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To WE SEV 30 September 1978

SU3JECT: 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 f or 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 DMR.P 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. P~n 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

_____ •-“—- ~~~~~ —- —.~~~~~~~~~~~~~~~ -~~— --.‘, -‘a..--- 

-

_ __



- - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.-

~--~~~~~~~

30 September 1978
~ I I ~ l i t , ! :  l’ r an sim l t t.l I ot T e c h n i c a l  Report D—78 48

mosqu it oes  aud d ispo sal  areas was reviewed; a nat ional  survey of the
a t t i t u d e s  and opinions  of petsonnel t rots local mosquito—abatement
d i s t t  ic t s , se l ect ed  CE I) i s t r tc ts , and Sta te  vector—control agencies was
.t lv  u s in g  nat  tona l and regiona l controls ;  and an arthropod suc—
~~ ss i t ’n a 1 pattt ~tu was postulated based on soil weathering patterns .

S . i ’ n ’ r ’ncv traps were  used t o  s t u dy  ar th ropods  assoc iated wi th
• d eedged  m a t e r i a l  ot various ages; s t u d i e s  were made comparing adult

m o s q u i t o  ac t  tvi t v with selected weath er  variables . Results of limited
t e s t s  u s i n g  two In s e c t — g r o w t h  r egul a to r  ( IC R)  compounds are presented .
M o t e  e X t e u s i v e  t e~;t s  w e l e  conducted us ing  physical  control measures
l u c  t u d i n g  t h e  use ot  u n — d i t c h i n g  t e chn iques  and the use of the River in e
U t  I l i t ~ t : r a t t  or RIT C . A l i s t in g of P lant successional pat terns , plan t
spec ies , i s s o ci a t e~t I w i t h  mo squ i to  larvae , standing crop es t imat ions , and
sp~ c tcs c on ipes it  ion data  t rots disposal  s i te s  is presented . Orni thological
s t u d i e s  ¼’ons ider ed  the  spe cies  composi t ion  of birds u t i l i z i n g  disposal
s i t es  as a m a t e r  p a r t  et  mosqu i to  ecology . Suggeattons on mosquito test
ntaIL.I 4 enIen t p L an I ut e’ r agency co operat ion , and fu tu re  research are
P t ’~ t i t t c d  t i t  t h e  t e p o t ’t ~

u .  Ul te ’ r e s u l t s  ot t h i s  s tudy  and the  guidelines presented herein should
p rev ide L lit ’ t ist  i w i t  ii he ab i i i  tv  to  an a lyze  mo squIto problems assoc iat e’d
w i t h s p t c i t l c  cont ined dredged material disposal areas. Guidelines on
mt ’~iqu it e  cent  rol d ut  I ng the  p l a nn i n g , design , construction , and manage—
nent  ci d i s po s a l  . i t  ens shou Id .i lwav s he ,‘~~~~~~~ idered.

C/JOHN L. CANNON
Colonel, Corps of Engineers
Conm~ander and Director
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20. ABSTRACT (Continued).

‘ ‘ “
~~ State vector control agencies was analyzed using national and regional controls.

Studies on factors affecting the ecology of all arthropods within disposal sites
were initiated including soil and water characterizations. An arthropod succes-
sional pattern was postulated based on soil weathering pattern8. Emergence
traps were used to study arthropods associated with dredged material of varying
ages. Mosquitoes were collected from disposal sites as larvae and adults and
identified. Studies were made comparing adult mosquito activity with selected
weather variables. Site visitations were conducted to eight CE Districts where
additional observations and collections were made. Comments were made regard—
ing three types of mosquito control (chemical, physical, and biological) pos—
sibilities within dredged material disposal areas. Results of limited tests
using two insect growth regulator (IGR) compounds are presented . More exten-
sive tests were Fonducted using physical control measures, inclu~~ng the use of
rim ditching tec~hniques and the use of the riverine utility craft (~WC).
Botanical studids were conducted conca4rrently with mosquito investi~~tions. A
listing of plant successional pattern~ , plant species associated with\mosquito
larvae, standing crop estimations, at*1 species composition data from d~~posal
sites is presented . Ornithological studies consideredJ the species compo’~ition
of birds utilizing disposal sites. Suggestions on mo~quito pest manageme\t
plans , interagency cooperation, and future research ake stated with conclu~~ng
remarks.

Appendix A presents the interagency perspectives on mosquito conditions\
and control in confined dredged material disposal sites. Appendix B lists
significant data by regions, and Appendix C lists all mosquito species known to
be associated with dredged material disposal sites. Appendix D summarizes the
site visitations to the CE Districts, and Appendix E discusses the vegetation
analysis of diked dredged material disposal sites. Appendix F presents a
discussion of the occurrence of avian species within dredged material disposal
sites.
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SU)*4ARY

This report represents the results of a series of studies con-

duc ted by an interdisciplinary research group at The Citade l, the

Military College of South Carolina , for the Waterways Experiment

Stat ion ot ¼ the U. S. Army Corps of Engineer-N (CE). The chief objective

of this study was to analyze those conditions (biological , chemical ,

physica l , and political) that affect the production of mosquitoes

wi thin dredged material disposal sites. The following disci p lines

we’re represented on the research team : general entomology , medical
entomology , political science, general ecology , biological control ,

biometry , civil engineering , bo tany , and orni thology . 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. Theme 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 geograph ic conditions.

This report is composed of 12 parts and 6 appendices. Major consid—

erattons and recommendations are summarized below .

Literature Review 
¼

All li terature 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 (1919 ) of mosquitoes breeding within disposal

si tes came from New Jersey. Shortly after these reports , a number
ot states reported mosquitoes developing within dredged material =

disposal si tes. This paucity of written materials indicates that the

hab i tat was known, but poorly understood by most workers. Ceiwral

2 
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references regarding mosquito identif ication and ecology are also

Included in this section.

Interagency Perspectives

A nat ional survey was prepared and analyzed (using national and

reg ional 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

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.

3 
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A l l  of the data indicated that arthropods were using dredged material

in g r e a t er  numbers than had been expected. A t ab le  of all arthropods
co l l ec ted i ron disposal sites is presented in the text. As a result

oi t h i s  s tud y,  f i e l d  workers can be trained to recognize the various
dredged material stages (DM stages) and the8e can in turn be related

to  mosquito potential.

Mosquito Ecology

Larval mosquitoes were found to utilize a total of 14 separate

and di stinct 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—
t ions (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

we re fou nd to be ~~~~ ~~ 1 ! ~‘i tans and 44edt~a taen~orhynchus. This study
f u r t h e r  confirmed that  mosquito fauna increases in species diversity as
the disposa l site ages. Of the eight successional stages (DM stages),
only two (1DM—A and ~ 1—5 ) were considered as h ig hly produc tive sources
o~ mosqui toes. 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.

Ad ult mosquitoes were collected using modified New Jersey ligh t

t r.lps powered by automobile batteries. A total of 3562 specimens

representing six species were processed from the ligh t trap catches.

Only on spec lea , -
. 

~‘¼ : ’ .~~’ ~~~e~’:~~~ A:~’~~ : ~~~~~ was cot lected by light trap

t ha t  had not been ~ ~I ouslv collected in the larval state. Light

t rap ca t c h e s were c~~ th weather data during the period of

4
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ope ra t ion  using a cross—c ovar iance  ana ly s i s  technique .

Si t e ’  V i s i t a t i o n s

A tot al el eigh t CE Districts we’re visited for col lection and

observat ion purpose.;. In general , the mosquito fauna associated with

d r ed ged mate rial  disposal si te ’s  d id  not appear to vary great lv with

the exception of west coas t species and the t a c t  t ha t  ~~~

~.:~~~‘: ‘~~~~‘~~~:~~~ was not noted as a major pest  spec les in the  Phi Lidel—

ph ia CE Dis r let . With some except tons (noted in the t e x t )  the

proposed DM s tage s  appeared to be v a l i d  in all D i s t r ic t s  c o n t a c t e d .

A l I of the 14 larval  mosquit o  h a b i t a t s  located in the p r i m a ry  study

areas we re also readily observed during the CE 1)1st n e t  site visita-

t ions . As a resu l t  ot the site visitations , some confidence’ was

ga ined as to the v a l i d i ty  of the models proposed f rom the ’ pr imary
studs ’ ar ea s .

Cont ro l  Studies

Contro l studies were considered under three ’ c a tego r ies:  I ’ lot og i —

ca l  , chemical  , and physical. No biological control measures appeart’d

pract tea l at this time f o r  dredged mat erial d i sposa l  s i t e ’s. A survey

of current  and fu tu re  p ossihi l  (tie’s, however , was ma de ’ . Several

feas i b i l i ty  s tud ies  we re made using new insect growth r egu la to r  ( ICR )

compounds. If proven environmental lv safe , these’ mat crisis may h o l d

promise as chemical  control  tools .  More e x t e ns i v e  t e s t s  were  conduc-

ted us i ng phy s ica l  con t rol measu res. The River Inc  U t i l i t y  C r a f t

(RUC) was fou nd to be use fu l  in the dewat  or ing  of d i s po s a l  areas.

Soil amendments were f ound to he capable of reducing the f o r m a t ion

of soil f issures  (and t h er e f o r e  mosqu i to  h a b i ta t s )  under t e s t  p l o t

conditions. Preliminary testing of rim—ditch ing as a con t rol measure

was accomplished with limited sncct’ss. A desirable lw—product ot

~
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t h i s  t es t  was the  rap id appearance of larval mosquito predators shortly

after the establishment of tidal flushing action.

Botanical Studies

This  por t ion of the s t u d y  revealed a number of plant species that
were’ associated with mosqui to  larval habitats. In general , those

plan ts (mainly halop hvt es) that were capable of growing on f i ssured
dredged material were associated with larval mosquitoes . Further

research is needed to de termine i f specif ic p lants are specifically
attra c tiv e to  various species of mosquitoes. A pa ttern of succession
of p lant communities was proposed and documented .  Es t imates of

s t a n d i n g  crop  va lues  of some plant species in pure stands in disposal

s i te s  were  made and found to be hi gher  than expected , In d i c a t i n g  t ha t

dred ged m a t e r i a l  co u l d  support  some marsh p lants  l u x u r i o u s ly . A list—

ing of p l a n t  species  col lected or enco un tered dur ing the study was
done by h a b i t a t  preterence , CE l) i s t rlct , and as a pooled composite

f r om  a l l  l o c a t i o n s .

Avian Studies

B i r d  species are the major v e r t e b r a t e  fauna  associa ted w ith
most dredged m a t e r i a l  disposal  s i tes . They are r e l a t ed  to mosqui to

p o p u l a t i o n s  in two way s .  They c o n s t i t u t e  a source of blood for  mos-

qu i toes  and the reby  may sus ta in  a large breeding popula t ion  of

mosquitoes, and b i rds  may func t i on  as reservoir  host  for  a group of

pathogenic arhoviruses. For these reasons- a study of the a v i fa un a

of d i s po s a l  s i t e s  was inc luded  as a major part of mosquito ecology .

Bird s were found to u t i l i z e  disposal sites in many ways and a comp lete

l i s t i n g  of a l l  birds known to he associated wi th  the primary s tudy

s i te s  of t h i s  repor t  was comp i l ed .  Est imates  were also made on the

numher~ and k inds  of birds using disposal  s i tes  as rookeries.

b
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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 s i te ’s vary f rom

one another , pr imar i ly  in age and successional stages of the dredged

material. Proper and timely surveillance is the initial step to

mosqui to  abatement w i t h i n  disposal  si tes.  Personnel  mus t be t r a i ned

to recognize the  presence (or absence) of the 14 larval  mosqui to

h a b i t a t s  that  can develop w i t h i n  disposal areas . Inspectors  a lso

need the a b i l i t y  to recognize the var ious  DM s tages  and p l an t  succes-

sional seres. Aerial surveillance can be both useful and accu ra t e

if personnel are tra ined to observe cl ose ly the ecolog ical markers
ment ioned in this report.

Mosqu itoes can he con troll ed 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 i n v e r t e b r a t e s )

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 effec tive . Inasmuch as the allowable use of many chemicals is

subject  to change , local recommendations must be consul ted  and no

l i s t i ng  of pes t ic ides  was included in this  r e p o r t .

Many of the above prob lems (e.g. genetic resistance~ are no t

encoun tered when physical control measures are employed ag~ irLst

mosquitoes. These measures require longer periods of time for ‘imple—

men ta t ion , but the effectiveness is unquestionable. This  report

7
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co ns Ide ’r e ’d th ree  phv s ic : i l  con t ro l  measures (use of the  RU C , so! I
am endments , and r i m — d i  t e l i  1mg) . In genera I , almost any phy s i  cal  con-

trol measure that will allow fo-r drainage and/or flushing ae~ ions by

tides will eliminate mosquito larvae. The investigators of this

report feel strongly that additional research Is needed on biolog i cal

and physical control measures within dredged material disposal sites.

In many cases :i complex of government agencies was observed to

a f t e ’c t  environment a l polLy planning regarding mosquito control w i t h i n

d i spo sa l sites. In such an atmosphere , interagency cooperation becomes
a ue ’cc~; s i t y  If rational measures are to be employed in mosquito abate—

~fle’flt ( t h i s  was t ’ sp e c l a l ly  docume n ted by the attitude and opinion
survey). In conclusion , mosqui t  ocs can he cont ro l led  w i t h i n  dredged

materi al disposal site’s if proper consideration is given to the follow-

ing lte’ms

a. The pec u l i a r ecology of disposal areas must be under-
stood as d ist inc t from the sur rounding marsh or other
environmen t.

h. A pa tt e’rn of regu l ar mosquito Inspection and surveil-
lanc e procedures must h&’ established by the agency
performing c’n trol st’rvi,-e’s. These activitie s mus t
also be related to r a i n f a l l  pa t t e rns .  Genera l ly ,
removal of water ,rain , t ides, etc.) from a disposal
site within 7 to 10 days will prevent the production
of ad u l t mosquitoes.

c. l’ersonnel must be trained for both aerial and ground
in spection proc edur es includi ng t he recogn i t ion of
the 14 larval habitats cited in this report , the
importance of the various DM stages , plant succes-
sional pa tterns , and the importance of bird—mosquito
ri’lat ionships.

d.  A regular  program of Informat ion exchange between CE
Di s t r i c ts  and mosquito abatement programs must ho
established . Every e f f o r t  should be made to I n f o r m
b il. mosquito abatement programs of dispoua~ area
management decisions. Procedures for local mosquito
abatement p rogram Input into disposal site man agement
should be developed .

e . In order to achieve an i n te g r a t e d  con t ro I program I or
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mosquito pest manegement in disposal sites , proper con—
siderat ion to the roles of biological , chemical , ~nd
physical measures muSt be given . The ideal progr am
should employ each option to th e best , environmentally
safe advantage ,
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PREFACE
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Caro l i na .  Tb I s  research was sponsored by lie Dred ged M at e r  In  I

Research Program (DMRP) under Work Unit ~C l 2 .
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mat erial disposal sites. Consideration was also g iven to the : t t t  i—

tudes and o p i n I o ns  of those government agencies whose’ roles requIre
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d redged m a t e r i a l  disposal  s i te s  (Par t  V I I ) .  O t h er  lnvestigatoi - s

from The’ Citade l and the I r re’s peel ly e  f i t ’ Let of ‘xper t i~~t’ Inc 1 uded

Dr. Rober t P • S teed (poll t ica I s c i ence :  Par t I I I  , Append lee’s A and

B) Dr. DanIel 1.. Kline (ar thropod t’co logy : Par t s  IV and V) ; Mr.

L. Joseph Vorge t t s (mosqu I to e eo I ogv and weather anal vs is : P ar t s

IV and V); Dr. Richard LI. Porcher (botany : Parts VI and X and Appen-

dix E); Dr. Denn is N. Forsythe (ornithology : Part Xl anti Appendix

F); Dr. Edmond P. Ryan (clvii eng ineering : Part lx ’); Mr. Lew i s

Cauthen ( c i v i l  engineering : Part VI and Appendix D) ; and Col . Oren

L. Herring (elect n eal engineering :  Part  \‘) , ‘l’vp ist s t o~ the’

orig ina l manuse r I pt we’ re’ L ind a  Pope’ and .P uJv WI  1 son . F i oret i  t I h a

Alvaro , Tern A. White , and Cindy E. Must  in  pre ’pare ’d t he’ f i n a l
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CONVERSION FACTORS , U.  S. CUSTOMARY TO
METRIC (SI) UNIT S OF MEASURE MENT

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

verted to metric (SI) units as follows :

Multiply By To Obtain

inches 2.54 centimetres

feet 0.3048 metres

yards 0.9144 metres

miles (U.  S. s ta tu te)  1.609344 kilometres

square feet 0.09290304 square metres

square miles 2.589988 square kilometres

acres 4046.856 square metres

cubic yards 0.764555 cubic metres

ounces (U. S. fluid) 29.57353 cubic centimetres

pints (U. S. liquid) 0.0004732 cubic metres

gallons (U. S. liquid) 0.003785412 cubic metres

pounds (mass) 453.59237 grams

tons (short) 907.1847 kilograms

pounds (mass) per acre 0.000112 kilograms per
square metre

miles (U. S. s ta tute)  per hour 1.609344 kiloinetres per
hour

Fahrenheit degrees 5/9 Celsius degrees
or Kelvin s *

* To obtain Celsius (C) temperature readings from Fahrenheit (F)
readings , use the following formula: C — (5/9) (F — 32) .  To ob—
tam Kelvin (K) readings , use K — (5/9 ) (F  — 32) + 2 7 3 . I S .

13

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- ‘



--,-.-,--,-—---- ,---——- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~—--~ - ~,—‘- — --- - - _1II
1

CONTENTS

Page

SUI’iMAR’Y • 2

PREFACE  , 10

CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT 13

LIST OF ILLUSTRATIONS 17
LIST OF TABLES 21
PART I: INTRODUCTION

Background and Approach 27
Scope and Limitations 30

PART II : OVERVIEW OF THE MOSQUITO CONTROL PROBLEMS ASSOCIATED
WITH DREDGED MATERIAL DISPOSAL AREAS

Historical Background 32
Environmental Impact Statements 36
Disposal Area Ecology: General References 37 —

General Mosquito References 39
Nature of the Mosquito Control Problem within Dredged Material
Disposal SiteB 40

Outline of this Study 48

PART III : SUMMARY OF STUDY OF INTERAGENCY PERSPECTIVES ON
MOSQUITO CONDITI ONS AND CONTROL IN CONFINED DRE DGED MATERIAL
DISPOSAL SITES

Introduction 51
Methods and Materials 52
Results and Discussion 52

— PART IV : ARTHROPOD SUCCESSIONAL PATTERNS WITHIN DRE DGED MATERIAL
DISPOSAL SITES

Chemical Characterization of Dredged Material Associated
with Mosquito Breeding Locations 54

Classification of Insect Habitat8 Based on Dredged Material
Weathering Patterns 65

Arthropod (Nonmosquito) Success ional Patterns Assoc iated with
Dredged Material Weathering Patterns 79

‘4 

-- 
~ - .~~-~~~~~~~~~~~ - - -~~~~~~~~~~~ - - -



r ---—, ‘--

~

---- - - - -
~~~

--
~~~~~~~~~~~~~~~~~~~~~~~~

-
~~~~~~~~~~

PART V : ECOLOGY OF MOSQUITOES ASSOCIATED WITH DREDGED
MATERIAL DISPOSAL SITES

Prevalance of Larval Habitats for Mosquitoes Within
Dredged Material Disposal Areas 116

Survey of Larval Mosquitoes Associated with Dredged
Material Disposal Areas 132

chemical Characteristics of Water from Larval Habitats
Within Dredged Material Disposal Areas 143

Adult Mosquito Surveys within Dredged Material Disposal
Areas 155

Influence of Weather on Adult Mosquito Light Trap
Collections from Dredged Material Disposal Areas 164

PART VI: SUMMARY OF SITE VISITATIONS TO SELECTED CE DISTRICTS
Introduc t ion 178
Materials and Methods 178
Results and Discussion 179
Summary 181

PART VII: POSSIBILITIES FOR BIOLOGICAL CONTROL OF MOSQUITOES
WITHIN DREDGED MATERIAL DISPOSAL SITES

Rationale 183
A Survey of Biological Control Agents 183
Other Biological Control Methods  190
Summary 190

PART VIII: TEMPORARY (CHEMICAL) CONTROL STUDIES WITHIN
DREDGED MATERIAL DISPOSAL SITES
Rationale 192
Insect Growth Regulator Field Tests 193
Summary 201

PART IX: PHYSICAL CONTROL OF MOSQUITOES DEVELOPING WITHIN
DREDGED MATERIAL DISPOSAL SITES

The Rim—Ditch as a Physical Control Measure 203
Mechanical Drainage Equipment 214
Use of Soil Amendments 221

PART X: SUMMARY OF VEGETATION ANALYSIS OF DIKED DREDGED
MATERIAL DISPOSAL SITES
Introduction 234
Purposes 234
Materials and Methods 235

15 

~~~~~~~ - - - - -



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Page

Results and Discussion • 236
Summary 238

PART XI : SUMMARY OF STUDIES ON THE OCCURRENCE OF AVI.AN SPECIES
WITHIN DREDGED MATERIAL DISPOSAL SITES
Introduction 239
Materials and Methods 239
Results and Discussion 240
Stmm~ary 240

PART XII: CONCLUSIONS AND RECOMMENDATIONS

Historical Aspects 241
Interagency Perspectives 241
Plant Relationships 243
Avian Relationships 243
Ar thropod Succession 244
Mosquito Larval Habitats 244
Larval and Adult Mosquitoes 245
Mosquito Control 245

LITERATU RE CITED 248

APPENDIX A: INTERAGENCY PERSPECTIVES ON MOSQUITO CONDITI ONS
AND CONTROL IN CONFINED DREDGED MATERIAL DISPOSAL SITES . . Al

APPENDIX B: REGIONAL DATA TABLES Bl

APPENDIX C: COMPOSITE SUMMARY OF ALL MOSQUITO SPECIES KNOWN
TO BE ASSOCIATED W ITH DREDGED MATERIAL DISPOSAL SITES . . . Cl

APPENDIX D: SITE VISITATI ONS TO SELECTED CORPS OF ENGINEER
DISTRICTS Dl

APPENDIX E: VEGETATION ANALYSIS OF DIKED DREDGED MATERIAL
DISPOSAL SITES El

APPENDIX F: OCCURRENCE OF AVIAN SPECIES WITHIN DREDGED
MATERIAL DISPOSAL SITES Fl

16 

-
-~~~~~~~~~

-
-

-~~~~~~ ~~~~~~~~~~ - - -- ~~~ - -
~~~~~~~

- -
~~~~~~~

- - -
~~~~~



‘I

LI ST OF ILLUSTRATI ONS

Figure

1 Total Confined Disposal by CE District (million cu yd) . 28

2 Sussnary of Mosquito Control Factors Affecting Dredged
Material Disposal Sites 42

1’ypical Dredged Material Disposal Operation in
Louisiana 43

.
~ Major Dred ged Material Disposal Sites in Charleston

Harbor , south Carolina 49

5 Major Dredged Material Disposal Sites along the
A t l a n t i c  In t racoas tal  Waterway , St. Helena Sound to
Winvah Ray , South Carolina 50

6 Dredged Matorial Weathering Patterns : DM—l and DM—2 ,
(Supernatant Liquid and Bare Mud) 67

7 Dredged Material Weathering Patterns : DM—3 (Incipient
Fissurt’ Formation) 70

8 Dredged Matert~il Weathering Patterns : 1*1—3 (incipient
Fissure Formation with Diatomaceous Deposits) 72

9 D r~’J ~ t ’d ~-tater1al Weathering Patterns : Late DM— 3
(Inci p ient Fissure Formation) 73

It) Drt’dged Material Weathering Patterns: DM—4 (Mature
Flssuros~ 74

it Dredged Material Weathering Patterns : Detail of DM—4
Conditions 75

12 Dredged Material Weathering Patterns : DM—6 (Weathered
FIssurt s~ 77

i i Dredged Material Weathering Patterns : Detail of 1*1—6
Condi tions 78

14 Summary Diagram of Insec t Habitats Based Upon Dredged
Matt’rial Weathering Patternc 8ó

iS Coinposit~’ L)iagram of Possible Mosquito Breeding Habitats
Asso~iated with Dredged Material Disposal Areas .  . 118

16 Adhesion Gradient w i t h  Resultant Dike Swale Habitat. *  120

17 Dike Seepage H a b i t a t  in Galveston CE District 123

18 Ae rial View ot Dike Failure Habitat with Tidal Flushing
Apparent , Charlt’ston CE District 12(~

17

- -  ____  _ _ _ _ _ _ _ _ _ _ _



_ _  

~~—~~~~~~~~~ --— -~~~~ --- ~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~-—~~~~~~~~~~~~~~

Figu re

I ‘~ Sur t ace P1 st  ort Ion h~ Me chanIcal Equi pment Opt, rat I on
w i t h in  -t Dredg ed M a t e r i a l  Disposal Si te 128

20 Detail ot Surf ,ltt ’ 1)1 stort ion Habit at Showing a Hig h
Conceu t ration of Mosqut to Larvae I .‘~)

21 Protect ly e  V e g e t a t i o n  Habit at w ithin a lt red gtd Material
Disposal Site 131

22 New Jersey Ligh t Trap C a t c h es o f Ma j e t  Mosquito Spec iv~
Dr um I sland !)lsposa 1 Area , 10 ~Junt ’ — 28 Oct * • 1976 ,
Charlestc.n Harbor , South Carolina I ‘~~~

2 1 New Jersey Light Trap Catches of M aj o r  Mosquito Spec I t ’s .
N—20 Disposal Area , 6 June — 28 Oct ., 1976 , I s le of
Palms , South Carolina 160

2.~ New Jersey Ligh t Trap Catches of Major M o s q u i t o  Spec ies ,
N—22 Disposal Area , 6 Jun e — 28 O c t . ,  1976

2 5 Cross—covariance Functions for Four Species of Mosquitoes
with Respect to Rain in Charleston , South Carolina , June
to O c t . ,  1976 168

26 Cross—covariance Functions for Four Species of Mosquitoes
with Respect to Average Temperature in c.harleston, Sou th
Carolina. June — Oct., 1976 170

27 Cross—covariance Functions for To t a l  Mosqui toes  w i t h
Respect to Ave rage Temperature at Three  L o c a t i o n s  in
Char les ton , South Carolina , June — O c t . ,  1976 171

28 Cross—covarjance Functions for ~~~~~~~~~~~ 
‘ :~~~~~~ :‘:~~ ‘~‘I th

Respect to Average Temperature at Three locati ons in
Charleston , South Carolina , June — Oct., 1~)76 172

29 Cross—covariance Functions for Four Specie s  of Mosquitoes
wi th Respect to Wind Speed in Char les ton , South Carolina .
June — Oct ., 1976 

30 Cros s—c ovari ance Functions for  ~~~~~ o~’Z . ’ . ‘:~~:‘:c w i t h
Respect to Wi nd Speed at Three Loc at  ions In Charleston .
South Carolina , June - Oct., 1976 17 5

It Cross— covarlance Functions for  .4.\i1 - ,~ ~~~~~~~~~~~~~~~~~~~~~ w i t h
Respect to Wind Speed at Three locat lens In Charleston ,
Sou th Caro l in a , June — Oct., 1976 176

18 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -



- -

32 A r t I s t ’ s Concep t ion  of R i m — D i t c h i n g  P a t t e r n  fo r  M o s q u i t o
Con t r o l withi n Dredged Mater Lii  Disposal S i te s  204

I t  A e r i a l  V i e w  of l) ispesai  S i t e  N—iS with Encircling Rim—
Ditch 105

3$ De’ta ii of Disposal Si to N— 15 with Rim— l)itch ‘06

15 R i m — P I t  cit and Cress Dike  Con st  r u c t ion  w i t h i n  D i s p o s a l  Si t o
N—Il , Charleston CE D i s t r i c t  208

16 De at  1 e t Poo t- I) i t c h  Construct ion 210

17 R im— i ) !  tch Coits t ru& - t ion f o r  the El in t in at  ion of the Borrow
Pit S w i l e  Habit at . 1 2

18 R i v e r inc [ l i l t  v C ra I t  ~, R i C I  I n d e r w a v  In Dr. -dged Mat t r i a l
Drum Is  land 1) 1 sposa I S i t e  • Char lest on, South Carol m a  * . 2 1 (~

1’) Pc t a l l  e t E t C  lie I i  c a l  Dr ive Sc row ~ 17

$0 Twin Pit cite s  Produced by RU C Opc r at  ion in Dredged
Naterl i I ~l8

•~ I Result ot E t C  Opt - ration through a Sun-p flab I tat , Drum Island
D i sp o s a l  Site , C h a r l e s t o n  CE D i s t r i c t  120

42 DIagram of Dredged M a t e r i a l  Sat u r at i o n  Zones ‘22

-~ I D iagram of the Sa tu r a t  ion of t he  I n t e r f a ce  Between Dred ged
Material and Cover Material ~24

4-4 Compos i t e  Comparison of W a t er  Content  Curves f rom Dredged
Material Field Plot Tests 26

45 Compar i son  of Sawdust as a Cover M a ter i a l  against U nt  reat—
ed Dredged Material ~29

46 ComposIte  Comparison of W a t e r  Content. Curves f rom Dr ed ged
M at e r  l i i  Tank Tests 10

Dl Sand Mine  Ope ra t i on  w i t h i n  a Dredged M a t e r i a l  D i s p o s a l
Site in Calveston CE District P12

02 Open Water Dredged M a t e r i a l  Di sposa I S I t e in  Cal  Vt ’s t o n

CE District 014

03 Mesq t i l t  o H a b i t  a t  Porn i f lat  OLI v the  Common Reed , :t ‘ . ~
‘~~~ ‘ , ‘:~~~~, In P h i l a d e l p h i a  CE D i st r i c t  D 1$

19 



_ _ _ _  

- -~~~~~

Figure Pane

D4 Swale and Huimnock Habitats under DM—4 Conditions near
Mart inez , Cal i forn ia  D44

El Sandy Habitat near Discharge Site within a Dredged
Material Disposal Site near McClellanvilie , South
Carolina £4

E2 -~u’~ir~ a ern~f 7o ra  Growth on Fissured Dredged
Material £20

E3 Dense Stand of Suaeda ‘~~~‘a ~ z s  on Fissured Dredged
Material  E2 1

E4 New Dredged Material Disposal Site in Charleston CE
District Prior to Receiving Dredged Ma ter ial w ith
Dense Stand of Spar ~i~ia alternifioi’a E25

E5 Proposed Plant  Successional Pa t t e rn  for  Typica l  Diked
Dredged Material Disposal Area, coastal South Carolina . E 2 7

£6 }lalophyte Successional Stage within a Dredged Ma terial
Disposal Site with Dense Stands of Sa l ~~~~~~~~~~~ 

—

biqloveii and Borrich-ra •~‘u s ~~’n~’ E28

E7 Forb—Shrub Successional Stage within a Dredged Material
Disposal Site Vegetated by Various Species of As~c~’,Solidago, Baccharis, and Iva E29

E8 Early Climax Successional Stage within a Dredged
Material  Disposal Site Vegeta ted by Mo~’us a Z i — ~- E30

E9 Monoculture of the Cotmnon Reed , P/l?’a~mftes r:o~l~ ,
within a Dredged Material Disposal Site in the
Philadelphia CE District E35

20

_ _ _ _ _ _  ~~~~~---—- -- .
~~- --- --—



~~~~~~~~~~~~~~~~~ ‘~~~~~“ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• LIST OF TABLES

Table

1 Summary of Phy siochemical  F a c t o r s  A f f e c t i n g  Dredged
Material Habitats on S. Drum Island Disposal Area ,
Charleston Harbor , South Carolina , 1976 58

2 Summary of Physiochemical Factors Af fecting Dredged
Material Habitats on N. Drum Island Disposa l Area ,
Charleston Harbor , South Carolina , 1976 59

3 Summary ot Physiochemical Factors Affecting Dredged
Material Habitats on Disposal Area N—20 , Atlantic
Intracoastal Waterwa y , Isle of Palms , South Ca rolina ,
1976 60

4 Suimnarv of Physiochemical Factors A ffecting Dredged
Material Habitats on Disposal Area N—Il , A tlantic
In t racoas ta l  Waterway , Isle of Palms , South Caro l ina ,
1976 61

5 Summary Listing of the Relative Diversity of Insect
Orders , Fam ilies , and Species Collec ted in Box Emergenc e
Traps During Different Successional Stages of Development
on Diked Dredged Material Disposal Sites in Charleston
County , South Carolina 87

6 Taxonomic Listing and Relative Abundanc e of Insects
Col lec ted  in Box Emergence Traps During Physical
Succession on Diked Dred ged Material Disposal Sites in
Charleston County , South Carolina 88

7 Insects Collected By Sweepnet During Trips to Dredged
Material Disposal Sites in Topsail , North Carolina (NC),
and Houston , Texas (TX) ~9

8 Chemical Charac teristics (Avg Val ues) of Wa ter Samples
from Typical Mosquito Habitats within Dredged Mater ial
Disposal Si tes , Charleston , S. C . ,  1976 147

9 Soil Moisture Content of Field Plot Samples 228

10 Soil Mois ture  Content of Fiberg lass Tank Samp les 231

21 

— ---



Table

Al Opinions on the Degree of the Mosquito Problem in
the Research Area All

A2 Perceived Sources of Mosquito Breeding in the
Designated Areas: Composite Al9

A3 Perceived Sources of Mosquito Breeding in the
Designated Areas: Natural Domestic Areas A20

A4 Perceived Sources of Mosquito Breeding in the
• Designated Areas: Saltwater Marshes A20

A5 Perceived Sources of Mosquito Breeding in the
Designated Areas: Fresh Water A21

A6 Perceived Sources of Mosquito Breeding in the
Designated Areas: Confined Dredged Material Disposal
Sites A21

A7 Perceived Seriousness of Problems in Confined
Dredged Material Disposal Sites: Mosquitoes
Compared With Pollution A24

A8 Perceived Seriousness of Problems in Confined
Dredged Material Di~sposa1 Sites: Mosquitoes
Compared With Botulism A25

A9 Perceived Seriousness of Problems in Confined
Dredged Material Disposal Sites: Mosquitoes
Compared With Dust A25

AlO Perceived Seriousness of Problems in Confined
Dredged Material Disposal Sites: Mosquitoes

F- Compared With Turbidity A26

All Perceived Seriousness of Problems in Confined
Dredged Material Disposal Sites: Mosquitoes

• Compared With Flies A26

A12 Perceived Seriousness of Problems in Confined
Dredged Material Disposal Sites: Mosquitoes
Compared With Rats and Other Organisms A27

A13 Opinions on Which Agency Has Main Responsibility
for Mosquito Control in Confined Dredged Material
Disposal Sites A30

L 

22



r

Table

A14 Opinions on Whether the Corps of Engineers Should
Assume or Be Assigned Any Responsibility for

• Mosquito Control in Confined Dredged Material
Disposal Sites A32

AlS Opinions on the Existing Voluntary Involvement ot the
Corps of Engineers in Mosquito Control Efforts in
Confined Dredged Material Disposal Sites A34

Al6 Opinions on Whether the Corps of Engineers Should
Participate in Future Mosquito Control Programs in
Confined Dredged Material Disposal Sites Upon the
Request of State and/or Local Vector Contro l
Departments  A35

Al7 Agencies’ Perceptions of Communication Between the
Corps of Engineers Personnel and State and/or Local
Vector Control Officials Regarding Mosquito
Conditions and Control in Confined Dredged Mater ial
Disposal Sites A37

Al8 Opinions on the Desirabi l i ty  of Increased Future
Coninunication Between the Corps of Engineers and
State and/or Local Vector Control Departments

• Regarding Mosquito Conditions and Control in
Confined Dredged Material Disposal Sites 

A19 Composite Listing of the Desired Types of Future
Communication Between the Corps of Engineers and
State and/or Local Vector Control Departments on
Mosquito Conditions and Control in Conf ined  Dredged
Material Disposal Sites (Percentage Mentioning Each) . MO

81 Opinions on the Degree of the Mosquito Probl em , by
Region I II

82 Perceived Sources of Mosquito Breeding in the Area ,
by Region 

83 Perceived Sources of Mosquito Breeding , by Reg i on :
Natural Domestic Sources 84

B4 Perceived Sources of Mosquito Breeding, by Region :
Saltwater Marshes its

85 Perceived Sources of Mosquito Breeding, by Region :
Freshwater itt’

B6 Perceived Sources of Mosquito Breeding, by Region :
Confined Dredged Material Disposal Sites 87

23

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~



-

I’able

87 Pe rce ive d  Se r I ousness of Problems In Con ft ned
l)redged M at er  I a I 1) 1 spo sal Site ’s , 1w Region
Mosqu i toes  Compared With Polluti on B8

R8 Pc rce I ved Seri ousne ss of Problems in Confined
Dredged Material Disposa l Sites , by Region :
Mo sq ii I toes Compared W i t h  Rot ul ism 89

89 Pc ice I ved Ser I ousi~ess o I Prob l t ’tn s In Confined
I)r ed ged M ate r  Ia 1 1) 1 sposa 1 S i t  i’s , by Reg ion :
Mosq u I t  oes ( ‘om p a r ed With Dust RIO

810 I’ t ’ ice I ved Ser I onst ie ss of i’rob 1 ems in Con f (ned
I)red ged Mat ci I a I Disposa l S i tt ’s , 1w R e g i o n :
Mosqit it oc s Compa red W I t  Ii ‘l’urh Ed I t v B ii

it I 1 Pc i c e ’ j ye ’d Si ’ i I ousness o f P rob l ems In Confined
I ) t e d ged M ateri al Disposal Sites . b~ Reg ion:
M o s q u I t o e s  Compared W I t h  F l i e s  B 1.’

B 1 2 i’ L ret ’ I v~d Sc i- I ottsness o 1 Pt-oh I ems in Con ft ned
Pi ed ged Ma icr ta t 1)1 sposa 1 S I t  es , by Reg ion :
Mosquitoes Conipa red WIth Rats B 1 1

Ri I Op In ions on Wh (cit Agency has Ma in Respons l b  l i l t  v
fo r  MosquIto Ceti  t ro I in C o n f i n e d  Dredged M a t e r i a l
Disposal Si t e s  • 1w R eg i o n  8i4

it I . e  Op t n t  ons on Whe t her the  Corps of Eng inee r s  Shou 1(1
Assume or Re Assi gned An~’ Respons lb  t l 1 t ~ for
M o s q u i t o  Con t ro l in  Con f t  ned Dredged M at er i a l
I)tsposal Sites , b~ Reg ion RI S

i l l  ‘ e Opinion s on t lie Vol tint a iv Involvement o I t be Corp s
of l-~ne, m eet’ s In Mosquito Contro l El forts In

I I ned i ) r ed t ~eti M a t e r I a l  Di sposa I Sit ~‘s , 1w
R eg ion  816

B1 6 Op In! otis en Whe t her the Corps of Eng I t~eer~ Shoti hi
l’.ii t I c  Ipa t e In l t i t  tire Mosquito Control Programs in
Con f I ned Dredged M a t e r i a l  Di sposa l  S t  t es Upon the
Reques t  o t  St a t  e a n d / o r  Local Vec to r  Cont rol
011 I t  L i i  s , 1w Reg Ion 1117

RI / A e ’nev P e r c e pt  Ions el Communicat  ton  Between Corps
Personne l .intl St  .t t e and for I ,oea I Vector Cont ro 1
01 I I c i t  I s R ec~ard  t t ig  M o s q u i t o  Cond I t  io n s and Con trol
in Con I I ned Dre ’tl ge’d Mat e r tat Disposa l SItes , 1w

~~~~~~ ion 818

I

_ _  - _ __ _ _



Page

• 818 Opinions on the Desirability of More Future
Coninunication Between the Corps of Engineers and
State and/or Local Vector Control Departments

• Concerning Mosquito Conditions and Control in
• Confined Dredged Material Disposal Sites , by

Region 819

B19 Composite Listing of the Desired Types of Future
• Communication Between the Corps of Engineers and

State and/or Local Vector Control Departments on
Mosquito Conditions and Control in Confined
Dredged Material Disposal Sites , by Region 820

B20 Total Desired Future Increase in Communication
Between Corps of Engineers and/or Local Vector
Control Departments Concerning Mosquito Conditions

• and Control in Confined Dredged Material Disposa l
Sites, by Region 821

Cl Composite Listing of All Mosquito SpecIes , Known or
Reported , From Dredged Material Di sposa l  Sites. . 

C2

Dl Site Visitations to Corps of Engineers Districts. . . D2

D2 Catalogue of Common Seed Plants Associated With
Diked Dredged Material Disposal S i t e s  In F l o r i da .  . . D21

D3 Catalogue of Seed Plants  Found W i t h i n  Dik ed  Dredged
Material Disposal Sites in Lou i s i a na 2 7

D4 Cat a logue of Seed Plants Found Within Cranes’ Island
Diked Disposal Site , Norfolk , Va 1) 33

DS Catalogue of Seed Plants Found Within Diked Dredged
Material Disposal Sites in California D46

El Habitat Preference of Herbaceous Seed Plants
Associated With Diked Dredged Material Disposal Sites
in Coastal South Carolina F.6

E2 Habitat Preference of Trees Associated With 1)Iked
Dredged Mater ia l  Disposal S i tes  In ( lie South
Carolina Coastal Zone 

E3 Habi ta t  Preference of Shrubs Assoc iated W i t h  Biked
Dredged Material Disposa l Si t e s  In t he  South
Carolina Coastal Zone K 1 7

25 

~~~~~~~~~~~~~~~~~~~~~~~ -. - —.~~~
—--‘.• -



—~ - -.- . ~-~~~~ •- - • - - - -•~~-- - -

Table

E4 Major Species of Seed Plants Associated with
Fissured Dredged Material and Mosquito Breeding
Conditions in Coastal South Carolina E19

ES Measurements of Standing Crop Biomass of Five
Selected Plant Species From Disposal Sites in
Coastal South Carolina E39

E6 Composite Catalogue of Major Plant Species
Assoc iated With Diked Dredged Material Disposal
Sites in the South Carolina Coastal Zone 843

Fl Comparison of the Avian Co~~unity Composition of
Charleston Dredged Material Disposal Sites with
the South Carolina Coastal Plain F6

F2 Breeding Population of Long—Legged Waders on Drum
Island , Cha rleston , South Carolina, Sunnier 1975 F8

F3 Occurrence of Birds on Dredged Material Disposal
Sites in Charleston County, South Carolina Fl2

26

~ 

- -



— ~~— ~~~~-

F 
. •

AN INVESTICATION OF PHYSICAL, CHEMICALJ_ AND/OR

BIOLOGICAL CONTROL OF MOSQUITOES IN

l)REI )GED MATERIAL DISPOSAL AREAS

PART I: INTRODUCTION

Background and Approach

The disposal of dredged material within confined land disposal

areas appears to be Increasing In many parts of the Un i t ed  S ta tes  as a

• concurrent result of increased utilization of the nation ’s ports and

waterways and environmental opposition to open—water disposal. Fi gure

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 d i sposa l  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 t h e  need for further research on this

top ic. In recent years a number of research s tud ie s  have been pub—

l ished unde r the aeg is of the Dredged Mate r ial Resea rch Prog r am (DMRP )

of the LI . S. Army Engineer Experiment Station (WES) , Vicksburg,

Mississipp i. The serious student of dredged material ecology w i l l

want to consult the technical reports of th is  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), Wen t z  et al.

(1974) , Johnson and McCuinness (1975) and Skjel (1976).

2. While environmental oppos it ion  to  some of the’ ecologica l

e f f ects  of dredged material dIsposal  in many coastal sections

27
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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 produc tivity
of a given disposal area .

d. 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. ~

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

mat er ial disposal ope ra t ions 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

29 
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man—mad e ecosvst ems (dred ge is I ant i s)  t h a t  ~I t v t  lop  .e f t  i F  suc  It op e r a —

t ions.

Sco,pe and Limit a t i e ’ i i s

Purposes

This  r e p or t  presents  the r e s t i l  t s o t  au  I iii crd i sc Ip i i n a r y

research group termed at The C i t  add t o r  ( l i e  spec i t  ft t i r p o s e  et  St  u d v —

i ng t he interrelated ecolog ical , pol i t cal • and eng i lit er jug p rob 1 ems

.issoc Lit ed w i t h  mosquito breedIng on d red~ t’d mat ~ u I at in ‘. 1cc ted

coas tal  regions  of the  U n i t e d  S t a t e s .  For purpe-~ ’s et t i t  I s st udv .*
dredged material disposal s i t e  means :

an area o t marsh or h i glut r ground cnc I esed h~’
a dike f rom the sur round l u g  ens’ I ronment I or t lie
purpose of  r e t a i n i n g  a suspension o I d r edg~ d
ma ter ial ( t  ormer l v t e rmt -d ‘‘5 po i 1” In  e hi er
publ lea t ion s ’)  derived from a d ied~ I ii~ epe ia t Ion .

This study was limited to a discus sion of probl ems .tssec i , It ed wit ii

diked (i.e. confined) disposal areas. Open—water disposal pr oblems

and fresh—water disposal t e c h n i q u e s  were net coils ider ed . The st  udv

deal t pr imar i ly w i t h  exis t  ing disposal s i te s  I o r  w I t  i ~ lt pert inent dat .t

were available. In some cases , comp let e  records uc ~ .ird ing the cent r,ic

his tory  of disposal opera t ions  on a g i v e n  a rea  were not avail .It~ Ic .

In the past such data were not cons ider cd  impor t  ant by many P i s I r  Ic  t s.

Recentl y ,  in the wake 01 Increased e n v i r o n m e n t a l  awareness b~’ both

pr iva te  c i t i zens  and government . igenc I es , Ut i s  rrac t Ice appeal -; to

have been reversed.

Outline of study

5. In view ot  the almost total lack of p rey  t o t e s  r e s e a rch  in

t h i s  spec m l  ized field of entomology , I t  was f e l t  that an lnt e rdt s—

c Ipi m ary approach would provide the great est amount of pra c  L I  cal

and use f u l  Information in view ot t lie short — t e r m  n at  ur e  ot t he st ui1~’

( 1— ’~ yrs . ) . the t e l lowing out l i n e  j iitl i cat i’s Liii’ baste pat tern e

10
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this approach:

a. A complete and comprehen s ive  survey of in te ragency
attitu,.des regarding mosquito control problems asso-
c iated w i t h  the  d i s p o sa l  of dredged ma~ e rl a l  would
be under t aken  by a p o l i t i c a l  s c i e n ti s t  w i t h  compute r
analysis. Such a study would compare and analyze
how op in ions  v a r i e d  among CE D i s t r i c t  personnel
a g a i n s t  S t a t e  and lcca l  a g e n cie s  charged w i t h  mos-
q u i t o  c o n t r o l  r e spons ib i l i t i e s .

h .  S t u d i es  would be i n i t i a t e d  t ha t  would p a r t i a l ly
es t a b l i s h  ( w i t h i n  the time frame of the  stud y per iod)
the p a t t e r n  of ar thropod success ion  within the
var b u s  success  iouia l seres assoc f a t e d  w i t h  t he  ag ing
ot c o n f i n e d  dredged m at er i a l  disposal s i t e s .

c.  S t u d i e s  would be initiated that would beg in  to
clue idate the eco l eg i ca l  l i m i t  tu g  f a c t o r s  tha t
affe ct mos qu l  to product  ion in the  dredged m a t e r i a l
habitat. Suc h studies would est ab i  i si t  the spec los
compos i t  iou  e l  m o s q u it o e s  b reeding  with in such hahi  —
t~its in the ma)or geograp h ic regions of the I’ . S.

d. Site vi sitations by an en t omolot ~t st , a b o t an i s t ,
and a civil engineer would be conducted to the  CE
D istricts of Cal veston , J acksonvi l l e, New Orleans ,
N o r f o l k  • Ph 11 ad ci ph i  a , Sac r em en to  , and San Fr anc i see

e. S tud  IL’S would be made to d et er m i n e  the  c u r r e n t  status
and pote ult i a 1 I or using b i o l o g i c a l  cont rol t e c h n  i qu i e s
ag a i n s t dred ged materi al mosquitoes .

L imit i’d tempo ri rv cent rot sr_ ud i es w o u l d  be made u s i n g
In s e c t  growth regulators t. ICR ’s) a g a in s t  mo squf t e e s
breed i l i t~ w i Li i  in t h e  dredged mater tat habit at.

~~~. S t u d ie s  w o u l d  be b u t t  i .i t ed  t o  determine the et  I c c —
iveness of c e r t a  in  p h y s I c a l  c o n t r o l  measu re s  ag~u i n st

mosquit oes within the dredged  m a t e r  t a t  h a b i t  a t  .

h.  St uti I t ’s would  he under taken by a compe tent hot an 1st
.tntl ornithologist to determine the major ecolog ical
re 1 at  i o t i shu  I ~s b e t  ween mosquItoes and p l a n t  suet-cs—
si ‘na 1 pat t e m s  and m o s q u i t o e s  and .iv f a n  spec I i-s
respectivel y , with in c on f in e d  dredged m a t e r i a l
disposal i s l a n d s .

II  
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PART 11 : OVE RV 1 EW OF TIlE MO SQI, ’ IT O CONTROL PROBLEMS
ASSOC IATEE ) WI TH DRE DCED MATERIAl .  DISPOSAL AREAS

H i s t o r i c a l  Back ground

Ear lv r e f e r e n ces

6. Because ot the remote loc.it Ion of most dredged material

dl sposal areas and the  t a c t  that mosquito breeding usual 1 ~ ‘ develops

some months after t h e  cessation of disposal activ I t\’ w i t h i n  t lit -se

sites , entomol ogists were slow to understand the m o s q u i t o  b r e e d i ng

potent i.u l within such areas. Among the earl lest references t o  mos-

quito breeding problems w i t h i n  d i  ked disposal areas  is t h e  r e p o r t  01

Brooks (1’) ~9) . Thuis autho r noted tha t mosquI toes  I requent Iv developed

wit Ii in the v e r t i c a l  slur inkage c rae ks t h a t  develop as a dredged m.it e—

r tal d i sposa l  are,i begins to dry and couusol l dat e .  Brooks a t  so no t ed

that a con~non marsh p lant , :~‘ : :~~ ~~o sp . , as a monocul ture frequent —

lv slit’ I tered mosquito breed tug  lu.u t ’  i t  a t  s

7.  Du r i n g  the yea r s  et World War lI , sc a t t e r e d  r e f e re nc e s  t o

~~~~~ It  oes is soc i at i’d w i t h  dredged ma t i - r i  a I di spesa I s i t e s  began to

r In  t he  l i t e r a t u r e .  Thom ( l ’) -~ .~~~ suggest ~-d t h a t  t h i t ’ t i l l  .te~t’ hi’

im p  lov ed as a poss lb i~’ centre 1 measure w i t h  ‘‘hvd raul I c  t i l l s ’’ near

South  Anih ~’v • New Je r sey  . Thom f u r t h e r  suggested t h a t  t h i s  t i l l  .ige

should best be don e a f t e r  the  t i rst I res t  in order  t h a t  the  s o i l

won hi be’ t i rme r f o r  equi pment opt ’ r a t  ion . As a t o l  low—up t r ocedure

h ’  st lggt’s te d t h at  g rasses  such as ‘‘ red top” m i g h t  be t n t  reduced i n t o

the t e e  Ia  [med d i s p o s a l  s i t t ’ . Thom (as t h u  Rreeks • I ‘~ ~ ) believed

that F,~’::-’ i f . -c ~ ‘ . l’ u i n  h i s  m i glu t  be c o u n t  i - r i ’  red uc L i  v-c to mos—

quIto cont rd elI or s . l . it er  , \ a nu o t e  (1  ‘).~ ‘) not i’d that scar I t  v in g

sm.tl 1 hv’~I r a t u l  Ic  t i l l s  near  P or t  — a u — P e c k , Ni ’i, ,l r i s e v  , uu s I u i t ~ d i s k

har rows could hi ’ ti~ i - il as a I [ml  t i’d mosqu l  t e c o n t ro l  - t ,t, :iul e

W e ,t t  he’r she’e ( 1 ~) + c I t  i’d hydran t Ic t i l l s  .is a m a j o r  p u o l ’  I em I or

mosquito cent rot i’t t o u t s a round t he I’ . S . N , u v . u  I Rase in Nor  t e l k ,

_ _ _ _ _ _ _ _ _ _ _ _ _ _  -
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V i r g i n i a.

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 . Sttvers (1951) re-

ported that the U. S. Government (Corps of Engineers?) was cooperating

with mosquito control efforts in dred ged ma ter ial disposal si tes 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 repor t is the earliest record of

cooperat tori in the literature be tween local mosqu ito commissions and

the U . S. Government .

9. Ruth  (1952) reported large f l i g h t s  of sal t marsh mosqu itoes

associated wi th  the disposal of dredged material in Norfolk , Virginia ,

~Iis 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 b y Thom (1955) noted tha t  most dredged

mater ial  disposal areas tend to develop individual and par t icular

biological characteristics. It was found that mosquito breeding

potentials were difficult to predic t f rom one disposal si te 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 d iscussion

that mosquito eggs might be dredged into a disposal area b~’ the

dredged operation per se. Another field note of i n t e res t  is Thom ’s

observation tha t  the appearance of “a green scum” (a 1gae~ ) f r e q u e n t —

ly serves as a harbinger of mosquito breed i ng activit y . The report

33 
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I
concludes w i t h  a statement that experimental plan t ings of several

grasses  were not  s u c c e s s f u l  w i t h i n  dredged mate r i a l  disposal s i te s .

11. Klnsev ( lt ) 5 8)  no ted  t ha t  “.. . fl i l s  r e m a i n  today as some of

our wors t  mosquito breed i ng areas • ‘ Powers  (1958) r ep resen t  ing the

U.  S. Army Corps  e t  En g i n e e r s  s t a ted  t h a t  the States were responsi—

bie for dredged m a t e r i a l  disposal s i t e s , but  admi t ted  tha t  c e r t a in

Corps 01 Lng juicers disposal areas were puhl it - h e a l t h  problems . Helm

~, l’)~~’)) 1 t st e d  a number of spec i f i c  d et a i l s  tha t  mig ht  he agreed upon

hu ’twee n  dredging contractors for the Corps of Engineers and local

mosquit o abatement programs .

Recen t  ru -ports of mosqui to

~~ obL’rns jn disj’osal areas

1 ~ . Mason ( l~ 66’) noted the  ap p e a r a n c e  of a major  mosqu i to

problem in New Jersey  following l a rg e — s c a le  hy d r a u l i c  pumping opera—

t ions in mar sh a reas  to allow f o r  h i g hway c o n s t r u c t i o n . Lomax (1967 ’)

noted the  i m p o r tan c e  o t  seepage f r o m  under d i k e s  around dredged

m a t e r i a l  disposal areas as a f a c t o r  a f f e c t i n g  mosqu i to  p r o d u c t i o n .

Loma x ’ s r epor t  also notes a h ig h degree of cooperat  ion between  a

local mosqui to  ex termina t ion commiss ion and the  Corps of E n g i ne e r s .

Hy d r a u l i c  f i l l s  are c i t e d  as mosqui to  b reed ing  sources in t h e  l a t e s t

e d i t i o n  of M i l i t a ry  Entomology Operat ional  Handbook. (I ’ . S. Army ,

1971).

Loca lj~~vcruiment_ag~ uuu~~ rt~~orts

1 3. A number of local government reports were found to contain

s c a t ter e d  i n f o r m a t i o n  r e g a r d i n g  the  assoc ia t ion  of mosqui toes  w i t h

dred ged m a t e r ia l  d i sposa l  areas. Since  these  pub l i ca t ions  arc not

abs t r ac t ed  or i r e q uen t l~ c i t ed  in l i t e r a t u r e  reviews of mosquito

b i o l o g y , the au thors  r e c o g n i z e  t h a t  the c i t a t ion s  l i s t e d  below are

i ncompl e t c .

1-, . Fehn (1’) S 7 ’) reported I ,u I g u ’ broods of the  common salt marsh

mosquito , -~~. ~~~~~ ~~~ef :  ~‘c , b r e e d i n g  w i t h i n  a dredged m a t e r i a l  d i s—

-
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posal area near Charleston , S. C. This r epor t  f u r t h e r  not ed tha t

frequent rainfalls on dred ged materi al disposal areas o~ ten led to

repeated production of mosquitoes. Fehn ’s ;tud y is one ‘1 the ~-arl y

reports to mention the production of d if t & r ~ nt mosquito broods within

a single disposal area . Nelson (1960) further do~~m s-nted Fehru ’s

conclusions. Mosquitoes breeding within dredged mat erial disposal

areas near Mt. Pleasant , S. C., were responsible for the initial

organization by referendum in 1960 of the first count\’ mosquito

abatement program in South Carolina (Person.tl Communicat i f l , 17 June

1970, M. M. Askey, Jr., Director , Charleston County Mosquito Abate—

ment Program , Charleston , S. C.). Ask ev (1972)  f u r t h e r  c i t e d  mosqu i to

problems associated with disposal areas near McCl cllanvil le , S. C. ,

during an unusually severe mosquito season tlnut occurred in July—

August of 1972.

15. Along the Georgia—South C a r o l i n a  bo rder in the Savannah

Di s t r i c t  of the Corps o Eng ineers , a severe m o s q u i t o  pr eb lenu l i ’ p e u r s

to have developed over the last  20 ‘ears .  Two r e h ’ r t s  by the  Chat l i am

County Mosquito Control  Commission ( 1967 , l” I~9) document  t h i s  pr ’blen .

The dry ing of dredged material is also cited as a mos r ~~I~~ i t o  b reeding

source in an annual report  by the Or leans P a r i , T h  M o s q u i t o  C on t r o l

P rogram (1968). Severe problems from ,4e~~ , - e - ~~~~’- f f ~. . ’ h r e e d in c  wi th -

in disposal sites have been repor ted fro~’~ Hane~ ck l o u n t y  in M i s s i s s i p p i

(Personal Communication , 30 June 1975 . C. B. Crosh~- , D ite ~ t - ’i , Gulf

Coast Mosquito Control Comm., Gulfporn ).

Use of hydraulic
dredging to control mosquitoes

16. Not all references to dred ging activiti es have negative

connotations for mosquito control specialists. In son ’ cases , l iv—

draulic  dredging techni ques have been used to con t r o l mosqui  to breed-

ing by d i tch  and drainage methods and in other instances dredged

material has been used to fill in  mosquito b r e e d i n g  h a b i t a t s .

17. Among the early re fe rences  to the u~ e of hy d r au l i c  d redg ing

for mosquito control purposes is the report o Lenert m d  l egw en

I’)

ri~~~ ~1I ,s~a r 1m iurr~



1,

(1945). Osmun (1945) reported on the use of a mobile dredge for

similar purposes. Darsie ci al.  (1953) commented on the e lim i n a t i o n

ot ~‘ : n v - n ” : 1- - ? ’ t  ) b : n g ~ habitat b y hydraul ic  f il l  opera t ions  along

the C & D Canal in Delaware.  Blaney (1955) and Mlnnich (1958) des-

cribed thie use of hy drau l ic  dredging  techniques to cons t ruc t  mosqui to

control ditches in California and Florida , respec tively. Control of

‘ : ‘ / :‘ :t mosquitoes (the vector species of Malaria) by hydraulic

f i h h  a long the Panama Canal is mentioned in the larval control hand—

book of the World Heal th  Organizat ion (1973) .

Nonm osqul  to problems
associated with the
( h 1 ~~pesa I o f  dred ged material

18. A few scattered references appear in the l i te ra ture  that

relate nonmosqui to  ar thropod problems within dredged material dispo-

sal s i t c ~~. Al tman et al. ( 1970a) and Altman et al. (1~,70b) noted

t i m e  p o t e n t ia l  of dred ged m a t e r i a l  disposal  areas to breed b i t ing

n u d ges of t im e genus ~‘n ~~~~~~~~~~~~~~~ in the v ic ini ty  of the Panama Canal .

Harr ison & Chuiso lnu  (1974) noted that “f l i es” were sometimes associa-

ted w i t h  d isposal  s i t e s , bu t  they did not ident i f y the species in

q u e s t i o n .

Envi ronmenta l  Tmj~~ct Sta t emen t s

19. The now common r equ i remen t  of an environmental  impact

statement (EIS) prior to the  onset of a new governmental or pr iva te

p r oj e c t  Involving ecological  changes seems to have been bypassed

in the general area of mosqu i to  con t ro l .  Few references to mosqui-

toes spec I f i c a l  lv and the ar thiropoda in general could he located

among a sample of  15 E I S ’s involving the disposal of dredged material.

