confined dredged
material disposal areas.

4. Studies were conducted on the ecology and control of mosquitoes
developing within dredged material disposal sites at coastal locations
in several Corps of Engineers Districts. The investigation consisted of
the following major phases: all known literature citing association of
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mosquitoes and disposal areas was reviewed; a national survey of the
attitudes and opinions of personnel from local mosquito-abatement
districts, selected CE Districts, and State vector-control agencies was
analyzed using national and regional controls; and an arthropod suc-
cessional pattern was postulated based on soil weathering patterns.

5. FEmergency traps were used to study arthropods associated with
dredged material of various ages; studies were made comparing adult
mosquito activity with selected weather variables. Results of limited
tests using two insect-growth regulator (IGR) compounds are presented.
More extensive tests were conducted using physical control measures
including the use of rim-ditching techniques and the use of the Riverine
Utility Craft or RUC. A listing of plant successional patterns, plant
species associated with mosquito larvae, standing crop estimations, and
specles composition data from disposal sites is presented. Ornithological
studies considered the species composition of birds utilizing disposal
sites as a major part of mosquito ecology. Suggestions on mosquito test
management plans, interagency cooperation, and future research are
presented in the report.

6. The results of this study and the guidelines presented herein should
provide the user with the ability to analyze mosquito problems associated
with specitic confined dredged material disposal areas. Guidelines on
mosquito control during the planning, design, construction, and manage-
ment ot disposal areas should always be considered.

—

JOHN L. CANNON
Colonel, Corps of Engineers
Commander and Director
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SUMMARY

This report represents the results of a series of studies con-
ducted by an interdisciplinary research group at The Citadel, the
Military College of South Carolina, for the Waterways Experiment
Station of the U. S. Army Corps of Engineers (CE). The chief objective
of this study was to analyze those conditions (biological, chemical,
physical, and political) that affect the production of mosquitoes
within dredged material disposal sites. The following disciplines
were represented on the research team: general entomology, medical
entomology, political science, general ecology, biological control,
biometry, civil engineering, botany, and ornithology. During the
study period selected members of the research team visited large
numbers of dredged material disposal sites within the Charleston,
South Carolina, CE District. These sites were considered as primary
study locations. In addition to the primary study sites, some members
of the team visited disposal areas in eight additional CE Districts.
The sites visited represented a wide range of geographic conditions.
This report is composed of 12 parts and 6 appendices. Major consid-

erations and recommendations are summarized below.

Literature Review

All literature citing an association between mosquitoes and
dredged material disposal sites was reviewed. Many of the references
were in scattered government reports that have not been abstracted.
The earliest reports (1939) of mosquitoes breeding within disposal
sites came from New Jersey. Shortly after these reports, a number
of states reported mosquitoes developing within dredged material

disposal sites. This paucity of written materials indicates that the

habitat was known, but poorly understood by most workers., General
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references regarding mosquito identification and ecology are also

included in this section.

Interagency Perspectives

A national survey was prepared and analyzed (using national and
regional controls) that contrasted the attitudes and opinions of
personnel from local mosquito abatement programs, selected CE

Districts, and State vector control agencies. The survey revealed 3

a high level of interest (85 percent return rate). The most fre-

\ quent complaint cited by local mosquito abatement programs was lack
of communication with their respective CE Districts. It was recommend-

ed as a result of this survey that CE Districts appoint a District

"communicator'" for dredged material policies and that every effort
be made to advise mosquito abatement programs of dredging and other
activities that affect mosquito ecology within disposal sites. It
was also recommended that joint inspection programs be established

between CE Districts and mosquito abatement personnel. It was

felt that poor communication between CE Districts and mosquito
abatement programs had resulted in many misunderstandings in

the past.

Arthropod Successional Patterns

Studies were conducted to elucidate possible successional patterns
of plants, soil, and arthropods that could in turn be related to
mosquito patterns. Chemical characterizations of soil samples from
several disposal sites with a history of producing mosquitoes were
conducted. From these and other tests a picture of soil weathering
stages was proposed. A total of eight different successional stages
based on soil patterns were studied. Emergence traps were used to

sample the arthropod fauna associated with these successional seres.
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All of the data indicated that arthropods were using dredged material
in greater numbers than had been expected. A table of all arthropods
collected from disposal sites is presented in the text. As a result
of this study, field workers can be trained to recognize the various
dredged material stages (DM stages) and these can in turn be related

to mosquito potential.

Mosquito Ecology

Larval mosquitoes were found to utilize a total of 14 separate
and distinct larval habitats within various disposal sites that were
visited. As a result of this study, mosquito surveillance personnel
can be trained to inspect these habitats more quickly. The major
sources of mosquitoes from most disposal sites studied were sump loca-
tions (low areas occurring in the disposal site), borrow pit swales, dike
swales, and protective vegetation habitats. A single disposal area may
contain all 14 habitats, a few, or they may be lacking altogether. The
most common mosquitoes (for the east and gulf coasts) from disposal sites
were found to be dedes sollicitans and dedes taentorhynchus. This study
further confirmed that mosquito fauna increases in species diversity as
the disposal site ages. Of the eight successional stages (DM stages),
only two (DM-4 and DM-5) were considered as highly productive sources
of mosquitoes. Chemical characterizations of water from larval mos-
Quito habitats were made. A total of 11 mosquito species were

collected as larvae from disposal site aquatic habitats.

Adult mosquitoes were collected using modified New Jersey light
traps powered by automobile batteries. A total of 3562 specimens
representing six specles were processed from the light trap catches.
Only one species, Uranotaenta sapphirina, was collected by light trap
that had not been ; “iously collected in the larval state. Light

trap catches were co th weather data during the period of
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operation using a cross-covariance analysis technique.

Site Visitations

A total of eight CE Districts were visited for collection and
observation purposes. In general, the mosquito fauna assocfated with
dredged material disposal sites did not appear to vary greatly with
the exception of west coast species and the fact that dedes
taentorhynchus was not noted as a major pest species in the Philadel-
phia CE District. With some exceptions (noted in the text) the
proposed DM stages appeared to be valid in all Districts contacted.
All of the 14 larval mosquito habitats located in the primary study
areas were also readily observed during the CE District site visita-
tions. As a result of the site visitations, some confidence was
gained as to the validity of the models proposed from the primary

study areas.

Control Studies

Control studies were considered under three categories: biologi-
cal, chemical, and physical. No biological control measures appeared
practical at this time for dredged material disposal sites. A survey
of current and future possibilities, however, was made. Several
feasibility studies were made using new insect growth regulator (I1GR)
compounds. If proven environmentally safe, these materials may hold
promise as chemical control tools. More extensive tests were conduc-
ted using physical control measures. The Riverine Utility Craft
(RUC) was found to be useful in the dewatering of disposal areas.
Soil amendments were found to be capable of reducing the formation
of soil fissures (and therefore mosquito habitats) under test plot
conditions. Preliminary testing of rim~ditching as a control measure

was accomplished with limited success. A desirable by-product of




this test was the rapid appearance of larval mosquito predators shortly

after the establishment of tidal flushing action.

Botanical Studies

This portion of the study revealed a number of plant species that
were associated with mosquito larval habitats. In general, those
plants (mainly halophytes) that were capable of growing on fissured
dredged material were associated with larval mosquitoes. Further
research is needed to determine if specific plants are specifically
attractive to various species of mosquitoes. A pattern of succession
of plant communities was proposed and documented. Estimates of
standing crop values of some plant species in pure stands in disposal
sites were made and found to be higher than expected, indicating that
dredged material could support some marsh plants luxuriously. A list-
ing of plant species collected or encountered during the study was
done by habitat preference, CE District, and as a pooled composite

from all locations.

Avian Studies

Bird species are the major vertebrate fauna associated with
most dredged material disposal sites. They are related to mosquito
populations in two ways. They constitute a source of blood for mos-
quitoes and thereby may sustain a large breeding population of
mosquitoes, and birds may function as reservoir host for a group of
pathogenic arboviruses. For these reasons a study of the avifauna
of disposal sites was included as a major part of mosquito ecology.
Birds were found to utilize disposal sites in many ways and a complete
listing of all birds known to be associated with the primary study

sites of this report was compiled. Estimates were also made on the

numbers and kinds of birds using disposal sites as rookeries.




Conclusions

This report has documented a number of unusual conditions that
must be considered before plans for a mosquito pest management plan
can be implemented. All dredged material disposal sites vary from
one another, primarily in age and successional stages of the dredged
material. Proper and timely surveillance is the initial step to
mosquito abatement within disposal sites. Personnel must be trained
to recognize the presence (or absence) of the 14 larval mosquito
habitats that can develop within disposal areas. Inspectors also
need the ability to recognize the various DM stages and plant succes-
sional seres. Aerial surveillance can be both useful and accurate
if personnel are trained to observe closely the ecological markers

mentioned in this report.

Mosquitoes can be controlled by a variety of conventional and
unconventional methods in disposal sites. Inasmuch as all chemical
control is temporary, caution should be considered before any organic
chemical is used for a sustained period of time as a mosquito control
agent. It is a known fact that sustained, sublethal contact with
certain organic chemicals by mosquito larvae will induce genetic resis-
tance to the poison. Nontarget organisms (i.e. marsh invertebrates)
may also be harmed by the indiscriminate use of poisonous materials.
When the above reservations have been considered and the use of chem-
icals is recommended, a number of chemical pesticides are available
and effective. Inasmuch as the allowable use of many chemicals is
subject to change, local recommendations must be consulted and no

listing of pesticides was included in this report.

Many of the above problems (e.g. genetic resistance) are not
encountered when physical control measures are employed against

mosquitoes. These measures require longer periods of time for imple-

mentation, but the effectiveness is unquestionable. This report




considered three physical control measures (use of the RUC, soil
amendments, and rim-ditching). In general, almost any physical con-
trol measure that will allow for drainage and/or flushing actions by
tides will eliminate mosquito larvae. The investigators of this
report feel strongly that additional research is needed on biological

and physical control measures within dredged material disposal sites.

In many cases a complex of government agencies was observed to
affect environmental poli.y planning regarding mosquito control within
disposal sites. In such an atmosphere, interagency cooperation becomes
a necessity if rational measures are to be employed in mosquito abate-
ment (this was especially documented by the attitude and opinion
survey). In conclusion, mosquitoes can be controlled within dredged
material disposal sites {if proper consideration is given to the follow-
ing items:

a. The peculiar ecology of disposal areas must be under-
stood as distinct from the surrounding marsh or other
environment.

o

A pattern of regular mosquito inspection and surveil-
lance procedures must be established by the agency
performing control services. These activities must
also be related to rainfall patterns. Generally,
removal of water (rain, tides, etc.) from a disposal
site within 7 to 10 days will prevent the production
of adult mosquitoes.

Personnel must be trained for both aerial and ground
inspection procedures including the recognition of
the 14 larval habitats cited in this report, the
importance of the various DM stages, plant succes-
sional patterns, and the importance of bird-mosquito
relationships.

gl

d. A regular program of information exchange between CE

~ Districts and mosquito abatement programs must be
established. Every effort should be made to inform
local mosquito abatement programs of disposak area
management decisions. Procedures for local mosquito
abatement program input into disposal site management
should be developed.

e. In order to achieve an integrated control program for
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mosquito pest management in disposal sites, proper con-
sideration to the roles of biological, chemical, and
physical measures must be given. The ideal program
should employ each option to the best, environmentally
safe advantage.

it




S A ey et S

PREFACE

The work described in this report was performed under Contract No.
DACW39-75-C-0122 (Neg.), entitled "An Investigation of Physical,
Chemical, and/or Biological of Mosquitoes in Dredged Material

Disposal Areas'", between the United States Army Corps of Engineers
Waterways Experiment Station (WES), Vicksburg, Mississippi, and The
Citadel, The Military College of South Carolina, Charleston, South
Carolina. This research was sponsored by the Dredged Material
Research Program (DMRP) under Work Unit 2C12,

This material represents a period of intense rescarch centering
around the many factors that affect mosquito ecology within dredged
material disposal sites. Consideration was also given to the atti-
tudes and opinions of those government agencies whose roles require

some management of disposal sites.

The principal {investigator and project director was Dr. Wm,
Bruce Ezell, Jr., of the Biology Department of the Citadel. Dr. H.
C. Chapman of the Gulf Coast Mosquito Research Laboratory wrote the
section on the potential fo:r biological control of mosquitoes within
dredged material disposal sites (Part VII). Other investigators
from The Citadel and their respective field of expertise included
Dr. Robert P, Steed (polftical science: Part IIT, Appendices A and
B); Dr. Daniel L. Kline (arthropod ecology: Parts IV and V); Mr.
L. Joseph Vorgetts (mosquito ecology and weather analysis: Parts
IV and V); Dr. Richard D. Porcher (botany: Parts VI and X and Appen-~
dix E); Dr. Dennis M. Forsythe (ornithology: Part XI and Appendix
F); Dr. Edmond P. Ryan (civil engineering: Part IX); Mr. Lewis
Cauthen (civil engineering: Part VI and Appendix D); and Col. Oren
L. Herring (electrical engineering: Part V). Typists fox the
original manuscript were Linda Pope and Judy Wilson. Florentina

Alvaro, Terri A. White, and Cindy E. Mustin prepared the final
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manuscript., Student assistants included Messrs. Dan W. Brooks, Jr.,

James D. Campbell, Glenn S. Avidon, and Ms. Louise M. Cauthen.

Appreciation is also due to the following personnel not asso-
ciated with The Citadel. Dr. C. B. Loadholt of the Médical University
of South Carolina provided assistance with the statistical analysis
of weather variables and mosquito light trap catches; Messrs. Braxton
Kyzer, John Carothers, and Lt. Randy Bolton of the Charleston CE
District provided technical data and field assistance regarding

various dredged material disposal sites for the primary study areas.

Many local mosquito abatement programs provided assistance and
encouragement during.- the study period. Mr. Max M. Askey of the
Charleston County Mosquito Abatement program was especially helpful
in planning larval and adult mosquito surveys within the disposal
sites of Charleston County. Personnel from this program also
assisted in boat operations and light trap surveys. Messrs. Robert
Zack and David C. Arnold of the Georgetown and Beaufort County
Mosquito Abatement programs, respectively, assisted in larval survey
and chemical control studies (Parts V and VIII). Dr. L. A. Williams,
Jr., of the South Carolina Department of Health and Environmental
Control assisted in the planning of public policy analysis and survey
(Part III, Appendices A and B).

The following specialists graciously provided taxonomic identi-
fication and/or confirmation of arthropods collected for Parts IV and
V of the study: R. F. Darsie (U. S. Public Health Service, Atlanta,
Georgia); E. L. Mockford (Illinois State University); A. B. Gurney
(USDA, Retired Scientist); G. W. Byers (University of Kansas); D. L.
Wray (Raleigh, North Carolina); H. Frank (Florida Medical Entomology
Lab); W. A. Connell (University of Delaware); W. B. Peck (Central
Missouri State College); T. L. Erwin and 0. L. Cartwright '(U. S.
National Museum); and R, White, R. D. Gordon, J. M. Kingsolver, T. J.
Spillman, G. Steyskal, F. C. Thompson, W. W. Wirth, R. J. Gayne,
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C. W. Sabrosky, M. B. Stoetzel, J. P. Kramer, J. L. Herring, R. W.
Carlson, G. Gordh, A. S. Menke, P. M. Marsh, and D. P. Smith (USDA,
Systematics, Washington, D. C.).

This study was also aided by smaller grants from The South
Carolina Department of Health and Environmental Control and The
Citadel Development Foundation. This volume also constitutes a
final report to these agencies.

The contract was monitored by Mr. Newton Baker and Miss Marian
Poindexter, Disposal Operations Project (DOP), and Dr. Luther Holloway,
formerly of the Habitat Development Project, Environmental Laboratory
(EL), WES. The study was under the general supervision of Mr. Charles C.
Calhoun, Jr., Manager, DOP, and Dr. John Harrison, Chief, EL.

The Directors of WES during the period of the contract were
COL G. H. Hilt, CE, and COL J. L. Cannon, CE. Technical Director was
Mr. F. R. Brown.
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CONVERSION FACTORS, U, S. CUSTOMARY TO
METRIC (SI) UNITS OF MEASUREMENT

U. S. customary units of measurements used in this report can be con-

verted to metric (SI) units as follows:

To Obtain

Multiply By
inches 2.54
feet 0.3048
yards 0.9144
miles (U. S. statute) 1.609344
square feet 0.09290304
square miles 2.589988
acres 4046.856
cubic yards 0.764555
ounces (U. S. fluid) 29.57353
pints (U. S. liquid) 0.0004732
gallons (U. S. liquid) 0.003785412
pounds (mass) 453.59237
tons (short) 907.1847
pounds (mass) per acre 0.000112

miles (U. S. statute) per hour 1.609344

Fahrenheit degrees 5/9

centimetres
metres 3

metres

kilometres

square metres
square kilometres
square metres
cubic metres
cubic centimetres
cubic metres
cubic metres
grams

kilograms

kilograms per
square metre

kilometres per
hour

Celsius degrees
or Kelvins*

* To obtain Celsius (C) temperature readings from Fahrenheit (F)
C = (5/9)(F - 32). To ob-
tain Kelvin (K) readings, use K = (5/9)(F - 32) + 273.15.

readings, use the following formula:
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AN INVESTIGATION OF PHYSICAL, CHEMICAL, AND/OR

BIOLOGICAL CONTROL OF MOSQUITOES IN

DREDGED MATERIAL DISPOSAL AREAS

PART 1I: INTRODUCTION

Background and Approach

The disposal of dredged material within confined land disposal
areas appears to be increasing in many parts of the United States as a
concurrent result of increased utilization of the nation's ports and
waterways and environmental opposition to open-water disposal. Figure
1 indicates the approximate annual amounts of dredged material
deposited within confined disposal areas in the various U. S. Army
Corps of Engineers (CE) Districts. According to Harrison and Chisholm
(1974) most of these disposal sites have been constructed in the past
twenty years (prior practices included open-water disposal and uncon-
fined land disposal). A report by Boyd et al. (1972) presented a
summary of the major environmental problems associated with the dispo-
sal of dredged material and the need for further research on this
topic. In recent years, a number of research studies have been pub-
lished under the aegis of the Dredged Material Research Program (DMRP)
of the U. S. Army Engineer Experiment Station (WES), Vicksburg,
Mississippi. The serious student of dredged material ecology will
want to consult the technical reports of this program. Among the
current DMRP reports that were found to be especially useful to this
study were the works of Harrison and Chisholm (1974), Kadlec and Wentz
(1974), Murphy and Ziegler (1974), Reikenis et al. (1974), Wentz et al.
(1974), Johnson and McGuinness (1975) and Skjei (1976).

2. While environmental opposition to some of the ecological

effects of dredged material disposal in many coastal sections
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centered around well-known problems such as objectionable odors, land-
use problems, title disputes, loss of marshes, etc., the production

of mosquito larvae within dredged material disposal sites constituted
a more subtle, but far more serious, problem than was generally rec-
ognized by government agencies or the general public. This general
lack of knowledge concerning the relationship of dredged material
habitats and mosquito breeding may be attributed to the following
factors:

a. Many confined disposal sites are inspected by Corps
personnel and/or their respective contractors primarily
before, during, and immediately after a pumping opera-
tion. The area is not usually checked in a regular
manner in most districts during the pumping interim.

b. Many government (State and local) agencies charged
with environmental concerns are either ignorant of the
mosquito breeding problems associated with the dredged
material habitat or they are unable to regularly in-
spect such habitats because the locations are too re~
mote or inaccesible.

c. A given dredged material disposal site will not always
produce mosquitoes. A wide variety of ecological fac-
tors appear to affect the noxious insect productivity
of a given disposal area.

[=%

State and local government agencies are generally not
as active in environmental opposition as citizens
groups.

e. The dredged material habitat and its relationship to
mosquito breeding is poorly understood even among
professional entomologists and ecologists. P

3. The purpose of this report is to disseminate available
information concerning mosquito breeding problems to the Districts
of the U. S. Army Corps of Engineers and other agencies concerned
with current practices and resultant ecological effects of dredged
material disposal operations in coastal regions of the United States.
This report should serve as a stimulus for further research on the

ecological effects of dredged material disposal and the resultant
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man-made ecosystems (dredge islands) that develop after such opera-

tions.

Scope and Limitations

Purposes

4. This report presents the results of an interdisciplinary

research group formed at The Citadel for the specific purpose of study-
ing the interrelated ecological, political, and engineering problems
associated with mosquito breeding on dredged material in selected
coastal regions of the United States. For purposes of this study a
dredged material disposal site means:

an area of marsh or higher ground enclosed by

a dike from the surrounding environment for the
purpose of retaining a suspension of dredged
material (formerly termed "spoil" in older
publications) derived from a dredging operation.

This study was limited to a discussion of problems associated with
diked (i.e. confined) disposal areas. Open-wvater disposal problems
and fresh-water disposal techniques were not considered. The study
dealt primarily with existing disposal sites for which pertinent data
were available. In some cases, complete records regarding the contract
history of disposal operations on a given area were not available.

In the past such data were not considered important by many Districts.
Recently, in the wake of increased environmental awareness by both
private citizens and government agencies, this practice appears to

have been reversed.

Outline of study

5. In view of the almost total lack of previous research in
this specialized field of entomology, it was felt that an interdis-
ciplinary approach would provide the greatest amount of practical
and useful information in view of the short-term nature of the study

(1-'% yrs.). The following outline indicates the basic pattern of

30




this approach:

a. A complete and comprehensive survey of interagency

k4

|0

|e.

o

|

|z

attitudes regarding mosquito control problems asso-
ciated with the disposal of dredged material would
be undertaken by a political scientist with computer
analysis. Such a study would compare and analyze
how opinions varied among CE District personnel
against State and local agencies charged with mos-
quito control responsibilities.

Studies would be initiated that would partially
establish (within the time frame of the study period)
the pattern of arthropod succession within the
various successional seres associated with the aging
of confined dredged material disposal sites.

. Studies would be initiated that would begin to

elucidate the ecological limiting factors that
affect mosquito production in the dredged material
habitat. Such studies would establish the species
composition of mosquitoes breeding within such habi-
tats in the major geographic regions of the U. S.

. Site visitations by an entomologist, a botanist,

and a civil engineer would be conducted to the CE
Districts of Galveston, Jacksonville, New Orleans,
Norfolk, Philadelphia, Sacremento, and San Francisco.

. Studies would be made to determine the current status

and potential for using biological control techniques
against dredged material mosquitoes.

. Limited temporary control studies would be made using

insect growth regulators (IGR's) against mosquitoes
breeding within the dredged material habitat.