One impact s t a t emen t  (U .  S. Army Engineer  D i s t r i c t , Char les ton  1976c)

:1( 11 ed t h e  p resence  of the  sa lt  marsh mosqu i to , A. ~v’i / / /  t t ~w , as an

‘~Now — ‘ ‘ j n  ‘ -
‘ ( - t ‘ ~ ii ( =~i tn.~ wi 
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— a(t ~’( ’ u s e  cuu ~’ I ronnueu’t at e I I cc l ot  1 and d t edged mat t ’ Ia I s I t  en .  Thu In

statement I or t her no t  ed tha t t Im e 1)1 ~ t r let won Id e ou t  I b u t t ’ town i m I S

C he cost  s ~‘I m ’ t ’lit  r o i l  lug t h e  uui o squi  I t  ms’s  I I  t he pi~ ’l’ I t ’ uuu miev i ’ I t ’i’ cml

i n t o  a set touts pubi I ~
‘ Iut ’ a Ith p ioh ’ I etti . In a u u o t  ti er t uuu h i : i e t  St  at  (‘fli(’lut

U .  S. Arm y Urn ’, I t i l t ’ i 1) 1st r let • Ch a t - I  ( ‘St on ( I  ~ i t~l~ • t l ie  oh i n e  u v a t  i oil

w a ;  n;.u,It ’ t h a t mosquito breemi I tug wt t h u t t u  a p i o pt i s e d  m i t  spt ’sa 1 ai ’a was

~~s’~
’ t e,h to be minim a l b em ’ a u m n e  I h it ’ m at  eu Ia I to be i n ’m n o v t ’d t i t ’nm t hut ’

~ humunue 1 d ’ t ’nn I m i t  m ’d e I sand ~‘ s e  1 1

.‘O . Wit hi t hiese except I otis and p enn  lb I ~ a I ew ot licus , m o n m h u u  I t  oem ;

a u ’  t i e  rou t I no I v c I t  ~th 8m ; b e in g  au euu v I ronmeit ta I I at ’ I or I i i  mo st

t inpat ’ I mit at euus ’nt . h’eu t ’X; tn ip  I t ’ , l it ’ f lu ent  tt ’~ of mnos qt i Ito breed I t ug

U t  oh ’ hems i.’as c I t  ed In  U .  S.  A i u i m y  h u g  I f leet  P t  st 1 I t ~ t • N ew m.li I

(1 ~ ‘ .m ’) II. S. ,-\ u nu v Eng Inee r Pt  mit  u I ~ t S;u~’a u u u u ; u h t  i ~4 i ’ m ’) ( I ~~ S .  A r u n ~’

Eng I n e er 1) 1st  u 1’.’ t , Cli a th es t tiu ( 1 t) 7’~) ; ~~ S .  Ainm ~’ Uu i y ,  ht ie t ’i 1) 1st u l e t

t’t i I, l f l ,~”) ; U .  S. Aruumv Engtuueet P i n t  tlt ’t • PItt h :id el pht;t (t’~1’i’)

.uu t ~l (I . S. Armn ~’ U tu) ’, I tIed 1)1st t I t ’ t , Ciu ;u i l  em ; I t in  I, I~~ h a  ‘t . l I t  e t at utu e

p r t ’V I t ’m ii i Iv t ’ l i e d  Iii p;tragi;ip his Ii I Iurouigli I S w~~i l~I ;u h ’ l ’ e i t F  I t ’ h ave

emi t d i i  I uha’d the p ucmieuut ’t’ t m t  :11 I t ’ am ; t  some nuonquul to pi’ehit ’num; asset I:i—

emi w it li t lie dl n~’~’s;u I of thu’ t ’mtgt ’d u n i t  eu t :u  I I n  I hut ’se a t e a n  .

one reason why mosqu It t ’es ii i c  n o t  I t’
~’tlu(’n t I v t ’ I t  ed In  I mpat ’ t ;; I i t  I t ’

ment may be i t ’  I i t  eml  to the I act t h a t  mtisqu Ito I ’ i ( ’ ( ’mh 1 tug  m ount  I t  Ion;;

do t u t ’ t  m h ’ vc I tip nu t  I i  neuuut ’ mouu t Ii ;; it I t  cu it ml u ’ mig. ’ml mat ci Ia I dl n p t ’sa I

n I t  ,‘ I mu const ru;c t Ott

I l l  1ies;l I A t e a  t m ~~’ I t ’~~~ \’ t t ’t i t ’u’ !tl R( ’ I

.‘ I . i’Iie t e l  l o win g  geim~’ea I i~~~~~) .‘ i m ’ i i m ’ .’S were I ouind t o  I ’m ’ e t  l’i o mml

UI’t I tnt t I on t o a I mm ’s t a i iv I uven  t I gat  I on a ss~’,’ t at eml w I t  ii I hum ’ ceo I t ’gv

~‘t d i  t ’mh gt ’tl uuia t eu lal tlln t’ tiua l ; u i n ’ ; u m i .  A uuuimh ’t ’i m i t  t him ’ I eliot I i ;  :11 ( ‘ In

t h im ’ I m ’ u u u m  01 u npub  I i ;hm ed gti~’eruuileiu t i t ’15’ u I s • l imi t  t lie nt ’i  I ou t s  ;t uu d t ’nt

ot  t h u i ’ml gt ’ml m a t  i~~ i Ia I t ’t ’ t i l t i g y  w i l l  want  t o  t ’ t ’u n i I I  I a l l  m i t  I b en t ’ I ’ , m ’ m m l

t m ’ j ’ m ’ t  1 m e  i t  I u i g  I t ’ wet I :uuds uuu:uuu . ig t ’ uu u m ’u i t  . p 1 an I i c  I a t  I t ’ ti:iim 1pm ; , iv I 

- - - - -  — — -  —-.----- --
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I, ’- , ; ;R m ’ut m - i ’ u  i t  e I .m;n’t,t , and eng inee r ing  studies.

h’1 I I - uu~i i~.u i t . i  n m I I t m ’5

lii l m ’ O 5  v e t u a nunube r oh manna Is have appeared that  of f e r

gu t I 11e i i  m u m ’S ‘ m ’ it  t i n  i tip I m i  t u e  d isposa.l m i t  dred ged m a t e r i a l  and/ or

w, ’ I I i n m l n  n , i ; u t ; ’ , t ’ ;i mt ’ u ; t  . A ;m;m ’utg t h e s e  scr I t ’s are t h e works ot the South

C ,mrt i l m a  W I  1.1 1 t I m ’ . t u u m l  M a m i u t . ’ Rm ’ s m m u un ’ cs Depar tment  (1972 , 1974) ;

> t . I r l l ’ h  lu s  m t  ; t I  . H ;  I ) ;  Mui rjiltv , u u i m l  ‘/.e i g l e t ’ ( 1 9 7 4 ) ;  .Johnson and

M,- ; : t i  t lIlt - i - ;  ,1 ~ r 5 )  ; time Pmias t ii ‘lone Reso;irm ’t’m; Corporation (1975 ,
and I. . Au -mv id; 1’, iut ee r I) i s t  r l e t  , San Franc isco (1976)  . For

- 
- 

t ’, t u i t ’ i . m l  t u t ; I t m i  i i i  m i t t  t h e  b a s i c  e c o l o gy  m i t  sa l t  marshes , the work of

l ea  I 1 m b ’) w i l l  p i o ~ ’ i mIs ,’ a ~ o mimI i n t r o d u c t i o n .  A chapter  ( E — 4 )  by

Cm ijme I , m n m j  • m n , I h i  , Lm ’u ;m ; ( IS m’ s )  m i t t  d r e dg e d  material ecosystems Is

t m ; l m c m ’ i . m l  Iv ;tm;e t ul . iii is work is e;’nt,u h u t emi in a larger work ed i ted  by

Odum i’t u i  . i, I ‘t ,~~) m i t t  t h e  m ’ m ’ ; u~~t a I i’t ’o~ vst euis  ol th u e  United States.

1’l t n I F m ’ i t t  jmi;tnlu t

2 1 . C u m I S t i l l  m, l ~~;2 )  r ep o r t  ~‘d tin p l ant  n t i c c e s s l t m i i  on undiked dis—

j ’ m i ; ; ; t l , t u m ’, m m m  i t ;  F I ~ ’r i ~ l t  . T h i s  ;t  m R I v  noted t h e  impor tance  of soi l

t s m ’ . i t  t t m ’t  i t t g  ant I  ~‘Im ’v,;t lout I t ’  plant su r v i v a l ,  on dredge i s lands .  The

I t ’ ~ 
I t m W  i t t ) ’, \‘mSi  i bm ’,im ;mut t, I 57 1) i m ’I l O I t emi on utu tire de ta i l ed  s tudies of

p 1 : 1111  m ’ m ’ I m I I l I n t u  i t  \‘ s t t  t im ’ t U re on tied I ked dredge is lands near Sarasota,

II  ou t~l .i . P I m ’ t t t ’L ’i  s t  ; t d  i m ’s m ’n the use m i t  snioot lu cord grass , ~~‘~11’! i n :

- ‘p~ i .”~ , t~~~. i r  eveget i t  i m i t t  m.t  m~ r I ;t 1 out dred ged mat er ial h ave
h it ’m ’t ; m ’ m i t u m I ; u m ’ t  ed liv Wm i m i m l l t m i ; ; ; ; m ’ et  ;u l . ( l~~i2 )  , Camm en et al . (1 974) ,  and
C , in ;ns ’u i  ( [5 ;~,‘)

‘tV  i l u t  I t ’ t a t  I

I ’m .  l i l t ’ t in e  o h  m i u ’,h’,t’mI ma t  i ’r h a  I d i s p o sa l s i te s  by var ious  b i rd

5I’ t ’m I m ’S I t t ; ;  Iim ’ t ’ti  t’X t i l l S  I V t ’ I v 1ev m ’wt’;I b~’ Soot s ;ut id Parne 11 (1974 and

Wit I I  t ’ t i m ’ i t  hue r m i t  t lie so h m ; L h i c i ’ ;~ wor e concerned wi t hu nio squi t o

I t u’ em ’ t l  I ng m u  t i l l  I ~‘ ;;;~
; , t Iie~ d m ;  p rev I mit ’ Va I Uable Ins [glu t s  in to  many of the

m . i l i , i e m ’ufl m ’ u i t  ‘ u ’ m i h i  I ~ ‘~~~~ ; . l S S m ’t ’ I i t  &~m I w1 th u  th uc  d i  np m is;i I o f  dredged nu a t er i a l

h.ew u ‘; .iti ,I I)uns t ; i uu  I, I ’ ~ i - i )  m ; m u p p t ’ m ; t m ~t I t hat d rm ’mig e i s l  muds mig ht  be used

I t ’ t n t  .~I i l  m b  m , t ; t m ’ , u , m v , ’ t ’ til tttt fli n l  t i t ’s m i t  ;i~ ’ i t  ; i m u u s i  in I lie vicinit y 01
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Tampa . Florida. The importance of dredged mater ial  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 pat tern based on soil character is t ics .

Buckley and Buckley (1976) developed a series of guidelines for the

management of colonially nesting birds. A portion of this work con-

side red management suggestions for dredged mater ia l  disposal s i tes .

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

Cauntuem (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 f auna wi thin dredged canals was done by Adki n,s 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 ac t iv i t i es. Windom concluded tha t

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

Pencr~’u1 reviews and references

27. The literature of mosquito biology is extreme1~’ large and
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voluminous . The serious worker in mosquito control will wan t 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 nu~iiber of

studies concerned w i t h  mosquito control practices and their effecta

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 th e major problems In biting f ly  control has been presented by

Hudson (1972). Provost (1976) summarized the current  case’ for source

reduction of nuosqultoes associated with salt marshes and Cheng (1976)

has recently reviewed the known biology of marine Insects , inc l uding

salt marsh mosquitoes.

Taxonomic works

28. Taxonornic works of both immature’ and adult forms useful for

t h i s  study in cluded the keys of Carpenter and LaCasse’ (1955), King

et al. (1q60), Stoj&unovtch (1960 , 1961), Si1ver1~’ (1972), Gjullin

and Eddy (1972), Floore et al. (1976), and Darsie (undated) . A great

v;urictv of related mosquito taxonomic literature can ’also be located

through the Mosqu i to  Data Batik of the University o f Notre Dame
- 
- (MODABIJN I)).

C e’ t%e t’ I It’ Id tn~in is

2t) . In recent years  various states have developed a wide

— variety of f i eld manual s to meet the needs e i f  subprofesslonal

personne l employed in remote locations . Most of [best ’ pub l i ca t ions

at rena mosquito control and/or management techniques. Amouig the’

bet te r  mau iuats of t h is v a r i e t y  are the works of Pratt ct a]. (1972),

Muihern (1973), Cu’esbrtnk et a t .  ( 1q 74 ) , and Axte l l  ( 19 7 4 ) .

N a t u r e ’  of the ’  Mosquito Con t ro l Prob lem within
Dr~~~~d Material Disposal Si tes

Intre’eiuc t ton

30. A summ ary of the more Importan t factors  aft’e’ct Ing mosquito

e’ontroi, within dredged m a t e r i a l  disposal areas Is  presented in
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F i g u re  2. An aerial view of a typical  dredged material disposal site

is presented as Figure 3. An understanding of the re la t ionships  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 e f f e c t s  are shown below the center line ; shorter term

effects are indicated above this line. The four circles represent

the major mosquito control factors that mus t 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 p lan tha t considers:

the populat ion dynamics of the pest species ,
u til izes all sui table technology and methods in
as compatible a manner as possible and maintains
pest popu la t ions  at levels below those causing
economic injury.. .in the context of the asso-
ciated environment... .“ (Class 1975).

The achievement of this ideal is represented in Figure 2 by the

shaded center  po r t ion .

Public pol icy and
pol i t ica l  cons idera t ions

31. The policies and procedures of the government agencies

that either affect or deal with environmental pol icy p lanning are

cons idered in sect ion A of F igure  2.  Pa r t  I ll  of t h i s  report  is  an

analysis of some of these  f ac to r s . t ’tI f irst priorit y under this

section is the need for a properly funded mosquito abatement program .

Clo sely allied with this feature is  the need for sound envLonmental

policy p l an n i n g  on the par t  of t h e’ CE l ) i st r i c t s .  The’ general per—

suasion and e d u c a t i o n a l  level  of the pubi Ic in t lue’ imm e~d L a t e  areas

sur round ing  dred ged ma te r i a l  disposal sites is an i m p o r ta n t  p o l i t i c a l

cons idera t ion.  in sonic areas of the United States , the  demand fo r

mosqui to  con t ro l i s  high . In o the r  sections , the reques ts for such —

services art’ s o le ly  l i m i t e d  to public h e a l t h  c o n s i d e r a t i o n s,  I t  also

must  be’ reco~’,ui ize d t ha t  in sonic areas environmental restrictions

41 
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have often been devised with little or no concern for the r e d u c t i on

of breeding populations of mosqui toes .  In some Districts , the owner—

ship of a disposal site may be in ques t ion  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 ma terial d isposal

site and the operation leaves behind numerous shallow pools of s tag—

nant water, a freshwater mosquito breeding problem will probably

develop. Such a problem may be falsely a tt ribu ted to the e f f e c ts of

dredging . It is important to d i f f e r e n t i a t e  between those mosquito

problems that are due to dredging per se and those that develop as
— a result of later modificat ions of the disposal s i te .  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 s i tes .  (See Part III for an analysis

of the potential for future interagency cooperation In th i s  a r e a . )

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 e f f e c tive pe stici des

(ovicides) that are active against the eggs of mosqu itoes fo und in

dredged material disposal areas . A number of e f f e c t i v e  pest icides

are available for the remain ing three stages In the mosq ui to l i f e

cycle. Repellants provide personal p ro tec t ion  agains t  adu l t  mosqui-

toes, but must be frequently applied directly to the skin or c lo th ing

of each individual.

33. Insect growth regulators (ICR ’s) are a new development in

the area of temporary control of mosqui toes .  M any of the growth

regulators are “mimics” of natural hormone—like compounds that

naturally occur in mosquitoes. Many of th-iese compounds art’ absorbed
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in the larval stage of the life cycle , but are only  e f f e c t i v e  in the

pupal stage . Part VI II  of this report is concerned with the results
of several field trials of ICR ’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 act ivated and released into the habitat  of the mosquito only a f t e r

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 chem ical con trol

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 app lica-

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—

suited 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

45

-- -

~

-- ~~ - - --- — -~~~~ .-- .—- - - —~~.- - - -—------ -.-~.------- _ 44



- - -.— - .‘-—- - - —-— -— — — -- -- ------ - --—‘-- - - - 7- ——— - ----_--—- ----- -- — - - - -
~~ —,IuIII~

m o s q u i t o  larvae w i t h  p e s t le  ides is more likely to cause resistanc e

t han materi als used to control adults. Be’cause- ut the large larval

p o p u lat i o n s  t h a t  requentlv occur with disposal areas and t h i t ~ inab i i —

its- to spread pest i c i d t ’s e v e n ly  over  l a rge  areas this r e’servat ion

would appear  to  have  some’ vil iditv concerning mosqu i to  ab a t e m e n t

pra ct ices used in disposal areas.

Biological c on t r o nie~u s u L e s

35. Iwo  c i r e  i t ’S are s huow n he 1 ow the  cent e’ r ii tie i ui Fl gure 2 .

Both of t hleSe’ c o m p o n en t s  r e p  r esen t  l u n g e m  t e rm aba t ement prac t ic e ’S

that mi ght be appi it’d u~ a j ust mosqui toes that b r - ’t d  wi  t h i n  d i sposa l

sites . Sect  ion C (h  ~o lo e~ i cal cont rol  m e a su r e s)  i s  concerned w i t h

tho~ t’ b i o l o g i c a l  a n d/ o r  or gau l  I smic t .me t ors t h a t  mig h t  he introduced

into a d isposal area to con t  rol mosqui to  problems . Pa r t  V i i  of t h i s

r epo r t  i s  concerned  w i th u  t u e  c u r r e n t  state of th ue  a r t  of  b i o l o g i c a l

con t ro l  measures  t h u a t  m igh t  be~ a p p l i e d  w i t h i n  dredged m a t e r i a l  d i s —

posal sites. Part IX of this report is a l i s t  of some engineering

p r a c t i c e s  tha t migh t favor l i m e  i n t r o d u c t i o n  of m o s q u i t o  enemies  i n to

disposal areas . C e n e t i c  m a n i p u l a t i o n s  represent  an area of a c t i v e

invest ig a t i o n  at  t h i s  t i m e . In the near  f u t u r e , some of these’ prac—

tic~ s may be available for mosqui to  abatement .

Physical con t ro l  measures

36. Section D ot Figure 2 Is concerned w i t h  physica l  cont ro l  of

m o s q u i t o e s .  Commo n ph ysic al measures t h a t  are t requently employed

ag.u inst mo s q u i t o e-s i n c l u d e  wa ter  management , land p r e p a r a t i o n  ( i n-

cluding the use o t  drainage ditches , tillage , and dike4), and weed

control. l i r e d g i n g  schedules have been added as a four th  f a c t o r  t o

section EL This ti ct or would app ly only to mosquito control within

dred ged material disposal are’as. Physical control measures are often

termed source reduction in mans’ mosquito abatement reterences . These

m e a s u r e s  r e q u i r e  longe ’r p er i o d s  ot  time ’ for imp lementation In a given

area (hence they are s h u - -’wn below time center l ine of Figure 2~~, but

the et tects are often ot  greater benefit because the cause ot  the

_ _ _  
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mosquito breeding has been eliminated or reduced . For an excellent

review of the phil osophy of source reduction , see a recent  paper b y

Provost (1976) .

Nat ural population control factors

37. Na tural population control factors are shown in Figure 2 as

be ing balanced against the mosquito control measures that man seeks

to apply within dredged material disposal areas. These baseline

biologic al 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  nonbio log ica l

factors listed in this section , probabl~- the retention of rainfall and

the dredged material characteristics are th~ most important ones. See

Parts IV , VI , and ix  for  a f u r ther d i s c u s s i o n  on these two nonbi olog—

ical f a c t o r s .  Of t he  b io log ica l  f a c t o r s  l i s t e d  in this section ,

little information is  ava i lab le  and these f ac to r s  w i l l  require  in—

ten sive research in the future.

Summary of the
disposal ar ea mosqui to problem

38. Mosquito breeding problems assoc ia ted  w i t h  dredged mater ia l

disposal sites are a relatively recent phenomenon . The problem is

still not generally recognized in many parts of the United States .

Mosqui toes  tha t res u l t f ro m d i spo sal si tes a f f e c t man In two ways .

They may fu nc ti on as vectors of many d iseases  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

a g a i n s t  n a t u r a l  f a c t o r s  if  an i n t e g r a t e d  pest management plan f or

mosquitoes is to be s u c c e s s f u l ly  implemented fo r  the  many disposal

sites in the United States th at produce mosquitoes . Future research

and management plans will alter thie proportions th at the t our f a c t o r s

(circles) play in mosqui to  con t ro l  p r a c t ic e s .  For examp le , in sonic

par ts of the United States, physical contro l measures may be more

e f t c c t i v e  fo r  mosqu i to  reduc t ion than in another reg ion. Perhaps

47
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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 tha t affect env i ronmental policy p lanning rela ting

to the disposal and effects of dredged material , mosqu itoes will

continue to be a problem in many areas adjacent to disposal sites.

Finally , i t  is usually the f a i l u r e  to recognize tha t more than one

environmental  fac tor  is always involved in y mosquito control prob-

lem that causes a mosquito abatement effort to fail.

Ou tline of this Study

Locat ions of s p e c i f i c  disposal  s i tes

39. In the sect ions  of t h i s  repor t  tha t  follow , the reader will

be r e f e r r e d  to various dred ged material disposal sites that are loca-

ted within the Charleston District of the U. S. Army Corps of Engi—

neers. Mans- of these disposal areas were assigned numbers which

refer to their location to Charleston , S. C. , or another nearby city .

Figure 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

(A1WW ) in the Charleston District. For the exact  locations of the

var ious  numbered s tudy  areas re fe r red  to h e r e a f t e r , the reader will

need to refer to Figures  -4 and 5.

Study outline

40. This stud y is divided into 12 p a r t s .  Sections I I I  through

VI are concerned with political , environmental , and biological con-

di tions 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

PERSPECTIVE S 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 Dis t r i c t s .

b . Selected State vector control agencies.

c. Selected local mosquito abatement districts.

The responses to these questionnaires f rom the three groups were then

studied for:

a. Their perceptions of the nature and extent of
any mosquito control problems w i th in  a dredged
material disposal site.

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

c. The perceptions of thie degree of interagency
cooperation needed or desired to alleviate the
problems associated wi th  mosqui toes  breed ing
within disposal areas.

I h e  resul ts  f rom the re turned quest ionnaires  were s tudied and ama —

ivze’d by several techniques tha t  are f u l l y  discussed in Appendix  A.

Results and Discuss ion

44. The o v e ra l l  r e t u r n  ra te ’  for  afl  q u e s t i o n n a i re s  f rom a l l

groups was 85 percent. This excellent return rate made it p o s s i b l e

to analyze the data in two ways: as a nationa l composite with all

responses compared and by r e g h o m i  ( I n  o r der  that regional differences 



r 
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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 thie

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 th at the Corps of Engineers

should give voluntary aid to mosquito control programs t hat  had

documented breeding problems associated with the disposal of dredged

material.

46. The data revealed very clear d i f fer e n c e s  of op inion as to

the current  levels of communicat ions  among the agencies  surveyed and

future needs for interagency cooperation. The sharpest differences

of opinion were detected for  those ques t ions  tha t  related to the

F need for increased mosquito control  w i t h i n  diked d redged m a t e r i a l  —

disposal areas. A detailed discussion of the analysts of these data

by national and regional group ings is presented in Appendix A. In
— conclus ion, the survey data I n d i c a t e d  that some mosquito control

problems associated with the disposal of dredged material are poli-

tical in nature and therefore cannot he solved by b io log i ca l  or

engineering means alone. An o t h e r  major  cons ide ra t ion  that  can be
detected f rom th i s  ~e’ction of the study is tha t  more’ e f f e c t i v e  mos-

quito control measures with iin dredged material disposal s i t e s  w i l l

never be implemented  u n t i l  a reasonable degree  of In te ragency  cooper-

zmtion at federal , state , and local levels Is achieved .

S I  
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PART IV: ARThROPOD SUCCESSIONAL PATTERN S

WITHIN DREDGE !) MATERIAL DISPOSAL SITE S

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 a f f e c t i n g  successional

pat terns  is that of the dredged mater ia l  per se. The chemical nature

of this material , i ts physical proper ties , salinity, pH , and oxida-

tion—reduction potential , will influence both macrohabitats and

microhabi tats from the onse t of the dredging opera tion un til the

soil reaches a stable climax condi t ion .  The purpose of this section

of the report was to consider the chemical propert ies  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 l i t e ra ture  on soils and soils tes t ing  is abundant

(e .g .  Jackson 1958) , but l i t t l e  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 eith er ~~~~~

S4
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solZicitana or A. taeniorh ynchus (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 e f fec ts  of dredging

in Washington s ta te .  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

SO. Study areas. The following study areas (see Figures 4

and 5) were selected for soil sampling:

a. South Drum Island , Figure 4.

b. North Drum Island, Figure 4.

c. Site N—20, Figure 5, Pt. B.

d. Site N—2l, Figure 5, Pt. B.

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—2l (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—2l 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—
tam ing 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 0 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 f inal ly processed by pulverization and separation until they

passed through a 2—mm standard sieve.

53. Chemical tests. Soil conductivity data and percentage

56
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composition analyses were determined by standard agricultural tech-

niques. (Personal Communication, N. Page, 4 February 1976 , Clemson

Univers i ty ,  Clemson , S. C.). Conductivity was measured with a Hach

conductivity meter (Model 25.1) using a probe tha t  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 outl ined 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 b u f f e r e d  with a 5.00 and 7.00 pH buffer or a

7.00 and 10.00 pH buffer depending on the soil ranges. H
54. Oxidation—reduction potentials .  Oxidat ion—reduction

potentials were analyzed with an Orion ion anal yzer using a p la t inum

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 s table (normal l y 3 to 5 mm .).

Results and discussion

55. The soil data collected from these tests op S. Drum Island ,

N. Drum Island , site N—20, and site N—2l 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 ( c l imax)  sore (See

also Part X). Site’ N-.~O was considered an intermediate location.

S7
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u .euge- ’.l I rem —66 to - 205 my I us t in’ subsu r f ace  and surface-  samp les ,

Feo ; 
~~~~~~~ 

t iv . - lv . W i t  ii t I m e - c xi - e-pt ion of sample- 5 , si it  and clay a g a i n

‘..c~ i t  t h o  P u c - elouninant s oi l  c o n s t i t u e n ts

‘.5 - S i t . ’ N — - .‘.O . l’he N— 20 s It e  WOO an intermediate’ aged d isposa l

area t hot produc ’.- il unosqu i t  oes , but during t h.’ p r esen t  s tudy  i t  was

‘.-o uis jil t-ted a n i a r g i u t a l m e squ i te ’ .  h a b i t a t  - Dredged ma te r i a l  at t h is

site was approxtmatt-lv f i v e - to s i x  year s  o ld .  M i l d l y  acid s o i l s

were’ found to av er .egc - 1) . 6! and 6 ,4 5  pH u n i t s  f o r  the s u r f a c e  and

5 U L ’ s C ( I r t  i c e  saunple’s - Surfac - e- c o n d u c t i v i t y  ave -raged 46 , 250 micromho s

p’.- u  c e - i tt  [met’.- r , w h i t  1’.- sub sur  l ace  samples averaged 36 ,833 unicrounhos

p er  cent  l iii.- ic r .  ihte av i -rag i -  o x id a t  t o n — r e d u c t i o n  potent  ials had an

.i v c r a O e  r .mngc I r~)m + t S  to +117 my b r  the  s u r f a c e  and subsur face

samp les respc ’c t I vt - t v .  l-i o l d  notes  En d i c . u t  i’d ha t  t h i s  s i t e  weathered

I 0CC t or than  ot lie r s ot i seu ved d u r i n g  the  study I me -r fed . When t Im ’ .-

p er ’.  OU t age’ e-ompo s i t  Eon ot t he’ so El  saunpi c’s was s tud ied , I t  was noted

t lea t s i t  e~ N— Jo c on t  a i nod a higher per ’.- entago of sand t it an was pr c -s e -ii

in tiie~ two pr e -v locus s i t  c’S. ‘l’hii s hi gli e - i sand percentage may have

tn - c-n the ke-~ fa ’.- t or in adv tnc I ng the soil succession through

we ’ot lte ’r l u g .

0) , S i t e  N — 2 l  - I ’Iils s i t e - was En an e - ar l v  s tage , having r cc ’.- ivc -d

I resh dred g e d  mate’u Lii wit h in  the~ past  6 m onth s • Soil pit ranges were -

t h e - most alkal t u e  of t h e ’  cut  i re’ te - st se - r i c o , w i t h  average’s of ‘.) . ~6

and C) 
- I ~ t o t t he’ subsur 4 a’.- e~ and surface’ sam!)! es , u - i’s i ’.e’c t I vel v

Conilti’.- t iv  i t  ( ‘.~s were ’ it [g ti , rouging from ‘Ii ,600 to 35 , 200 ml c rounhos

per c - e m i t  [met i-u - I or a v e - rage  v,i I tie -s for  t he surface - and substui- lace-

samp le’s, rosIn-ct I v e ly  . I’hese - val tie- s were expe-c ted siui ’.- e~ the  a I t  e

was mi ’asoit ah lv f u c ’sti  and salt l’.-achi  i ug was minimal • ‘I lm e ’ aVe’rogt’ le)r

ox I dat I e’ .ui— re’due t I ou t  p ot  cut lots wore — b  ~‘. t o  — 1” .”. my I or the sur I a’.- e

.iuiei stibsur I ace’ samp le - s , r e sp e c t i v e ’ lv  - Sand as ;t so i l  cons t i t  tu e -nt

re -Il l.) [neil ~ t t bI ght leve - I s , I ud I cot tu g  t Ima t s i t  e - N— 11 m igh t wea ther
r a p id !  v Lu the  feit cii - ’.-.

(0) . C’.snj ’.ai’o t iv.- c ’tm s - rvat (em its - I’Iie chem CeCi l I C I  I a ob s e r ved  l i t
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th i s  s tudy have centered around s i tes  tha t  produced mosquito larvae

In the past or were assumed (N—2 1’h to be capable of producing larvae

in the future, in general , it Was f e l t  that soil weath ering is

accompanied by a gradual  r ise in soil pIL The fresher sites studied

~N — 2 l  and N.  I)rum) were more alkaline . The fresh dredged material

along the AIWW (N—2 1)  was especial ly alkaline. All of the p!4 values

obtained were well withius the values normally associated with devel-

oping mosquito larvae under field conditions . The slight p11 change

f rom a l k a l i n e  to s l igh t  acid condit ions was not considered significant

as a l im i t i ng  f a c t o r  fo r  developing mosqui to  larvae.  The percentage

composition of the dredged material may be a pr ime lim it ing factor in

de te rmin ing  the t ime schedule for  both p lant and animal successional

patterns . If the sand cons t i t uen t s  are reasonabl y f i n e  and well

d ispersed , it may he assumed that the soil  weathering process (and

also t in -  mosquito produc t ion  time span) may be reduced in d i rec t

proport ions - As prey i otis l v  noted , site N—20 weathered faster than

was i-O ut S  I dered norma I and thi is may have been due to t i m e ’ hi  g it sand

con ten t  01 t i l e ’ dredged material . In the f u t u r e , compara t ive  compo—

s iii cmi i studies nov a l low inves t  i g at o r s  to predict the length of mos-

q u i t o  productivit y perio d of a given site by taking soil samples for
p e r c e n t  age compos i t  ion analvs i s .  In general., the condtuc t iv  l i v  data

(ad icCut ed tha t t h e’ mo st  sa l ine  condi t  b u s  were enc o tu lu  ert ’d a long  the

AIWW a itt -s an(l were hs ig h tes i  in those samples f rom n e w e r  s i t  Os .

61. Sa l t  cond i t  ions were observed to af  fe -c t  bo th  p lan t  and

me)squ ito success i ona I pat  t o r u s .  A w iel c range o f sal in i t  ~ cond i t i OHS

was thought to be- one e ’ .i
’ the prime tac tors a l t e c  t ing tlte I nd i ~ i ciua I

~-h i a r a c t c r  of each d isj’.osal stud y area . Sonic’ s i te s  v i  I l l  p r o p e r  clra in—

age were observed to lose’ t h e i r  s o i l  s a l t s  f a i r l y  rCtp i d lv , w i t h .’

other s i t  c ’s -C (N—20)  tha t  did not drain well tend ed t c’. r e m a I n  t o  it- i V

so l i n e ’  even In an o l d e r  state. Oxidation—reduction potent Ia Is e- oit—

F ft rmed C ite or i gIna I i i vpo t  Iii ’s i s  tha t as tlte du’ed ge’d 1 m b  it at age’s t lie

soil t t’ncls to move’ from a nt -ga l  ly e  potential (I - c - . r e dtuc  lug cliv i r on—

_ _ _ _  _ _ _ _ _  - .
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uncut )  to a p os i t ive  p o t e n t i a l  ( i . e .  oxidizing environment).

Summary

t J .  The major  c h e m i c a l  c h m a i a e - t e - r i s t  le a  b r  t h i s  p o r t i o n  0 )  this

s t u d y  ar c  sunumma r lz ed In  the following list:

a.  Soil, samples were col lected f r o m  loeir di spem aal
areas  tha t  had produced mosqu l  toe’s in the  r e - c -C I S C

past or were assumed to be i’ap abl  e of p r odu e  ing
mosqu i toe s  in the f u t u r i - .

h .  Tests to doterut ine soil c o u m d t m c  I I ‘~‘ i t ’,’ (so I i i i  i t  V I
p hi , o x i d a t i o n — r e d u c ti o n  pot  c-it t la l  , and percent age
conipos I tion were conducted .

c - Si’. i i  c h e m i s t ry  changes we -re ’ found to he ’ corre l o t  ccl
w i t h  observable  f i e l d  chiztuges in bot h  flora l and
f a u n a !  st i ’.-c 055 ional pa I t ’ .- u -us -

i i.  Sc’. i 1 conduc t iv i tv (sal [nit v) amid perceus t age con—
posit ion s tudies  wer ’.- deeme’d t h e  most impor ta us t
a c to r s  s tud ied  du r ing  th e -se l ost  5.

- As t ime d red ged mat or i a I mosqul to lam -vol bob i t a t
ages (weathers)  , a o h  ow an’.! si  i g u t  phi change’
f rom a lka l ine  to mild iv ac Id s o i l  conch i t  ions
was usual Iv  observed .

As the it red gcd m a t e r i a l  age -s (woo t I t e r s )  • ox ielat I on—
I ’ .’e l t u c t  ion  p o t e n t i a l s  change f rom n’.-got lvi’ to
p o s i t i v e - va lues .  Tb is tad i ca t  es a change I romim
a r educ ing  t e l  a im ox I ‘.11 I m t g euiv I ro ms umment -

£‘ An increase  ,Imi 1)0th t~Iie- am it otunt and time dispi -rs a I of
sand ius t ime dredged mat e l  h O  I mo squl  te ) 1101) i t  i t
‘.-an  ele’c re ’asc - t i m e’ ittosqut to bre ed I utg pot cu l t I ol cm I
a g iven  area .

( l a s ; s E t t c at i o n ot  Insc ’ c t h a b i t a t  s Based on 1ire ’d~ ’.d
Ma e’ m- ial_ Wea t  her l mtj~ Pat e m s

R a t  I outale

C’. I .  As [ii’.! m e . i t  ed in the  ~‘.r cv ions  d i s c -cuss lout on phi ~~s i o c h m c m i c o  I

c - oumd i t  ions I I was ; pos t u lat  eel at t h e  OUt  a’.’ t c m l  t h is  st uel\ ’ t Ita t 1’’.’. 1 it

I I ora l  (Se ’’.’ . 1 1  50 I’ a i- t X) amid I amuusa I ( Se ’O ~m I so l’ai- t X I  ‘1 ‘. h iomic es \ s o t i  Id

cm ’ . cu r as a g ly e ’n d redged mna t e’i- ICli ci isposal s i t e ’  t ’epo t i  tc ’. c I m i I 1 m ~’. v i  I i i
( tic pas sage ’  cml  t l ine . I t  was f u r t  ime’ i— h’cmst iml i t  e’el t ha t  scm 11 it m i c i  m ’ .i ; Ih ’ i t i

i-h anges could be 050c )c l ot  eel w E  t im ~u i l a m t  hi ropo cl C S I e  c o ss  I cmii i I se ’.~ ne m im ‘. -

I ’ . ’ .  
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The purpose of this phase of the study was to characterize a hypo—

thietical successional pattern based on dredged material characteris-

tics.

Materials and methods

64. I t  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 sjstem

proposed under this section is the result of numerous field trips to

a wide var iety of dred ged material disposal sites tha t were known to

be of vary ing  ages. During such t r ips , descriptions were made at

each site as to obvious soil characteristics that migh t influence

ar th ropod  fauna . Among the disposal sites that were especially

useful in formulating the classification system were AIWW sites S—lB ,

S—4, S—7 , S—8 , S—b , S—il , S—14, S—l7 , E—l , E—2 , A— 5 , N—5 , N—7 , N—9 ,

N—l2 , N—2 1 , N—2ll , and N—23 (see Figure 5) and Charleston harbor sites

including Dru nm Island , Morris Island , Clouter creek disposal area ,

and Hog Islamid (see Figure 4). Estimates of the approximate age of

the various disposal areas were eithser known to the investigators or

determined f rom the records of the Charleston Dis t r ic t  of the Corps

of Engineers or the Charleston County Mosquito Abatement Program .

Resul ts  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 , time following pattern of dredged material

successional patterns is proposed . A total of eight successional

stages or si’re-s are proposed . Oth er stages may exist , but the inves-

tigators feel that the pattern proposed in this report has been

shown to occeur w i th  r egu la r i t y  on a large number of dredged mate r i a l

disposal areas represent ing a wide va r ie ty  of s i te  sizes , types ,

geographica l  loca t ions , and ages. The abbrev iation ~~ (for dred ged

material) has been used to characterize the various seres.

66. DM— l (sup ernatant  l iquid  st~~~~). As shown in Figure 6 ,

66
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the DM—l stage is characterized by the appearance of a clear to cloudy

supernatant water over the entire surface of the dredged material

disposal s i te .  DM—l is the f i r s t  clearly i den t i f i ab l e  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

emp loyed or designed for the site. Supernatant water may be dissi-

pated by percolation , seepage, evaporation, or runoff. Zero drainage

resul ts  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 . In Figure 6, DM—l 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-

sional pat te rn . As indicated in the previous section, - the DM— 2

stage is associated with dark brown to black mud consisting in most

areas of sil t and clay , with sand being restricted to the inmiediate
v i c i n i t y  of the discharge s i te .  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 f issure  formation stage). As shown in

1-igurc 7, the DM— 3 sere is characterized by the appearance of long,

tenuous, shallow cracks in the surface of th ie dred ged mater ia l .

During early DM—3 conditions the soil fissures are rarely more titan

½ in. in depth . During late DM— 3 condit ions t h e  soil f i s sures 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 repor t )  also marks the onset of concern

with noxious artimropods. As the fine silts and d ays be’gin to

68
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deh ydrate unevenly ,  a mosaic of f i s s u r e d  soil is formed over t i m e

entire disposal site with the sole exception of sandy ar eas near t i m e -

discharge sites. Normally a th in  layer of oxidized soil ( l e -~~ t i tan

¼ in. thick) will be found on the surfaces  of the mosiac b locks  of

dredged material . At this stage of succession the dredged m a t e r i a l

is moist and unstable.

69. Diatomaceous deposits.  Frequently encountered dur ing  this

stage and stage DM— 2 are thin wisps of diatomaceous depos i t s .  ‘l’hi-~ e’

siliceous materials are the result of stranding of diatoms formerly

suspended in the supernatant liquid stage (DM—l). These small plank—

tonic algae undoubtedly play a role in the fertility of later st;mge -s

of dredged material  successional pat terns . Diatoms were not conf ined

to this stage, but were frequently observed in later DM stages. The

most obvious appearance of dia tomaceous depos its appeared to be
limited to stages DM—2, DM— 3, and early DM—4 . In Figure 8, e a r ly

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—

iez-it fissure formation) to DM—4 (mature fissure formation) is often

subtle and d i f f i c u l t  to recognize . As will be shown in other  sect ions

of this report, DM—4 conditions are extemely important and should be

recognized and interpreted. As the dehydration of dredged mater ia l

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., reduc ing to oxida t i ve
states); changes in the density of the mosaic blocks, with the sub-

surface soil becoming quite dense; and the format ion of su r f ace  c rus t

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

69
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i n d e f i n i te l y.  This f i s s u r e d  soil may now form a d d i t i o n a l  f i s su res .

Superf icial fissure-s are de f ined as those soil crevices that develop

dur ing  DN—4 c o n d i t i o n s  as opposed to the  p r imary  f i s su re s  of the DM—4

stage (see Figure 9—1 1) .  In this manner , the surface area of moist

soil  is  now greatly expanded. However , wa ter loss by evaporation

au -m d p e rcoiat i on  is greatly reduced because rainfall is trapped in the

b o t t o m  of t he  f i s s u r e s .  Such fissures form ideal m o squ i t o  breeding

microhab itats. These conditions are enhanced when the percentage of

sand in ti~me dredged material is lower than the percentage of silt and

clay. On the contrary , If the dredged material consists of a high

percen tage 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 , In

Fig ure 9 , very late conditions associated with DM—3 conditions are
ill ustrated. Notice that the soil fissures have become deeper , but

the s u r f a c e  of the mosaic has not formed a crust nor supe r f i c i a l

f i s s u r e s .  Zonation of the pro f i l e  is likewise not yet  evident .  In

Figures 9 and 11 (DM—4 conditions), the sur f a ce of the mosaic has

formed a crust , a change in coloration is evident , and additional

s u p e r f i c i a l  fissure formation can be observed. While not illustrated ,

i f  the mosa ic  blocks were to be observed in p r o f i l e , these f rom

F i ,~m u r e - 9 would not  e x h i b i t  zonation , while those from Figures 10 and

11 would exhibit definite soil zones and an observable moisture

gradient. The fine surface crus t characteristic of later DM—4 condi-

tions is especially evident in Figure il.

72.  Later  DM stages. Following DM—4 (mature  f i s su res stage) ,

two sum -cessful possibilities may occur. If seed sources for volun-

teer vegetation are present (see description of waste areas in

Append ix D) , then DM—5 conditions (vegetated mature fissure- s stage)

may develop. ljnde- r PM— S conditions the integrity of the initial

f i s sure  formation  is m a i n t a i m m e d  and s o i l  w e a t h e r i n g  is  r e t a r d e d .  The

appearance of volunte-e r vegetation , changing f r om DM—4 to DM—5

71
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assue- i 1mt c d  w i t h  e~I [max condi I i tins (Part IV) arc also  found lu-i ~•I  [max

so il  conditions. Two possible p lan t communit Ie~s arc common at t h is

stage of s u cce ss  ion . A me)nocul t u r e  of P/: i~~~
-
~~

- - -  - -  - - :  - or a mm l i xs d

group of t re-es and woods- sit rubs . Puck - i some t -on d i  t i tins S - -

apparently persists imt d e -t init el y . Most s i t  t he  older dispo sal s i t e s

vlsi ted during the  cou rse of th i s t  uei~’ , Im owe- ve r , appe ared  t o sI ;m~~

b i i i  ze w i t h  t h e  t re -c- and woody shrub  stage . Climax (1)M—S) comidit ions

have been p r ey  ions lv i l l  tist rated as Fl gicres D3 zm n eI E9 li - i tim e append i —

c-es.

Summary

75. Tn summary , t l te  f o l l o w i n g  p o in t s  shou l d  he n o t e d :

a. ~-\ c o mp a r a t i v e  s tud y of a r t h r o pod s  and ccii
w e a t h e r i n g  condi t  ions rev e zm I ci l  I h a t  c i  g lut
sci ce -css i coal stages were commcsui l v obse rve’d

b. From the  standpoint of noxious ar th ropod
surve i 1 l an e - c- , i t  is ext  r e u n e l v  i m p o r t a n t t h a t
s tage s DM—4 , Dl’I—5, and DM— 7 be ’ r ecognized  and
unders tood .

c .  As a g ive ’n d reelged materl zii s i t  e~ beg h u t s  to  ap e ,
the later stages are - l e s s  pre’dlt-tab lc titan t h e
earl her ceres.

ci. Stages 1) 14—5 and 1) 14— 6 Iflzi be deleted during some’
Stmt- cess I oua I ct- c I c-c - Figure  ~ I p l c - se n t  s a summary
of t Iic ’sc bypass  rou t e -s.

e - Stage s 1) 14—6 or 1) 1-1—7 ctccm a I Iv pmeeeetl t h e  ~I imuax
: - c F e .

f - The p r e s en c e and de-ve- l opme-nt ci volunteer tie-ge t a—
I ion clur lu -mg DM— l or ) M— !~ st  ;m g .e s t e n d s  t i i  vs - I  ar d
so i l  weathe- u- i tip and the cut ir e - Suet - c-cs I Ona I ev e  Ic  -

~~~. The cu t  i re  ct i~ cess I oui ; i i  c y c l e  i s  norm a I lv  re -p s - ; m t  e e l
w i t h  tile - outse t ci f addi t i on;i 1 il ms-dge el ma I c i  h a l
dur lu g  a pump l it  p ope rn t ion  -

Arthropod (~~ci n u o s sj ; i i ~~s i )  Sui t - i s s  h t i n a l  Pat te -rus As:;ot h a ted
wi th Dredge-il Ma t e- m - I;i I We - n i t  h e r  i u~~ Pat t c - i l l s

Ra t i ona l e

76 _ Ilnut - lu g  i s  tah I f s l m t el In  t l i t ’ p r e v lot is  Sec -I I cmi t lie 1110 t~e~ cliv I ~m i ~is

79 
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types of dredged material  successional pa t te rns  as stages D1-1—l

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 ti-mat appear to be common and

representative of the selected dredged material (D1’1) 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 type s of success i onal

patterns are recognized for arthropods , primary and secondary.

Primar y succession occurs where ce rta in areas were prev iously devoid
of life. Secondary succession occurs in those areas that are disturbed

by man , animals, or natural  forces , including fires , w ind , storms ,
floods , and dred ging.

Literature review

78. General references. Several investigators (Odum and

Pinker ton 1955 , Cooke 1967, Margalef 1968 , and Od um 1969 , 1971) have

developed models of succession. According to these models , the ear1~’

stages of succession are c h a r a c t e r i z e d  by r e l a t i v e ly  few spec i e s , low

b iomass , and largely extrabiotic sources of nutrients. Energy is

channeled through r e l a t i v e ly  few pa t i mwavs  to many i nd iv idua ls  of  a

few species and biomass production is high . The fo od chains ;mr e

shor t , linear , and largely graz ing . The mature stage-c of succession

are characterized by many species , high hion-mass. and a n u t r i e n t

source largely organic in n a t u r e .  Energy is channels- si down many

diverse pathways  and sh ared by many u n i t s .  Food c l i ;m i n s  ;ire complex

and largely detrital.

80
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79. Smith ( 1974) has noted t i -mat  as success i c t u m a l  seres pass from

iunnutur e to m a t u r e - s tages a number of changes occur  i n c l u d i n g :

1) s t r a t i f i c a t i o n  and d i v e r sIty  changes , 2) nich e c-I -m ange- s f rom broad ,

general  niches to  narrow s p e c i al  ized r o l e -s , and 3) e huaic ges in h o th i  the -

F diversit y of spec ies and the number of ole -lies available (due to

strati l ication) . In summary , diver sity Increases with maturit y . One

problem with this model observed by the inves t  iga tors  is  the f a c t

hat t i - m e  model proposed is mainl y concerned vi tim aquatic svst ems ,

and tha t t i m e  app l i c a b i l i ty  to t e r r e s t r i a l  s\ ’stems is ques tioi -mn m bl c- .

Dr s- elpe -d ma te r i a l  d i s p o s a l  s i t e s  o f f e r e d  an opportunit y to s tudy

secondary ar th rop od  succession in a t e r r est r  i ; m l  h a b i t a t .

80. Arthropod re t e - rences .  Few s t u d i es  have bee -n co n d u c t e d  on

the general. ar thiropod popula t ions  tha t  can be assoc a ed wi t im mar  in c

hab i L ut s  and m o d i f i e d  mar ine  h iah i t a t s  (disposal  s i te -c) . M e t c a l f

and Oshorn ( 1e)20 ) c ondm u e -ted classical s t u d i e s  on in t e r t  ida.I insects

in N o r t h  Carol i na . Davis and Grey (1966) conducted t i l e ’ first ~-om—

preltens ive su rvey  of sal t  m a r sh  I ui sec t popu la t ions .  McMahian s t  n i l

(11)72) compared the a r t  I tropod fauna  f u -om sewage—exposed and sewage—

t e e ’ sa l t  marshes. Only two r e f e r e n c e’s were located t i - mat  d i r e c t  iv

e’o im ce -rned arthropods assoe- h a te d w i t h  t i m e  d i sposal o I dre’dgecl m a t e r  i n t l .

C a r I somi  (1972 )  and Camme-n ( 11)76) s tud i ed a r thropods  accoc h z m t e d  w i t h

ti -me disposal of Lun d iked dred ge- si m ate ’r i n t l  - Car Isom (1972) united that

ar thropod ut iii z;m t ion of und ik ed  d redge island s lu t e  r e ;ms cd w i t h i  i s land

age. Camnmcn (197b) t -mO te ’el t l m n t t  tile-Va t i on  and tidal in tim ic -nccc s ign i f—

icant  1 y at I cc tCeI t he typ e s  of i nvertebrate I auna that. would coiomi i :~c’

~u uu und I ked di cposa 1 s i te  - No stud ic’ S were’ I~e i c ; m  ted that were com ic c-m ed

w i t h  t h e  a rt  lirop oci s nusse)e’ h at eel w it h  t lie’ cli sposal. c i t  elr celgesl mat e m  i n t l

with in d iked d i  spoca .i ar c -a s .

M a t e r i a l s  ~ u c l  inctlmeids

81. te~~~~~nec t rap  Ie
~t1Iu11& Iues 

- In order to sle t c n n  In c  t i t s ’

m e ’ i t t  ionsh ps b e t w e e n  th i s ’ ci reei gcsi mn ;u t em intl (1)14— 1 t hrought 1)14—8)

st age-;; p re’sc r [bed in time prey i sins sec t  i cUt and t lie ’ nlppe;t m ance and

R I  
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abundance of ti -me various insect species , a de ta i led  s tudy  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
with in  disposal areas tha t exhibi ted time fo l lowing stages:

a. DM—2 , (bare  mud sere)

b.  DM— 3, ( Inc ip ient  f i ssures  sere)

c.  DM—4 , (mature  f i ssures  sere)

d. DM—5 , (ma ture fissures wi th vege tat ion sere)

e. DM—6 , (weathered f issures sere , wi th  l imi ted
vegetation)

f. DM—8, (climax sere with n-mixed t r ees  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 dred ged
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 t h e needed habitat. Sites

ut i l ized dur ing t i -mis phase of the stud y in cluded sev ern -m i  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 s i te  on ti -me A s h l e y

River , C—l , was used late in the study . The ages of the s i t e s

selected ranged from fresh deposits of dredged material to older

sites that had not been pumped for over 15 s-cars. The enie’rgene-e tm nm p s

were operated continuously from 1 August 19 75 to  3 April 1976. Trap

collections were made once a week. At the  t ime of lose -c t  c o l l e c t i o n ,

the  t r aps  were moved to a f r e s h  I c ent  t ion that possessed the s:tiluc’ DM
stage to avoid depi et lu-mg the art ii ropoci pt ihUi 1 at ion or ni t  t t n -met i up in-

sects not normall y found on the s i te .

82. Specimen process4n.~~ Collections front tim e s i x  sites were

sorted and separated to taxouonm i t  f a m i l  h e ’s and mcire c o m p l e t e ’
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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 G~ strips used as a killing agent were found to be
effective for periods of approximately l— ½ 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 disoosal sites near Houston . Texas,

and Topsail Beach, N. C., sweep net collections were made for two

hours to sample flying insect soecies 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 conm unities 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 be tween the number
of species in a given community and the total number of individuals

present in ti-mat same community. The relationship between number of

83
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species and number of individuals (diversity) is a useful parameter

for  th is  study because changes in community s t ruc tu re  occurring w i t h

time will produce changes in the estimates of diversity within ti-me

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 “counmunity” 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 tyPe 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 orovided by Cox (1972) which states the formula in terms

of base 10 logarithms:

I) = 3.3219 (log
10 

N_
~~

ni 
log

10 
n~)

Where:

N = total number of individuals of all species

n = number of individuals of the 1
th spec ies

3.3219 = conversion factor to convert from log10 
to log2

Ti-mis 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

84 
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section on insect habitats is presented in Figure 14. 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 listing 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— l: 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—l. 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—l stage despite intensive efforts. The

mos t commonly collected insects from this stage were water boatmen
(Hemiptera: Corixidae), dragonfly nymphs (Odonata: Libelluidae), and

immature larvae of midges (Diptera : Chironmidae). 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 ear l ies t  major  stn tg e

of arthropod importance. As the supernatant water is lost from DM—l

conditions , physical changes become evident within the disposal site .

This cl~tar superna tant liquid is lost by drai nage , p .-r colat Ion,
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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 Carol ina

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

Anthic idae

• i’;~ h~~~:1~ sp. 1 0 0 2 0 0

Carab idae

~~~
-“:

~~ 
-
~~~~~~~~~~~ ; sp. 48 372 25 0 1

~~~~~~~~~~ sp 0 13 16 5 2 1

- :  ~~ sp. 1 5 3 0 5 5

sp. 0 0 0 0 0 1

Chrysomel idae

- _ - t ’ia t~ ~ 0 0 0 1 0 0

Coc inellldae
.
~~~

-:1 ”
~~~~~ 

(Y’~l: ~~
0 0 0 5 0 1

Curculionidae

Genus? 0 0 0 0 4 3

Helod idae

sp. 0 0 1 0 0 1

ileteroceridae

~, o;z€-
~- i j  - : :~~-~ 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

sp.  0 0 1 0 0 0

Nitidulidae

0 0 0 5 0

Scarabeidae

0 0 1 1 1 2

Stap hy l inidae

Aleocharirmae

~~~~~~~~~~~~~~~~~~ sp. 0 1 3 5 0 6

sp. 0 0 2 6 0 2

Genus ? 13 28 15 23 1

Oxytelinae

0 0 0 0 0 1

~~~~~~~~ 
° 41~ spp . 143 1033 659 107 1 11 

- sp. 0 0 2 69 28 0

Paederinae

~~~~~~~ ~~~~ “: sp. 0 0 2 1 0 9

0 0 0 0 0 3

Staphy l inirtae

- _~~~~~~‘~~ sp. 0 3 0 0 0 9

0 4 2 3 0 33
(cent inued)

(Sheet 2 i ’t 11~i
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Table 6 (con tinued)

Sera l Stage : Mud Incip ient Mature Vegetated Weathered Cl imax
Fissures Fissures Ma ture F issures

F issures
(DM—2) (DM—3) (DM—4) (DM—5) (DM—6) (DM—8)

No. of Samples 27 43 36 36 34 36

Taxonoinic Catagory Total Number of Specimens Collected

COLLEMBOLA

Entomobryidae

Lep~idocyr tu8
cyaneu~ 4 17 0 5 47 0

Lepidocyrt u8
beaucatcher i 4 29 0 0 37 0
OrcheBeij a
ain8 liei 0 0 0 0 109 1

.$eira bu8ki 0 0 0 0 7 0
Seira p latani 0 0 0 0 2 0

Iso tomidae

180 toma cinera 0 0 0 0 3 1
Sminthuridae

Sminthur inue
minutuB 0 0 0 0 0 1

DERNAPTERA

Carcinophoridae

Euborellia
annulipee 0 2 2 13 2 27

Labiduridae

Labidura riparia 0 0 0 11 3 11
DIPTERA

Canace idae
Canace macateei 4 330 5 1 0 3

(continued)
(Shee t 3 of 11)
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Table 6 (continued )

S.rsl Stas.~ Plud Incipient Meture V.~.tated Weathered Citaix
F issures F issures Miture Fi ssures

F issures
(0I~—2) (014—3) (011-4) (046-5) (011—6) (044—8)

Ho. of Sea l.. 27 43 36 36 34 36

Taxonosic Ceta~ory Total N~~ber of Speciasns Collec ted

C.cidoay tide.

(several taxi) 1 5 6 20 3 144
C.ra topo~onidee

Cigtt.a, idea f ~a ’.n. 3 2 3 0 1 0

Cl4ZicoidCa
4 9 6 2 8 1

atLantis 2 3 68 98 0 67

Foi’oipoiwgia
0 0 9 9 0 13

~‘cM’(~iptv?r~ia 0 0 21 13 0 17
FoPaip ~$r~ia(T~~ri doø~ ia)
t ui ,h.7a 0 7 605 865 5 109

Chironoeidae

Ort ,o~tadii*u 0 0 0 0 2 179

Chioropida.