Studies would be initiated to determine the effec-
tiveness of certain physical control measures against
mosquitoes within the dredged material habitat.

. Studies would be undertaken by a competent botanist

and ornithologist to determine the major ecological
relationships between mosquitoes and plant succes-
sional patterns and mosquitoes and avian species,
respectively, within confined dredged material
disposal islands,
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PART I1: OVERVIEW OF THE MOSQUITO CONTROL PROBLEMS
ASSOCIATED WITH DREDGED MATERIAL DISPOSAL AREAS

Historical Background

Early references

6. Because of the remote location of most dredged material
disposal areas and the fact that mosquito breeding usually develops
some months after the cessation of disposal activity within these
sites, entomologists were slow to understand the mosquito breeding
potential within such areas. Among the earliest references to mos-
quito breeding problems within diked disposal areas is the report of
Brooks (1939). This author noted that mosquitoes frequently developed
within the vertical shrinkage cracks that develop as a dredged mate-
rial disposal area begins to dry and consolidate. Brooks also noted
that a common marsh plant, Phragmites sp., as a monoculture frequent-
ly sheltered mosquito breeding habitats.

7. During the years of World War 11, scattered references to
mosquitoes associated with dredged material disposal sites began to
appear in the literature. Thom (1942) suggested that the tillage be
employed as a possible control measure with "hydraulic fills" near
South Amboy, New Jersey. Thom further suggested that this tillage
should best be done after the first frost in order that the soil
would be firmer for equipment operation. As a follow-up procedure
he suggested that grasses such as "red top" might be introduced into
the reclaimed disposal site. Thom (as did Brooks, 1939) believed
that Phragmites commoer’s Trinius might be counterproductive to mos-
quito control efforts. Later, Vannote (1945) noted that scarifving
small hydraulic fills near Port-au-Peck, New Jersey, using disk
harrows could be used as a limited mosquito control measure.
Weathersbee (1945) cited hydraulic fills as a major problem for

mosquito control efforts around the U. S. Naval Base in Norfolk,
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Virginia.
Problems along the Atlantic Coast

8. During the decade of 1950-1960 several articles appeared
in regional journals and obscure government publications. Most of
these reports centered around the states of New Jersey and Delaware.
Jobbins (1951) reported on experiments using greases to control wind
eroded silt on dredged material disposal sites. Stivers (1951) re-
ported that the U. S. Government (Corps of Engineers?) was cooperating
with mosquito control efforts in dredged material disposal sites by
insisting that final payment to a dredge contractor should be with-
held "until permission was given by the mosquito commission that
drainage had been restored.'" This report is the earliest record of
cooperation in the literature between local mosquito commissions and
the U. S. Government.

9. Ruth (1952) reported large flights of salt marsh mosquitoes
associated with the disposal of dredged material in Norfolk, Virginia.
dis report is perhaps the earliest to stress the importance of mos-
quito control in the planning of dredged material disposal sites
before the onset of the actual operation. Ruth also suggested the
use of a cover material (topsoil) to prevent mosquito breeding after
a dredged material disposal site has been drained of excess water.

10. A second report by Thom (1955) noted that most dredged
material disposal areas tend to develop individual and particular
biological characteristics. It was found that mosquito breeding
potentials were difficult to predict from one disposal site to
another. The ecological factors that cause one disposal area to
breed more mosquitoes than another (perhaps nearby) site were not
yet known. An interesting suggestion in this report is a discussion
that mosquito eggs might be dredged into a disposal area by the
dredged operation per se. Another field note of interest is Thom's
observation that the appearance of "a green scum'" (algae?) frequent-

ly serves as a harbinger of mosquito breeding activity. The report
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concludes with a statement that experimental plantings of several
grasses were not successful within dredged material disposal sites.
11. Kinsey (1958) noted that "...fills remain today as some of

our worst mosquito breeding areas." Powers (1958) representing the
U. S. Army Corps of Engineers stated that the States were responsi-
ble for dredged material disposal sites, but admitted that certain
Corps of Engineers disposal areas were public health problems. Helm
(1959) listed a number of specific details that might be agreed upon
between dredging contractors for the Corps of Engineers and local

mosquito abatement programs.

Recent reports of mosquito
problems in disposal areas

12. Mason (1966) noted the appearance of a major mosquito
problem in New Jersey following large-scale hydraulic pumping opera-
tions in marsh areas to allow for highway construction. Lomax (1967)
noted the importance of seepage from under dikes around dredged
material disposal areas as a factor affecting mosquito production.
Lomax's report also notes a high degree of cooperation between a
local mosquito extermination commission and the Corps of Enginecers.
Hydraulic fills are cited as mosquito breeding sources in the latest
edition of Military Entomology Operational Handbook. (U. S. Army,
1971).

Local government agency reports

13. A number of local government reports were found to contain
scattered information regarding the association of mosquitoes with
dredged material disposal areas. Since these publications are not
abstracted or frequently cited in literature reviews of mosquito
biology, the authors recognize that the citations listed below are
incomplete.

l4. Fehn (1957) reported large broods of the common salt marsh

mosquito, Aedes sollicitans, breeding within a dredged material dis-
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posal area near Charleston, S. C. This report further noted that
frequent rainfalls on dredged material disposal areas often led to
repeated production of mosquitoes. Fehn's study is one of the early
reports to mention the production of different mosquito broods within
a single disposal area. Nelson (1960) further documented Fehn's
conclusions. Mosquitoes breeding within dredged material disposal
areas near Mt. Pleasant, S. C., were responsible for the initial
organization by referendum in 1960 of the first county mosquito
abatement program in South Carolina (Personal Communication, 17 June
1970, M. M. Askey, Jr., Director, Charleston County Mosquito Abate-
ment Program, Charleston, S. C.). Askey (1972) further cited mosquito
problems associated withidisposal areas near McClellanville, S. C.,
during an unusually severe mosquito season that occurred in July-
August of 1972,

15. Along the Georgia-South Carolina border in the Savannah
District of the Corps of Engineers, a severe mosquito problem appears
to have developed over the last 20 years. Two reports by the Chatham
County Mosquito Control Commission (1967, 1969) document this problem.
The drying of dredged material is also cited as a mosquito breeding
source in an annual report by the Orleans Parish Mosquito Control
Program (1968). Severe problems from dedes g0l {=itans breeding with-
in disposal sites have been reported from Hancock County inMississippi
(Personal Communication, 30 June 1975, C. B. Crosby, Director, Gulf
Coast Mosquito Control Comm., Gulfport).

Use of hydraulic
dredging to control mosquitoes

16. Not all references to dredging activities have negative
connotations for mosquito control specialists. In some cases, hy-
draulic dredging techniques have been used to control mosquito breed-
ing by ditch and drainage methods and in other instances dredged
material has been used to fill in mosquito breeding habitats.

17. Among the early references to the use of hydraulic dredging

for mosquito control purposes is the report of Lenert and Legwen
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(1945). Osmun (1945) reported on the use of a mobile dredge for
similar purposes. Darsie et al. (1953) commented on the elimination
of Mansonia perturbans* habitat by hydraulic fill operations along
the C & D Canal in Delaware. Blaney (1955) and Minnich (1958) des-
cribed the use of hydraulic dredging techniques to construct mosquito
control ditches in California and Florida, respectively. Control of
Anopheles mosquitoes (the vector species of Malaria) by hydraulic
fill along the Panama Canal is mentioned in the larval control hand-
book of the World Health Organization (1973).

Nonmosquito problems
associated with the
disposal of dredged material

18. A few scattered references appear in the literature that
relate nonmosquito arthropod problems within dredged material dispo-
sal sites. Altman et al. (1970a) and Altman et al. (1970b) noted
the potential of dredged material disposal areas to breed biting
midges of the genus Culicoides in the vicinity of the Panama Canal.
Harrison & Chisolm (1974) noted that "flies" were sometimes associa-
ted with disposal sites, but they did not identify the species in

question.

Environmental Impact Statements

19. The now common requirement of an environmental impact
statement (EIS) prior to the onset of a new governmental or private
project involving ecological changes seems to have been bypassed
in the general area of mosquito control. Few references to mosqui-
toes specifically and the arthropoda in general could be located
among a sample of 15 EIS's involving the disposal of dredged material.
One impact statement (U. S. Army Engineer District, Charleston 1976c¢)

noted the presence of the salt marsh mosquito, A. sollicitans, as an

*Now Coquillettidia (=Mansonia) perturbans
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adverse environmental effect of land dredged material sites. This
statement further noted that the District would contribute towards
the costs of controlling the mosquitoes 1f the problem developed
fnto a serfous public health problem. 1In another fmpact statement
(U, S, Army Engineer District, Charleston (1976b), the observation
was made that mosquito breeding within a proposed disposal avea was
expected to be minimal because the material to be removed from the

channel consisted of sandy soil.

20, With these exceptions and possibly a few others, mosquitoes

are not routinely cited as being an environmental factor in most
fmpact statements, For example, no mentfon of mosquito breeding
problems was cited in U, S, Army Engineer District, New Orleans
(1974); U. S. Army Engineer District, Savannah (1975): U. S. Army
Engineer District, Charleston (1975); U. S, Army Engincer District,
Galveston (1975); U. S. Army Engineer District, Philadelphia (1975),
and U, S. Army Engincer District, Charleston (1976a). Literature

5 would appear to have

previously cited in paragraphs 6 through 1
established the presence of at least some mosquito problems associa-
ted with the disposal of dredged materfal {n these arveas, Perhaps
one reason why mosquitoes are not frequently cited in fmpact state-
ments may be related to the fact that mosquito breeding conditions
do not develop until some months atter a dredped material disposal

sfte {8 constructed.

Disposal Area Ecology: General References
210 The tollowing general references were found to be of broad
application to almost any fnvestigation associated with the ecolopy
ol dredged materfal disposal arecas. A number of the reports arve in
the form of unpublished government reports, but the serious student
of dredged material ecology will want to consult all of these broad

reports relating to wetlands management, plant relationships, avian
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species, invertebrate fauna, and engineering studies.
Wetlands management

22.  In recent years a number of manuals have appeared that offer
guidelines pertaining to the disposal of dredged material and/or
wetlands management. Among these series are the works of the South
Carolina Wildlife and Marine Resources Department (1972, 1974);
Marcellus et al. (1973); Murphy and Zeigler (1974); Johnson and
McGuinness (1975); the Coastal Zone Resources Corporation (1975,
1976); and U. S. Army Engineer District, San Francisco (1976). For
general material on the basic ecology of salt marshes, the work of
Teal (1962) will provide a good introduction. A chapter (E-4) by
Copeland and Dickens (1974) on dredged material ecosystems is
especially useful. This work is contained in a larger work edited by
Odum et al. (1974) on the coastal ecosystems of the United States.
Plant relationships

23. Carlson (1972) reported on plant succession on undiked dis-
posal areas in Florida. This study noted the importance of soil
weathering and elevation to plant survival on dredge islands. The
tollowing vear Beaman (1973) reported on more detailed studies of
plant community structure on undiked dredge isiands near Sarasota,
Florida. Pioncer studies on the use of smooth cordgrass, Spartina
tterni fflora, as a revegetation material on dredged material have
been conducted by Woodhouse et al. (1972), Cammen et al. (1974), and
Cammen (1976).
Avian relationships

24.  The use of dredged material disposal sites by various bird
species has been extensively reviewed by Soots and Parnell (1974 and
1975). While neither of these papers were concerned with mosquito
breeding problems, they do provide valuable insights into many of the
management problems associated with the disposal of dredged material.
Lewis and Dunstan (1974) suggested that dredge islands might be used

to establish mangrove communities of avifauna in the vicinity of
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Tampa, Florida. The importance of dredged material disposal sites

as bird rookeries and their possible relationships to arthropod borne
diseases was cited by Ezell (1976). This report also proposed a
dredged material successional pattern based on soil characteristics.
Buckley and Buckley (1976) developed a series of guidelines for the
management of colonially nesting birds. A portion of this work con-
sidered management suggestions for dredged material disposal sites.

Invertebrate fauna

25. Invertebrate fauna are usually not considered in manage-
ment handbooks or EIS's, and dredged material disposal sites have
proven to be no exception to this rule. No significant studies of
the invertebrate fauna of diked dredged material disposal areas were
located during this study with the exception of Carlson (1972) and
Cammem (1976). Stickney and Perlmutter (1975) concluded that hydrau-
lic dredging had little long-lasting impact on benthic communities
adjacent to the Atlantic Intracoastal Waterway (AIWW). A study of
the fauna within dredged canals was done by Adkins and Bowman (1976).
Engineering studies

26. Two engineering studies appear to have particularly useful
ecological applications that could function in concert with mosquito
management techniques. Windom (1972) studied chemical responses of
natural salt marsh to dredging activities. Windom concluded that
salt marshes can recover from undiked dredged material deposition if
the dredged material is not too deep and held to a low elevation. A
second useful engineering study is the work of Murphy and Zeigler
(1974). Some of the construction techniques proposed for disposal
areas (see Part IX of this report) may prove to be useful in mosquito

abatement.

General Mosquito References

General reviews and references

27. The literature of mosquito biology is extremely large and




voluminous. The serious worker in mosquito control will want to
consult three recent review publications. Service (1976) has sum-
marized many important papers concerned with mosquito ecology. The
U. S. Fish and Wildlife Service (1976) has summarized a number of
studies concerned with mosquito control practices and their effects
on the environment. Many of the older mosquito studies are cited in
Carpenter and LaCasse (1955). A state-of-the-art summary of some
of the major problems in biting fly control has been presented by
Hudson (1972). Provost (1976) summarized the current case for source
reduction of mosquitoes associated with salt marshes and Cheng (1976)
has recently reviewed the known biology of marine insects, including
salt marsh mosquitoes.

Taxonomic works

28. Taxonomic works of both immature and adult forms useful for
this study included the keys of Carpenter and LaCasse (1955), King
et al. (1960), Stojanovich (1960, 1961), Silverly (1972), Gjullin
and Eddy (1972), Floore et al. (1976), and Darsie (undated). A great
variety of related mosquito taxonomic literature can‘'also be located
through the Mosquito Data Bank of the University of Notre Dame
(MODABUND) .

General field manuals

29, 1In recent years various states have developed a wide
variety of field manuals to meet the needs of subprofessional
personnel employed in remote locations. Most of these publications
stress mosquito control and/or management techniques. Among the
better manuals of this variety are the works of Pratt et al. (1972),
Mulhern (1973), Gresbrink et al. (1974), and Axtell (1974).

Nature of the Mosquito Control Problem within
Dredged Material Disposal Sites

Introduction
30. A summary of the more important factors affecting mosquito

control within dredged material disposal areas 1s presented in
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Figure 2. An aerial view of a typical dredged material disposal site
is presented as Figure 3. An understanding of the relationships im-
plied in this figure is necessary to understand the rationale for the
recommendations developed in Part XII of this report. The figure

is seen as four congruent circles which intersect near the center.
Long-term effects are shown below the center line; shorter term
effects are indicated above this line. The four circles represent
the major mosquito control factors that must be considered before

any plan of successful pest management program can be implemented.
The term "integrated pest management' is frequently employed to
express a pest management plan that considers:

"...the population dynamics of the pest species,
utilizes all suitable technology and methods in
as compatible a manner as possible and maintains
pest populations at levels below those causing
economic injury...in the context of the asso-
ciated environment...." (Glass 1975).

The achievement of this ideal is represented in Figure 2 by the
shaded center portion.

Public policy and
political considerations

31. The policies and procedures of the government agencies
that either affect or deal with environmental policy planning are
considered in section A of Figure 2. Part III of this report is an
analysis of some of these factors. Of first priority under this
section is the need for a properly funded mosquito abatement program.
Closely allied with this feature is the need for sound enviionmental
policy planning on the part of the CE Districts. The general per-
suasion and educational level of the public in the immediate areas
surrounding dredged material disposal sites is an important political
consideration. In some areas of the United States, the demand for
mosquito control is high. 1In other sections, the requests for such
services are solely limited to public health considerations. 1t also

must be recognized that in some areas environmental restrictions
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have often been devised with little or no concern for the reduction
of breeding populations of mosquitoes. In some Districts, the owner-
ship of a disposal site may be in question or the owner of a disposal
site may initiate measures that cause a mosquito breeding problem
that may be unrelated to the original dredging operation. For example,
if a sand mining operation is begun in a dredged material disposal
site and the operation leaves behind numerous shallow pools of stag-
nant water, a freshwater mosquito breeding problem will probably
develop. Such a problem may be falsely attributed to the effects of
dredging. It is important to differentiate between those mosquito
problems that are due to dredging per se and those that develop as

a result of later modifications of the disposal site. All of the
above-mentioned factors point to the need for close interagency
cooperation if a practical pest management system is to be developed
for dredged material disposal sites. (See Part III for an analysis
of the potential for future interagency cooperation in this area.)

Temporary control measures

32. Temporary control measures that may be applied for mosqui-
toes breeding within dredged material disposal areas are summarized
in the B section of Figure 2. Most of these measures are chemical
pesticides that effect the eggs, larvae, pupae and/or adults of
mosquitoes. At the present time, there are no effective pesticides
(ovicides) that are active against the eggs of mosquitoes found in
dredged material disposal areas. A number of effective pesticides
are available for the remaining three stages in the mosquito life
cycle. Repellants provide personal protection against adult mosqui-
toes, but must be frequently applied directly to the skin or clothing
of each individual.

33. Insect growth regulators (IGR's) are a new development in
the area of temporary control of mosquitoes. Many of the growth
regulators are "mimics'" of natural hormone-like compounds that

naturally occur in mosquitoes. Many of these compounds are absorbed




in the larval stage of the life cycle, but are only effective in the

pupal stage. Part VIII of this report is concerned with the results
of several field trials of IGR's against mosquitoes developing within
dredged material disposal areas. A new technique for application of
insect growth regulators is the "controlled release'" (CR) formula-
tion. This method involves encapsulation of the control agent which
is activated and released into the habitat of the mosquito only after
the habitat has been flooded. At the present time, there are no
effective traps or attractants that appear to hold promise for con-
trolling mosquitoes within disposal areas.

Reservations

concerning chemical control

34. It must be emphasized that all present chemical control

measures applied against mosquitoes within disposal areas are of a

temporary and short-lived nature. For this reason, sections A and B
of Figure 2 are shown above the center line. All chemical pesticides
work primarily against living stages of mosquitoes, but do not prevent
mosquitoes from developing in the same location in the future. A
second reservation about mosquito abatement programs that rely solely
on chemical control is related to the phenomenon of insect resistance
to chemical pesticides. It is generally recognized that the applica-
tion of modern chemical pesticides against any given arthropod popu-
lation will tend to place selective pressure on that population in
favor of the development of resistance to the pesticide. In some
cases, the over zealous use of organic chemical pesticides has re-
sulted in high resistance to a variety of compounds. In some cases,
the development of resistance to one compound may be accompanied by

a concurrent resistance to a chemically related compound. The
serious nature of the resistance phenomenon has been studied by
Brown (1968). This paper noted that 97 species of insects and
acarines of public health importance are now resistant to one or more

chemical pesticides. Some entomologists believe that control of
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mosquito larvae with pesticides is more likely to cause resistance

than materials used to control adults. Because of the large larval
populations that frequently occur with disposal areas and the inabil-
ity to spread pesticides evenly over large areas this reservation
would appear to have some validity concerning mosquito abatement
practices used in disposal areas.

Biological control measures

35. Two circles are shown below the center line in Figure 2.
Both of these components represent longer term abatement practices
that might be applied against mosquitoes that breed within disposal
sites. Section C (biological control measures) is concerned with
those biological and/or organismic factors that might be introduced
into a disposal area to control mosquito problems. Part VII of this
report is concerned with the current state of the art of biological
control measures that might be applied within dredged material dis-
posal sites. Part IX of this report is a list of some engineering
practices that might favor the introduction of mosquito enemies into
disposal areas. Genetic manipulations represent an area of active
investigation at this time. In the near future, some of these prac-
tices may be available for mosquito abatement.

Physical control measures

36. Section D of Figure 2 is concerned with physical control of
mosquitoes. Common physical measures that are frequently employed
against mosquitoes include water management, land preparation (in-
cluding the use of drainage ditches, tillage, and dikes), and weed
control. Dredging schedules have been added as a fourth factor to
section D. This factor would apply only to mosquito control within
dredged material disposal areas. Physical control measures are often

termed source reduction in many mosquito abatement references. These

measures require longer periods of time for implementation in a given
area (hence they are sh~wn below the center line of Figure 2), but

the effects are often of greater benefit because the cause of the
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mosquito breeding has been eliminated or reduced. For an excellent
review of the philosophy of source reduction, see a recent paper by
Provost (1976).

Natural population control factors

37. Natural population control factors are shown in Figure 2 as
being balanced against the mosquito control measures that man seeks
to apply within dredged material disposal areas. These baseline
biological and nonbiological factors are those over which man has
little or no control. Any plan of integrated pest management,
however, must take these factors into account. Of the nonbiological
factors listed in this section, probably the retention of rainfall and
the dredged material characteristics are the most important ones. See
Parts IV, VI, and IX for a further discussion on these two nonbiolog-
ical factors. Of the biological factors listed in this section,
little information is available and these factors will require in-
tensive research in the future.

Summary of the
disposal area mosquito problem

38. Mosquito breeding problems associated with dredged material
disposal sites are a relatively recent phenomenon. The problem is
still not generally recognized in many parts of the United States.
Mosquitoes that result from disposal sites affect man in two ways.
They may function as vectors of many diseases and as nuisance organ-
isms that render many coastal areas unusable during "mosquito sea-
sons." Figure 2 has reviewed the major factors that must be balanced
against natural factors if an integrated pest management plan for
mosquitoes is to be successfully implemented for the many disposal
sites in the United States that produce mosquitoes. Future research
and management plans will alter the proportions that the four factors
(circles) play in mosquito control practices. For example, in some
parts of the United States, physical control measures may be more

effective for mosquito reduction than in another region. Perhaps
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most important is component A (policy considerations). Unless an

attitude of mutual respect and trust can be developed between the
various agencies that affect environmental policy planning relating
to the disposal and effects of dredged material, mosquitoes will
continue to be a problem in many areas adjacent to disposal sites.
Finally, it is usually the failure to recognize that more than one
environmental factur is always involved in any mosquito control prob-

lem that causes a mosquito abatement effort to fail.

Outline of this Study

Locations of specific disposal sites

39. In the sections of this report that follow, the reader will
be referred to various dredged material disposal sites that are loca-
ted within the Charleston District of the U. S. Army Corps of Engi-
neers. Many of these disposal areas were assigned numbers which
refer to their location to Charleston, S. C., or another nearby city.
Figure 4 illustrates the major dredged material disposal sites pre-
sently found in Charleston Harbor. Figure 5 illustrates the major
disposal areas located along the Atlantic Intracoastal Waterway
(AIWW) in the Charleston District. For the exact locations of the
various numbered study areas referred to hereafter, the reader will

need to refer to Figures 4 and 5.

Study outline

40. This study is divided into 12 parts. Sections III through
VI are concerned with political, environmental, and biological con-
ditions that surround the dredged material mosquito habitat. Sec-
tions VII, VIII and IX are concerned with the control of mosquitoes
that develop within dredged material disposal areas. Sections X and
XI are concerned with the flora and avifauna that utilize disposal
sites concurrently with mosquito populations. Part XII lists the

recommendations of the study group.
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PART III: SUMMARY OF STUDY OF INTERAGENCY

PERSPECTIVES ON MOSQUITO CONDITIONS AND CONTROL

IN CONFINED DREDGED MATERIAL DISPOSAL SITES

Introduction

41. At the outset of this study, it was decided that a detailed
survey and analysis was needed of the three administrative levels of
government that routinely affect mosquito control practices within
dredged material disposal areas. In the past, many government
agencies concerned with environmental policy planning associated with
disposal sites simply planned their respective activities without
regard for consultation with one another. In short, the past record
of mosquito management within dredged material disposal areas was
one of mutually exclusive activities among many government agencies.

42. Rising costs, environmental concerns, and many other fac-
tors, however, have recently forced many government agencies into
positions of conflict or cooperation regarding the management of
disposal sites. In view of these political realities, it was decided
to include within the general research design of this project a
section of limited policy analysis regarding certain aspects of
mosquito control programs within confined dredged material disposal
sites in selected CE Districts. These efforts were focused mainly
on management practices and limits of responsibility as opposed to
environmental policy formation and/or impact. It was the desire of
the research team to study how officials in different government

agencies (operating at different levels within the government)

perceived both themselves and each other with regard to mosquito
control problems within dredged material disposal sites. Prior to
this report, no attitudinal studies on the nature of mosquito control

problems could be located in the literature. For these reasons,
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some attention to the attitudes involved in disposal area planning

was believed to be justified.

Methods and Materials

43. A detailed outline of the materials and methods involved

in the construction and analysis of the data gathered from this
survey is presented as Appendix A. In summary, three questionnaires
were constructed to study the attitudes, interactions and opinions
of three levels of government. The agencies were:

a. Selected CE Districts.

b. Selected State vector control agencies.

¢. Selected local mosquito abatement districts.
The responses to these questionnaires from the three groups were then
studied for:

Their perceptions of the nature and extent of
any mosquito control problems within a dredged
material disposal site.

g

(=2

Their perceptions of agency responsibility re-
garding a potential mosquito control problem
associated with the disposal of dredged material.

The perceptions of the degree of interagency
cooperation needed or desired to alleviate the
problems associated with mosquitoes breeding
within disposal areas.

o

The results from the returned questionnaires were studied and ana-

lyzed by several techniques that are fully discussed in Appendix A.

Results and Discussion

44. The overall return rate for all questionnaires from all
groups was 85 percent. This excellent return rate made it possible
to analyze the data in two ways: as a national composite with all

responses compared and'by region (in order that regional differences
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might be ascertained). The national survey data are presented with
text in Appendix A; while the regional survey data are presented as
Appendix B.

45. A detailed analysis of the results of this section of the |
study are presented in Appendix A. In summary, the data indicated :
that the three levels of government agencies had different percep-
tions of the nature and extent of mosquito control problems within
dredged material disposal sites. One of the most significant differ-~
ences was the perceptions of the present and future responsibility

among the three groups for mosquito control efforts. Many of the

respondents to the questionnaire felt that the Corps of Engineers
should give voluntary aid to mosquito control programs that had
documented breeding problems associated with the disposal of dredged
material.

46. The data revealed very clear differences of opinion as to
the current levels of communications among the agencies surveyed and
future needs for interagency cooperation. The sharpest differences
of opinion were detected for those questions that related to the
need for increased mosquito control within diked dredged material
disposal areas. A detailed discussion of the analysis of these data
by national and regional groupings is presented in Appendix A. 1In
conclusion, the survey data indicated that some mosquito control
problems associated with the disposal of dredged material are poli-
tical in nature and therefore cannot be solved by biological or
engineering means alone. Another major consideration that can be

detected from this section of the study is that more effective mos-

quito control measures within dredged material disposal sites will
never be implemented until a reasonable degree of interagency cooper-

ation at federal, state, and local levels is achieved.
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PART IV: ARTHROPOD SUCCESSIONAL PATTERNS
WITHIN DREDGED MATERIAL DISPOSAL SITES

Chemical Characterization of Dredged Material Associated
Mosquito Breeding Locations

Introduction and rationale

47. The basic properties of soil and water chemistry will ob-
viously influence the various plant and animal communities that de-
velop on any habitat over a given period of time. This is especially
true of dredged material disposal areas. As discussed in the later
section on plant succession, disposal sites represent a man-made
ecosystem in which the major physical force affecting successional
patterns is that of the dredged material per se. The chemical nature
of this material, its physical properties, salinity, pH, and oxida-
tion-reduction potential, will influence both macrohabitats and
microhabitats from the onset of the dredging operation until the
soil reaches a stable climax‘Eondition. The purpose of this section
of the report was to consider the chemical properties of dredged
material associated with mosquito breeding and other arthropod emer-
gence. The investigators wished to characterize those chemical
factors that might be found associated with soil in which mosquitoes
either laid their eggs or otherwise developed.

Literature review

48. General literature on soils and soils testing is abundant
(e.g. Jackson 1958), but little information has appeared to date in
the literature on the relationship of dredged material to mosquito
oviposition and/or subsequent development. Knight and Baker (1962)
considered the role of substrate moisture content of oviposition of
certain salt marsh mosquitoes. These workers concluded that under
laboratory conditions substrate moisture conditions of less than 45

percent were unattractive for egg laying activities by either Aedes
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gollicitans or A. taeniorhynchus (both species of mosquitoes are
common residents of dredged material disposal sites in many parts of
the United States). Knight and Baker further concluded that maximum
attractiveness occurred at approximately 65 percent. These studies
were not duplicated under field conditions, but the authors concluded
that the two species would probably oviposit on those marsh soils
with similar moisture contents.

49. Cotnoir (1974) has cautioned that many standard soil tests
were developed for soils other than marsh soils and therefore many
procedures must be modified for the student of marsh soil chemistry.
Jeane and Pine (1975) studied the environmental effects of dredging
in Washington state. Studies for the DMRP on the chemical nature of
dredged material include the works of Basco et al. (1974), Moore and
Newbry (1976), and Blom et al. (1976).

Materials and methods

50. Study areas. The following study areas (see Figures 4
and 5) were selected for soil sampling:

a. South Drum Island, Figure 4.

|o

North Drum Island, Figure 4.
. Site N-ZO, Figul‘e S, Ptt Bo
. Site N-21, Figure 5, Pt. B.

lew |0

Both Drum Island sites are estuarine in location and are located in
Charleston Harbor, while N-20 and N-21 are located along the Atlantic
Intra-Coastal Waterway (AIWW) near the towns of Sullivans Island and
Isle of Palms, S. C., respectively. The sites were chosen because of
their location, time of previous pumpings, age, and the fact that all
had a history of producing mosquitoes. Two sites were selected from

Drum Island (Figure 4). The northern area contained a 125-acre*

*A table of factors for converting U. S. customary units of measure-
ments to metric (SI) can be found on page 13.
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disposal site and was an active mosquito source during the study
period. The southern end of Drum Island constituted a much older
disposal site of approximately 50 acres. This area was considered

as a climax site (see Part X for a discussion on this stage) and did
not breed large numbers of mosquitoes during the study period. Sites
N-20 and N-21 (Figure 5) were located on the west bank of the AIWW.
Site N-20 had last received dredged material 5 to 6 years ago, while
site N-21 had received fresh dredged material during a recent pumping
operation.

51. Sample selection and location. The sample sites were

selected on the following criteria:

a. The sample site was at least 50 ft. from any
surface water.

b. The sample site was not located within any vegeta-
tive zones.

c. The sample site was at least 10 ft. from the re-
taining dike.

Five to six samples were taken from each site. Soil samples were
taken to a depth of 18 in. with a 2-in.-diam core sampler approximate-
ly 24 in. long. Plastic liners were used with the core tool to
facilitate field transfer of the samples. All samples were numbered
in the field and field notes were taken on the nature of the sample
site. All core samples were stored in an upright position for trans-
portation back to the laboratory.

52. Sample processing. Samples for analysis were cut from the

cores at the depths of O to 2 in. and 5 to 7 in. All soil samples
were analyzed within 24 hrs. after returning to the laboratory. The
samples were then dried at 200° Celcius under a 30-in. vacuum until
the vacuum remained constant for 1 hr. The samples were then kept
under vacuum until they cooled to ambient temperatures. The samples
were finally processed by pulverization and separation until they
passed through a 2-mm standard sieve.

53. Chemical tests. Soil conductivity data and percentage
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composition analyses were determined by standard agricultural tech-
niques. (Personal Communication, N. Page, 4 February 1976, Clemson
University, Clemson, S. C.). Conductivity was measured with a Hach
conductivity meter (Model 25.1) using a probe that contained two
temperature compensated tungsten electrodes. The data were recorded
as micromhos per centimeter and the cell constant was 2.0. Soil pH
values were determined by processes outlined by the United States
Department of Agriculture (1967) using a Leeds-Northrup pH meter with
ranges from 0 to 14. The meter was assumed to be correct within +
0.1 pH units and temperature compensation was manually corrected.

A 7.0 pH combination probe was used with this meter. During the
tests the meter was buffered with a 5.00 and 7.00 pH buffer or a
7.00 and 10.00 pH buffer depending on the soil ranges.

54. Oxidation~reduction potentials. Oxidation-reduction

potentials were analyzed with an Orion ion analyzer using a platinum
and calomel electrode. All readings were in absolute millivolts.

The oxidation-reduction potentials provided a relative reference as

to the state of electrical variation from site to site due to the
oxidation or reduction of soil ions and compounds. These measurements
were made directly on the sample cores by using specially constructed
core inserts. The sleeve or core insert was drilled with small holes
at the depth of 1 in. and the oxidation-reduction potentials

were recorded when the meter became stable (normally 3 to 5 min.).

Results and discussion

55. The soil data collected from these tests or S. Drum Island,
N. Drum Island, site N-20, and site N-21 are presented as Tables
1-4, respectively. Based on the observations presented in Part IV,
it was determined that North Drum and site N-21 disposal areas
represented very early successional stages, while the South Drum
site was found to be representative of an older (climax) sere (See

also Part X). Site N-20 was considered an intermediate location.
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56. South Drum site. As the oldest of the four sites, South

Drum represented a chemical condition that might characterize the
s0ils of older disposal sites after the height of their mosquito
productivity. The average conductivity for the surface samples
(Table 27) was 5000 micromhos per centimeter, while the subsurface
fraction was determined to have an average of 5680 micromhos per
centimeter. Since South Drum was the oldest disposal area available
in the study area it can be assumed that leaching was minimal. Some
individual measurements may be contradictory due to past surface
distortions that may have allowed for the concentration of some
compounds. The concentration of salts in small swales, for example,
may mask the effect of sail leaching in some cases. The average
surface pH moiety was 0.76, while the subsurface average was recorded
at 6.63. In almost all cases it was observed that silt and clay
were the major soil constituents of the dredged material from this
site. Oxidation~reduction potentials give a relative indication of
the chemical state of dredged materifal. As a general rule, older
dredged material had a more positive potential. The South Drum
samples indicated averages of +168 mv for both surface and subsurface
samples. These figures represent readings that may not be fully
representative due to the low soil moisture conditions present at
the times the samples were collected.

57. North Drum sfte. Data collected from this relatively newver

site (Table 28) (dredged material was approximately 1 year old)
indicated average pH values of 6.85 and 7.21, respectively. Sample

5 (both surface and subsurface) was not used in computing averages
because it appeared to be an aberrant sample when percentage composi-
tion data were considered. A check of the marked field site from
which this sample was taken indicated that the site was atypical
because it came from a sandy swale. Conductivity readings ranged
from 16,750 to 20,750 micromhos per centimeter, for the subsurface

and surface samples, respectively., Oxidation-reduction potentials




ranged from -66 to -205 mv in the subsurface and surface samples,
respectively. With the exception of sample 5, silt and clay again
were the predominant soil constituents.

58. Site N-20. The N-20 site was an intermediate aged disposal
area that produced mosquitoes, but during the present study it was
considered a marginal mosquito habitat. Dredged material at this
site was approximately five to six years old. Mildly acid soils
were found to average 6.63 and 6.45 pH units for the surface and
subsurface samples. Surface conductivity averaged 46,250 micromhos
per centimeter, while subsurface samples averaged 36,833 micromhos
per centimeter. The average oxidation-reduction potentials had an
average range from +68 to +117 mv for the surface and subsurface
samples respectively. Field notes indicated that this site weathered
faster than others observed during the study period. When the
percentage composition of the soil samples was studied, it was noted
that site N-20 contained a higher percentage of sand than was present
in the two previous sites. This higher sand percentage may have
been the key factor in advancing the soil succession through
weathering.

59. Site N-21. This site was in an early stage, having received
fresh dredged material within the past 6 months. Soil pH ranges were
the most alkaline of the entire test series, with averages of 9.26
and 9.34 for the subsurface and surface samples, respectively.
Conductivities were high, ranging from 31,600 to 35,200 micromhos
per centimeter for averag; values for the surface and subsurface
samples, respectively. These values were expected since the site
was reasonably fresh and salt leaching was minimal. The average for
oxidation-reduction potentials were =65 to =155 mv for the surface
and subsurface samples, respectively. Sand as a soil constituent
remained at high levels, indicating that site N-21 might weather

rapidly in the future.

60. Comparative observations. The chemical data observed in




this study have centered around sites that produced mosquito larvae
in the past or were assumed (N-21) to be capable of producing larvae
in the future. In general, it was felt that soil weathering is
accompanied by a gradual rise in soil pH. The fresher sites studied
(N-21 and N. Drum) were more alkaline. The fresh dredged material
along the AIWW (N-21) was especially alkaline. All of the pH values
obtained were well within the values normally associated with devel-
oping mosquito larvae under field conditions. The slight'pH change
from alkaline to slight acid conditions was not considered significant
as a limiting factor for developing mosquito larvae. The percentage
composition of the dredged material may be a prime limiting factor in
determining the time schedule for both plant and animal successional
patterns. If the sand constituents are reasonably fine and well
dispersed, it may be assumed that the soil weathering process (and
also the mosquito production time span) may be reduced in direct
proportions. As previously noted, site N-20 weathered faster than
was considered normal and this may have been due to the high sand
content of the dredged material. 1In the future, comparative compo-
sition studies may allow investigators to predict the length of mos-
quito productivity period of a given site by taking soil samples for
percentage composition analysis. In general, the conductivity data
indicated that the most saline conditions were encountered along the
AIWW sites and were highest in those samples from newer sites.

61. Salt conditions were observed to affect both plant and
mosquito successional patterns. A wide range of salinity conditions
was thought to be one of the prime factors affecting the individual
character of each disposal study area. Some sites with proper drain-
age were observed to lose their soil salts fairly rapidly, while
other sites (N-20) that did not drain well tended to remain fairly
saline even in an older state. Oxidation-reduction potentials con-

firmed the original hypothesis that as the dredged habitat ages the

s0il tends to move from a negative potential (i.e. reducing environ-
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ment) to a positive potential (i.e. oxidizing environment).
Summary

62. The major chemical characteristics for this portion of this
study are summarized in the following list:

a. Soi) samples were collected from four disposal
areas that had produced mosquitoes in the recent
past or were assumed to be capable of producing
mosquitoes in the future.

b. Tests to determine soil conductivity (salinity),
pH, oxidation-reduction potential, and percentage
composition were conducted.

c. Soil chemistry changes were found to be correlated

with observable field changes in both floral and
faunal successional patterns.

d. Soil conductivity (salinity) and percentage com-
position studies were deemed the most important
factors studied during these tests.

e. As the dredged material mosquito larval habitat
ages (weathers), a slow and slight pH change
from alkaline to mildly acid soil conditions
was usually observed.

f. As the dredged material ages (weathers), oxidation-
reduction potentials change from negative to
positive values. This indicates a change from
a reducing to an oxidizing environment.

g+ An increase in both the amount and the dispersal of
sand in the dredged material mosquito habitat
can decrease the mosquito breeding potential of
a given area.

Classification of Insect Habitats Based on Dredged
Material Weathering Patterns

Rationale

63. As indicated in the previous discussion on physiochemical
conditions, it was postulated at the outset of this study that both
floral (see also Part X) and faunal (see also Part XI) changes would
occur as a given dredged material disposal site began to change with
the passage of time. It was further postulated that soil microhabitat

changes could be associated with an arthropod successional sequence.
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The purpose of this phase of the study was to characterize a hypo-
thetical successional pattern based on dredged material characteris-
tics.

Materials and methods

64. It was soon apparent that the weathering characteristics
of dredged material would be the easiest parameter to observe under
routine field conditions. Much of the data and classification system
proposed under this section is the result of numerous field trips to
a wide variety of dredged material disposal sites that were known to
be of varying ages. During such trips, descriptions were made at
each site as to obvious soil characteristics that might influence
arthropod fauna. Among the disposal sites that were especially
useful in formulating the classification system were AIWW sites S-1B,
s-4, s-7, s-8, s-10, S-11, s-14, s-17, E-1, E-2, A-5, N-5, N-7, N-9,
N-12, N-21, N-211, and N-23 (see Figure 5) and Charleston harbor sites
including Drum Island, Morris Island, Clouter creek disposal area,
and Hog Island (see Figure 4). Estimates of the approximate age of
the various disposal areas were either known to the investigators or
determined from the records of the Charleston District of the Corps
of Engineers or the Charleston County Mosquito Abatement Program.

Results and discussion

65. Soil weathering patterns. As a direct result of many field

observations of plant, avian, arthropod, and soil changes within
various disposal sites, the following pattern of dredged material
successional patterns is proposed. A total of eight successional
stages or seres are proposed. Other stages may exist, but the inves-
tigators feel that the pattern proposed in this report has been

shown to occur with regularity on a large number of dredged material
disposal areas representing a wide variety of site sizes, types,
geographical locations, and ages. The abbreviation pM (for dredged
material) has been used to characterize the various seres.

66. DM-1 (supernatant liquid stage). As shown in Figure 6,
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the DM-1 stage is characterized by the appearance of a clear to cloudy
supernatant water over the entire surface of the dredged material
disposal site. DM-1 is the first clearly identifiable successional
stage associated with the aging of a given disposal site following
the cessation of a pumping operation. This sere is the result of the
separation of the water component from the dredged material slurry.
The duration of this stage is a function of the drainage system
employed or designed for the site. Supernatant water may be dissi-
pated by percolation, seepage, evaporation, or runoff. Zero drainage
results in the ponding of water for long periods of time, while the
proper installation of functioning drainage weirs will reduce the
duration of this stage to a few days. 1In Figure 6, DM-1 conditions
are shown to the right of the photograph.

67. DM-2 (bare mud stage). As shown also in Figure 6, the DM-2

stage is characterized by the appearance of wide expanses of unbroken

mud. This sere is always the shortest lived of the entire succes-

stage is associated with dark brown to black mud consisting in most
areas of silt and clay, with sand being restricted to the immediate
vicinity of the discharge site. In Figure 6 a broad band of DM-2
conditions are shown to the left of the photograph. The retaining
dike is shown adjacent to an older undiked disposal area covered with
vegetation.

68. DM-3 (incipient fissure formation stage). As shown in

Figure 7, the DM-3 sere is characterized by the appearance of long,
tenuous, shallow cracks in the surface of the dredged material.

During early DM-3 conditions the soil fissures are rarely more than

s in. in depth. During late DM-3 conditions the soil fissures widen
and the depth is greatly increased to 10-40 inches. The onset of
DM-3 conditions can occur overnight and (as will be related in sub-
sequent sections of this report) also marks the onset of concern

with noxious arthropods. As the fine silts and clays begin to

68

sional pattern. As indicated in the previous section, the DM-2 j
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dehydrate unevenly, a mosaic of fissured soil is formed over the

entire disposal site with the sole exception of sandy areas near the
discharge sites. Normally a thin layer of oxidized soil (less than
% in. thick) will be found on the surfaces of the mosiac blocks of
dredged material. At this stage of succession the dredged material
is moist and unstable.

69. Diatomaceous deposits. Frequently encountered during this

stage and stage DM-2 are thin wisps of diatomaceous deposits. These
siliceous materials are the result of stranding of diatoms formerly
suspended in the supernatant liquid stage (DM-1). These small plank-
tonic algae undoubtedly play a role in the fertility of later stages
of dredged material successional patterns. Diatoms were not confined
to this stage, but were frequently observed in later DM stages. The
most obvious appearance of diatomaceous deposits appeared to be
limited to stages DM-2, DM-3, and early DM-4. In Figure 8, early
DM~3 conditions are shown to the right while later DM-3 conditions
are shown to the left. White diatomaceous deposits are shown to the
left.

70. DM-4 (mature fissures stage). The change from DM-3 (incip-

ient fissure formation) to DM-4 (mature fissure formation) is often
subtle and difficult to recognize. As will be shown in other sections
of this report, DM-4 conditions are extemely important and should be
recognized and interpreted. As the dehydration of dredged material
continues, DM-4 conditions are characterized by the appearance of
deeper fissures (depths of 18 to 25 in. on the east coast and 20 to
40 in. on the west coast); wider separation of the mosaic blocks;
change in the coloration of the surface (i.e., reducing to oxidative
states); changes in the density of the mosaic blocks, with the sub-
surface soil becoming quite dense; and the formation of surface crust
deposits. In profile view, a mosaic block now presents a moisture
gradient with the upper portions of the block becoming dry while the

lower portions of the block may remain moist and superficial almost
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indefinitely. This fissured soil may now form additional fissures.
Superficial fissures are defined as those soil crevices that develop
during DM-4 conditions as opposed to the primary fissures of the DM-4
stage (see Figure 9-11). 1In this manner, the surface area of moist
soil is now greatly expanded. However, water loss by evaporation

and percolation is greatly reduced because rainfall is trapped in the

bottom of the fissures. Such fissures form ideal mosquito breeding

microhabitats. These conditions are enhanced when the percentage of
sand in the dredged material is lower than the percentage of silt and
clay. On the contrary, if the dredged material consists of a high
percentage of sand, then DM-4 conditions may never appear.