C~rniomc~in.lZ4 ~p. 0 0 0 4 0 0

~ $47tZk)t2X sp.
(qsdardri UPlmata
~omp L.x) 0 0 0 1 0 1

Nipp.Zat..
di..td.n. 0 2 0 1 0 1

Hipp# tat•a p kaio 0 3 0 0 0

(con tinued )
(Sh..t 4 of 11)
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Table 6 (continued)

Seral Stage: Mud Incipient Matu re Vegetated Weathered Climax
Fissures Fissures Mature Fissures

Fissures
(DM—2) (DM—3) (DM—4) (DM—5) (DM—6) (DPl—8)

No. of Samples 27 43 36 36 34 36

Taxonomic Category Total Number of Specimens Collected

Thau,at~ru , z~2
g labri 0 0 0 1 0 0

Th~ wnatom~j a
p u l Z 1  var.
~ Uf l ( Y~ Wfl 1 0 0 104 0 1

Dolichopodtdae

Chz’y8c t~u8 sp. 0 0 1 0 0 1

D i op hus sp. 0 0 1 0 0 0
‘l’hinophilua sp. 4 5 6 1 0 1

Drosophll idae

Drt ’~’hiia
tripunct z t x 0 0 0 0 0 2

~~~;~tc) ’nyacz
1Z4~~f~~ 0 11 5 7 1 22

~~t 1 z d a  0 0 0 0 0 2

~‘!t t ~zta 1 10 4 8 1 22
Empididae

L~~~petta sp. 0 2 26 12 0 19
Ephydrida.

A tis~~ pygnraca 113 1488 575 43 25 0
Ct’rt ’p ~?z tc ’pa
~ quitle tt L 0 0 0 1 0 0

DiBL O~Y.JriPZa
obB~ur~ I t ~ 0 0 2 0 0 0

(continued)
(Sheet 5 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 Category Total Number of Specimens Collected

Lcvnproaaate t La
dichaeta 1404 13812 269 25 1 5

fav i l tac~e~ 0 0 2 0 0 0

~ca top hi La
oi’dinari~ 91 794 715 671 3 4

Muscidae

Liape sp. 1 45 0 2 1 4

Mycetophilidae

Lei~z sp .  0 0 3 0 1 88

Otitidae

E’uxeBta n . sp. 0 0 0 1 0 0

Phoridae
ohrniphora sp .  17 127 14 10 7 2

Dohri ru p hor2
6 15 2 0 0 3

M~J~z8*’l ia sp. 21 214 29 38 116 55

P ul ici p hora sp . 2 23 0 3 4 1

Psychodidae

Paychoda Spp. 3 4 2 26 0 50

Scatopsidae

Cenus ? 0 1 1 21 1 13

Sciartdae

Br~zdys (a .p. 0 18 36 208 21 696

(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 app . 18 1310 79 15 2 38

Tachinidae
E lf ia sp . 0 3 2 0 0 0

Tipulidae
E~rioptera (tr imicra )
pi lipe e 0 2 0 0 0 2

Limonia
(Dicranomyia)

g ladiator 1 3 1 0 0 2
Limonia (Rhipidia)

domeetica 0 2 0 0 0 2

Liranophi la sp. 0 1 0 0 0 1

MEMIPTERA

Reduviidae
Genus? 0 0 0 10 1 0

Saldidae

Pen tacora
ep hacelata 10 65 53 1 1 1

ILOMOPTERA

Aphididae

Aphie craccivora 0 3 8 15 46 7
Cicadellidae
Macro atelea

f aec ifr one 0 0 3 0 99 4
(continued)

(Sheet 7 of 11)
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Table 6 (continued)

Sera]. Stage: Mud Incipient Mature Vegetated Weathered Climax
Fissures Fissures Mature Fissures

Fissures
(DM-2) (DN—3) (DM-4) (D14-5) (DM—6) (DM—8)

No. of Samples 27 43 36 36 34 36

• Taxonowic Catagory Total Number of Specimens Collected

Cixiidae

P intalia
doreivittatue 1 0 11 41 3 0

Delphacidae

Prokelia ia
nurg ina ta 0 6 0 0 0 0

HYMENOPTERA

Aspidae
Lye iphiebue ap. 0 0 0 0 0 1

Bethylidae
Diseon~ halue
apertue kieff er 1 0 1 41 0 0

Braconidae

Apantaisa ap. 1 0 0 0 1 15

Aspi iota sp. 2 1 2 1 0 4

Fl eteroepilue sp. 0 0 0 0 0 1

Aiyeiinae,
genus? 0 0 0 0 0 1

Ceraphronidae

Cerap hron ap. 0 0 0 0 2 3

Cynipidae

Fie~~oo Za ap. 124 461 4 9 1 23

Kleidlotcn,a sp. 0 2 0 0 0 1

Try bliograp ha sp . 0 10 0 0 0 1

(continued)
(Sheet 8 of 11)
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Table 6 (continued)

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

Fissures
(011—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

Ena oiLinae,
— genus? 0 0 0 0 0 1

Diapriidae

Psi .‘ us sp. 0 0 0 0 1 1

~~~~~~~~~ sp. 0 5 12 12 1 18

Encyrtidae

~~~id.~ on~ sp. 0 1 1 0 5 13

Eulophidae

Eup 1~ctru8 sp. 0 0 0 1 0 0

Horiarnenus ap. 0 0 0 0 5 10

Tatras ti Thue sp.l 0 0 0 0 0 4 —

r e t raB tLchUB sp .2
(—4pr oetocetus

sen Burke) 0 0 0 0 1 0

Te trast ichus sp.3 0 0 0 0 0 1

Formic idae

~1 n ~p z  sp. 0 0 0 0 0 1
Monomoriuri t.’irr duj n
;~eni~~ulta tuj n 0 0 0 0 0 1

Par t re~’hina sp. 2 3 0 2 1 4

Pone?~p enney lVan~~ : 0 0 0 0 0 1.

5~ 1enop8 l~8invicta 21 51 2 13 6 2

(continued)
(Sheet 9 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

I chneumonidae

i thocentri ane 0 0 0 0 0 1
Mymaridae

Gona tocerue ap. 0 0 0 0 0 1

Platygastridae

Lep~ z i e  sp. 0 0 0 0 2 14

Pomp ilidae
Anop~’iua ap. 0 0 2 0 0 0

Pteromalidae

çteroiirz lus sp. 73 1036 9 6 3 2

Spa ~~~ i -i~z sp. 0 0 0 0 0 2

Scelionldae
C~lote lea sp. 0 0 1 5 1 1

P~ lenomue sp. 0 0 0 0 0 1

Trimorous sp. 0 0 2 0 0 1

Sphecidae

Lir is ~u~qu~~ i8 0 0 0 0 1 0
Vespidae

P oUi~t~s J~~~L~ :tU8
bel!icosus 0 0 0 4 0 0

LEPIDOPTERA

(unidentified
taxa) 3 0 7 12 1 19

(continued)
(Shee t 10 of 11)
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Table 6 (concluded)

Sera]. Stag.: Mud Incipient Mature Vegetated Weathered Climax
Fissures Fissures Mature Fissures

Fissures
(044-2) (011—3) (041-4) (044—5) (DM—6) (DM—8)

No. of Saapl.s 27 43 36 36 34 36

Taxonomic Category Total Nosber of Specimens Collected

ORTHOPTERA

Gryllidae

V.t arifi atoriia
mioado 0 0 1 4 6 15

B].attidae

Paroobiatta sp. 0 0 0 0 0 6

PSYQIOPTERA

Ectopsoeidae

Sotopsocp iis
or ’yp tom.ria. 0 0 0 0 0 7

Lachesillidas
Laah ai iia
nubiUs 0 0 0 0 0 1

THY SANOPTERA

Thripida.

Genus? 0 1 1 0 0 2

(Sheet 11 of 11)
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Table 7

insects Cøllected By Sweepnet During Trips to Dre4ged

Mater ia l  Disposal Sites in To~p~sail, Nor th  Carolina

(NC), and Houston 1 Texas (TX)

Taxonomic Catagory Location Collected

COLEOPTERA

Chrysomel idae

~~~ ~~~~~~ ~~~~~~~~~~~ 
,. NC

Mordel 1 idae

~~~~~~ .- 
• ~~~~~ sp. NC

Phalacridae

Melsh TX

DIPTERA

Ce rat op ogonid~~
• :4. ‘• ‘~~i..~ •~~:.“~~ ‘:.

-
~ (Poe y) NC

~~~~~~~~~ ~•~~~ - ‘:.~f ~ Melander & Brues NC

~‘:t~~! i i ~~ ~~rt ’~~~ :~~ t (Coq.) NC

~‘u~ ~~~~~~~~~~~~ • ‘- ; ~~~ ~:~~~:‘::~~ (Coq .) TX

~~~~ ~;i~ .: (Co q . ) NC

Chironomidae

~~~~~~ sp. NC

sp. of Orthocladiinae NC

Chloropidae

• i : : :
~~~~~~

’
~ 

1: ~~~~ (Tuck.)  TX

:~ :~~~~~r (Beck.) NC

Dolichopodi dae

:~~‘ c - : ~~~~.-~ Van Duzee NC

‘~~ :: ~~~~ sp. NC

Eph ydr idae
A t  :~~~~•: ~~~~~~~ (Halida y) NC

(continued) (Sheet 1 of 3)
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Tab1~ 7 (continued)

Taxo nomic Catagoiy Location Collected

:~f~~r ’~’. .‘:~~: : : ~~~: ( L W . )  NC , TX

~~~~~ ~:~~z ~~~~~~~~~~~~~~ (F allen) NC

~~~~~~~~ ~~ ~~~~~~ (LW . )  NC , TX

~~~~~~~ ~~~~~~~~ ~~~~~~~ (LW.)  TX

~~~~~~~~~~~ ~~~~~~~~~~ (LW.)  NC

~~~~~~~~~~~~~~~~~~~~~~~~~ sp. NC

~~~~~~~~~~~~~~~~~~~ ~~~~~~ (LW . )  TX

• •:~~i~Y•: ~~~~~~ (Wa lker) TX

~~ :;~•: ; : f i ~: spp. NC , TX

Sci a ridae

~~~~~~~ sp. NC
Sp at~rocer td~ e

•:t~~: (Adams) NC , TX

Tethinidae

•~~~y’:~:t•: (LW.)  TX

Tipulidae

~~ i :~”:  •:) : .1:’ ,~~ (Fabricius) NC

HOMOP TERA

Aphididae

~
‘
~, • t ~~ :u~ :~~~1~:f (Ceo f . )  NC —

Clcadellldae

Y~~~~~-~te~~~ ~~~~~~~ (Van Duzee) NC
• ~~~ ~~~ t~ r~; z  :.~ Delong NC

Deiphac idae
.•

~~
, .~~ r (Va n Du zee) NC

HYMENOPTERA

B raconid ae

L:.~ sp. NC

(co nt inued)
(Sheet ~ of 3’)
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Table 7 (concluded)

Taxonomtc Catagory Location CO I1eL ’ted

Form icidae

F~’ ’ ~~ •~ t’ z : :
~~~~~

. ’ .’ :. : :’
~~ 

Lat r e i l  It’ NC

Pt e roma l idac

Lamprotatini , Cenus~ 
TX

• ~•~~ - :j ~ ~p . near ~~~~~~~~~ (Ashm.) TX

(Sheet  3 ~‘ t 3’)
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and/or evaporation , leaving behind a soupy suspension of sediment

which f requent ly  becomes assoc iated with  algal growth. As previously

mentioned , many of these algae are diatoms. During this study. four

fami lies of beetles (Coleoptera) , a single fami ly of spr ing tails

(Collembo la) , twe lve families of t rue f l ies  (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 hare mud stage . A detai led

l ist ing of the indiv idua l  snecies associated with these families is

presented in Table 6. While most of the insect species collected

from th is  stage a re not of known ecomonic importance to man , it is

interesting to note that three d i f f e ren t  species of the bi t ing midge

group (Ceratopogonidae) were collected in smaJ i numbers from this

sere. These midges are also known as “punkies ,” “sand f l ies” , and

“no—see—urns. ” Two o f these species , Cu I - f < f d ~’:~ f~ui~~ns and C’.

hol ?e~i:~~~, are of interest because they are major pest species. Most

l i terature about the breeding of these two species lists the natural

salt marsh as their  natural  habi tat .  Additional studies are needed

to determine if dredged material disposal areas serve as breeding

sites fo r these species. Of the noneconomic species , one of the

F most interesting groups collected were species of Ephy d r idae (sho re

f l ies) which occurred in large numbers during this stage . Two

species , L I / f  ssa pyqrn aea and E~~np ro ocat 1ia 1f ~ 1 l i wf u , were especially

cotmnon. While some of the species collected may have been using

the disposal areas as a resting site , the breedi ng o f t he dominant

species of Diptera (fami lies Eph ydr idae and Phor idae) was conf irm ed

by the isolation of the larvae of these groups from dred ged material

washings. Mud samples were washed throug h s ivvc st ries and the

residue was subj ected to salt f lo ta t ion to locate larvae. A total

of 27 collections , representing 27 weeks , we re processed from this

sere. The mud stage is not signif icant  as a source of mosquitocs.
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90 . DM — t t t tj~~ent t t s s u r e  at  ate . As prey ions Iv  ment  toned In

i ’t her  u t ’s - Ions , t he. ehange. f rom I IM— _’ t o  DM— I t end! i i  ons is o f t  i’ll quite

rap Id and may o~’ e’ i i i  on a large d i sposa l  a i t t ’ in it m a t t e t  of days . As

~~ t tnt ’ si ’d inten t a t t t ’h v d r a t  e and - t t n t  r aet  the ’  s oi l  p a r t  I t i  t~5 p u l l

~pa~ t ~utd at ’ l i s t  e to  t orm p r im ar Y sot  1 t I s au n a (ae ’e p r e v i ou s

s~ ’~
- t ton • As t Ii is d e h v dr a t  ton p 1 e ’ e t ’ as beetanes 1110 I t  e v i d e n t

s o i l  t [sat ir es be com e deeper and w ide ’ n w i t h  a n t ’su l  t ant  mosa I t  of

s a u t e d  soil . The’ dur a t  ( e t t i  of t h i  a st a g e .  r anges f rom four  t o  six

wee ks In inaiiv 1 o t a t  i o n s.  rite nos t impor t  ant aspee t of t h i  a st ag e
wss t he’ li I gli i t  ye t~ . it  v and e’~~t l t ’u le ’ lv  h i g h ~ t o c lu~ t lv i I v of an im al

h i  otu~iss . Tb I s  tt 1gb d i  Vera I t  v wet s n ot I m m e d i a t e  I v  obvious u n t i l  I tie ’

SIt ~t tt t t ~t tt W [ener  I md l e’ea we re eonipt i t  t’d . t’a tt  it ’  ‘
~ m d i  t a te ’s tha t  t It ( a

st ’t t ’ had t h e  t t t ghi ’ ?~t d i v e r s i t y  index t t t  t i l e ’  e i tt  I re ’ s t u dy  11) 10, / i’~7) .
l) u i - Ing  t t o l d  c o t  L O c ’t ions , howeve r . l~t t g e ’ numbers  ot  bo th  I n d i v i d u a l s

anti  spe ’~- i t ’s we’ F i ’ t v  I di nt f rom  the  t r ap ~~t t  I c’O t ions taken f r o m  t h i s

I age’ . lit Is ~ t reitu ’ I v  iii gh ti l v i ’ r a I t  v I ode ’ ~ had not  bee n ant  t e l  pat ed
by I he ’ Iflve St I gat o ra at l i l t ’  ou t  at ’ t c i t  t t ie s t ud y . i t  has be ’e ’u post  u—

t a t  ed ( a t ’ t ’ l i t  e i-~ t c i t e  r ev iew o t h i s  St  t ’ t ton ’)  by a nttmhe ’ r c i t  wo rke rs

h at  I c i t  01 s t i t  ~ i ’aS lona I at  c *gt ’s have g r eat  e l  d i v e ’  t a  i t v titan ear lit ’ r

s t  cigi ’s in ci~~ t ie t ’e’~~ Ionet1 e V i  le. . ‘l’tt IS  a t  t i th  , Oil t he  t o t i t  I S I V  • at i gge s t 5

t h a t  ct~~t t t V ~~p~~d d i v e r s i t y  r a p i d l y  bt ’ t - t ’ntt ’s g r e a t e s t  shor t  iv a f t e r  th e ’

I ; ’ t  t e a t  ot  t t i t ’ S ut I t ’ t l t S t  c h i t  wat  or etud t h e  el t ’vt ’ lopment  01 s o I l  I i s a t i t e ’s

A I ow •‘xp 1 ama t I ttit  a is 1gb I t ic ’ ci i t t ’  i t ’d  L i ’  aecoun t t o t  the ’  v i  r (eta I

e’~~p i~is ton  ot a r t i t r op o d  p o p u t a t  Ion s wi itt in  i t t  is  at  agi ’ (1*1— 1) i t t

‘iii i - t e a s  ion.  The t o rni at Ion ot  s t i l l  f ISs l i r t ’s  ( t he  hal  lniark ot tI M—i )

r e su l t  a Lu  many m i e ’rohah ( t a t  a t h a t  c ’t  t e n  p r o t e ct  IOU , toc i d , a se t o t —

b i t  o I no ( a t  l i l t ’ ranges, anti  bat I ~~~ i a t  and a I gal growth c - e i t td  i t  Ions

w h t e ’h suppol t anima l 1 I t t ’ . 1*)- — I c o n d i t  ions  o f t e n  bo th  l e t  t t ’st r i a l
atid aqua I it ’ ml  er ohab i t  at  a (when th e ’  I nt i i~ 

len t I t  H a t t i e ’ S  a l t ’ pa i t  I al lv
watei it l ed ’) In c o O t  l c t a t  t o  the.  previous $t~~ t e ’  ( 0M— .~’) v h i c ’tt  o t t  t ’r e ’t t

oti Iv a i t S  t 1.1 
~- t ‘cI . sha t Lo w wa~ i t  list’ I t at  h~~t was un i  lorm t h i t i t i g h oci t

t h e ’ out  I r e ’ d i  spos i t  I ar ea. Fort lii i t t’at ’ai- tlt is ne ’ i ’ct e’ ci t o  int ’l ~t t  e

[0 1

A’
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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 indicated , the investigators began to suspect that DM— 3

F 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 Par atachy8. 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 BM—3 conditions. A total of 1033

individual specimeni of Carpe limus 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 occur 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. (l970a , 1970b) in Central America, addi t ional 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 (Atioea pygmiwi,

Lampr~’ ’a tel l~ dichaeta, and :~~itop1n1o 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 decl ine, but their abundance under DM— 3 conditions

was unusual and striking. Unlike the canaceid flies, the ephydrids

are quite conuno n 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 disposa l areas as breeding sites

was not definitel y established or known , This study documents the

DM— 3 conditions as the most productive stage for ephydnid production.

These flies are not considered economical ly  important  to man.

95. Moderate numbers of humpbacked file ’s (Fami l y Phoridae)

were collected under DM—3 conditions , representing t h ree  species (see

Table 6). Muscid flies of the genus L~~sp e ? were also collected in

moderate numbers from DM-1 c o n d i t i o n s .  The small  dung f l i e s  ( Fami ly

Sphaeroceridae) are frequentl y collected from organic’ sources and

excrement . A total of 1110 individuals of a single’ undetermined

spec ies of the genus Tt ’: t i c •, ’?’~ we re co l lec ted  from DM— i cond i t ions .

This family (Sphaeroceridae) is classified as rare by Borrer et ii.

(1976).

96. Among the nond ip tera , two r e m a i n i n g  group s  we r e found to

be abundant during DM—3 conditions. Of the  t r u e ’ hugs (Order

Hemiptera), a single predatory spec i e’s, P~’:t : - ’- ’~’~ ~~a~e ? : t& ~, was

found to be common under DM—3 c o n d i t i o n s .  This  spec ie s  was a lso

collected from DM— 2 and DM—4 c o n d i t i o n s  In moderate ’ numbers .  Three

spec ies of the order Hymenoptera were’ netted as i m por t a n t .  From the
famil y Cynipidae large numbers of an unde t ermin e d  spe c It ’s of he

genus ~~~~~~~~~~~ sp . were collected t rom alt ac res with DM— ) being the

most productive . A second parasitic wasp ~pe ’c ’ i~~~, L o , , ~ Zi: ia  sp.,

of the famil y Pteromalidae Was c o l l e c t e d  from DM— 3 conditions. It is

thought that both these species are parasite ’s of the  smal l  Dip te ra

previously cited . The largest numbers ot t i t e ’  Impor t  e’d f i r e atit ,

: “ ‘ !e-!:~”pBf8 z~ ,:’~ ct :~, we re collected from DM— i conditions. The moderate

numbe rs of this species c o l l e c t e d  from SM—3 t r a p s  p r o b ab l y  r e f l e c t s
the p resence of other prey specie’s . I t  was not t e l t  t ha t  the’ numbers
of t his  species shown in Table ’ 6 acc u r a t e l y  r e l l e c t  tile t rue  numbers

of imported fire ants that u t i l i z e  elre’dged m a t e r i a l  disposa l areas.

The well—known mounds of t h i s  species were ’ never c on s t r u c t e d  under

emergence traps.
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97. In summary , 1)9-3 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 collections ,

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 malor mosquito

breeding within dredged material disposal sites. The change from

DM— 3 to 1)11—4 conditions is often difficult to recognize and under-

stand. Details of this interphase and transition have already been

presented in the previous ~ce’tlon (see paragraph 71). A total of

61 species representing 38 families from 9 orders were collected

from this aere. 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 Hyntentoptera,

9 families; Homoptera, 3 families; Hemiptera , 1 family; Lepidoptera ,

1 family; Orthoptera , 1 family ; Thysanoptera, 1 family; and

Dermaptera , I family. The Shannon—Wiener Index for this stage was

computed to be 9.2101 (1)-Value).

99. Arthropods associated wi th the DM—4 condition. Among the

Diptera of the family Ce’ratopogonldae , large numbers of the nortpest

species , P orc ip cmy-(~ t t ?flz4 l~~’he ’?,~~, were collected from DM—4 condi t ions .

This species was never collected in any significant numbers until

after the soil had hardened and oxidized to a considerab le extent
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(i.e. DM—4 conditions). ~lost 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 t , 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

fal l  in Bembidion sp. collection may reflect a concurrent decline of

its prey species. Another beetle species, Neoheterocerus pallidu8,

was collected in moderate numbers from this sere. After the decline

of DM—4 conditions, this species also declined rapidly. The

staphylinid beetles Carpe iimua 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 conditions.

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 1). 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 . Conunon plants that frequently occur in association with

the emergence traps during this part of the study were ic rni ~
~~~~~~~ !, B~z ’t ’i,.,hi,z f’ t-c ’s~i~na , and :ac ia Zint~zr~8 . 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 , lovers 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), I 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 Coninent . In general , predatory beetles underwent a

drastic decline in both numbers and diversity. Of the carabids, only

P ’ ~ t~whz ,ia ep. 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 (Carpeli nr us spp .
:; :~~‘:~+iu8 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 (Lep idoc~jrtua

:, 8)  collembolana 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 (Da8y heZe~2 ~:tZ~ntis and

~‘ v~~ipomy i~~ t c n u j ’- u ’~~2) 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, Thczum ~~~~~~~ ;~~ U~ var . punctw’:,

(Diptera: Chloropidae). The ephydrid and phorid flies continued to

utilize 1)11—5 conditions, with these three species present in moderate

numbers. Moderate numbers of the dipteran family Sciaridae were

collected as ~t single species. (Bra dys i~ sp.). All other varieties

of arthropods were collected in small numbers as will be seen in

Table 2.

105. DM— 6: weathered fissures. As sunmtarlzed 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 year s) , then it may be assumed that the weathered fissures

wi th  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 1)9—7 or 1)11—8 conditions will prevail following

formation of mature soil fissures (1)9—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

spec ies 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), S 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 hab i tat .  The

greatest numbers of springtails (order Collembola), however , were
collected from this  stage . Of special interest is a moderate collec-

tion (109 specImens) of O~~h.~sZla ~ina2 ici  from DM—6 conditions.

With the sole exception of one species of the phorid flies (,‘!~~~:~~~~:~~
sp.), most of the true flies (order Diptera) underwent a uniform

depression in collec t ion numbers. Only one species (A t ~~.~~ :

of the once numerous ephydrid f l ies continued to utilize the DM—6
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h ab it a t .  Anong the homopterans , moderate numbers of aphids and leaf—

hoppers were isolated t rom DM— 6 conditions. All other insect species

collected t rom this habitat were scanty and in many cases represent

only incidental collections .

108. 1)ML~ mix e d  climax conditions. As summarized in Figure

1~ , two possible climax conditions are believed possible for most

dredged mater ia l  disposal si tes In the east and gulf coasts of the

United S tat e s .  Only the mixed vegetation climax habitat was sampled

w i t h  eme t- g~ nce t r aps .  A ~~~~~~~~~ec climax study was not available

to the investigators for this study . As also noted in Appendix 1),

the mixed c l i m a x  stage studied for insec t emergence consisted of

u n i f o r m  ground cover tha t  was rich in decaying organic matter. A

complete canopy of trees consisting of ~~~~~~~~~ sp., ‘f~’~:~~~~ !’~.

(white mulberry), and c , : t ! ~ ~:. :‘~~~~~~~~ : (hackberry) covered all parts

ot the stud y area.

109. A total 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 he con-

sidered as incidental  records , but not necessarily major components

ot the insect fauna associated with DM— 8 conditions . A total of 95

spe~~ies representing Si families front 11 orders of the Arthropoda

were processed for  identification and analysis. Despite this appar—

c n t i v  la rge Increase in species d iver s i ty , the Shannon—Wiener index

was computed to 8.827 (only slightly larger than the DM—ti habitat

~~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
fam ilies; wasps and al l ies  (Hymenopter a) , 13 fa m i l i e s ;  beetles

(Coleoptera) , 7 families; springtails (Collembola) , 3 fa m i l i e s ;

roaches and crickets (Orthoptera), 2 families; earwigs (Dermaptera ’i ,

2 fami lies; leafhopper and aphids  (Homoptera) . 2 f a m i l I e s ;  book lice

(Psocoptera), 2 families; and the orders Hem ip tera , lepidop tera, and

i i :  
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Thysanoptera with 1 family cacti represented.

110. Arthropods associated with ‘)M’-8 c on d i t i o n s .  The col lee t Ions

from 1)9—8 conditions revealed the greatest vari et y of insec spec incus

as had been suspected at the  outset. Some c a ut  Ion is a d v i s e d  whenever

emergence traps are used , however , as the traps ax - c nonselee  I vt and

also capture those Insects that are  mere ly  res t  inS in a g i v en  ar e~t .

Inspee t ton of Table ti w i l l  reveal many species t h at  ar e  undoubtedly

in this catagorv .

I l l .  The beet les  (Coleoptex -a ) were col l ect ed  in greater variet y

rom th is habi tat  than was the ease w i t h  1)M— ô e end i t  ions.  l ab  1 ~‘ 2

r evea l s  an i n t e r e s t i n g  v a r i e ty  of S taphyl  t n l d ie taken from t h i s  sc re.

I’M— S conditions were the  only location f rom which the small spr  ingtail

(Co 1 lembola)  :-“-~ ‘~ ~~~~~~ ‘::.~ ~! ‘~~~ ~~~ was taken. M o d t r a t  e numbers  of two

earwig (Derniapt era) s p e c I e s  • ~~~~~~ ~ Z :‘~: ~‘:~~~~ 7 ~~~~ and L~;~ f~ :t ~ .:

were  a l so  associated with th is habitat. PM—S cond i t  i ons

yielded the largest numbers of Dermaptera spec imens .  T ab l e  t’ a l so

lists a wide v a r i e t y  of  Diptera . Of special  i n t e r e s t  is the  Increa se

in the ca t ch  of ef: sp .  of  the family Mvcetophi I [dat ( t ungus g n a t s)

Over 80 specImens of this species were collected front PH—S co nd i t io n s ,

w h i l e  othe r seres co I lee ted few or none of t h i s  spec i es. Among the

phor id  flies (humpbacked flies), it ~s interesting t o  n o t e  tha t

~~~~~~~~~~~~~~~ sp. was eellectctt consistently from ~~h l  s ix  Se FeS .  The

1 . trgcs t collect tons o t any spec tes  taken from this hab i t  at  w er e  t h e

696 specimens of t he  sc i a r i d  f lv (dark—winged fungus gnats) ~ f t h e

ge nus B ! : ; t :~:. Almost all other specimens were scanty and in  most

in s tan ce s  represented by only a few specimens.

112. Sweet) net collect ions are u set  ul to pro~ ide  t u f o r m a t ion on

common t lv ‘ig spec it ’s of insec t s  tha t may he L o c a t e d  w i t h i n  a g i v e n

d i sposal  area . I h e  resu l t s  of two sweep net eel le ct  Ions w i t h x l n

disposal areas near Hous ton , Texas , and lepsa ii Beach • N .  C . , h , iv~’

been presented as labl e  7.  Whi le  these  samples , taken over t tw o—

hour period in m i d — a f t  ernoon , are ust’ f ui  in a qua l i t  it i ye  sense ,

h l ~
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they are not regarded as being of equal value to  the emergence trap

data in s ign i f i cance .

Su~ nary

113. In suimnary , emergence t raps were operated over six of a

possible eight successional seres. Emergence traps were not operated

over DM— 7 hab i t a t s  as no su i t ab l e  s tud y ar ea  could i c  loca ted .

Individual aquatic collections were made f rom PM-i conditions as

emergence traps were not feasible for use over the supernatant liquid

stage. Cameron (1972) has cautioned against interpr eting insect

di vers i ty  wi thout  proper regard to seasonalitv phenomena . For this

reason , some of the da ta presen ted mus t be cons idered o n l y  In the

light of the short—term nature of this report. The inves t iga to r s

believe , however , that the species presented represent the major

varieties of arthropods that are most likely to he encountered on

dredged material disposal sites commonly located along the southeas t

coast of the United States. The major considerations of this section

are summarized below.

a. A total  of seven d i f fe r e n t  success ional  sercs,
representing seven different habitats for arthro—
pods , were sampled.

b. A catalog of the  numbers  of d i f f e r e n t  species of
arthropods was assembled .

c. Species numbers were compared agains t spec ics
d i v e r s i t y  by comput ing  Shannon—Wiener  indices .

d . The successional p a t t e r n  was determined to have
several bypass routes .  Stages most connnonl v
bypassed included DM—5 (vegeta t ed  mature  f i ssures) ,
DM— 6 (weathered f i s sures ) , and P11—7 (we a thered
f i s sures  w i t h  v e g e t a t i o n  c l imax) .

e. The highest species d ivers : i tv  indic es were found to
be associated wi th  P11— 3 cond i t ions  ( In c ip i en t
f issure 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 l a rvae .
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. W ith the passage of time there was a slow decrease

in species diversity from the high values observed
wi th DM— 3 conditions .

h. The lowest species diversity values were obtained
from P11—6 (weathered soil) conditions.

1. The species diversity indices did not follow the
more classical pattern of increasing species
diversity concurrent with increasing age of the
ecosystem .

I

115



PART V : ECOLOGY OF MOSQUITOES ASSOCIATED
WITH DREDGED MATERIAL DISPOSAL SITES

Prevalence of Larval Habitats  for Mosquitoes
With in  Dredged Material Disposal Areas

Rationale and literature review

114. From the outset of this study it was fel t tha t 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 mosqui to 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

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

g iven in a later section. More extensive observations were possible

over longer periods of time on those disposal areas located within

the Charleston Dis t r ic t .  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. [n many cases, f t  was possible to observe Charles—

ton District disposal sites over extended periods of times both

116
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before and after dredg ing  and disposal operat ions .

Results  and discussion

116. Co~~ osite summary of larval habitats. A summary diagram

ot all t h e known mosquito breeding habitats that exist within dredged

material disposa l areas is presented in Figure 15. A listing in this

figure means that on more than one occasion mosquito larvae were

t’~ h 1i ’t’t~d 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 develop ing and

dissappearing during the successional cycles previously mentioned

(see Part IV). Some of the habitats occurred more often in certain

sections of the Pnited 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 PM stages 4

through 7 was invariably the best preliminary indication of the mos-

quito breeding potent ial of a given site. This overall habitat is

shown in sevcr;i l locations in Figure 15 as item 2. Once such

fissured soil is located , it is desirable to estimate the water hold-

ing capaci tY and d t , i i n a g e  of this site. As a general rule, however ,

It  may he stated tha t f i ssured  s o i l  in  low , poo rly drained habitats

within dredg ed  n s t t e r i : i l d i sposa l  areas wi l l  support mosquito larvae

If s u f f i c i e n t  water i s  a l lowed to stand for  approximately 10 days

t inder  summe r c o n d i t i o n s  in most par ts  of the Uni ted S ta tes .  Fissured

soil u s u a l ly  o c cu r s  i n  a wide v a r i e t y  of locations on any given site.

t h e  mosqu i to  h i t i d i n g  potenti al of the various stages of f issured

so i l  have hceii pr ev io u sl y es t imated  in Figure 14 (Par t IV) of this

r ep o r t .

118. I)ike a..;ult . The dike swale hab i tat  was a minor mosquito

h a b i  t a t  that was I t  ~qu c n t ly  encountered dur ing  th i s  stud y in a vari-

e ty  o h  l o t - , i t  b i t s . I l l s  smal l  swa i t ’  Is  u s u a l ly  the resu l t  of dredged

117 
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mate t - t a 1 i uk bug ci I a II bug away I rum the d ike proper  . The d i k e

sw aic  is illustrated as i t em I ot  F’ l gut -e 15 in bot h p oiai  and prof  lie
view s .  As dredged mat el m l  beg ins to shi tii k during the drying pro—

-ess • th e soil  w i l l  tend to adhere to t tie dike c rca t I rig n i t  ‘‘adhesion

gradient” that ca u se s the swale to form and hold small q u an t i t i e s  oh

water. A photograph of this adhesion gradietit and its resultant

swale are shown in F’igure 16. in many cases unusual amounts of water

were located in dike swalt~s. From Figure 16, I t  is obvious that the

dike sw.tle receives a large amount of water as runoff from the dike .

Dur i ng any mosquito surveillance inspection , I t  is Imperative tha t

the poor Iv drained dike swaies be sampled for water  and mosquito
larvae . During numerous field trips undertaken during this study,

it was nut uncommon to encounter disposal si te’~ whose l a rval  mo squi  —

to populations were confined to this dike sw a le  habi ta t . Mosqu i to
h i- ced ing  is not un i form within the dike swalt habitat , but usua11~’

coit t [tied (except  dur trig periods of heavy ra m t  all) to the lower por—

tiuns oh the disposal site . The amount of water  w i t h i n  the dike
swale Is normally not significant (never observed to threaten the

dike ), but thi s small source ut water does constitute a source oh

mosij i l  to larvae that  can be easily overlooked . Inspectors of

d i s po sa l  s i t e s  should be t r a ined  to check the lowest elevation

p o in t  o t the d ike  swale hab i tat for the presence of mosqui to larvae.

This  technique is mentioned because many h eld workers w i l l  tend t o

U5e’V the discharge site of a disposal area as a boat landing and in

su c h cases , caution must be made to insure that low areas are actua l Iv

inspected . At this point it should be noted that  the discharge s i t e

Is invariably the highest elevation within t h e disposal area .

119. Borrow pit swales. Borrow pit swales are major sourc es
oh mosquito larva e and develop only on those disposal areas that have

been used more thati once or have undergone dike reconst ruc t t on .  In

many areas oh t li e  Un I t  ed ~ t at  es , It Is a common prac t ice  to take the

dike mater in Is I ruin a borrow p it lo cat e d  within t h e  d i  spos.l I area

119
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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 wi th  mosquito breeding. Two

mosquito breeding problems are common following such operations.

~‘Virst the borrow pit per se tends to collect and hold water and J
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 t ime . 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 hab i t a t s  for mosquitoes w i t h i n  dredged material  disposal areas .

The difference in the depth of the borrow pit awale compared against

the dike swale is shown in profile vle’w as items 1 and 3 in Figure
15. The greater depth of the borrow pit swale aceounts 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 habi tat
actively producing mosquitoes. Seepage pools were commonly observed

1~~1
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near the lower elevations of many disposal areas during this study.

Mosquitoes were observed to favor those seepage pools tha t 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

1 sq in to several square meters. The lower elevation o .  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 si t e habitat  (assoc iated w i th  a lower ing

of the immediate elevation), hummock swales develop between two

up raised a reas 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 h ummock 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 aftect the

ability of these two habitats to hold water for sustained periods of

122
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122. Blockage of tidal drainage. In some states , dred ged

material disposal sites have been constructed over tidal creeks in

such a manner that tidal flushing and drainage are blocked . This

bloc kage usuall y 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 ot’V the

fo undat ion of the disposal area dike.  In some extreme cases , t h i s

blockage o f tidal creeks may destroy portions of disposal area dikes.

In other cases, tidal blockage results in ponding only during un—

usually hi gh tides. In these cases, field inspectors should be

trained to observe temporary ponded habitats that may univ 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 t ida l

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 ( f l u s h i ng

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 othe r cast s where

124
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tidal waters were not trapped and r egu la r  t i da l  f lush ing  allowed

h e r  both d ra inage  •is well as the presence of mosquito larval preda-

tors , the presence of t h i s  “ f l u s h i ng action ” el imi nated mosq u ito

sources. A disposal area with a broken dike that allowed for desir—

~tb 1c tidal flushing Is I)rt sented in Figure 18. It is therefore ex-

t reme ly i m p o r t a n t  t h at  all dike t a ilu r e s  that are exposed to tidal

act ion be monitored to ascertain the relat ionship of the breach to
(no S ’V h tl Ito breeding.

1.~4. O u t f a l l  and su~p habi ta ts .  O u t f a l l  s i te pools and sunup

~ooI- are illustrat ed in Figure 15 as items 10 and 14, respectively.

L)uMall sites are always located immediately below a drainage weir

o u t si d e  a dredged m a t e r i a l  d isposal  area . In most. cases, such weirs

tend to scour (b y water runoff) a drainage ditch into the marsh away

t ronu the weir. Out t ai l sites were not observed to be major habitats

or larva l Inoso fI )I toes , but in some instances large larval concentra—

ions  oh  several spec les of mosquitoes were located in stagnant out—

tail j)oOls tha t had become covered over with marsh vegetation and

tht rel~~u e d i d nut dr a in  properly . Field Inspectors  should be trained

to r t ’u i t i n e l v  check a l l  dra inage weirs  for  larvae.  In many cases,
Lb is  h a b i t a t  ma’- b ’. ci m ini ted through the use of hand d i t ch ing  tools

to & - & ‘iunt- ’ . t the pool to the surrounding marsh. In contrast to the

out ii I sites , stum p habitats were found to be the most common sources

ci mosquito l a r v a e  within dredged material disposal sites. A sunup

site is del m e d  as that area o so f t , fissured dredged material loca—

ted ne.ir the lowest elevations within a disposal area. Such sites

a i , -  usually associated with drainage weirs . These habitats support

inosqut to larvae more ot ton than i’ut fat I sit es (only a few feet away)

because th ey almost never drain or u n d er g o  des i c c a t i o n except under

the dr iest pos sible conditions . In general , it may be stated that

the stump hab i t a t  is t hi most II kelv source oh  mosquito es within a

~ i von ‘.11 spos.u 1 a ron . Ac i in 1 overflights o t’V .u disposal area will

quickly give an investigator the l o c a t i o n  of low elevation sump sites .
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i t  cannot be emphas1 ;~’.• ’.l too strong ly t tint the stump habi tat was the

most co~ non source of larval mosqu i toes  observed during t h i s  study .

125. LocalIzed breed Inj~ ou t s ide  disj sisal areas. In some

in st an c e s , certain characteristics of dike construction may create

small pockets oh 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 tha t  we re located outside of disposal area

dikes. Some of these depressions appeared to he caused by tidal

erosion and dike slump ing. Once the presence of such localized

habitats has been established , physical control measures , such as

ditching . may be employed with success.

12b. Stir face distortion. The operation of large mechanical

equi pment wi~.tu in dredged material disposal areas such as draglines

and “marsh buggies” may create temporary or long—lasting localized

larval mosquito habitats. This habitat is shown a s item 12 in Fig ure
15. A photograph ‘.‘t  mosquito breeding conditions that developed

.u dredged material disposal site following heavy equipment op—

oration is -pre sent  In Figure 1’). Surface ~‘istortion habitats are

usu.t l i v  t i l l e d  in d u r i n g  the next pumpi n g ut dredged m a t e r i a l  • hut

their presence may c re.ute future mosquito habitats by causing swa I es

to develop .is the new di edged nat~-r 1.11 begins to settle and consul i—

Be’ ’.- u u ~.e mo .a ituj  t o  h a b i t  it s art’ ‘.‘t,n’j ix)nl v assoc i at ed with ~~~ los

and other ‘.1epre~~s lens t ha t  may de v e l o p  as a result of previous surface

a l t  era t I on~ • I t  is  ~ t rome Iv import .un t I rum the st nnd po tnt o t~ mosquit o

c e nt  rol tha t st ir  ac t ’ dis t~’u t ion o h  dredged materi al by heavy  equip—

ns•iu t • ‘ he ht’ Ii  t ~ .u m in i  mtun . . \ t i  e’xamp i t ’ o h  the large uiumhers c i

to  141 t va t ho~t ~~~~ observed t o  cuiict ’V ilt rat o in this 1 m b  i t.ut is

pm ~ ‘‘. nted in ~ ~‘ . i u e  2d . —

1 2~ . Pu s c h i . t i  ~ e sit t - h a b i t a t  . The d l  sch.urgt’ s i t ’ .’ h a b i t a t  is

ii lu stu at ist in FIgureS IS .us it em Q . t~ s c h . u t  go s i t es  are d o t  m e d  as

so ica u pi rmanent pools tha t u e I tined as a i esti I t ut the scout r I tug

127
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action of the dredged mate r ia l  as it is released into the disposal

area. It was immediately evident to the investigators that those

disposal areas that did note employ splash pads had the deeper dis-

charge pools. The diacharge 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 most:uitoes 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

dis:harge 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.

Sunmiary

129. In summary, the following factors related to mosquito

larval habitats within dredged material disposal areas have been

130 
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considered .

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

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

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

d. 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.

~~
. 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 du ring 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 fel t 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.  I t  was decided tha t larval samples

132 
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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 ~canty 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

133 
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would provide more information regarding mosquito species diversity

than quanta t ive  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 alight ing on the inves t iga tor  in 1 mm of t ime 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 f ind ing 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  mosqu itoes 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 ot’V 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

I 34
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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 nM—S conditions will attract mosquitoes that oviposit almost con-

tinually during a prolonged period of dry weather.  In this manner an
“egg build up” occurs and spectacular concentrations of adult and

larval mosquitoes are observed shortly after the dry disposal site

becomes f looded 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 tha t 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, techniq.~~~ 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 ~~~
larval mosqu’toes, 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).

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 surface

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. In 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. .4edea s(~l 1 i ~.it~p 1o. The most conunon mosquitoes collected

as a larvae during this study were Aed~-n ~~~~~~ l . ’~~t .1Pw . 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

(FIgu r e 4 ) on 12 February 1976 to extremely large collections that

were made on Ashe Island (see Figure 5, S—l8) 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. ~~ili~.!t.ms was commonly taken from all habitats

previously shown in Figure 15, but the most common collection sources
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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. aotl-vc-z.tana collections. A. eallicitans 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 A. soiZicitans 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. 8OlliCj taflS 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. 8OlZ-icitafl8 was the major mosquito species

developing within dredged material disposal sites. A. sollic~tans

larvae were regularly collected from over 45 disposal sites during

1976 for this study.

140 . Aedes taeniorh~jnohus. The second most numerous mosqu ito

species collected during this study was Aedes tasniorhynchus ,
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sometimes termed “the black salt icarsh mosquito.” Unlike A.

sollicitans, A. t ~n f r n ~~~~ did not normally appear in sigaif i— —

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. ~ ‘Z.ioH v:o) 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. tasniorhynchus 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 quantif y any sig-

nificant d;ifferences between the larval habitats (with disposal

areas) of -A. ~‘u Z Z i  t~z~s or A. ~~L~~iorh ynchus as the two spec ies were

almost invariably col lected together.  The exact niche par t i t ion

between the larvae remains a matter of needed future research. ~4.

taeniorhynchus, like A. Z.-~L!it~o;s, may u t i l i ze  nonmarsh h a b i t a t s

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,

1.41. Ac !.~~ atlanticus. A total of five specimens of this

species were collected from a larger sample that contained other mos—

quito larvae from disposal area 5—11 on 27 May 1976. An addit ional

collection was made on 29 May that yielded three more A. ~tZ~z~~~~-:~
larvae. Site S—il (see Figure 5) during the time of these collections

was an older disposal area classified as DM—8. I t  is important to

note that the adults (female) of A. ~t n ~~~’:~ cannot be separated

from the adults of AcJo~ tortnent~ v.  This fac t  makes the collection

of larvae of these two species more significant. It is not thought
by the investigators that A , ,

~tlan t!’~e~ is a major mosq uit o spe c ies
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. .soc i.t tt’d wit )~ t h e  m a lor itv ot dred ged material disposal sites in
the  gu t t e d  ~~ at e s .  Ilie spec ies was not c o l l e c t e d  again  dur ing  the
st udy get jod .

~~~~~~~ was collected infrequently

during this stud y, but other workers (see site visitations) report

th is spec ies to be r ea son ab ly  common w i t h i n  dredged material disposal

areas. ,4.~ i.- .- .r was cel lected from Drum Island disposal site

(see Figure 4) on different occasions . The habitat was an older por-

t ion of the site character ized as stage DM—8. Older si tes tha t

v le ided 14~~~ 
-
~~ ~~~~~~ on at least t h r e e  separate  occasions included

sites S — l O , S— I l , N — i .  and E—3 (see F i g u re  5). While  not common on

disposal sites during this study, it is important to note tha t  -1 .

is the  d o m i n a n t  in L t n d  mosqui to  species  in many pa r t s  of the

l~. S. I t  is more couunonlv associated w i t h  f l oodwa te r  cond i t i ons  in

woodland areas and along a ll uv ial p lains. A total of 88 larvae of

these species wi-re collected from 4 Apr il to 15 September 1976 from

the studs- s i t e s  l i s t ed  above .

143. Anop he line  mos~ tdtoes. Dred ged m a t e r i a l  disposal sites

ar e  not known t o  he major  sources of anophe line  mosqui toes  as these
species are n o r m a l ly  a s s o c iat e d  w i t h  f reshwater  swamps and other

permanent bodies of  w a t e r .  Three  anopheline species of mosquitoes

were coil ec ted  as larvae d u r i n g  this s tudy .  .4~~’~ Ii~-l ~~~~~~~~~~ were

the most commonly collected anopheline larvae. This species was

collected on 1 ~ diff erent occasions from 16 April to 16 September

1976 f rom s i t e s  S— i l , Atbemarle  Island (S— 1B) , A — 2 A  (Georgetown

County), N — 7 , and Drum Island (see Figure 5) .  King et al.  (1960)

• have commented on the a f f i n i ty  of th is  species fo r  brackish waters .

A total of 55 sgeciinens wer e col lec ted d u r i n g  1976 , ranging from a

low of 1 larva to a high collection of 12 larvae.

144. ~~~~~~~~ ~~~~~~~~~~~ is also known to breed in b rack i sh

waters and was rarely encountered during thi s stud y. Only two

locations , Drum I sl and and Albemarle Island , yielded larvae of this

1~~i)
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species . Larval determinations of both A’:.-: ~~~~ ~~~~~~ and A.

‘~‘:~‘e 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 earl ies t coll ect ion of

this species was 6 May 1976 and the latest collection occurred on 11

October 1975. Little is known about A. - : ~~~~~~~~ except for  i ts  wel l—

known breeding preferences for  salt and brackish waters .  King et al.

(1960) have suggested that A. ?‘~~~~~~~ : is more toleran t of strong

brackish waters than .4. !r’ i.’~-:~~. Larvae of A. :~~i~~ : - ~ 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. ~~~~~~
may be more common on dredged material disposal sites than collec-

tions would indicate. A total of 12 specimens of .4. . ‘; . ~~ ; were

collected on four occasions from the two disposal sites (under DM—5

conditions) during this study.

145. Only nine specimens of ~~~~~~~~~ .j :t~~~ 1 - ”:~~~~~.’.: ~~~~ from

four disposal sites were collected during the 1976 surve . 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—ll (see Figures 4 and 5). A.

~z z ’:~Z~zt i~ 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. ~‘a~
’.x spp. Two species of the genus Culex were taken

from dredged material disposal sites during the study. L:ilc.r

~‘i~ wius 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—ll , S—7 , N—22 ,
Clouter Creek site, N—7 , N—5 , N—SA , A—6, A—5 , and E—2 (see Figures

4 and 5). Larvae were consistantly collected from discharge pools,
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seepage locat  ions , and o u t f a l l  a r eas .  The l a r g e s t  co l l ec t  ions were

lo ca ted  near  t he  M o r r i s  Is land Disposa l  s i t e  (see F igu re  4) where

c o n s t r u c t ion  of a disposal art-a d i k e  had blocked the  normal t ida l

d r at n a g e  of the  marsh.  C o l l e c t i o n  da tes  ranged from 14 March to 16

September 1976. It is interesting to note  t h a t  t h i s  species was not

observed to u t i l i .~e the  more common larval  h a b i ta t s  used by the other

species in any significant numbers , but was f r e q u e n t l y  encountered

in s p e c i f i c  l oca t ions  in a lmos t  pu re c u l t u r e .  - 
-
. 

: ‘ :~:,~~ was

never located in either the  d ike  or borrow pit swale habitats. Mixed

co l l ec t i o ns of C. i~~:~’-i~~ were i n fr e q u en t l ~’ observed around sump

sites in late J u ly  of 1976. At  that rime .. s, : ’i~; :r: ~,c was collected

on three occasions in association with ~~~~~~~ ~L ~~~ ~~:‘:.~ and .4.

~~~~ ~~~~~~~~~~~~~~~~~~~~ Discharge pools (see Fi gure 15) were the most common

sou r ces of small numbers of c-’. . : . :~‘::~~Th c. Because of i t s  r e s t r i c t —

ed h a b i t a t , ~~~. :~~,n ’f : .~ is regarded as a minor  species tha t  may

become numerous under certain conditions. Despite its name , C.

s~ ~i’:u~ :~ is not thought  to exh ib i t  a p re fe rence  for  b rack i sh  water

larval h a b i t a t s .  I t  is more frequently encountered in freshwater

environments .  C. :~‘~~~ ! :.~ is genera l ly  considered a lesser pest

species than the more  common salt  marsh A~’~~-c spp.

147. A sing le collect ion of 15 larvae of ~~. c.r x’cs~:..~ ;c was

made f rom Drum Is land on .~4 March 1976. This widely distributed

species is not considered a major  mosquito species  associated wi th

dredged material disposal areas. The site was a polluted borrow pit

swale habitat (see Figure 15).

148. ~~~~ ::. r: spp. Two species of the genus -~~~~~~~:~~~

were collected during the study . A t o t a l  of 15 larvae of

were’ collected on a single occasion from site S—il 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 numbe-rs than the  col lec t ion da ta  would appear  to ind ica te .

Other workers report (Personal Communicatlon , 24 Jul y 1977 , Lt.

Joseph Vorgetts , Jr., The Citadel , Charl eston , S. C., 2~ 4O9) that

~

-v

~

:

~

.: has been found within dred ged material disposal

sites near Topsail Beach, N. C. in signifi cant numbers. The

psorophorans are severe b i t e r s  whose larvae - are - normally associated

w i t h transient pools of water in woodlands , pastur es , and other

temporary pool conditions . Like the A.-i ~- .~ m o s q u i t o e s  to  whom they

are closely r e l a t e d , the psorop horan eggs are adapted fo r  w i th s t and -

ing long periods of d r y i n g  c o n d i t ion s , but  t end to develop quickly

in warm temperatures upon flooding . For these reasons , the investi-

gators  bel ieve tha t  older d i s p o s a l  s i t e s  (1~ I~-8 condit ions) should

be ca r e f u l ly  moni tored for t h e  p o s s i b i l i t y  ot l a r g e r  populations

than are indicated by this study.

149. Other  poss ib le  species . While not encountered dur ing

this stud y , several additional species of mosquitoes mar be capable

of utilizing dredged materid disposal s i t e s  for larval  development .

These include .4-’.~~ -~~~-~-~ e! .t ~~~~~~~ ~~~~~~~~~ 
-
~ .

‘ 
.
‘
,-
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~~~~~~~~~~~~~ and ~~~~~ ~~~~~~~~~~~
Summary

150. In summary , the following factors related to the p t -se’nce

of mosquito larvae developing within dredged m a t e r i a l  d i sposa l  s i t e s

have been considered.

a. .-\n in tensive survey  f o r  m o s q u i t o  larva e wa s con-
ducted during the entire s-ear of 1976.

b. A total of 11 mosquito spec te s  w e r e  co l l ec ted  as
larvae from various habitats within dredged m a t e r i a l
disposal s i tes .

C. An addi t iona l eight spec t e s  were  cons ide’red as poss-
ible mosquitoes that might he associated with older
dredged material disposal sites.

‘V • _____________
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d. A to ta l  of 210 separa te  lar val co l l ec t ions  were made
from 58 different dredged m a t e r i a l  disposal s i t e s .

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. ~~~~ ~~~, .  . ~~~ ‘:~ ‘ and -
~~. . .‘ ~ , ‘ : - . . ‘* ~~ ‘ were the

major species of mosquitoes developing within the
dredged material disposal sites during this study .

~~. 
‘:.~~ .~~ 7 ~~~~~~ larvae were l o cat e d  f re q u e n t ly
f rom ce r ta i n  r e s t r i c t e d  h a b i ta t s .

h. ~ th i e r  s p e c i e s  of m o s q u i toe s  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
a l t e r n a t e  wet  and dry conditions.

j . the hab it of ~~~~~~~~~~~~ mosquitoes for seeking moist
St)ll (as opposed t o  standing water for c.~
mosquitoes) fo r  ov i p o s i t i o n  s i t e s  tends to render
dredged material disposal areas favorable for .4. i~-c
spp. larva l development.

Chemical Characterist ics ~ f Water from Larval Habitats
W it hin Dr ed~ cLi Material Disposal Areas

Ra t ionale and li te rature review
1SI. From the previous sections one can see that mosquito

b reeding wi th in  dredged mater ia l  disposal areas is t ot a l l~- dependent

upon the presence of water. From Figure 15, it caii be furth er de’ter—

mined that these water habitats may occur in a wide variety of loca-

tions . From the outset of the stud y, it was considered desirable

to study the chemical  c h a r a c t e r i s t i c s  of water  f rom known sources

of mosquito larvae . Onl y thos~’ habitats that had produced the domi-

nant species of mosqui to e s  (-1 e~~-~ Z l - i~~ t-~ and ~~~~~

~zc’. .‘) wore studied .

152. To date no s tud I es hiav ~’ been made of  the  chemical  ch a r a c —

teristics of mosquito larval habitats within dredged material

I 3 1
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b. Carbon dioxide (C02
) by the sodium hydroxide

— titration method.

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 0

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. Suif ides 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.

j
~
. Nitrate nitrogen by the diazotization method .

k. Orthophosphates by the ascorbic acid method .
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1. Organic phosphates by the ti r t hop hospha  te  oxidat Ion
method .

Results and discussion

155. ( ener al observat ions . A summary of the ’ ; iv c -r ; ig c c l u e m i  c - a l

values obtai ned for  this section of t h e  repor t  Is  p rc ~se i u t e d as l a b i l e

8. in general • the mosquito larval hal -c i tat was found to cc itts i o t  c i t

alkaline water wi th  a high concen t ra t  i t - c u  of ~-arietis salts, larvae

were observed to to le ra te  a wide range ’  of chiom i t ’1 I and t nil-c i d i I

c o n d i t i o n s .  The da ta  collected i llu st  u-ate these chemical var iat ions.

While not included in this sttieI’~’ , the  i n ve s t  i 1~~ t ors oh S c V O i : i  1 ecca —

s ions were able’ t o observe  the r ap Id  c-lion i cal c l i angc ’s t h a t  c - c e - c i i i

with in  larval h a b i t a t s  fol lowing a p or i o d  oI’V sudden r:i iii. l ;luv ac

were never observed to be adversely affect ed Pr these - rapid cli ;ingt s

in the chemical  envi ronment . Temperatures w o r e  o bs er v e d  t o  r a nge

from a high of 98 F to a l ow  of 28 F dur tug the s ( t u c l v  Pc ’ t~ i o~1

D u r i n g  th e sutimuer months • it was commo n I 0 observe a I ~ t c -m t - c e - ra tiure

dl t ferent lal between the  a m b i e n t  t emp er at  C I t e  and th e temperature

w i t h i n  t h e ’ dredged material fissures. W;ut or temporal cures w e r e

genera l ly  75 .~ F d u r i n g  the  summer m o n t h s .

156. S a li n i ty .  Sal m l  tv  l ev e l s  ‘- - i  t h i n  d r e d g e d n a t  c’rt;tl

ci i sposa l  a ~e;i5 .1 Ft  s t u l - ’~ oct  tO rapid and drast I c~ fi tie t mat i t i t u s .  Tb is

changing sail no environment tin It s t h e ’ number  0 I mo sqtu it Ci s ~~Oe I

wh ich  can survive  In suc h a h a b i t a t .  iln i I k c ’ mar j i l t  c ’c e - c 5 \ O t  ems

whe re - sal In It v usua I I  v i- eina ins e Oi i s  t ant , d c~d gc -d m a t e r i a l  c l I S  posa I

S i t e s  p resen t  a p i c t u r e  of c o n s t an t  l v  c h a n g i n g  s;u I l u l l  v ~a I t ies

caused by r a i n f a l l  , evap orut Ion , and so i I l e ach  lug . I n :- ; e ime ’ i n s t  an —

ces,  mosqu i to  larvae were  1 o c ;u t e d  in d i s p c i s a  I s i l t ’  I u a h i  tat;; ic i t  Ii

hi gher salinit v levels than  tha t c - c t so;uw ;ut or. Tlic ’sc I a l v u e ’ t 1 ,

i / ’ - ’ - ’ 
-
- 

~~~~~ and -I - /  -
~~; ‘: - ; ‘~~~ t , ;:c; : I , t c ’W e ’ V c ’F • W er e  ;il i It ’ to c o m b - c  I o t t ’

their life cyc le S cl c -sp i t o  I I i e ; ;c - harsh  e ’o i t c t  it ( c c i i : ; . Th e’ c Ol i l d i t i e ’ t I \ I t \

of th e water sa m p l e s  from dislios;il si tes i a u u g c ’c l I rciiu a Ioi~- of i0.~ g/ l

of NaC1 to a high of 4 1 .6 g/l (I.e. • c e i t i c l c i c t  i v  i t  v va lue ;;  c i t  I 8 , 400
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to 75,800 mlc romhos/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 considerabl y 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 disposa l site patterns).

157. Suspended solids. Values for suspended solids were

generally low due to the l en t ic  nature  of the hab i t a t s  sampled.

These values ranged from a high of 20 mg/I f rom severa l loca t ions  to

undetectable levels from water samples taken from Ciouter Creek

disposal site. it should be recalled at this juncture , that the

tests were conducted on water samplt-s from known mosquito larval

habitats and that such habitats normally do not occur unti l after

DM— 3 conditions (see Figure 14). For this reason, low suspended

solid values were expected .

158. Sulfides. The sulfide analyst-s were not very

sive, because of the difficult y in prevent ing the loss of H~S from

the water samples during transport. The investigators believe that

the data presented on sulfides may be lower than actual field

conditions.

159 Turb id i ty .  For t u r b i d i t y  t e s t i n g , the water samp les 

—‘V.--- .—_._-—_  
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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 (Jill).

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).

The ir higher ranges were probabl y 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/i to a high value of 10.0 mg/l

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 examp le, 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

152
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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 0,. 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 p lant l i f e

(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 ” wi thin  disposal sites. The presence of
ammoniated nitrogen normally results from microbial decay of plant

and animal protein. Ainmoniated nitrogen is a relative index of the

organic fertility of some aquatic ecosystems . Nitrate nitrogen

represents the oxidized state of nitrogen that is commonly encountere~
in aquatic systems. Nitrates also encourage the growth of algae and

other plant life. Nitrate nitrogen is the intermediate s tage of

biological decomposition of compounds that contain organic n i t ro g en .

Data regarding the various types of nitrogen compounds encountered

in disposal area water samples are presented in Table 8.
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163, Phosphate and sulfate relationshij--.~ Three  phosphate -J

tests were conducted during the study . These included tota l

inorganic phosphates , organically bound phosphates , and orthop hos—

phates. While phosphates are essential to most p la nt l i f e , t-xct-ssive

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 f r om disposal area water

samples, ranging from a high of 3060 to a low of ~ 2t) mg/i SO, .

Sulfate concentrations did not appear to influence mosquito larval

concentrations under field observation conditions , ~l-s larvae were

collected from both high and low s u l f a t e  cond i t ions .

164 . Alkalinity and CO
2. 

Wide v a r i a t i o n s  w e r e  observed in

CO , concentra t ions  during th is  stud y , rang ing from -i low va lue i n

t he nonde tec t able r ange to a h igh o f 37 ,5  ppm CO - It was neces~arv

to conduct the alkalinit\- measurements at the samp le ~1tes hecat i se

certain analyses were affected by hi gh alkal m i t  ies and thla value

was needed befor e  the other  t O S t s  c ou l d  be s t a t t e d .  .-\lk al in i t v  is

one measu re o f the “ha rdness ” of water. In alm ost ev e tv t e s t

ha rdness was indicated . l’his had hi- itt e x p e ct  t-d due t o  t h e hi 1gb

shell  content of most mar ine  dredged materi al. hla rd iit -ss v a h u ~ -s

ranged from a hi gh of 560 to a low ot  9~~O ppm

Sununary

165, In sununary, the fo l lowing t a c t o l s  ri-Li t ing to th-

chemical characteristics of mosquito larval h~b i t i t s  wit hin dredged

material disposal sites have been considered .

a. Water samples were obtained from a variet y ot di s—
posa l s i t e s  and s u b j e c t e d  t o  a hatters- of ch em i c a l
tes ts .

b. The major chemical pa r amet t - rs of mos qui t o  l a r v a l
hab i t a t s  w i t h i n  dredged m a t e r i a l  d i sposa l  a r ea s

were character ized .
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c - No d iem! ca l  t a c  t or s  w ere  obse rved  that appt-ared to
l i m i t  m o s q u i t o  ut i l l  ~at ion of disposal areas.

d . Mo si~ul  t o es  were oh~ t-rved to  dcvi- iop t h rough  t h e i r
l i t e  cycles in d i s p o s a l  area h a b i t a t s  w i t h  sa l in i—
ti i -s above t hat  ot seawater.

e.  [‘he great est t- b m a n g e  in chemical parameters occurred
following per b u s  of heavy r a i n f a l l .

Dr ed ged m a t e r i a l  dis posal area mosquito h a b i t a t s
are ehm a ra c tt -rized by h i g h  salinit y , mild ly a lka l ine
pU conditi ons , getieraliv clear water , with variable
1)0 eommdl ti omms In many disposal si tes , lent ic  water
s.Iml’ I es w e m e  i- i cli in phosphates, sulfates , calcium
c_ i rb o t i a  t ~- , nit r ogen ous  compounds , and t ann in—i  ignin
compounds.

. \du l  t Mosu j~a Ito Surveys w i t h i n  Dre~~~~
t e r i l J~ L~ros.tI Areas

Rat i ona Ic and l i t  ~ rat ure ri-v i eu.

lt~ii . Concurrent ~ itht the larval portion of this study , ~

survey 01 adult mosujuito populat ions was i nit iated . The f i n d i n g  of

adul t mosqu i toes w i t  ii in a given di sposa I s 1 t 1 ’ did not incriminate

tha t sp ec t OS as a disposal sit e bret-der unless the ft-male mosqu f toes

were .me t n a i l  v ohst-rvt -d to ovipo sit or large numbers of adults could

be Seen emem p Ing t i-omit one of the nai1~’ lat-val h mabit ats tst ’e Fl gun ’

I ~) . In spit e of these rest- m vat ions , i t  was considered important

to men i t or mdii i t m o s q u i t o  popimi at ions I.v ~l I ghi t traps within t h r ee

d rudged mat era i I dispos al s i t  i’s. No s t ud ie s were located in the

l i t  t~t-a lure regarding t h e  monitoring of adult mosqui to  populat ions

w i thin disposal ri eas - A number o t mos~ u i to aba t ~mne mit programs in

van tens parts 01 the [n i t  ed St a t i’s ust- a mechan ical light—suet ion

trap to samp le .idu It mos quito p op t i l a  t ions - This trap and various

mod! le a t i omu - o I ti m e or igin .i I di’s Cpu are popularly known as ‘‘t h e New

1 ~-rst- v Ii gh m t trap .” tii~ devel opment of the New _ l t’r sev I Ighm t trap

has boon r i- v t  i-wed by Mu l hern i, l ~~ Ph . S I net’ t hit-se traps normal 1~-

ire a somm r u - u’ ot  110—v o h  t’et r i t ’ i t v , the  samp I Ing of adult

I s s  

h~ ~~~~~~~
- - -

~~~~~~~~~~~~
-
~ 

-



___ 
~~~~‘-~~~~ ‘V - - - -

mosquitoes from disposal s i tes  in the past has been limited to loea—

tions that were frequently remote from the actual source of t h e

mosquitoes.  I t  was the goal of this portion of the study to samp le

adu l t mosqui toes tha t  we re 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 ut the

sites had a history of producing larval mosquitoes. Trap one was

located near a large bird rookery (see also Part Xli) 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 subsequentl y on the nearby human population. Two

sources of larva l mosqui toes 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 s i te  N—2 0 (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 mat erial f o r

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 a f f o r d

156
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the adult mosqu C tot-s p rot u -c t  ion f r o m  wind .

LO . l r a j~ t u n e .  The t h i r d  li ght t rap in the test series

w~~s 1ocat~-d within ,m dispo sal area known as site N— (see Figure

a l o ng  the  A lW\ ~ nt-ar the t own  of S u l l i v a n ’s Island , S - C. The

m a j o r  larval habit at. near  t h i s  t r ap  cons i s t ed  of a long dike swale

w i t h  d red ged m a t e r i a l  in DM—4 and DM—5 stages. Bird s were not signi-

ficant on either site N—21 ) or N—~ 2

171 . Mod ificat ion of t i m e  New Jersey light tra~ . in recent

y e a r s  a numbe r o f  light—we i giu t light t raps (Sudia and Chamberlain

1’~o.) have been developed f o r  f i e l d  use in remote art-as. Despite

liii ’ conve n ie nce of  these smaller traps , i t  was dee ided to m o d i f y

the New Jersey t r ap  t o n  remote f i e l d  use .  Since the New Jersey trap

is co mmon 1~- used by man\ ’ mo squi to  abateme nt  d i s t r ict s  in the lim ited

States , the investigators wi stit’d the r es u l t s  of t h i s  survey to be

compa rable  to st ,itidi rd s u r v ey  techni ques.  A standa rd New Je rsey

light trap was modifi ed for  opera t ion  w i t h  a l~ v automobile batters-

and a D.C. electric eng i ne .  A ph o t o e l e c t r i c  ce l l  c i r c u i t  was desi gned

to opera te  the  t r ap  d u r i n g  the even ing  hours only . Batters’ l i f e

a f f o r d e d  s l i g h t ly  more tha n a s i ng l e  ni ght of op e r a t i o n .  For t h i s

reason  i t  was n e c e s s a ry  to  echarge the b a t t e r  ies be tween  t r ap  o p e r a —

tions . l’he b a t t e r i e s  were placed in stee l boxes and locked  for

s e c u r i ty  reasons .  All t r a p s  were  opera ted  at he i gh t s  of 3 f t  above

the ground . Mosqu i toes  and o t h e r  insect spec imens  were recovered

f o l  lowing a n ig ht  of operation in a small collect ion j a r  containing

a smal l  s t r i p  of an i n s e c t  ic i d e .

1 7~~. Spec m e n  j~rocess ing. A l l  l i ght  trap spec imens we r u

p recessed by a bu lk  o t so r t  ing p r o c e d u r e  to separate t i m e  adu l t mosqul  —

toes t rom o t h e r  inset ’ t spec ies .  Fol lowing  t h i s  p rocedure  mal t ’ and

f e m a l e  m n o s q u i  t o e s  were s e p a r a t e d .  Female specimens were used f o r  the

construc t ion of mosqu i to  ac t  C v i  lv graphs . Male specimens were  not re-

co rded  in the graphs  t h m , i t  f o l l o w . hut  increases  in the  ca t ch  of m a l e

spec imens  wi re noted  i m m e d i a t e l y  f o l l o w i n g  i ma jo r  emergence .
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res t r ic ted  to only three  d i sposa l  areas. The static I oc:mt ion of time

l ight t raps may have been such tha t  -i. i. ta of p ’1 .m: s~~ ..;: 1 ;I rv Lm 1 h a hi  —

tats were inadvertently favored. It should be noted that t i l l  e m m i l e e —

dons were made under rout ine mosquito abatement  proeednrt-s. Norma l

larviciding and adu l t i c id ing  operat ions were in eIft ’ct d u r i n g  t i m e
— survey period . It can be stated with assurance that the grap hs

would have been considerably hi gher if these m e a s u r e s  had h o t  been

in effec t.

176. Graph observations: Drum Island . In gemmi -r ;i l , time i976

mosquito season on the three disposal sites surveyed refle cted a

delayed pa tte rn that was no t espec ially t y p i ca l  ol  former Vu ’,m rs.

This delayed response of the mosquitoes was r e f l e c t e d  in  t i m e  f a c t  t h a t

the ca tch was generally depressed until late Ju l y and e a r l y A u g u s t .

This was undoubtedly due to the less than average rainfa ll u- em mdit i o ns

that existed during the month of June . The Druum Island site , trap

one , illustra ted a bimodal pattern (see Figure 22) with i L ; ’,; :

t t ~nisvh~JHshuo catc hes being especially pro minent dur ing l a t e  Jtul v

and late September. Activity continued within th is disposal s it e

until late October. This graph is also intere sting due to time

activity patterns shown by two minor species , ;~~~/ , ‘,:~ ;: z!foa p ’/ : ;: and

~losp h~ l- es 1’u’~~i:
’e~. f .  These two species were not act ive on sites N—lU

and N—22.

177. Graph observations: si ti -  N—20. I’l~ - older AIWW site ,

N—20, exhibi ted a s imilar  bimodal pattern m~m f a c t i v i t y  by -1. ;~~:

Z~~~) t m ) P1l~~H .p WS w i th  peaks observed (Set’ F [glare 23 ) in itt I e 1- lv and

late September. An additional peak of activ ity frm um n bot lu Ar,: a

t~~~~t t f l  1~ ,t’I j, ~~. hus and -l~~h’um Si i~ / - ‘ / - ; tm ’c i - z m m m  be seen in mum Id—August . i t

was believed that  this  si te was more a ft ee t eu liv t i da  I l i t  lvi tv t han

Drum Island or site N—Il (due to the  dike l a !  lure h Um it at I or l a r v ae )

/litcI t2~ t h 1  1151 t :os was more active on s l i t ’ N—2O than the I)ruuum lsl t i m i d

location.