71. Change from DM-3 to DM-4 conditions. Figures 9-11 illu-

strate the changes characteristic of the DM-3 to DM-4 transition. 1In
Figure 9, very late conditions associated with DM-3 conditions are
illustrated. Notice that the soil fissures have become deeper, but
the surface of the mosaic has not formed a crust nor superficial
fissures. Zonation of the profile is likewise not yet evident. In
Figures 9 and 11 (DM-4 conditions), the surface of the mosaic has
formed a crust, a change in coloration is evident, and additional
superficial fissure formation can be observed. While not illustrated,
if the mosaic blocks were to be observed in profile, those from
Figure 9 would not exhibit zonation, while those from Figures 10 and
11 would exhibit definite soil zones and an observable moisture
gradient. The fine surface crust characteristic of later DM-4 condi-
tions is especially evident in Figure 11.

72. Later DM stages. Following DM-4 (mature fissures stage),

two successful possibilities may occur. If seed sources for volun-
teer vegetation are present (see description of waste areas in
Appendix D), then DM-5 conditions (vegetated mature fissures stage)
may develop. Under DM-5 conditions the integrity of the initial
fissure formation is maintained and soil weathering is retarded. The

appearance of volunteer vegetation, changing from DM-4 to DM-5
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conditions, on disposal sites tends to ensure that a site will remain
productive as a mosquito breeding location for a longer period of time
than would be the case if volunteer vegetation were restricted or
retarded (due to a lack of seed sources). 1If this later condition

is indeed the case, then DM-6 conditions are established. DM-6
conditions are characterized by the appearance of severely weathered
s0il and the disappearance of soil fissures. DM-6 conditions are
shown in Figures 12 and 13. In Figure 12 little evidence of soil
fissures can be observed and the few volunteer plants are obviously
voung and developed after the weathering process occurred. 1t is
important to note that these conditions (DM-6) would not have occurred
it volunteer vegetation had developed during the DM=3 or DM-4 stages.
In this manner, it is obvious that DM=6 soil conditions develop more
rapidly it volunteer vegetation is reduced or nonexistant. A detail
of s0il weathering or DM-6 conditions is illustrated in Figure 13.

73. DM-7 weathered fissures with vegetation. A special sere

that is not always found during the successional cycles associated
with dredged material microhabitats is the DM-7 condition. This
stage is characterized by the maintenance of woody and herbaceous
plants on fissured dredged material. The fissures may be partly
filled with dredged material, but still capable of holding rainwater.
This stage (not fllustrated) was observed on a few older sites that
had not received dredged material on a regular basis. The otherwise
climax vegetation (see Part IV) that occurred frequently included
cedar and other tree species. A vammary chart of these relationships
is presented in Figure 23 in the next section.

74, DM=8 clima conditions. As noted in Part 1V, statements
about climax conditions are made with some reservations due to the
short-=term nature of this report. Some of the observations noted for
¢limax conditions may change as additional data become avaflable.
Climax conditions (DM=8) are associated with loosely packed soils

with no visible evidence of fissure formation. The plant species
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associated with climax conditions (Part T1V) are also found in c¢limax

soil conditions.

Two possible plant communities are common at this

stage of succession. A monoculture of Fhragmites commmis or a mixed

group of trees and woody shrubs. Under some conditions Phragmites

apparently persists indefinitely. Most of the older disposal sites

visited during the course of this study, however, appeared to sta-

bilize with the tree and woody shrub stage. Climax (DM-8) conditions

have been previously illustrated as Figures D3 and E9 in the appendi-

ces.

Summary

75. In summary, the following points should be noted:

a.

A comparative study of arthropods and soil
weathering conditions revealed that eight
successional stages were commonly observed.

From the standpoint of noxious arthropod
surveillance, it is extremely important that
stages DM-4, DM-5, and DM-7 be recognized and
understood.

As a given dredged material site begins to age,
the later stages are less predictable than the
earlier seres.

Stages DM-5 and DM-6 may be deleted during some
successional cycles. Figure 23 presents a summary
of these bypass routes.

Stages DM-6 or DM-7 usually preceed the climax
sere.

The presence and development of volunteer vegeta-
tion during DM-3 or DM-4 stages tends to retard
soil weathering and the entire successional cycle.

The entire successional cycle is normally repeated
with the onset of additional dredged material
during a pumping operation.

Arthropod (Nonmosquito) Successional Patterns Associated

with Dredged Material Weathering Patterns

Rationale

76. HRaving established in the previous section the more obvious

79




types of dredged material successional patterns as stages DM-1
through DM-8, the next procedure was to determine if a definite

arthropod community could be associated with some of the more impor-

tant soil successional seres. The purpose of this section was to

identify those species of arthropods that appear to be common and
representative of the selected dredged material (DM) seres and to
determine the relative degree of association of these arthropods
with DM stages.

77. Ecological succession is considered in this report as an
orderly and progressive replacement of one community by another until
a relatively stable community is established. (Smith 1974). The
reservations and problems noted with successional studies in Appendix
D also apply to studies of arthropod succession. As was the case
with the plant successional studies, two types of successional
patterns are recognized for arthropods, primary and secondary.
Primary succession occurs where certain areas were previously devoid
of life. Secondary succession occurs in those areas that are disturbed

by man, animals, or natural forces, including fires, wind, storms,

floods, and dredging.

Literature review
78. General references. Several investigators (Odum and

Pinkerton 1955, Cooke 1967, Margalef 1968, and Odum 1969, 1971) have

developed models of succession. According to these models, the early
stages of succession are characterized by relatively few species, low
biomass, and largely extrabiotic sources of nutrients. Energy is
channeled through relatively few pathways to many individuals of a
few species and biomass production is high. The food chains are
short, linear, and largely grazing. The mature stages of succession
are characterized by many species, high biomass, and a nutrient
source largely organic in nature. Energy is channeled down many

diverse pathways and shared by many units. Food chains are complex

and largely detrital.
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79. Smith (1974) has noted that as successional seres pass from
immature to mature stages a number of changes occur including:
1) stratification and diversity changes, 2) niche changes from broad,
general niches to narrow specialized roles, and 3) changes in both the
diversity of species and the number of niches available (due to
stratification). In summary, diversity increases with maturity. One 3
problem with this model observed by the investigators is the fact

that the model proposed is mainly concerned with aquatic systems,

and that the applicability to terrestrial systems is questionable.
Dredged material disposal sites offered an opportunity to study
secondary arthropod succession in a terrestrial habitat.

80. Arthropod references. Few studies have been conducted on {

the general arthropod populations that can be associated with marine

habitats and modified marine habitats (disposal sites). Metcalf

and Osborn (1920) conducted classical studies on intertidal insects

in North Carolina. Davis and Grey (1966) conducted the first com-

prehensive survey of salt marsh insect populations. McMahan et al.

(1972) compared the arthropod fauna from sewage-exposed and sewage- 3
free salt marshes. Only two references were located that directly

concerned arthropods associated with the disposal of dredged material.

Carlson (1972) and Cammen (1976) studied arthropods associated with

the disposal of undiked dredged material. Carlson (1972) noted that

arthropod utilization of undiked dredge islands increased with island 1
age. Cammen (1976) noted that elevation and tidal influences signif-

icantly affected the types of invertebrate fauna that would colonize

an undiked disposal site. No studies were located that were concerned

with the arthropods associated with the disposal of dredged material

within diked disposal areas.

Materials and methods

8l. Emergence trap techniques. In order to determine the

relationships between the dredged material (DM-1 through DM-8)

stages prescribed in the previous section and the appearance and
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abundance of the various insect species, a detailed study of several
DM stages was made using insect emergence traps (1 m square) as
described by Gaydon and Adkins (1969). Preliminary investigations
indicated that six DM stages could be investigated on available
disposal sites in the Charleston, S. C. area. With the exception of
DM-1 (supernatant liquid stage), one emergence trap was placed

within disposal areas that exhibited the following stages:

a. DM-2, (bare mud sere)

b. DM-3, (incipient fissures sere)

c. DM-4, (mature fissures sere)

d. DM-5, (mature fissures with vegetation sere)

e. DM-6, (weathered fissures sere, with limited
vegetation)

f. DM-8, (climax sere with mixed trees and woody

shrubs) .
Since it was impossible to follow a complete successional cycle on
any one site within the time frame of the study, several dredged
sites in various stages of succession were used. As one site ceased
to provide a habitat, the emergence trap would then be moved to
another disposal site that provided the needed habitat. Sites
utilized during this phase of the study included several locations
on Drum Island and Daniel Island in Charleston Harbor (Figure 4) and
AIWW sites N-20, N-21, and N-22. A new disposal site on the Ashley
River, C-1, was used late in the study. The ages of the sites
selected ranged from fresh deposits of dredged material to older
sites that had not been pumped for over 15 years. The emergence traps
were operated continuously from 1 August 1975 to 3 April 1976. Trap
collections were made once a week. At the time of insect collection,
the traps were moved to a fresh location that possessed the same DM
stage to avoid depleting the arthropod population or attracting in-
sects not normally found on the site.

82. Specimen processing. Collections from the six sites were

sorted and separated to taxonomic families and more complete
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identifications (in most cases to species) were made by specialists
at the Insect Identification and Beneficial Insect Introduction
Institute of the United States Department of Agriculture in
Beltsville, Maryland, or one of their cooperating specilists.

83. Trap effectiveness and design. The traps utilized for this

successional survey proved to be effective and collected large numbers
of a great variety of insects and other arthropods. The low profile

of the traps (6 in. height) did not attract vandals except on two

occasions. Vapona ® strips used as a killing agent were found to be

effective for periods of approximately 1-% months. Almost all
specimens were recovered in good condition and subsequent identifica-
tions were time-consuming, but possible for almost all of the material
collected.

84. Other collecting techniques. Some water samples were

collected from the DM-1 stage using the standard mosquito larval
dipper. Dippers were also used to sample water from fissured soil
and other localized habitats that contained rainwater. On two
occasions during field trips to disposal sites near Houston. Texas,
and Topsail Beach, N. C., sweep net collections were made for two
hours to sample flying insect svecies associated with diked dredged
material disposal areas. These samples were not considered as impor-
tant as the emergence traps (which were associated with breeding
activities).

85. Species diversity. One method of describing and comparing

animal communities is to estimate and compare the species diversity
of different communities. This method has gained wide acceptance
among ecologists especially since the work of the late Robert
MacArthur in studies of avian communities (MacArthur 1957, and 1960,
and MacArthur and MacArthur 1961). This measure of an animal
community provides an estimate of the relationship between the number
of species in a given community and the total number of individuals

present in that same community. The relationship between number of
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species and number of individuals (diversity) is a useful parameter
for this studv because changes in community structure occurring with
time will produce changes in the estimates of diversity within the
community.

86. Diversity can also be viewed as an estimate of the likeli-
hood of selecting an individual of a given species from the popu-
lation of all individuals of all species present in a community when
a random sample is taken. An extreme sample is a '"community' in
which all individuals are members of the same species. In such a
case, any and all samples would yield an individual of the same
species. Thus, the chance of selecting a member of that species in
a sample is 100 percent and the diversity is zero. This typoe of
reasoning is the basis of mathematical methods for representing
species diversity. One of the most commonly used methods is the
Shannon-Wiener (also called Shannon-Weaver) Index. This method was
chosen to estimate the diversity of the six habitats sampled. The
number of each species used to compute species diversity indices
are the results from emergence trap samples. The form of the
Shannon-Wiener equation used here to calculate the diversity indices
(D) is that provided by Cox (1972) which states the formula in terms
of base 10 logarithms:

D = 3.3219 (log,, N—I%Zni log,, )
Where:
N = total number of individuals of all species
n = number of individuals of the ith species

3.3219 = conversion factor to convert from log10 to log2

This index for species diversity in a given ecosystem varies from
zero for communities having only one species (monoculture) to very
high values for communities with many species and fewer individuals
per species.

Results and discussion

87. A summary of the results of this section and the previous
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section on insect habitats is presented in Figure 1l4. A summary of

the arthropod species collected and computed Shannon-Wiener indices
from this phase of the study is shown in Table 5. An individual
taxonomic listine of the arthropods collected is presented in Table
6. The sweep net collections from dredged material disposal sites

are presented in Table 7.

88. DM-1: supernatant liquid stage. Since the dredged material

slurry is mixed with several parts water for every one part of
dredged material, the duration of this stage is a function of the
fate of the water component. As previously mentioned in the habitat
section, the duration of this sere may be short or prolonged. As
indicated in Figure 14, mosquito breeding did not occur during this
stage of the successional pattern. When fresh dredged material is
added to any of the subsequent DM stages, the successional pattern
always reverts to DM-1. Therefore, the addition of fresh dredged
material in some cases may temporarily eliminate mosquito breeding
conditions. This effect was not permanent, as the successional cycle
had merely been reset to a previous sere. Few insect species could
be collected from the DM-1 stage despite intensive efforts. The
most commonly collected insects from this stage were water boatmen
(Hemiptera: Corixidae), dragonfly nymphs (Odonata: Libelluidae), and
immature larvae of midges (Diptera: Chirommidae). Water boatmen
populations were sometimes very large--sometimes exceeding 500
specimens per dipper of sample water. No positive species determina-
tions could be made on these specimens. The duration of this stage
was as short as one week and as long as six months during the study
period.

89. DM-2: bare mud stage. Intensive investigations and

determinations were conducted on this sere, the earliest major stage
of arthropod importance. As the supernatant water is lost from DM-1
conditions, physical changes become evident within the disposal site.

This clear supernatant liquid is lost by drainage, percolation,
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Table 6

Taxonomic Listing and Relative Abundance of Insects Collected in Box

Emergence Traps During Physical Succession on Diked Dredged Material

Disposal Sites in Charleston County, South Carolina

Seral Stage: Mud Incipient Mature Vegetated Weathered Climax
Fissures Fissures Mature Fissures
Fissures
(DM-2) (DM-3) (DM-4) (DM-5) (DM-6) (DM-8)
No. of Samples 27 43 36 36 34 36

Taxonomic Category Total Number of Specimens Collected

COLEOPTERA

Anthicidae

Anthicus sp. 1 0 0 2 0 0
Carabidae

Bembidion sp. 48 372 25 0 1 0
Paratachys sp. 0 3 16 5 2 1
Stenolophus sp. 0 5 S
Tachys sp. 0 0 0 0 1
Chrysomelidae

Systena elongata 0 0 0 1 0 0
Cocinellidae

Seymus (Pullus)

Lowett 0 0 0 5 0 1
Curculionidae

Genus? 0 0 0 0 4 3
Helodidae

Cyphon sp. 0 0 1 0 0 1
Heteroceridae

Neoheterocerus

pallidus 1 38 58 9 0 3

(continued)
(Sheet 1 of 11)
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Table 6 (continued)

Seral Stage:

Mud Incipient Mature Vegetated Weathered Climax

Fissures Fissures Mature Fissures
Fissures
(DM~2) (DM=3) (DM-4) (DM-5) (DM-6) (DM-8)
No. of Samples 27 43 36 36 34 36
Taxonomic Catagory Total Number of Specimens Collected
Mordellidae
Mordella sp. 0 0 il 0 0 0
Nitidulidae
Carpophtlus
muttlatus 0 0 0 0 = 0
Scarabeidae
Myrmecaphodius
excavaticollis 0 0 1 1 1 2
Staphylinidae
Aleocharinae
Aleochara sp. 3 5 6
Falgaria sp. 2 6
Genus? 13 28 13 23 4
Oxytelinae
Anotylus
insignitus 0 0 0 0 0 1
Carpelimus spp. 143 1033 659 107 11
Thinobius sp. 0 0 2 69 28 0
Paederinae
Lobrathiwn sp. 1 9
Scopaeus spp. 0 0 “
Staphylininae
Hyponygrus sp. 0 k. 0 0 0 9
Neobisnius
ludierus 0 4 & 3 0 33
(continued)
(Sheet 2 of 11)
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: Table 6 (continued)

Seral Stage: Mud Incipient Mature Vegetated Weathered Climax
Fissures Fissures Mature TFissures

Fissures
(DM-2) (DM-3) (DM-4) (DM-5) (DM-6) (DM-8)
No. of Samples 27 43 36 36 34 36

ot bt

Taxonomic Catagory Total Number of Specimens Collected

i COLLEMBOLA
; Entomobryidae
i Lepidocyrtus
i cyaneus 4 17 0 5 47 0
] Lepidocyrtus
1 beaucatcheri 4 29 0 0 37 0
4 Orchesella
b ainsliet 0 0 0 0 109 1
Seira buski 0 0 0 0 7

Seira platani 0 0 0 0 2

Isotomidae

Isotoma cinera 0 0 0 0 3 1
fﬂ Sminthuridae
| Sminthurinus
b minutus 0 0 0 0 0 1
DERMAPTERA
! Carcinophoridae
1 Euborellia
E annulipes 0 2 2 13 2 27
Labiduridae i
1 Labidura riparia 0 0 0 1 3 11
DIPTERA
| Canaceidae

Canace macateei 4 330 5 1 0 3

(continued)
(Sheet 3 of 11)
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Table 6 (continued)

No. of Samnles

Seral Stage:

Mud Incipient Mature Vegetated Weathered Climax
Fissures Fissures Mature

Fissures
(DM-2) (DM=3) (DM-4) (DM-3)
27 43 36 36

Fissures
(DM=6)  (DM-8)
k1) 36

Taxonomic Catagory Total Number of Specimena Collected

Cecidomyiidae
(several taxa)

Ceratopogonidae
Cultootdes furens

Culicoides
hollenate

Dasyhelea
atlantis

Forotpomyia
Nliginosa

Foretpomyia
genualie
Foreipomyta
(Thyridomyia)
tenutchela
Chironomidae
Orthooladiinae
Chloropidae
Contoacinella sp.

Fugaurax sp.
(quardri lineata
ocomp lex)
H;Epclatco
Lleatidens

Hippelates pusio

5 6
2 k]
9 6
k| 68
0 9
0 2
? 605
0 0
0 0
0 0
2 0

0
(continued)

9

20

13

865

k] 144
1 0
8 1
0 67
0 13
0 17
3 109
J 179
0 0
0 1
0

0
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Table 6 (continued)
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. Seral Stage: Mud Incipient Mature Vegetated Weathered Climax
_ 1 Fissures Fissures Mature Fissures
- Fissures
- (DM-2) (DM-3) (DM-4) (DM-5) (DM-6) (DM-8)
| No. of Samples 27 43 36 36 34 36

e

Taxonomic Catagory Total Number of Specimens Collected

E | Thaumatomyia
* glabra 0 0 0 1 0 0
i Thawnatomyia
: pulla var.
punctum 1 0 0 104 0 1
% Dolichopodidae
5 Chrysotus sp. 0 0 1 0 0
f Dilophus sp. 0 0 1 0 0
' Thinophilus sp. 4 5 6 1 0 1
Drosophilidae
Drosophiia
tripunctata 0 0 0 0 0 2
Seaptomysa
adusta 0 11 5 7 1 22
Seap tomyaa
pallida 0 0 0 0 0 2
Seaptomysa
J vittata 1 10 4 8 1 22
: Empididae
g Drapetis sp. 0 2 26 12 0 19
: Ephydridae
1 Atissa pygmaea 113 1488 575 43 25 0
it Ceropetlopa
| coquillettt 0 0 0 1 0 0
Discocerina
obegcurella 0 0 2 0 0 0
i (continued)
1 (Sheet 5 of 11)
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&_L Table 6 (continued)

Seral Stage: Mud Incipient Mature Vegetated Weathered Climax
Fissures Fissures Mature Fissures
Fissures
(DM-2) (DM=3) (DM-4) (DM-5) (DM-6) (DM-8)
No. of Samples 27 43 36 36 34 36

Taxonomic Category Total Number of Specimens Collected

Lamproscatella
: dichaeta 1404 13812 269 25 1 5
Scatella
: favillacea 0 0 2 0 0 0
1 Seatophila
' ordinaria 91 794 715 671 3 4
F Muscidae
Lispe sp. 1 45 0 2 1 4
Mycetophilidae "
Leia sp. 0 Qi 8 0 1 88
Otitidae
Euxesta n. 8p. 0 0 0 1 0 0
i Phoridae
| Dohrmiphora sp. 17 127 14 10 7 2
i Dohriniphora
1 cornuta 6 15 2 0 0 3
é Megaselia sp. 21 214 29 38 116 55
| Puliciphora sp. 2 23 0 3 4 1
i Psychodidae
f Peychoda spp. 3 4 2 26 0 50
A Scatopsidae
i Genus? 0 1 1 21 1 13
! Sciaridae
Bradysia sp. 0 18 36 208 21 696

j (continued)
(Sheet 6 of 11)
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Table 6 (continued)

Seral Stage: Mud Incipient Mature Vegetated Weathered Climax
Fissures Fissures Mature Fissures
Fissures
(DM-2) (DM-3) (DM-4) (DM-5) (DM-6) (DM-8)
No. of Samples 27 43 36 36 34 36

Taxonomic Catagory Total Number of Specimens Collected

Sphaeroceridae

Leptocera spp. 18 1310 79 15 2 38
Tachinidae

Elfia sp. 0 3 2 0 0 0
Tipulidae

Erioptera (trimicra)
pilipes 0 2 0 0 0 2

Limonia
(Dieranomyia)
gladiator 1 3 1 0 0 2

Limonia (Rhipidia)
domestica 0 2 0 0 0

Limnophila sp. 0 1 0 0 0
HEMIPTERA

Reduviidae

Genus? 0 0 0 10 1 0

Saldidae

Pentacora
sphacelata 10 65 53 1 1 1

HOMOPTERA
Aphididae
Aphig craccivora 0 3 8 15 46 7
Cicadellidae

Macrosteles
faseifrons 0 0 3 0 99 4

(continued)
(Sheet 7 of 11)
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Table 6 (continued)

Seral Stage:

(DM=2) (DM-3)

No. of Samples 27

43

Fissures Fissures

(DM-4)
6

Mud Incipient Mature Vegetated Weathered Climax

Mature Fissures

Fissures
(DM-5)
36

(DM-6) (DM-8)
34 36

e

T

Taxonomic Catagory Total Number of Specimens Collected

Cixiidae

Pintalia
dorstvittatus 1
Delphacidae

Prokeligia
marginata 0

HYMENOPTERA
Aspidae
Lysiphlebus sp. 0
Bethylidae

Dissomphalus
apertus kieffer 1

Braconidae
Apanteles sp. 1

L]

Asptilota sp.

o

Heterospilus sp.