178. G~a~ji observations : s i te  N—22. Site N—Il was p er ima ps

-- -~~~~~~~~~ __  A
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the most i nt erest ing graph produced by time light trap catches (see

Figure 24). The protected nature of the nearby larval habi tat (a

sike swale under I)M—4 and DM— 5 conditions) may have con tr ibu ted to

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

cal control measures that were being continuously applied . ,L ,!,’c

c t ’ ? /~~’ : r :. : s  exhibited a pattern of sustained activity with catches

generally below 25 specimens . Continuous activity by ,-l, ,I, t:

ca n be seen from late June unt i l  mid—October .  All

three graphs indicate activity by Cul , -x ;m t ~
’ /m ; ao / ; m ; :  dur ing 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 operatieimi to evening hours.

c. Three disposal sites with a history of prod ucing
mosquitoes were selected for time light trap survey .

d. Normal mosquito control operations were in effect
during the survey .

e. The sites varied in age and types of larval habitats
available.

f. The dominant species collected during the larval
survey were also collected by the light traps. One
addi t ional  species , Ur so ’ t .5 01 1 5: 7 1? / Si H. I , was
collected that had not been previously collec ted i n
the larval state.

~~~. The dominant species collected by the lIght traps
was .4,- -!, -a t1z~’o 1 ‘i’)j , a.

h. Graphs illustrating the activity patterns of the
major species collected were prepared.

I 61 
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In f l uence  of Weather on Adult Mosquito
Light Trap Collections from Dredged

Mate rial  Disposal Areas

Rationals and literature review

180 . Adul t  mosquito sampling data (presented in the previous

section) were compared with daily weather conditions during the

4-nmonth duration of the sampling period . The decision to analyze

wea ther e f f or ts was made because tempera ture , mois tu re , and other
wea ther 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 in to accoun t ex traneous fac tors no t rela ted
to weather which Influence light trap catches. These factors include

d if f erenc es in the a tt rac tance of a ligh t source to d i f f e r e n t species

ot 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 f luc tua t ions of ligh t

trap collections to changes in lunar light intensity associated with

time phases of the moon . Bidlingmayer (1974) and Ebsary and Crans

(1977) have described other environmental factors and physiolog ical

changes occuring during the adult life of mosquitoes that influence

the catch of several different types of mosquito traps - Despite these

f a c t o r s , l igh t  t raps were considered to be a valid and u sefu l  too l fo r

th is  phase of the stud y because :

a. The nature of the confounding factors described
above are understood . Therefore , the limi ts
imposed by these factors can be compensated for
in time in te rpre ta t ion  of resul ts (see the nex t
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 resea rch and contro l work
throughout time world for more than 50 years.
Therefore , data acquired w i t h  l i g h t  t r a p s  can
more accurately be compa red w i t h  results from
s imi la r surveys made for  other mosquito s t u d i e s .

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—

dons 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 t ap data is the fact that older

mosquitoes are not attracted to light traps to the same degree as

- I 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 Aed,’a

solli~-1 t ins and Aeden t.xcniorh.yoohus. In the case of mosquito samp— -J
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

~f 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 sane 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 u,sed 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 time

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. Time 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 Acde s tz , ’;/o u’;:io.~ ;;.c , followed by Acdco

~:, -llf ,~~~:ns . .‘:miex o : / /’ ; ; t ’ / : ,~ : was the third most common species.

The salt marsh anopheline, ~ln,’ h ’ ,~~s !~‘.zI!c~ 1 , was also present

during parts of the 1976 season. The lesser species, Ao. 7-;.’lm o

:tm ’ 5 ~ ’La,’ and Llranot.: ’ola s:1-~hii’[na , were not caught in suf f ic ien t

numbers (less than 2 percent) to justify analysis .

185. d’:, -ph~ ies bi’,tdlem1 l complex. The invest igators noted

that ii’;.-;- :c ~~ -~ : !-~adl~y i is a member of a species complex that  also

includes ‘l o.’~’s:l~’s sP’:m ’ / - : ’ ,s and A. 
~~~~~~~~~ 

All three species

are virtually indistinguishable as adults from each other. However ,

all specimens captured in this study were assumed to be 4. bra.ile:- I

1 h h  

~~~~ -~~~~~-- - -~ -- - -~~~~~~ - - — -  - - - - -



153

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4

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 a f te r  the precipitation occurred . The

two floodwater species (i.e., Aedes taeniorhynchus and Aedes

~ol~ I~-i tu, m~s) exhibited the highest degree of correlation with rain—

f all. 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  e f f ec t s .  However , since the 3 day lag per iod was

also closely associated with the .4edes species , it may indicate that

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

veloping in these pools do mI Ot 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—

dons 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 -in .ietes !7c~i / or Cu..r

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 nay have allowed for cooler temperatures and more permanent

pools of water needed for the breeding habitat of A. .-i’ ,zdlc:,i and

C. s,ilin~ir’ - us. The data indicate that :,~~ .r alj Hzp /w ~ is more

successful during cooler weather than the two dominant Ae~!.-c spp .

This conclusion agrees with the findings of Hacker et al. (1973) for

C. sa!in.u-~a:m in Houston, Texas. Ao~-: melt-s br:~!/c~ / exhibited a

response similar (but of lesser magnitude) to that of C.

191. Differences among locations. Figure 27 shows tha t  the

response of mosquitoes to l ight  traps tended to vary among the three

locations, A positive response in light trap counts to lower average

temperatures was evident among those locations with a well—developed

vegetative cover (site N—22 and Drum Lsland). Thus, the vegetation

may have an insulating effect which offsets possible adverse effects

of lowered temperatures. The A~~f,-~ s -i~-i /tans results appeared to

reflect this more than the results for the other species. l~Igure 28

provides a comparison of the effect of average temperature on the

169
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- / - - - sc c ou im t f ron time t hree co I icc t ion s i t  es and the pooled

d.it a.

I Q2 . Wind conmi I Ions. Wi ndv condi t ions tend to adversely

at Icc t Inosmiul to fl i gu t  act iv it v and there fore reduce trap ~at elmes

As ill usE rated In i~ I gure 2- ~ , higher average wind speeds on the day  of

c o l l e c t  i o n  ( i . e . day  0) tended to reduce the cat c h  of all spec ies

e xc e pt  - 
-
. -

- f , : ~’/ :~c. Figure CQ pros ’ ides  a compar ison of t o t a l  mos-

qui toes  i-a u g i m t  w i t h  rt ’spet -t  to wind speed fo r  all loca t ions .  Figures

10 and 1 i i i  u t rate how this relationship appeared for --1

— / - - 
- - - and 1 . - ‘s / - ‘ 2 -  ~s - ,c at each mm f the three test sit es

W i n d  a t  those  sites (N—22 and i)rum Island) w i t i m  t i m e  g rea tes t  amount

m) I vege t a t  ion  cove r  appeared to have  I i-ss 01- 
~~~fl e f l e e t  on reducing

the 1. c ’ , - /~~~/ mu d -
~ . 

- - , : -- . - ‘- : s , c counts.

‘m ~~. l imits of tim e data discussed. [hie to the short—term

nature ot t h i s  report , t i m e  i n v e s t i g a t o r s  were unable to f ull y

st lnIrat( - weather e l t t - t -ts from the longer term temporal distribution

e I I cc t s . A 1 m m imge r s t U m I V  would further ci tic Ida t e the exac t  na tu r e  o I

the t emporal  d i  ot  r I Imu t  I m mii of the var ions mosqu i toes  develop j u g  w i t h i n

dispos al sites. The tempor a l distribution of t im e dominant  spec il- s

nmav be ident il - a l to t h e i r  respective breeding pat t e m s  within sites

other than disposal areas ( I . e . time natura l marsh) , but some evidence

ga tiwrcd d u r in g  f i e itt o t - se rv a  t ions would suggest o t ime rw I se. In many

cases • ma i s l i  w 1 m m  t e l  and ía i i  w eat im e r cond ft foims are nil t I gsl t e d  wi t im In

d r e d m ~ed ma t er  I :m 1 di spos:i 1 si  tes (as m m 1m pm msed to ma rsh hab I t a t  s) . For

exafi mp Ic , ~ t rong s tor m  t ides of w I n t e r  usually do not reacim l a rva l

m o s q u i t o  li a lm i E a t s  w i t h in  dispos al areas . The t eimmp era tu r e  w i t h i n

I i s sur ed  s o i l ,  e s p ec i a l  lv i n  t i l l ’  i)M— -~ . 1’M— ~~, or i)M— 7 s t a g e s  (see

Fl gurt ’  14) , imm av ave  r age  ~
- eve i- a l degi - em -s warmer than the ambien t

temperature dur I ug t lie I all and w tnt em montlms . Time height o I t 1mm -

d i spo sa l  i i m ’~i mli k t ’ m el .11 l y e  E m ’ I t i m ’ surf;m&-e m m f  time dredged materi al

- ii I cc t h i t ’ i.I t e mm I m -Va pm m i a  I Ion. ~~ I i - o i m g  au tumn w i n d s  that ml gimt

end to m i m ’ s  I l m ’ \  l id  t i m  ra I rsim am m O upland 1 a rva I h a b i t a t  s may have

1 7 1  
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little (or no) effect deep within the fissured soil larval habitats

of mosquitoes associated with dredged material disposal sites.

Further long—term studies will be needed to determine if the mosqui-

toes associated with dredged material disposal sites exhibit the

exac t same temporal distribution patterns as their counterparts in

the natural marsh and other locations. The investigators of this

report believe that disposal area mosquitoes probably become ac t ive

earlier in the spring and retain adult and larval activity longer

during the fall and winter months than other mosquitoes from nearby

sources. These observations are supported by the fact that larval

mosquitoes of -t, - ico c~ lZ/ ~ f t~zns were readily collected in early

February of 1976 from disposal sites (see larval survey section).

At that time, larvae could not be readily located from usually

produc tive natural marsh sites that had been visited during the

previous summer. Again , further detailed studies will be needed to

confirm this hypothesis.

Sununa~y
194. In summary, the following factors were considered

relating dredged material disposal sites and weather patterns .

a. Daily weather records (except ra infa l l )  from the
Charles ton , S. C. Office of the National Weather
Service were recorded for the 1976 mosquito season.

b . Results of the adult mosquito survey were compared
with the weather records.

c. Weather variables were compared with light trap
counts using the cross—covariance function as
described by Hacker et al. (1973).

d. Among the more important weather variables noted
in the anal ysis were rainfall (especially for the
-lc /4 -a spp.), average temperature , and average daily
wind speed .

e. Longer term studies are needed to further elucidate
sepa rate seasonal e f f e c t s  from we ather  variables.

17 7  
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PART VI : SU~ 4ARY OF SITE VISITATIONS TO

SELECTED CE DISTRICTS

Introduction

195 . At the outset of this study it was decided that  a detail-
ed survey of mosquito problems associated wlt .m the disposal of dredged

material would be made in a number of CE Districts other than the  pri-

mary study sites of Charleston District. Districts were selected for

geographic location and/or a known history of mosquito breeding within

disposal sites.

Mate r ials and Methods

196. Eight CE Districts were selected for detailed site visi—

tations , field trips , and interviews. These Districts included :

Galveston Philadelphia

Jacksonville Sacramento

New Orleans San Franc isco

Norfolk Savannah

Prior to each visit contact was established with the local CF Distric t

office and the offices of local mosquito abatement programs within

that District. In order to gain as broad a view as po ssib it - intorviews

were scheduled with managerial , operationa l, and environment al per-

sonnel from both agencies. In almost all cases , joint imme etin gs were

scheduled (following initial contacts) b ’tween mosquito sibatemnent

representatives and CE personnel. These joint meetings allowed for  a

mutual exchange of ideas regard ing the r e s p e c t i v e  r o l e s  m m t  t I i t - two

groups . During f ie ld  t r ips  to various di ~pm m~~ I sites w i t h i n  the Dis-

tricts, plant and insect collections were made . All field observ e-

tions, collections, interviews, and joint meetings w, - rc  rm - & - ord cd  w i t h

portable tape recorders. In some cases , time and season l i m i t e d  t i m e

amount of collecting . These f ie ld  notes were then c om p i l e d  [or each

178
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District and studied for differences and similarities.

Results and Discussion

197. Detailed observations , collec tions, and no tes of special
interest are presented in Appendix D. A list of all contact personnel

is also presented as Table Dl. As ~ resul t of these site visitations

a number of new mosquito species associated with dredged material dis-

posal sites were added to the previously cons truc ted lis t f r om the
pr imary study locations of Charleston District. A summary listing of
all mosq uito species known or repor ted to be associa ted wi th disposal
sites is presented as Appendix C.

198. Many mosquito sources and problems were encoun tered tha t

were similar (if not identical) to those located in Charleston Dis-

trict. In the interest of space a summary of those mosquito abatement

problems tha t were not de tec ted in Charles ton Dis tric t is presen ted
below .

199. A total of seven disposal sites were visited in the

Galveston CE District. A major new problem observed ~mt several loca-

tions concerned the operation of recreational vehicles within dredged

material disposal sites with the resultant creation of mosquito larval

habitats within the vehicular tracks. The collection of larval

CuL~c t a  fn ~ i.m;~:tu , f rom this  hab i t a t  added addi t ional  in te res t  to this

problem in Galveston D i s t r i c t  (see paragraph 14, Appendix D). Other

salient problems in the Galveston area disposal sites included sand

m ining , and res istance to some chemical pes ticides (see also Par t II ,

paragraph 34) . All of the successional seres proposed in Figure 14

and the habitats proposed in Figure 15 were observed in the Galveston

Dist r ic t .

200 . ~l~~i~e t f~~vh:j~:’ : a i~ was reported to he a g r e a t e r  problem

than  - lcic ‘‘1 ~~t~ m;c in the Jacksonville area. This observation was

expected when the known ranges of the two species were considered . In

Part V of this report , it was reported that hotim of  these species were
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commo n wi th in  ti -me disposal si tes of Char les ton D i s t r i c t .  In nor thern

States Ae’Jc.-i s l i ~~ua is the more common marsh species; while  4c~~-c

~~~~~~~~~~~~~~ (as a problem species) begins with Virg inia and contin-

ues down f- the entire state of Florida and much of the gulf coast.

Other problems observed or reported from the Jacksonville District

were habitats created by dike wall erosion at discharge pipe locations.

While these problems were observed in the primary study areas; they

were cited more commonly in the Jacksonville area .

201. Larvae were readily collected from many disposal area

locations in small numbers during the site visitation to the New

Orleans CE District. With the exception of Aedes ~‘i~~~rhyne~us not

being considered a problem species (In the Immediate New Orleans area),

dred ged material disposal sites in this District were similar to those

of the Cha rleston District  study areas. A detailed account of this

vis i t  is presented in Appendix D .

N o r f o l k  Dis t r i c t

202. The mosquito fauna of the Nor fo lk  Dis t r ic t  wasessen t i a l l

the sane as that of the Charleston District. A common plan t species

repor ted to cause some d i f f i c u l ty in mosqui to con trol opera t ions was

-, ~~~ i . The dense foliage of this plant is known to

prevent proper penetration of pesticides into mosquito larval habitats

wi th in dr edged material disposa l sites. The most unusual mosquito

larval habitat encounted in the Norfolk District was a dredged mate-

r ial disposal site that had received a deposit of sewage sludge . Ti-mis

site was noted as a source of L~~~~~ .e spp . mosquitoes (see paragraph -46 ,

App endix D)

Philadelphia District

~O3. Macm v cond i t  ions encountered in this District were si.mi—

lar to the other Districts previously visited with time exception that

Pu- z~r;- tea ~~-rr::o;-c was regarded as a more serious p lant  pest than was

t ime  case in ti -me N o r f o l k  D i s t r i c t .  Many large disposal  sites in the

Ph iladelp imia District were covered with a monoculture of timis p lan t

tha t  re ndered nm osqu i to  cont ro l  and/ or inspect ion procedures d i f f i c u l t ,
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if not impossible. Some residents also reported this  plant as a f i r e

hazard in the Fall and Winter . Aedes sollicitans was the salient

mosquito pest species.

San Francisco and Sacramento
D i s t r i c t s

204 . Dred ged mater ia l  disposal sites on the west coast were

not regarded as major sources of mosquitoes In most cases. The hab-

itats were similar and the DM stages of fissured soil were frequently

observed . Many species of plants and mosquitoes collected from ti-me

east and gulf coasts were not present , but  “eq uivalent species ” were

usually located. A major  d i f f e r e n c e  noted on the west coast disposal

sites was the presence of the winter  mosquito 4c~
’cs uJ r ;tv. This

univoltine species was ci ted as a sign i f i can t  pest under special con—

ditions. Aedes ~~~~ zL was considered as the principal  pest species

associated wi th  disposal sites.  Dred ged mater ia l  successional seres

( the  DM stages of Part  IV) were observed to be s imilar  to the i r

counterpar ts  in the east , but  the mature f i ssure  stage ( DM—4) was ob—

served to be consis tent ly deeper.  The lack of r a i n f a l l  dur ing much of

the wa rmer months in Cal i forn ia  probabl y accounts  for  the low produc—

tion of mosquitoes from west coast disposal sites.  See Appendix D for

an account of other conditions from these two Districts.

Savannah District

205. Without exception , all dredged material sites visited in

the Savannah CE District were similar to those of the Charleston Dis-

trict. All larval habitats and successional seres noted in Figures 1—i

and 15 were also readily located in the Savannah District.

Summary

206 . In conclusion , a tota l  of e ight  s i te  v i s i t a t i o n s  were

conducted to observe mosquito problems associa ted  w i t h  ti - me d i sposa l

of dred ged material. These studies were made to compare and contrast

different conditions within disposal areas in different CE Districts.

Most of the conditions were similar to conditions encountered in the
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p rimary study sites in the Charleston Distr ic t .  A summary of all mos—
quitoes from all areas is presented as Appendix C and deta i ls  of each
site visitation are presented in Appendix D.
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PART VII: POSSIBILITIES FOR BIOLOGICAL CONTROL

OF MOSQUITOES WITHIN DREDGED

MATERIAL DISPOSAL SITES

Ra tionale

2 07. Professional mosquito control  agencies have long known

that  control  by chemical pest icides in and around disposal areas is

of ten inadequa te. A number of e f f i c i en t chemical pes t i c ides  are avail-

able for use against mosquitoes as adulticides or larvicides. However,

beca use of the increased cos t of br ing ing a new chemical pesticide to

the consumer and its unknown life  span , fewer and fewer chemical pest-

icides are being developed . Furthermore , ti-me costs of chemical pest-

ic ides have greatly increased due to inflation . In i~ di t ion , mosqui-

toes are con t inually developing resistance to cheml- ’al pesticides and

more interest is developing towards reducing pollution of the environ-

ment hv any and all chemicals , etc.

208. This section will examine various methods of biologic al

control that are available now or might he available in ti-me future .

Therefore , it is mandatory to examine v e ry  criticall y other avenues of

cur tailing mosquito populations in disposal sites. It should not he

expected that other approaches will necessar i ly  be s u b s t i t u t e s  for

chem ical pes t icides , but that it is realistically possible to expect

nonchemical substitutes to reduce the use of chemical pesticides.

Therefore , it is practical to look closely at what is available now or

what  may he available in the near fu t u r e  t ha t  migh t  provide control  of

mosqui toes  In this unusual habitat.

A Survey of Biologlcal Control Agents

L~Oq . Classically , b i o l o g i ca l con trol agen ts are composed of

diseases (path ogens and paras i tes)  and p r e d a to r s .  The p r inc ipa l  and
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important groups of pathogens and parasi tes are nemnatodes , bac teria ,

f u n g i , viruses, and protozoa.  The main predators are e i ther  v er t e —

bra tes , inver tebra tes, or p l a n t s .  Chapman (1974) and Jenkins (1964)

have recen t l y reviewed a large por t ion of the l i t e r a t u r e  concerned

with the biological control of mosquito larvae.

210. Four round worms or nematodes are p resen t l y available in

c u l t u r e , ~ : ~‘f: y , and all belong to the fami l y Mermithidae.

211. ~~~~~~~~~~~~ ~z - ’ ~~~z.c (Petersen et al. 1968 and

Petersen and Chapman 1970b) is a nematode that  i n f ec t s  over 60 species

of mosquitoes , including all of those mentioned tha t breed in dred ged

material disposal sites. R. ~7 - ~~~ -~x is being produced in labora-

tor ies  in substant ia l  numbers using a host mosquito and i t  is possible

that it will be marketed in several years. The preparasite (the in-

fec t ive  stage) can be sprayed on mosquito producing areas or eggs (in

media) can be easily d i s t r ibu ted . However , this nematode as well as

-~. “:~-o’-~s ~
- - -

~~
-
~~~~~~~ which infects only anopheline larvae , will  not

to lera te  brackish or saline waters , and hence would be i n e f f e c t i v e  in

most disposal areas.  Another  species , J~-~~ : ‘ : � ‘- ~
-
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ is be—

ing cul tured which possess a greater tolerance to alkal ine waters and

it  is possible tha t  th is  nematode could be eventual ly used. Several

years  of research , involving mastering i ts  mass cu l tu r ing : s e n s i t i v i ty

to temperatures , salts , e t c . ;  and host range and many other s tudies

remain to be done with this new nematode.

212. The nematode , i~~? :~o”::o ~~~~ which emerges from

adu l t  mosquitoes r a the r  than from larvae as do the other  previously

mentioned nematodes , is species s p e c i f i c  to -~~J s  o~~i

(Petersen et a l .  1967) . Since A. ~~~~~~~~~~ is one of the most im-

por tan t  pest species produced in disposal sites , such s p e c i f i c i t\ -

would not rule  out th i s  nematode as a possible cont ro l  agent . However ,

beca use I . :~~ -
~~-o emerges from adults , its culture is more comp li-

cated. It does have the added advantage of being dissem ina ted by
adul t mosquitoes and thus does not have to r e ly  on man to be spread

from area to a re a . Excel l en t to comp lete parasitism of larval broods
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in specific breeding sites has been observed although collections of

adult females of A. sc i~~~ o from large areas over a long period of

time have indicated an overall level of insufficient parasitism . Some

mosquito broods have excellent parasitism , which indicates that no

eggs will be added to ti-me habitat from those females , but often time

following broods occur too soon with low parasitism resulting .

213. Nematodes undoubtedl y occur that will tolerate saline

wate r s , and i f such organ isms could be fo und and cultu red , tlme v would

provide a good tool for control in dredged material disposal sites.

The nematodes (as a group) are very persistent (9 years in some pools)

and read ily tolerate droughts and the absence of hosts. Current field

information indicates that nematodes have an excellent potential f o r

becoming established (recycling) in a site after their release in mos-

quito habitats and that they then continue to parasitize (sometimes

completely) future mosquito broods.

Fung i

214 . At least three different fungi are being intensively

studied as biological agents of mosquitoes ~~~~~~~~~~~~~ spp., ~~t~u~—

: :; :& z ’ ; .~~~~~~~~~~~~ : - , and ~~~~~~~~~~~~~ ~~~~~~- :~ -- : c- ) .

215. The l i f e  cycle of ~~c ~~~~~~~~~~ a f t e r  more than 50 \-ears ,

has finally been resolved to the extent that a secondary host (a

copepod) is now known to be involved. This breakthrough should stinm —

ulate researchers to determine whether the infective agent to mosqui-

toes tha t  occurs in the  copepod can be disseminated r at h e r  than

sporangia f rom the mosqu i to .  More than 40 species f rom 11 genera of

are known f r o m  many m o s q u i t o  spec i e s .  All of the princi-

pal mosquitoes occurring in disposal sites have been reported as hosts

of this fungus. Species of Co~~~’~ --:’ -~~-o are ve ry  persistent in nature

and survive well during periods of drough t  and absence e l  hosts. Sp& --

cif ic sites have continued to produce infected mosquitoea after 9

years. Several small successful  releases have been made against nmo s-

qu i toes .  Apparent  d isadvantages  of ~~- -‘-- --~‘ -~-o are  that mans- specie—

are apparen tly species specific or have a limited host range . the\ -
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only be cultured in vivo , and no mammalian or nontarget safety data

are available. Since most Coelomoniycea species are restricted to lar-

vae, thus infecting and killing this stage in the same body of water ,

it is necessary that man disseminate the fungus to uninfected habitats.

It appears that species of Coelomonn/ceB are at least 5 years from be-

ing used in mosquito control programs, even though three or four sub-

stantial grants are now being funded for research on the fungus.

216. Lagenidium gigantewn is an attractive biological agent of

mosquitoes since it infects mosquito species of many genera, it can be

produced in the laboratory both in vi~.’~ and in vitro , and it is a

facultative parasite which can exist in nature in organisms other than

mosquitoes. Also, preliminary studies show that it has the ability to

recycle and infect subsequent mosquito broods as well as being

noninfective to most nontarget organisms. Unfortunately , the present

strains of La~jt~nidiwn now being studied are infective only in rela-

tively fresh water and will not tolerate saline , alkaline, or polluted

waters. This trait pretty well eliminates their use in dredged mate-

rial disposal sites. See also the work of Umphlett and Huang (1972).

217. The World Health Organization has been active in the

development and safety testing of the ubiquitous imperfect fungus

Metarrhizium anisophlicie. See also the works of Roberts (1967 , 1970).

This pathogen differs from the other two fungi in that it is incapable

of recycling in mosquito populations because mosquitoes are not a

natural host and the fungus does not produce conidia in the mosquito.

Thus, this fungus must be applied to each mosquito brood as are chem-

ical pesticides. M . aniaophliae kills a wide variety of mosquito

species and seems to tolerate diverse environments. Safety testing

remains to be done, both on mammals and nontargets. Though the dosage

for mosquitoes seems to be rather high , the development of more lethal

strains or better formulations might make this a good biological agent

since it can be mass produced quite economically in vitro . This agent

might have eventual use in mosquito control in disposal areas if such

shortcomings can be overcome .
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it.~4 . t ,‘t.j~t

., i ~~~. ~~ i~ ~~~~ ~ ~~ t •~~. ~. I : : :.~ ~~~~ t ~ ~f f.r promi Si’ among the

h~ ~‘ t e’ r I .~ Tb 18 groUp Is o I part it’ul ar tnt i,rest because It Is eas It V

1fl:l ~~. s p ‘iltit ’ ‘d V Ia I e’ ru~’nt a I ton p t o~’ t’sMi’ s . At present • ~~~ spec I

.1 r~’ bc I ug Invest I gstt ’d • ~: ~“o’
’ ‘~~~

‘ ‘ . ‘~ 
‘
~~ and !~, it ; :~ •:at

w Ith t he Weit- Id tli’a it h Organ I tat ton part Ic ’ ular ly tutert’s t eel in the

d~’ve1opnwnt ot the tst te r  spi’i’ tes .

.‘ I ~
) 
. A st rain o ;. ‘ f :~~‘ ‘~~; :~ ‘:~t :‘~ ‘ ca 1 1 ed M—0b8 has

e 1 t~’ It Oci ‘ous I derah Ic past tnte ’rt’st because ol laboratory studies and

one’ sma I t Li’ Id t~ ’ I ease (Reeves and (a re ’ Ia 1970 , 1911 ‘1 . The si ra iii

tnt  cc ’ ted spe ’ ’  I es ~‘ I but h ‘:4 . .  ‘.r and .~h’ . ~.‘o musqu it u.s hut the’ dosage

seemed to he 1 a I r 1 v high. A p t us I or th is organism would seem t u be

hat It might ca.’~ l iv hi’ ri’s 1st t’red I or use’ since R;~~ :.~ ;:4~~ :
’
’. :  :‘.~‘;.l ;

•
~ t

s t he’ ot t  v 1s t o I ug lea I agent that has achieved complete pest Ic ide

reg I 811 .et (on tor use to a~ t tcui t tire~ . Ri’gardless , no sa fety  data

hav e’ been at I a t uec t I oc 1 his s t rain  and I un her l ie  Id stud Ii ’s are needed

bet ore ’ t he’ ful l potent t a t  i’t :~.;. ‘:
‘ 
.
‘ ‘:~~t f ? ::, :::~~.’*:~’~~~l against mosquitoes

w i l l  he’ kttuw~ . the e ’ t t ce I o I env I rettunenta I I th’ t ors on t hi a stra in o I

I :,~ ::, ‘ . : ‘:~ i’.~ Is a I so known Nothing is  known as to the ’ re—

c ’V s ’ I tn~ ot t It I biological agent but it would probably have’ to  be

app ii ag.t I its t e ’at ’h brood o I mosquitoes. it s manufacturing low cos ts

1 ci make’ It a I Ike ’ iv eaiicl I dat is I or i’ve’nt na 1 use’ in dispus* l si tes .

.~ .‘O. The .1: ‘ ;~ ~.‘t’~ . ‘:.~~i (S~ ii — 1) st t’l% to has I ooked promis lug in

th’  lahorat ,‘rv :~~~ i Inst a vat let v ot mosquitoes. it als o can be i’:isI lv

rna~. produced , and prel (minary sat i’ t  v da t a  on nuunrnais and ut her

nont a I c t ~ t organ I sms vii .1 i~on h~’ cump I et e’d • Ft ci d t ‘s t s arc’ uee’eled to

se e ’ how t hi isac ’ t e t I urn w i l l  survive’ in nature. Aga iii such an agent

ha I an he’ mass produc e’d wou Id prohab lv work we’1 I in  d ispona I 811CM

hut LI appears t hat t he’ use’ i tt such an agent is I to ~ yea rs t’rom

he I ng opt ’ t a t  I ona I • It I nili’eel it  surv lvi’s all 01 t he Ii’ si tug . Ke i t  en

a I • I % S) anti SInger (St a I • I 96b) have’ prov te1~ d coot rast t ug views

I~ t h.’ e l f  I e I .‘ttt ’ v ol t his m t ’  t ohe’ against mosqui toes
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Proto,.oa

221. Although a great variety of protozoans attack mosquitoes,

relativel y few of these biological agents look promising at this point

in  t ime . Most of the research effort has been with the Microsporidia

(Kudo 1925 , 1960) and their greatest potential drawback has been the

inal .illty of the researchers to perorally infect healthy larvae in the

laboratory with all hut a handful of species. Hence most species cati—

not he m a i n t a i n e d  in the laboratory to do preliminary research and

p rovide inoculum f o r  f i e l d  studies,  A promising microsporidium is
V ~t , ”:~’ ~1:

;.’~’:.’ (Savage and ~~we , 1970) since i t  is e f f e c t ive against

;t nop helinc mosquitoes. However , sa fe ty  data against maimnals and other
nont arget  organisms are not yet avai lable , and it cannot as yet be pro—
duced :‘: ‘H”  although It can be produced in ;‘i;’~’ in large lep idop—
ter.in la rvae . A negat ive fea ture  of Nosc~~ ;i~~’i~z ’  I s  i ts  lack of
c f t c c ’t lveness  ,iga i nst .‘t , ’!.~o and ~‘ul.’.r mosquitoes. In addi t ion , re—
cy c l i n g  a b i l i t y  o f  t h i s  pathogen is unknown . All of this negat ive in —
t o r m a t i o n  in d i c a t e ’s tha t  It  would probabl y not be a good or gan ism fo r

CISC ’ in eI r t ’cIc ~ecI mate r i a l  disposal  sites.
V I l u S t ’S

.‘~~~.
‘ . As promising biological agents, viruses are actually only

ot .iu ’ademle interest at present. Al though irido viruses, cytop lasnttc ,

nuc l ear polyhed r o s is , and other strange viruses have been located in

mosquitoes , none ,tre near field testing . Problems such as low trans-

mi ssion levels in the laboratory, no development of ~ ‘: : ‘ : t t ~ ’ cul tures ,

la c k  of s . u t e t v  t e s t i n g , and l imited host range of most v irusescont inue
to p lague researchers. Nuclear polvhedrosis of 1, ’.i.’a o.’Zl ’:’~~ns
(Clark et ii. 1969, Clark and Fukud~ 1971 , Federici and Anthony 1972,

and Federici and Lowe 1972) still seems to he the best virus that has

been observed in three epizootics in larval broods in salt marshes

t ha t  approached a 70 percent level of infec t ion. Thus i t  is ev id en t

t h at  v I ruses  cannot he considered for biological control In disposa l

s it e s  even in the  near  f u t u r e .
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Invertebrate predators

223. Probably insufficient credit has been given to the bene-

fits derived from many invertebrate predators , particularly on mosqui-

toes breeding in permanent waters. Many beetle species (adults and

larvae) ,  Odonata nalads (dragon and damsel flies), hemipteran nymphs

(nepids, belostomatids , notonectids , and corixids), certain mosquito
-

‘ 
larvae , and even planaria are efficient predators of many mosquito

species, The papers of Washtho (1969) and Trpis (1973) should be con-

sulted for  recent research on the control of mosquito larvae by inver-

teb rate predators. Unfortunately, few of these species can be mass

produced for release against mosquitoes. Also, timing the release of

such predators against larval broods of floodwater mosquitoes is very

difficult. At present no invertebrate predators can be produced in

sufficient numbers for use in dredged material disposal sites. This

is not to say that one could not take advantage of the natural popu—

lations of insect predators such as by providing them a reservoir

ditch or pond or rim ditch where they could increase their numbers

during periods of low water. Such populations could then be naturally

disseminated by high waters ’ rainfall or tidal action to other parts

of the disposal sites,

Vertebrate predators

224. The most common predators in this group are larvivorous

fish , particularly Gaj nbuaia affinia, the top water minnow. Also many

other minnows and fish such as killifish , sunfish, and carp have
demonstrated their ability to control mosquitoes or vegetation that

supports mosquitoes in specific situations. Again in such areas as

disposal sites , reservoirs would have to be provided for the fish to

recede to and survive in during periods of drought or absence of tides.

See also the papers of Bay (1967) and Gerberich and Laird (1968).

Predative and larvicidal plants

225. Such plants or their seeds or extracts are only mentioned

in passing since some grants are in effect at the present time for

various studies against mosquitoes. Bladderworts do eat mosquitoes,
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some stoneworts do exude chemicals into breeding areas tha t are said
to dibcourage mosquito breeding or kill larvae, and various Cruciferae

seeds are mucilaginous when wetted and do entrap mosquitoes, at least

in the laboratory (Reeves and Garc ia, 1969). None of these, at least

at this time, seem to offer much promise in controlling mosquitoes in

dredged material disposal sites.

Other Biological Control Methods

226. The use or release of sterile, incompatible , or those

male mosquitoes with adverse genetic translocations is generally re-

ferred to as genetic control.
- 

- 227. This genetic approach , particularly the release of ster—

lized males, has shown excellent promise in areas that are isolated
from other breeding areas. At present there is nothing in this

approach that would contribute to the control of mosquitoes within

disposal sites.

Summary

228. In summary, the following factors relating to the poten—

tial of biological control methods against mosquitoes developing with-

in dredged material disposal sites have been considered .

a. The life span or longevity of certain of today ’s
chemical pesticides may be limited due to environ—
mental considerations and resistance in mosquitoes.
Alternative methods, such as biological control, are
needed.

b. Biological control agents have been historically suc-
cessful against certain insect pests following suffi—
d e n t research.

c. The development of mass rearing techniques and the
ability to infect host organisms are important con—
siderations in the development of a successful
biological control agent.
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d. Classically, biological control agents have been con-
sidered as diseases (pathogens and parasites) and
predators.

e. Among the nematodes, the inability to survive in
saline and alkaline waters is a major limiting fac-
tor preventing successful propagation and release of
species that might act against disposal site mosqui-
toes. One nematode species, Reeeimezwrie inuspratti, is
said to be tolerant of alkaline waters.

1. Further research is needed before the fungi, bac ter ia ,
and viruses will be effective biological control
agents against disposal area mosquitoes.

&~ 
The role of invertebrate predators has been greatly
underestimated in the past and further research is
needed to understand and develop techniques that would
tend to maintain these predators under field condi-
tions.

h. The present state of the art of biological control is
such that most potential control organisms cannot yet
survive and/or be released into disposal sites. The
future for biological control, however, remains prom—
ising.
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PART VIII : TEMPORARY (CHEMICAL) CONTROL STUDI ES WI Th I N

DREDGED MATERIAL DISPOSAL SITES

Rationale

229. A number of efficient chemical pesticides are presently

available for the control of larval and adult mosquitoes that develop

within dredged material disposal sites. In theory, all phases of the

mosquito ’s life cycle can be affected by the action of chemical toxins.

In practice , however , most chemical materials are applied against mos—
quito adults and larvae. The pupal period for most mosquito species

is often short and the organisms do not feed during this time. At the

present time, there are no effective ovicides .

230. All chemical control of mosquitoes must be regarded as

essentially temporary in that the toxin eventually will become ineffec-

tive or diluted , allowing the target organism to return to its previous

population levels. Chemical control of mosquitoes may take the form

of larviciding measures tha t are applied within or on mosquito larval
habitats. Larviciding treatments have the advantage of limited appli-

cation to specific known sources of mosquito larvae. Control of adult

mosquitoes by chemicals is generally termed adulticiding . Adulticid—

ing operations are directed against living mosquitoes over widespread

areas and must be applied by truck or aircraft. The frequency and

effectiveness of these measures is frequentl y a function of materials

and operational and labor costs.

231. A good example of increased material costs can be cited

in the case of a common larvicide , Flit MLO .~~ This common larvicidal

oil is a petroleum product whose prices have risen sharply in recent
yearl— due to the overall shortage of petroleum products and its use

in o~;her areas (I.e. nonmosquito control). Larvicidal oils affec t

mosçuito larvae and pupae through two actions : penetration of the

trachea as a toxin and by suffocation through mechanical Interference
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of breathing mechanisms.

232. A number of organic poisons are available for action

against both mosquito larvae and adults. Some newer commercial form-

ulations are presently available as controlled release (CR) formula-

tions. These encapsulated materials are designed to release toxic

materials at a slow controlled rate over an extended period of time .

Cautions regarding the use of organic poisons within mosquito breed i ng

habitats have been previously discussed (see Part I I , paragraph 34).

Insect Growth Regulator Field Tests

tnt roduc t ton

233. Since the applications of chemical control measures

again8t both larval and adult mosquitoes are well established and

operational procedures are employed in hundreds of mosquito abatement

programs in the United States, no further studies were conducted for

this project. A recent new development in the control of insect pests

by chemical measures concerns the use of insect growth regulators

(ICR ’s). Insect growth regulators have added new dimensions and poss—

bilities to the field of mosquito control. Two materials , Altosid~~
and Dimi1tn ,~~ are presently available. While these materials have

been found to have some promise against many species of mosquitoes ,

even the ICR’s are not Imm une to the threat of genetic resistance.

Both of the following ICR ’s have shown promise as practical mosquito

control agents.

234. A.ltosid. Altosid SR—lO (active ingredient Is methoprene)

is effective against 2nd, 3rd , and 4th larval stages only. Wi th this
product there is a delayed effect (i.e. the larvae will not be killed),

but the pupae will die or the adult mosquitoes will not emerge nor-

mally. Methoprene breaks down in water fairly rapidly and about half

is lost in 2 days. It reportedly is relatively nontoxic to birds ,

f ish , and wildlife. Several coastal mosquito abatement districts in

Florida and Georgia have started using this ICR to contro l their salt
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marsh mosquitoes.

235. Dimilin. Dimilin (TB 6040) is molting Inhib iter t ’Famak i

and Turner l974~ which acts to inhibit chitin synthesis during molt-

ing (Post and Vincent 1973). it is effective against a l l insta rs

of mosquito larvae. There may be ~:-~e1ayed ettect. The ~hetnic.t l

seems to break d own fairly rapidly (in a few dayst in watei .

23~ . Nontarget organisms. The apparent success ot t hese  1GR ’s

to control mosquitoes and their possible widespread use has cause d

several researchers to study their ettec ts on d ittere n t nontarge t

organisms (Steelma n and Schilling 1972; Darlingtou et al ., l ’~7 2 ;
Miura and Takahashi 1973, l~)74a, l974b , 19Th; Scha ter et at. lQ7- ,~
Norland and Mulla et al. 1975; Steelman et a!. 19Th; M u l I t  ~~ ~
and Gradoni t’t al . 1976) . Their consensus conc Ins ion was that there

is a sufficiently high margin of sat e tv  to a 1 low the use ot t he st  two

ICR ’s as mosquito control  agents.  Cunningham (l97b) . howev er , cant ions

that the possible e f f e c t s  of D imi l  In on nontarget arthro~ ods has net

yet been directed toward commercially valuable s~ tcie s , esp ecial ly

shrimp, lobsters , and crabs. Cunningham ted s that 1. - scale treat-

ment of salt marshes adjacent to estuaties with Di m il i n may have a

detrimental effect on both the adult crustaceans Jur ing molt tug

periods and the larval crustaceans which use estu.u ies t.~ nurserie s

during their development. However, with . I l ’p t o ~’ r t . - i t  e’ ~- a u t  ion • i t  mar

be useful on dredged material disposa l sites.

237. Axtell (Personal Communication , B. C. Ax te ll , 2i ~ . I u l v  19;~.

Department of Entomology, N. C. State Universit y , R a l e i g h , N . C.)

compared Flit , Altosid and Dimilin in ground i,”hand” t p p l l e d l  app l i’-

cationa on ~1iked disposal sites in North Carolina . ln  t h e  i m l v  pu b —

lished aerial field test of these ICR’s against salt m a rs h  mosquitoes,

Rogers et al. (1976) found that Altosid and Dimili n formulated on

sand gave good penetration of the dense canopies ot mangrove trees

and picklewee -nd resulted in effec tive control. There was no indica-

tion in their at the sand formulation ot either of these

ICR’s gave su ft i c~ tdua l a c t i v i t y  to control l a t e r  broods ot
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~~~~ mosquitoes. But they observed that even with overt reatment

these ICR ’s d id not adverse l y a f f ect f i s hes pr esen t in thei r ex p~ r i —
mental plots.

238. During the summer of 1976, tests were conducted with

aerial and ground applications of several formulations of Altosid to

determine possible ise to control mosquito larvae within diked

dredged material disposal sites. Two locations, in Charleston and

Georgetown counties, South Carolina , were selected . Both sites were

with the Charleston Distric t of the Corps of Engineers.

Charleston county tests: Trial 1

239. Materials and Methods. In July and August of 1976 tests

on two formulations of A1tosid~~(Altosid SR—b sand mixture and Alto—

sid O...Z sand granules) were performed . Application sites were

selected through the courtesy of the Charleston County Mosquito Abate-

ment Program. The aircraft used was a Rockwell Thrush Commander~~
ava i lable from a commercial pestic ide applicator. The aircraft was

equipped with a Transland0 seeder which was modified to allow for the

low rates of application that are needed for granular materials.

240. The Altosid SR—iD sand mixture was prepared on 27 July

and applied on 1 August 1976. Six hundred pounds of the material

were prepared . During the interim , the mixture was stored in sealc’d

buckets. The mixture was applied at the rate of 10 to 12 lb/acre

(0.02 lb of active ingredient/acre) to a heavily vegetated dredged

material disposal site known locally as S—iD (see Figure 5). The

vegetative covering was predominantly dense stands of salt marsh

aster , ~l~~~’r• ~~:~ c!::~~, which had grown to a height of 5 to 6 feet.

This vegetation covered two stages of dredged material. Some parts

of the site were considered as stage D—6 , while other habitats were

considered as D—5 conditions.

241. A control site known locally as N—21 disposal site (see

Figure 5) was selected as a check area for untreated larval sampling .

Control collections from the same site were used in all chemical

tests.
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A ~r t t r e t  t men t sur  ~~ t V  showed I ha t  there were M~ o
s~ n i t  l a r v a e  pe r  d i p per .  The ma or i t  v of the I a rv i, were 4. ’~ .

~~~~~~~~~~~~~ hut some ~o t . :-~~~~’ ‘~~~~‘~~~:
‘ and ~~~~~ spp. ~ ere

~ 1s~ p re sen t  . the  1 t r y , ,  were 1.i ~ t h i r d  or ear I v ourt h inst  ar  when

the  m at e r  ia 1 was a t p l ted . F o i l  owing t h e  t e s t  a pp i  i ca t  ion • l a r vae  and

pupae were  b rough t  h i c k  o t h e  l ab or a t o ry  and held in emergence ~ages

it  ro~~~ t e mp e i a t  n r c .  t n t  r e a l  ~d ch eck  areas  were . l i kew i se  m o n i t o r e d

for b oth  I a rv .l I and p u p a l  c~~1 l e ct  ion s .

t . ‘ i ial 1: results and discussion. . v i s i t  to the  t e s t

s i te  on t he a f t  ernoon f o l  lowing  the t e st  app I t e a t  ion r evea  ted  cxc, i —

len t  penet rat ion of the \‘egetat lye canopy . Dur i ng t h e  period 11 Aug-

uSt to  .~~~ ~\ ug u s t  1q77 
• ip p r o x  i m a t ej v  . t~ in. of rainfall was recorded

on bo t h the  test and cont  ro 1 d i sp o s a l  area .

Results were not encourag ing . Pupae and la te  i c iur th  in-

st ir l a r v a e  were cot lee t ed  en ~~. Augus t .  From f i v e  d i t t e r e n t  loo t—

t ions (i.e. sample sh  .i t o t a l  of ~ ~ pup ae were c o i l  cot  ed . From these

samp les • I 9 . idul t m o s q u i t o e s  emerged . w i t h  S.~ p u pae  and only I i t t —

v i e  no t ed is dead , giving a percent mortality of 12. S p e r c en t  . Larvae

(late f o u r t h  Inst  ar s’) were a l so  c~~l l e et  i d  and separated d u r i n g  this

t ~~~~ From tour samp les totalin g 118 l arvae . 1~~ adult m o s q u i t o e s

eme r ~~ d . w i t h  9 pupae and 5 larvae record ed as dead • g i v i n g  a pe rcen t

m~ r t t l I t v  01 1!. Q p e rc en t .

~-.S , T~~ day s  L i t e r . on ~~ A ugu s t  i’~77 , an at I pup a l c~ 1 le e—
t ion consisting of five samp les was made from the t e s t  s it e .  A t o t  i i

o t 71 pup ae  were eel lee t ed . From these s~uwp 1 es • -it- ’ adul t  mosqu 1—

to t S emerged , w i t h  l O~. pupae and no 1 irvae recorded as dead • g i v i ng

a percent mortalit y ot l8.~ pe rcent .
-.t~. While the mortalit y observed In these initial tests was

lo~. . i t  was observed  in the l a bo r a t  cry tha t  the si ~~~~ of the adults

appeared o be sous’wha t red no ed • w i t h  the emerged a d u l t  s appearing t o

be somewhat smI 11 er than the  cont ro l  samples.  Ttil s ob se r va t  ion , how-

eve r . was not s tat  1st ical lv  ve r i f i ed . Po ssible  reasons f o r  the f t  i I —

ure to  obt a itt b e t t e r  con t ro l  a re  t h a t  the w i t  er dep th  ~apprex m a t  el v

1%
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‘
~ in .  during the test) was su t  t t o  len t  to  a I low the chem Ical to become

d i l u t e d . I t  is u s e  p o s s i b l e  t h. it  the  ch e m i c a l  did not d i t  l u s t

throughout the vat e r ri p Id l v  enough (r e  su I t lug in  i sub l e t  ha l  dosage

1ev-e l)  . The in v e s t  (g u t  or s b e l i e ve  t h a t  t ii ,  I at  t er ex p l an a t  ion is

more r e a l i s t  to as l at e r  t e s t s  ~,, re more su c oe s s t  ul

Cent r o t  ~o I I  cc t ions I, I rem site N —21) we r,’ t he saint ’ I or

all the Ch a r l e s t on  C o u n t y  t e s t s .  Since the t e s t  a pp l  (oat Ions ot

Al to s itt were w i t h i n  d i  vs o one not her on Iv one cent to I s i t  e w i  s Ut  —

it i :ed . iThen f on t - s imp 1 t’s , tot al lug  7’) 1 pupae  • were eel lee ted I rom

t h e  cen t  ro I site on 1 Au~ t ist  19 2b • oui l v f ou r  pupa e f. u t i e d  to emerge

i s . i d t t  It m o sq u i t o e s  g i v in g  .t na t  nr a  I m o r t a l i t y  o t 0. ‘~ pt r oent  . D u r i n g

o t h e r  cen t r e  1 areas  s a m p l i n g  ( .~ Augus t  ~ , a t o t a l  of  ~S st 5 ond In st  at

l ar v a e  were c o l l e c t e d  t rem f i v e  sa mp l e s .  Of t h e s e , 1 pupae were r e —

oor d e d  as dead , represent lug a n i t  u r a l  m or t a l  i t~ of 1.~ . ~ percent.

The i n v e s t  ig a t or s  b e l i e v e  that this nit ura l  m o r ta l  i t  ~ was due in p a r t

to  t he  ear l  ~ st a ge s  t hat  were  ,‘o l i e s  ed . The f Itia I cent  t-o I s i r e  cot  —

leo t ions  were c o l t  , c t e d  on 2 Augus t  . These col lee t ions , f rom ~th ~’

sam e si t  t’ a n d pt’ ss I h lv t he  same brood as t he i~ rev i otis c o l l ec t  ion , ex—

h ih i t e d  on l  v •i ‘~ percent  mor tal  ( t v  . A t o t a l  of 2 S f o u r t h  Ins t  ar  t a t —

vat ’ were eel t o o t e d , with onI\ 1 larva l death noted .

Chat 1 e’St ofl  Count v tests: T i - i a  1

I n t r o d u c t i o n . A m i t e r  p r o b l e m  c o n f r o n t  lug  m o s q u i t o  ~‘on—

t rol  per sonn i ’ I is the  i n a b i l i t y  to  ‘‘ p r e t r e a t ” .i potent  Lii l a r va l

habit at p r i o r  t o  the onset  of r a i n f a l l  t h a t  will convert the dry htab—

F i t u t  Into .u mosquito source. Tit i s problem is especial lv a c u t e  w i t h

and o t h e r  t loo~Iwat er mosqu i to  spec los. This  sect ion o t t i i t ’

st u dy  was concerned w i t h  p i l o t  s t u d io s  tha t  m i g h t  lead t o  the  devel-

opment otT “pretreatment t eclin Ique s .  “ A l t o s  Id 0. ~ ~ - sa n d granules are

a pr emix ed , en capsu lat ed , slow r e l ea se  f o r m u l a t i o n  el :\ltosid.

2 i ’) . M a t e r i a l  and methods .  A heav i lv  ve get a t e d  d i sposa l  s i t e ,

known I ~‘c ,  I ly as S—S (set ’ F i g u r e  ~) was se 1 eet e d for this t r Lii

This d r ed ged materi al disposal area had a h i s t o ry  of p r o duc ing  l a r g e

ce~ ceflt  ra t  loui s  of mo squ i toes  ( P e r s o n a l  Communica tion , .‘‘ A pr i  1 1

— --~ - --.——-— 
I, — “
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Max M. Askey, Jr., Entomologist, Charleston County Mosquito Abatament

Program, 4370 Azalea Ave., Charleston , S. C., 29405). Due to the lack

of rainfall , the disposal site had become quite dry and a large con—

centration of mosquito eggs was suspected . On the day of application

(1 August) no water was located within the disposal site with the sole

exception of the discharge site habitat (see Figure 15, item 9).

Twenty—five acres of dredged material were treated at a rate of 8 to

10 lb/acre (0.04 lb of active ingredient/acre) by aircraft. On 2 Aug-

ust, the site was inspected and good uniform coverage was observed .

Excellent canopy penetration was achieved and the black granules were

easily seen against the grey, weathered appearance of the dredged ma-

terial.

250. On 2—3 August the site received 2.4 in. of rainfall.

This extensive rainfall started the first ,1c~~’s mosquito brood . An

average of 150 to 300 larvae per dip could be observed almost at ran-

dom within the disposal site. Two collections were made from the site

during this brood . The first collection consisted of 15 samples from

a variety of locations. The total of these five samples was 326 lar-

vae (mostly third and fourth instars). Laboratory observations re-

vealed that 37 specimens died as larvae and 222 pupae were recorded as

dead , representing an observed mortality of 79.4 percent. Several

days later, a second collection , representing five samples was made

that totaled 598 pupae . Of these specimens, 597 were observed to die

in the laboratory, representing an observed mortality of 99.9 percent.

Thus, it was felt that excellent control was obtained from this pre-

treatment of a previously dry disposal site.

251. The next question to be considered was the residual life

of the encapsulated material. On 10—11 August , the test site received

2.6 in. of rainfall which perpetrated the second observed larval brood

during the test. Within 12 hr, larvae were again observed and estima—

ted at greater than 150 larvae per dip. For the second collection ,

only pupae were collected (on 21 August) and retained in the labora-.

tory . A total of 386 pupae from three samples were collected . From
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s,ttn ~ Ic , the olise rv&’ d uno rt at  f v wan 88. h p er. en I

2 ‘~~~
‘ . The t h i r d  and I m l  ct ’ I i  oct (ou t  I f i a t  w:u ot ’t a t  ui . .t u on t It , ’

t e s t  of e n c a p su l a t e d  A t t t ’s ( d  f o t  h ’wi ’51 .u~~pr~~id m a t . ’ l i -  I i n .  o f u t i u t f a l  I

t h a t  oc cur re d  on 21) August  on the  t e st  s i t  e . A t o t a l ol •t~l~ Lit  c

fou r  t it l ust  at- 1 ;irv at ’  , r ep t e s en  ing e I glut samp i t ’ I o i ’ .u t ( s i l l S  were cot  h~ - C —

ed s’n 2 7  A u g u s t .  rh is rap id r a i n f a l l  w i t h i n  i sh or t  ‘eu t , ’~i s a t u s t ’ t (

some over lapp tug s i t  t h e  second and t i t  i rd broods , but  aga In great  e r than

1 50 l a r v a e  per d i p  we ut obse rv , ’d ( t h e  t l i i  rd lit - tied was rt’t’ogn I Zeil t i t i t ’

to the  p lcs ( ’u tc t ’  of ear I t  or I u i st . t r s )  . flue t o lower  amb tent  t emper a—

t tires , t h i s  l i i i  rd 1 a t - v at  brood sieve loped s lower  t han had been t lie case

w i t h  broods ot to  and t we . A I ot a I of 4 ~~ I a i t ’ f o n i t  ii Insta  r I au -v at ’ ,

r ep r e sen t  lug eig ht sanup t o  loc:it (otis , were rot  turn ed t o  the  1 abor a torv

f o r  o t ’s euv . i t  ion . An obs erved  m o r t a l i t y  of ‘Ol . ’) ps’lc (’uut W.15 i e o o r d o d

t~~r t he t h i r d  l irood

2 ~ I. As p rev I s it t s  i v  c i ted • t lie t o u t  ro t  ti s i I co t  I ens u t v e a  I esl

u t a t t i r a  I I v lit glu (lilt ’ r g o u u c o  wit ii a I most no in er t  a I I t  V . p 1ev ! tied l at eu I n—

st l u s  w e u c  c o t  I cot  est . I ; t t t o u - a t o u v emergen ce  was t lut u t ’fo r e  in a l l  c a n t ’s

( t u c u t m e n t  and c5 ’nt t o l l  based on larvae th;u t we re  a I I east  flu I rd i t t
I s i t u  I I I  ( 1 1 0 1 : 1  I - s.

own ( ‘o t i n t  v t e st

2 ‘ ‘~~ . i nt r o d u c t ion . flit r I l ug  August  . two ~ dtt i t t  ona 1 for nu u I at  I ons

s i t  A l t  os Id were I cot  ott In (~s ’o rgo t  own C o u i u t t  ~~~, St in t  it Care  I in ;t . Ih o n e

t ’St S wor e  t s ~u usIuus t oil wit Ii the  t s’ept ’u at tou t of t hi’ ~et t r g t ’t own Count  v

Mosq ii i t  o Con t ro I P rogr aun . I lue  ~eo u - get own Count i t ost  S were t ies!  gued

I t ’  I t’st I ~~~~t I e u - u n i t  hut ( s i l l S  o t  A l t tis Id uuidot ’  il i spona  1 - i t - c a  cond It Ions.

1)1 I I er, -t l f por t  Ions  u t  - u d l  spt ’s;u I :u t  t a  known I oca ii v as ‘‘l i t  I i s ’ Crow

i s l a n d ’’ or A— S (see F ’ i g ur e  il was s e l ec t  ~d l e t  bot h tests .

2~ . M at e  u ’ I a I iuud net Iiods . Two I ornuu at I i s i s  won ’ tiseil , t h e

A l t  os d ‘‘ fl u (quo t ‘‘ and Al I os 1st SR— I t) l i q u I d  I o u u u u u  1 at  (on . Bet ii I o r n u t u —

I at  t on i-u w~’ro app I I •-d si i i  (i Au gu st . 1’lue hr (quiet Is tlt’~ I gited t o  t t e a t

‘l’I’  ~~~ t1l~u t  ‘I ‘ I ~~ sq I t of  wat et- s i t u  t Os ’e up t o  2 I t  deep. A tot a I s’ I

It (u t  ~ I O h — O i l  tt p l o t  went ’ nuark t ’d w i t  h l u t  I Is’ i l l  sposa I s i t e  w (  Ut

ot : ike s  . f-~;is 1u p I s ’t  l o s -c (v e i l  ot to  i t t  I q u i e t .  On t u e  u n s i u f l ! u i g  o f  ~ Augu st
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pupa l collec t ions were conducted within the plots. Collections were

made from the cente rs (nearer to the briquets) and from the edges of

the  plots .

256. The second formulation , Altosid SR—lO liquid , was tested

on the opposite side of the disposa l site from the briquet tests. This

test involved a ground app l i c a t i o n  of Aitosid with a 2—ga l hand

sprayer. The desired rate of app l ica t ion was achieved by m i x i n g  0.6
fluid oz of the 10 percent Altosid SR— l O to I gal of water. Five gal—

ions of the final solution were sprayed per acre or 0.02 lb of active

ingredient per acre. To attain the desired coverage, the app l icator

walked approximately 1 mph and sprayed a swath of 15 ft. One hour and

f ive minute’s were required to cover the 2 acres that received the

treatment . Several days after treatment pupa l collect Ions were nuade

and held for emergence in the laboratory.

257. In the case of both tests , an unusuaIl~ ‘ii~,h wind—driven

tide was noted just prior to the collection time . L1’is tide entered

the test disposal site through dike weirs and may have diluted the

material. A third portion of Little Crow Island was utilized as a

control area for both tests.

258. Results and discussion. The briquet test collections

were taken from both the centers and edges of the test plots. In gen—

eral pupae were noted to be more concentrated near the edges of the

t e s t  plots , while larvae were scattered throughout. A total of 403

pupae , representing two sample locations, were collected from the cen—

tecs of the  test p lots .  Upon observation In the laboratory , a to ta l
ot’ 195 pupae from this samp le died , representing an observed mortality

of 48.4 percent . A total of 1114 pupae were collected , representing

three sample locations, from the edges of the test plots. From this

sample, 608 pupae died , representing an observed mortality of 54.6

pe rcent .

259. Five sample locations were chosen for a collection that

to ta led 1044 pupae from the Altosid SR— lO test  site. Of these pupae ,
1006 died , representing an observed mortalit y of 96.4 percent. A
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total of 535 pupae , representing four sample locations , were c o l l e c t e d

trout the control area. The observed natural mortality among the t Out-

trol group was 9,2 percent.

260. The briquets did not give the apparent level of c o n t r o l

that was observed with the Altosid SR—b formulation . It should tie

recalled at this point that the sand SR—10 formulation did not o f f et

good results in the Charleston County tests as was the case in George-

town County, The most encouraging teats were associated with the en-

capsulated material that was employed within disposal site’ S—8. This

formulation indicated promise as a pretreatment material within diii —

posal sites. All tests conducted during this section were considered

as pilot stud ies conJucted under field conditions . Additional repli-

cations and teats will be needed before it is fully known if insect

growth regulators will be able to offer mosquito control within dis—

posal sites.

Suimnary

261. In summary , the following points were constdercd during

c hemical control studies conducted within dredged material d i s pos al

• sites.

a. Limited p ilot studies were initiated to determine II
certain compounds, conmuonly known as inset-I growth
regulators (ICR ’s), could be employed against mos-
quitoes developing within dredged material disposa l
sites.

b. Several formulations of one growth regulator , Altosid ,
were tested within disposal areas that had a h i s to ry
of producing mosquitoes.

c. Mortality was observed in larval and pupal collec-
tions that were returned to the laboratory severa l
days after treatment .

d. The app l ication of Altosid 0.4 percent sand granules
as a pretreatment to a dry disposa l site was t i u t ’ most

F successful experiment of the series.
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e. Insect growth regulators were found to offer promise
as mosquito control agents within dredged material
disposal sites.
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PART IX: PHYSiCAl.. CONTROL OF MOSQUITOES DEVELOPING

WITHIN DREDGED MATERIAL DI SPOSAL SITE S

The Rim—Ditch as a Physical
Control Measure

Rationale

262. Mosquitoes are present in large numbers within disposal

sites for two reasons: the absence of effective predators and the

presence of lentic water within fissured soil in low swales. Any

physical control measure that might enhance predators or increase

water flow would tend to be detrimental to the present mosquito

larval habitats that are common within most disposal sites in the

eastern United States.

Materials and Methods

263. A number of field trips were made to a large number of

disposal sites in an effort to determine or elucidate any natural

factors that might be used to eliminate or reduce mosquitoes.

During these trips, extensive field notes were recorded on any

factors that might appear significant to mosquito control. One

natural site was located that did not produce mosquitoes at any

time during the study period . This site, known locally as N—15

(see Figure 5), was studied and analyzed for possible dupl icat ion

as a mosquito control measure. The principal “natural” feature

controlling mosquitoes within site N—15 was the presence of a “rim—

F ditch” which allowed for the access of natural larval predators .

The site had not received a large amount of dredged material , but

an intac t dike separated the location from the surrounding marsh .

Water entered the disposal site freely with each tide and a “tidal

flushing action” was effected. An artist ’s conception of the rim—

ditch concept is presented as Figure 32. An aerial and ground—

level photograph of site N—15 are presented as Figures 33 and 34,
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respect Ice lv

‘u~I. The s i t e .  Through the cou r t e s y  of the Charleston
1) 1st r it’ t ot I l i t ’ C or p s  o I Eng ine’e rs , a rrangements were made to
attemp t to dup licate rim—ditch conditions on an active mosquito

source. This  site known locally as site N—22 (see Figure 5) had

been .t ma lor source of mosquitoes for the nearby towns of Sullivan ’s

Island and Isle of Palms , South  Carolina , during the 2 years prior

t o  the ’ on set  ~ f the study. Most of the active larval habitats were

considered as being under DM—4 or DM—5 conditions (see Figure 14).

The most common sources of larvae within the site were dike swales,

borrow pit sw.ules , protective volunteer vegetation sites, and sunup

s i t es  (see Fi gure iS for an explanation of these sites).

2t iS .  R i m — d i t c h i n g  techniques. In order to compare the effects

ot the rim—ditch with a nonrim—ditched area , it was decided to

divide the d i s p o sa l  s i t e  into approximately equal halves by the

construction of a cross dike (Figure 35). A rim—ditch was then dug

with in the western end of the divided disposal site. Materials

from the r im—ditch were’ used to strengthen the western dikes. The

rim—ditch was dug as a rough perimeter approximately 12 to 15 ft

from the di ke ’, 3 f t  wide and 6 to 18 in. deep. A “weep hole”

connected the’ rim—ditch with the AIWI’J in the northern dike.

Results and discussion

2btI . O b ser v a t i o ns  on the rim—ditch construction. In early

i’tugust of 19Th. construction began on the proposed rim—ditch for

site N—22. Construction was completed on 25 August and observa’ions

on the e’ftecti .veness of th e’ concept began immediately . From the —

outset , several cuig I u.eeri rig d l ff1 ciii ties were’ encoun te red that  had

not been anticip ated. It is now apparent that a good rim—ditch

mus t be at  least 6 to ~ f t  wI d e , 12 to 24 in. deep, and allow for

free water movemen t . W i t h i n  the N—22 site the ditch frequently

did not  a l l O W  w at  eu  t o  move free ’ iv. This problem was the result of

m a k in g  sep ar at e  t a t  t r ;u l  “ passes ” with the drag li ne as opposed to
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longitudinal passes that are in line with t Iit ~ proposed d i t  cli  - Au

example of this t vp e  of di gging and the  b roken  pa t  t e ’ ru t r e a t  e d  Is

shown in Figure 3h. In this t igure , not  ice ’  t ha t the ’  se p a r a t e ’

“ passes ” h~- the dragline operator were not connected in such a

manner as to create a smooth ditch that would allow for water

passage. If a ditch is to be dug for mosquito control (as opposed

to diki ng) ,  i t  is essential that  all  t urn around areas be graded in

such a manne r that  swales and depressions do not remain in the :Irea.

Su rface  a l t e ra t ion  of dredged material disposal sites frequent lv

creates additional mosquito larval habitats. These’ conditions have

been previously illustrated as Figure 19 and in diagram form in

Figure 15 (as item 12). Numerous areas of surface alterations

from dragline operations were observed within the N— 22 site’ follow-

ing the construction of the rim—ditch.

267. Successful construction features. The addition of the

weep hole in the southern dike was successful and sub stanti al

drainage did occur. The area was observed to flood at high t i d e s

and the site did drain rapidly along those portions of the rim—

ditch that were properly constructed . The western end (rim—ditched )

tended to dry much faster than was the case wi th the east ern end

(nonrim—ditched). Predatory organisms were able to enter  the  weep

hole and colonize the rim—ditch. Plan t growth and sue-cession

seemed to be retarded by the rim—ditch. Perhaps the in troduc t ion

of salt water or the rapid drying prevented plant forms from growi ng

rap id1~- . The eastern end of the site (nonrim—ditched) obvious l

sustained better plant life.

268. Biological observations. The following fish species

rapidly colonized the rim—ditch (within 3 weeks), but were usually

c o n f i ned to thc deeper sect ions :

a. ~ :‘:n:e~ :.: ~~~~‘ ?i~i’~ - ‘ , t he top minnow .

h. .: i ’~ ‘:~‘~i~’’: ~‘ ~‘~~~:: • the  broad k i l l  I t~ I

C. ~~~.~~t : Ic ;‘ ~t i ’ \~ -
. 

t~a~ the common k i l l  i f i s h .

2O~
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A l l  o t these’ t ish spe c ies art ’ kn own t o  be us~’f u l  In mosquito

cent ro I • w i t h  - :“:~ :t~ ~~ p erhaps  th e ’ strongest predat or ot larvae ’

M~i l  lar s  and i- ow I c r  ( 19 70) have summar I ~vd a numb er  of important

e’a tures  concern ing  t h e  c o n t r o l  of  mosqui t oe’s by f i s h .  Other organ—

Isms t h a t  we -r e collected f rom t h e ’ r i m — d i t c h  inc luded  s l i t - imp

~~ ~ .-~‘t’ ~- : o  and crabs (C : t:. ’~’t~-~ ~~~ . It  is impor-

t a nt  to n o t e  t h a t  none ’ of the ’ Se’ spec I e’s we ’ re -t nt  roduced tnt o the

d i s p o s a l  s i t e ’ and th at none occur in diked d i sposa l  s I te s that dei

not have’ a r i m - d i tch  and weep hole throug h the dike .

26’) . ~~~sj ~i i t o  obse’t -vat ions. M o s q u i t o  o b s e r v a t i o n s  wer e ’ not

as encouraging as had been ant ici p at e d .  The d i s p o s a l  s i t e ’ was very

dry during t h e ’ d i t c h  ine~ ope’rat ion and It  was suspec ted  t h a t  mosqui to

eez~~s had reached  a h i g h p o t e n t  l a l  prior to the first f l o o d  in~’.
S h o r t ly . a t t e r  t h e  I i r s t  m a l or  r a i n f a l l  on t h e -  t e st  s i te , l a rva e ’

we’re le c at e ’cl read I lv on both  s ides  of t h e ’ d isposal  area.

con~- e u t r a t  ions  of l a r va e , however , were a lways  In p ro t t -c ted  s i t e s

t h a t  af f o r d e ’d p r o t  e’(’ t ion from p r e d a t o r s . I t  was f e l t  t h a t  i f  t h e

r i m — d i t c h  had f r e e l y  communica ted  to  a l l  p a r t s  of t h e ’ site that

m an y of t l i e Se - l arvae  would have ’ been de ’s t roved h~ p r e ’da t o rv  f i s h .

2 70 .  Borrow p i t  s w a l e .  The r i m — d i t c h , de’-p ite It s poor

cons t  ru e  t ion , d Id ci im i m u t t - m : u t o r  port  ions of t ~ie h er  r ow p i t  ss’a I t ’

larval  ht~ih i t a t  in the di t~-hi ~’d side’ of tlit’ te ’St s i t e .  L a rv a ’ - ~ on—

t in u e d  to breed w i t h i n  t h e ’ bor r ow p i t  swale  on the  undtt ctie d port Ion

of the disposal s i t e . One’ of the b e t t e r  p o r t i o n s  of til e ’ d i t c h  that

d i d  e 1 In m a t  t’ the’ borrow p i t  swale larval h a b i t a t  is sh own ‘s

F i g u r e  ~7 . In :iddi t ion , the  d i k e  swab h a b i t a t s  appeared ~-ons  i d c r —

ably  Jr  ie ’r ant i  1 Ikewi se ’ d i d  not produce  mosqui toes  a f t e r  th~’ r i m —

d i t ch  was inst alled on the ’ weste rn  s ide of th e  t es t  l e c a t  i o n .

271.  Mos~~ u i t o c o U e ct I o n s . P r i o r  to  the  eonst r u c t  Ion of t h e ’

cross d i k e  and r l m — d i  ch • a n umber of larva l samples were t a k e n  f rom

both sides of t he intact tli sposal s i t e ’ . These’ larval counts we’re

dcl ibt ’r~u t e’ lv  t a k e -n d u r i n g  h i gh l a r va l  popu l a t i o n s .  These

211
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pre—conat r i let  ion counts t o t  a led  7 , 866 mosqui t o  larvae , represent ing
41 samples with an average larvae/d ip count of 182.9 from the

western end of the s i t e  (te, he r i m — d i t c h e d ) .  Another  samp le was

co l l e c t e d  from the’ con t r o l  area (western end) wh ch totaled 1, 303

larvae , representing 16 samp les with an average larvae/di p coun t

of 206.4 , FollowIng the’ construction of the cross dike and rim—

d itch , both sides were samp led during periods of suspected high

larval activit y . The rim—dit ched collections totaled 1 ,014 s p e c !—

mefls • rt ’pr e ’st ’nt tng 45 col le ’ e - t  ions  w i t h  an average larvae/di p count

of 27 . ’ . The cont ro l  co l l e c t i o n s  y I e l d e d  1, 197 i n d i v i d u a l s , repre—

senttng 10 samp les w i t h  an average larvae/di p count of 46.4.

2 7 2 . F u t u r e  c o n s i d e rat i o n s ,  The investi gators of this report

are convinced tha t  the rim—ditching techni ques proposed In Figure l2

- will reduce larva l c o u n t s  even more If careful attention t i ’  proper

ditch construction is observed . The abilit y to emp loy water manage—

ment practices w i t h i n  dred ged m a te r i a l  disposal s i te s  is obviously

the kt ’v to th e ’ successful  phy s i c a l  con t ro l  of mosquitoes bre eding
within such sites.

Summar~
273 .  in summary, the  following eonstderatiouls regarding rim—

ditching have been considered in this section .

a .  The only disposal areas that were located d u r i n g
flelei surveys tha t  did not have the poten t i a l  fo r
supporting larval mosquitoes were observed t o  have
a r im—ditch.

h. Phvs I c- t i ) at terat tons t h a t  Int roet t u ce ’  p reda tors  anti fo r
the f low of water  w i l l  tend to e l i m i n a t e  larval mo s—
qu t t o e s  from disposal sites.

c. Through t t t t ’  cooperat ion and cmiv t es~’ of Char I e’st on
l)[strtet of the Corps of Eng ineers an experimental
r i m — d i t c h  was const rue -t ed .

ci. The r im— d it c- It c nnnnun I ested w it h  t h e  AIWW t hroiigh a
“weep hole ” i n the dike.

e. Fol low i ng eons I rue  t Ion of t hi’ r im—d It cli • mosquito pre-
dator s we re’ readi iv  c c i t t  t’ t ’t .~tI from aqustli’ hab Itat s

2 1 I
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f .  The r i m — d i t c h  was not as successful as antici pated ,
— but new design techniques were learned and some larval

habitats were successfully eliminated .

~~. Overall larva l counts in the rim—ditched area were
lower than the control section .

ii. Surface alteration of the disposal site by heavy
equipment tended to generate new mosquito habitats in
some cases.

1. It was proven that the rim—ditch could eliminate
a major mosquito habitat (the borrow pit swale)
from disposal areas.

Mechanical Drainage Equ ipment

Rationale

274. Source reduction. For a number of years , various types

of heavy equipment have been emp loyed in drainage and fill projects

to eliminate mosquito larval habitats , Such projects are generally

termed source reduction . These methods have the advantage (over

chemical control methods) of permanently eliminating or a t  least

redu c ing mosquito larval habitats without additiona l treatments.

Throughout the United States , one can locate older source reduction

mosquit o control structurea that are still functioning with minimal

m a l n t e ’n a n c ’ . Secu r e - c’ reduction methods have the disadvantage of

high tests at the outset. The literature on source reduction is

t a t  ge , h u t  .1 number of source reduction techniques have been sum—

mat t ;’ed in  a recent report by the World Health Organization (1973).

27 5 . Usc of the RUC. Throug h the courtesy of Charleston

1) 1st r l e t  t ’l  the’ Corps of Enginee r s  and the Dred ged Mater ia l

Research Progr am , a number of observat ions were made on a specia l

veh u I t ’ couist ruc te ’d b y the 11 . S. Navy , popula r l y known as the “ RIIC ”

( R i v e r i n e ’ l i t  f l i t v  C r a f t ) .  A summary of the  a b i l i t ie s  of t h i s

veb I t ~h u ’ h ive ’ app ea red  in a pub ) l e nt  ion b y t h e  U . S. Army Eng inee r

W : u t  e ’t~~~; uV S  Exp cr imcu i t  S t a t  Ion (1975) . The RUC has been e~~t e n s I v e 1

~ !,
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te ’st c’d wi  t h i n dred ged mat e r i a l  d i s p o s a l  sit e~5 I n  the  M o b i l e  l )istr iet

:\ pho tograph c it the RUC in opera t ion is shown In Figure’ 38.

M a t e r i a l s  and methods
276 .  Si  nc -c the  RU C was to  he tes t ed  wi t i t i  n a number of dredge- il

material disposal sites in Charleston District in conj u n c t I o n  w i t h

o t h e r  engineer ing studies , it was convenient to make certain obser—

vations regarding the poten t ia l  of the machine for m o s q u i t o  con t ro l .
Most o( t h e  observations were made on Drum Island d i s p o s a l  site (sc’ e ’

F i gu re 4) .

R e s u l t s  and discussion

277~ Capabili t i. The RUC was observed to operate on a w i d e

— va n e - t v  of dilferent substrates. It was especially i n t e r e s tin g  to

observe that  the RUC was capable of movemen t through dred ged

mater ia l  stages DM—4 and nM— S (see Figure 14) . I t  w i l l  be reca l led
that  t hese’ stages tend to be associated wi th  hi gh larval populatloiis

of mosq u i toe s .  The RUC moves through so f t  subst ra tes  or wate ’r b y
means of twin helical sc r ew s powered by in te r ior engines. The c ra f t

Is  20 f t  io~tg and weighs 6 tons . A detail  of the h e l l t - : i i  se -rew

mechanism is shown as FIgure 39.

278.  The RUC is of interest  to mosquito control  personnel

he e - ause’ ot  i t s  a b i l i t y  to enter  dredged mater ial  disposal s i t e ’s
se’vc’rai mon ths  be f ore a conventional dragline ~ou1d function . As

t he  RIJ C moves throug h a disposal si te , the twin h el ical st -re ’ws l e a v e ’

b ehind  a pai r of shallow ditches . A pho t og r aph of these d i tches  may
be ’ seen in Figure 38 and in greater detai l  in Figure 40. D u r i n g

the Charleston studies , the RUC was operated for  approx i m a t e l y  1/2
day within the Drum Island disposal site. During this  t ime’ a numb er

of parallel ditches were constructed from the disposal site proper

to various drainage weirs. These ditches did appear to a f f e c t  w a t e r

movement and promote the dewatering of the site in a f f e c te d  areas .

2 79. L I m i t a t i o n s  for mosquito control .  The only l imi ta t ion  to

the use of the RIJC as a drainage tool for  mosquito control is the in-

abilit y of the machine to create drainage ditches In fluid—like dredged

215
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material usually found around sump sites. Thess areas will often

require additional visits by the RUC after additional dredging has

occurred . The breakdown of RUC ditch.. near sump sites is shown in

Figure 41. Another minor disadvantage is the shape of th. ditch per

se. The helical, screws of the RIJC leave behind depressions in the

ditch that were later observed to breed mosquitoes. This habitat , how-

ever , is quite small compared to the overall fissured soil environments.

The RUC during its Charleston visit did not employ any implement
— 

(such as a plow) that might have created a cleaner ditch .

280. Future uses. There is a need for future resear ch on the

use of the RUC in mosquito control. The investigators of this study

feel that its potential in devatering certain areas and the possible

creation of rim—ditches within dredged material disposal sites

should be carefully studied. Present physical control measures of

mosquitoes within disposal sites are limited by equipment which may

not be able to operate during mosquito producing conditions or

vehicles which create additional mosquito habitats by the nature of

their operation .

Summary

281. In su~~ ary, the following items have been considered
regarding the use of the RUC for mosquito control.

a. The RUC is capable of operating within dredged
material disposal sites at times when other equip-
ment cannot function .

b. The RUC has the ability to dig twin ditches through a
variety of substrates.

c. Some limited mosquito breeding was observed within
RUC tracks, but this disadvantage was countered by
the ability of the RUC to effect dewatering of
larger areas of mosquito larval habitats .
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d. Future experiments should be designed to study the
use of the RUC with additional ditching tools , such
as backhoes and draglines.

e. It is possible that the RUC could be used to construct
disposa l area r im—di tches .

Use of Soil Amendments

Rationale

282. As noted in the section on mosquito larval ecology (see

Parts IV and V)1 the presence of mosquito larvae is often associated

with the appearance of some form of fissured soil. In those areas

that do not have fissured soil (i.e. sandy disposal sites), larvae

are scanty or absent. Since most dredged material consists of

fine—grained material that will invariably form soil fissures , some

pilot studies were initiated to investigate the possible use of

soil amendments to prevent the formation of the fissured soil mos-

quito habitat . It was reasoned that if the soil fissures could be

eliminated or at least reduced , then the mosquito threat would be

l ikewise reduced in proportion .

283. The prevention of the formation of soil fissures can be

accomplished by one of two ways. The first procedure Involves the

use of a covering material to keep the surface of the dredged

material at a water content sli ghtly above the water content at

which the formation of the soil fissures begins. The second pro-

cedure requires the addition of coarse—grained particles to the

dredged material to prevent fissure formation . This latter method

would require the addition of large amounts of additives that

would reduce the holding capacity of the disposal site. Therefore,

this study considered only the use of covering materials.

284. Capillary action In the covering material is required In

order to keep the surface of the dredged material at a high water

content. As shown in Figure 42 , soil moisture is divided into

22 1 
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Diagram of Dredged Material Saturation Zones
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three zones. Soil lying below the water table is assumed to be

completely saturated , and a portion of the soil above the water

table is also assumed to be saturated due to capillary action .

Therefore, if the covering material is applied to the disposal area

soon after the supernatant surface water disappears , the capillary

action of the cover material  will  draw moisture above the surface

of the dredged material. Once the moisture is in the cover material ,

evaporation can take place without the formation of soil fissures

because the surface of the dredged material remains saturated as

shown in Figure 43.

285. The height of capillary rise depends to a large extent

on the par t ic le  size of the cover material  wi th  larger cap i l lary

rises occurring in the smaller grained material. Therefore, the

particles in the cover material should be as small as practIc~ible ’

in order to get the maximum capillary action. Since the drying

and consolidation of the dredged material are of prime importance ,

the covering material must be porous enough to allow evaporation

once the moisture has ascended .

Ma te r ials and methods

286. Four substances were tested as cover materials for

dredged material , includi ng sawdust , an asphal t ic  bi nder *, a mix-
ture of sawdust and asphaltic binder , and primary sludge waste (a

b y product of pape r manufactur ing) . Tests of the cover material

were carried out In 10—ft sq plots at The Citadel disposal site
(C—i) and in 3— 1/2 f t  by 5—1/2 by 1— 1/2 f t  fiberglass tanks . At
the disposal site five field plots were delineated by the use of

1— by 8—in, boards. Four of the plots were used to test the cover

materials and the fifth plot was used as a control and had no cover

material .  Dredged material from the disposal site was placed in
each of the four fiberglass tanks to a depth of 8 in. This dredged

* Petroset , a registered trademark of the Phillips Petroleum Co.
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m a t er i a l  Was t ak en  t rom t he same general b eat ion in t he d i sposa l

s i t e  as the’ ie id p1 ots . flirt -c of t he  tanks cent a m e d  t t s  t L over

mater L a i s , and th e  t o u r t h  tank Was used as a i- o n t r o l .  At the t ime

test ing wa s  s t a r t e d , the s u p et n a t an t  l i q ui d  in the d i spo sa l  s i t e

had been removed and t h e  dr e~h~ed m a t e r i a l  in  t h e  s i t e  had d r i ed  to

a c o n s ist e n cy  t h a t  would s u p p o r t  t h e  cover material (I)M—2 stage)

t b u t  t h e  fo rma t  ion of i n c i p ien t  f i s su r e s  (DM— 4 ) had not  begun . Except

t o r  the asp h a lt  hinder , whi ch was appl ied in a li quid state , the

cover  m ater ials were app lie d to the  field and tank tests to a depth

of 1/2 in .

287. testIng consisted of moisture conten t determinations made

at the surface of the  dredged material and observation of the

amoun t of f i s s u r e  formation at both test locations. Comparison of

t he  data obtained from t h e s e  tests g i v e s  an indication of the c o v e r

material that will be most eftect ivo in reducing fissures , wh il e

at the  same t ime , al lowing the dredg ed  m a t e r i a l  to dr~ and consoli-

dat e .

R e s u l t s  and LI i sc itss ion

285. D i s  sa l  site fie ld _ tests. Tests of the  cover m a t e r i a l s

(sawdust , asp h a l t  h i n d e r , asph a l t  binder with sawdust , and primary

slud ge) wi -re conducted at  t h e disposal s i t e  over a 32—day period .

Water content tests w e r e  made on sa mp l es of t h e dred ged material in

each i f  the field pl ots , and t h e  r e su l t s  a re  shown in Table  9 . The

wide scattering of t h e  d a t a  in T a b l e  9 was caused b\- rain durine

the test period. t h e s e  5Li t a were  p l o t t e d  as compo s i te  curves  of

water content versus t inc and are shown in Figure ~~~~~.

2S~ . Ex a m i n a t  ion of  the c u r v es  m d  t e a t  es that overall drying

of he LI re~tged mater Ia I occu r red  i n  a ll  the p lot ‘~ d u r i n g  the  t e s t

period . On—s ite i n spec t  ion of the plots during the test period

showed t h a t  t h e  d r e dg e d  mat erial formed soil f i ssiires to some degree

In all test plot s , hut that f i s s u r e  formation was nt’g l ig ib l  e in the

p lot s con t a i u t n g  sawdus t  or the mixtur e of sawdust and asphaltic

2 2 5
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I’ I ud,- , When the curves for the sawdust and the mixtur e of sawdust

and aspha lt I c  h i n d e r  are compared t e the (-ii r v(’ for the dredged

m a t e r i a l  a lone , I t  t o  seen t h a t  neither of t h e  two cover ing  m a t e r i a ls

ap p ioc I :ib i v  o h  ow t lie d ry I n g  of t he dred ged mat e’rl a I . The e f f e c t  I ye —
neon of the sawdust as a cover tug m at er i a l  I s  shown In  Ft gur e 45.

T h in  p icture was made 22 day s  af ter  the esting began :;t the field

s it e . The sma 11cr ft ssures in the en t area are the result of the

wash lit g of he t en t p h  ot by r a i n f a l l

~~~~ ~~r’ItIss t a n k  t e s ts .  Tes t ing of the dredged material

was a I so done in fiberglass t ank s so t h a t  t e n t  coudit ions could be

more C I one i v  cent  r o l l  ed .  This  t e s t  tug was done over a 1~~~dav period .

tt ufortnnat c i v  • t im’ rain eovi’rn over the  t ank s  were not comp i ~‘t~- 1 v

t I t ’e t  I y e  • and ra I nwti t  t’r cut  t’red the t anks  cans  lug the moisture

cen t  cut of the d red ged m a t e r i a l  t o  f l u e  tua t e . Re~ ti I t  s of I

en I arc shown in Tab Ic 10 and Ft gu r e 45.
Q I . Test  In the tank s used sawdu st a mixture of sawdust

and : i n j i h t i 1 t Ic  I i i ndor , and si uii l ge an cove i- i ng mat ci- h a l o  . A f o u r t h

tank w i t ii no cov er  wan u sed no a i-on t ro 1 . Observat ion  of t h e

m a t  cr 1  a t  in ( l i e  :iiiks showed t hat  c r a c k i n g  oet~u 1~ red oni v In the  tank

w i t h  no covet- material.

(~ompa r I s e n  o I the  eempo.s i t  i’ curves  In F t  gu r es  44 and 46
sh~ w~ that (lie m o i s t  u i r e  con ten t  of t he dredged material In the ta nks

watt somewhat l ower than the moisture content of t h e  mater ial In the

ill upona I s i t  e at  the b e g i n n i n g  of the  t cot pci - i ~~ t i .  However , there
was i i t t  h e  di  f ference I i i  the me i~ t ure i - tm t on t ‘~ at  the end of the

cu t  j ’ i- t  I oils ( t ;ink vu ’r s t i s  ft i’l dl

I _ v

1 , I n  sunminry , the  I o il ow tug it ems have been cons ider ed

r c g . %  i d  t u g  t h e  use of s o i l  ametudm en t w i  t l i  dred ged ma t eri .11 t 0 pre~

~- eit t t h.- fo rma t  ion  of soil I i  osures

a .  flue f o r m at  Ion of s o i l  f t s n u i t - en I n  I cot  p h ot S can he
controll ed 1w th ’ add It inn of i - i’ve r mat cr1 a In .
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b. Field and tank studies were conducted to study the
effe ct s of cover materials on dredged mate rial
fissure formation .

c. A good cover material should be porous enough to
allow for evaporation and yet absorbent enough to
hold a high mositure content at the surface of the
dred ged material.

d. The major problem encountered was holding the cover
material in place during periods of rainfall in the
field plots.

e. Even when fissure formation occurred , the amount of
fissuring was strikingly reduced .

f. The use of soil amendments constitutes a novel ,
although untried , approach to mosquito control
within disposal sites.

.& The use of cover materials for mosquito control
did not appear to substancially affec t the de —
watering of dredged material.

h. Further research is needed on distribution tech-
niques for cover materials in large scale opera—
tions.
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PART X: SUMMARY OF VEGETATION ANALYSIS OF

DIKED DREDGED MATERIAL DI SPOSAL SITES

Introduc t ion

293. Mosquito—plant relationships, p lant successiona l pa t t e rns ,
and plant indicator species within dredged material disposal sites

have received little attention prior to this study . For these reasons,

a number of plant studies and collections were made throughout the
study period . It was suspected at the outset of the stud y that plant

relationships within disposal sites would not necessarily be the same

as plant relationshi ps in the nearby marsh. A detailed account of

these studies is presented in Appendix E.

Purposes

294 . The purpose of this section of the study was to gather

qualitative baseline data regarding the species composition of various

plant species assoc iated with dredged material disposal sites. Since

few studies were located in the literature concerning plant species

within diked dredged material disposal areas the approach was qualita-

tive (covering a wide variety of disposal sites) as opposed to more

intense quantitative surveys utilizing a few locations. A second pur-

pose centered around the development of a proposed plant successional

pattern within disposal sites. If plant successional seres could be
— related to arthropod successional patterns , a basis could then be

established for more accurate surveil lance techniques . A th i rd  reason

for plant investigations involved the possible use of plants as m di—

cator spec ies (of mosquito larval conditions). Fi nally, a few plant

species were selected for an estimate of standing crop values.
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M a t e r i a l s  and Methods

H a t — i t ~i t  dt-s cr~j~t ions

.!4S. Extensive field tri ps were made to numerous disposal

sites w i t h i n  the Charleston Dis t r ic t  (see Figures 4 and 5). During

each f i e l d  t r i p  field notes and plant &-ollections were made. After

I n i t i a l  work, a total of five habitats appeared to be common or pos-

sible within most dredged material disposal sites. Plant species lists

were then comp iled for each of the five habitats.

I n d i c at o r  s~~~cies

2%. As a rou t ine  p a r t  of the mosqui to  invest igat ions (Part V)

a listing ot a l l  p lant species that were observed to be assoc iated

with si~~~ificant numbers of larval mosquitoes was kept. In most cases

a sp ec ie s  was not recorded on the l is t  unless larvae were collected on

several occasions .

!1.~t~ _ s t iccessional  pa t t e rns

2’~~7. Following several initial trips into disposal sites of

v~crving ag~-s , ~t successional  pa t te rn was proposed. Plant spec ies were

then collected from the proposed successional stages -ui d related to the

ar throp od  succe s s iona l patterns reported in Part IV (see Figure 14).

Stand ing  crop stud t es

298. A total of five disposal site plant species we r e located

in s u f f ic ien t “pure stands ” to conduc t standing crop biomass determi—

nat  ions. These spec Ii ’s were -Ic ~“ : t] - a  :c~ , ~ - ~“r: ~ c~c’:c -

~ :? :~~ - ‘r~~ ! ~~‘c ‘ov -
, -

~~~~~ :‘~~: cv’: ~~~~~~~~~~~~~~~ and ::~a, -~~ I ‘:, ~ ~‘Ii ~. A

complete  description of these techniques is presented in Appendix E.

Oç~~~~p lant c o l l e c t i o n s

299. Plant spec ies  collected from specific site visitations to

the different CE Districts are listed with their respective locations
in Appendix D. A c o mp i ’ s l t e  listing of all p lant species f r om al l  ar eas

is presented as Table Eb in Appendix  F:.
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Results and Discussion

Habitat descri p t ions

300 . The following habitats were established for this survey :

a. Sandy areas (including sand mounds around discharge
pipes, sand bars within disposal areas, and wind—
deposited sand).

b. Silt (including fissured soil , bare mud deposits , and
wind—deposited silt).

c. Dikes (including diked constructed from natural marsh ,
dredged material , and imported materials).

d. Waste areas (including natural and man—made islands).

e. Aquatic sites.

Complete listings of plant species associated with each of the above

habitats are presented as Tables El, E2, and E3 in Appendix E. A vari—

ety of herbaceous seed plants, trees, and shrubs were encountered .

Indicator species

301. A listing of all major seed plants associated frequently

with mosquito larvae (primarily Ac~ics 3~)lZ : ta~~ and A~-ie~~ t:, -~~or—

hynchus) is presented as Table E4 in Appendix E. Personnel trained

to recognize these pla nts should be more e f f i c i e n t  in mosquito larval

surveillance. As noted more fully in Appendix E, these plants are

capable of developing and maintaining fissured soil (and thereby also

maintaining a mosquito larval habitat) . In general , it can be stated

that almost any salt tolerant plant species capable of growth on f is—

sured soil within dredged material disposal sites will frequentl y be

found in association with mosquito larvae. Plant species change the

microhabitat of fissured soil by producing lower temperatures and re-

ducing evaporation from fissured soil. Additiona l research is needed

on possible specific mechanisms of plant attractiveness for various

mosquito species.

Plant successional patterns

302. Four plant successional patterns or seres were documented .
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Just  i [f ea t  ion for  t h i s  h y p o t h e s i s  and a proposed flow pattern are pre—

sented in Appendix E. The following stages were consistently observed
within many di sposa l s i t e s :

a. Halop hvtic stage, characterized by the develop men t
o f pure and mixed stands of succulen t haloph y t e s .

b. Forb—shrub stage, cha rac t e r i zed  by intense growth
of herb aceo us p lants mixed with young woody shrubs.

c.  Shrub stag,~~ cons is t ing  ma in ly  of  older sh rubs .

d. Climax stage, dominated by Lirge r trees tolerant
of maritime conditions .

The halophytic s t age  tends to  be the most productive plant successiona l

stage for mosquito larvae . This stage compares with the DM—4 and DM—5

stages (see Figure 14) of Part IV.  This observation can great lv aid

future mosquito surveillance workers , if they are trained to recognize

the dangers of large disposa l sites in this stage. Mosquito species

diversity tends to increase w i t h  the age of the disposal s i te , w i t h

the later  p lan t  successiona l s tages producing more d i f f e r e n t  m ic rohab—

it a t s  fo r  larva l mosqu i toe s .  Later  successional pa t t e rns  also al low

for increased or g an i c  matter in specialized locations (e.g. t ree  holes

and swales). To summarize, the greatest numbers of mosquitoes , repre-

sented by a f e w  spec ies , were f r e q u e n t ly  associated with the succulent
halophytic stage , hut  a g r ea t e r  v a r i e ty  of mosquito species , in reduced

numbers , could be located from older disposal s i tes  in the  later s t a ge s

of plant succession . If field workers are trained to recognize the

various plant successional stages and then in turn relate t h e s e  s t a g e s

to the PM stages of Figure 14 and the hab i t a t s  of Figure 15 , the pro-

c e s s  of disposa l site inspection can be g r e a t l y  s i m p l i f i e d .

It)  1 . The climax stage with regard to plant succession is not

ve t  c lt - arlv u n d e r s t o o d  and two possibilities are offered in Ap p e n d i x  i-

and noted in Figure 14. in many p a r t s  of the United States , a sel f—

sustaining monoculture of .~~~:. 
-
. 

- .: 4 ’ : .c  deve lops , hu t  in o the r

area (perhaps more saline) a mixed variety of woody shrubs and trees

begins to deve lop  t in d e r  DM—8h (Figure 14) conditions. For a ful 1cr

d i s . -t i s ~ ion  ot  this except Ion to the plant successional pattern , see
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paragraph 23 of Appendix E.

Standing C rop Studies

304 . Results of standing crop estimati~s from pure stands of

four plant species are presented as Table E5 in Appendix E. %-~i tb one

exceptio n (~-‘:~u~t I : ~: t~-i~ ::~~~~va) ,  the  values obtained for  dry weight ,

stem heights, and numbers of stems were somewhat high for the species

in question. Without question , dredged material disposal sites sup-

port many rich stands of marsh vegetation in localized habitats.

Summary

305. A wide var ie ty  of plants  were collected and catalogued

from dredged material disposal sites. These plants were studied by

habi ta t  pref erence , successional p a t t er ns , and as indicators  of mos—
quitoes and/or fissured soil. Several species were observed to be

frequently associated with mosquito larvae under disposal site condi-

tions (see paragraph 11 of Appendix E). It should be noted , however ,

that these same pla nt species in other locations (such as the natural
marsh) may not be indicators of mosqui to  a c t i v i ty .  Mosquito breeding

was most produc tive in those disposal sites that experience an inter—

rupted successional cycle. In some localized habitats within dredged

material disposal sites, standing crop estimations of some plant spe—

cies were estimated and found to be high as compared to the surround-

ing a rea . A comp lete l is t ing of all p lant species collectei from
dred ged material disposal sites is presented as Table E6 in AppendixE .
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PAR I’ X l :  Sl~ t ’L-\RY OF STUDIES ON THE OCCURANCE OF A\’ IAN SPECI ES

W I T H I N  DRED GED MA-rER IAI. DISPOSAL SITES

Introduction

JOb .  Large m o s q uit o  popu lat ions  a s s oc i a ted  with large popula—

t ions of b i r d s  ( a s  in t o o k er  ies)  are ot sonic c o n cer n  to the e n v i r o n —

m e nt a l  scientist for sev e r al  r easons .  Bi rds  o f f e r  a source of blood

and ther e t  ore may s u s t a i n  the  mosqu i t o  p o p u l a t ion s  and , more import-

an t  l v , b i r d s  may se rve  as r e se rvo i r  h ost s for  a group of pa tho g en i c

v i r u s e s .  These v i r u s e s  a re  usuall y termed arboviruses (for arthropod—

b o r n e — v i r u s e s )  . It should be noted tha t  many bird and mosquito species

associated with arboviruses are located in h a b i t a t s  o the r  than disposal

s i t e s .  For these reasons , a p o r t i o n  of t h i s  s t u dy  was devoted to the

usc of dred ged m a t e r i a l  disposa l sites by avian species .  A f u l l e r

account of these studies is presen ted  in Appendix F.

Mater ials and Methods

307 . Field trips were made to three typ e s  of dredged material

disposa l sites during this portion of t h e  studs’:

a. inland Waterway Disrosal Sites: These are a series of
approxima tel y 40 small to m edium— si :~ed s i t e s  located
north and south of Char les ton adjacent to the Atlantic
Intra-Coastal Waterway (AIWW). S—lB (Figure 5) and
N — L b  (F igure  5) are examp les of t h i s  t y p e .

b. B a r r i e r  Island Disposal Slt ~~s: These consist ot large
disposal sites located on barrier islands between salt
marshes and the Atlantic Ocean.  Morr is  Island is the
only example of this type in the Charleston area
(Figure - i ) .

c .  Es tua r in e  Disposal  S i tes:  These are large disposal
sites situated on islands ad~ ac~’ttt to coastal rivers.
Drum , Daniel ’s , and Hog ( P a t r i o t ’s Po in t)  i s l a n d s  are
examples of this type (Figure ).
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habitats and life cycles. The most frequent complaint voiced by

mosq u ito abatemen t pe rsonnel again st the Corps was the lack of

communication between the two agencies . It is also recommended

that  the possibi li t y of joi n t field inspections (Corps and mosquito

abatement personnel) of disposal sites be considered by each D i s—

t r i c t .  The investigators of this study would favor the inclusion

of local mosquito abatement programs on all of the environmental

maili ng l ists (notices , environmental impact statements , etc.) for
a given Dis t r i c t .

314. It. is st rong ly recommended that Corps Districts establish

a po l icy of always notifying local and state mosquito abatement pro—

grams when various disposal sites are scheduled to receive f resh

dredged material .  These local and state agencies need to know s i t e

locations , dates of initial and final operations , estimated amounts

of dredged mater ia l , and dra inage condi t ions  in order to better plan

mosquito surveillance and control.

315. It is strongl y recommended that  Corps D i s t r i c t s  consul t
with local and state vector control officials regarding the planning

and design of new disposal sites in the future . Many mosquito

abatement personnel were encountered from engineering backgrounds
du r ing the stud y. A number of these engineers offered suggestions

and engineering solutions ( i . e .  source reduct ion)  to local disposal

area problems . It appears reasonable that  some mosqui to  larval

habitats could be reduced by changes in disposal area designs. Such

p lans should be pursued on a local basis.

316 . Obviously, the failure to develop good working relation-

ships between the Corps Districts and mosquito abatement personnel

[s counterproductive to both parties . Good interagency relation-

ships are not accidental , and they develop only In an atmosphere of

mutual trust and respect. According ly, it Is also recommended that

state and local mosquito abatement personnel routinel y Include the

local Corps District in their mailing lists , environment Impact
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statements , etc.

317. It is recommended that local Corps Districts in i t ia te  and

sponsor their own research efforts on the ecology of dredged

mate r ial disposal sites. Such studies, whenever possible, should

include cooperative ventures with local mosquito abatement programs.

Plant l~elatio nshi2s

318. The major plant species associated with several disposal

area habitats were catalogued . A proposed outline of plant succes-

sion was presented. A listing of plant species positively associa-

ted with mosquito breeding was presented . Mosquito breeding was

observed to be more common on disposal sites where plant successional

patterns were interrupted on a regular basis (every 2 to 5 years).

Such interruptions are common with many Corps projects.

319. It is recommended that the Corps consider further

research on plan t species that might prevent the development of

DM—4 and DM—5 conditions within disposal sites. Additional work is

also needed on techniques of aerial photo—reconnaissance and

utilization of those plants that have been found (in this report)

to be indicators of larval mosquito habitats.

Avian Rela t ionships

320. ilte presence of mosquitoes and birds together in the

same breeding habi tat  (e .g .  disposal sites) may cons t i tu te  a health

hazard (encep halitis) to man . Disposal areas were found to be im—

portant breeding sites for coastal wading birds.

321 . I t  is recommended that additional research he c~-’n duc ted

on the possible presence of the encephaltide virus group wi thin

bo th bi rd and mosquito populations that occur within disposal sites.

Additional studies are also needed on the importance of disposal
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sites fo r Wilson ’s plover , b lack—necked s t i l t , and long legged wade rs.

Ar th ropod Succession

322. A total of seven d i f f e ren t  successional stages were iso—

lated and described in this study . The pattern was found to be

valid fo r a var iety of di sposal sites in many coasta l loca t ion s

with the possib le exception of California. Species numbers and
diversity were compared through Shannon—Wiener Indices. Stages DM—4

and DM—5 were always (except in California) found to be associated

with mosquito larvae.

323. It is recommended that appropriate field personnel from

both the Corps and local mosquito programs be trained to recognize

the importance of the var ious successional pat tern s proposed in this

study. It Is especially essential that the appropriate field per-

sonnel learn to differentiate between DM—3 , DM—4 and DM— 5 seres as

the latter two stages generally support larval mosquitoes.

324 . It is strongly recommended that various Corps Distr icts
consider formulating their dredging schedules with some considera-

tion and regard for mosquito seasons. For example, for short periods

of time , the addi t ion of fresh dredged material onto disposal sites

(perhaps in stages DM—4 or DM—5) may eliminate the need for mosquito

control on that site for 6 months. Such joint approaches are possi—

ble onl y af t er a high degree of interagency cooperation has been
achieved for several years.

Mosquito Larval Habitats

325 . A total of 14 d i f f e ren t  and d is t inc t  larval hab i t a t s
have been defined in this study (Figure 15) . This vast m a j o r i t y

of these habit a ts occur in di sposal sites th rou gh out the Un ited

Sta tes .  Some habitats  are preventable , whi le others are not .
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326 . I t  is recommended that  the appropriate f ield personnel

within various Corps Districts and mosquito abatement programs re-

ceive training tha t  wi l l  enable them to recognize the likel y

sou r ces of mosquitoes within various types of disposal sites. It

is strongly recommended that the use of concrete splash pads near

discharge points be continued.

Larva.! and Adult Mosquitoes

327. In most disposal areas in the East Aedea spp . mosquitoes
we re the  most common pests associated with dredged material disposal
sites. Other species may develop within disposal areas under

specialized conditions . It  is recommended that local mosquito con— :1
trol programs and/or Corps Districts maintain both larval and adult

mosquito surveillance programs over dredged material disposal sites .

Rainfall data from disposal areas are especially needed for accurate

predictions of mosquito activity.

Mosquito Control

328. With the possible exception of predatory fish, biological

cont rol measu res do not appea r practical fo r disposal area mosquito

control  at the present time . Several promising studies are current—
ly underway that involve the use of nematodes .

329. A number of chemical pesticides are currently available

for mosquito control within dredged material disposal sites. As

noted in this report , it appears that certain Insect Growth Regula—

tors (IGR ’s) are equally promising for the chemical control of mos-

quitoes. Perhaps the most unusual approach to disposal area

mosquito control is the notion of pretreatment (i.e. treating a

dry disposal site with an encapsulated ICR prior to rainfall). Data

presented in this report support the validity of this concept.
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330 . In view of rising costs for some traditional materials

(larvicidal oils), it is recommended that further consideration be

given to the IGR’s as a practical means of disposal area mosquito

control. Further research is needed on possible resistance mech-

anisms of mosquitoes to the ICR ’s. Additional research Is also

needed to further test pretreatment concepts and materials.

331. Data presented in this report also support the need for

further research on physical. control (i.e. source reduction) methods

for disposal site mosquitoes . This report has tested the rim—ditch 
—

concept in a limited fashion and found it feasible as a source re-

duction method for borrow pit swales . It is thought that rim—

ditching t echniques will be most successful within those disposal

sites that are low enough in elevation to allow for tidal flushing.

An added benefit of rim—ditching is the natural appearance of

mosquito predators following the intrusion of tidal waters. It is

strongly recommended that additional. research be conducted regarding

use of the RUC and other marsh vehicles as tools for achieving the

source reduction of disposal site mosquitoes.

332. In conclusion , dredged material disposal sites were

found to be common sources of mosquitoes along the At1~ntic  and

gulf coasts. Disposal sites on the west coast were generally not

common sources of mosquitoes (except under specialized conditions)

due to the low ra infa l l  conditions during the summer months.  Inter-

agency cooperation and close surveillance for larval mosquito con—

ditions within disposal sites by trained personnel are, without

doubt , the keys to successful pest management programs. If the

peculiar ecology of dredged material  disposal sites is well under-
stood, then a variety of chemical, physical, and (in the near

future) biological measures can be utilized against mosquitoes. It

is imperative that some form of mosquito surveillance be conducted

over most disposal sites during mosquito seasons. While this report

has offered many new answers, suggestions, and conclusions regarding
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-~ the control of mosquitoes associated with disposal areas, the future

of this  e f f o r t rests upon the development of interagency cooperation

-
~ between Corps Districts and local mosquito abatement programs and

new research directions.
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APPENDIX A: INTE RAGENCY PERSPECTIVES ON MOSQUITO CONDITIONS
AND CONTROL IN CONFINED DREDGED MATERIAL DISPOSAL SITES

I n t r o d u c t i o n

Publ ic  po l icy
anal ysis as a resea rch  tool

1. Pub l i c  p011ev , long neg lected by observers of the American

p o l i t i c ~i 1 sys tem , has in recent  years been the object of a wide vari-

ety of research. These efforts have revealed , among other th ings ,
t h e  enormous comp l e x i t y  of the sub jec t .  In i ts  barest out l ines, pub-

lic pol icy  involves:  U) f o r m a t i o n  (both process and substance) , (2)

e x e c u t i o n , and (3) impact .  Each of these components is qui te  complex

in itself and , to make overall analysis even more difficult , each is

integrally intertwined with the others. For some extended discussion

of these points see Froman 1967, Hofferbert 1974 , Anderson 1975 , and

Dye 1975. Given these complications, a fairly common research

approach is to concent ra te  on one component (such as policy format ion

er innovation) of a par t icular  policy wi th  a view toward building

understanding of the policy incrementally. Good summaries of studies

using this and other app roaches can be fo und in Sindler 1973 and
Hofferbert 1974. Since each part is crucial , such a research strat-

egy can be justified as helping to clarify perceptions of the specific

~r~~ rjm selected fo r  s t u dy .  I d e a l ly , anal ysis would extend to all

parts of the policy under examination , and there have been a few such

ambi t ious  p r o j e c t s  undertaken , but  in many cases recognition of
numerous p rac t i ca l  l i m i ts  leads to a more r ea l i s t i c  investi ga~~ion.

Such studies cL~fl singly shed important light ~n the program being re—

~e.irehed , and cumulatively they can perhaps ultimately be combined to

give a more general  unders t and ing  of the  program from inception

t hrough impact .  Insofar  as one ‘f the main goals of bet ter  policy
unders tand ing  is po l icy  improvement , both of these types of r e s u l t s  of

l i m i t e d  program anal ysis  can be q u i t e  u s e f u l .

Al
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Appl ica t ion  of pol icy
anal ysis to mosqui to  abatement

2. In light of these considerat ions, i t  was decided to include

wi th in  the general research design fo r  this  p ro jec t  a subdesi gn fo r

some limited policy analyses regarding certain aspects of mosquito

control pr ograms in conf ined dr edged material disposal sites in the
selected CE D i s t r i c t s .  These e f f o r t s  were focused mainl y on some fea—

tures  of policy execution and responsibility rather than policy form-

at ion or impact , but as already noted , these are in t e r re l a t ed  in many

ways. No signi f ican t policy anai ysis  studies hav e previous ly  been

made comparing the attitudes and op inions of government agencies con—

cerned with mosquito abatement.

Centra l  stud y focus

3. Sp e c i f i c a l l y ,  this part  of the  s tud y was concerned w i t h  the

extent  of in te rac t ion  and cooperation among three governmental

agencies which were involved in vary ing degrees wi th  c o n f i n e d  dred ged

mater ia l  disposal s i tes .  The agencies were :

a. Selected CE Districts.

b . Selected s tate  vector  control  agencies.

c. Selected local mosquito abatement districts.

The founda t ion  of this  concern is the widely recognized f a c t  t ha t , in

the Amer ican  Federal sy -~t~ m where many agencies represent ing  d i f f e r e n t

governmental levels may be involved in a program (as in the  case w i t h

mosqui to  abatement  e f f o r t s  in diked dredged ma te r i a l  disposal sites) ,

success fu l  program execut ion  requires  some min imal  level of in t e r—

agency coopera t ion . A major  problem is that  d i f f e r e n t  agencies have

d i f f e r e n t  goals , d i f f e r e n t  program p r i o r i t i e s, and d i f f e r e n t  po l icy

perspectives.  In shor t , they see things  d i f f e r e n t l y  and , hence , :~
approach program execut ion in a wide va r i e ty  of ways.

4. In the context  of the present  s t u d y,  then , a logical  h ypot h—

esis would be:
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Given the d i ll crent program priorities md

p eta t ional tesponsib i l i t  ics ol the A r m y

( e r p o  el  1-lug m eet s , St ~t t  e v e ct  or  cen t  t o t

d e p a r t m e n t s , and lot~a I m o s q u i to  c o n t r o l

~ istr I t~ t s , there w i l l  he sign i  I i  c a n t  I n t e r —

aget i  cv ti lt I e r ences  In  t h e  re t ’ogn i t  Ion and

,ie I In it ton ol mosquito p rob I ems in  con I m e d

dredged m a t e r ia l  disposal s i t e s  and In

at t I tudes  on r e sp ons  I b l i l t  v I or  mosqu I to

cent  ret in such sites.

From some p r e v i ou s  work on utesqu i t oes I n  d Iked d t e d ged ma t  c i i  a t  di

posal s i tes  and rem a rev lew ot cc r t  a in conuuun i eat ions between per—

sonnel o t var ious  agen e i es , it was S t  t o n g  1 v Suspect  ed t h a t  the livp ot 1i~
esized di f t c  Fences do indeed  exist ~ttid may account I or  some o t t h e

~~~~ ua I and/or pet cut ia I probl ems In the  e l i  I t ’ le n t  ex e c u t  Ion of

m o s q u i to  abatement p r e g t . u u s  in many 01 t h e s e  a r ea s .  The absen ~- e 01

sv st ema t i eat ly gat he red cv i deuce t o t e st  t he ac eu r ac V et t h i i mp F~~’ 5 5—

ion pr ompted  an at empt t o seek ettip i rica I dat a I or t h at  purpos e .  In

t he vas t  l i t e r a t u r e  on i n s ect  s and In s e ct  cont t el , t he r e  have  been

v er y  few a t t e m p t s  to u t i l i ~ t’ e m p i  t i t -al a t t i t u d i n a l  d a t a  01 th is sot

w i t h  t lie except ion ot G e r h a r d t  e t at . (I 971) . 01W 1 ous lv  , when 1’ i e i t ’g—

ical  re sea r ch  I e ’ad ’; to .i set los ot pol I cv sugges t  I otis , some it tent ion

to the attItude’s i n v o l v e d  in p o i i  cv d e l i  n i t  ion , F e sp o t i s  i t ’! l i t  v •

exeetit Ion is q u i t  e us t  I t i ed .

Methodology

Q u e s t i o n n ai r e  c on s t r u c t  ion

5. ‘l ii i l i v p e t h e s  i s  was pu r sue d  by ~‘onst 1 t t , -t tug a short ques—

t I onna I rt ’ f o r  m a i l  J 1st r t hu  t I on t o set e c t ed pet sonue I of Cl-I 1) 1st t l e t

s t a t e  vect or  cen t  r e t  a g e n c i e s , I o ~ a i h e a l  t Ii d e p a r t m e n t s , and Ie~-a 1

mosquito ab it emeti t dist r i c t s in the I oi l o w i n g  tI - 1)1st t jet s

A - 
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New York Vickshurg

Phi lade l ph i a  New Orleans

B a l t i m o r e  Ga lves ton

Nor fo lk  San Fr an c i sco

Wilmington Sacramento

Charleston Portland

Savannah Seattle

Jacksonvill e’

S e lec t  ion el these CE D i s t r i c t s  was based on the sca le  of dred g i n g

a c t i v i t  Los as i n d i c a t e d  in the  s tudy  of Har r i son  and Chiselm (1’)I-+).

~ ucst ionn a ir e  purposes

6. The questionnaire was designed to allow both descriptive and

comparative analyse’s of these groups with respect to:

a. The i r  perception of the  mosquito problem (extent ,

nature , and source) in confined dredged material

disposal sites.

h. Their perception of agency responsibility for

dealing with the mosquito problem in c o n f i n e d

dredged material s i t es  both  p r e s e n t l y  and In

the future .

c. Their perception of interagency communication

pat  terns (what  these p a t t e r n s  are and what  they

should be) relating to mosquIto conditions in

these sites.

Pr e l iminary  consideratIons

7. The qucs t I onna Ire used In t h I s  st  iid~’ was pr epar ed af t t ’ r a

se r le ’s ol consul  t a t  Ions w i t h  (I~~ rps el E n g i n e e r s  pe’ rsonne I and state

and l o c a l  vecto r  con t ro l  o I f t c  I a is  in Sout ii C ar o l in a .  These ’ ~~~~~~~~~ u I  —

at  ions were supi ’l e’mented b y p er t  od Ic  d i scu ss  tons w I t h  en tomolog i s t s

at The C i t a d el  , on s i t e  f i t ’ id i n s p e c t  ions of c o n f i n e d  dred ged mate r i  a I

A t
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disposal s i t e s  in the Charleston District , and reference to other

Corps of Engineers studies , most notably Harrison and Chisolm (1974).

Two key decisions , beyond the selection of the basic top ics for exam-

ination , are reflected in the questionnaire as it finally evolved

through five preliminary drafts. First , it was decided to limit the

length to three pages to reduce the work requested of the respondents

and , thereby, to increase the likelihood that the respondents would

complete the form. In the cover letter which accompanied each ques—

tionnaire , these space limitations were explained and the respondent

was invited (even urged) to add any information considered to be

important. Thus, it was possible to get a great deal of material be-

yond that requested in the questions themselves. This is fairly

standard procedure in mail surveys , and it seems to have worked well

in this particular instance.

Questionnaire differences

8. The second key decision concerned tailoring the wording of

certain questions to the agencies involved. For the most part , this

required no more than a simple change of one or two words in the
question , and , whenever such changes were needed , great care was

t aken not to alter the basic content of the question or its fund—

amental tone (or connotations). Thus , three slightly ditferent ver—

sions of the same questionnaire were constructed , one version for

each of the three agencies involved in the survey . Pretests m di—

cated that these versions were comparable. The main difference among

the di lterent versions consisted of combining the first two questions

in the Corps of Engineers and state vector control questionnaire’s into

ofle’ question for the ques t ionnai re  sent to local mosquito abatement

districts (since it was evident that the very existence of local

mosquito control agencies indicates the presence of a mosquito prob—

[em in the area). The other variations invo lved extremely minor

changes in wording to make them applicable to the different agencies .

For example , where questIon four on the Corps questionnaire asks

A5 
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abou t mosquito b reedi ng in the District , the corresponding question

on the local officials ’ questionnaire asks about mosquito breeding in

the locality.

Sample Corps of
Engineers Questionnaire

We are interested in your viewpoint or perspective on the topic of

mosquito production in spoil areas. Please answer all of the follow-

ing questions. There is, of course , no right or wrong answer as such
on any question.

1. Opinions about whether or not mosquitoes are a problem vary. In
your opinion, are mosquitoes a problem in all or part of your
dist r ic t?
______(a) Yes, throughout the district.
______(b) Yes, in parts of the district.
______ (c) No .
______(d) Not sure ; no opinion.

2. if mosquitoes are a problem , in your opinion which of the follow-
ing most accurately describes the degree of the problem? —

______ (a) Mosquitoes a re a nuisance only.
______ (b) Mosquitoes are a minor health hazard.
_______(c) Mosquitoes are a major health hazard .
______(d) Not sure ; no opinion.
______ (e) inapp licable; mosquitoes a re not a problem.

3. Are the opinions expressed in the first two questions supported by
your own observation and investigation , or are they based mainly
on in fo rmat ion  provided to you by some other  agency such as the
state or local health department or local mosquito abatement
d i s t r i c t ?
______ (a) Own observation and investigat ion .
______(b) Other agency (Please specify:_______________________

4. What are the main sources (breeding areas) of the mosquitoes In
your dIstrict ? (MARK MORE TItAN ONE IF YOU WISH),

(a) N a t u r a l  domest ic  sources ( t i n  cans , old t i r e s , r aft )
barrels , etc).

_______(b) Natural salt water marshes.
_______(c) N a t u r a l  fresh water (ponds , lakes , puddles , etc.). -

______(d) Con f ined d redged mate rial disposal  s i t e s  used b y t he
Army Corps of Eng ineers.

_______ 
(e) Not sure ; no op inion .

______ (f) Inapp licable; there at- c no mosqui toes  In  t h i s  area.

Mi
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5. In your opinion , if mosquitoes are a problem related to spoil
areas , is the mosquito problem more or less serious than the fol-
lowing environmental conditions? (PLEASE CHECK THE APPROPRIATE
BLANK BY EACH CONDITION LISTED) — ___________

One or
both
prob- Not

Mosquitoes Mosquitoes Problems lems sure;
are less are more are the don’t no
serious serious same exist opinion

Po llution f rom seepage
or dike failures. 

_ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

Botulism ( f ood
poisoning). 

_ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

Dust. 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

Turbidity in the
surrounding water
or marsh. ____ —

~~~~

Flies or other insects. 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

Other organisms (rats,
mice , e t c . ) .  

_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

Other  (Please specif y:

6. I’- mosquitoes are a problem in confined dredged material disposal
sites (or if they become a problem in the future), which of the
following agencies is mainly responsible for dealing with the
problem ?

(a) Local heal th  depa r tment .
_____ (b) Local mosquito abatement d i s t r i c t .
_____(c) State health department.
_____ (d) Army Corps of Engineers.
_____(e) Other (Please specify: ) .

— 
(I) Not sure ; no opinion.

7. If there Is an actual or potential problem with mosquitoes in k-on—
fined dredged material disposal sites , in your opinion should the
Army Corps of Engineers in your district assume (or be assigned)

~~~ responsibility for mosquito contro l there? (MAY MARK MORE
THAN ONE) .
_____ (a) Yes .
______(b) No , this is not what the Army Corps of Eng ineers  is in-

tended or designed to do.
_____ (c)  No , the Corps of Engineers is too occup ied w i t h  I t s

normal duties to get involved in mosquito control.
_____(d) No, other organizations should do this (please Identify :

_______
).

______  
(e) Other (Please specif y:_______________________ _______

_____(f) Not sure ; no opinion.

A?



8. Beyond any official responsibility , or even if the Army Corps of
Engineers has no official responsibility for mosquito control in
confined dredged material disposal sites at the present time ,
does the Corps in your district participate voluntarily with local
and/or state agencies in programs designed to deal with mosqui-
toes?
_____ (a) Yes , a great deal and on a regular basis .

~~b) Yes, sometimes.
_____ (c) No , other authorities have not requested and/or do not

need Corps assistance.
_____ (d) No, the Corps’ normal work commitments here allow no time

for mosquito work of this nature.
_____(e) Other (please specify:_______________________________

_____(f) Inapplicable , there is not a mosquito problem here.
_____(g) Not sure; no opinion.

9. In your opinion , if assistance is requested in the future , should
the Corps of Engineers in this district participate in local and/
or state mosquito abatement programs as they appl y to confined
dredged material disposal sites?
_____ (a) Yes , in any way and as much as possible.
_____ (b) Yes, but only on a limited basis since the Corps ’ normal

responsibilities require the bulk of its time and re-
sources.