Alysiinae,
genus? 0

Ceraphronidae
Ceraphron sp. 0
Cynipidae

Hexacola sp. 124
Kletdlotoma sp. O

Trybliographa sp. 0

0 11
6 0
0 0
0 1
0 0
1 2
0 0
0 0
0 0
461 4
2 0
10 0
(continued)

41

41

3 0
0 0
0 1
0 0
1 15
0 4
0 1
0 1
2 3
1 23
0

0
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Table 6 (continued)

Seral Stage: Mud Incipient Mature Vegetated Weathered Climax
Fissures Fissures Mature Fissures
Fissures
(DM-2) (DM-3) (DM-4) (DM-5) (DM-6) (DM-8)
No. of Samples 27 43 36 36 34 36

Taxonomic Catagory Total Number of Specimens Collected

Encotlinae,

genus? 0 0 0 0 0 1
Diapriidae

Pgtlus sp. 0 0 0 0 1 1
Trichopria sp. 0 5 12 12 1 18
Encyrtidae

Copidosoma sp. 0 1 1 0 5 13
Eulophidae

Euplectrus sp. 0 0 0 1 0 0
Horismenus sp. 0 0 0 0 5 10
Tetrastichus sp.1 0 0 0 0 0 4
Tetrastichus sp.2
(=Aprostocetus

gen Burke) 0 0 0 0 1
Tetrastichus sp.3 0 0 0 0 0 1
Formicidae

Hypoponera sp. 0 0 0 0 0 1
Monomortiwn viridun

pentnsultatum 0 0 0

Partrechina sp. 2 3 0 2 1

Ponera

pennsy lvaniea 0 0 0 0 0 1
Solenopeis

tnvicta 21 51 2 13 6 2

(continued)
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Table 6 (continued)
Seral Stage: Mud Incipient Mature Vegetated Weathered Climax |
Fissures Fissures Mature Fissures |
Fissures
| (DM-2) (DM-3) (DM-4) (DM-5) (DM-6) (DM-8)
| No. of Samples 27 43 36 36 34 36 4
Taxonomic Catagory Total Number of Specimens Collected
i
¢ Ichneumonidae ]
5 Orthocentriane 0 0 0 0 0 1
Mymaridae
Gonatocerus sp. 0 0 0 0 0 1
Platygastridae
Leptacis sp. 0 0 0 0 2 14
Pompilidae
‘ Anoplius sp. 0 0 2 0 0 0
5 Pteromalidae
EBupteromalus sp. 73 1036 9 6 3 2
| Spalangia sp. 0 0
f Scelionidae
Calotelea sp. 0 0 1§ 5 1
1 Telenomus sp. 0 0 0 0 0
| Trimorous sp. 0 0 2 0 0 1
} Sphecidae
l Liris aequalis 0 0 0 0 1 0
; Vespidae
E Polistes fuscatus
? bellicosus 0 0 0 4 0 0
i LEPIDOPTERA
! (unidentified
- taxa) 3 0 7 12 1 19
(continued)
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Table 6 (concluded)

Seral Stage: Mud Incipient Mature Vegetated Weathered Climax
Fissures Fissures Mature Fissures
Fissures
‘ (DM-2) (DM-3) (DM-4) (DM-5) (DM-6) (DM-8)
No. of Samples 27 43 36 36 34 36

|
ﬁ Taxonomic Catagory Total Number of Specimens Collected
i

ORTHOPTERA
Gryllidae

Velartfictorus
mtoado 0 0 1 4 6 15

Blattidae

Parcoblatta sp. 0 0 0 0 0 6
PSYCHOPTERA

Ectopsocidae

$ Eotopscopste
oryptomeriae 0 0 0 0 0 7

Lachesillidae

Lackestlla
nubtlie 0 0 0 0 0 1

THYSANOPTERA
Thripidae
Genus? 0 1 1 0 0 2

————————T—

———
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Table 7
Insects Collected By Sweepnet During Trips to Dredged ]
Material Disposal Sites in Topsail, North Carolina b
(NC), and Houston, Texas (TX)
Taxonomic Catagory Location Collected
COLEOPTERA
Chrysomelidae
Trirhabda bacharidis NC
Mordellidae
Mordellistena sp. NC
Phalacridae
Stilbus apicalis Melsh X
‘_ DIPTERA
; ? Ceratopogonidae
: Culticotdes furens (Poey) NC
Culicotdes hollensis Melander & Brues NC
Cutleotdes stellifer (Coq.) NC
Culticoides varitpennts (Coq.) X
L} Dasyhelea grisea (Coq.) NC
| : Chironomidae
a2 Tanypus sp. NC
- sp. of Orthocladiinae NC
; Chloropidae
7 Hippelates dissidens (Tuck.) X
, Hippelates particeps (Beck.) NC
| Dolichopodidae
1 j Thinophilus ochrifacies Van Duzee NC
Thinophilus sp. NC
E ? Ephydridae
| é Atigsa pygmaea (Haliday) NC
| E SYE SO (Sheet 1 of 3)
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f Table 7 (continued)
Taxonomic Catagory Location Collected
] Dimeccenia spinosa (LW.)} NC, TX
{ Discocenta obscurella (Fallen) NC
Lamproscatella dichaeta (LW.) NC, TX
A Paraqltrma decipiens (LW.) X
Parydra imitans (LW.) NC
§ bolytrichophora sp. NC
Seatella favillacea (LW.) X
Seatella picea (Walker) TX
Seatophtila spp. NC, TX
Sciaridae
Bradysta sp. NC
Sphaeroceridae
Leptocera (Rachispoda) atra (Adams) NC, TX
Tethinidae
1 Pelomyta coronata (LW.) TX
1 Tipulidae
§ Erioptera (Trimicra) pilipes (Fabricius) NC
! HOMOPTERA
1 Aphididae
i Hyalopterus prunt (Geof.) NC
1 Cicadellidae
! Macrosteles lepida (Van Duzee) NC
? Seaqphotideus tergatus Delong NC
3 Delphacidae
3 Prokelisia marginata (Van Duzee) NC
; HYMENOPTERA
2 Braconidae
Heterosptlus sp. NC

4 (continued)
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Table 7 (concluded)

Taxonomic Catagory Location Collected

Formicidae

Fommioa pallidefulva Latreille
Pteromal idae

Lamprotatini, Genus?

Urolepis sp. near rufipes (Ashm.)

(Sheet 3 of 3)




and/or evaporation, leaving behind a soupy suspension of sediment
which frequently becomes associated with algal growth. As previously
mentioned, manv of these algae are diatoms. During this study. four
families of beetles (Coleoptera), a single family of springtails
(Collembola), twelve families of true flies (Diptera), five families
of bees and their allies (Hvmenoptera), a single family of leafhoppers
(Homoptera), and a family of moths (Lepidoptera) were collected from
emergence traps used for sampling the bare mud stage. A detailed
listing of the individual snecies associated with these families is
presented in Table 6. While most of the insect species collected
from this stage are not of known ecomonic importance to man, it is
interesting to note that three different species of the biting midge
group (Ceratopogonidae) were collected in small numbers from this
sere. These midges are also known as 'punkies," '"sand flies', and
"no-see-ums.'" Two of these species, Culicoides furens and C.
hollensis, are of interest because they are major pest species. Most
literature about the breeding of these two species lists the natural
salt marsh as their natural habitat. Additional studies are needed
to determine if dredged material disposal areas serve as breeding
sites for these species. Of the noneconomic species, one of the
most interesting groups collected were species of Ephydridae (shore
flies) which occurred in large numbers during this stage. Two
species, Atissa pygmaea and Lamproscatella dichaeta, were especially
common. While some of the species collected may have been using

the disposal areas as a resting site, the breeding of the dominant
species of Diptera (families Ephydridae and Phoridae) was confirmed
by the isolation of the larvae of these groups from dredged material
washings. Mud samples were washed through sieve series and the
residue was subjected to salt flotation to locate larvae. A total

of 27 collections, representing 27 weeks, were processed from this

sere. The mud stage is not significant as a source of mosquitoes.
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90, DM-3 {nciplent fissure stage, As previously mentioned in
other sections, the change from DM-2 to DM-3 conditions is often quite
rapid and may occur on a large disposal site in a matter of days. As
the fine sediments dehydrate and contract, the soil particles pull
apart and separvate to form primary soill fissures (see previous
sectfon). As this dehydration process becomes more evident,
s0ll flssures become deeper and wider with a resultant mosaic of
fissured soil, The duration of this stage ranges from four to six
weeks in many locations. The most important aspect of this stage
was the high diversity and extvemely high productivity of animal
biomass., This high diversity was not immediately obvious until the
Shannon-Wiener Indices were computed, Table S indicates that this
sere had the highest diversity index of the entire study (D = 10,7357),
During field collections, however, large numbers of both individuals
and specles were evident from the trap collections taken from this
stage, This extremely high diversity index had not been anticipated
by the investigators at the outset of the study, It has been postu-
lated (see literature review of this section) by a number of workers
that later successional stages have greater diversity than earlier
atages In a successional cycle. This study, on the contrary, suggests
that arthropod diversity rapidly becomes greatest shortly after the
retreat of the supernatant water and the development of soil fissures,
A few explanations might be offered to account for the virtual
exploafon of arthropod populations within this astage (DM-3) of
succession, The formation of soil filssures (the hallmark of DM-3)
results in many microhabftats that offer protection, food, a selec-
tion of moisture ranges, and bacterial and algal growth conditions
which support animal life. DM-3 conditions offer both tervestrial
and aquatlc microhabitats (when the incipient fissures ave partially
water filled) in contrast to the previous state (DM-2) which offered
only a restricted, shallow wvater habitat that was uniform throughout

the entire disposal area. Further research 1ls needed to ilsolate
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those early plant growth patterns (bacterial, algal, etc.) that sus-
tain the great abundance of arthropod life associated with this
incipient fissure-forming sere.

91. Arthropod species associated with DM-3 conditions. As

previously !ndicated, the investigators began to suspect that DM-3
conditions were highly productive for arthropods shortly after the
early trap collections from this stage were examined. A total of 54
species, representing 31 families from 8 orders of the Arthropoda,
were collected during this study. Tables 5 and 6 enable the reader
to compare and contrast the numbers of both species and individuals
collected from this sere. Of special interest are the moderate
numbers of Carabid beetles (commonly known as ground beetles) from
the genera Bembidion and Paratachys. Both the adults and larvae of
most carabids are predaceous and are therefore beneficial insects.
The largest collection of rove beetles (Family Staphylinidae) was
taken from traps placed over DM-3 conditions. A total of 1033
individual specimens of Carpelimus spp. were collected. As DM-3
conditions give rise to DM-4, DM-5, and other seres, the numbers of
this group rapidly decline. Since the rove beetles are also preda-
ceous, it is reasonable to assume that these arthropods are also
beneficial.

92. Among the other families and groups of insects collected
from this sere are moderate numbers of the springtails, Lepidocyrtus
cyaneus and L. beaucatcheri. As noted in Table 6, these two sibling
species were collected from DM-3 and DM-6 conditions, but were
virtually absent from DM-4, DM-5, and DM-8 stages. Among the flies
(Order Diptera) the largest numbers of the beach flies (Family
Canaceidae) were collected from DM-3 conditions. As can be seen from
Table 2, a total of 330 species of Canace macateei were collected
during this study. The latest edition of the standard American
textbook on insect taxonomy (Borror et al. 1976) lists this family

of Diptera as '"rare and unlikely to be encountered." Only five
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species of this family are known to accur in the United States and

the larvae are known (Borror et al. 1976) to feed on algae stranded
along shorelines. The presence of algae and the interphase of

aquatic and terrestrial microhabitats during DM-3 has already been
noted and the presence of these conditions probably accounts for the
abundance of this rare group of insects. Very small numbers of biting
midges (family Ceratopogonidae) occurred during this stage. As noted
in the previous comments on DM-2 conditions, it continues to be doubt-
ful that dredged material disposal areas are a significant source

of these noxious pests, since such small numbers were taken by the
emergence traps used in this study. However, in view of the work of
Altman et al. (1970a, 1970b) in Central America, additional work and
surveillance on the possible breeding of this important group of
noxious flies should be continued.

93. From the large and extensive family Chloropidae (eye gnats
and allies), only a few specimens were collected from disposal sites
in DM-3 conditions. The investigators believe, however, that these
data should be interpreted with some degree of caution. During
field trips relating to other aspects of this study, consistent
numbers of adult eye gnats were observed within dredged material
disposal areas. On several occasions large numbers of eye gnats
were observed to swarm over fissured soil under DM-3 and DM-4 condi-
tions. These field observations indicate that dredged material
disposal sites may constitute a yet unrecognized source of eye gnats.

94. Extremely large numbers of three species (Atissa pygmaea,
Lamproscatella dichaeta, and Seatophils ordinaria) of the family
Ephydridae (shore flies) were collected from traps operated over
DM-3 conditions. As a disposal area ages, the numbers of these
species gradually decline, but their abundance under DM-3 conditions
was unusual and striking. Unlike the canaceid flies, the ephydrids
are quite common and it is reasonable to suspect that such flies

would be common within dredged material disposal areas. Until this
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study, however, their utilization of disposal areas as breeding sites
was not definitely established or known. This study documents the
DM-3 conditions as the most productive stage for ephydrid production.
These flies are not considered economically important to man.

95. Moderate numbers of humpbacked flies (Family Phoridae)

were collected under DM-3 conditions, representing three species (see
Table 6). Muscid flies of the genus [Lispe were also collected in
moderate numbers from DM-3 conditions. The small dung flies (Family
Sphaeroceridae) are frequently collected from organic sources and
excrement. A total of 1310 individuals of a single undetermined
species of the genus Leptocera were collected from DM-3 conditions.
This family (Sphaeroceridae) is classified as rare by Borrer et al.
(1976) .

96. Among the nondiptera, two remaining groups were found to
be abundant during DM-3 conditions. Of the true bugs (Order
Hemiptera), a single predatory species, Pentacorq sphdoelata. was
found to be common under DM-3 conditions. This species was also
collected from DM-2 and DM-4 conditions in moderate numbers. Three
species of the order Hymenoptera were noted as important. From the
family Cynipidae large numbers of an undetermined species of the
genus fexacola sp. were collected from all seres with DM-3 being the
most productive. A second parasitic wasp species, Fupteromalius sp.,

of the family Pteromalidae was collected from DM-3 conditions. It is

thought that both these species are parasites of the small Diptera
previously cited. The largest numbers of the imported fire ant,
Solenopeis invicta, were collected from DM-3 conditions. The moderate !
numbers of this species collected from SM=3 traps probably reflects

the presence of other prey species. It was not felt that the numbers
of this species shown in Table 6 accurately reflect the true numbers
of imported fire ants that utilize dredged material disposal areas. :
The well-known mounds of this species were never constructed under

emergence traps.
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97. In summary, DM-3 conditions produce a large number of both

individual insects and insect species. This rapid rise in species
diversity and numbers is perhaps most attributable to the change in
habitats (i.e., from uniformly aquatic to a mixture of multiple
microhabitats). The dominant species of Diptera are probably parasi-
tized by two wasp parasites. With the possible exception of the eye
gnat group (some supporting data) and the biting midge group (yet to
be demonstrated in the United States), the highly productive DM-3
stage does not appear to produce noxious arthropods. Mosquitoes are
absent during this sere, but it is postulated that some mosquito
oviposition may begin under late DM-3 conditions.

98. DM-4: mature fissure stage. A total of 36 collectionms,

representing 36 weeks of activity, were studied for this stage of
succession. As will be shown in later sections of this report
(Part V), DM-4 conditions represent the onset of major mosquito
breeding within dredged material disposal sites. The change from
DM~3 to DM~4 conditions is often difficult to recognize and under-
stand. Details of this interphase and transition have already been
presented in the previous section (see paragraph 71). A total of
61 species representing 38 families from 9 orders were collected
from this sere. Among the beetles (Order Coleoptera) 6 families
were collected, while the flies (Order Diptera) were represented by
15 families. Other groups collected included the orders Hymemoptera,
9 families; Homoptera, 3 families; Hemiptera, 1 family; Lepidoptera,
1 family; Orthoptera, 1 family; Thysanoptera, 1 family; and
Dermaptera, 1 family. The Shannon~Wiener Index for this stage was
computed to be 9.2101 (D-Value).

99. Arthropods associated with the DM-4 condition. Among the

Diptera of the family Ceratopogonidae, large numbers of the nonpest
species, Forcipomyia tenuichela, were collected from DM-4 conditions.
This species was never collected in any significant numbers until

after the soil had hardened and oxidized to a considerable extent
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(i.e. DM-4 conditions). Most of the representatives of the family
Ephydridae (numerous under DM-3 conditions) began to decline under
DM-4 conditions. A single species of the genus Bradysia (Order
Diptera: Family Sciaridae) showed an increase under DM-4 conditions
that was to continue until the establishment of climax (DM-8) con-
ditions. From Table 6, it may be inferred that this species continued
to increase in numbers during every stage except DM-6. Among the
beetle species (Order Coleoptera: Family Carabidae), the previously
mentioned predator, Bembidion sp., underwent a drastic decline. This
fall in Bembidion sp. collection may reflect a concurrent decline of
its prey species. Another beetle species, Neoheterocerus pallidus,
was collected in moderate numbers from this sere. After the decline
of DM-4 conditions, this species also declined rapidly. The
staphylinid beetles Carpelimus spp., illustrated a pattern of
preference for fissured soil. Several species were abundant during
stages DM-3, DM-4, and DM-5, but absent on those DM stages that did
not exhibit fissured soil conditions.

100. In summary, while there was a slight rise in the numbers
of species collected from DM~4 conditions (from 54 on DM-3 to 61 on
DM-4) the species diversity index declined (from a D-value of 10.7357
on DM-3 to 9.2101 on DM-4). The overall numbers of individuals
collected declined. DM-4 conditions represent the first DM stage to
be concerned with mosquito breeding conditioms.

101. DM-5: vegetated mature fissures. As summarized in Figure

14, the DM-5 conditions are associated with the growth of succulent
halophytic plants and other volunteer vegetation (under less saline
conditions). The presence of this stage as a viable sere is a func-
tion of the availability of seed sources and soil weathering condi-
tions. An isolated disposal site with few seed sources and a low
dike (that may allow for rapid drying and weathering conditions)
will normally undergo a transition from DM-4 to DM-6 (weathered
fissures). If this is indeed the case then DM-5 conditions are
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bypassed (see Figure 14, bypass route l1). A more common occurrence,
however, is the development of DM-5 conditions due to the presence of
viable seed sources and slow soil weathering conditions. As will be
discussed in the next section, both DM-4 and DM-5 are capable of
supporting large larval populations of several different mosquito
species.

102. A total of 36 collections, representing 36 weeks of activ-
ity, were processed for identification and analysis from the DM-5
sere. A total of 61 species representing 40 families from 9 orders
of the Arthropoda were finally separated from this specialized
habitat. Common plants that frequently occur in association with
the emergence traps during this part of the study were Salicornia
bigelovit, Borrichia frutescens, and Suaeda linearis. The role of
this vegetation is undoubtedly important in the development and main-
tenance of the DM~5 habitat. Such vegetation prevents the penetra-
tion of sunlight, lowers the temperature, raises the relative
humidity, and tends to raise the organic content of both the water
and soil in the surrounding vicinity. When the raw numbers (see
Table 5) are compared, the species diversity appears to be roughly
the same as the DM-4 stage (i.e., 61 species collected from both
seres, but two additional families are represented in the DM-5 stage).
A study of the Shannon-Wiener Indices, however, reveals an overall
decline in species diversity, from a D-value of 9.2101 for DM-4 to
a D-value of 8.9915 for DM-5). Family separations included true
flies (Diptera), 15 families; wasps and allies (Hymenoptera), 9
families; beetles (Coleoptera), 7 families; leafhoppers and allies
(Homoptera), 2 families; true bugs (hemiptera), 2 families; earwigs
(Dermaptera), 2 families; springtails (Collembola), 1 family; moths
and butterflies (Lepidoptera), 1 family; and crickets and allies
(Orthoptera), 1 family.

103. Arthropods associated with the DM-=5 condition. While most

of the changes in arthropod patterns are obvious from inspection of
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Table 6, a few observations regarding some of the more prominent
species warrant comment. In general, predatory beetles underwent a
drastic decline in both numbers and diversity. Of the carabids, only
Paratachys sp. remained on this habitat in small numbers. The decline
in predatory beetles is interesting in light of the fact that protec~
tive vegetation (to support additional prey species) is present for
this habitat. Moderate numbers of several species (Carpelimus spp.
Thinobius sp., and an unknown species of the subfamily Aleocharinae)
of staphylinid beetles remained present during this stage, but in
likewise declining numbers.

104. With the exception of a single species (Lepidocyrtus
cyaneus) collembolans were completely absent from DM-5 collections.
Earwigs (order Dermaptera) were collected in increasing numbers over
the previous habitats. Among the order Diptera, large collections
were made of two species of ceratopogonids (Dasyhelea atlantis and
Foreipomyia tenuichela) from the DM-5 habitat. Vegetated mature
soil fissures were found to be the most productive sources for both
of these species of midges. DM-5 habitats were observed to be a
major source of the gnat species, Thawnatomyia pulla var. punctwn,
(Diptera: Chloropidae). The ephydrid and phorid flies continued to
utilize DM-5 conditions, with these three species present in moderate
numbers. Moderate numbers of the dipteran family Sciaridae were
collected as a single species. (Bradysia sp.). All other varieties
of arthropods were collected in small numbers as will be seen in
Table 2.

105. DM-6: weathered fissures. As summarized in Figure 14,

DM-6 conditions are associated with weathered soil conditions and
scanty plant life. Soil fissures are not a major component of this
habitat. DM-6 conditions are associated with those disposal sites
that are denied access to plant seed sources or are subject to harsh
environmental conditions that do not favor the introduction and

growth of plants. As can be seen from Figure 14, DM-6 conditions
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allow for a bypass of DM-7 conditions. To summarize, if DM-6 con-
ditions develop and are sustained for a reasonable period of time

(1 to 2 years), then it may be assumed that the weathered fissures
with vegetation (DM-7) stage has been circumvented. With the passage
of enough time, all dredged material disposal areas eventually become
vegetated, but the speed of the initial plant colonization efforts
will determine if DM-7 or DM-8 conditions will prevail following
formation of mature soil fissures (DM-4 stage).

106. A total of 34 collections, representing 34 weeks of activity,
were processed for identification and analysis from this successional
sere. A total of 56 species representing 39 families from 9 orders
of the Arthropoda were finally separated from this habitat. Plant
species (as indicated previously) were absent from this sere and were
therefore not associated with trap locations. Both the raw data and
the computed Shannon-Wiener index (D-value of 8.079) indicated that
species numbers and diversity had declined from all of the previous
habitats except DM~2 (mud conditions). Family separations included
true flies (Diptera), 11 families; wasps and allies (Hymenoptera),
11 families; beetles (Coleoptera), 5 families; leafhoppers, aphids
and allies (Homoptera), 3 families; springtails (Collembola), 2 fami-
lies; earwigs (Dermaptera), 2 families; true bugs (Hemiptera), 2 fam-
ilies; moths and butterflies (Lepidoptera), 1 family and crickets
and allies (Orthoptera), 1 family.