_____(c) No, the Corp s ’ normal workload prevents such partici-
pation.

_____(d) Other (please specify: ).
_____(e) Not sure; no opinion.

10. Is there communication between the Army Corps of Engineers and
local and/or state health departments in this area concerning
actual or potential mosquito problems in confined dredged material
disposal sites?
_____(a) Yes , of ten (an average of at least once a month).
_____ (b) Yes , sometimes (an average of at least once every three

months).
_____(c) Yes, but rarely (once every six months or less).
_____(d) No.
_____(e) Other (please specify:_______________________________

_____(f) Not sure ; no opinion .

11. If there is such communication , please indicate  which of the fol-
lowing in your opinion , describe the nature of the communication .
(MARK MORE TH AN ONE IF YOU WISH).
~~~~(a) An exchang. of printed material (reports , bulletins ,

e tc . ) .

A8
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_____ (b) Le t t e r s  and memos concerning present work and future
plans (for dredging , spraying , etc.).

_____(c) Personal telephone calls about plans, work , and problems .
_____ (d) Formal conferences involving personnel of the concerned

agencies.
_____ (e) Informal discussions of work and plans among personne l of

the various agencies.
_____(f) Other (please specify: ).

_____(g) Inapplicable; there is no communication.
_____(h) Not sure ; no opinion .

12. If there is communication , please indicate which of the following
are involved.
_____ (a) Both state and local health (or mosquito abatement)

o f f i c ials.
_____ (b) Loca l o f f i c i a l s  only.
______(c) State officials only.
_____(d) Othe r (p lease speci fy : ) .
_____(e) Inapplicable , there is no communication .
_____(f) Not sure; no opinion .

13. In your opinion, would more interagency communication of this
nature be worthwhile?
_____(a) Yes.
_____ (b) Yes, but only if a mosquito problem develops.
_____ (c) No, it is not necessary (present communication is

adequate).
_____(d) Other (please specify: ).

_____ (e) No t su re; no op inion .

14. If you fee l  that  more communication of this type would be u se fu l ,
which of the fol lowing should , in your op inion , be increased?
(MARK MORE THAN ONE IF YOU WISH) .
_____ (a) An exchange of p r in ted  ma te r i a l .
_____ (b) Let ters  and memos abou t present work and f u t u r e  plans.
_____(c) Personal telephone calls about plans , work , and problems .
______(d)  Formal conferences among personnel of the concerned

agencies.
_____ (e) In formal  discussions of work and plans among personnel  of

the various agencies.
_____( f )  O the r  (please specif y:  ) .

_____ (g) Inapp licable~ more communication is not needed.
_____ (h) Not sure ; no opinion.

q

L 
_ _ _ _ _ _  

_ _ _ _ _ _ _



--~~~~~~~~~~~~ - -- --

15. How does interagency communication about actual or po ten t ia l
mosquito problems compare with interagency communIcation about
other environmental matters?
_____ (a) There is more communication about mosquitoes than about

other health problems.
_____ (b) There is less communication about mosquitoes than about

other health problems.
_____(c) Communication in both top ic areas in about the same.
_____(d) Inapplicable , there is no interagency communication on

other health problems.
_____(e) Not sure; no opinion.

Respondent lists

9. At the start of the survey phase of the study no complete

lists of potent ia l  respondents existed for  any of the three  agencies.

Consequently, it was necessary to construct these lists through a

variety of lengthy procedures. This was probably the most difficult

and time—consuming task faced in the survey.

10. It was decided to write each of the CE Districts selected for

inclusion in the study requesting the names of five or six peop le

familiar with the construction , use, and reuse of confined dredged

material disposal sites in the particular District. In most Dis-

tricts this request was directed to the District Engineer , but in a

few cases the request was made to some other Corps official with whom

there had been previous contact (during site visitations). Most of

the requests were answered rather quickly, but in a few instances a

follow—up telephone call was necessary to secure the names needed.

Since it was left up to each District to determine the specific num-

ber of names submitted , final respondent lists varied from District
to District from four to ten. This variation was not important as

long as the names on the list included those designated as most

knowledgeable about diked dred ged m a t er i a l  disposal  s i ted  in t he i r
Districts.

11. At the state level , an attemp t was made to contact at least

two people with extensive involvement in vector  control  programs .

Again , this effort began without any p r e c o nst r u c t e d  l is t s . A p i e —
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liminary list was put togethe r through communication with Dr. L. A.

Williams , Jr. (Personal Communication , 11 October 1974, L. A.

Williams, Jr.,, South Carolina Department of Health and Environmental

Control , Columbia). One name per state was obtained in this manner.

Two questionnaires were then sent to each of these people with a re—

quest that they complete one and give the other to a second person

in their department involved in mosquito control work (if indeed
there was another person with this responsibility). In most states

it was possible to get responses from two state vector control of Li—

d ais through this procedure; however, in several states there was

only one response accompanied by notification that no other person

was Involved In this type of program at the state level. In calcu-

lating response rates , it was therefore assumed that only one state

official was Involved in vector control at the program execution

level unless there was evidence of more . At the other end of the

scale, in two states more than two officials were mentioned and,

consequently , in the interest of getting as much input as possible,

these were included (and thereby deviated a bit from the normal pat—

tern) .

12. The most difficult respondent lists to compile were those

fo r local mosquito control o f f ic ia l s . In a few states , state ve ctor
control officials supplied , upon request , a list of mosquito control

commissions (districts) in areas where the Corps of Engineers was

doing substantial dredging. In a few other states there had been

some previous contact (site visitations) with some local abatement

districts and these were contacted for more Information in their re-

spective states. A third measure undertaken involved contacting all

local control programs in the various states as listed in Mail ing

List of U. S. Agencies In teres ted  in Mosquito Control (Personal

Communication , 1 August 1975, L. Cavey, American Mosquito Control

Association , Fresno, California). Questionnaires were sent accom—

panied by an explanatory cover letter regarding the study and ask ing

All 
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for the return of the completed questionnaire If there were Corps of

Engineers confined dredged material disposal sites in the particular

county . Finally, a notice was put in the American Mosquito Control

Association News Let ter,  March 1976 , requesting responses from local

mosquito control o f f i c i a l s.  It should also be noted that on occasion

the Corps of Engineers in an area suggested a few local mosquito con-

trol or health officials to be contacted . In brief , the construction

of these lists was rather laborious and involved various preliminary

contacts , but it is felt that the lists finally did provide good

coverage of existing mosquito control programs in the Districts sur-

veyed .

13. At the local level , two questionnaires were usually sent to

each abatement district with the request for a second completed form

if there was a second person in the program familiar with the topic.

In some areas there was no second official so the respondent lists

for local mosquito control personnel were not completed until each

locality had responded to find out about the nature of that area’s

specific program.

14. The primary fac to r  involved in selecting a local mosquito

abatement d is t r ic t  (or c i t y  or county health department)  for  inclu-

sion in the survey was the existence of Army Corps of Eng ineers con-

fined dredged material disposal sites in the area. On a rare occa-

sion , i t  was decided to include a locality which did not currently

meet this criterion if the local mosquito control agency had dealt

with such disposal areas in the past (and thus had some experience

with mosquito conditions related to diked dredged material disposal

sites) or if the Corps of Engineers had plans for future use of con-

fined dredged material disposal sites in the area. In both types of

exceptions to the standard practice , it was felt that the local

agencies could add valuable information to the study, especially on

such things  as op inions on responsibi l i ty  for  mosquito c- ut rol in
diked disposal areas , communication patterns , etc. For the same rca—
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sons , i t  was also decided to include responses f r o m  a very  few agen-

cies which have no confined dredged material disposal sites in their

immediate areas but  which do have r a t h e r  ex tens ive  deal ings w i t h  the

Corps of Eng ineers In o ther  types of opera t ions  (marsh land  dred g ing ,

e t c . )  which may be associated wi th  mosqui to  p roduc t ion ; whi le  these

agencies could not respond to the questions speci f ica l ly concerned

with (and limited to) confined dred ged material disposal sites , they

could respond to the questions on communications , theore t i ca l  respon-

sibility for mosquito control in Corps project areas , voluntary Corp s

assistance in mosquito control efforts , etc. It should be emphas ized,

however , tha t  over 90 percent  of the agencies surveyed are in areas

where there are confined dred ged mate r i a l  s i tes ;  dev i a t i ons  f rom t hi s

were included only when i t  was very obvious t ha t  u s e f u l  addi t iona l

i n f o r m a t i o n  would be f o r t h c o m i n g , and care was taken not to include

such areas on items i r re levant to the i r  ac tua l  experiences w i t h  the

Corps of Engineers .

15. In the f ina l  analysis , i t  cannot  be claimed tha t  all agen—

cies (and o f f i c i a l s )  that  should be contacted  in th is  p a r t  of the

study were actual ly included on the var ious  respondent  l i s t s  given

the above—mentioned complexi t ies  of ob t a in ing  the  information iit ’~~os —

ssary fo r  compiling complete l i s ts .  However , i t  was f e l t  tha t  the

f i n a l  l is t ings did include the vast  m a j o r i t y  (if not a l l )  of the con-

cerned agencies and personnel .  In summary , an e f f o r t  was made to ob-

tain as much da ta  as possible f r o m  th ree  typ es  of a g e n c i e s  in ~t num—

ber of selected Corps of Engineers  D i s t r i c t s  t h roug hout the  co u n t ry

w i t h  a view toward making a val id  in teragency  s t a t i s t i c a l  an a ly s i s .

Whi le  more complete da t a  migh t  be possible , the da ta  far exceed the

minimum goal .

Re tu rn  ra tes

16. The q u e s t i o n n a i r e s  were m a i l e d  d u r i n g  the  p er iod  f r om 1

November 1975 th rough  15 Ap r i l  197t . Cat-c was taken to follow t e s t ed

procedures f o r  conduct ing  a mai l  survey  (Norman l94S . Fe r r i s  1951 .

A l
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Moser 1958 , Levine and Gordon 1958—1959 , Franzen and Lazersfeld 1958 ,
Par ten  1966 , Selltiz et al. 1966 , Liasky 1975) . Consequently, it was

possible to obtain good response rates ~f 88 percent for  the Corps of
Engineers , 88 percent  fo r  S ta te  vector  control o f f i c i a l s, and 82 per-

cent for local mosquito abatement personnel. The total response rate

was 85 percent. Since mail survey return rates are frequently much

lower than this (not uncommonly fal ling below 50 percent) , there was

high confidence in the re l iabi l i ty  of the data .  The response rates

were in themselves a testimony to the cooperation of the o f f i c i a l s

contacted in all three types of agencies.

Analyt ical  approach

17. The analytical approach was to concentra te  pr imar i ly  on con—

t ingency table (percentage distribution) descriptions and comparisons

of these three aggregates. The chi—square test was also used in each
table to give some standardized indication of the statistical signifi-

cance of any interagency differences that may be found. This m di—

cated with some certainty whether or not d i f fe rences  in proportional

distributions on the various questions are true indications of import-

ant aggregate disparities among these agencies. While it was recog-

nized that there is some disagreement among statisticians about utili-

zing the cM—square test of significance in this manner where the

dat-~ are not based on a sample of respondents in the strict statist-

ical sense, it was believed that a strong case can be made for its use

here (Blalock 1972). For those who are uncomfortable with chi—square

analysis in these data , the a l t e rna t ive  would be to use the rule of

thumb of ten percentage points  as r ep resen ta t ive  of s i g n i f i c a n t  d i f —

ferences , an approach described in Wahlke et al. (1963) .

Discussion

Recognition and d e f i n i t i o n  of the
mosquito problem

18. Na t iona l  da ta .  The f i r s t  concern in t h i s  par t  of the projec t
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was to examine and compare interagency perspect ives  on the  existence

and nature of the mosqui to  problem in confined dred ged ma te r i a l  dis-

posal sites. Quite obviously , congruence of con trol program s is no t

l ikely if there is wide disagreement among the three agencies on

these basic  ques t ions :  (1) Are mosquitoes a problem in the selected

areas , and are they b r e e d in g  s ign i f i can t ly  in Army Corps of Engineers

c o n f i n e d  dred ged m a t e r i a l  disposal s i tes?  (2) Wha t is the degree of

the m o s q u i t o  problem in these areas? (3)  How does the mosqui to

problem in diked disposal  areas ( i f  the prob lem does indeed ex is t  In

these s i t e s )  compare w i t h  other environmental problems sometimes

associated with such areas?

H. The i n i t i a l  ques t ion , then , was sImp ly :  “In your  op inion ,

are mosquitoes a problem in your d i s t r i ct ? ”  This was immedia te ly

fol lowed  w i t h  a ques t ion  concern ing  the respondents ’ opinions of the

degree of the m o s q u i t o  problem in the area (con t ingent  upon a per-

ce ived  problem) . Obviousl y ,  these  quest ions  deal w i t h  problem recog-

n i t i o n , or the lack of i t , a crucial factor in the development and

exucut ion  of any pol icy  (Anderson 1976).  Based on the ear l ier  hy-

po thes is, one mi ght reasonably expect to find wide variations on
these quer ies  between CE personnel  on the  one hand and the S ta t e  and

local mosqui to  cont ro l  o f f i c i a l s  on the  o ther  hand.  I t  was something

of a su rpr i se , then , to  f i nd  t h a t  a t  least on the f i r s t  ques t ion

there were onl y insignificantly small differences among these

agencies .  {Note :  As indica ted  ear l i e r ,  throug hou t  t h i s  sect ion of

the  repor t , the chi—square  (X~ ) tes t  was used as the i n d i ca t o r  of

s t a t i s t i c a l ly  d i f f e r e n t  da ta  d I s t r i b u t i o n s .  Where the d a t a  are

presen ted  in t a b u l a r  format , the  ch i—s quare  values and the l evel of

si g n i f i c a n c e  wil l  be i n clu d e d ;  o therwise , r e f e r e n c e s  wi l l  he inclu-

ded to the  s i g n i f i c a n c e  leve l in the text . It was decided to use the

0.05 leve l (or lower) as the s t a t i s t i c a l  l ine i n d i c a t i n g  si g n i f i c a n t

difference s. That is , anytime the si~~ ificance leve l was 0.05 or

less (p < 0.05), this was taken as an indic ation of true differences

P.15
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in the data since the probability of the specific distribution

occurring by chance would be less than 5 percent. If chi—square was

even lower, this was an indication of an even lower possibility of

a chance data distribution (for example, if p < 0.001, there was

less than one chance in a thousand that the data show a chance dis-

tribution). Conversely, if chi—square was above 0.05, the probability

of chance distribution of the data was high enough to prevent inter-

preting it as statistically significant (although it may have been,

especially if it was only slightly above 0.05). This is a fairly

standard approach (Roscoe 1969, Blalock 1972).} Practically all of

the State and local officials saw a mosquito problem in their areas

(100 percent and 98 percent, respectively), with a similar view being

held by only a slightly smaller majority (89 percent) of the Corps

personnel.

20. While interagency differences in the recognition of mosqui-

toes as a problem were apparently not large enough to be considered

a source of potential or existing dispute, variations in opinions

about the degree of the mosquito problem may be. As shown in Table

Al, a considerably larger proportion of the CE respondents than of

the State and local vector control officials felt that mosquitoes

are a nuisance or simply a minor health problem although majorities

of each agency saw the situation in one of these two ways. Similarly,

significantly larger percentages of the control agencies saw mosqui—

toes as a major health problem. Clearly, these distributions identi-

fied an area of possibly serious disagreement between the Corps of

Engineers and the control agencies regarding the urgency of mosqui-

to control offorts.

Al 6
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Tab le Al

0pi~ ion. on the P.sre. of the Mosquito
Problem in the R.sear~h Area

Corps Stat. Local
Problem 

- * Z
Mosquitoes are a nuisance 36 18 20
Mosqult .a ar. a minor h.alth hasird 48 43 37

Mosquitoes are a major health hasard 5 39 41

Inapplicable 3 0 1

No optnton 8 0 1

b o x  100* 100*
N — (86) (28) (111)

— 4 1 .68599 • p 0.000 1

&~
onal data

21 . When the data ate contro lled by region — Atlantic , Gulf ,

and Pacific — this pattern of interagency variation existed in each

r,*ion aurv.yed (see Append ix 8, Tab le 81) . (Note* A word of caution

Is In order on the breakdown of the national data by r.gion . Whil.

It ii believed that it is interesting and worthwhile to look at the

dat a by region , the authors hesitate to draw firm conclusions from it

In thIs form because the low bee. numbers of some of the group cate—

gtr(.s (for example , the state vector control groups in the Gulf and

Pacific regions ) and th. low raw numbers in many of th. table cells

make percentag, and chi—square analys is inconclusive . Moreover , the

reg ional placement of Ytorida was difficult. It could he logically

p laced ei ther In the Atlantic or in the Gulf groups with the d.ci.ion

finally going to the lat ter mainly because there wer• already more re—

*11
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8pondents categorized as Atlantic than as Gulf. This problem was un—

avoidable, but it obviously might alter the regional breakdowns and

should be taken into consideration. In shor t, the regional data are
presented in Appendix B and it is referred to in the text discussion

on occasion, but the firmer national data are the foundation of the

analysis and conclusions.} It seems clear that in each region the

chances for greater harmony in mosquito control programs would be en-

hanced if there were a greater correspondence of opinions on the de-

gree of the mosquito problem. Whether this would in fact be the case

depends upon whether or not the Corps ’ confined dredged material dis-

posal sites are seen by these respective organizations as a major

source of mosquito breeding. Different perceptions of the nature of

the mosquito problem would logically make little difference if few or

none of the respondents feel that confined dredged material disposal

sites constitute a major breeding source. On the other hand , if these

sites are generally seen as major mosquito breeding sources, and espe—

d aily if they are seen this way by the control agencies but not by

the Corps of Engineers, the difficulties involved in securing inter—

agency cooperation in mosquito control efforts would be not only pres-

ent but compounded.

Major sources of mosquito breeding

22. National data. In pursuit of this point the respondents were

asked to indicate their opinions of the major mosquito breeding

sources in their areas (See question 4). Table A2 presents a compo-

site picture of the responses (that is, it lists the proportion of

each of the groups mentioning the various types of breeding areas as

being major mosquito producers in their area), and Tables A3—A6 pre—

sent the complete distribution of opinions on each of the sources in-

dividually. The data here show wide variations among the three

groups ’ opinions on mosquito breeding sources, but interestingly, in

every case CE personnel were very close proportionally to one of the

control agencies with the percentage of the remaining control agency

being significantly different . For instance , almost identical per—

£18
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centages of the Corps and state vector control officials saw natural

domestic areas as a major breeding source for mosquitoes while a sig—

nificantly higher percentage of the local mosquito abatement personnel

held this view. On the other three types of areas mentioned , includ-

ing confined dredged material disposal sites, the Corp s of Engineers
and the local mosquito control officials were quite close proportion—

ally while the respective percentages of state officials varied sig-

nificantly. For this analysis, the views on diked dredged soil dis—

posal sites are the most important.

Table A2

Perceived Sources of Mosquito Breeding

in the Designated Areas: Composite*

Corps State Local

Source 
_____ 

Z Z
Natural domestic areas 45 46 69

Saltwater marshes 64 89 68

Freshwater areas 71 54 77

Confined dredged material
disposal sites 35 54 43

N — (86) (28) (111)

*This table shows the percentage of each group who answered that the
source listed is a major area for mosquito breeding.
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Table £3

Perce ived Sources of Mos quito Breed ing in the
Designated Areas: Natural Domes tic Areas

Corps State Local
Source % % 

_____

Natural domestic areas are
a breeding source 45 46 69

Natural domestic areas are
not a breeding source 46 54 31

No opinion 9 0 0

100% 100% 100%
N — - (86) (28) (111)

— 22.86366, p < 0.0001

Table A4

Perceived Sources of Mosquito Breeding in the

Designated Areas: Saltwater Marshes

Corps State Local

Source % % Z

Saltwater marshes are a
breeding source 64 89 68

Saltwater marshes are
not a breeding source 27 11 32

No opinion 9 0 0

100% 100% 100%
N — (86) (28) (111)

— 18.81406 , p < 0.0009
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Table AS

Perceived Sources of Mosquito Breeding in the

Designated Areas: Fresh Water

Corps State Local

Source 2 Z _____

Natural Freshwater areas
are a br eed ing source 71 54 77

Natural Freshwater areas
are not a breeding source 20 46 23

No Opinion 9 0 0

100% 1002 100%

N — (86) (28) (111)

— 20.81319 , p < 0.0003

Table £6

Perceived Sources of Mosquito Breeding in the

Designated Areas: Confined Dredged

Material Disposal Sites

Corps State Local

Source % X 2

Conf ined dredged mater ial
disposal sites are a
breed ing source 35 54 43

Conf ined dredged mater ial
disposal sites are
a breeding source 56 43 57

No Opinion 9 3 0
1002 100% 1002

N — (86) (28) (111)

x2 — 13.29928, p 0.001
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On this specific point , the Corps of Engineers was slightly less in—

d ined than local control officials and significantly less inclined
than state vector control personnel, proportionally, to see such dis—

posal sites as major sources of mosquitoes. Of the four types of

aour~es listed , the Corps ranked this last in importance as a mosqui-

to source (based on the percentage mentioning it). Local mosquito

abatement officials also ranked it last. State officials, in sharp

contrast , ranked it second in importance as a source of mosquitoes

(although it was tied for second with freshwater areas). In sum, the

following points stand out. First , substantial proportions of each

group saw confined dredged material disposal sites as a major mosqui-

to source. This underscores the importance of the interagency vari-

ations in perceptions of the nature of the mosquito problem in the

areas surveyed discussed in the preceding paragraph. Second , there

was a clear lack of agreement among these agencies concerning the

sources of mosquitoes in their areas. This was not just disagreement

between the Corps of Engineers on the one hand and the control agen-

cies on the other hand , as might be anticipated , but it involved ob—

vious disagreement among the control agencies themselves. There is

no great concern with the correct or incorrect view on mosquito breed—

ing sources in an objective sense at this point; rather , the main in-

terest is in the possibility of interagency misunderstanding s which

might well be rooted in these differential perceptions , regardless of

their accuracy. It certainly seems that all three agencies would

benefit from greater efforts to familiarize themselves with the ob-

jective facts about mosquito breeding sources in these areas to les-

sen this incongruity.

Regional data

23. When regional controls were introduced , the specific distri-

butions changed in some ways, but the general points made above re—

maimed basically valid for each region (See Appendix B , Tables B2—B6).

There was clear interagency variation in each region concerning opin—
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ions about mosquito sources. It is noteworthy that in the Atlanti c

and Pacific regions smaller percentages of the local control officials

and state control officials, respectively, saw confined dredged mate-

rial disposal sites as major breeding sources. Furthermore , the por—

potions of all groups in the Pacific region seeing these sites as

major mosquito sources were all quite low. Only in the Gulf States

were there significantly divergent views between the Corps of Engineers

and the control agencies on this point. There is some suggestion here

that interagency problems arising from perceptual differences on con-

fined dredged material disposal sites as mosquito breeding sources

might be less in the Atlantic and especially the Pacific than in the

Gulf.

A comparison of mosquitoes
with , other environmental problems

24. National data. As a final inquiry into the viewpoints of the

three groups of respondents regarding the nature of the mosquito prob—

lem associated with diked dredged material disposal sites, they were

asked to compare environmental problems which sometimes arise in such

sites (See question 5). Specifically, they were asked to compare mos-

quitoes with pollution , botulism (in wildlife), dust , water turbidity,

flies (and other insects), and rats (and other organisms). In each

case, fairly large percentages indicated that one or both of the prob-

lems do not exist or that they have no opinion about which of the

problems is more serious. Concentrating on those who did express a

comparative opinion, it can be seen that there were clear differences

between the Corps of Engineers on the one hand and the control agen—

d es on the other. For example , the CE District personnel were much

more prone , proportionally , to see pollution as a more serious problem

than mosquitoes , while the control officials (state and local) were

significantly more inclined to see mosquitoes as a more serious prob-

lem than pollution (see Table A7). Even though the specitic figures

va ry, the same basic pattern appears in each of the other tables (see
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Tab les A8—A12). In every case , the control agencies saw mosquitoes
as a more serious problsm than the environmental condition with which

the comparison was made ; the Corps of Engineers was significantly more
inclined to see the situation differently. Interestingly, in each in-

stance , the sharpest differences were between the Corps personnel and
the stats control officials.

Table £7

Perce ived Seriousness of Problems in Confined Dredged Material

Disposal Sites: Mosquitoes Compared With Pollution

Corp s State Local

Problem 2 2 2
Mosquitoes are less serious than

pollution 26 7 7
Mosquitoes are more serious than

pollution 16 43 42

Prob lems are the same 6 14 8
One or both problems do no t ex ist 38 18 35
No opinion 14 18 8

1002 100% 1002

N — (86) (28) (111)
x2 — 31.68777 , p < 0.0001
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Table £8

Perceived Seriousness of Problems in Confined Dredged Ma terial

Disposal Sites: Mosquitoes Compared With Botulism

Corps State Local

Problem 2 2 2
Mosquitoes are less serious than

botulism 15 7 7
Mosquitoes are more serious than

botulism 9 43 31
Problems are same 4 0 2
One or both problems do not exist 42 18 40

No opinion 30 32 20

100% 100% 1002

N • (86) (28) (I l l)
x2 — 24.66687 , p < 0.0018

Table A9

Perceived Seriousness of Problems in Confined Dredged Material

Disposal Sites: Mosquitoes Co~pared With Dust

Corps State Local

Problem 2 
_____ _____

Mosquitoes are less serious than
dust 20 0 1 —

Mosquitoes are more serious than
dust 10 54 38

Problems are same 8 4

One or both problems do not exist 41 11 39

No opinion 11 
_____ 

20

1002 1002 1002
N — (86) (28) (111)

x2 — 42.11568 ; p < 0.0001
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Table AlO

Perceiv ed Seriousness of Problems in Confined Dredged Material
Disposal Sites: Mosquitoes Compared With Turbidity

Corps State Local

Problem % % 
_____

Mosquitoes are less serious than
turbidity 17 0 6

Mosquitoes are more serious than
turbidity 17 54 34

Problems are same 12 4 4

One or both problems do not exist 41 21 35

No opinion 13 21 21

100% 100% 100%

N • (86) (2 8) ( l l f l

X~ — 28.98819 p < 0.0003

Tab le All

Perceived Seriousness of Problems in Confined Dredged Material

Disposal Sites: Mosquitoes Compared With Flies

Corps State Local

Problem 2 % 
_____

Mosquitoes are less serious than
flies 10 11 2

Mosquitoes are more serious than
flies 16 50 41

Problems are the same 20 3 8

One or both problems do not exist 29 18 32

No op inion 25 18 17

100% 100% 100’.

N — (86) (28) (ill)

— 29.08128 ; p ~ 0.0003 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r

Tabl e A12

Perceived Seriousness of Problems in Confined Dredged Material

Disposal Sites: Mosquitoes Compared With Rats and Other Organisms

Corps State Local

Pr obl em 2 2 2
Mosquitoes are less serious than

rats 12 7 2

Mosquitoes are more serious than
rats 17 39 32

Problems are the same 11 0 4

One or both problems do not exist 29 18 32

No opinion 31 36 30

— 100% 100% 100%

N — (86) (28) (111)

x2 — 19.49969 p < 0.0124

25. Regional data. The introduction of regional controls did

little to alter this general picture (See Appendix B , Tables 87—B12).

While there were some indications of regional variations , the basic

pattern held with few exceptions. The main exception was found in

Gulf States where state vector control personnel were less inclined

proportionally than either the local control officials or the Corps

officials to see mosquitoes as a more serious problem in dredged mat-

erial disposal areas than pollution , dust , turbidity, flies , or rats.

Even in the Gulf , however, the local control officials were much more

likely than the Corps officials to see mosquitoes as more serious

than any other problem listed .

26. In spite of the slight regional variations — and even in

spite of the exception to the general distribution of opinion found

among state control officials In the Gulf — these data again suggest
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an area of possible interagency misunderstanding on the question of

mosquito control in confined dredged material disposal sites. As was

pointed out in the Introduction , it is perhaps understandable that the

Corps’ views on the nature and seriousness of the mosquito problem in

these disposal sites would differ sharply from the views of state and

local mosquito control personnel. It is not surprising, then, than

there is some evidence of such differences. The key to promoting

inter—agency cooperation may well lie in the reduction of such d~ ffer—

ences in outlook on the nature of the mosquito problem in these areas,

and the clear identification and recognition of such differences by

the personnel of the agencies themselves can be a valuable first

step in this direction.

CE responsibility and involve-
ment in mosquito control programs

27. Introductory commentary. The second broad topic of concern

involved these groups ’ views on agency responsibility for executing

mosquito control programs in diked disposal sites. In particular ,

questions were asked concerning opinions on: (1) which agency has the

main responsibility for dealing with the mosquito problem in these

disposal sites (at the present time or in the future event that a mos-

quito problem develops); (2) whether or not the Corps of Engineers

should assume or be assigned any responsibility for mosquito control

in confined dredged material disposal sites (now or in the future)

even if this agency currently has little or no responsibility of this

sort; (3) the degree of voluntary involvemant of the Corps ofEngineers

(beyond any official responsibility) in mosquito control efforts in

these sites; and (4) whether or not the Corps of Engineers should par-

ticipate in local and/or state mosquito control programs in confined

dredged material disposal sites in the future if these control agen-

cies requested such help.

28. National data (Corps responses). On the question of which

agency has the main responsibility for mosquito control in diked

material disposal sites (See question 6) the Corps of Engineers was
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roughl y di vided wi th  jus t  over a th i rd  rep ly ing t ha t  th is  is the re-
spon s i b i l i t y  of local mosquito abatement commissions  and about the
same proportion answering that this is the  combined responsibi lIty of

these agencies and the Corps (see Table Al)). Only 10 percent saw

t h i s  as the  exclusive responsibility of the Corps of Engineers , and

even f ewer saw it as the responsibility of state or local  health de-

pa r tments .  Whi le  r e l a t ive ly  tew Corps personne l viewed mosqui t o  con-

t rol in these sites as the sole (or main)  r e s p o n s ib i l i t y  of t h e i r

age ncy,  it should be noterl tha t  almost h a l t  (44 percent) did feel that

the Corps has at least some of the respons ib i l i ty  (ca lcula ted  by com—

hining those who felt that th~ Corps has the main responsibility and

those who felt that the Corps has shared responsibility) .

29. Re~glonal data (Corps responses). There were some regional

variations. The Corps in the Atlantic States indicated the most  sup-

port for the opinion that the Corps has at least some responsibilit y

for mosquito control In these confined disposal sites (5’~ percent).

About two fifths of the Corps respondents in the Gulf States and just

over one fifth (23 percent) of the Corps personnel in the Pacit I c

States fe l t  th*t their  agency has such responsibilit y (See Appendix I~,

Table B 13) .
30. NatIonal data ( s t a te  responses). Overall , the state vect or

control officials tended to feel that the Corps has p r i m a r y  responsi-

b i l i t y  — either solely or shared — for mosquito c o n t r o l  in conf ined
dredged material disposal sites (see Table A13). Over two thirds (86

percent) of these officials saw the situation in these terms (21 per-

cent viewed the Corps as having exclusive responsibility and 47 per-

cent viewed the Corps as having shared responsibility ). The remaining

one third saw this as the main responsibility of local mo 4 q u i t o  con-

t rol d is t r ic ts .

31. Reg ional data  ( s t a te  responses). Regionally, state cont ro l

o f f i c i a l s  in both the A t l a n t i c  and the Gulf  were overwhelming of the
opi nion that  the Corps has at least some r e sp o n s i b i l i t y  fo r mosqui to

con t ro l  in these disposal areas ; o n ly  in the t’ ac i t  Ic States  was the
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proportion holding this opinion low and at little variance with the

distribution of opinion among Corps officials (See Appendix B, Table

B13). On the whole, there were some significant differences of opin-.

ion between the Corps of Engineers and state vector control personnel

concerning the location of responsibility for mosquito control activi-

ties in diked dredged material disposal sites.

Table Al3

Opinions on Which Agency Has Main Responsibility for Mosquito

Control in Confined Dredged Material Disposal Sites

Agency Seen As Having Corps State Local
Main Responsibility 2 2 2

Local health department 6 0 10

Local mosquito abatement
district 35 32 66

State health department 9 0 0

Corps of engineers 10 21 9

Other (combined)* 34 47 12

Don ’t know; not
ascertainable 6 0 3

100% 100% 100%
N — (86) (28) (111)

— 49.90663 ; p < 0.0001
*Corps of Engineers shares responsibility with some other agency

32. National and regional data (local resPonses). A third pat-

tern of opinion on this point was displayed by local control officials

(see Table Al3). Nationally , and in every region , clear majorities

saw the main responsibility for mosquito control in these areas rest-

ing with the local mosquito abatement districts. Relatively few felt

that the Corps of Engineers has this responsibility (either solely or

shared). None thought the responsibility rested with state health

departments. This general pattern existed for each agency in the
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Pacific States, but it did not , as discussed previously , exist in the
other regions (See Appendix B, Table B13). This might be explained by

the rather natural tendency for an agency to carve out and pro tect for
itself a functional area of operation (or niche) (Wamsley and Zald

1973). The business of mosquito control is, after all, the main pur-

pose of the local control agencies (with the few exceptions of health

departments included in the study), and they illustrated understand-

able reluctance to see this taken over by another agency, even on a
— 

partial basis.

33. In short, the data revealed the existence of three clearly

different sets of opinions on the question of primary responsibility

for mosquito control in confined dredged material disposal sites (with

the exception of the Pacific States), and this once again identifies

an area of possible interagency misunderstanding . This is particularly

true as regards the relationship between the Corps of Engineers and

state vector control agencies since these aggregates differed in view-

point fundamentally on the responsibility of the Corps in this type of

activity. Some resolution, or at least reduction , of these differ-

ences would obviously be helpful in promoting interagency harmony.

Corps responsibility
to mosq u ito con t rol

34. National data. Beyond the question of who has the main re-

sponsibility, opinions were requested concerning whether or not the

Corps of Engineers should have ~~~ responsibility for mosquito control

in confined soil disposal sites (question 7), and once again the data

show some significant differences in the expected (hypothesized) di-

rections (see Table Al4). While just over half of the Corps respond-

ents answered that their agency should have some such responsibility,

almost all of the state control officials and nearly four fifths of

the local vector control people replied in this manner.

35. Regional data. This pattern was basically consistent in each

region with the single exception of the Gulf (See Appendix B, Table

Bl4) . Those who answered that the Corps should not assume or be as-.
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signed any responsibility generally did so on the grounds that the

Corps ’ normal dutie8 leave l ittle or no time for this sort of act ivi ty,

that this is not what the Corps is designed to do , or that  other agen-

cies should bear this responsibility. A few indicated that they be-

lieve that the Corps of Engineers should help pay for mosquito control

in confined dredged material disposal sites, but Corps involvement

should end there.

Tab le Al4

Opinions on Whether the Corps of Engineers Should Assume or Be

Assigned Any Responsibility for Mosquito Control in Confined

Dredged Material Disposal Sites

Corps State Local

Opinion 2 2 
_____

The Corps should have some
responsibility 51 96 78

The Corps should not have some
responsibility* 32 0 11

Other 11 0 0

No opinion 6 4 11

100% 100% 100%
N — (86) (28) (111)

x2 
— 45.43478 ; p < 0.0001

*This category comb ines a series of “no” responses detailing various
reasons why the respondent felt the Corps should not be assigned any
responsibility; the chi—square figures are based on that original
table.
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36. interpretations. There are two way, to interpret this dis-

tribution of the data. On the one hand, the fac t tha t half the CE
officials felt that their agency should help in mosquito control pro-

grams even when this is clearly not the Corp.’ official responsibil ity
might be considered remarkably high; it is at least an indication of

some sensitivity on the part of the Corps. On the other hand, this

does not alter or hide the interagency opinion differential on this

question , a differential which could easily be related to present or

future discord between the Corps and the control agencies.

— 37. Differences in opinions on the preceding point might be less

ser ious if (1) the Corps of Eng ineers participates a grea t deal in
mosquito control programs in diked disposal sites on a voluntary basis

(question 8), and/or (2) if the agencies agree that the Corps should

participate voluntarily in such efforts in the future if requested by

the control agencies (question 9) . Both of these items avoid the

question of official responsibility and are couched solely in terms of

voluntary involvement.

Voluntary Corps participation

38. National data. As shown in Table A15, relatively small pro-

portions of each of these three groups felt that there is any volun—

tary Corps participation. If the two categories of Corps involvement

are combined , it is found that 55 percent of the Corps personnel, 50 —

percent of the state control officials, and only 37 percen t of the
local control officials saw any Corps participation in their areas.

It should be noted that a few of those who said that there is no vol-

untary participation by the Corps also pointed out that there has

simply been no request for such aid in their areas.

39. Regional data. On a regional basis, the Corp.’ participation

record was best in the Pacific (where all three agencies tended to see

at least some involvement), followed by the Gulf and the Atlantic , in

that order (See Appendix B, TableBl5). In each region, smaller pro— 
S

portions of the local control agencies than of the other two consist-

ently saw less Corps involvement; even in the Pacific the differences
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between the local officials and the Corps officials on this point were

statistically significant. On the whole, and in each region (with the

• possible exception of the Pacific), there was little indication that

any of these agencies see a general level of Corps participation on a

voluntary basis that would measure up to the control agencies’

expressed feel ings about Corps’ responsibility for mosquito control in
confined dredged material disposal sites illustrated in Table A14

above.

Table Al5
Opinions on the Existing Voluntary Involvement

of the Corps of Engineers in Mosquito Control Efforts

in Conf ined Dred ged Mater ial Disposal Sites
Corps State Local

Opinion 2 2 2

The Corps Par ticipates a Great Deal 19 29 14
The Corps Participates Sometimes 36 21 23

The Corps Does Not Participate —

Other Agencies Have Not Requested
Help 20 0 9
The Corps Does Not Participate —

• Its Normal Workload Allows No Time 1 0 3

The Corps Does Not Participate —

Other 7 32 25

Other 1 0 0

Inapplicable 3 4 8
No Opinion 13 14 18

S 100% 100% 100% 1
N — (86) (28) (111)

x2 
— 31.87694 ; p ‘ 0.0042
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Future Corps involvement

40. National data. The picture changed , however , when an examina-

tion was made of these officials ’ opinions on whether or not the Corps

of Engineers should participate voluntarily in future mosquito control

programs upon the request of the control agencies. Large majorities

of each agency indicated that the Corps should help at least on a lim-

ited basis , and while there were some interagency differences in the

expected direction , they were not very large (see Table Al6).

Table A16

Opinions on Whether  the Corps of Engineers Should Participate In F u t u r e

MosQuito Control Programs in Confined Dredged Material Disposal S

Sites Upon the Request of State and/or Local Vector

Control Departments

Corps State Local

Op inion 2 2 2

Yes, the Corps should participate ,
at least on a limited basis 78 89 83

No, the Corps should not partic i pate
(because of normal workload ,
nature of its design , etc. 15 7 10

Other 0 0 1

No opinion 7 4 6

100% 1002 100%
N — (86) (28) (111)

— 10.05528 ; p < 0.4357
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41. Regional data. The only regional variation observed occurred

in the Atlantic States where the Cor ps pe rcen tage giv ing a posi t ive
answer was clearly below the state and local percentages; even in the

Atlantic about two thirds of the Corps officials felt that their
agency should respond , at least partially , to future requests for help

in controlling mosquitoes in diked material disposal sites (See

Appendix B, Table Bib). These data are more heartening from the

s tandpoint  of the control agencies than any thus far examined because
they ind ica te  a possible foundat ion  fo r  generall y be t ter  interagency
coope r a t ion , if the cont ro l  agencies themselves can recognize and
cu l t i vate  th is  broad point  of view.

42. Conununication pa t te rns  and needs. A strong case can be made
f o r  the crucial importance of frequent and clear communications be—

tween organizat ions  wi th  some shared involvement in the execution of a
pa r t i cu la r  po l icy .  This study has iden t i f i ed  a number of areas where S

communication among the  three agencies could play a significan t role

in their relationships regarding efforts to control mosquitoes in con-

fined dredged material disposal sites. Moreover, the respondents

themselves , especially in the state and local mosquito control agen—

cies , repeatedly underscored their concern with communication by add-

ing comments on their questionnaires to this effect. It would seem

self—evident that the present and future patterns of interagency com-

munication will bear heavily on the likelihood of success in dealing

with some of the existing and/or potential problem areas pointed out

in the earlier discussion .

.3. Views on interagency communication. As shown in Table A17,

the aggregate views on the levels cf existing communication between

the Corps of Engineers and the two control agencies differed most

clearly when the Corps responses were compared with the responses

given by loc4 mosquito abatement officials (based on question 10).

Not only a significantly smaller percentage of the local group specif-
ically stated that there is at least some communication (50 percent as

com pa red to 68 pe rcent of the Corps o f f i c i a l s) , but a much higher pro—

A36



- ~~5 ____________

por t ion  stated f l a t l y  that there is absolutely no communication at all

(35 percent as compared to 9 pe rcent of the Corps respondents) . This

different perception was reflected in numerous frustrated (and some-

times even bitter) comments made by various local officials in com-

pleting this part of the survey. ln fact , many felt so strong ly about

the poo r state of present  communications w i t h  the Corps of Engineers
that they elaborated at length in letters returned with their ques-

tionnaires : a few even sent copies of letters and memos they had sent

to the Corps in their areas requesting improved communication about

such things as future plans for dredging . While this should not

Table A 17

A&encies’ Perceptions of Communication Between the Corps of Eng inee r s

Personnel and State and/or Local Vector Control Officials

~~g~ rd ing Mosquito Conditions and Control in Confined

Dredged Material Disposal Sites

Co rps S ta t e Loca l

Communication level 2 2 2

There is f requent and regular
communication (once a month)  5 11 6

There is infrequent  but regular
communication (once every three S

months) 29 25 11
The re is only very seldom

communication (once every six
months or less) 34 32

There is no communication 9 2 1 35

Other 1 0 0

No opinion ; not ascertainable 22 11 15

100% 100% 100%

N — (86) (28) (111)

x 2 - 30.75209 ; p < 0.002
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obscure the fac t  that  there was , in th e op inion of many in all three
agencies , a good deal of communication among these agencies with re-

spect to mosquitoes , it should be recognized as an area of intense

concern for many , especially at the local level. It is noteworthy ,

moreover, that this pattern of clear—cut perceptual differences be-
tween the Corps of Engineers and the local control departments exist-

ed in each region (See Appendix B, Table 817).

44. The s tate off ic ia ls  d i f fe red  less from the Corps o f f ic ia l s
in thei r percep t ions of present communication than did the local re-
spondents , but they also were proportionally more inclined to say that

the rc is no communication (21 percent as compared to 9 percent of the
Corps) . On this point , the prob lem was of much more concern overall

to local o f f i cials than to s tate  officials, and it would appear that
this wou ld be the logical place to focus correction efforts.

45. Views on increasing interagency communication. The d i f f e r —  S

ences just  noted between the Corps and the state and local vector con-
trol departments were even more sharply pronounced with respect to the

question of increased interagency communication in the future (see

question 13). Approximately two thirds of the state and local offic-

ials (68 percent and 64 percent respectively) said that such communi-

cation should be increased unconditionally while less than one fourth

(23 percent) of the Corps officials expressed this view (see Table S

Al8) . About half of the Corps personnel said that more communication

would be helpful at least if the mosquito problem develops or

wor sen s in confined dredged material disposal sites while almost nine

tenths of the control personnel indicated this point of view (these

fractions represent a combina tion of the two positive responses to

this question). At the other extreme, significantly higher percent-

ages of the Corps respondents stated that no more communication is

needed under any circumstances (the only regional exception to this

pattern was found in the Pacific among state control officidls; see

Appendix B , Table Bl8). Given the strong feelings about the present

state of communications between the Corps of Engineers and the vector
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Table A18

Opinions on the Desirability of Increased Future Communication Between

the Corps of Engineers and State and/or Local Vector Control

Departments Regarding Mosquito Conditions and

Control in Confined Dredged Material Disposal Sites

Corps State Local

Communication level 2 2 2

More communication is definitely
needed 23 68 64

More communication is needed , but
only if a mosquito problem
develops 27 21 25

No more communication is needed 35 7 7

Not ascertainable 5 0 1

No opinion 10 4 3

1002 100% 100%

N — (86) (28) (111)

X2 
— 51.02859 ; p < 0.0001

control agencies held by many of the control officials themselves

(espec ially those at the local level), this is a situation which

clearly needs recognition and attention if relations between these

agencies are to be maintained and improved. 
S

46. Among those saying that communications should be increased

in the future, there was some agreement about the types of cominunica—

tion that would be most useful (see question 14). Although the

exact percentages mentioning each type of communication varied from

agency to agency, informal discussions and an exchange of letters and

memos were ranked either first or second (according to the percentages

listing th~~) in each of the three groups (see Table Al9). Beyond

this, there was little agreement among the types of communications

A39
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listed. Regionally, there were no clear patterns (See Appendix B,

Table Bl9).

Table A19

Composite Listing of the Desired Types of Future Communication 
S

Between the Corps of Engineers and State and/or Local Vector

Control Departments on Mosquito Conditions and Control in

Confined Dredged Material Disposal Sites

(Percentag e Mentionin2 Each)

Corps State Local

Communication level % % 2

Exchange of printed material 13 46 30

Exchange of letters, memos, etc. 23 68 50

Personal phone calls 16 54 37

Formal conferences 11 43 45
Informal discussions 33 54 53

N — (86) (28) (111)

47. Finally, as might well be expected from the data just exam-

ined, the state and local control officials had a greater tendency

than the Corps officials to list a number of types of communication

that should be increased in the future. For example, 15 percent of the

Corps respondents listed three or more types of communication in this

respect as compared to 43 percent of the state respondents and 35 per-

cent of the local respondents. Again, this pattern was found general— 
S

ly in each region when controls were introduced (See Appendix B ,

Table B20). Not only did the control agencies differ from the Corps

in wanting more future communication, but they also varied signifi-

cantly from the Corps in wanting more kinds of increased coininunica—

tion.
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Conclusions

48. Organizat ional activit y is affected by a multitude of exter—

nal env ironm en tal var iables , including other organizations (lUau and

Scott 19h2 , E tzion i 1964 , and Anderson 1975). This is , as pointed out

in the Introduction , an espec ially Important consideration in a system

• of governmental federalism. In the preceding analysis , an attempt has

been made to explore some of the primary points relevant to under-

standing better the nature of interaction among the Corps of Engineers,
state vector control departments , and local mosquito abatement pro-

grams as related to mosquito control in confined dred ged material dis-

posal sites. It was hypothesized at the outset that there were ag-

gregate differences in the way officials of these three types of agen—
S 

cies recognized and defined the problem and in the way they perceived

responsibility for dealing with the  p rob lem .

-.9. Although there were a few notable exceptions , for  the mo st
• par t the general hypothesis was confirmed by the data. The analysis

identitied a number of interagency differences on the p~~:~ tts examined; 
S

whi l e the  con t rol agenc ies occas ionall y differed more fror~ each other

than from the Corps of Engineers (for examp le , in views on the major

mosquito breeding sources in the areas surveyed) , the predominant pat-

tern of differences revealed in this discussion was between the Corps

ot Engineers on the one hand and the control agencies on the other.

This pattern was clearly seen in the  agencies ’ perceptions of the

seriousness of the mosquito problem in these areas , bo th by it self and

in comparison with a number of other environmental problems such as

pollution , flies , etc. in addition , there were s imi lar pa tt erns o f

d ifferences among the agencies on the question of the Corps ’ respons-

ibility for mosquito control in confined dredged mat erial disposal

sites and on the question of present levels of Corps involvement in

mosquito control program s in such s i te s .  There were also significant

differences of opinion along these lines on the leve l of i n t e r a g e n cy

communication at the present time and especially on the need for in—
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cr east ’d comm u n i c a t i o n  in the future . The limited regional data m di-

cated a few possible qualifications which should be noted , but the

overall group variat1~)ns were qu it e striking.

50. There were , of course , some locales where the Corps of E~igi n—

eers was knowled geable and concerned about mosquito production in con-

f i n e d  d redged mate r i a l  disposal sites , was In regular  and f r e q u e n t

communication with state and/or local control agencies about the prob-

lem and activities related thereto , and was quite active ly engaged J.n

control efforts. For example , in one District surveyed (Philade lphia),

the Corps conducts its own mosquito contro l operations In disposal

sites; in some others , there was much evidence of full—scale coopera-

tion with state or local mosquito control programs ; and in at least

one District (Savannah), a Corps offi cial was a member of the local

mosquito control commission . There was other evidence of Corps con-

cern  ranging from partial financial support of mosquito programs to

conducting independent studies of Its own into the problems o f mosqui-

to breeding in disposal sites. Moreover , the data showed ~~~~~~
evidence of Corps willingness to participate voluntarily, at least on

a limited basis, in future mosquito contro l programs in conf ined

dredged material disposal sites . There is some evidence from at least

one other study that this Is not out of line with Corps efforts in re-

cent ve:lrs to respond more effectively to a wide variety of problems

re tat ed to its general  operat ions (Mnzm an [an and Mord ecal 1975) .  Th Is

record of act~v [tv of concern notwithstanding, however , the overall

was s t i l l  one of dif !en t _a r e ~ ate_ o~it ~~~oks. it was also

clear that many of the Corps Districts did not e x h i b i t  a hig h (or even

moderate) l eve l of concern or involvement.

~~~ The key to  imp roved In t e r a g e n cy  r e l a t i o n s  and s t ronger  mos-

quito cont ro l  programs In diked disposal  sites seems, at least from

the  dnt:a examined , to he improved reco~~~I t !  f i e roblem and I m —

~~~~~~cl communic : i t -Ioi ~s bet ween the  Corps of Eng i flee rs and the cent rol

agencies , e~ pec lai l y a the local l e d  (and secondar l i v  between the

control agenc t e a  themselves) . Wh l i e  I t n i g h t  he tmpr :ic t I ca I to CX—
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pect the Corps in every area to devote much of its time and resources

to mosquito control In disposal sites , improved communications about
such things as dredging schedules and disposal techniques (where

alternative techniques are available and feasible) would not be un-

reasonable . Too often there was evidence of severe misunderstandings

among these agencies because each had an inadequate appreciation of

the goals and problems of the others. Commun~cation is, of course , no

guarantee that the kinds of interagency perceptual differences seen

here will be eliminated , and it certainly will not ensure that there

will be agreement about future mosquito control strategies in disposal

sites. It does, however, have much potential for creating better

understanding and awareness of the general situation for all Involved
if approached with genuine concern for improved relations . This poten-

tial was illustrated by the remarks of a number of officials in all

agencies , but especially in the Corps of Engineers, Indicating that

the preparation of their responses to our questionnaire had led them

to contact one or both of the other agencies for the first time to get

informat ion;  for many, this simple communication had already increased

their awareness and appreciation of a situation about which they had

p reviously thought  ilt t le , if at all.

52. The other parts of this report describe a wide range of

technical factors related to mosquito conditions , especially those

related to breeding and abatement in confined dredged material dis-

posal sites. The ultimate goal of such a descriptive analysis is,

of course, to make mosquito control efforts in those areas more

effective . This is a form of communication aimed a t p roduci ng the

kind of interagency awareness of the topic Identified in this ~ ‘ctlon

as being so crucial to policy cooperation.

Summary

53.  The major concerns of this section are summarized in the

following list.
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a. Mailed questionnaires were used to study interagency
attitudes regarding mosquito problems associated with
confined dredged material disposal sites.

b. The total response rate from all agencies was 85 per-
cent.

c. The data indicated a clear perceptual difference on the
nature and extent of mosquito pi oblems that develop as
a result of dredged material disposal practices on
land.

- 
~
- d. There was also evidence of different perceptions on the

current and future agency responsibility for mosquito
abatement in confined dredged material disposal sites.

a. Most of those surveyed felt that the Corps of Engineers
should give voluntary aid in mosquito control programs
in diked disposal areas.

1. The data revealed clear differences in opinions on
current  communication levels among the agencies
surveyed.

• £‘ The three agencies had sharply different views on the
need for  Increased communication about mosquito condi—
tions and control in conf ined dredged material disposal

• s i tes.
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APPENDIX B : REG I ONAL DATA TABLES

1. This appendix represents a compilation of significant data

gathered as a part of Part 111 , but separated into regiona l groupings.
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Tab le 615
Opinions on the Voluntary Involvement of the Corps of Engineers in

Mosquito Control Efforts in Confined Dredged Material

Disposal Sites 1 by Region

Atlantic Gulf Pacific

Corps State Local Corps State Local Corps State Local

Opinion X Z Z 
_____ _____ 

Z 2 
_____ 

2

The Corps
participates a
great deal 16 13 6 15 57 22 29 40 17

The Corps
participates
sometimes 28 25 19 46 0 19 41 40 39

The Corps does
not participate
— other agencies
have not
requested help 21 0 8 19 0 8 16 0 13

The Corps does
not participate
- its normal
workload allows
no time 0 0 6 4 0 0 0 0 0

The Corps does
not participate
— other 14 56 29 0 0 25 0 0 18

Other 2 0 0 0 0 0 0 0 0

Inapplicable 7 0 11 0 0 3 0 20 9
No opinion 12 6 21 16 43 22 12 0 4

100% 100% 100% 100% 100% 99% 100% 100% 100%
N — (4 3) (16) (52) (26) ( 7) (36) (17) ( 5) (23)

Atlantic — X
2 

— 26 .28294 ; p < 0.0238

Gulf —— X2 — 25.42680 ; p < 0.0129
Paci f ic  —— X

2 
— 9 66658 ; p < 0.4 7 0 2
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APPENDIX C: COMPOSITE SUMMARY OF ALL MOSQU ITO SPECIES KNOWN
TO BE ASSOCIATED WITH DR EDGED MATERIAL DISPOSAL SITES

1. This appendix represents a compilation of al l species of mos-

quitoes known or reported from dredged material disposal sites Species

reported from the primary study sites of Charleston District have been

reported in Part IV; while species reported during s ite  vis i ta t ions are

listed in Appendix D. This list, presented as Table Cl, represents the

beginnings of a complete list of the mosquito fauna associated with

dredged material disposal areas. All mosquitoes reported In Part IV

were identified by the investigators of this study and some samples

were submitted to taxonotnic specialists for confirmation Only those

mosq uitoes that were consistently reported by reliable field workers

have been included in Table Cl. It will be noted that some of the spe-

cies listed in Table Cl are to be expected only In older disposal sites:

while other species are expected only in younger disposal areas. The

positive association of mosquitoes and disposal sites can only be made

when specific collections of larvae are made.

Cl 
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Table Cl

Com~~’.s [te L is t i ng of Al I Mosqu ito S2~~ 1 Kno or Rtj~ortt~d~

From Dred g~ed Ma t e r i a l  Di~ po~ a 1 Sit e s

Genera Spe~- ies

:.:“~: ~~~~

- :~~‘: . •: —~ :

~ v: - : ~ - :~ -
~~

~-: ‘:~ ~f:-

- Ii ‘,~~ ~~4t~~ ~~ ?
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Table Cl (concluded)

Genera Species

:~~. ~~~~

tern tan8

‘2q ~ z lZ ~~ t.’~L~
pert urbans

Ju: :ae tcz
inorr iata

me lanura

Peorophora
columbiae
hornida
howardii

Uranotaenia
aapp hir-z.na

C3



_ _ _ _ _ _  -~~ - -—--~~~~~~~~~~ -~~~-— -- -~~~~~~~~ ~~~~~~~~~~ - - - -~~~~~~~

APPENDIX D: SITE VISITATIONS TO SELECTED CORP S

OF ENGINEER DISTRICTS

Introduction

Rationale

1. Eight Districts of the Corps of Engineers were visited for

the purpose of conducting site visitations to different types of

dredged material disposal sites and to interview selected personnel

from Corps District offices and mosquito abatement programs. In

every case, an effort was made to arrange a joint meeting with both

groups to mutually discuss mosquito abatement problems at the same

time A list of contact  personnel who assisted in the preparation

of this report has been included as Appendix Dl. In order to obtain

as broad a view as possible , interviews were held with managerial,

operational , and environmental personnel from both types of agencies.

Field trips into various disposal sites were scheduled with mosquito

abatement and CE personnel on separate days in order that both agen-

cies would have an equal opportunity to explain disposal area prob-

lems from their respective viewpoints. Special attention was devoted

to determining which mosquito species were actually known to breed

within disposal areas. Distr icts  visi ted included :

Galveston Philadelphia

Jacksonville Sacramento

New Orleans San Francisco

Norfolk Savannah

Dist ricts were selected on the basis of their coastal locations and

in many cases a history of complaints regarding mosquitoes associated

with dredged material disposal sites.

Literature review

.2 .  Only one report was located concerning the relationship of

Dl
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Appe ndix Dl (co nt inued)

Samuel C. Breeland , Ph.D. Harold C. Chapman , Ph.D.
Chief , Medic al En tomology branch Resea rch Leader
Bu r eau of Tr opical Diseases Gulf  Coast Mosquito Research
Cente r fo r Disease Con t ro l Laborato ry
Atla nta , Ga. 30333 803 Avenue J — Chennault

Lake Charles, La. 70601
Dan W .  Brooks , Jr .

-
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Dept. of Entomology Arthur D. Little , inc .
Auburn , Ala. 36830 Acorn Park

Cambridge , Mass. 02140
Ge rald D. Brooks
Bureau of Tropical Diseases IL E. Cobb
Cen ter for  Disease Con trol Chief , Maintenance
Atlanta , Ga. 30333 Galveston District

U. S. Army Corps of Engineers
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Research Assistant Galveston , Texas 77550
North  Carolina State Univ .
Raleigh, N• C. 29607 Sandy L . Corkern

Orleans Parish Mosquito Control
George T. Carmichael 6601 Lakeshore Dr.
Mosquito Control Administrator New Orleans, La. 70126
Orleans Parish Mosquito Control
6601 Lakeshore Dr. Wayne J. Crans, Ph•D.
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Appendix Di (continued)

Robert R. Creswell Don R. Estes
Maintenance Division U. S. Navy
U. S. Army Corps of Engineers Special Assistant for Applied

C and D Canal Biology Systematic Entonsolo-
Chesapeake C i t y.  Md 21915 gist

P. 0. Box 10068
Cary C. Crosby , Director Charleston, S. C. 29411
Gulf Coast Mosquito Control

Cominiss-lon Thoma s 0. Fultz , Jr., Director
P. 0. Box 1168 Chatham County Mosquito Control
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1321 EIsenhower Dr.
Richard  F. Darsie , J r • ,  P h . D .  Savannah , Ca. 31406
Chief , Training Ac t iv i ty
Bureau of Tropical Diseases Dean P. Fu rma n , P h . D .
Cent er  for  Disease Control Univ .  o C al i f .  at Berkeley
At lanta , Ga. 30333 Berkeley , C a l if .  94706

Roy E . Denmark , J r .  James H. Garre t t
Environmenta l  Resources Branch Charleston County Mosquito
Phi ladelph ia  D i s t ri c t  Abatement Program
U. S. Army Corps of Engineers 4370 Azalea Ave.
Custom I-louse Charleston Heigh t s , S. C. 29405
P h i lad e l p h i a . Pa . 19106

G:; I l  C. ( .r en
Jack I) . Den t C h i e f , Operations Division
Supt - N o r f o l k  Counnunitv Ilyg i c-ne .l ack sonv it  Ic D i st r i c t
and Vector Division U. S. Army Corps of En g in e e r s

2800 Tarrant  S t.  P.  0. Box 4970
No r folk , Va.  23507 JacksonvI lle , Fla . 3220 1

R . E. Do rer , Di rec to r .lu dv A. Hanse n
Bureau of Sol id  Waste and Vector Supt . Cape May Count Mosquito
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-
- 401 —A— Colic’.- Avenue Cape Hay Court House
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.lamvs C. Dukes, P h . D .  Richard 0. Ha es , Ph .  I) .
So l i d  Waste and \‘ec tor Con t ro l  Ch i e f , Water  Resotirt ’ i’s Br anch

Branch Bureau o I I abor a t o r t e s
Divis ion of i1e:s 1 th Services Cent ci - for  DIsease Con t ro I
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Appendix Dl (continued)

Lynn E. Henson Paul L. Knutson
Ch ief , Operations Branch Coastal Estuarine Biologist
Sacramento Branch San Francisco District
650 Capitol Mall U. S. Army Corps of Engineers
Sacramento, Calif. 95814 100 McAllister St.

San Francisco , C a l i f .  94102
Charles R. Herbert
Vector Control Supervisor Braxton Kyzer, Chief
Vector Control and Abatement Unit Survey and Navigation Branch
Environmental Health Services, Charleston District

Dept. of Public Health U. S. Army Corps of Engineers
City of Philadelphia P. 0. Box 919
1415 N. 31st St. Charleston , S. C. 29402
Philadelphia , Pa. 19121

Marvin C. Kramer
Gen’- Hoyt Supervising Public Health
Fi.~~d Supt .  Biologist
Contra Costa Mosquito Abatement Vector Control Section

District Calif. Dept . of Health
1330 Concord Ave. 714 P Street
Concord , Calif. Sacramento, Calif. 95814

LTC Laurence Johnston, Ph.D. Marshall Laird , Director
Entomologist, ARP E Research Unit on Vector
Chief, Regional Division West Pathology
U. S. Army Environmental Hygiene Memorial University of
Agency Newfoundland

Fit zsimons Army Medical Center St. John’s, Newfoundland
Denver, Colorado 80240 Canada AIC 557

Stanley R. Joseph, Entomologist Robert Lake
Mosquito Control Section Department of Entomology
Maryland Dept. of Agriculture University of Delaware
College Park, Maryland 20742 Newark, Delaware 19711

Kenneth N. Knight, Ph.D. Jack J. Lesemann
Dept. of Entomology Chief , Engineering Division
North Carolina State Univ. Charleston District
Raleigh , N. C. 29607 U. S. Army Corps of Engineers

P. 0. Box 919
Charleston , S. C. 29402
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Appendix Dl (cont inued)

R. L. Lomba rdi , Supt .
Burlington County Mosquito William B. Moon, Director

Extermination Commission Galveston County Mosquito
49 Rancocas Rd. Dis t r ic t
Mt.  Holly, N. J. 08060 P. 0. Box 982

Dickinson , Texas 77359
Michael Loving
Division of Vector Control Thomas D. Muihern, Exec. Dir.
S. C. Dept. of Health and American Mosquito Control Assn.
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John A. Mulrennan
T. E. McClamina, Field Engineer Fla. Division of Health
Duvall—Jacksonville Mosquito Control Bureau of Entomology
1321 Eastport Road P. 0. Box 210
Jacksonville, Fla. 32218 Jacksonville , Fla . 32218

Harvey M. McConnell E. C. Nelson
Division of Vector Control Division of Vector Control
S. C. Dept . of Health and S. C. Dept.  of Health and
Environmental Control Environmental Control

2600 Bull Street 2600 Bull St.
Columbia, S. C. 29201 Columbia, S. C. 29201

Darvell R. Maddock , Asst.  J. K. Olson , Ph .D.
Director Dept . of Entomology

Chatham County Mosquito Control Texas A & M University
Commission College Station, Texas 77842

1321 Eisenhower Dr.
Savannah, Ca. 31406 Paul Patterson, R. S.

Superintendent
J. L. Mallars , Supt .  Duvall—Jackson Mosquito Control
San Joaquin Mosquito Abatement 1321 Eastport Rd.

District Jacksonville , Fla. 32218
P. 0. Box 1835
Stockton, Calif. 95201 Richard F. Peters, Chief

Vector Control Section
Embree C. Mezger Cal . Dept. of Health
Manager , Solano County Mosquito 714 p Street

Abatement District Sacramento , Calif. 95814
P. 0. Box 304
Suisun C i t y ,  C a l i f .  94585

(t -ont  i sused)
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Appendix Dl (continued) Stan Snaraki
Environemntal Resources Branch

Ernest A. Philen, P.E. Philadelphia District
Fla. Division of Health U. S. Army Corps of Engineers
Bureau of Entomology Custom House
P. 0. Box 210 Philadel phia , Pa. 19106
Jacksonville, Fla . 32218

Glen M. Stokes, Director
Gene Pickard, Biologist Jefferson Parish Mosquito
Tennessee Valley Authority Control
Environmental Biology Branch 118 David Drive
E and D Building Metairle, La . 70003
Muscle Shoals, Ala. 35660

John F. Sustar
Maurice W . Provost, Ph.D. San Francisco District
Florida Medical Entomology Lab U. S. Army Corps of Engineers
P. 0. Box 520 100 McAllister St .
Vero Beach , Fla. 32960 San Francisco , Cal i f .  94102

Fred C. Roberts , Manager Allan D. Telford , Manager
Alameda County Mosquito Control Marin/Sonoma Mosquito Abatement

District District
3024 East Seventh Street 201 Third St.
Oakland , Calif. 94601 San Rafael, Calif. 94901

John D. Rucker Gary Truchiet , Bio logist
Field Superintendent Harris County Mosquito Control
Marin/Sonoma Mosquito Abatement District

District 101 Crawford St .
201 Third St. Houston , Texas 70702
San Rafael , Calig. 94901

James H. Turrentine
Thomas E. Sellars, Supt. Zoecon Corporation
Camden County Mosquito Extermi— 6409 Highview Rd.

nation Commission Morrow , Ga. 30260
Egg Harbor Road
Lindenwold , N. J. 08021 George Umberger

Supt., Sacramento-Yolo
Joseph K. Shisler, Ph.D. -County Mosquito Abatement
Mosquito Research and Control District

Unit, Cook College 1650 Silica Ave.
Rutgers University Sacremento , Calif. 95815
New Brunswick , N. J. 08903

(coil tinned)
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Appendix Dl (concluded)

Rivers H. tJescott
Norfolk District
U. S. Army Corps of Engineers
Ft. Norfolk : 803 Front St.
Norfolk , Va. 23510

A. Warren Wheatley
Mosquito Control Manager
220 E. Market St.
Georgetown, Del. 19947

L. A. Williams, Ph.D.
Division of Vector Control
S. C. Dept. of Health and

Environmental Control
2600 Bull St.
Columbia, S. C. 29201

James C. Wolfe, Chief
Construction Operations Division
San Francisco District
U. S. Army Corps of Engineers
100 McAllister St .
San Francisco , Calif. 94102

Clark S. Yarborough , D.V.M.
Mobile County Board of Health
248 Cox St.
Mobile, Ala. 36604

Robe r t Zack
Georgetown Mosquito Abatement

Program
P. 0. Box 397
Georgetown, S. C. 29440
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diked disposal areas to mosquito breeding . Berlin (1974) reported in

an unpublished document (contracted by the Buffalo District) that

Culex calinar iuc , CuZ ~ .r pip iens, and Culex re8turans were collected

from diked disposal sites in western New York. This report also

contained descriptions of other environmental conditions associated

with the above-mentioned mosquito species. Harrison and Chisholm

(1974) reported on a survey of a number of different environmental

conditions associated with the disposal of dredged material in various

Co rps Districts.

Galveston District

Description

3. Skjei (1976) reported annual maintenance dredging to be

approximately 23 million Cu yd of material per year from 1971—1973

in the Galveston District. Disposal of dredged material is divided

between open—water disposal techniques and diked disposal areas.

Dredging to maintain the Houston Ship Channel is known to have caused

some pollution problems (Skjei 1976). Harrison and Chisholm (1974)

reported that continuous ponding as a mosquito control practice was

not practical due to dike construction methods and the possible en-

hancement of seepage problems.

Mosquito abatement programs

4. Harris County Mosquito Control District. Two mosq u ito

abatement programs were visited in the Galveston CE District. The

Harris County Mosquito Control District reported a number of problems

associated with the disposal of dredged material behind dike disposal

sites. This District reported that approximately 3500 acres of

diked disposal areas were known to support larval mosquitoes during

1975. Harris County maintains a program of mosquito surveillance

and Corps cooperation that was not encountered in any of the other

site visitations . County personnel are responsible for monitoring

D9 
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larval and adult mosquito populations within disposal sites. Unusual

mosquito concentrations are then reported to a designated contact

within the Calveston CE District. Following this mosquito report ,

the site may be reinspected (by the Corps) or a control measure

initiated . A mosquito control contract between the Galveston CE

District and an aerial applicator is maintained on a yearly basis.

Control materials are recommended by the Harris County Mosquito

Control District and implementation of the spray program is under

the Galveston CE District. Good relations and cooperation between

the two agencies were frequently mentioned during separate interviews .

5. The Harris County Mosquito Control District has suggested

other control measures for mosquitoes within disposal sites , Including

biological control techniques that would allow for the  introduction

and maintenance of predatory fish populations within disposal areas.

These suggestions were not considered reasonbale by the Calveston CE

District due to the previously cited problems with dike construction.

6. Galveston County Mosquito Control District. The second

mosquito abatement program visited was the Galveston County program.

This agency likewise reported good relations with Galveston CE Dis-

trict and mentioned that many problems had been eliminated through

cooperation with Corps personnel . Disposal area mosquito problems

were reported to have been more serious about 10 years ago than is

presently the case. This mosquito abatement program reported a rise

in other mosquito problems originating with salt marshes and rice

fields.

Disposal site mosquitoes

7. The following species of mosquitoes were reported from

Galveston District as being important pests from dredged material

disposal areas :

a. ~~~~ ~~~~ ii iei t~vw.
b . :lt~~I.’8 t~~’~:iorhyn chus.

C.  Cu Lex ~~ I

D1O 
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d. Cu?is~’ta inorn ata.

. Psorcp h~ra ~~ iw~biae .
The two AeJ~~ spp. were regarded as extremely important because of

their habit of producing multiple broods within disposal sites.

Disposal area conditions

8. Sites visited. A total of seven dredged material disposal

areas were visited in the Galveston Corps District. Mosquito abate-

ment personnel reported that seepage was often a mosquito problem of

equal magnitude with Interior disposal area problems. Seepage larval

habitats from the Galveston District have been previously illustrated

as Figure 17. Seepage problems were frequently reported from some of

the higher disposal areas (I.e. greater elevation). In these cases,

larvae were usually not found within the disposal site per se, but

were abundant In outside seepage habitats.

9. Other disposal sites appeared to follow the same basic

successional patterns that have been considered in the earlier

sections of this report. The DM stages proposed for disposal area

successional patterns would appear to be especially suited to

Galveston District conditions. All larval habitats previously cited
in Figure 15 are known to occur in the disposal areas of the District.

As was noted with the Charleston District sites, the older Galveston

disposal areas tended to support a more varied mosquito fauna than

the younger locations.

10. Sand mining. The practice of allowing sand mining opera—

tions within dredged material disposal sites was frequently cited as

a source of mosquito larval habitats. Psor~p hu~ra ~, izgnh ia, ’ collec—

tions were reported from a disposal area (Galveston District Disposal

Area No. 26) that had been opened to a contractor for sand mining .

A typical sand mine operation within this site is shown in Figui e

Dl. In this instance, the habitat created for the mosquitoes was

not related to the disposal of dredged material , but to later altera-

tions of the site. Nonetheless, local residents had complained of

Dli
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“disposal site mosquitoes.” For this reason, it is suggested that

miiilng ope ra tors  be required to develop a su i table  management plan

(in consultation with local mosquito abatement personnel) to eliminate

this mosquito habitat before they are allowed to commence or cease

orerations . Extensive borrow pits that are allowed to remain open

wer e observed to be frequent sources of mosquito larvae.

11. Unconfined. Unconfined disposal sites near Galveston , Texas,

were inspected for the presence of mosquito larval habitats through

the courtesy of Galveston District. These sites (Figure D2) were

generally undiked . They were frequently subject to tidal erosion .

These disposal areas, frequently composed of dredged material containing

sea shells , did not appear capable of supporting larval mosquitoes.

The DM stages proposed in earlier sections of this report would not

app ly to such sites.

12. Pelican Island. A more typical disposal area , Pelican

Island , near the city of Galveston appeared to present abundant larval

mosquito habitats. Most of the habitats that  appeared capable of

supporting mosquitoes appeared to be under DM—4 and DM— 5 condit ions.

Local residents and workers reported frequent  mosquito problems

from the area. It was not determined how frequently the area was

monitored for larvae by the Galveston County Mosquito Control Dis-

trict. Again , it should be noted that the presence of adult mosqui-

toes near a disposal site does not necessarily incriminate tha t site

as the source of the adults.

13. ResIstance problems. Resistance to some of the common

organophosphorous pesticides was reported as a problem by some Texas

abatement personnel. The phenomenon of genetic resistance to pest i -

cides is now understood by most entomologists , but many laymen often

believe that any insect control problem can be solved by applying

enough poison. The experience of mosquito abatement personnel in

Texas and many other parts of the U. S. would appear to warrant

caution when the app lication of organic poisons to mosquito larval

1)13
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h a b i t a t s  i s  con temp la ted .  Or g a n i c  poisons are d i st i nc L f rom cer ta in

other l arvi cidtl materials whose actions are due to surface tension

red t i c  t ion.

L- ~ . l i c e t i o n  ~~~~~ ~~~ n~ ta. Since the Galveston t r i p

was made dur ing J a n u a r y  of 1976 , few mosquitoes of any var ie ty  could

be collected . ~~~~~~~ ~~ ‘ 2 - ~~~~~~~~~:, however , was encountered in an

unusual  h a b i t a t .  Large  numbers  of th i s  species were collected from

a disposal area in which m o t o r cy c l e s  and o ther  recreational vehicles

h a d  opera ted  and l e f t  behind deep r u t s  in the dredged mate r ia l .

J:1: -
~~ - ; ~~~~~ is known to be more common in the southern U.  S.

dur ing  the w i n t e r  mon ths .  This species has been reported by P ra t t

et a l . U 972 )  to be n a t u r a l l y  in fec t ed  wi th  Western Encepha l i t i s  (WE)

v i rus . ~~~~~~~~~~~~ f - ’-’ :~~~; is not regarded as a major pest of man , but

it is known to cause  considerable  annoyance to livestock . Over 2000

Lirvac of this species were readily col lected from the recreational

vehicle t r~l L k s .  I t  is i n t e r e s t i n g  to no te  tha t  the  collection site

(i ;alveston Disposal Area No.  25)  did not have any other additional

m o s q u i t o  b reed ing  l o ca t i o n s .  For th is  reason , the invest igators  be-

l ieve tha t  the u n r e s t r a i n e d  use of recrea t ional  vehicles within dred ged

~i .ite ri a1 disposal  s i tes  may cause some preventable  mosquito breeding.

Plant sj )ec i ncus

15. Only a f ew  p l a n t  spec imens were collected from Texas dispo-

sal s i t e s  due to the preva i l ing  win te r  conditions . However , the

f o l l o w i n g  p l an t s  were common: - : - -
~~ -:~~~~ sp . , ~~~ ~-~~

‘
~ ie’~ v~ s L ~aPn- ’ .

(Jacq . ) Ha rpc r , ii.~ - -

. 
- t -- - : -

. :c-; sp . , 
-
~~~~~

-:
~ 

- .~
- sp . , S~ ia~ c~ sp . , and ~~~~~~~~~~~

of the h e r b  group; - - , ~~~
- . - -: Sp .  and ~~~~~~~~~~~ sp. of the shrub

group; and . ~~ sp . of the t ree  group.

Jacksonvi l le  D i s t r i c t

i)t-sc r ij~t ion

lb .  The J a ck so nv i l l e  1) i s t r i c t  of the Corps of Engineers is

1)15
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conce r u ed wi  t l i  s eve ra l  t vpcs  of d retlged mat. er Ia I • wli I ch va rv f r o m

i e I i t t  I Vt’ Iv c I can sand to silt s and c l ay s  t h u  t may be p o l l  ~u t ed  w i  th

h i o . u v y  me t  a I s .  Iletween 1972 and 197 1 , Sk~ i 1 (1976)  r epo r ted  tha t

t lie 1) 1st r l e t  dr ed g ed  between 3 and •~ m l i i  ion cti cd per vt- ar. Ma~ or

t i . i  rho rs in the 1) 1st r l et  inc l ude Jack sonv f i l e , M i a m i  . and ‘I’ampa

I - I  st t ti a . rh is I at t t ’ r lii i  rho  r p r o j e c t  was exp - -c  ted to ~‘.-ne rut (t ’  sub—

st an t  I a I aniou n s ot new ~I i- edged mater I a I . Nu me runs  in- r sonne I w i t h i n

both t tic iacksoui vl l i e  CF 1)1st ri ct and mosquit o abatement programs

un cut toned water—qua 1 it V st a u d u i r d s  as pr lmarv e n vir o n m en t a l  conce rn s

assoc I ated wi t l i  di  schiarge f r o m  dredged m a te r  I a I dl sposuil 5 i t  es

1 ightened wult er— qua I I t  v s t andards  have frequent lv required t h a t

d i  sposa I s i t  es be d i v  I t i ed in t o  two suh d I v i s i o n s .  One s i d e  of t h e

d i s p o s a l  art -ui i s  used as ii prim ary set U In g  has  I n .  F o l l o w i n g  t l i  Is

set  t lement operuit ion t he  s t u p e l u a t  a n t  w a t e r  i s  t h e n  drawn in t o  a

second d i s p o s a l  s i t e  In which f u r t h e r  wate r  c l u n  i f i c a t  ion may occur.

Corps ot f t c  t a l s  it 1st uncut lotied a iedtic t ion In  the ulniotu nt ot  open

w a t e r  d I s po sal  its be tug  as Important env I ronmen I a I concern  due to

the Increased cost ot located inland s i t e s .

~s~1i~ l t ~~ a h a l em en t  ~~ro~~rams

h i . l)uval C o u n ty  M o s q t i l t o  Con t t o  1 .  Thu’ I ) t ’p.l i t  men t 0 t h lea  i t  Ii .

We I I . t I &  , and H lo—env I ronmt ’ti t , i I  Se t  d ices ol  Diu v a 1 t o i u u l t  v o p e u ; l  te -u a

M o s r lu l t  0 l t r u n n  Ii which func t i o n s  as a mosqii  i t  0 cOl)t  t-o I d 1st  r i o t

l’e rsouuw 1 wI  tb  t Ii i s ag e ncy  r opo u t  ot t  a nunibt ’ r o I t~ rob 1 ems w i t  Ii no s —

qit  i t  S O S  assoc I at  od w I t h  dredged m a t e r i a l  d l  sposa I a li - its • h u t  gene ra  I

I v good commun i cu t  t ion w i t h  t lie .lutc k sottv ti l e  1)1st t i c  I o I I l i t - Corp s of

Kuig I nec r s . ri t e no sq i i  i to con I ro I pe I- SOuL -It’ I r e por t  ~tl t h a t  p rob I em

a ut -as w i t  Ii m o s q u i t o es  f I t u c t  n a te d  f r om v e a t  o y o u - . M a n y  d I sp o s a l

s i t  es t h a t  w er e  th e te stu I t  o t  t u f t  I a I d reil ge ope r a t  I ou t s  t ended t o

t o u t  . 1111 l i i  g lu . u m o i t t i t  of s t ’ t t l  and t here  t o r e  d i d  no t  ; i i p p t ’t  I h a  u v a  1

nK ) s( l u i  I ot -s . N e i t h er  t h e  Duva l  C o u n t  V n to sqt u  I t o  c o n t r o l pel oum-  I or

( lit , . J u ic k son v  I I  i t ’  Corps  m u  h i t  a tnt’d reg -u h u t  I I ghi t (lap tiu v o ii l ance

b r  m o sq u i to e s  w i t h i n  dredged m a t  or  I i  I t i  I spo sa  I s I t e s .  ~1ostpt i t o  

_ _ _ _ _
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resistance to common organophosphorus insecticides was reported as a

major problem confronting the mosquito control e f fo r t s  of Duval

County .  ‘til .r mosquitoes were cited as being of at least equal im-

portance to disposal area mosquitoes. Many of these mosquitoes fre-

quently were derived from polluted sources of water and not related

to dred ged mater ial  disposal sites.

18. Duval County was also one of the few mosquito control dis-

t r i c t s  to report  a regular information exhange with the local Corps

D i s t r i c t .  Not onl y was environmental informat ion received from the

Jacksonville Dis t r i c t  o f f i c e , but plans and diagrams for di tching

and drainage were sent from the mosquito control agencies to the
- Corps . In many areas of the United States little evidence of real

interchange between mosquito control agencies and the Corps of Engi-

neers was located or discussed in interviews .

19. Florida Bureau of Entomology . Discussions were also held

with  personnel from the Florida Bureau of Entomology , a division of

the Florida Depaitment  of Health and Rehabil i ta t ive Services. This

agency was thoroughly famil iar  wi th  the large numbers of mosquitoes

that can result  from the formation of fissured soil within disposal

sites on a s ta te—wide basis . Copies of le t ters  regarding the response

of the Bureau to various proj ects proposed by the Jacksonville Corps

were furnished to the investigators.  Interviews wi th  various person—

nel wi th in  the Bureau revealed a mixed record . In some cases, ob—

jec t ions  regarding mosquito control problems appear to have been

resolved by compromises on both sides of environmental issues. In

other  cases , mosquito control problems were created that had been

correct ly p r e d i c t e d  in advance of the construction of the proposed

disposal s i t e .

Disposa l  s i te  s uitoes

20. The fol lowing species were collected or reported to be

assoc iated w i t h  the disposal of d red ged materia l  in the Jacksonvi l le

t ’j st r l c t :

1)17
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a. -1•~ ioa to niorh,ynchus, considered the major pest species.
b. -l~~ /~ a oat? ioitana.

. -l -’~~ he 108 0U01 af l 8

. -t n - ~Jn 
- I t O  ~~kzJZey I

e• c n u t ’.r o o lf n a r i ua .
.4~-i, -o z~ ’:i o~’h :j na uuw was consider ed tha majo r pest speci es associated

with disposal sites. It is interesting to note than A~J~o u l l ltouo

is considered a more important pest mosquito north of the Jackson-

ville, Florida area.

Disposal area conditions

21. Blockage of natural marsh drainage. The blockage of natural

marsh drainage by dike construction was the mos t frequently cited
problem source of disposal area mosquitoes. Field trips were con—

ducted to several disposal sites that did not support substantial

larval populations within the dredged material per se, but large

numbers of ~4aJ~-o t o •~~i rii,iuohue larvae were readily collected f rom

blocked tidal drainage sites (see also Figure 15, item 7). In other

cases, drainage within disposal areas effectively reduced mosquito

breeding only to later have additional problems develop near outfall

sites of that drainage.

22. Erosion of dike walls. Environmental restrictions on the

placement of d r ed ged mate r ia l in some par ts of Jacksonv ille Dist r ict

have caused dredged mate r ia l  to be placed at higher elevations. This

procedure tends to increase the soil erosion along the retaining

dikes if they are not contoured and stable spillways installed at

runoff points. In some areas erosive water channels have scoured

out numerous depressions near the lower edges of the dike (see Figure

15, i tem 8) .  These depressions are usually filled with water or re—

plenished daily by high tides. This mosquito control problem could

be eliminated by the planning and placing of dikes and spiliway s

contoured for drainage .

23. Discharge sites. Discharge site larval habitats (see Figure

1)18
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15, item 9) were frequently termed “blow holes” in Florida . This

s i t e  was noted as a conunon source of mosquitoes that could have been

eliminated by the proper use 01 a splash pad . The p r a c t i c e  of sand

mining has been previously illustrated and cited in the section on

t;alveston District. Larval habitats that were created by this prac—

tice were observed in several disposal sites near Jacksonville and

Mayport , Florida. As was true with the Galveston sites , mosquitoes

resulting from sand mining borrow pits were Incorrectly associated

with dredged m a t e r i a l  disposal operations .

14~ Dike sei~p’~~~ hab i t a t s .  The largest  concent ra t ions  of mos—

— quito larvae were observed on 11 Augus t 1975 w I t h i n  a disposal s i te

near the Mayport Naval Air Station. Over 6000 larvae of rit~~I t i

were collected from a dike seepage larval habitat

(see Figure 15, item 10). Several hundred yards away in an outfall
si te , an additional 500 larvae weu-e obtained within 2 miii. In

another location within the disposal area , several hundred larvae

were asp irated from t issured soil in the 1)1-1—4 stage . In  all cases ,

the larvae were iden t i f i ed  as :l otu u t~~ - t u I a ~~::a: - ::4u .

25.  Other  larval hab i t a t s .  Other  disposal  s i t es  appeared to

follow the same basic p a t t e r ns  tha t  have been mentioned In earlier

sections of this report. The DM s tages  proposed in Figure l.~ would

appea r to be valid for  Florida disposal b i tt - s tha t  were observed in

the Jacksonville v i c i n i t y .  All larval h a b i t a t s  that  were summarized

in F igure  15 were observed dur ing  the J a c k s o n v i l l e  s i t e  v i s i t s .  More

larvae were collected from d i s c h a r ge  s i te  larval habitats (set- Figure

15 , I tem 9) In the  Jacksonvi l l e  CE D i s t r i c t  than on the other s i t e

v i s i t a t i o n s. The p rac t i ce  of pondung and subd iv id ing  disposa l s i te s

b r  water q u a l i t y  standards may tend to crea te add iti onal mosqui to

larval h a b i t a t s  when such areas art - allowed to dry  and fo rm soil

fissures. The presence of p r o t e c t i v e  vegeta t ion  was e s pec i a l l y

not iced within the disposal areas near Mayport , Flor ida . C ar e f u l

observat ions y ie lded large numbers of larvae that  were obvious to
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the casual observer.

Pla n t specimens

-26. A list of the common seed plants that were observed to be

associated with dredged material disposal areas in Jacksonville,

Fla. is presented as Table D2. Many of these plants were also

collected from the Charleston District disposal sites (see Appendix

E ) .

New Orleans Dis t r ic t

Desc r iption

27. The New Orleans District of the Corps of Engineers annually

dredged approximately 22.8 million Cu yd of dredged material into

confined disposal sites (Harrison and Chisolm 1974). Open disposal

practices have been used by the District in the recent past. Dredging

is necessary to maintain shipping channels in the Mississippi River

and the Gulf Outlet Canal. Dike failures have been reported as a

major engineering problem in the past. Frequently, dikes are con-

structed of marsh soils and other highly organic substrates. Harrison

and Chisolm (1974) reported that dike failures occur most often near

discharge pipes (see also Figure 15, items 8 and 9) where water

turbulence Is high. Environmental complaints in most areas art’ re—

ported to be minimal. Mosquitoes were not reported as a major problem

in the environmental assessment of Harrison and Chisoim (1974).

Mosquito abatement programs

28. New Orleans Mosquito Control Board. The abatement and con-

trol of mosquitoes within Orleans Parish in Louisiana is the  respon-

sibility of the Mosquito Control Board of the city of New Orleans .

This agency was the primary mosquito abatement contact  dur ing  the

Louisiana site visitation . Contacts with other mosquito abatement

programs in Louisiana were made through mail and the opinion survey

(see Appendix A). These districts reported a number of mosquito
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Table 1)2

Catalogue of Common Seed Plants Associated With Dik ed Dred~~ -d
Material Disposal Sites In Florida

He r bs

A , 1 ,aa t o sp. (Asteraceae)
~‘c’~•;n-:~a sp. (Poaceae)

- ‘:, -: ‘o il :t”: - ~- -: f ’ -
‘ a Ia I - i ‘a L . (Chenopod iaceae)

rcLr L. (Cucurbitaceae)
~~~~~~~ sp . (Cvperac eae)

to i i,: a, ;‘~ou I 
‘ ía (L. ) Scopol i (Poaceae)

~V ’ii a t~-iy a  Walter (Rubiaceae)
I ‘ ~~~~~~~~~~ ~~~~~~~~ (Pursh)  He l l e r  (Poaceae)

E ’ :ia i~~- ; Iao ( L . )  Gaertner (Poaceae)
!~~~o~~’o t ia ~

- :~-oii-o Beauvois (Poaceae)
ia :’ ~t~~~i ?  to  (Pursh )  Steudel (I’oaceae)

Er ~~ ‘ , - ~ :‘: ~:o , a L. (As t e raceae)

~ ? I : ~ ~~~~~ a t  ‘i ; ’a: ,o Muh l . cx Wil ld  . (A s te racea t ’)
I :  sp. (Eup horb iaceae)

~;~~~t t  ti:e- : ;‘~-oI “i:a’: ( J acquun)  Mohr (Fahaccae)

~~:~ ; ‘ : : i  i:e : ~~: ‘ :4 ) ’~ - ;c’. L. (Asteraceae)

~~ t~
- -  ~ ~~~~~~ ~~~~ t~~-:~ (Lam. 1 Br it ton & Rushy (A s ter a e e a e )

‘ t -  ‘o sp . (Ap iacea t -~
~
‘ : ‘;a: : i ‘ - ‘- :

~ 
- el :‘:,a Schee Ic (Juncaceae)

- 
- - ~: ~~ ‘:  :.‘: l’~,’u’:’f : (Presi . ) Hi tchcock  (Po ai -cav)

-
, 
-i;’ ; ía ‘: ‘i t  7 - e :  (L.  ) M i ch aux  (Verb enace ae)

- 
-
- tct :~a :1!,: I)t -sr . ( 1 abac t ’ae)

- 
- - : ‘c’: ::~ ‘ a L. ( Cucurh i t  aceae)

~~~~~~~~~ sp . (Onagraceae)
- - : ‘c- , var • saurae  Parod i ( h ’oac eac)

I-~~o;’a ‘ :4: :‘io 1 ct Steudel  (I ’oat -e at- )
I ‘~~~~ - - 

-
- 
a : - e’:opi a w: L . ( I’Iiv t o la c ca c ac)

-
- ‘:~ ‘~ ‘:~ e:oa ‘:.: (Swat rz )  DC. (As t ei-ac e .ie)

-
- 

~ ‘i’~~: I c: -: - - 
-

- L. (Chenopodiace ic)
, : 4:’::c: ;‘ :~f : : a .  e:. L. (A i z o a c e a c )

? : ~~-‘: a’:, 00-: :t ’: 1-t i l le r  ( Solan u c e a e)
- 

~ i’ . (Astt ’r aceae)
.~~~ ‘~~:- ~~~~~~ o;’~ (L .  ) 11111 ( A st e r a c e a u - )
.::~~.:,.;i:4 , a.~~~ - :~~~~a L . ( A s t e r a c e_ u t ’)

~~-ai-’t 
- ‘:z a? t, ic _ea Lo I sd (P e a t - eat - )

- 
~~ -!‘~~‘ 1 40 : ‘ I pa I -: - , ( I  - . ) Kunthu ( Poact -ac )

p~ ‘; ‘/~ , 
- .-~ f~~ ’~ -a 2 3  la !a (L . ) F 11 . ( 1- _ ib. tc  eat - )

(con t I nu ed)

l) .~



Tabl e D2 (concluded)

Herbs (continued)

~~~~~~~ ti ~~~~~~~~~~~~~ (Ell.) Moq . (Chenopodiaceae)
‘
~. i 4 ~.hi~ at z ’f o t a  R . & R. (JuncagInaceae)
~~Ia?a :-~ :ta: ’o ta L. (Poaceae)

Sh rubs

hoa f o  o i , ’aa t i;~’lf a  Michaux (Asteraceae)
z~~~~~z .i ’fa  ha ’ f e : i f ~’ ía L. (Asteraceae)

t~~.a i ’o ‘r ifoi ’a L. (Myricaceae)
~‘or th~-~z~ 4 • io a z~a q~ I ~:qa~ ‘j~o 1 Ia (L.)  Planchon (Vitaceae)

Trees

~ Ufl l~~ ’t ’P~~ 8 a I i’~ i i~: f a u a  L . (Cupressacese)
~a~,a! ~‘a-”t~~ t ’  Lodd. ex Schultes (Arecaceae)

~ .r:~ lurn a 4 ’ —~~ ’rai~ , ía L. (Rutaceae)
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abatement problems associated with the disposal of dredged material .

Dredged material disposal sites were regarded as major sources of

mosquitoes in Louisiana. The continuous dredging of the Mississippi

River Gulf Outlet has created large disposal sites that have been

associated with large numbers of ~L’J~’a a a l li o i t a n~ larvae. It has

been estimated that approximately 20 sq miles of disposal area sur-

face associated with the Gulf Outlet Canal alone are capable of

producing AeJ a sotiiaitans mosquitoes at the present time (Personal

Communication, 8 January 1976 , C. T. Carmichael , Di v ision of Mosquito

Control, City of New Orleans, 6601 Lakeshore Dr., New Orleans,

Louisiana) .

29. The remote location of many disposal sites in the state of

Louisiana renders routine inspection of such sites difficult and

expensive . In mos t areas light traps are not operated , but areas

are Inspected following heavy rains. The New Orleans Mosquito Control

Board was the only mosquito abatement program encountered during the

study that was actively engaged in the study of remote sending pro-

cedures that might be applied to locate mosquito larval habitats

within dredged material disposal sites. Some aspects of this study

have been published by the National Aeronautics and Space Administra-

tion (1973).

30. Lack of communication between the Corps and mosquito abate-

ment programs was cited by some mosquito abatement personnel In

Louisiana as a problem. Mosquito abatement personnel in New Orleans

also stated the need to be informed of pumping schedules in order

that they might better plan mosquito Inspections and/or control

measu res. In some limited cases drainage ditches constructed within

disposal sites for mosquito control are reported to have been filled

with fresh dredged material . On the contrary, as noted in other

sections of this report , on some occasions the pumping of fresh

dredged material onto an active mosquito site can temporarily con—

trol mosquitoes (in some cases for a season dependent upon the

D2 3
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formation of fissured soil and other larval habitats ). For example,

if a choice is available regarding two disposal sites for a given

disposal operation and one site offers drainage , while the second

location (supporting larval mosquitoes) may be helped b\’ the addi-

t ion of fresh dredged material , then obviousl y the new material

should be added to the latter site. It must be understood that most

disposal sites will eventually develop larval habitats for mosquitoes

unless water can be removed from the various larval habitats that

develop during the  successional cycle (see Figure 14), but  in some

cases the  p l a n n i n g  of pumping schedules could assist in mosqui to

con trol for  short  periods of t i m e .

31. Studies regarding mosquito egg density have been conducted

by the New Orleans Mosquito Control Board that indicate large numbers

(more than 2000 eggs/sq ft in some cases) have been located within

fissured soil. In the ea r ly  1960’s major outbreaks of mosquitoes

wer e  assoc iated w i t h  d i sposa l  s i t e s .  Again , the a l t e rna te  w e t t i n g

and dr~’ing of disposal  s i tes  was noted in Louis iana as the major

reason fo r  the affinit y of A c .~-a mosquitoes fo r  dredged material . As

was t he cast’ in Cha r l e s ton  D i s t r i c t , mosquitoes tend to develop w i th in

d i s p o s a l  s i tes  app rox ima tely  9 to 14 months fo l lowing  the cessation

of a dredged material disposal operation.

32. Other mosquito abatement programs. A number of other

mosquito control districts reported by telephone and correspondence

ot numerous problems associated with mosquito breeding within dredged

mater ia l disposal s i t e s .  Recent 1~’ , ma jo r  problems from disposal

s i t es  have been reported from Calcasicu Pa r i sh .  J e f f e r s o n  Parish

considered the prob lem to be moderate .

Disposal site mosquitoes

33. DurIng site visitations sponsored by both  New Orleans

~losquito Control off ft i als  and the New Orleans CE D i s t r i c t , adul ts

o~ .4, -J, -o ~~~ 
-
~, -I  tO ’iO  were numerous and common on dikes  and w i t h i n

Louisiana disposal s i te s .  1)urhng a s i t e  v is i  tat ion sponsored by the

1~$4
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New Orleans District to disposal sites located along the Mississippi

River Gulf Outlet, larvae of A. sollicitans were collected in small

numbers in these locations. The following species of mosquitoes are

reported by the New Orleans Mosquito Control Board as positive

collections from larval habitats with dredged material disposal sites:

a. Aedes sollicitans~ considered the major pest species.

b. Aedes vexans, mainly in older locations .

C. Anopheles crucians , mainly in older sites with fresher
water.

d. Culex sa linari us .

e. Psorophora columbiae .

The f ollowing species of mosquitoes have been associated with dredged

material disposal sites, but larvae have not yet been collected from

a larval habitat with the sites per se:

a. Aedes taeniorhynchus.

b . Anophe1.es quadrz~maculatu8.
c. Culox pipiens quinquefasciatus.

Disposal area conditions

34. Engineering observations. Many of the disposal areas in

the New Orleans District were observed to have purposely breached

dikes that allowed for water movement. This procedure did not appear

to increase erosion of dredged material (once consolidation had

occurred). Dikes were also observed to be constructed primarily of

marsh soils for the initial construction with subsequent dike con-

struction restricted to material with the disposal site. As men-

tioned earlier , this practice creates borrow pit swales.

Channelization and crossdikes are frequently employed to separate

sand from finer grained materials. Sand bases were preferred in

di ke construction .

35. DM conditions. In almost all cases dredged material dis-

posal sites closely resembled those of Charleston District , especially

with regard to msoquito larval habitats. The DM stages proposed in

D25
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Figure 14 would appear to suit New Orleans District conditions. All

larval habitats cited in Figure 15 were observed in the New Orleans

District disposal areas.

36. Problem species. Unlike Florida (i.e. Jacksonville CE

District), -i~ a~-a t,:c~~i~-e,l::,,1~11:4s was not considered as a pest present

in sufficient numbers to warrant control considerations . This phe-

nomenon is probably due to the location of the city of New Orleans

and the high adap tab i l i ty  of - h - i ~- a a1 ’: 1 ’i ’i t a f r : a  to more than one type

of larval h a b i t a t .  I t  is in teres t ing  to note that  the exact niche

partition between the larval habitats of :1 1J4 ’o 0 ’  l~ I a:a and Ac~:ca

~~~ :4 ~~~ e;:: :an: 0 is not known (see Part V). More research is needed

to explain how these two species are separated within dred ged ma terial

disposal sites. Most of the other species associated with disposal

sites were regarded as incidental varieties except under very

specialized conditions . In summary , - 1 - i - a  aa71ta:ta ~:o was considered

as the major problem and pest species developing within Louisiana

disposa l areas.

37. Larval conditions. Small numbers of larvae of -1c~ico

t~a~:o were located under algal mats within disposal sites along

the Mississippi River—Gulf Outlet. These larvae would have normally

been overlooked if the investigators had not previously encountered

similar conditions within Charleston District. As noted in previous

sections on larval ecology, unusual concentrations of algae within

disposal sites should be regarded as suspect sources for mosquito

larvae.

Plant specimens

38. A list of plant species that were observed and/or collected

from Louisiana disposal sites is presented in Table P3. In general,

trees and shrubs were scanty or absent from the sites that were

visited . Most of the sites were obviousl~’ affected h\- frequent

punipings. The halophytic stage of plant succession was a commonly

encountered sere (see Part IV), and many of the same p lan ts tha t had
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Table D3

Catalogue of Seed Plants Found Within Diked Dredged
Material  Disposal Sites in Louisiana

Herbs

Amaranthus arenicola I . N. Johnst (Amaranthaceae)
Anzbroaia sp. (Asteraceae)
~1ster BubulatuB Michaux (Asteraceae)
Cyperus sp. (Cyperaceae)
~-isrichlis ep icata (L.)  Greene (Poaceae)
Hel l otropium curassavicwn L. var . curaea av-t-cuzn (Boraginaceae)
Leptocho la uninervia (Presi.) Hitchcock (Poaceae)
Pani cwn sp. (Poaceae)
Pluchea p urpur aacena (Swartz) DC. (Asteraceae)
Salicornia bige lovii Torrey (Chenopodiaceae)
Sa licornia virginica L. (Chenopodiaceae)
S~’irpu8 sp. (Cyperaceae)
Sesuvium mari timwn (Walter) BSP . (Aizoaceae)
Spartina altern-iflora Loisel (Poa ceae)
Suaeda depre8sa (Pursh) Wats. (Chenopodiaceae)
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been observed in Charleston District under similar successional con-

ditions were also noted in Louisiana.

Norfolk District

Description

39. The Norfolk District of the Corps of Engineers had an annual

maintenance dredging rate of 3.5 to 5.5 million cu yd between 1971

and 1973 (Skjei 1976). The District is unique in that a large amount

of dredged material from Norfolk Harbor is placed in one large dis-

posal site, Craney Island . The District also has a number of smaller

disposal areas associated with the AIWW and other navigation projects.

Because of i t s  large size (4 sq miles), Craney Island was selected

as a major  disposal s i te  for  the Norfolk site visitation. In general ,

Norfolk District officials discussed many projects of a long—term

nature that tended to require more planning and site preparation than

was the case with other Corps Districts. The relatively small amount

of dredged material being processed in the District perhaps allowed

for more planning than was possible in some of the other larger

D i s t r i c t s .

‘0. Harrison and Chisolm have reported considerable environ-

mental opposition to many of the disposal sites. New sites were

said to be especially opposed by various groups. Odors from disposal

areas in the Norfolk District have been cited as a major environmen-

tal complaint. Harrison and Chisoim (1974) reported sulferous odors

and anaerobic conditions could be located within the Cranes’ Island

disposal area. Turbidity was not considered to be a maj or env i ron—

mental consideration as was the case in the Jacksonville District.

Harrison and Chisoim (1974) did not report mosquitoes as an environ-

mental concern in the Norfolk District.

Mosquito Abatement Programs

41. Virginia Bureau of Solid Waste and Vector Control. The

P28
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overall direction of mosquito control efforts in the state of

Virginia is under the direction of the Bureau of Solid Waste and

Vector Control. This agency coordinates the work of a number of in—

dividual mosquito control districts. The bureau was the main

mosquito abatement contact during the Norfolk site visitation. The

bureau ’s director reported that approximately seven local districts

in Virginia had reported problems associated wi th mosqui toes and
disposal sites , rang ing from moderate to severe . The proLlem was

reported to have been much greater in the past than is presently

the case.

42. In general , mosquito abatement o f f i c i a l s  spoke favorably of

the Craney Island disposal si te.  The construc tion of Craney Island

apparently allowed a large number of smaller disposal sites to

become inactive. It was also noted that Craney Island was not fre—

quently inspected by Mosquito Control per3onnel, but that the

average number of complaints about mosquitoes from residents was

lower than had been the case in earlier years. In general , while

some mosquitoes have been located within Craney Island , the problem

was thought to have lessened in recent years. Favorable comments

regarding the practice of impounding some water over portions of

Craney Island were regarded favorably by Norfolk mosquito control

officials.

43. Major problems. The most frequently cited mosquito control

problem with disposal areas In Virginia concerned the blockage of

marsh drainage. It should be recalled at this point that marsh

drainage was also a major complaint in the Jacksonville District.

Virg inia personnel seemed to regard mosquito breeding in poorl y
drained pools nnar disposal area dikes as a major larval habitat

(see also Figure 15, item 7). These pools were normally ou tside

the disposal areas per se and located between dikes and natural

marsh .

D29
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Disposal s lt c  mosquitoes

44. The following mosquitoes were reported to the invLsligators

as d e f i n i t el y associated with dred ged material disposal s i t e s  In

V i rg in i a :

i. tl~~ ~ L I  L~’ I t :

b. Some ~~~~~ spp .

Disposal area condit ions

45. Crancy Is land.  In tens ive  i n v e st i g a t i o ns  were  made w i t h i n

the Craney I s land disposal  s i te .  Other  l i m i t e d  survey s  were conducted

in the g en e r a l  vie ~nity around the disposal s I t e .  -1 - / .  1 •‘f . I
were  infrequent during the site visitation (20 August 1975). No

larvae were col i e c t e d , bu t  s evera l  l a rva l  hab i t a t s  were loca ted  t h at

appeared capable of suppor t ing  A I ~-~ ~~l i I~
.i t n::~. Two a r eas were

I ocated outs ide the  Cranev I s l a n d  d ike  t h a t  appeared capa l ) lt - of

s u p p o r t i n g  larvae due to blocked t ida l  dra inage . As p r ev ious ly

ment ioned , the p r a c t  ice  of f r e q u e n t l y adding f r esh  dredged m a te r i a l

to [l i e  Crane~ Island s i te  appeared to neget  i vol  y a t  f e e t  pot e i it i a l

mosqui to  populat ions . No dred ged m a t e r i a l  was observed within C r a nev

Island tha t  was beyond s tage DM— 5 , and most of the s i t e  was retained

in st a e~-s PM— i , l)M—2 , and DM—3 (see Fi gure 14) . I t  s - i o t i l  d be r e—

cal led at  t l i  is point that these  last t Ii ree st ages were  not observed

t o  he associated w i t h  1a~ val m o s q u i t o e s  d ur  i rig t he  st ad I es in

C h ar l e s t o n  D i s t r i c t

46. Other  s i te s .  A number of  add it lonal sites were vt s  ited In

Nor f o l k  that .  h a d  produced mosqu i toe s  in t h e  I) ast  . One s i t e , known

lo c a l l y as ‘[lie Navy f i l l ’ ’  or l i t t l e  Bay , was of  some h l s t o r i c ; i l

interest in t h a t  it was t ie ~ f t lie first disp o sal site s to be not ed

in  the  1 it ~ ’ i a t u r t ’ as a known source ~ f m o s qu i t o e s  (see a l  ~o Pa r t  I I ,

Ear ly  Ret  erences) . The s i te  i s  no longer active as a ::iosqii ito

son rce . \no t u e  r n on—Co rp s  dIsposal s I t e was known I oca I I v as t lie

‘‘ S t anda rd  Oi  1 F i l l . ’’ Th is l o c a t i o n  was o t  I n t e r e s t  iii th at rt -wage

s I udge had been added t o  t he su r I ace  o I t lit ’ d i e d  god mat e  t i a I . ‘l ’li I s
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practic e had polluted the s i te  and allowed for the development of

mosquitoes (probably C. :i ; i. -~:o) . However , t he I amil iar

f i ssu r e d  s o i l  h a b i t a t  developed desp i t t ’ the  add i t i on  of th e  s l u d ge.

While no c o l l e c t i o n s  were made at the site , the invest igators wi-re

assured t ha t  the site had produced large numbers of ~‘:~ l.-.r mo squl toes.

This is ye t  anothe r  t - xa up le of dredged m a ter i a l  disposal sites pro—

due ing mosquitoes that are riot a c t u a l ly  re la ted to th e  p r op e r  d is—

posal of d redged  m a t e r i a l .  I t  is t h e  opinion o~ the  invest  i gat ors

tha t  the p r a c t i c e  of dumping sewage sludge should be d i s cour aged  or

done onl y under  c l o s e ly  supe rv i sed  c o n d i t i o n s . Another  s i t e , known

locally as the C il b e r t o n  Fi l l , was vlsi  ted as an examp Ic o h an older

d isposa 1 s i t e  t ha t  had f o r m e r ly  produced m o s q u i t o es .  The s i t e  was

1 as t pumped approx i iit:i t clv 9 ~‘ezt rs ago . Close inspt ’c t ion revealed

that the s itt ’ could be considered in s tage l)M—6 ( s ee  F i g u r e  14)

When loose soil i~-~ts brushed f r o m  the s u r f a c e , f i s s u r e d  s o i l  c o u l d

s t i l l  be d e t e c t e d . The s i t t ’ p r e sen t l y produces  mosqui toes only under

heavy r a i n f a l l  c o n d i t ion s .

47.  The proposed PM stages ( F i gu r e  14 ) appeared to be valid for

a l L  observed V i r g i n i a  conditions . Al l  larval h a b i t a t s  no ted  in

Figure 15 e x c e p t  one ( d e p r e s s  ion  l i ab  i t a t s )  were located within [lie

variou s V i r g i n i a  d i sposa l  s i t e s .  R e s i s t a i i c e  t o  pes t  Ic  Ides was not

c i t e d  as :i ma~ o t -  mosqu i to  cont  m l  p r ob lem.

Plant ~j~ee imens

48. The ma lo r p l an t  spec it’s that dominated most Vi  r -g i n  h a  d i s —

posal s itt ’ s was ;: ~ ‘. :. ---: i ::~‘: is . ‘l’lie f r e q u e n t  pump ing o I C r a n e v

Is  l and appea ted to he kept at t h e  st i cc ul cut hal op hiv t e stage set’ a I so

-\pp end i x E) . l i i  t hose  areas where the  dred ged m a t e r  i a 1 had been

allowed to fo rm so I I  f i s s u r e s  ( PM— ~ , l)M—4 , and I ) M — 5 st ag t -~
.~~~~~~~~~ - ‘ - 1 ’ ’ : ? % ~pi’~ was t h i t ’ most conunon pioneer plant . On t h i t -  retainin g

d i k e s , whe t o  he t tt’r d r a i n a g e  may have chan ged  so I l  cond i t I oiio

A ‘/: :;- ‘ .-f ~~, 
-o - ‘- ~--:o: is was obse i ved to grow in  dense s t a n d s .  -\s p r t - —

v i  otis lv noted t h i s  p l a n t  is i t - g i r d e d  as a pt ’s t spot It’s in  man y

1)31 

— - -~~~~—---- -—-~~~~~~ - - - - ---- -~~~~~- --- -- - - - --
~~~~~

---
~~~~-



--

- states , especial ly  N ew ,I er s t ’v .  !h~’~~,”. I t ,  -s was a l a o  observed  to in-

vade f i s s u r e d  soil  where : a 1 1 5  ‘r ’:: ~~ was p r ev i o u s ly  e st a b i  I sh i e d .  Th i s

observation suggests that i I I & .s~’t : -’, :  may m o d i f y  dredged m a t e r i a l  and

enable k u ’~~~’.- i ‘ e 5  to develop. A L i s t  of plant spec i t ’s collected and!

or ob~ srved as common within Virg inia disposal sites is presented

in ‘[‘able 04.

Philadelp h i a  D i s t r i c t

Deser t  t ion

49. The Philadelphia CE l)istrict maintains a number of confined

dredged material disposal sites ranging In size from 150 to 1200

acres. A number oh large disposal areas are located along the Dela-

ware River and the vicinit y of Cape May, New Jersey. h arrison and

Chisolm (1974) repor ted  tha t  the Phi lade lphia  1) is t ric t  dred ges

approximately 11.4 million cu yd into  c o n f i n e d  disposal  s i t e s .  This

report also noted that mosquitoes were regarded as an environmental

problem along the Chesapeake and Delaware Canal.  Other  env i ronmen-

tal problems cited were dike instability and noise from the operation

of motorcych’s w i t h i n  d isposa l  a reas .  I t  should be recalled tha t  the

op er a t i o n  of  m o t o r c y c le s  w i t h i n  disposal  s i tes  In the Galveston

l ) i s t r  i ct led to the e s t ab l i shmen t  of a larva l h a b i t a t  fo r  ~‘a ! iss
- ~~~ : t a .

50. The Ph i ladeph ia  CE D i s t r i c t  m a i n t a i n s  an ex c e l l e n t  mosqui to

controi program along the Chesapeake and D e l a w a r e  Caii:l I (C and I)

C a n a l) .  This program was unique among the Corps l ) i s t r i c t s  s tudied .

The C and [) Catia I mosquito control program depends heavi  I v  upon s t i r —

ye ill ane t’ of  adul t  m o s q u i t o e s  by I I g u t  t raps a l o n g  t h e  c :ina 1 . The

mosqui toes are c o i l  cc ted arid Ind ent  I f led  b~’ II . S. Army entomologists.

I’lt Is inosqui to control effort is l imited to the C and 1) Cana 1 and does

not extend to o t her  parts of the 1)1st i~ h t t .
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Table 04

Catalogue of Seed Plants Found Within Craney Island
Diked Disposal Site, Norfolk, Va.

Herbs

1mavznthu~ hybri dus L. (Ainaranthaceae)
A ’-’:b~’ss ia sp. (Asteraceae)
C z k i l &  c~Lisntula (Bigelow) Hooker (B rassicaceae)

a I - bum L. (Chenopodiaceae)
C z ~ n~p oJium ~ut:/ i ’ sioiJ~’~ L. (Chenopodiaceae)

I i5”u artri p 1 i~ if  loium (Sprengel) Counter (Chenopod iaceae)
L-’~Iç O V U. s  ~ is~~ztus  L. (Cyperaceae)
Pi~ I t~u’-fa .~:s :a I f l tZ I is (L. ) Scopoli (Poaceae)

f~~~’hs la ~.i’u~~s l i i  (L.) Beauvois (Poaceae)
L~
’i’a~;r~s tis s~’ t-i naosa (Michx.) Nees (Poaceae)
Eri 7.~-P~fr: ~~f r:~~It Pwis L. (Asteraceae)
E ’ ~ i:t ~: oap i l I -I j ’c l ium (Lam.) Small (Asteraceae)
E:q -h~ -rb [a su~ I no Raf. (Euphorb iaceae)L~-~ i diuj n : ‘i i ’~’inioup : L. (Brassicaceae)

- tsJht’ I-a J Os-s i z ~ ‘ is (Lam.) Cray (Poaceae)
Vs 11 lotus i1lbo Desr. (Fabaceae)
c~~us t hs~’o ~‘ ismA ip~ to To Nuttall ex. T. & C. (Onagraceae)
I I -zi ’o p: [ t ss ‘i- ’~’zo: is Trinius (Poaceae)
Ph y t l i s o  i’-’ i ’i no L. (Phytolaccaceae)
l~ s i~~snu i~: ~-cn s~ 1 son i~~iet: L. (Pol ygonaceae)

~5o I [s - 1’Pl 10 :o ’~ os~z L. (Chenopodiaceae)

~ol s 1o ka l i  L. (Chenopodiaceac)
~ s t~u’~o ~j s n i~~a To t i  (Lam.) Beauvois (Poaceae)

~~l zis sp. (Asteraceae)
s Is� ’zs , :  a.-~ L. (Asteraceae)

s~i:i u’i z ~‘ioi ’i H z  Grisebach (Caryophyllaceae)
St  s -~-Ji ’s t2 /  leo h1’l i ’s / i  L. Ell . (Fabaceae)
Xtlf l t ; 1 !C’; s trwnw’ium L. (Asteraceae)

Shrubs

B~z shtzi’ o ha I i~:1~~ 7 I c z  L. (Asteraceae)
r -: ’o ‘~i ’at . ss~’no L . (Asteraceae)
P ost h~ - c [ s s : 5 j a  iP: 7ue-~ ‘ i i  (L.  ) Planchon (Vitaceae)

‘: ‘ai ii ~ : L. (Anacardiaceae)

Trees

V -~‘uo oil ’ : L. (Moraceae)
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Mosquito abatement programs

51. The following mosquito abatement programs were contacted

during site visitations in the Philadelphia District:

a. City of Philadelphia, Environmental Health Service.
b. Camden County Mosquito Extermination Comm. (New Jersey).

c. Bucks County Department of Health (Pennsy lvania).

d. State of Delaware, Division of Fish and Wildlife,
Mosquito Control Section (Delaware) .

e. Cape May County Mosquito Control Commission (New
Jersey).

f .  Burlington County Mosquito Control Commission.

.g. U. S. Army Corps of Engineers, Philadelphia District ,
C and D Canal Mosquito Control.

52. Due to the large number of different and varied habitats

that were sampled during the Philadephia District site visitations,

data regarding mosquito fauna and disposal area conditions will be

presented separately in the sections that follow. In some cases the

mosquito fauna will overlap other areas, while in others mosquito

species were determined to be very specific .

53. City of Philadelphia. Mosquito control in the city of

Philadelphia , Pennsylvania, is under the direction of the Environ-

mental Health Service. This agency reported that disposal areas in

the general vicini ty of the city were sources of C~iti~ p ipiens.
Some sites that  were common sources of mosquitoes were also reported

to be polluted . The city maintains an active program of inspection

and control within the disposal sites. Mosquito problems were

nonexistent on those disposal sites whose dredged material contained

a large concentration of sand. Many of the disposal areas were

reported to have been greater problems in the past than is presently

the case.

54. Camden County Mosquito Extermination Comm . The control of

mosquitoes in Camden County , New Jersey, is a county agency task.

This agency reports that Cule.r p ip iena , Culex aa lina ri z4s, Culex

D34
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z’t’o~ uoPw , ,4so~-o i’ii’i tt ot~ o, .-t . t~:. ~~~~~~~~~~ ~~~~~~~~[ea !~ ‘~:o ’ l e y f , and
Culiseta -“;~‘1anw’a have been collected from light traps located near

dredged material disposal sites. No larval collections were reported

by this agency from disposal sites. Camden County officials did not
- regard dredged material disposal sites to be a major source of mos-

quitoes. Sand mining (previously illustrated as Figure Dl) was cited

as a frequent source of mosquito larvae within older disposal sites.

55. Bucks County Department of Health. Bucks County in Penn-

sylvania has charged the Department of Health , a county agency, with

mosquito control. Disposal sites in this county were not operated by

the Corps of Engineers, but were of interest as they represent another

type of mosquito control problem . One disposal site , known locally

as the “Hidden Valley Landfill.” was reported to be severely polluted

by sewage . The placement of sewage on the surface of this site has

been associated with the presence of ~‘~ 7s.r ~- i ; ’-i e na , .4eIcs :‘&‘xizno ,

and Anopheies p unct i : ’t n n -is as larvae. As was the case in Virginia,

the disposal of sewage within dredged material disposal sites tends

to greatly compound mosquito control efforts.

56. Delaware Mosquito Control. Mosquito control in Delaware is

under the Mosquito Control Section of the state Division of Fish and

Wildlife. This agency reports that mosquitoes are frequently asso-

ciated with fissured soil habitats in Delaware. Mosquitoes reported

from disposal sites in Delaware Include: As~iea ~‘~z t z t s r ~ A k o
as ’ I isi  tons , Aed~’o : ‘sxans , Ans~’h, - /~~

‘
~~ ~~ f~-sunia , ~Ins~ h. ’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ and Cu/s.c oo l in ~u ’ius . The A~-Jso spp . were regarded

as the more serious pests. Larvicidal organophosphate pesticides

are used as a mosquito control measure.

Si. C~pe May Mosquito Control Comm. The Cape May Mosq u ito

Control Commission is the county agency charged with mosquito control

in parts of southern New Jersey. This agency maintains both control

and surveillance operations within dredged material disposal sites.

Species of mosquitoes that are reported from Cape May disposal sites
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include : ‘ul cx p 17’icns , CuT ox so I i  noz. i us , A~ - iso s~ 11 f .1 tans, and

~4n~~-h~ l-cs srusfons. Mosq uit o cont rol is especially impo r t an t  in this
county whose income is derived mainly from tourism. Larval control

measures are effected through the use of organophosphate pesticides.

No resistance to these compounds has been reported within disposal

sites. Mosquitoes from disposal sites were considered as major

environmental problems under certain conditions. In some areas, it

was estimated that 40 percent of the mosquitoes were derived from

disposal sites.

58. Burlington County Mosquito Control Comm. In another part

of New Jersey, the Burlington County Mosquito Control Commission

attempts to control mosquitoes by a variety of techniques. This

county maintains an active program of mosquito control and surveil-

lance within disposal sites. Mosquito species reported to develop

within disposal sites include: 1l.-d~-s : ‘oxans , ,4oo’,’s o s Z i i s i t ~n:s ,
AsSes cantott’i-, and Cu lox p ip i€ -ns . Larvicidal oils and organophos—

phate pesticides are used to control mosquitoes developing within

disposal areas. The Commission is also concerned with the develop-

ment of physical control measures for mosquitoes. Contact with the

Philadelphia District by both the Burlington and Cape May Mosquito

Control officials was termed frequent . —

59. C and D Canal Mosquito Control. The only mosquito control

efforts sponsored by the Corps of Engineers per se encountered during

this study were observed in Delaware. This program is especially

commendable for the use of light trap surveillance techniques and

the frequent identification of mosquitoes. This agency reported that

was a problem p lant species that f r equen t ly  hindered mos-

quito control. rhe Philadelphia District Field uffice near the C and

D Canal has maintained records of mosquitoes since the mosquito con-

trol efforts began. Common species collected from light traps loca-

ted near disposal sites included : C;dic.r 0;! (nori;e~, - Ie dCO 0 :’: t O t e s ,

~1odes s - l i  ioi to :o , A~ -de s at Z1H t i ~ s, - la 1 -s ‘ ‘.r- :‘;s . A nsp ht’ 703 a?~~
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Disposal area condi t ions

60. Disposal area conditions were highl y variable in the P h i l a—

deiphia Dis t r i c t .  The most striking contrast with inland disposal

sites was the widespread appearance of pure stands of C/:s:~m ;itos
s~-”r :s:!o. An example of Ideal habitat conditions for larval mos—

quitoes within a disposal site along the C and D Canal is shown in

Figure D3. While some mosquito abatement programs did not appear to

• ac t ively inspect Ihva~; ”t1 t~ o covered habitats, it was assumed that
most of these areas would support larval mosquitoes if ra inwater  was

= available. Local residents living near many i’hi~o~o”i ts~ covered

disposal sites regarded them as fire hazards in the fall and winter.

61. A number of disposal sites in the Philadelphia CE District

bad higher elevations than had previously been encountered . For

example, in Cape May County two large disposal. sites had cumulative

elevations that exceeded 35 ft. These areas were reported to drain

well in most cases and mosquitoes were not common on the site. The

site had supported mosquito larvae when its elevation was lower.

Local officials reported that mosquito production had actually

tended to decline as the dredged material became higher (due t o

better internal drainage) . Additional studies are needed on such

sites that have a history of produc ing mosquitoes , but no longe r

support larvae.

62. The previous criteria for PM stages of larval h a b i t a t s

would appear to apply to New Jersey and Pennsy l v a ni a .  Larval

habitats  that  were pos tu la ted  in the  Char les ton CE I ) i s t r i c t  stud ie s

were commonly observed during the si te  v i s i t a t i o n  to the P h i l a d e l p h i a

CE D i s t r i c t .  No mosquitoes were col l ec ted du e to the  p r ev a i l i n g

winter conditions (December 1975).

Plant species

63. No plant collections were made in I lie Phi lath- I p t i  a 1)1st:- id

due to prevail ing winter cond itioin~.

1)17
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San Francisco and Sacramento Districts

Description

64. Two Corps of Engineers Districts , San Francisco and Sacra-

mento , were visited in California . Since both the disposal sites and

mosquito breeding conditions in th e t~o l)istricts were similar , the

California sites will be discussed concurrently. The Sacramento CE

District disposal sites tha t  were vis i ted were concerned wi th  main-

tain ing sh ipp ing channel s f r om Sacramen to to the San Franc isco Bay

area. The Sacramento CE District is fortunate in that much of its

dredged material consists of sand . District personnel reported that

many disposal sites were frequently used as sources of sand . Harri-

son and Chisoim (1974) reported that the District dredged and con-
fines approximately 756,000 cu yd of dredged material each ~‘ear in

disposal sites. Mosquito br e€ - d in g  pr oblems hav e been repor ted in

the pas t (Har r i son  and Chisoim ] o ) 7 4 ) , hu t  seemed to have been red uced

in recent years due to the Distri ct ’s policy of reduc ing ponding

t ime . These authors f u r t h e r  reported that motorcycle operat ions

and the presence of unau tho r i zed  personnel on d isposa l  s i tes were

additional environmental concerns .

65. The San Francisco CE District Is reported h~- Skjei (1976) to

have dredged between 4 and 5 m i l l i o n  cu vd per year of material

during the period 1971 to 1973. The D i s t r i c t  is active in environ-

mental research and is presi-utlv completing its own dredged material

disposal studies for the San Francisco Bay Area and estuar\’. A few

large projects werc discussed during site visitations tha t would

r equ i r e  the creat ion of new dredged material disposal sites if

approved . Both  Districts cooperate clo sely and a number of j o i n t

operations were cited during interviews . M o s q u i t o e s  r e s u l t i n g  f rom

dredged materi.L I d i s p o s a l  s i t  t-s wer e not r ega rd ed  as an envi ronmenta l

problem by any of  the Corps p er sonne l interviewed during the visit.
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Mosqui to  abatement  programs

66. The following California mosquito abatement programs and

government agencies were contacted during site v is i ta t ions  to the

San Franc isco and Sacramento CE Districts.

a. Alameda Mosqui to  Abatement  D i s t r i c t .

b. Solano County Mosquito Abatement District.

c. Mar in—Sonoma Mosquito Abatement D i s t r i c t .

d. San Joaquin Mosquito Abatement District.

e. Contra Costa Mosquito Abatement District.

1. Sacramento—lob County Mosquito Abatement District.

g. Calit ornia State Department of Health and Vector
C o n t r ol  Sect ion .

In most eases , typical di sposal area habitats for mosquitoes were

encountered . For this r eason , most o f the Cal iforn ia da ta will be
presented concurrentl y .

67. In general most mosquito abatement districts encountered

dur ing this study did not regard dredged material disposal sites to

be major mosquito sources during the stud y period . In many cases

disposal s i t e s  were cited as producing mosquitoes in the past. This

observation was not due to the lack of disposal site habitats , but

to the climate of C a l i f o r n i a  that does not allow significant rainfall

during much of the summer months. Mosquitoes resulting from faulty

irrigation practices and runoff waters were regarded as more likely

soureL - -~ of larvae than disposa l sites. However , all abatement per-

sonnel regarded disposal sites as potential sources of mosquitoes

that should be monitored. There wer e  some except ions  to th i s  general

rul e which will be considered.

I)isposal site mosquitoes

68. The following mosquitoes were ri-ported to utilize dredged

materi al disposal sites in the California Districts that were visited :

a. .-lsS.-s Se~sa/ 
‘s , one of two prin cipal pes t  species

;issoc i a t e d  with disposal sites.

P40
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b. •4sS~-s so;~ r-;io~- i ~ a univol t ine  win ter  salt marsh mosqui to
that was cited as a s ignif icant  pest under special
conditions.

C.  :.~ 1ss~o i~; - ~noto, (see also no tes on th is  species
from Galveston s i te  v i s i t a t ions) .

d.  ;~~~- .r t :ssolfo , a vector of encephal i t i s .

The first two species were considered important pests under special-

ized weather conditions . The latter two species were not as important

as pes ts , but significan t breeding of c’;So.r toso : is (because of its

vector  po ten t ia l )  should always be monitored . It should be stated

that disposal sites were not regarded as the major larval h a b i t a t s

of ~
‘
. ~ o~s:!is; however , they are more frequently associated with a

wide v a r i e ty  of rural habitats , including roadside ditches , artifi-

c ia l con tainers , and other pools con taining ei ther clear or pollu ted

w a t e r .  G j u l l i n  and Eddy (1972) reported that  the species was the

most important known vector of western equine encephalitis (WEE) and

St. Louis encephalitis (SLE).

Dls~~ sal area cond i tions

6~~. In Alameda County , disposal sites  were located that  exhibi-

ted f i s su red soil pat terns  similar to those of other Districts with

one notable exception. The soil f i ssures  were considerably deeper

with average depths ranging to 35 in or more . Two disposal sites

we re visited that  had produced mosquitoes in the past , but both s i tes

were presen tly under DM—6 conditions. Alameda County reports good

success in mosquito control using disk harrows to break up dredged

material . The usual procedure on small disposal sites is to use a

No. 25 disk harrow (i.e. 25 in. solid disks) pulled by a small bull-

dozer. One additional mosquito habitat was encountered that was

associated w i t h  marsh r e s t o r a t i o n  p r o j e c t s .  In some cases dredged

material has been used in an a t t empt  to r e e s t a b l i s h  marsh c o n d i t i o n s .

These marsh restoration projects are not dredged material disposal

sites in the usual sense of the term , but they have created mosquito
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habitats in some cases in C a l i f o r n i a .  The Alameda County Mosquito

Abatement  D i s t r i € -t has o f f e r e d  a number of suggestions that are de-

signed to enable  marsh  r e s t o r a t i o n  to occur wi thou t the t h r e a t  of

a d d i t i o n a l m o s q u i t oe s .  (Personal  Communica t ion , 30 March  1976 , Fred
C. Roberts , Manager of Alameda County Mosquito Abatement District ,

.1024 East Seventh Street , Oakland , C a l i f o r n ia , 94601). Among the

more prominent  of these su g ge s t i o n s  are the fo l l owing :

a. All f issu r ed soi l in the propos ed marsh should be
disked prior to the b r e a c h i n g  of levees.

b.  Plans fo r  l o n g — t e r m  ma in t enance  should include the
cleaning of all sloug lis , conn ect ing  d i t ches , and
lateral cana l s .

c. Plans for water circulation should he formulated
before the marsh r e s t o r a t i o n  is initiated .

d. Plans should be made fo r  the  c o n s t r u c t i on  of some
small ditches to connect small , isola ted pools that
may develop and suppor t  mosqui to  larvae.

e. Plans for a program of mosquito inspection.

Within disposal sites of the norma l v a r i e ty , Aao~ s s : ~ : ’: 1o~’r was re-

garded as the ma jo r  pest species in th i s  d i s t r i c t .

70. Disposal  s i te s  in Solano , San J oaq uin , and Sacramento

counties were similar. A successful mosquito control program imple-

mented I-v the Corps of Engineers within c-ne disposal site was of

special interest. (Personal Communication, 16 October 1q75 , Emb ree
6. Mesger , Entomologis t , Solano County  M o s q u i t o  Abatement  D i s t r i c t ,

P. 0. Box 304 , Suisun . C a l i f o r n i a , 9453 5) . This s i t e , known locally

as the Suisun Slough disposal area , received dredged material a num-

ber of years ago . Following consolidation of the dredged ma terial ,

the District (Corps) disked the area and later provided small (18 i n .

by 18 i n . )  su r face  dra i ns t h a t  removed water  f rom the si te.  The gene-

ral  op inion among mosqui to  personnel  f r o m  these three count ies  was that

d isposal sites were a m i n o r  problem , but t ha t  the potent ia l  f or  mo s-

quitoes under certain environmental conditions was ever present . The
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best procedure for permanent control was generally agreed to be sur-

face disking. Sand mining was cited as a source of mosquito larvae

within dredged material disposal sites in San Joaquin County. This

problem has been previously discussed in site visitation discussions

from the Galveston and Philadelphia Districts (see also Figure Dl).

71. Extensive dredged material disposal areas that were more

r emi niscen t of east coast sites were located in Contra Costa County.

~k st  of these disposal sites were near Martinez, California. The

appearance of DM-.4 conditions (i.e. mature fissures) within a typical

west coast disposal site is shown in Figure D4. The principal

difference between these sites and east coast areas is the depth of

the soil fissures.

72. Conversations with mosquito abatement personnel at Man n—

Sonoma district revealed an increased focus on physical control of

mosquitoes associated with disposal sites. Disking was the primary

physical control measure employed . It should be noted , however, that

most of the disposal sites that were treated in this manner were less

than 50 acres in size. Other local dredging projects (non—Corps)

were visited on two occasions. These disposal sites were essentially

the same as east coast projects in that they were generally small and

concerned with short—term projects.

73. The California State Department of Health , Vector Control

Section, is the primary state agency concerned with the overall

management of the various state mosquito abatement districts. Con-

versations with personnel from this agency were interesting in that

they gave a state—wide perspective to the prevalence of dredged

mate rial disposal areas. In general, the agency noted that the

potential for disposal sites becoming mosquito larval habitats welt

definitely present in California and that the problem had occurrec

in the past. The agency indicated that it encouraged the surve .

lance of older disposal sites for the presence of any vanl et ’ -

larvae , especially Culex tarsaiis. The species was knowr t~~
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in seepage sites around older disposal areas. The Vector Contro l

Section also reported frequent contacts with both the San Francisco

and Sacramento Districts.

F Plant species

74. Ceneral observations. The scant rainfall of California

summers effects drastic changes in plant successional patterns on

the west coast . This lack of rainfall tends to retard the leaching

o~ soluble salts from dredged material . This , in turn , tends to re—

tard plant succession and diversity. In general the most obvious

effect is that of the retentton of the halophytic stage much longer

than would be the case on the east coast. Older disposal sites

under OH—S conditions t ended to have grasses and other similar plant

species. These sites did not have as many mixed shrubs as were

commonly observed on the east and gulf coasts. The tIM— S stage

appeared to last considerably longer than was commonly observed or

reported from the east and gulf coasts. With these exceptions , the

earlier concepts (i.e., the tiM stage~ of Figure 14 and the larval

habitats of Figure 15) introduced In this report would appear reason-

ably valid for west coast disposal sites.

75. Plant species collected. A list of the various plants that

were observed and/or collected during the California site visitations

is presented in Table 115.

Savannah District

Description

76. The Savannah District dredges approximately 6.5 million

cu yd of material per year (Harrison and Chisolm 1974). The District

maintains a variety of disposal sites. A number of these sites are

large and receive large amounts of fresh dredged material during a

pumping operation. Mosquito problems have been reported as an envi-

ronmental concern by the District (Harrison and Chisoim 1974). Other

1)45
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Table D5

Catalogue of Seed Plants Found Within Diked Dredged
Mater ial Dispo sal Sites in California

Herbs

Atri p lex spp. (Chenopodiaceae)
Braasica genioulata (Deaf.) J. Ball (Brassicaceae)
Centaurea eoletitialia L. (Asteraceae)
~.‘pil obiwn pani ouiatwn Nutt. ex T. & C. (Onagraceae)
Fo enioulum vu lgare Mill. (Apiaceae)
He lwtr opium curaseaviown var. ocu latum (Heller) Jnt. (Boraginaceae)
Jaumea aarnoaa (Less.) Cray (Asteraceae)

• Lactuca aer r iola L. (Asteraceae)
Lep idiwn latifo lium L. (Brassicaceae)• Me lj t o t u~ aL.bus Dear. (Fabaceae)
P lantago major var. p ilger-i Domin. (Plantaginaceae)
Polypogon monspe lieneio (L.) Deaf. (Poaceae)
Rumex oriap ue L. (Polygonaceae)
Sa Ucorn ia virg inica L. (Chenopodiaceae)
Sa leola kaU var . tenuifolia Tausch (Chenopodiaceae)
Sonohu8 aeper L.  (Asteraceac)
Sonchue olar aceua L. (Asteraceae)
Xanthium e trumar iwn var. canadenBe (Mill.) T. & C. (Asteraceae)

Shrubs
Bacchax’is p ilularie var . co~wanguinea DC. C. B. Wolf (Asteraceae)
N~cotiana g lauc~ Grah. (Solanaceae)
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than mosquitoes, environmental issues have not surfaced over the

disposal of dredged material near the Port of Savannah and along the

AIWW in northern Georgia. Many of the largest disposal sites are

located in Jasper County, South Carolina. Urbanized Savannah, Georgia

• (across the Savannah River), however, must contend with mosquitoes

that are generated in South Carolina.

Mosquito abatement programs

77. Savannah maintains a mosquito abatement program under the

aegis of the Chatham County Mosquito Control Coimnission. Jasper

County, South Carolina (which is sparsely populated), does not have

an organized mosquito comeission. The Chatham County program reports

that mosquitoes from dredged material disposal areas are a major

source of salt marsh Aedee mosquitoes for the city of Savannah. This

district has placed considerable stress on the use of larval reduc-

tion methods (source reduction) as a means of mosquito control within

both marshes and disposal sites. Excellent cooperation with the

Savannah Dsitrict is reported in recent years. The Chathain County

program was one of the earlier districts to suggest cource reduction

methods within disposal sites (8ee literature citations in Part II).

Disposal site mosquitoes

78. The mosquito species previously reported for Charleston

Daitrict are applicable for Savannah District. No changes in mos-

quito fauna were reported by the Chatham County Mosquito Control

Cosuniasion. Aedee sollici tana and Aedea taeniorh~nohua are the prin-
cipal pest species associated with dredged material disposal sites.

Disposal area conditions

79. Almost all of the previously cited characteristics of

disposal sites in Charleston District apply to Savannah District.

In a few older disposal areas, dikes were constructed as river levees

that did not fully enclose the dredged material. These sites had the

unique effect of creating a crescent—shaped band of marsh edge vege—

tation characterized by Bacaharie halimifolia1 Iva f ru teecena ,

D47
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Juncue roemerianue, and Box ’riohia f ruteeoena . This crescent band of
vegetation was due to the rise in elevation created by the dredged

material. These types of disposal sites tend to have reduced amounts

of fissured soil habitats. This decrease in mosquito habitat,

however, is offset by the appearance of additional “natural marsh

mosçuito habitats.” The original habitats for larval salt marsh

mosquitoes prior to the construction of dredged material disposal

sites were the extreme upper reaches of the marsh that were flooded

infrequently by tidal action. These habitats were associated with

marsh edge vegetation, such as the plants cited above. When dredged

material is allowed to flow unchecked through a natural marsh, the

long—term effect is to create additional “marsh edge.” Such sites

may not have fissured soil and may not produce mosquito populations

as large as disposal areas, but natural salt marsh mosquito habitats

will develop near the interphase between the marsh proper and the

newly created marsh edge.

Plant species

F 80. No plant species were observed or collected that had not

been previously associated with dredged material disposal sites in

Charleston District.

Summary

81. In summary, the following major observations were made

during the site visitation section of the study.

a. Prior to this study only one Corps of Engineers
District (Buffalo) had conducted any studies on
mosquitocs associated with dredged material disposal
sites. This report (Berlin 1974) was unpublished.

b. A wide variety of dredged material disposal sites in
eight Corps of Engineer Districts were visited.

c. Conversation and interviews were held with both Corps
of Engineer of ficials and local mosquito abatement

D48 
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personnel. Frequently, joint meetings between the two
groups were held.

d. With the exception of the Philadelphia, Sacramento,
and San Francisco CE Districts, the mosquito fauna
was found to be remarkably consistent. A few species
changes were noted in the above Daitricts.

e. In almost all locations, Aedee , or floodwater mos-
quitoes, were determined to be the major peat species
associated with disposal areas.

f. A complete list of all mosquitoes known to be asso—
• ciated with dredged material disposal sites has been

previously cited in Appendix C.