107. Arthropods associated with DM-6 conditions. Only a few

specimens of predatory beetles were collected from this habitat. The
greatest numbers of springtails (order Collembola), however, were
collected from this stage. Of special interest is a moderate collec-
tion (109 specimens) of Orcheslla ainsliei from DM~6 conditions.

With the sole exception of one species of the phorid flies (Megaselia
sp.), most of the true flies (order Diptera) underwent a uniform
depression in collection numbers. Only one species (Atissa pygmaea)

of the once numerous ephydrid flies continued to utilize the DM-6
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habitat. Among the homopterans, moderate numbers of aphids and leaf-
hoppers were isolated from DM-6 conditions. All other insect species
collected from this habitat were scanty and in many cases represent
only incidental collections.

108. DM-8: mixed climax conditions. As summarized in Figure

14, two possible climax conditions are believed possible for most
dredged material disposal sites in the east and gulf coasts of the
United States. Only the mixed vegetation climax habitat was sampled
with emergence traps. A Phrggmites climax study was not available
to the investigators for this study. As also noted in Appendix D,
the mixed climax stage studied for insect emergence consisted of
uniform ground cover that was rich in decaying organic matter. A
complete canopy of trees consisting of Baccharis sp., Morus alba
(white mulberry), and Celtis laevigata (hackberry) covered all parts
of the study area.

109. A votal of 36 collections, representing 36 weeks of acti-
vity, were considered for this habitat. Many of the species were
collected on only one or two occasions and therefore should be con-
sidered as incidental records, but not necessarily major components
of the insect fauna associated with DM-8 conditions. A total of 95
species representing 51 families from 11 orders of the Arthropoda
were processed for identification and analysis. Despite this appar-
ently large increase in species diversity, the Shannon-Wiener index
was computed to 8.827 (only slightly larger than the DM-6 habitat
D~value of 8.079). This continued decrease in the Shannon-Wiener
indices is due to the fact that a decrease in numbers of specimens
had occurred. Family separations included true flies (Diptera), 17
families; wasps and allies (Hymenoptera), 13 families; beetles
(Coleoptera), 7 families; springtails (Collembola), 3 families;
roaches and crickets (Orthoptera), 2 families; earwigs (Dermaptera),
2 families; leafhopper and aphids (Homoptera), 2 families; book lice

(Psocoptera), 2 families; and the orders Hemiptera, Lepidoptera, and
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Thysanoptera with 1 family each represented.

110. Arthropods associated with "M-8 conditions. The collections

from DM~8 conditions revealed the greatest variety of insect specimens
as had been suspected at the outset. Some caution is advised whenever
emergence traps are used, however, as the traps are nonselective and
also capture those insects that are merely resting in a given area.
Inspection of Table ¢ will reveal many species that are undoubtedly

in this catagory.

111. The beetles (Coleoptera) were collected in greater variety
from this habitat than was the case with DM-6 conditions. Table 2
reveals an interesting variety of Staphylinidae taken from this sere.
DM-8 conditions were the only location from which the small springtail
(Collembola) Sminthinue minutus was taken. Moderate numbers of two
earwig (Dermaptera) species, Fuborellia annulipes and Labidura
riparaia, were also associated with this habitat. DM-8 conditions
vielded the largest numbers of Dermaptera specimens. Table 6 also
lists a wide variety of Diptera. Of special interest is the increase
in the catch of Zefa sp. of the family Mycetophilidae (fungus gnats).
Over 80 specimens of this species were collected from DM-8 conditions,
while other seres collected few or none of this species. Among the
phorid flies (humpbacked flies), it is interesting to note that
Megaseliaq sp. was collected consistently from all six seres. The
largest collections of any species taken from this habitat were the
696 specimens of the sciarid fly (dark-winged fungus gnats) of the
genus Sradyer’a.  Almost all other specimens were scanty and in most
instances represented by only a few specimens.

112. Sweep net collections are useful to provide information on
common flying species of insects that may be located within a given
disposal area. The results of two sweep net collections within
disposal areas near Houston, Texas, and Topsail Beach, N. C., have
been presented as Table 7. While these samples, taken over a two-

hour period in mid-afternoon, are useful in a qualitative sense,
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they are not regarded as being of equal value to the emergence trap
data in significance.
Summary

113. In summary, emergence traps were operated over six of a
possible eight successional seres. Emergence traps were not operated
over DM-7 habitats as no suitable study area could be located.
Individual aquatic collections were made from DM-1 conditions as
emergence traps were not feasible for use over the supernatant liquid
stage. Cameron (1972) has cautioned against interpreting insect
diversity without proper regard to seasonality phenomena. For this
reason, some of the data presented must be considered only in the
light of the short-term nature of this report. The investigators
believe, however, that the species presented represent the major
varieties of arthropods that are most likely to be encountered on
dredged material disposal sites commonly located along the southeast
coast of the United States. The major considerations of this section
are summarized below.

a. A total of seven different successional seres,
representing seven different habitats for arthro-
pods, were sampled.

b. A catalog of the numbers of different species of
arthropods was assembled.

c. Species numbers were compared against species
diversity by computing Shannon-Wiener indices.

d. The successional pattern was determined to have
several bypass routes. Stages most commonly
bypassed included DM-5 (vegetated mature fissures),
DM-6 (weathered fissures), and DM-7 (weathered
fissures with vegetation climax).

e. The highest species diversity indices were found to
be associated with DM-3 conditions (incipient
fissure formation stage).

f. Successional seres DM-4 and DM-5 (mature fissures
and vegetated mature fissures, respectively) were
found to be the most common sources of large num-
bers of mosquito larvae.
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With the passage of time there was a slow decrease
in species diversity from the high values observed
with DM-3 conditions.

The lowest species diversity values were obtained
from DM-6 (weathered soil) conditions.

The species diversity indices did not follow the
more classical pattern of increasing species
diversity concurrent with increasing age of the
ecosystem.
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PART V: ECOLCGY OF MOSQUITOES ASSOCIATED
WITH DREDGED MATERIAL DISPOSAL SITES

Prevalence of Larval Habitats for Mosquitoes
Within Dredged Material Disposal Areas

Rationale and literature review

114. From the outset of this study it was felt that a
thorough characterization of the many possible larval habitats for
mosquitoes within dredged material disposal areas should be conducted.

Preliminary inquiries and initial observations (see Part II) indicated

that most local mosquito abatement programs and Corps of Engineers
Districcs were frequently unaware of the extent of mosquito breeding
possible within dredged material disposal sites. Only a few mosquito

abatement programs and/or Districts maintained any type of mosquito

surveillance activities within such sites. With the exception of the
classical references (see pages 32-35), no references were located in %
the literature that characterized mosquito larval habitats that de-
velop in dredged material disposal sites.

Materials and methods

115. Field trips were conducted to a large variety of dredged
material disposal sites in a number of Corps of Engineers Districts.

During these field trips extensive conversations were held with local

s _—

mosquito abatement personnel, state health officials, university ento-
mologists (where available), and selected personnel within the CE
District and field offices. A list of these resource personnel is
given in Appendix F. A summary of the District site visitations is
given in a later section. More extensive observations were possible
over longer periods of time on those disposal areas located within

the Charleston District. A listing of the many disposal areas that
were visited for this section of the report has been presented in
r«gures 4 and 5. In many cases, it was possible to observe Charles-

ton District disposal sites over extended periods of times both
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before and after dredging and disposal operations.

Results and discussion

116. Composite summary of larval habitats. A summary diagram

of all the known mosquito breeding habitats that exist within dredged
material disposal areas is presented in Figure 15. A listing in this
figure means that on more than one occasion mosquito larvae were
collected from the habitat. It should be understood that the diagram
is a composite impression and that all of the habitats listed would
never occur within a single disposal site. The figure is also a
temporal composite figure, with some of the habitats developing and
dissappearing during the successional cycles previously mentioned
(see Part 1V). Some of the habitats occurred more often in certain
sections of the United States than others. Other habitats were always
associated with certain methods of dike construction.

117. Fissured soil (the generalized habitat). As mentioned in

Part IV, the formation of extensive soil fissures or DM stages 4
through 7 was invariably the best preliminary indication of the mos-
quito breeding potential of a given site. This overall habitat is
shown in several locations in Figure 15 as item 2. Once such
fissured soil is located, it is desirable to estimate the water hold-
ing capacity and drainage of this site. As a general rule, however,
it may be stated that fissured soil in low, poorly drained habitats
within dredged material disposal areas will support mosquito larvae
if sufficient water is allowed to stand for approximately 10 days
under summer conditions in most parts of the United States. Fissured
soil usually occurs in a wide variety of locations on any given site.
The mosquito breeding potential of the various stages of fissured
soil have been previously estimated in Figure 14 (Part IV) of this
report.

118. Dike swale. The dike swale habitat was a minor mosquito
habitat that was frequently encountered during this study in a vari-

ety of locations. This small swale is usually the result of dredged
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material sinking or falling away from the dike proper. The dike
swale s illustrated as item 1 of Figure 15 in both polar and profile
views. As dredged material begins to shrink during the drying pro-
cess, the soil will tend to adhere to the dike creating an "adhesion
gradient" that causes the swale to form and hold small quantities of
water. A photograph of this adhesion gradieat and its resultant
swale are shown in Figure 16. In many cases unusual amounts of water
were located in dike swales. From Figure 16, it is obvious that the
dike swale receives a large amount of water as runoff from the dike.
During any mosquito surveillance inspection, it is imperative that
the poorly drained dike swales be sampled for water and mosquito
larvae. During numerous field trips undertaken during this study,

ft was not uncommon to encounter disposal sites whose larval mosqui-
to populations were confined to this dike swale habitat. Mosquito
breeding is not uniform within the dike swale habitat, but usually
confined (except during periods of heavy rainfall) to the lower por-
tions of the disposal site. The amount of water within the dike
swale {s normally not significant (never observed to threaten the
dike), but this small source of water does constitute a source of
mosquito larvae that can be easily overlooked. Inspectors of
disposal sites should be trained to check the lowest elevation

point of the dike swale habitat for the presence of mosquito larvae.
This technique is mentioned because many field workers will tend to
use the discharge site of a disposal area as a boat landing and in
such cases, caution must be made to insure that low areas are actually
ingpected. At this point it should be noted that the discharge site
is invariably the highest elevation within the disposal area.

119. Borrow pit swales. Borrow pit swales are major sources

of mosquito larvae and develop only on those disposal areas that have
been used more than once or have undergone dike reconstruction. In
many areas of the United States, it is a common practice to take the

dike materials trom a borrow pit located within the disposal arvea

119







per se. In some cases, dike materials cannot be taken from outside
the disposal site area. Murphy and Zeigler (1974) have described
this dike construction as "incremental dike construction." These
authors correctly noted that '"the quality of the dredged material

may greatly affect the ultimate dike dimensions and stability." A
second, less frequently employed method of dike construction is the
"interior dike" method. This method employs a system of new dikes
that are added to the disposal area always on the inside of the
previous dike. Both of these dike rebuilding methods result in borrow
pits that are frequently associated with mosquito breeding. Two
mosquito breeding problems are common following such operations.
First, the borrow pit per se tends to collect and hold water and

thus may become a source of either fresh or brackish water mosquitoes.
With the onset of the flow of dredged material into the disposal area,
the borrow pit is usually filled and the surface of the disposal area
becomes uniform for a short period of time. As the dredged material
begins to dehydrate, however, a swale soon appears that follows the
exact conformation of the previous borrow pit. The borrow pit swale
is therefore seen as the natural result of dredged material consoli-
dation in the old borrow pit. Borrow pit swales are one of the most
common habitats for mosquitoes within dredged material disposal areas.
The difference in the depth of the borrow pit swale compared against
the dike swale is shown in profile view as items 1 and 3 in Figure

15. The greater depth of the borrow pit swale accounts for its long-
er life and greater productivity as a source of mosquitoes.

120. Dike seepage. Many disposal areas in the U. S. are
confronted with the problem of dike seepage. Normally this is regar-
ded as an engineering problem and possibly a threat to the integrity
of the dike. Pools of stagnant, seepage water adjacent to disposal
area dikes also represent frequent sources of mosquitoes. In some
cases seepage pools near disposal sites may be the only habitat

actively producing mosquitoes. Seepage pools were commonly observed
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near the lower elevations of many disposal areas during this study.
Mosquitoes were observed to favor those seepage pools that occurred
near the upland sides of the disposal sites, as such habitats were
less likely to have tidal flushing action. In some limited cases,
where the materials used for dike construction varied in quality,
localized sources of seepage were easily located. In such instances,
outside mosquito breeding was directly attributed to the presence of
seepage pools. An example of seepage pools as a disposal area habi-
tat for larval mosquitoes is shown as Figure 17.

121. Depression and hummock sites. Depression and hummock

habitats for larval mosquitoes are illustrated as items 5 and 6,
respectively, in Figure 15. Depression habitats are areas of fissured
soil that are located within sunken areas of dredged natural disposal
sites. Such habitats were observed to vary in size from less than

1l sq m to several square meters. The lower elevation of these areas
allows the depression habitat to collect and hold water for sustained
periods of time. This presence of water may allow also the depression
site to become colonized with volunteer plants which also tend to
maintain the habitat as an active source of mosquito larvae. It was
frequently observed that depression sites could be located near the
center of dredged material disposal areas. Aerial surveillance is the
only known method for rapidly locating such isolated habitats. In
contrast to the depression site habitat (associated with a lowering

of the immediate elevation), hummock swales develop between two
upraised areas of dredged material (see Figure 15, item 6). Hummock
sites were always associated with one or more portions of dredged
material undergoing a rise in elevation above the surrounding
material. The hummock and depression habitats were not observed to

be major mosquito habitats and were never located in great numbers. %
It is important to note, however, that in both cases subtle changes
in the elevation of fissured dredged material greatly affect the ’
ability of these two habitats to hold water for sustained periods of ;
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time.

122. Blockage of tidal drainage. In some states, dredged

material disposal sites have been constructed over tidal creeks in
such a manner that tidal flushing and drainage are blocked. This
blockage usually results in the ponding of water outside disposal
area dikes in shallow, irregular marsh depressions. This habitat is
illustrated as item 7 of Figure 15. It is expected that this habitat
will be present whenever disposal areas are constructed without
regard to natural tidal drainage patterns. A related problem asso-
ciated with the blockage of tidal creeks is the undermining of the
foundation of the disposal area dike. In some extreme cases, this
blockage of tidal creeks may destroy portions of disposal area dikes.
In other cases, tidal blockage results in ponding only during un-~
usually high tides. In these cases, field inspectors should be
trained to observe temporary ponded habitats that may only exist
during storm or spring tides.

123. Dike failure. Dike failure with resultant ponding in-
side the dike within fissured soil is illustrated in Figure 15 as
item 8. In several cases, the investigators observed poorly construc-
ted dikes that failed due to the erosive action of wind driven tides.
When a dike is broken in such a manner that tidal water may enter the
disposal area and subsequently flood large areas of fissured soil,
larval mosquitoes may develop. It is important to separate tidal

flooding of fissured soil from tidal flushing of a disposal site.

In the case of the former, the ponding of water on fissured soil
generates a mosquito breeding habitat. In the latter case (flushing
action), ebb and flow drainage is created and mosquito breeding may
be eliminated. In summary, if a dike is breached allowing tidal
water to enter a disposal area and become trapped, then it is reason-
able to suspect that a mosquito breeding habitat has been established
that will support larval mosquitoes after almost every unusually high

tide (e.g. storm tides, spring tides, etc). In other cases where
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tidal waters were not trapped and regular tidal flushing allowed
for both drainage as well as the presence of mosquito larval preda-
tors, the presence of this "flushing action" eliminated mosquito
sources. A disposal area with a broken dike that allowed for desir-
able tidal flushing is presented in Figure 18. It is therefore ex~
tremely important that all dike failures that are exposed to tidal
action be monitored to ascertain the relationship of the breach to
mosquito breeding.

124, oOutfall and sump habitats. Outfall site pools and sump

pools are illustrated in Figure 15 as items 10 and 14, respectively.
Outfall sites are always located immediately below a drainage weir
outside a dredged material disposal area. In most cases, such weirs
tend to scour (by water runoff) a drainage ditch into the marsh away
from the weir. Outfall sites were not observed to be major habitats
for larval mosquitoes, but in some instances large larval concentra-
tions of several species of mosquitoes were located in stagnant out-
tall pools that had become covered over with marsh vegetation and
therefore did not drain properly. Field inspectors should be trained
to routinely check all drainage weirs for larvae. In many cases,
this habitat may be eliminited through the use of hand ditching tools
to connect the pool to the surrounding marsh. In contrast to the
outfall sites, sump habitats were found to be the most common sources
of mosquito larvae within dredged material disposal sites. A sump
site is defined as that area of soft, fissured dredged material loca~
ted near the lowest elevations within a disposal area. Such sites
are usually associated with drainage weirs. These habitats support
mosquito larvae more often than outfall sites (only a few feet away)
because they almost never drain or undergo desiccation except under
the driest possible conditions. In general, it may be stated that
the sump habitat is the most likely source of mosquitoes within a
given disposal area. Aerial overflights of a disposal area will

quickly give an investigator the location of low elevation sump sites.
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It cannot be emphasized too strongly that the sump habitat was the
most common source of larval mosquitoes observed during this study.

125. Localized breeding outside disposal areas. In some

instances, certain characteristics of dike construction may create
small pockets of mosquito breeding habitats. This habitat is illus-
trated in Figure 15 as item 11. The most frequent type of breeding
habitat that was observed in this catagory was caused by the presence
of shallow depressions that were located outside of disposal area
dikes. Some of these depressions appeared to be caused by tidal
erosion and dike slumping. Once the presence of such localized
habitats has been established, physical control measures, such as
ditching, may be employed with success.

126. Surface distortion. The operation of large mechanical

equipment within dredged material disposal areas such as draglines
and "marsh buggies'" may create temporary or long-lasting localized
larval mosquito habitats. This habitat is shown as item 12 in Figure
15. A photograph of mosquito breeding conditions that developed
withitn a dredged material disposal site following heavy equipment op-
eration is present in Figure 19. Surface distortion habitats are
usually filled in during the next pumping of dredged material, but
their presence may create future mosquito habitats by causing swales
i to develop as the new dredged material begins to settle and consoli-
date. Because mosquito habitats are commonly associated with swales
and other depressions that may develop as a result of previous surface
alterations, it is extremely important from the standpoint of mosquito
control that surface distortion of dredged material by heavy equip-
ment to be held to a minimum. An example of the large numbers of
mosquito larvae that were observed to concentrate in this habitat is
presented in Figure 20,
127. Discharge site habitat. The discharge site habitat is

illustrated in Figure 15 as item 9. Discharge sites are defined as

those semipermanent pools that are formed as a result of the scouring

s
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action of the dredged material as it is released into the disposal

area. It was immediately evident to the investigators that those
disposal areas that did not* employ splash pads had the deeper dis-
charge pools. The discharge habitats were not found to be major
sources of mosquitoes, due in part to their small size and the fact
that such sites tended to have semipermanent water present. Discharge
habitats were found to support mosquitoes when the sites had dried
thoroughly and adult mosquitoes had oviposited on the resultant
moist soil. The semipermanent presence of water also allowed for the
presence of aquatic predators. In this manner, it was deduced that
discharge sites tend to produce mosquitoes only during wet periods
that follow very dry conditions. It is important that the fissured
soil normally contained within dredged material disposal sites is
alternately wet and dry (allowing for mosquito egg deposition), while
the discharge site tends to remain reasonably wet. Since the drying
phase usually does not develop on discharge sites, such areas usually
are not significant sources of mosquitoes. The proper use of concrete
splash pads (as frequently specified in some Corps of Engineers
contracts) near the discharge pipe would effectively prevent the
formation of this habitat.

128. Protective volunteer vegetation. This habitat is illus-

trated in Figure 15 as item 13. The accurate location and mapping

of unusual concentrations of volunteer vegetation within a dredged
material disposal area are important aspects of a good mosquito
surveillance program. During the field investigations for this
study, this habitat ranked third in importance as a mosquito breeding
habitat. In some cases such vegetated sites may be the only larval
habitat present within an entire disposal area. An ideal example of
a mosquito breeding in this category is presented in Figure 21.

Summary
129. 1In summary, the following factors related to mosquito

larval habitats within dredged material disposal areas have been
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considered.

a. A wide variety of mosquito larval habitats were
found to exist within dredged material disposal
areas.

b. Some habitats were found to be associated with
particular successional stages.

¢. The most common sources of mosquito larvae within
dredged material disposal sites were the sump,
borrow pit swale, dike swale, and protective
vegetation habitats.

le

Following mechanical equipment operation within
dredged material disposal areas, localized mos-
quito larval habitats are a commonplace occurrence.

e. A number of mosquito larval habitats of lesser
importance were also identified and characterized.
Many of these habitats develop only under special-
ized conditions.

f. Surface alterations within dredged material disposal
sites tend to produce swales shortly after the con-
solidation of fresh dredged material. These swales
are identical in size, shape, and pattern to their
precursor depressions. An example of this phenomenon
is the development of a borrow pit swale in the
original borrow pit locations following a fresh
pumping of dredged material.

g. Under optimum conditions, mosquito emergence from
dredged material disposal sites usually occurs with-
in 7 to 10 days after a rain. Removal of water from
the site during this period will disrupt the mosquito's
life cycle and alleviate the problem.

Survey of Larval Mosquitoes Associated with
Dredged Material Disposal Areas

Rationale and review of literature

130. In addition to the characterization of mosquito larval
habitats, it was felt by the investigators that a survey should be
conducted of larval mosquitoes developing within or near dredged
material disposal sites. Due to the remote locations of many disposal
sites and capricious nature of natural rainfall patterns, a systema-

tic survey was not possible. It was decided that larval samples
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would be collected from as many different known larval habitats as
possible from a wide variety of disposal sites. The mosquito breed-
ing potential of the various stages of dredged material successional
patterns has been previously presented in Figure 14. From this dia-
gram it will be seen that stages DM-4 and DM-5 are the most common
seres associated with larval mosquitoes. Data are scanty or not
available concerning the breeding potential of stage DM-8. Data
presented in Figure 15 indicate all the known larval habitats that
are possible for a dredged material disposal site. No references,
other than the classical references cited in Part II, were located
that pertained to larval collection techniques for dredged material
disposal sites.

Materials and methods

131. Collecting methods. Larvae were collected whenever
possible from 12 February 1976 to 15 September 1976. All larvae
were collected from one of the larval habitats depicted in Figure 15

within or near a disposal site. Natural mosquito sources that were
not associated in any way with disposal sites were ignored. Larvae
were sampled with the traditional mosquito larval dipper (1-pt capa-
city), but a more reliable method for detecting the presence of mos-
quito larvae from the various fissured soil habitats involved the

use of the household "baster.'" Basters are plastic cylinders tapered
on one end and equipped with a rubber bulb on the opposite end.
Basters were superior to dippers because they could be inserted into
the fissured soil habitat in locations where the dipper could not be
used.

132, Qualitative sampling. From the outset of the study the

investigators were faced with a choice of sampling methods, subject
to rainfall, travel (boat) conditions, and personnel needs. Inasmuch
as this study represents the first attempt to study mosquito ecology
within disposal sites, it was decided that qualitative larval

sampling from a large number of sites under good rainfall conditions
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would provide more information regarding mosquito species diversity
than quantative sampling from a few locations. Quantitative data from
three different disposal sites are presented on adult mosquitoes in
a later section.

133. Sample sizes. A total of 210 samples were collected.
The size of the larval samples varied from single larval collections
to large collections of more than 3000 individuals. If collections
were larger than 50 specimens, then aliquot portions were examined.
Frequently, it was necessary to maintain larvae in the laboratory
for several days growth before preservation. When possible the number
of larvae per dipper sample was recorded (LPD), and the number of
adult mosquitoes alighting on the investigator in 1 min of time was
noted as a landing rate count (LRC). Both of these techniques are
standard estimates of mosquito activity, but not all species of mos-
quitoes can be estimated in this manner. Some larval collections
were submitted to the investigators through the courtesy of the
Charleston County Mosquito Abatement Program.

134. Significance of larval collections. The finding of

larval mosquitoes within dredged material disposal areas is signi-
ficant in that it is then known that the species actually used the
site as a breeding habitat. The finding of adult mosquitoes is of
less importance as the mosquitoes may have flown into the disposal
site, but may not sctually have used the disposal area as a breeding
habitat. When both larvae and adults are found within a disposal
site, however, the cycle is then complete. Inspection of the data
collected revealed a great similiarity of species and collection data.
It was decided to present a summary of the larval collection data on
a species basis as opposed to individual collection data.

Results and discussion

135. General observations. Mosquito larvae developing

within dredged material disposal sites were dependent on natural

rainfall for their aquatic habitats. It is extremely important to
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note that the eggs of the most common species of mosquitoes associa-
ted with disposal areas are known to oviposit on damp soil and not

standing water. For this reason the dry periods that affect disposal

sites are also important in the life cycles of mosquitoes associated
with dredging. In general, prolonged dry periods over dredged
material disposal sites allow the eggs of the more common mosquito
species to accumulate. In contrast, periods of alternating wet and
dry periods tend to produce more broods of mosquitoes with fewer
numbers. A large disposal area consisting of fissured soil in DM-4
or DM-5 conditions will attract mosquitoes that oviposit almost con-
tinually during a prolonged period of dry weather. 1In this manner an
"egg build up” occurs and spectacular concentrations of adult and
larval mosquitoes are observed shortly after the dry disposal site
becomes flooded by rain. This observation has important impli-
cations for the monitoring of the mosquito breeding potentials. Care-
ful monitoring of rainfall data from a wide variety of sources will
usually allow for reasonable predictions of mosquito breeding within
disposal sites. It is essential that the rainfall data be gathered
from gauges located within or very near the actual disposal sites

and that as many gauges be utilized as practical.

136. Larval collecting techniques. It is also necessary that

personnel charged with the inspection of disposal areas for mosquito
larvae be trained to locate the wide variety of potential larval
habitats (see Figure 15). In many cases during this study larvae
were collected in large numbers from very restricted habitats. For
example, a large (200-acre) disposal site in one instance was found
to support larval mosquitoes in only one restricted location. This
site was approximately 1000 sq ft near the outfall sump of the dis-
posal area. The ramaining portion of the site did not support any
larval mosqufitoes, but the sole source was determined to be the sump
habitat. It is also important to note that traditional breeding

sources may change within a given disposal area with the passage of
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time. A dike swale that was observed to support larval mosquitoes

in one case for over two years did not support any larvae from the

third year onward because of soil weathering (a change from DM-4 to
DM-6 conditions, see also Figure 14). 1

137. Weathered soil subsurface fissures. One unusual micro-

habitat that was encountered on several occasions was the weathered
soil subsurface fissure. This microhabitat is defined as a small
crevice that develops within a primary fissure from weathered sur%ace
soil. These subsurface fissures usually occur during early DM-6
conditions or late DM-4 and DM-5 stages (see Figure 14). The
weathered soil subsurface fissure is the result of a resuspension of
weathered soil that has been washed or blown down into the original
primary fissure. Following a heavy rainfall and subsequent evapora-
tion, the weathered soil forms a new subsurface fissure. In this

manner, a new smaller crevice can now be observed near the base of

the original soil fissure. 1In order to properly check a disposal
site for mosquito larvae it is essential that personnel be trained
to locate and sample from this specialized microhabitat. Those sites
that have subsurface fissures will usually support mosquito larvae,

| especially if the habitats are located near areas of lower elevation.

138. Aedes sollicitans. The most common mosquitoes collected

as a larvae during this study were dedes sollicitans. This species

was also the only species that was collected in small numbers during

the winter and early spring months of 1976 from dredged material dis-
posal sites. Collections varied from small numbers of larvae that
made their first appearance on the Morris Island Disposal site !
(Figure 4) on 12 February 1976 to extremely large collections that
were made on Ashe Island (see Figure 5, S-18) on 22 June 1976. The
standard LPD counts varied from a low of 1 to a high of 400 during
the 1976 survey season.

139. A. sollicitans was commonly taken from all habitats

previously shown in Figure 15, but the most common collection sources 5




were determined to be the dike swales, borrow pit swales, sump areas,
and dike failure sites (see items 1, 3, 14, and 8, respectively, of
Figure 15). Larvae of this species were also commonly associated
with DM-4, DM~5, and DM-7 conditions. While quantitative tests were
not conducted, it appeared that the earlier seres of dredged material
succession pattern (DM-4 and DM-5) were the usual locations for the
vast bulk of the A. sollicitans collections. A. sollicitans were
never collected from the permanently flooded portions of a disposal
site. A list of plant species associated with mosquito larval habi-
tats is presented in Appendix A. It is extremely important to review
the fact that this species is known to oviposit on moist soil, but not
flooded areas. For this reason the abundant moist soil associated
with most dredged material disposal sites tends to attract female mos-
quitoes seeking sites for egg deposition. Hatching of the larvae may
be associated with rainfall within a disposal site or tidal flooding
of fissured soil due to dike failure. The eggs have been reported to
be extremely resistant to drying and cold winter conditions. This
fact may account for the large broods of 4. sollicitans eggs that
occur on some disposal sites following a prolonged period of dry,
warm weather. The percentage of the eggs that hatch on any given
flooding is known to vary. Woodward and Chapman (1970) noted that a
total of 41 separate floodings were needed to completely hatch all
available mosquito eggs in natural salt marsh. A. sollicitans has
been collected from a wide range of coastal habitats in the United
States and Canada, from New Brunswick to southern Texas (King et al.
1960). The species is also capable of using certain inland habitats.
During this study, A. sollicitans was the major mosquito species
developing within dredged material disposal sites. A. sollicitans
larvae were regularly collected from over 45 disposal sites during
1976 for this study.

140. Aedes taeniorhynchus. The second most numerous mosquito

species collected during this study was Aedes taentorhynchus,
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sometimes termed ''the black salt marsh mosquito." Unlike A.
gsolliceitans, A. taeniorhynchus did not normally appear in signifi-
cant numbers in the study areas until late May of 1976. Collections
varied from a single larval specimen (frequently found in close
association with large numbers of A. solliecitans) to over 350 larval
specimens that were collected on separate occasions from disposal
sites S~7 and S-8 (see Figure 5) on 21 July 1976. Large numbers of
A. taeniorhynchus were collected from a wide variety of sites during
late July and late September from 39 different disposal sites during
the 1976 survey. The investigators were unable to quantify any sig-
nificant differences between the larval habitats (with disposal
areas) of-A.‘soZZicitans or A. taeniorhynchus as the two species were
almost invariably collected together. The exact niche partition
between the larvae remains a matter of needed future research. 4,
taentorhynchus, like A. sollicitans, may utilize nonmarsh habitats
and nondisposal sites for oviposition and the appearance of large
numbers of adults of either of these two species in a given area
does not necessarily mean that disposal areas are the source of the
mosquitoes, unless living larvae can be detected from the site in
question. For this reason, it is extremely important that some larval
sampling for the dominant mosquito species be conducted on a continu-
ing basis within most dredged material disposal sites.

141. Aedes atlanticus. A total of five specimens of this

species were collected from a larger sample that contained other mos-
quito larvae from disposal area S-11 on 27 May 1976. An additional
collection was made on 29 May that yielded three more 4. atlanticus
larvae. Site S-11 (see Figure 5) during the time of these collections
was an older disposal area classified as DM-8. It is important to
note that the adults (female) of A. atlanticus cannot be separated
from the adults of dedes tormentor. This fact makes the collection
of larvae of these two species more significant. It is not thought

by the investigators that A. atlanticus is a major mosquito species
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associated with the majority of dredged material disposal sites in

the United States. The species was not collected again during the
study period.

142, dedes vexans. Aedes vexans was collected infrequently
during this study, but other workers (see site visitations) report
this species to be reasonably common within dredged material disposal
areas. Aedes vexans was collected from Drum Island disposal site
(see Figure 4) on different occasions. The habitat was an older por-
tion of the site characterized as stage DM-8. Older sites that
yielded Adedes vexans on at least three separate occasions included
sites S-10, S-11, N-7, and E-3 (see Figure 5). While not common on
disposal sites during this study, it is important to note that 4.
vexans is the dominant inland mosquito species in many parts of the
U. S. It is more commonly associated with floodwater conditions in
woodland areas and along alluvial plains. A total of 88 larvae of
these species were collected from 4 April to 15 September 1976 from
the study sites listed above.

143. Anopheline mosquitoes. Dredged material disposal sites

are not known to be major sources of anopheline mosquitoes as these
species are normally associated with freshwater swamps and other
permanent bodies of water. Three anopheline species of mosquitoes
were collected as larvae during this study. A4nopheles bradleyi were
the most commonly collected anopheline larvae. This species was
collected on 12 different occasions from 16 April to 16 September
1976 from sites S-11, Albemarle Island (S-1B), A-2A (Georgetown
County), N-7, and Drum Island (see Figure 5). King et al. (1960)
have commented on the affinity of this species for brackish waters.
A total of 55 specimens were collected during 1976, ranging from a
low of 1 larva to a high collection of 12 larvae.

144. Anopheles atropos is also known to breed in brackish
waters and was rarely encountered during this study. Only two

locations, Drum Island and Albemarle Island, yielded larvae of this
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species. Larval determinations of both Anopheles bradley? and A.

atropos were confirmed by a taxonomic specialist (Personal Communi-
cation, 19 February 1976, Dr. Richard F. Darsie, Jr., Vector Biology
and Control Div. of the U. S. Public Health Service, Center for
Disease Control, Atlanta, Ga., 30333). The earliest collection of
this species was 6 May 1976 and the latest collection occurred on 11
October 1975. Little is known about A. atropos except for its well-
known breeding preferences for salt and brackish waters. King et al.
(1960) have suggested that 4. atropos is more tolerant of strong
brackish waters than 4. bradleyi. Larvae of 4. atropos were collected
by Griffitts (1937) in water ranging from 0.8 to 3.4 percent salt
concentrations. It is suspected by the investigators that 4. atropos
may be more common on dredged material disposal sites than collec-
tions would indicate. A total of 12 specimens of A. atropos were
collected on four occasions from the two disposal sites (under DM-5
conditions) during this study.

145. Only nine specimens of Anopheles quadrimaculatus from
four disposal sites were collected during the 1976 survey. The
earliest collections occurred on 3 May and latest collections were
located on 26 August 1976. Collection sites included Drum Island,
Albemarle Island, Hog Island, and S-11 (see Figures 4 and 5). A.
quadrimaculatus is considered an important vector species of malaria,
but it is not considered to be a major component of the culicid
fauna of dredged material disposal sites.

146. (ulex spp. Two species of the genus Culex were taken
from dredged material disposal sites during the study. Culex
salinarius was found to be a major mosquito species associated with
disposal areas. A total of 472 larvae of this species were identi-
fied during this study from 14 different disposal areas, including
Morris Island, Drum Island, Hog Island, Ashe Island, S-11, S-7, N-22,
Clouter Creek site, N-7, N-5, N-5A, A-6, A-5, and E-2 (see Figures

4 and 5). Larvae were consistantly collected from discharge pools,
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seepage locations, and outfall areas. The largest collections were
located near the Morris Island Disposal site (see Figure 4) where
construction of a disposal area dike had blocked the normal tidal
drainage of the marsh. Collection dates ranged from 14 March to 16
September 1976, 1t is interesting to note that this species was not
observed to utilize the more common larval habitats used by the other

species in any significant numbers, but was frequently encountered

in specific locations in almost pure culture. (. salinarius was
nover located in either the dike or borrow pit swale habitats. Mixed
ccllections of (. salinarius were infrequently observed around sump
sites in late July of 1976. At that time (. sal/7lnarius was collected
on three occasions in association with dedes sollicitans and 4.
taentorhynchus., Discharge pools (see Figure 15) were the most common
sources of small numbers of (. sal/inarius. Because of its restrict-
ed habitat, (. salinarius is regarded as a minor species that may
become numerous under certain conditions. Despite its name, (.
salinarius is not thought to exhibit a preference for brackish water
larval habitats. It is more frequently encountered in freshwater
environments. (. sal/inarius is generally considered a lesser pest
species than the more common salt marsh dedes spp.

147. A single collection of 15 larvae of Culex restuans was
made from Drum Island on 24 March 1976. This widely distributed
species is not considered a major mosquito species associated with
dredged material disposal areas. The site was a polluted borrow pit
swale habitat (see Figure 15).

148. Pgorophora spp. Two species of the genus Psorophora

were collected during the study. A total of 15 larvae of Psorophora

howardr?? were collected on a single occasion from site S-11 on 27

May 1976. This site was an older disposal area that had not received
any fresh dredged material for almost 10 years and was considered
to be in the DM-8 stage. A sample of the vegetation revealed mainly

freshwater upland plants. While only a small number of larvae were
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collected, the investigators believe that this species may occur in
larger numbers than the collection data would appear to indicate.
Other workers report (Personal Communication, 24 July 1977, Lt.
Joseph Vorgetts, Jr., The Citadel, Charleston, S. C., 29409) that
Pgorophorq horrida has been found within dredged material disposal
sites near Topsail Beach, N. C. in significant numbers. The
psorophorans are severe biters whose larvae are normally associated
with transient pools of water in woodlands, pastures, and other
temporary pool conditions. Like the Aedes mosquitoes to whom they
are closely related, the psorophoran eggs are adapted for withstand-

ing long periods of drying conditions, but tend to develop quickly

in warm temperatures upon flooding. For these reasons, the investi-
gators believe that older disposal sites (DM-8 conditions) should
be carefully monitored for the possibility of larger populations
than are indicated by this study.

149, Other possible species. While not encountered during

this study, several additional species of mosquitoes may be capable
of utilizing dredged material disposal sites for larval development.
These include dnopheles crucians, Coquillettidia (=Mansonia)
perturbans, Cultseta melanrua, Culex territans, Aedes triseriatus,
Aedes trivittatus, and dedes tormentor.

.; Summary

150. In summary, the following factors related to the presence

of mosquito larvae developing within dredged material disposal sites
have been considered.

: a. An intensive survey for mosquito larvae was con-
ducted during the entire vear of 1976.

b. A total of 11 mosquito species were collected as
larvae from various habitats within dredged material
disposal sites.

¢. An additional eight species were considered as poss-
ible mosquitoes that might be associated with older
dredged material disposal sites.
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d. A total of 210 separate larval collections were made
from 58 different dredged material disposal sites.

e. The weathered soil subsurface fissure was identified
as a potential microhabitat for mosquito larvae that
may be frequently overlooked during routine survey
trips.

f. Adedes sollicitans and dedes taeniorhynchus were the
major species of mosquitoes developing within the
dredged material disposal sites during this study.

8. Culex salinarius larvae were located frequently
from certain restricted habitats.

h. Other species of mosquitoes may be more or less
numerous than indicated by this study due to chang-
ing environmental conditions.

i. Prolonged dry periods tended to produce larger

larval broods of mosquitoes than did periods of
alternate wet and dry conditions.

Jj. The habit of dedes mosquitoes for seekiug moist
soil (as opposed to standing water for Culex
mosquitoes) for oviposition sites tends to render
dredged material disposal areas favorable for Adedes
spp. larval development.

Chemical Characteristics of Water from Larval Habitats
Within Dredged Material Disposal Areas

Rationale and literature review

151. From the previous sections one can see that mosquito
breeding within dredged material disposal areas is totally dependent
upon the presence of water. From Figure 15, it can be further deter-
mined that these water habitats may occur in a wide variety of loca-
tions. From the outset of the study, it was considered desirable
to study the chemical characteristics of water from known sources
of mosquito larvae. Only those habitats that had produced the domi-
nant species of mosquitoes (dedes sollicitans and Adedes
taeniorhynchus) were studied.

152, To date no studies have been made of the chemical charac-

teristics of mosquito larval habitats within dredged material
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disposal sites. A few workers have studied the chemical character-
istics of mosquito larval habitats in marsh locations similar to
disposal arecas. Cory and Crosthwait (1939) were among the first
workers who considered the nature of mosquito aquatic habitats.
Darsie and Springer (1957) studied water associated with the larvae
of several species of mosquitoes, including Adedes sollicitans and
Aedes taeniorhynchus, in natural and impounded salt marshes in Dela-
ware.  Chapman (1959) conducted observations of the effects of salin-
ity on natural and fmpounded salt marshes. Petersen and Chapman
(1969) investigated chemical factors that affected mosquito larvae
within tree holes and related habitats. Finally, Petersen and Chapman
(1970a) also considered the chemical characteristics that affected
the larval habitats of dedes sollicitans, Aedes taeniorhynchug, and

D
i

gorophora colunbiae.
Materials and methods

153. Chemical tests and procedures similar to those of Petersen
and Chapman (1969, 1970a) were tollowed. Certain changes were made to
accomodate some of the unusual properties of dredged material. The
samples were collected from September 1975 to April 1976. A total of
34 water samples trom 10 different disposal sites were collected tor
analysis. In some cases, only a single water sample was collected
while in other instances up to 12 samples were taken from a single
site over an extended perviod of time. All sites contained larvae when
water samples were collected or they had supported larvval populations
of mosquitoes in the recent past (f.e. within three months). Water
samples were collected from small pools associated with {issured soil
(normally under DM=4 or DM=5 conditions, sce Figure 14) that exhibited
a maximum depth of 6 to 8 cm.  These habitats were lentic in nature
and not subject to any drainage movement at the time of the collection.
At the sample site the following analyses were made:

a. Dissolved oxygen (DO) by the modified Winkler wmicro-
method.




b. Carbon dioxide (CO
titration method.

) by the sodium hydroxide

2

c. Total alkalinity (TA) by the bromcresol green-methyl
red indicator method.

d. Temperature by mercury thermometer.

154. One additional liter of water was removed from the site
and returned to the lab for further analysis. These samples were
placed in sealed jars and stored at a temperature of 4°C. All water
samples were analyzed within 24 hours of sample time. Conductivity
was measured with a Hach conductivity meter that was temperature
compensated. The cell constant was approximately 2.0. The measure-
ments were recorded as micromhos per centimeter. Measurements of
pH were studied on a Leeds-Northrup pH meter with a pH scale of O
to 14. This meter was considered accurate within +0.1 and was
manually temperature compensated. The remainder of the analyses
were conducted on a Hach Dr/2 Spectrophotometer. The wavelength
of this apparatus was adjustable between the range of 400 and 700
nanometers with an accuracy of + 2.5 nanometers. Other laboratory
analyses were run following standard analysis procedures (Hach

Chemical Company 1975). These water tests included:

a. Suspended solids by photometry.

b. Sulfides by the methylene blue method.

c. Turbidity by absorptometric methods as formazin
turbidity units (FTU's).

d. Total inorganic phosphates by hydrolysis methods.

e. Tannin and lignin concentrations by the tyrosine
method.

f. Total iron by the ferrozine methods.

g. Ammonia nitrogen by the Nessler method.

h. Nitrate nitrogen by the cadmium reduction method.

i. Sulfates by the Sulfa-Ver IV sulfate method.

Jj. Nitrate nitrogen by the diazotization method.

k. Orthophosphates by the ascorbic acid method.
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1. Organic phosphates by the orthophosphate oxidation
method.

Results and discussion

155. General observations. A summary of the average chemical
values obtained for this section of the report is presented as Table
8. 1In general, the mosquito larval habitat was found to consist of
alkaline water with a high concentration of various salts. Larvae
were observed to tolerate a wide range of chemical and turbidity
conditions. The data collected illustrate these chemical variations.
While not included in this study, the investigators on several occa-
sions were able to observe the rapid chemical changes that occurred
within larval habitats following a period of sudden rain. Larvae
were never observed to be adversely affected by these rapid changes
in the chemical environment. Temperatures were observed to range
from a high of 98" F to a low of 28" F during the study period.
During the summer months, it was common to observe a 15% temperature
differential between the ambient temperature and the temperature
within the dredged material fissures. Water temperatures were
generally > 75% F during the summer months.

156. Salinity. Salinity levels within dredged material
disposal areas are subject to rapid and drastic fluctuations. This
changing saline environment limits the number of mosquito species
which can survive in such a habitat. Unlike marine ecosystems
where salinity usually remains constant, dredged material disposal
sites present a picture of constantly changing salinity values
caused by rainfall, evaporation, and soil leaching. In some instan-
ces, mosquito larvae were located in disposal site habitats with
higher salinity levels than that of seawater. These larvae (dedes
sollicitans and Aedes taeniorhynchus), however, were able to complete
their life cycles despite these harsh conditions. The conductivity
of the water samples from disposal sites ranged from a low of 10.6 g/l

of NaCl to a high of 43.6 g/l (i.e., conductivity values of 18,400
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to 75,800 micromhos/cm, respectively). The lowest values were ob-
tained from water samples taken from the Clouter Creek disposal site
(see Figure 4), a location that was considerably inland from all
other sites. The highest salinity values came from coastal site N-22
(see Figure 5) along the AIWW. Site N-22 was considered to be under
DM-4 and DM-5 conditions during the sampling period. The low values
from Clouter Creek disposal area were attributable to the location
of this site while the high values of the N-22 site were probably
attributable to the elevation of this sampling site: a low area
which received saline runoff waters from other parts of the disposal
area. The cycle of alternate wet and dry periods combined with the
leaching of salt from soil particles into rainwater tends to make
the DM-4 and DM-5 conditions (at least in low areas and sump loca-
tions) considerably more saline than the other stages. Petersen and
Chapman (1970a) reported similar variations in their work, but their
conductivity values were generally lower (due to the marsh habitat
patterns as opposed to disposal site patterns).

157. Suspended solids. Values for suspended solids were

generally low due to the lentic nature of the habitats sampled.
These values ranged from a high of 20 mg/1 from several locations to
undetectable levels from water samples taken from Clouter Creek
disposal site. It should be recalled at this juncture, that the
tests were conducted on water samples from known mosquito larval
habitats and that such habitats normally do not occur until after
DM-3 conditions (see Figure 14). For this reason, low suspended
solid values were expected.

158. Sulfides. The sulfide analyses were not very conclu-
sive, because of the difficulty in preventing the loss of HZS from
the water samples during transport. The investigators believe that
the data presented on sulfides may be lower than actual field
conditions.

159. Turbidity. For turbidity testing, the water samples
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were allowed to settle for two hours to allow the sands and silts to
settle out of suspension. The turbidity measurements ranged from a

high of 85.0 FTU's from two sites (Clouter Creek and Site N-21) to a
low reading of 20.0 FTU's from several disposal areas (see Table 8).
Formazin turbidity units are comparable to the more familiar Jackson
turbidity units (JTU).

160. Values of pH and Tannin-Lignin concentrations. Measure-

ments of acid-base relations were remarkable constant. All pH values
for water from larval habitats were within a pH range of 7.4 to 8.5
with the exception of the Drum Island samples which had an average
pH value of 9.1. These alkaline water conditions were undoubtedly
caused by the presence of calcium compounds from both the soil and
water components of dredged material. Table 8 indicates that all
pH values were in excess of 7.0. Petersen and Chapman (1970a) re-
ported similiar results, but generally lower pH ranges (6.0 to 8.4).
Their higher ranges were probably due to the well-known fact that
tidal marshes (unlike disposal sites) are subject to frequent changes
in many chemical parameters caused by tidal action. The tannin-
lignin tests ran from a low of 4.21 mg/l to a high value of 10.0 mg/1l
tannic acid. As expected, higher tannin-lignin values were obtained
from those disposal sites that were vegetated (i.e. DM-5 conditions)
than from locations that were free of vegetation (i.e. DM-4 condi-
tions, see Figure 14). Despite changes in tannin-lignin concentra-
tions, mosquitoes could be located from all sites. While not done
for this study, the investigators believe that additional work
should be considered for tannin-lignin concentrations in the earlier
stages of succession. For example, the absence of mosquito larvae
from DM-3 conditions might be related to tannin-lignin concentration.
161. Iron and DO. The iron analyses were conducted to deter-
mine if iron concentrations negatively affected developing mosquito
larvae. Throughout the season, mosquito larvae were found in both

high and low concentrations of iron. Iron values obtained during
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this study ranged from a high of 2.75 to a low of 0.10 mg/l of total

iron. It was assumed that the concentrations of iron encountered
during this study did not significantly affect mosquito larval pro-
duction under field conditions. Mosquito larvae utilize atmospheric
oxygen and are not dependent on DO for their survival. The measure-
ment of DO, however, is important in habitat studies as it provides
an index to the environmental conditions of the mosquito's food
chain organisms. Low measurements of DO may indicate the presence
of aquatic organisms that serve as larval food sources, while high
DO measurements may indicate a lack of food organism activity. DO
measurements ranged from a high of 9.10 to a low of 2.80 ppm 02. DO
conditions were not observed during this study that appeared to in-
fluence mosquito larval concentrations under field conditions.
Clements (1963) has discussed the concept that a decrease in DO tends
to stimulate the hatching of mosquito eggs.

162. Nitrogen relationships. The phosphates and nitrogenous

compounds provide a quantitative evaluation of an environment's abili-
ty to supply the necessary nutrients for the maintenance of plant life
(the basis for all food chains). These data provide the means for
studying the chemical basis for algae and other plant life associated
with dredged material aquatic habitats. Thom (1955) noted that high
mosquito larval populations were frequently preceded by the appear-
ance of a "green scum'" within disposal sites. The presence of
ammoniated nitrogen normally results from microbial decay of plant

and animal protein., Ammoniated nitrogen is a relative index of the
organic fertility of some aquatic ecosystems. Nitrate nitrogen
represents the oxidized state of nitrogen that is commonly encountered
in aquatic systems. Nitrates also encourage the growth of algae and
other plant life. Nitrate nitrogen is the intermediate stage of
biological decomposition of compounds that contain organic nitrogen.

Data regarding the various types of nitrogen compounds encountered

in disposal area water samples are presented in Table 8.




163. Phosphate and sulfate relationships. Three phosphate

tests were conducted during the study. These included total
inorganic phosphates, organically bound phosphates, and orthophos-
phates. While phosphates are essential to most plant life, excessive
quantities may bring about eutrophic conditions (algal blooms, etc.),
leading to an abundance of plant forms that may destroy other life
forms and lower the DO. A range of the three types of phosphates
considered in this report may be seen in Table 8. Sulfates occur in
natural waters as a result of various oxidative reactions. As expec-
ted, high sulfate values were obtained from disposal area water
samples, ranging from a high of 3060 to a low of 220 mg/l SOQ.
Sulfate concentrations did not appear to influence mosquito larval
concentrations under field observation conditions, as larvae were
collected from both high and low sulfate conditions.

164. Alkalinity and CO Wide variations were observed in

CO2 concentrations during thiszstudy, ranging from a low value in
the nondetectable range to a high of 37.5 ppm CO,. It was necessary
to conduct the alkalinity measurements at the sa;ple sites because
certain analyses were affected by high alkalinities and this value
was needed before the other tests could be started. Alkalinity is
one measure of the "hardness'" of water. In almost every test CaCoO
hardness was indicated. This had been expected due to the high
shell content of most marine dredged material. Hardness values
ranged from a high of 560 to a low of 94.0 ppm.
Summary

165. In summary, the following factors relating to the
chemical characteristics of mosquito larval habitats within dredged
material disposal sites have been considered.

a. Water samples were obtained from a variety of dis-
posal sites and subjected to a battery of chemical
tests.

b. The major chemical parameters of mosquito larval
habitats within dredged material disposal areas
were characterized.

154




¢. No chemical factors were observed that appeared to
limit mosquito utilization of disposal areas.

d. Mosquitoes were observed to develop through their
life cycles in disposal area habitats with salini-
ties above that of seawater.

e. The greatest change in chemical parameters occurred

following periods of heavy rainfall.

f. Dredged material disposal area mosquito habitats

are characterized by high salinity, mildly alkaline ;
pH conditions, generally clear water, with variable
DO conditions. In many disposal sites, lentic water
samples were rich in phosphates, sulfates, calcium
carbonate, nitrogenous compounds, and tannin-lignin
compounds.

Adult Mosquito Surveys within Dredged
Material Disposal Areas

Rationale and literature review

166. Concurrent with the larval portion of this study, a
survey of adult mosquito populations was initiated. The finding of
adult mosquitoes within a given disposal site did not incriminate
that species as a disposal site breeder unless the female mosquitoes
were actually observed to oviposit or large numbers of adults could
be seen emerging from one of the many larval habitats (see Figure
15). In spite of these reservations, it was considered important
to menitor adult mosquito populations by light traps within three
dredged materail disposal sites. No studies were located in the
literature regarding the monitoring of adult mosquito populations
within disposal areas. A number of mosquito abatement programs in
various parts of the United States use a mechanical light-suction
trap to sample adult mosquito populations. This trap and various
modifications of the original design are popularly known as "the New
Jersey light trap." The development of the New Jersey light trap

has been reviewed by Mulhern (1953). Since these traps normally

require a source of 110-v electricity, the sampling of adult




mosquitoes from disposal sites in the past has been limited to loca-
tions that were frequently remote from the actual source of the
mosquitoes. It was the goal of this portion of the study to sample
adult mosquitoes that were active within dredged material disposal
sites per se.

167. Mosquitoes were collected by two methods. Individual
collections of feeding adult mosquitoes were collected by aspiration
techniques as they attempted to feed upon the collectors. Larger
samples were taken during the evening from three disposal sites

through the use of New Jersey light traps.

168. Trap one. Three dredged material disposal areas were

selected for the adult mosquito light trap surveys. All of the
sites had a history of producing larval mosquitoes. Trap one was
located near a large bird rookery (see also Part XII) within the
Drum Island disposal area (see Figure 4). Drum Island is located

in Charleston Harbor and is less than 1/4 mile from the city of
Charleston. The location for this trap was picked to provide an
index of the mosquitoes that might feed on the resident bird popula-
tion and perhaps subsequently on the nearby human population. Two
sources of larval mosquitoes were located near trap one. One source
was due to dike seepage, while the second habitat consisted of a
large dike swale with fissured soil in the DM-4 stage. The site had
received fresh dredged material several months prior to the installa-
tion of the light trap.

169. Trap two. A second trap was installed within a dredged
material disposal area known as site N-20 (see Figure 5) along the
AIWW near the town of Isle of Palms, S. C. This disposal site was
the oldest of the series and had not received dredged material for
approximately 4 to 5 years. The trap was located near a fissured
soil larval habitat in the DM-5 stage. A second larval source con-
sisted of a dike failure habitat (see Figure 15, item 8). The light

trap was placed in a small thicket of protective vegetation to afford
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the adult mosquitoes protection from wind.

170. Trap three. The third light trap in the test series
was located within a disposal area known as site N-22 (see Figure
5) along the AIWW near the town of Sullivan's Island, S. C. The
major larval habitat near this trap consisted of a long dike swale
with dredged material in DM-4 and DM-5 stages. Birds were not signi-
ficant on either site N-20 or N-22.

171. Modification of the New Jersey light trap. In recent

years a number of light-weight light traps (Sudia and Chamberlain
1962) have been developed for field use in remote areas. Despite

the convenience of these smaller traps, it was decided to modify

the New Jersey trap for remote field use. Since the New Jersey trap
is commonly used by many mosquito abatement districts in the United
States, the investigators wished the results of this survey to be
comparable to standard survey techniques. A standard New Jersey
light trap was modified for operation with a 12v automobile battery
and a D.C. electric engine. A photoelectric cell circuit was designed
to operate the trap during the evening hours only. Battery life
afforded slightly more than a single night of operation. For this
reason it was necessary to recharge the batteries between trap opera-
tions. The batteries were placed in steel boxes and locked for
security reasons. All traps were operated at heights of 4 ft above
the ground. Mosquitoes and other insect specimens were recovered
following a night of operation in a small collection jar containing

a small strip of an insecticide.

172. Specimen processing. All light trap specimens were

processed by a bulk of sorting procedure to separate the adult mosqui-
toes from other insect species. Following this procedure male and
female mosquitoes were separated. Female specimens were used for the
construction of mosquito activity graphs. Male specimens were not re-
corded in the graphs that follow, but increases in the catch of male

specimens were noted immediately following a major emergence.
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Specimens were collected in some cases through the courtesy of the
Charleston County Mosquito Abatement Program.

173, Trap operation. Light traps were operated on Tuesday 4
and Thursday evenings from 6 June to 28 October 1976. Batteries and
fnsects were collected on Wednesday and Friday mornings. One day
was needed for battery charging during trapping interims.
Results and discussion

174, Aspiration. Very limited numbers of the dominant mos- z
quito fauna were collected by aspiration. These included Acde:
sollicitans, Aedes taentorhynchus, and Anopheles bradleyi which were
attracted to the investigators during field trips. Large numbers
were not collected by these methods as these species could be field
ifdentified and the samples were not objective.

175. Collection data. The modified light traps operated
without failure during the entire 1976 season. Graphs for the major
species collected from the three light traps are presented as Figures
22-24. A grand total of 3562 female specimens, representing six
species of mosquitoes were collected during the study period. Of
these only one species, Uranotaenia sapphirina, was collected from
the light trap survey that was not collected in the larval state.
Grand totals for all traps in all locations included:

a. Aedes soilliottans s « « v « + « 668, 3

b. Aedes taentorhynchus. . « . . .2485

G OGule® BALINAPLUB. v » « « ¢ v « 244 i
d. Anopheles bradleyi. . « + « + + 122
e. Anopheles atropog . « « « « « « 40
f. Uranotaenia sapphirina. . . . . 3

Aedea taeniorhynchus was much more common in the light trap collec-
tions than had been the case with the larval collections (where dedes
aollicdtane had been more common). Several reasons might be offered

for this ditference. The larval samples were collected from a wide :

varfety of habitats, while the adult light trap survey had been
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restricted to only three disposal areas. The static location of the
light traps may have been such that dedes taeniorhynchus larval habi-
tats were inadvertently favored. It should be noted that all collec-
tions were made under routine mosquito abatement procedures. Normal
larviciding and adulticiding operations were in effect during the
survey period. It can be stated with assurance that the graphs

would have been considerably higher if these measures had not been

in effect.

176. Graph observations: Drum Island. In general, the 1976

mosquito season on the three disposal sites surveyed reflected a
delayed pattern that was not especially typical of former years.
This delayed response of the mosquitoes was reflected in the fact that
the catch was generally depressed until late July and early August.
This was undoubtedly due to the less than average rainfall conditions
that existed during the month of June. The Drum Island site, trap
one, illustrated a bimodal pattern (see Figure 22) with Adedes
taentorhynchus catches being especially prominent during late July
and late September. Activity continued within this disposal site
until late October. This graph is also interesting due to the
activity patterns shown by two minor species, (Culex salinarius and
Anopheles bradleyi. These two species were not active on sites N-20
and N-22.

177. Graph observations: site N-20. The older AIWW site,

N-20, exhibited a similar bimodal pattern of activity by dedes
taentorhynchus with peaks observed (see Figure 23) in late July and
late September. An additional peak of activity from both Aedes
taeniorhynchus and Adedes sollicitans can be seen in mid-August. It
was believed that this site was more affected by tidal activity than
Drum Island or site N-22 (due to the dike failure habitat for larvae).
Aedes sollicitans was more active on site N-20 than the Drum Island
location.

178. Graph observations: site N-22. Site N-22 was perhaps
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the most interesting graph produced by the light trap catches (see
Figure 24). The protected nature of the nearby larval habitat (a

sike swale under DM-4 and DM-5 conditions) may have contributed to

the continued activity of mosquitoes on this site despite the chemi-

cal control measures that were being continuously applied. Aedes
sollieitans exhibited a pattern of sustained activity with catches
generally below 25 specimens. Continuous activity by Adedes
taentorhynchus can be seen from late June until mid-October. All
three graphs indicate activity by Culex salinarius during October.
Summary

179. In summary, the following factors relating to adult
mosquito activity within dredged material disposal sites have been
noted.

a. New Jersey light traps were modified for D.C.
operation by automobile batteries.

b. All traps were furnished with a photoelectric
cell that limited operation to evening hours.

c. Three disposal sites with a history of producing
mosquitoes were selected for the light trap survey.

| e

Normal mosquito control operations were in effect
during the survey.

|®

available.

|
X

The dominant species collected during the larval

The sites varied in age and types of larval habitats

survey were also collected by the light traps. One

additional species, Uranotaenia sapphirina, was

collected that had not been previously collected in

the larval state.

g. The dominant species collected by the light traps
was dedes taentorhynchus.

=3

Graphs illustrating the activity patterns of the
major species collected were prepared.
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Influence of Weather on Adult Mosquito
Light Trap Collections from Dredged
Material Disposal Areas

Rationale and literature review

180. Adult mosquito sampling data (presented in the previous
section) were compared with daily weather conditions during the
4-month duration of the sampling period. The decision to analyze
weather efforts was made because temperature, moisture, and other
weather phenomena are important factors influencing the population
size of many insect species including those mosquito species which
were the object of this study. When making an analysis of this type,
it is necessary to take into account extraneous factors not related
to weather which influence light trap catches. These factors include
differences in the attractance of a light source to different species
of mosquitoes (i.e., some species are more readily attracted to light
than others). Pratt (1948) and Provost (1959) have described one
aspect of this problem: the relationship of fluctuations of light
trap collections to changes in lunar light intensity associated with
the phases of the moon. Bidlingmayer (1974) and Ebsary and Crans
(1977) have described other environmental factors and physiological
changes occuring during the adult life of mosquitoes that influence
the catch of several different types of mosquito traps. Despite these
factors, light traps were considered to be a valid and useful tool for
this phase of the study because:

a. The nature of the confounding factors described
above are understood. Therefore, the limits
imposed by these factors can be compensated for
in the interpretation of results (see the next
section for a discussion of the relevance of
these factors to this study).

b. The New Jersey light trap is a standard tool
used for mosquito research and control work
throughout the world for more than 50 years.
Therefore, data acquired with light traps can
more accurately be compared with results from
similar surveys made for other mosquito studies.

164
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c. Light traps can be generated without continuous
supervision, so they are ideal for studies in
isolated locations such as dredged material disposal
areas.

Materials and methods

181. Light trap collections. Results of light trap collec-

tions are presented in Figures 22-24 (see previous section). Again,
it should be recalled that the light traps (because of logistical
factors) were operated on only two evenings per week. One problem
encountered with analysis of light trap data is the fact that older
mosquitoes are not attracted to light traps to the same degree as
younger individuals. Therefore, for some species a disproportion-
ately large number of young mosquitoes can be expected in light trap
conditions. Thus, light trap collections may not always reflect the
age structure of a population. This tendency is exhibited by Aedes
sollicitans and Aedes taentorhynchus. In the case of mosquito samp-
ling within disposal sites, however, this factor can be considered
an advantage, because the youngest mosquitoes in a population are
most likely to be found near their larval habitats. Therefore,
collections obtained in this study should indicate the presence (or
absence) of mosquito breeding habitats within the immediate trap
vicinity.

182. Analysis techniques. The relationships of light trap

counts to weather variables were estimated using the cross-covariance
function as applied by Hacker et al. (1973). This method enables

the investigator to ascertain the degree of correspondence between
two variables which occurs in a time series, even when the effect

of the independent variable on the dependent variable is a delayed
effect. When such a delayed effect is detected, an estimate of the
length of the delay can be obtained. This is usually termed a lag
time. A series of analyses were made using this technique. The
total number of mosquitoes (all species) collected at each sampling

location was studied to determine if the effect of each weather
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variable on mosquito counts was the same at each location. Mosquito
counts were also divided up by species and by sampling locations to
determine if each weather variable had different effects on some
species and/or on some locations than on others. In summary, the
analysis used considered the cumulative effects (for the entire
season) of weather against light trap collections; as a functional
relationship between dependent variables (mosquito species) on
independent variables (weather factors).

183. Weather data records. Weather records were obtained

from Local Climatological Data (LCD) sheets at the Charleston Office
of the National Weather Service. Temperature and wind data were
recorded at the weather station of the Charleston Office of the
National Weather Service. This site was approximately 1 mile from
the Drum Island site and 4 miles from sites N-20 and N-22. Rainfall
was recorded with a rain gauge located at each sampling site.

Results and discussion

184. Mosquitoes analyzed. The numbers of mosquitoes have

been reported in the previous section. Slightly more than half of
the total number of mosquitoes were collected from site N-20. The
remainder were evenly divided between site N-22 and Drum Island.
As indicated in Figures 22-24, the predominant species collected
during the survey was Adedes taeniorhynchus, followed by Aedes
gollicitans. C(ulex salinarius was the third most common species.
The salt marsh anopheline, Anopheles bradleyi, was also present
during parts of the 1976 season. The lesser species, 4dnopheles
atropos and Uranotaenia sapphirina, were not caught in sufficient
numbers (less than 2 percent) to justify analysis.

185. Anopheles bradleyi complex. The investigators noted

that Anopheles bradleyi is a member of a species complex that also
includes Anopheles crucians and A. georgianus. All three species
are virtually indistinguishable as adults from each other. However,

all specimens captured in this study were assumed to be 4. bradleyt
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because of the preferred larval habitat of this species for brackish
water and salt marshes.

186. Rainfall effects. Perhaps the most important weather

variable to affect mosquito egg populations and subsequent larval
numbers is the amount of rainfall. Rainfall also influences light ]
trap catches following a time lag for larval development. Figure
25 indicates that rainfall was followed by higher trap collections

approximately 9 to 12 days after the precipitation occurred. The 1

two floodwater species (i.e., dedes taeniorhynchus and Aedes 3
sollicitang) exhibited the highest degree of correlation with rain-

fall. This observation is consistent with the normal development

time for these two species.

187. This consistency of the data indicates that the trapped
mosquitoes originated near the collecting point (i.e., within the
disposal sites per se). Such a conclusion is indicated because both
of these two species tend to migrate and disperse approximately
3 to 4 days following emergence. Prior to that time they remain in
the immediate vicinity of their larval habitats. Therefore, if
trapped adult mosquitoes had completed their development stages at
another locations, a longer lag time would be expected.

188. Rainfall was also closely correlated with increases in
mosquito trap collections 3 days after precipitation (see Figure 25).
This observation is more difficult to explain than the previously
discussed rainfall effects. However, since the 3 day lag period was

also closely associated with the Adedes species, it may indicate that

some floodwater pools evaporate and dry so quickly that larvae de-

veloping in these pools do uot have sufficient time to complete their

development unless a second rainfall augments the water level. Addi-
tional data from other studies would be needed to substantiate this
theory. If this condition is indeed necessary for the survival of
developing larvae within dredged material disposal areas, then

additional rainfall a few days before the completion of the
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development period would certainly tend to increase light trap
catches.

189. Temperature. Trap collections were also influenced by
temperature. All species included in the analysis were compared with
daily maximum and minimum temperatures. Since both of these para-
meters appeared to have approximately equal effects on trap collec-
tions and because these two factors often tend to correlate with each
other, the two variables were combined into a single variable, the
average temperature.

190. Figure 26 indicates that the two floodwater species
exhibit less of a response to temperature (within the summer ranges
included in the analysis) than either Anopheles bradleyi or Culex
salinarius. Some caution is necessary in the interpretation of these
data, however, since the latter two species may be more prevalent on
disposal sites near the end of the mosquito season. Rainfall during
September and October was above normal on the sites in 1976. This
fact may have allowed for cooler temperatures and more permanent
pools of water needed for the breeding habitat of A. bradleyi and
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