~~~~
. In a number of cases dredged material disposal sites

were cited as being sources of larval mosquitoes.
Inspection of some of these sites revealed that later
surface alterations of the dredged material had re—
suited in the development of new mosquito habitats
that were not related to the proper disposal of dredged
material. Common surface alterations included the
practice of sand mining and operation of recreational
vehicles within disposal sites.

h. Mosquito larval habitats that were associated with
the disposal of dredged material Included all of the
previously known habitats that had been identified
in the Charleston Diatrict studies. Larval habitats
that were identified in Figure 15 were found to exist
in almost all the Districts that were visited.

1. The disposal successional patterns that were proposed
for dredged material changes were observed to be valid
In all Districts except California.

j. Other practices that were frequently mentioned as
contributing to mosquitoes were blockage of tidal

• drainage, seepage, borrow pit swales, and standing
water near disposal area sump sites. All of these
habitats were previously defined in the Charleston
District studies.
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APPENDIX E: VEGETATION ANALYSIS OF

DIKED DREDGED MATERIAL DISPOSAL SITES

Introduction

Objectives

1. In view of the economic importance of dredging activities,

the need to understand plant—mosquito successional relationships,

and the lack of baseline data on the vegetation of diked disposal

areas, the following objectives were established :

a. To gather baseline data on the vegetation of diked
disposal sites in the Charleston District of the
U. S. Army Corps of Engineers (Figures 4 and 5).

b. To gather data on those plant species that are
F frequently associated with larval mosquitoes

within disposal areas.

c. To gather data on plant successional patterns.

d. To obtain estimates of the standing crop of some
of the more common disposal site plants that occur
in pure stands.

In many mosquito abatement programs, a large amount of time is

devoted to mosquito surveillance activities. Any mosquito—plant

relationships or observations that can be used to enhance the effec-

tiveness of a mosquito surveillance program will greatly benefit the

cause of mosquito abatement.

Literature review

2. A computerized literature search* revealed a paucity of

data on the vegetation of diked disposal areas. Can non (1972) and

Beaman (1973) conducted extensive botanical surveys of dredge islands

in Florida. The term dredge island refers to those land masses that •
1

result from the disposal of dredged material in areas that previously

were natural areas. No dikes are constructed for these operations.

*Technical Information Services, Research Triangle Park, N. C.
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These dredge islands, unlike diked dredged material disposal sites,

are subject to tidal action and frequently return to typical marsh

conditions or assume the appearance of a marsh hummock island. Windom

(1972) has recorded some of the physiochemical parameters associated

with these dredge islands. Camen, et al. (1974) investigated the

possibility of revegetation techniques on dredged material.

Vegetational Survey: Charleston District

Materials and methods

3. Habitat descriptions This portion of the vegetational sur-

vey was concerned with habitat preferences of the various herbaceous

seed plants, trees, and woody shrubs in dredged material disposal

sites. Numerous field trips were conducted to disposal sites of

varying ages and locations. Figures 4 and S indicate the locations

of these areas in the Charleston District. Specimens were also

collected and pressed using standard herbarium techniques. Voucher

specimens from this section of the project have been deposited in

the herbaria of The Citadel and Louisiana Tech University. Sampling

was conducted over an 18—month period (July 1975 to Dec. 1976) to

include temporal changes in species composition. No quantitative

data were obtained . Listing of plant species is by presence only.

4. The following habitat types were established for the survey:

a. Sandy areas (including sand mounds around discharge
pipes, sand bars within disposal areas, and wind—
deposited sand).

b. Silt (including fissured soil, bare mud deposits, and
wind—deposited silt).

C. Dikes (including dikes constructed from natural marsh,
dredged material, and imported materials).

d. Waste areas (Including natural and man—made islands).

a. Aquatic sites.

Two of these habitats (a and b) are derived from dredged material ;

E2
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the remaining three art associated with the’ construction of the dis-

posal areas per se. Since the latter group may frequently provide

the seed source for the dredged material group, they were included

in the survey .

Results and discussion

5. Habitat composition. Silt comprised the largest habitat in

terms of acreage. Sandy habitats were normally confined to the

immediate area of the discharge pipe , although in some sites with

multiple discharge points this habitat type comprised a substantial

portion of the total area (Figure El). The greatest elevation and

drainage gradients within the disposal areas were invariably near

these discharge points. While often the first areas to be colonized ,

these sites frequently lost plant species due to the rapid drainage

of water from the site during the dryer parts of the growing ~~~~~~~~~~

(See also Appendix F for a discussion of the value of nonvegetated

sandy areas to certain bird species). The waste areas outside and

immediately adjacent to the dikes of the disposal areas were found F
to be the sources of many of the plants that later appeared within

the disposal areas. These waste areas were frequently found to he

constructed and/or used prior to the onset of a given dredg [ng opera—

tion . Dikes were frequently observed to be multilayered with the

bottom layer frequently derived from natural marsh substrate , hut

all subsequent layers were derived from the disposal areas and

consisted of dredged material . Dike height frequently appeared to

influence plant propagation. Aquatic habitats varied from small

pools to large ponds that resulted from improper placement of drain-

age weirs . These habitats varied in salinity from brackish to fresh

water (in older disposal sites). In the tables that follow , no

distinction is made in these conditions.

6. Species collected. Table El lists the herbaceous sce’d

plants by habitb ~~r’~nce associated with dredged material
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disposal areas. Table E2 lists the habitat preferences of tree

species frequently found near disposal areas; while Table E3 enumer-

ates the woody shrubs. Many species were collected , as might be

expected , from more than one habitat (see numbers of multip le listing

in Tables El—E3). A .~ew species , such as ~~~~~~ :: i .a~~ var . f- i ~~~~
were found to be restricted to one habitat (sandy areas). A much

greater variety o plant life was collected from the dikes, waste

areas, and older silt habitats than the aquatic or sandy locations.

7. Of the herbaceous seed plants , 81 species were found in

silty areas; 77 on dikes; 65 in waste areas; 35 in sand substrates;

and 9 were aquatic species. It was observed that 14 species occu-

pied four of the habitats. An additional 14 occupied three locations ,

and a total of 39 species were found to be associated with at least

two habitats. Of the trees located on dredged material disposal

areas, the dikes were found to support 8 species; the waste areas

and silt areas, 7 each; and dredged sand , 2. Only .r~~
: ‘ ‘: nd (red cedar), frequently encountered , was capable of

utilizing all of the habitats except aquatic areas. Five tree species

were found to utilize three habitats. When the habitat preferences of

the shrubs were considered , the dikes supported 18 species; the

waste areas 17; the silt areas 12; and the dredged sand 6. Ten

species shared at least two habitats , six utilized three, and two

species were found to use four areas.

Plant Species Associated With Larval Mosquitoes

Rationale

8. In most mosquito abatement programs, a large number of man-

hours are devoted to larval habitat surveillance. Under natural

marsh conditions some plants have become known as “indicator species”

because their presence frequently indicates the presence of water
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capable of supporting larval mosquito populations. The marsh grass

Di8tichlz- s Bpioata has been termed “salt grass,” but it is snore corn—

nsonly called “mosquito grass.” It is not definitely known why mos-

quitoes are frequently associated with this grass, but D. apicata

is perhaps the best known botanical indicator of mosquito breeding

activity. With this in mind , it was felt by the research group that

special activity should be devoted to the listing of those plant

species that were actually observed in the presence of living mosqui-

to larvae.

Materials and methods

9. Searches were made on numerous occasions for mosquito breed—

ing microhabitats within dredged material disposal sites during the

study (see also Parts IV and V for additional data on patterns of

mosquito breeding within disposal areas). In most cases, a plant

species was not recorded unless larvae were located on several occa—

sions.

Results and discussion

10. Volunteer vegetation. It was soon obvious that mosquito

breeding was most often associated with fissured dredged material

(see also Part IV) in older disposal sites. Table E4 and Figures
— E2 and E3 indicate the results of this survey and typical mosquito

breeding conditions. In most cases, dredged material that was Un—

fissured did not breed mosquitoes. Volunteer vegetation that appears

soon after soil fissure formation tends to maintain the integrity

of the original fissure and the process of soil weathering is retar-

ded . It can now be stated that most volunteer vegetation that devel—

op. during the early successional stages tends to maintain disposal

sites as mosquito sources. This observation is further supported

by evidence from areas which were not rapidly colonized by volunteer

vegetation. Such areas frequently have a shorter history of mosqui—

to breeding conditions.

E18
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11. The following plant species were not only found to be indi-

cators of mosquito breeding conditions , but were especially effective

in maintaining the fissured soil state:

a. Borri ch f ~ j~i t~~~’.’uv , sea ox—eye .
b . .) U ( Z ~~Ll~l linearis.

c. licornia t ’[ ~,~-lovii , glasswort.
d. Php ,r’~i~tea c) o7r~nUf lj 8 , common reed .
e. Sparti n~ a i tern if iora , smooth cord grass.
f .  ~ r t in~i cynosuroide s, big cord grass.

— 
In nume rous cases , large larval concentrations were found associated

with  these plants (Figures E2 and E3) . Other locations , within the

same disposal site , that lacked the plants tended to weather faster

or lose their water content with the result that mosquito larvae

were not supported. The above plants have the additional advantage

of being relatively easy to identify if the field and subprofessional

personnel can be trained to locate these species with minimal train-

ing.

12. Pi ~it i ~-h iis sp icata was not frequently observed to maintain
fissured soil. The species remains an indicator of moist (and

mosquito) soil conditions, but in many disposal sites it tends to

grow best on unfissured soil. Moru8 alba (white mulberry) and

.— wth .’i u$ ~irginiana (red cedar) were found growing on fissured soil
and were associated with mosquito larvae on two older disposal sites.

The ages of the trees were estimated at 6 and 20 years, respectively.

If these two shade producing species had not developed during a

crucial stage of the successional pattern, the fissured (mosquito

breeding) soil would have long since disappeared . This observation

also supports the notion that volunteer vegetation, developing dur ing
certain stages or seres (see also Part IV) of a disposal area

successional cycle , tends to maintain mosquito breeding conditions.

E22
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Plant Successional Patterns

Rationale

13. Odum (1971) has defined ecological succession as:

a. an “orderly process of community development that
involves changes in species structure and community
processes with time. ..is reasonably directional and ,
therefore , predictable.”

b. the result of modification of the physical environ-
ment by the community. . .“.

c. the process “. . .culminates in a stabilized eco—
System..

The concept of a plant .‘r animal community undergoing a series of

predictable stages, o. seres, is firmly established in modern ecology .

The successional patterns observed on dredged material disposal sites

are of a secondary nature , as the term primary succession is usually

reserved for those areas that previously lacked life forms altogether.

Classical introductory papers on the nature of ecological succession

include the works of Shelford (l9lla and l9llb), Clements (1916),

and Oosting (1942). These workers established the basic concept of

succession shared by most ecologists today : that is, that the conunu--

nity, collectively (rather than singularly), influences the pattern

of plant and animal succession. This approach has received some

criticism in recent years. Drury and Nesbet (1971 and 1973) contend

that individual species adaptation is more important than community

adaptation in the successional process. Smith (1974) believes that

the classical concept of succession is most applicable to biologi-

cally controlled ecosystems and least applicable to ecosystems in-

fluenced by physical disruption. These recent criticisms were

carefully considered , particularly since the subject of this report

is solely concerned with ecological situations resulting from the

F physical disturbances of the dredged material. However, the con—

cepts of succession in the classical sense were nevertheless adhered

E2 3 
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to in this study because they are familiar to most observers and

provide an effective approach for gathering data useful for predic-

tive purposes. Therefore, a major effort was directed toward under-

standing the various stages of plant and arthropod succession (Part

VI). This effort included an analysis of the seral patterns that

develop af ter the depos ition of dred ged material on a site, includ-
ing differing effects caused by differences in the amount of material

deposited on different sites and the frequency of such operations

on a given site.

Materials and methods

14. With the exception of Carlson (1972) and Beaman (1973)

there have been no well—documented studies of ecological succession

within dredged material disposal areas. The methods of these authors

were concerned with undiked dredge islands and were not applicable

to the study areas of this report. Successiodal studies were con-

ducted by deduction and field studies of a wide variety of diked

dredged material disposal sites including all sites listed in Figures

4 and 5. The short time period of this study (18 months) did not

allow for detailed observations of single sites over an extended

period of time. Some error is admitted in this method in that

every possible sere may not have been observed. Age determinations

of various sites and the number of prior pumpings were determined

from personnel of the Charleston District.

Results and discussion

15. Botanical successional patterns. When dredged material Is

pumped into a diked disposal area, a number of stages or seres were

observed to develop. In most cases these disposal sites (Figure E4)

were located in natural marsh areas that had previously supported

-~~wtina .ilterniflora (smooth cord grass) . Assuming that  the initial

pumping was of sufficient depth to prevent further vegetative growth

of the :partjna, four discrete successional seres were frequently

E24 
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observed . In this manner , a typical disposal site along tbt ’ Atlantic
Intra—Coastal Waterway was normally found to be’ in one 05 th t ’ follow-

ing four states:

a. }Ialophy t ic stage, characterized by the develop-
ment of pure and mixed stands of succulent
halophy tea.

b. Forb—shrub stage, characterized by intense
growth of herbaceous plants mixed with young
woody shrubs.

c. Shrub stage, consisting mainly of older shrubs.

d. Climax stage, dominated by larger trees tolerant
of maritime conditions .

Figure ES illustrates these relationships in terms of seres and

chronological time. The halophyte stage is illustrated in Figure

E6, while the forb—shrub acre is shown in Figure E7. The oldest

study sites illustrated the climax stage (Figure E8).

16. : ‘ 1 t ~~~z.: or presuccessIonal stag.~~ This e~ondit1on normall y

occurs before a pumping operatton ~~~~~~ :‘:~ ~~~ .
‘ 

~~~~~~~~~~~~~~ (smooth

cord grass) and related species normally we~rt’ the ori ginal substrate

plants that  preceeded the successional pa t t e rn previous ly  indicated

(Figure E4) .  Two environmental conditions were ohse’rved that allowed

this stage to continue and/or reappear. if a d ik e~ fat led and was
- 

- 
washed by unusual tides or high water , then t he’ In t r us ion of salt

water would allow for the return of ::‘~n :  1’: : cond i t ions  and the

proposed successional pattern would he halted indefinItel~’. In

other cases, where the depth of the dredged material was not very

deep, :~~~~ t ’ t i ~~~ was observ ed to vegetative1~- re’produce and a marsh—

like appearance was reestablished (Figure F2). It is of interest

to note t ha t this condition occurred in some’ dredged material dispo—

sal sites that  were completel y devoid of a l l  t i da l  i n f luences .  In

a number of sites, where the suce -css tonal  pa t t ern  was halted (or

character ized by a re turn  to ~~:‘,:~~: cond i t ions )  • there was a

noticeable decline in mosquito p roduc t ion  (see also P a r t  IV tor a

F 26
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discussion of arthropod successional patterns and conditions).

17. Halop hy t ic  stage. This sere is the first true stage of the

secondary succession pat tern of dredged material disposal sites.

ilalophytes are usually termed “salt tolerant plants.” It is perhaps

necessary that this sere follows the Spt ’ti~~ preeuccessional stage

because of the high saline conditions that are retained from the

original marsh and the dredged material. For mosquito surveillance,

as prev iously indicated , many of the succulent halophytes are indica-

tors of water conditions that may support mosquito larvae. In other

cases, the halophytes tend to maintain the dredged material in a

fissured (i.e., mosquito breeding) state. This sere is best charac-

terized by the genera B a t i ~ , Borri chicz , ~~ii~~~’n -ia , and .~-~uaeda
(Figure E5).

18. The halophytic stage may occur in pure or mixed stands.

During this sere it was not uncommon to observe vast areas in a

disposal ar ea tha t consisted o f only one or two species of plants

(frequently ~~‘iec~’n~~ or ~~~~~~~ The pattern of large numbers

of few species (as opposed to large numbers of many species) is a

cha racter istic of many successional pat terns .  In other sections

of this report , data wi ll be presented that support the halophytic

plant sere as being concurrent with an equally productive mosquito

stage. For this reason, it is important that field personnel be

trained to recognize the mosquito breeding potential that this sere

may represent (Figure E3).

19. Forb—shrub stage. If no additional pumping occurs on a

disposal si te and the soil salinity begins to decrease , conditions

a r e established fo r t he nex t ser e , the forbs and shrubs . This stage

is generally an amorphous collection of plant species that varies

f r om site to s i te , but is generally characterized by the presence

o f herbaceous composites inc luding ~L~t~’’ app . ,  ~ ‘ZiJ ~ z,’ ~er’t 1,’r~’~~ ’~~,

and less f requent l y by F?a ~’~~’~: ~‘: ‘ ,r1~~w~~?nB (Figure E6) . As this

E31
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sere ages , wood y compo si tes ~~~~~~~~~ ;~il ~~~~~~ f ,~ and I~’~: ~~~~t~ ’~L’. -~~~

begi n to appear .  in some areas ?‘ ix ~~~~~ f~~~~ may be found wi th

these species. Also present will be numerous species of “opportunis-

tic weeds,” but the general pattern remains that of a mixed herbaceous

flora that slowly gives rise to a small group of woody shrubs. This

sere may last f o r  three  years , but shorter periods were observed

during this study period . The sometimes rapid development of forb—

shrubs is usually related to the presence of a waste area that

functions as a seed source. In some of the more remote marsh ioca—

tions that lacked a seed source , this stage was delayed for as much

as three years.

20. Shrub stage. This stage is the continuation of events

prev iously begun in the forb—shrub sere. The onset of the stage is

usually gradual and requires several years to completely eliminate

the forb  spec ies (by shade) . ~z~’~~ z i ~ ~~~ ~ ~~~~~~~~~~~ 
f ~: , i~’,: ;~~ ~~~~~~ ‘:o

and other woody plant species dominate the disposal areas during

thts period . Of these , ~~ . ‘- ‘~,~‘i ~: is the most dominant and
most numerous. Frequently a mixed stand of the three species will

develop .

21. Climax st.~~~~ The f inal sere in the studs’ areas was a

community otT trees. Several older disposal areas, including the

southern end of Drum Is. (Figure 4), were used as study areas for

this section . All older disposal areas were dominated by .~.‘, ‘i’:~~ ~~~‘~:

(white mulberry ’) an’ ~~~ -
- 

~~4’t’i :~ r,~ (sugarberry) with the former

being more prevalent. Since the previous stages (shrub and forb—

shrub) are frequently used by birds for nesting, it appears that the

two main tree species are partiall y established by seeds carried by

birds. Frequently, the slow process of ~‘~~~~ :~‘i.-~ elimination (by

shading from “!‘~~‘:,~~‘ or ~‘.;l~i~) was observed in older disposal sites.

This was especially true on south Drum Is. (Figure 4) and the Magnolia

Cemetery disposal area (not illustrated). This latter site had not
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been pumped wi th  dredged material for approximatel y 20 to 25 years

and was the oldest disposal area available to the investigators.

It cannot be stated with assurance that the other tree species may

not invade these sites , but at the present time the ~~~~~~~~~~
clima x appears to represent the dominant tree species that  utilize

older disposal areas.

22. Observations on mosquito relationships. Two salient

features of mosquito biology relate to plant successional relation-

ships on dredged material disposal sites. First , the halophytic

stage tended to be the most productive for mosquito numbers (see also

Part IV). This observation has great bearing on the future training

of mosquito field surveillance workers. These individuals should be

trained to recognize the dangers of large disposal sites in this

stage. Secondly, mosquito species diversity tends to increase with

the older plant successional seres. To summarize, the greatest

numbers of mosquitoes (representing a few species) were frequently

associated with the succulent halophyte stage; a greater diversity

of mosquito species (but often fewer in overall numbers than found

on the halophytic stage) could be located in the older disposal

sites as they approached the climax sere (see also Parts IV and V).

This latter observation should have some special bearing on mosquito

workers concerned with  public health entomology . Older disposal sites

may harbor disease vectors that could not or did not use the site

during the earlier successional stages. This increase in species

diversity with the increasing age of the ecosystem is also a general

character is t ic  of both plant and anima l successional patterns. A

f inal  word of caution regarding plant—mosquito relationships. The

patterns discussed are greatly generalized and it must be understood

that localized pockets of mosquitoes can and do exist in all of the

stages that have been discussed . The overall pattern discussed is

thought to be valid (with the exception noted below) for much of the

Atlantic and Gulf coasts.

E33



~~~~~~~ -~~~~~~~~~- —--,—-‘.5- —~~ - -,—

2 3. ‘~~‘j j - - ~~ -r~~
-
~~ as an exception. The Common reed ,~~‘ ‘ ‘‘- te~- 

:~ ‘;i~~, is a common plant in many disposal areas (Figure E9) .  In

many inland sites (e.g. Philadelphia District), this plant may exist

in pure stands and prevent the establishment of any other plant

species. The species is new to the Charleston District with the

first record being that of Barry (1968) from Georgetown County.

Stalter (1975) reported the species from a dred ged material disposal

site. Since these initial reports , the species appears to be rap id-

ly spreading in the Charleston District. Wass (1972 indicates that

the species is slowly increasing in Virginia and that i t  dominates

“spoiled marsh.” In parts of New Jersey (Personal Communication. 27

January 1977, Dr. J. K. Shisler, Rutgers University, New Brunswick),

i :
~

-,:j’-’:: ~~~~~~ is regarded as a pest plant species and detrimental to good

mosquito surveillance. Kadlec and Wentz (1974) indicated that

was most commonly located in brackish to fresh waters.

This characteristic max’ prevent !hr ~:~ ”:i t , , ,~ from becoming the dominant

disposal site plant in some parts of the southeast. At the present

time ~~ ‘~~:‘-~i ~~~~~ is confined to two disposal areas in Georgetown County

and two sites in Charleston County.

~~~~~ If it is postulated that Phi’cz~j r! - i- t~’~ may become a dominant
plant in Charleston Distric t , the evidence (based on observations in

other states) suggests an invasion at approximately the same time as

halophytic state (Figure ES). The addition of ~~~~~~~~~ would

perhaps change the halophyte stage to a mixed halophyte— ! ’~ :~ i ~ -s

stage in which ~‘hr~ :’-:i ~~~ would rap idly eliminate neighboring species

resulting in pure stands of the reed. In other cases , :~‘,~~“:ft~~ may

be the only species with the previously mentioned halophvtes being

comp lete1~’ eliminated or ex4-luded. The future of this introduced

plant on the saline and estuarine dredged material disp’-~sal sites

of Charleston District remai!s in question at  this writing . There

is no reason to doubt that the species will successfully colonize

the estuarine disposal areas. If this ts indeed the case , mosquito
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su rve i i  lane-c and coot ro.l will be cons iderahi v more- di I I Icul t

- ln ter~~~~yd succes s i o n .  The climax (tree-) s t a ge  e- [ted In

Figu res E5 and E8 is not common. As ea r l i e r  l n d l e - , i t e ’ d , the most

powe r fu l  physica l force a f f e c t i n g  plant succession on disposal areas

is the ar r i v a l  of the  dredged mater ia l  per so. In most cases , the

dest ruc t ion of one of the la ter  stages of plant succession (by the
pu mping ot  dred ged ma te r i a l  tends to b r i n g  the cut i re  ea--osyst em

back to a more p r imi t ive  acre , usual ly  the succulent h a lo phyt e

st age . At th is  point  the e n t i r e  cyc le  is re’pe’a ta -’d tint ii the next

pumping operat ion . I t  is this cy c le  of repeated pump ings t h a t

tends to keep disposal areas productive for mosquit ea’s. The

constant reversal of the successiona l patterns usual lv means tha t

some areas that  have reached a low mosqui to  potent lal w i l l  he ~e—

sto red t o  breeding s ta tus . At this point , i t  perhaps should be

i c ’ i t e r a t e d  that  the re turn  to the halophyte’ st a g e ’ means also a re-

turn  to mosquito breeding in most disposal  ~~t t e ’s .

26 Climax disposal areas. Whi le ’  d isposal  areas in the - c i  ima x

s ta te  a re unconunon, they art’ f r equen t ly  of great importance as

na tu r al  areas . Appendix F of this report  out 1 I L i O S  the importance

of  one such disposal site  In Charleston , S. C . ,  harbor. For mos-

quito control pu r poses c l i max disposal areas should continue ’ under

surve i i  lance because o the previously mont toned t endeue-v of t h~ se’

areas to develop larva) breeding habitats for t re’shwater mosquitoes.

Standing  Crop Estimat ions

Rati onale’

2 7 .  The flow of energy through any ecosystem begins w i t h  the ’

I I xa t ion of solar t ’flO rgv through’ the process of photosvnt hes is  - One

et feet of this process can be’ est imat c-d by determining p lant organic

material present in a gi vejn area . A me ’aseiremt’nt of thi s t vpe is

F
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t ermed s t a n d i n g  crop biomass .  T h i s  q u a n t i t y  is normall~’ expressed

as grams per squa re’ met er  or c a l or i c ’s per square met e r .  S t a n d i n g

crop c’st I ‘~at  c’s c lii be used to compar e d i  f t  orences in the  amount of

i’l .mt m a t e r i a l  in di  I f  or ent a re a s .

28. Far f r o m  be ing the “dead ecosystems . . . because of t h eir

I so l at i o n  f rom the~ (marsh)  ecos~’stem. - . “ descr ibed  In a report  on

dredged se’dimcnt s  by the S. C. W i l d l i f e  and Mar ine  Resources

l)epar tment  (1972) , the succulen t  halophyte  sere on dredged ma te r i a l
( p r e v i o u s ly  ‘lcscri lie ’d) was f r e q u e n t ly  observed to have as much stand-

ing crop as p l a n t s  in the open marsh.  Man y ct  these spec ies  were

found in put- c stands ex h i b i t i n g  such pronounced growth , t h a t  I t  was

dec ided to qua n t i t a t  ive l~’ describe these observations.

Matet ials  and methods

29.  S t and ing  crop biomas s was determined for  the f o l  lowing

plant  species assoc i a t  e’d w I Hi s i l ty  habitats within the dredged

mat e r ia l  d Isposal  s i t e s  [nd lea t ccl

a. ,-I ~~t ’ ~ ’ ~~~~~~~~~ f rom Morr is  I s ,  (Figure ~‘~) -

I. ~~~~~~~~~~~~~ ‘~ ‘:, ‘ s~~~’~~ f rom s i t e  N — 2 2  ( F igu r e  5)

c .  - ‘ f  ‘~s : f , :  ~‘f ~i ’ ’i ’; ’if  f rom s i t e  N — 2~’ ( F i g u r e  5 ) .

d .  .
~
;‘ :~ ‘~ f ’ ; : ‘ _ ,~~~~~~‘ , f rom s i t e ’ 8— 111 (l-’igure 5)-

‘ . ,* : 4 ’ i :  !~~~~~~: 1 . -’
~ ’ f rom s i t e ’ N — j’.’ ( F i g u r e  5)

In order  t o  make st a n d i n g  crop h i  omass d e t e r m i na t i o n s , a t le ’use  •
stand ci - each spec los  was located . These stanch s were t hen ~‘i  4 ’ssed f *\ -

a transee- t . Five  p o i n t s  each 10 m apa r t  were ’ sc’ i oct  ed f o r  square

metre ’  samp l e ’s. Thes ’ sample’s were t aken  d u r i n g  [ha s I as week c i t

Sept  ember and the f t  r st  two weeks o f Oe’t ohe ’r q 7 ~~ Me ’a sei rt ’mi’iit s

Included d ry  we i ght (gr ams/ square  m . ) , av e -ra ge ’  h i e ’ i g h i t  in  mete -u s ,

and numhc rs of stems h’~’ r sq ua i- c fliete ’i P lot  . Sanh i l o s  were ci r t ech In

au oven tiui t i i  110 t u r t h i e u -  we i g h i t  loss  was e V i d e n t  - l ’i i v  wei gh t was

t hen dot e rm i ned - i-or . - ; i te I “ ‘ 
~
‘ : and !. “‘ : ,  ~, • ‘  ‘ - • S ~~e’0 tfl l(’liS

We ’re cut  at ground I c’Vc ’ I , cxc ’ I ud lug  t he ioo  t s v stems . For
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A. sub u ,‘~ : t us, -
. ! 

~:~~‘ ‘:‘ , and 5. ,
‘ ‘: -

‘ : .,  the root sv st ems were

included in the samples.

Results and discussion

30. Table ES presents the resul ts  of standing crop blomass

determinations. In general , the figures presented are excep t iona l

for each species in question . Sui table  pure , dense stands of the

specimens studied could not be located under natural marsh con5it tons

during the time period of the study. However , Reed et al. (1974)

found :~. ,
~it , ’u’ p tf ~7,’u~t standing crop biomass va l ues (grams p e-r square

mile) to average 1025.6 during their study two years earlier in a

natural marsh in the same general area as s i t e  S — l B  (Aihemar le

Point). This fi gure is lower than the 1799 g/sq m observed In this

st udy. These f igures  compare w i t h  s t and ing  crop biomass f i gu re s  of

2 ,240 g/sq m as noted by Wass and W r i g h t  ( I  ~6’)) for  ~~ . ~l t~’ i” : f ’ ’ , 
~~~~

in Georgia sal t  marshes.  Porcher * foun d tha t  :~~: 
- ‘~ ‘ts :  f i  ~~‘ f~~

:, - ‘ ‘:‘

in a natural marsh averaged 294 g/sq  in as compared w i t h  172.1 g/ sq m

noted for the same spec it ’s (‘l’able’ ~5) d u r i n g  t h i s  st u dy .  Wi th  thie

except ion of . - :  -
, t~ 

- i” .- ([‘ 4 ‘i~~z ,  whose va t  Ut ’s we re exc c ’c’eie ’d by the

Georgia study, it was f e ’lt  tha t  the  f igu r e s , s tem h e i g h i t s , and number

of stems o b t a i n e d  d u r i n g  t h i s  phJse’ of the s tudy were unusual f o r

the species in ques t ion .  It  should he observed t h a t  t h i s  h i gh s tand-

ing crop hi ei mass oe - c t i rr ed i n  t h o se’ p l a n t  5~~ OC I t ’s a sso c i a t e d  w i t h  t h e

subclimax so re’s, l arge ’ pure - stands of Ofle’ S p O c  L os were’ I 1 O V O !’ Io&’:i t e ’d

on older s I te ’~~ . I ’lueso st a n d i n g  c rop h lomass f I gur e ’s would appear

to support the eibse’ r~’at ton tha t elre’clgecl material disposal sites are’

certainly not ‘‘ecolog i c -al l v  dead’’ In  t e ’rms of th e ’ p l an t  f a u n a

supported , but  I nste-ad re’p resent a It I g i l l  v iuic d ( I I  eel , m an— m a le ccc—

— sys tern that Es capable uineh t ’r cert a I n coui dtt Ions of suip p o rt lug  a

luxuriant  p l an t  gr owth i  o f  some’ common m arsh u  p l a n ts  -

* Unpublished data.
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Suimnary

31. The following list is a summary of the major observations

of this section.

a. A wide variety of plant species were collected from
five major habitats (dredged sand, silt, dikes, waste
areas , and aquatic locations) associated with the
disposal of dredged material.

b. Plant species lists were maintained according to
habitat preference.

c. Plant species that were most frequently associated
with fissured soil (and therefore mosquito breeding
conditions) were identified . It is suggested that
such plants may serve as indicator species of mos-
quito breeding conditions.

d. A coi~~on indicator species, D - is t ich l i s  sr i Y a t & z  (mos-
quito grass), on natural marshes was not often asso-
ciated with fissured soil in diked disposal areas.
It appears that this species may be more valuable
as an indicator of mosquito larval conditions in the
natural marsh than in disposal areas.

a. A tentative pattern of plant succession for diked
dredged material disposal sites was proposed for
Charleston District which may be applicable to
much of the southeast coast.

f. The impact of a new (and probably introduced) dispo—
sal site plant species in the Charleston District ,
Phraginitea coninunia, was considered .

~~. Mosquito breeding was found to be most productive
where successional pattern is interrupted on a
regular (two to five—year) basis.

h. Climax stage disposal areas were usually found to
harbor reduced numbers of mosquitoes, but may also
have a greater diversity of mosquito species. Climax
(tree) seres may also harbor unusual localized breed-
ing conditions that warrant continued surveillance
long after pumping operations have ceased on a given
site.

i. Under some conditions, pure , dense stands of single
plant species were located . Biomass, height, and
stem counts confirmed that the rich organic nature
of some disposal sites can support luxuriant plant
growth under certain conditions.

E41
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,j. A complete listing of all seed plant species observed
or collec ted from dredged material disposal sites
(including data from Appendix D) is presented as Table
E6. Nomenclature for this table was taken from two
sources, Hitchcock & Chase (1951) for Poaceae and
Ra dford et al. (1968) for the remaining families. A
total of 1% Taxa representing 56 families and 151
genera are reported . The order of families is phylo—
genetic after the arrangement of Radford et al. (1968),
but genera within families are alphabetical for con-
venience . The following works were also useful in the
preparation of the list: Daubenmire (1959), Munz and
Keck (1959) , Correll and Johnson (1970) , and U. S.
National Aeronautics and Space Administration (1973).

E~’ 2 
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Tabl e £6

Composite Catalogue of Major Plant Species Associated

With Diked Dredged Material Disposal Sites in
the South Carolina Coas tal Zone

CYMNOSPEBZ4S

Scientif ic Name Common Name

Cupressaceae

Juniperue virginiana L. Red Cedar

ANGIOSPERMS

MONOCOTYLEDON S

Typhaceae

T~j p ha latifolia L. Common Cat—Tail

Ruppiaceae

R’uppia mar itiir*2 L. Widgeon Crass

Poaceae
Andropogon ap.
Arundo donax L. Giant Reed
BromuB oatharticua Vahl. Brome Grass
C’ynodon dacty lon CL.) Persoon Bermuda Grass
Digitaria BaflgulMaliB CL. ) Scopoli Crab Grass
Dia tiohlie ep i ca ta CL.) Greene Salt Crass
Eohinoohloa orusgalli (L.) Beauvois Barnyard Grass
gleueine indioa CL.) Gaertner Goose Grass
Eragroetie curvula (Schrader) Nees Love Crass
Leptochioa uninervia (Presi) Hitchcock Sprangletop
LoZ-iwn multiflorwn Lam. Rye Grass
MeUca mutica
!&zlenbergia capillarie
Paniown cvnarwn
Paniown

(continued)
(Sheet 1 of 8)
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Table E6 (continued)

Scientific Name Comaon Name

Paepalwn di lata twn Poiret Dallia GrassPaapalum pr aecox Walter
Pa apal um urvillel Steudel
Phalar-fe caroliniana Walter Canary GrassPhragn ti tee conrtunie Trinius ReedPol ypogon mon8pelienaie Q..) Deaf. Rabbitfoot GrassSetari a 7m~zgna Grisebach Giant FoxtailSetaria sp. Foxtail GrassSorghum halepenee (L.) Persoon Johnson Grass
Spartina alternifiora Loise], Smooth Cord GrassSpartina cynoauro idee CL.) Roth
Spartina patena (Ai ton) Muhl.
Sphenopholia nitida x obtuBata
Sporobolue poiretii (R&S) Hitchcock Smut GrassZea Maya L. Corn

Cyperaceae

Bulbosty lie barbata (Rottboell) Clarke
Cladiwn jc vna ioenae Crantz Saw Grass
Cyperua ery throrhizoa Muhl.
Cyperue polyetachyoe var. texeneis

(Torrey) Fernald Spike—rush
Elocharie p arvula (R&S) Link
Fimbrietylia dichotoma (L.) Vahl
Fimbriety lie apadicea CL.) Vahl
Scirpu~ acutue Muhl .
Scirpue anericanua Persoon
Scirpus robua tua Pursh Bulrush

Arecaceae

Saba l palmetto Lodd . ex Schultes Cabbage Palmetto

Congnelinaceae

Conrelina diffuaa Bruman f. Dayf lower

Juncaceae

Juncua acwninatua Michaux
Jun cue roomer t~nua Scheele

Liliaceae

Aeparague offioina lie L. Asparagus
Yucca aloifo Ua L. Spanish Bayonet
Yucca glorioaa L.

(continued)
(Sheet 2 of 8)
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Table E6 (continued)

Scientific Name Co~~on Name

DICOTYLEDONS

Salicaceae

Salix sp. Willow

Myricaceae

M,yrioa cerif era L. Wax Myrtle

Fagaceae
Querous virginiana Miller Live Oak

U lmacese

Celtie laevigata Willd. Rackberry, Sugarberry

Moraceae
Morus aTha L. White Mulberry

Poiygonaceae

Polygonwn arifoliiin L.
Po lygonum hydropipero idse Michaux
Po lygonwn penaylvaniown L.
Po iygonwn p ersiaar ia L.
P blygonwn p unotatwn Eli.
Rwnex cri8pus L.
Rwr~x ver ticillatus L. Swamp Dock

Chenopodiaceae

A triplex pa tula L. Orach
Chenopodiwn album L. Lamb ’s quarters
Cheopodiwn zthroaioidee L. Mexican-tea
Chenopodium etandleyanum Aellen
SaUcornia bigelovii Torrey Glassvort
Salicornia ewopaea L. Glasawort
Salicornia virginica L. Glasswort
Saleola kali L. Russian Thistle
Suaeda linear -fe (El 1 .)  Moq .

(continued)
(Sheet 3 of 8)
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Table £6 (cont inued)

Scientific Name Common Name

Bataceae

L~z t f .~ Trv.ri tf l a  L.

Amaranthaceae

A lt.~’rnanthera phi Zox~
troidea

(J ,tartius) Criesbach Alligator—weed

Amaranthu8 ~yaw~2binU8 (L.) J.D. Sauer Water Hemp

A#vran thus ret~v fi t ’x248 L.
I~t’8 i’W rh iaoni1tosa Standley

Phytolaccaceae

Ph~ to lacca americana L. Pokeweed

Aizoaceae
Sesuvium nv.ritimum (Walter) BSP Sea Purslane

~e~suviWn portulacastrwn L. Sea Purslane

Portulacaceae

Poi ’tuia ~a ol~’racea L.

CaryophyllaCe~~
~~~~ a’: t irrhina
L. forma apetala Farw .

‘au ar ia r~u~fa’;a (L.) Griesbach 
Sand Spurrey —

~tcl~aria media 
(L.) cyrillo Chickweed

Lauraceae

~~~~a;~as albidiur~ (Nuttall) Nees Sassafras

CapparaCe~~
C e ~c~1e g,ynandra L.

Brassicaceae

p~~ ’ura inia p innata (Walter) Eritton
:~-p idium :‘~rginicum L. Poor—ma n ’s Pepper

(continued) (Sheet of 8)
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Table E6 (continued)

Scientific Name Common Name

Rosac eae

L heenea fndi~~z (Andrz.) Focke Indian Strawberry
.~runus angustifolia Marshall Ch.ickaaw Plum
Prunus cG2~Oliflia?W2 Aiton Carolina Cherry Laurel
P :~ ::~ eerotf~a Ehrhart 

Black Cherry

E’~i rac ~cz ’: tha sp.
Rubus argutus Link Blackberry

~~~~~ sp.

Fabaceae

(‘assia obtueif~’Zia L. 
Sicklepod

~~~~~~‘ ta lan a apectabi lie Roth Rattlebox
t~ uttidium : ‘csicani wn (Jackquin) Mohr
MeJi ~~~ u~’ 

uI - i  ‘~a L. 
Black Medic

“i~’Zflotu8 a?b~z Desr.
M e l i ’ otu8 f ndi aa (L.)  All Sour Clover
S s t ~j?~~ hel:’~~ z (L.) Ell.
2rf~~lium repens L.Vi~ - f a ~ia~~i~’anpa Tenore Smooth Vetch

Oxal idaceae
(~xa l i.~ sp.

Ge raniaceae

~ a~ -f -uri ~iZTO lir.ianum L.

Rut ac eae

:anthoxp~~r: ~- ava-herculis L. Hercules—club

Meliace ae

a :s lkzL ’h L. Chinaberry

Euphorbiaceae

~L.a?:aha ~~a~
-i ~~~ Cray Three—seeded Mercury

~‘i~otan pu ~ ’tatus Jacquin

~~‘I ~ia ar,nannioidee HBK
F]uphorbia -“:a ~~uiata L.
Sap-f :~ ‘~‘ sebi~”~r:.-’~ (L. )  Roxb . Popcorn Tree

(continued)
(Sheet 5 of 8)

F~+ 7



~~~~~~~~~~~~~ -~~~~~ -,~r-’~~ “fl~~~~~ ‘~~~~~~~ ‘ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

Table E6 (cont inued)

Scientif ic  Name Common Name

Anacardiaceae

Rhue copallina L. Winged Suma c
Rhus radicczna L. Poison Ivy

Agui fol iaceae

h ex  vc ’f lrz tori a Aiton Yaupo n

Vitaceae

Ar~.I-opsis arborea (L.) Koehne Pepper Vine
Parth enooi8aus quinquefolia

(L. ) Planchon Virginia Creeper
Vitis aestivalis Michaux Summer Grape

Malvaceae

Abutilon theophr ast- i i Medicus Velvet Leaf
Kos teletskya virg inica (L.) Prsel. Seashore Mallow
Modiola caroliniana (L.) C. Don
Sida rhombiflora L.

Tamaricaceae

Tcviv.rix gallica L. Tainarisk

Passifloraceae

Passi~ l-ora incarnata L. Maypops

Cactaceae

Opuntia compressa Graham Prickly Pear
(Ypuntia druninondii (Salisbury) Macbride

Onagraceae

Cai~ra angustifoHa Michaux
Oenothera biennis L.
Oeno thera ñ len?-’:~~:d-i i HookerOenothera rhontb -f - p c ta la  Nuttall ex T&G

Apiaceae

Chaeroph~jlZur ta-f ?:turieri Hooker Wild Chervil
FoeniL’uZum )u gare Miller Fennel
Hy droco ty le bonarf ensis Lam.
Pt -f limnium cap illaceur: (~4ichaux) R af .
sp~’r-rno lepis di~’ai’-icata (Walter) Raf .

(conti nued)
(Sheet 6 of 8)
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Table E6 (concluded)

Scientific Name Common Name

Rubiaceae

Thodia virginiana L.
Galiwn sp.
Richard -ia scabrcz L.

Caprifoliaceae

Lonicera j ap c ’nioa Thunberg Japanese’ Honeysuckle’
Sambucua oanadenoia L. Elderberry

Cucurbitaceae

Specularia perfoliata (L.) A. DC.

As t erac eae

Ambrosia artemisii~~lia L.Aeter exilie Eli.
Aster pilosus Wilid . var. pilosu8
Aster aubulatue Michaux
Aster tenuifolius L.
Baccharis angustifolia Michaux False ’ W i l i o s
Bacoharis halimifolia L. Croundse’l—t ree’
Bidene cernua L.
Borrichia frutesaens (L.) DC Sc’u ox—eye
C’arduu8 ap.
Eclipta alba (L.) Hasskarl
Erechitites hierac-ifolia (L.) Raf.
Erigeron canadensis L. Horseweed
Erigeron strigosus Muhl. ex W i l i d .  Da i sy Fleahane
Eupatoriwn oapillifotium (Lam.) Small Dog Fennel
Eupatoriwn conipo s itifol-lurn Walter 1)og Fe’nni ,’l
Eupatorium sero t-inwn Michaux
Gnaphaliwn p urpur eum L.
Gn~~haliwn obtusifoliwn L. Rabbit Tobacc o
He len ium cvnarwn (Raf.) 1-I. Rock Bitter—we’ed
Hete’rotheca subax-i l laris

(Lam.) Britton & Rusby
Iva annua L.
Iva frute acena L. Marsh E l d o r
Iva imbri ca ta Walter
Lactuca acariola L. Prickly L et t u e ’c ’
Mikania acandens (L.) Wiild CUn ibin g  Ilempwe’ed
Pluchea purpuraacens (Swatrz) DC Camphorw& ’t ’d
Pyrrhopa ppu s caro linianus (‘Walter) DC
Solidago aitiseima L.
Sal idaao Be?fllperV t-reflB L.

Souchus asper (L. )  H i l l  Sp i ny— l t ’av& ’d Sos ’-- t h i s t  I t ’
Sonchue a 1 eraceus L • Common S o w — t h i s t l e

£50 (Sht ’et  8 of 8)
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APPENDIX F: OCCURREN CE OF A VT AN 51’ECIE S

WITHIN DRED GED MATERI AL DISPOSA l , SiTE S

Introduction

Background

1. Dredged material disposal areas occupy an interesting number

o f ac res alon g the At lan tic and Gul f  coasts and other areas where

navigable waters  have to he maintained by d redg ing .  The c rea t ion  of

these sites often alters existing h a b i t a t s  as wel l  as p r o d u c i n g  new

environments .  To be t t e r  manage the c o a st a l  e’e ’osvs t e’m , th e ’  U se of

dredged material disposal s i tes  by p l a n t s  and a n i ma l s  nee’els to be’

evaluated . Bi rds , espe’e’ia l lv , colo n i a l  wa te r  b ir d s , are an Im p o r t a n t

part of the’ coas t a l  b l o t  Ic commu nE t I e ’s and ar e  a sells it ly e  End ie’utor

ot env i r o nmen ta l  q u a l i ty .  Hence ’ I n f o r m a t i o n  on ,t~’I ;iii utilization

of d i s p o sal  a re’as is important fo r  proper  Va luat  Ion and management

Bt n l t n s 1u i t o  r e lat i o n s h ips
2 , Birds and mosquitoes have long been c lo se ly  assoe’ I at e d  w i t h

one another.  One’ scheme of mosquito classifi cation (,lames and

Harwood , 1969) employs the blood meal preference of the  I ns ec t  fo r

its respective host. Under this scheme , c e r t a i n  mosqui to  species

may be termed ornithophilous (i.e. bird feeding), whi l e’ o the r  specie’s

may be termed an th rop ht lous  ( i .e .  man feeding). Many specie ’s are

zoophilou s (i.e. mainly mammal fe’e’eters). In genera] , m o s q u i t o — b i r d

relationshi ps are most important to man where the p o ss i h l lt t\ ’  of

arthropod borne virus  transmission from b i rd s  to  man ex i s t s .  Such

viruses are generally termed arboviruses. Chamberlain and Suelia

(1961) and Sudia (1974) have estimated that one half of the  h i r : l

orders and one third of the bird families occurring In the 1~n I t c d

States are suse’eptible to Eastern (FE), Western (WE), and St. Louis

(SLE) encephalitis viruses. The fact that the h igh ly  v i r u len t

Eastern Encephalitis virus is endemic In mans’ areas t h a t  also har bo r
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dredged material disposal sites is evidence enough of the need to

relate mosqui to—bird  populations.  Hayes et al. (1962) concluded that

‘l~’J~’.~; ~a~’ u’!~~f t :~:a (a mosquito f r equen t ly  encountered wi th in  dredged

material disposal sites) was the primary vector of this disease in

coastal areas of New Jersey in 1959. Many other bird and mosquito

species that are not assoc iated with disposal sites are also known

to carry arboviruses.

Literature review

3. Although there is an increasing interest in bird use of

disposal areas, few studies have been made. Harrison and Chisolm

(1974) listed the birds found in Craney Island , Virginia; Lewis and

Dunstan (1974) reported on Tampa Bay , Florida; and Olsen (1975) on

the disposal sites of southeastern Louisiana . Soots and Parnell

(1974 , 1975) and Buckley and Buckley (1974) documented the importance

of disposal areas as breeding areas for colonial water birds in

North Carolina , New York, and New Jersey . Additional studies need to

be made in other geographic areas to provide baseline information on

use of dredged islands by birds , their importance’ as breeding areas

for colonial water birds , and the management of disposa l areas for

water birds.

Pu rpose

4, The objectives ot  t h i s  section were t w o f o l d :

a. To determine the utilization of disposal sites by
birds in the Charleston , South Carolina area.

b. To determine management practices to increase
desirable bird utilization of disposal sites.

Study_area

5. The s tudy  was conducted on dredged disposal sites in the

vicinity of Charleston , Charleston County, South Carolina . The

study area was bounded on the north by Bull’ s Bay, the south by the

South Edisto River , the east by the Atlantic Ocean , and the west by

Charleston County line (see Figures 4 & 5). With regards to their

aviiauna anti geography , three types of disposal sites could be

F 2

- - -

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

delineated :
— a. Inland Waterway Disposal Sites: These are a series

of approximately 40 small to medium—sized sites
located North and South of Charleston adjacent to
the Atlantic Intra —Coa stal Waterway (AIW W ) S— 18 and
N—1 6 (Figure 5) are examples of this type .

b . Barrier Island Disposal Sites: These consist of
large disposal sites located on barr ier islands

- between salt marshes and the Atlantic Ocean.
Morris Island is the only example of this type
in the Charleston area (Figure 4 ) .

c. Eatuarine Disposal Sites: These are large disposal
sites situated on island s adjacent to coastal rivers.
Drum , Daniel’ s , and Hog (Patriot’s Point) islands
are examples of this type (Figure 4 ) .

Materials and Methods
Field methods

6. Fieldwork was conducted between 30 June 1975 and 1 July

1976. All sites were visited at least once a season during the

study with more intensive surveys conducted once a month on typical

examples of the three major types of disposal sites. These sites

included : Morris Island (Barrier type, Figure 4); sites N—b through

N—23 (AIWW locations, Figure 5); and Drum Island (Estuarine type ,

Figure 4). On each visit, notes were made on species composition ,

number, habitat utilization, and behavior activities. In addition ,

aerial censuses were made of all major disposal areas at least once

a month from 1 January — 30 December 1976 in conjunction with another

research project. These censuses were especially useful in studying

the larger disposal sites and rookeries. Also data on species

occurrence on Charleston County dredged material disposal sites

were obtained from Sprunt , Chamberlain, and Burton (1970), American
Birds (formerly Audubon Field Notes), The Chat, (Journal of the

Carolina Bird Club), The Lesser Squawk (Journal of the Charleston

Natural History Society), and the collections of The Charleston

Museum.

F3 



_ _ _ _ _  --~~~-~~~
--—

~~~~
-
~~~~~ 

i)etermination of status and abundance

7. The status and abundance of avian species was determined by

the occurrence and population of the species in dredged material
disposal sites. These were then compared with that species ’ status

for South Carolina in general (Sprunt, Chamberlain, and Burton 1970)

and the coastal plain specifically (Forsythe in press) . The follow-
i ng abbreviations and def in i tions , modified from Forsythe (in press) ,
are used through this section.

Abundance

a. C - common , seen in good number in appropriate
season.

b. FC — f a i r ly  common , seen in moderate number in
appropr ia te  season .

~~ . U - uncommo n , seen in small numbers and/or not
seen every time in appropriate season.

ci. R — rare , seen in small numbers but not every
season.

e. AC — accidental , outside normal range, very few
recorded .

S t a t  t i s

a. PR — permanent resident , found year around .

b. SR — summer res ident ,  b reeds.

C. SV - summer visitor , present in summer but does
not breed .

d. WV — w I n t e r  v i s i to r , present in win te r .

e .  M — migrant , transient.

The arrangement and nomenclature of birds in t h i s  section is that of

the American Ornithologists ’ Union (AOl) ) Checklist (1957) and its

32nd and 33rd supplements (l973a , l973b , 1976).

Results and Conclusions

Dist r ibu t ion  of b i rds  on
d r edged ma ter ia l  disposal sites

8. About 164 species of birds were observed on Charleston
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disposal sites (Table Fl) showing that a diversity of species can

util ize such areas. The total represents about 45 percent of the

species known to occur in the lower coastal plain of South Carolina
F (Forsythe in press). On the dredged material disposal sites. 56

percent of the species were as common and 38 percent were less

common than they were in the total coastal plain. Only three

species: the black—necked stilt (Himan t ’puo 4 ’~r~~~:’:u:~ american

avocet (Recur ~’! ~‘~o ~ i’o ~ m, -~‘i~ :~i~’) ; and Wilson ’s phalarope (~~t , - ‘ z c ; 4 . ’~

were more common on disposal areas.

9. The composition of the avian community on disposal sites

when compared with the total coast has a higher proportion of water

birds (loons, grebes, pelicans, herons, egrets, rails, gulls, and
terns), water fowl (geese and ducks), and shorebirds (plovers and

sandpipers) and a lower proportion of birds of prey (hawks and owls)

and passerines (song birds) (Table Fl). This is a reflection of

the semiaquatic nature of the sites and their proximity to marshes

and other aquatic environments.

Importance of dredged
material disposal sites
and breeding colonial water birds

10. In the Charleston area, nine species of colonial water

birds breed . These include: brown pelican (P ’? ’rn:40 ~‘~~ f J 4 ”:t ~:

laughing gull (!arua ~ft’~
’
~’~14

’ z) , gull—billed tern ~~~~~~~~~~~~
ni ic ) 

, Forster ‘ S tern ( .~‘t ‘i’~c i ~oo to  ~ ‘ 
) , common tern (~~~. ~~ra ’~ ~

‘ 

~
)  ,

least tern (
~~~. i!’ij~’no) , royal tern (~~~. “: .r i” -uo ) , sandwich tern

(:
~
. ~~- v~ i~’ I ~ e ’~ZO ~

) , and black skimmer (J I : 4 -H •li ‘p0 H . W i t h  the

exception of least terns, all species breed only on three na tu ra l

islands: Deveaux Bank in the mouth of the Edisto River , Bird Key

in the mouth of the Folly River , and the Bird Banks in the Cape

Romath National Wildlife Refuge. Least tern colonie’s were found

on two dredged material disposal sites. One colony of about 40

birds was found on Hog Island (Figure 4) an estuarine site In

Charleston harbor , while the other consisting of 10 bIrds was 

~
_± 
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located on S—17 (Figure 5, pt. D), an Inland Waterway site. Both -
sites wer e situa ted on high sand pi les w i t h in diked disposal areas

and, except for the dikes , resembled colonies described by Soots and

Parnell (1974) for  North Carolina . Neither  colony b red successfully

as the nests were washed out by abnormally heavy rain in May .

11. During this study dredged ma terial  dispo sal si tes were

not found to be important areas for colonial water birds. Only

about 3 percent of the nests of one species (beast tern) were located

on d redged mater ial disposal sites in the Char leston , S. C. area ,

unlike the situation in North Carolina where 82.5 percent of the

nests of 10 species were located on disposal areas (Soots and Parnell

1974). This effect might be attributed to two factors: a lack of

sand in the Charleston sites, or the abundance of other natural

sites. However, the increasing encroachment of man ’s activities

on these natural breeding areas may make dredged mate r ia l  disposal

sites more important as colonial water bird breeding locations.

Dredged material  disposal sites
and breeding long—legged waders

12. Unlike the situation with colonial water birds , Charleston

disposal areas are important breeding sites for long—legged waders.

Several small colonies of 5 to 10 pairs of black—crowned night

herons .V:i~~ i~~’~’~’x ‘:yt-i c~’~’~’.r~ and yellow—crowned night heron V .

: ‘iol ’.z~~ : bred in trees on Inland Waterway disposal areas (i.e. N — 2 2 ,

Ashe Island). But the most important rookery was located on Drum

Island (an Estuarine disposal site) in Charleston Harbor (Beckett

1965 , Forsythe and Gauthreaux 1977) . About 44 ,000 indi v iduals  of

9 species bred on Drum Island (Table F2) . Drum Island is one of the

mos t important heron rookeries in South Carolina (personal communi-

cation, 4 Sept. 1976, D. McCrimmon, Laboratory of Ornithology ,

Cornell University, Ithaca, New York). This is especially true for

whi te  ibis (Eud4 ~ ’- -”~ao ~~7’ao 1 whose breeding population represents

about 40 percent of the east coast population (personal communication ,

F7
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4 Jan. 1976, T. Custer, Wildlife Biologist, U. S. Dept. of Interior ,

Patuxent Wildlife Research Center , Laurel Maryland). Also this

rookery is valuable because a number of long—term studies on the

ecology of wading birds are presently being conducted . Thus , Drum

Island represents a disposal area (Figure 4) that has become a

nationally valuable resource which should be protected and managed .

Dredged material
disposal sites as breeding
areas for other avian species

13. Disposal sites also provide breeding habitats for a variety

of other bird species. But such areas are especially important for

two species of shorebirds: black—necked stilt and Wilson ’s plover

(Charadrius wilsonia). Stilts were only one of three species that

occurred more frequently in disposal areas than in the coastal region

as a whole. This is because they are almost completely restricted

to disposal sites for reproduction. These sites are the only habi-

tat in the Charleston area that resemble the stilt ’s primary breeding

habitat in the western United States. In the Charleston area it is

clear that the black—necked stilt population would be reduced or

completely absent if no disposal areas were present .

14. Also, the Wilson ’s plover is dependent on disposal areas

for breeding habitat. This will become especially true with the

increasing encroachment by human activities and recreation in its

natural habitat of barrier islands and sand dunes. These develop-

ments are reflected in the plover ’s population decline all along its

Atlantic coast range. If these trends continue, Wilson ’s plover
may become entirely dependent upon disposal areas for its survival.

Other aspects of bird
disposal sites interactions

15. Disposal sites were also important as loafing and feeding

areas for migrating and wintering waterfowl and shorebirds. Areas

with standing water were especially attractive for these groups.

This suggests a possible manipulation of water levels on disposal

F9
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sites to increase their attractiveness for birds. lf relatively

constant highwater levels could be maintained on these areas between

dredge operations , they would be excellent waterfowl and shorebird

habitats. An additional benefit might be the reduction of mosquito

populat  ions (especially 4,-~i.’o spp.) which  are associated with

fissured soil conditions and fluctuating water levels.

Management sugges t ions

1 t .  C h a r les ton  dredged m at e r i a l  d isposal  s i tes  o f t e n  a t t r a c t

sign i:~~cant numbers of game b irds , which beside waterfowl include

mourning doves (~“ . ‘:.~i i ~: t ,:, !’,:~~~~:~ , c lapper  r a i l  .~ 
‘: o  ‘‘~~~‘ :‘ :~~‘o ~‘f o)

and common snipe ~~~~- , - :  :: ~~~if’:~y~’). Thus such areas have consider-

able recreational values as sites for public hunting especially for

waterfowl . They are even more valuable in densely inhabited urban

areas such as Charleston County where opportunities f o r  publ ic

waterfow l hunting arc restricted . Perhaps the Corps of Engineers

should consider the establishment of leasing arrangement w i t h  the

St ate Wildlife and Marine Resources Departments to designate specific

disposal sites as public hunting areas. Such a system would not

only have great public relations value , bu t also would generate addi-

tional monies to help defray the cost  ot  manag i ng such areas f o r

wildl ife.

Summa ry

17. The following eigh t poin ts summariz e the impor tan t avian
relationships observed in t h i s  study.

a. Birds  are an attractive and useful part of many
coastal ecosystems.

b. Birds and mosquitoes are frequent lv associated with
the transmission elf arhov iruses to man,  in view of
this fact , any associat ion of large bird populations
with large mosquito populations may have public
health implications.

This sec t ion  of the s t u d y  was concerned w i t h
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documenting the ex ten t  of b i rd  u t i l i z a t i o n  of
dredged material disposal sites in coas ta l  South
Carolina and secondarily the development of
management suggest ions that might minimize mosquito
breeding and encourage fur ther bird utilization .

d .  A total of lh4 species of b i rds  were observed on
di~- ’~osal s i t e s .

e. S. C. disposal areas were not found to be important
bird breeding sites f or  colonial  water  b i rds , w i t h
the possible except iot -~ of the  least tern .

t .  S. C. disposal s i tes  were found to  he sig n i f i c a n t ly
important breeding sites for long—legged wading
bi rds .

a• Other avian species tor whom dred ged m a t e r i a l
disposal s i tes  are importan t  include the  black—
necked s t i l t  and Wilson ’ s p lover .

Ii. Certain dredged material disposal s i te s  mi ght  be
managed for the e l i m i n a t i o n  of - ‘i. -~ spp. of
mosqui toes  and the  enhancement  of b i rd  u t i l i za -
tion.

i. A composi te  sumrna r~’ of a l l  b i rds  known or observed
from dred ged m a t e r i a l  d i sposa l  s i t e s  in the
Charles ton CE D i s t r i ct  is p r e sen t e d  as Table F3.

Fl 1



- -~~~~~~— -—- .~~~~~~~~~~~~~~~~ -—- - -~ - -- -- - -

1.4
41 14 ‘.0

I .0 0
0 a — 1,14
14 ~ o
0. 0 0 4 1  a

1 4 1 4 1 4  0. (0 4) 0 0)
0) (0 00(0

‘V ‘V ’V ’V 4) 4.’ 0
1 4 1 4 1 . 4 . 0 (0 1 4 1 4  (0

-4 14 4) 0. .0 14 41
4. ’ 4. ’ 4) l—~ p”. .-4 0 ~-4 .-4 .-4 0) .0 0 .0
(0(0(0 . ‘-4 n o s n e  14 ‘V Ca .-4
)) ) C a 0  ‘-I l-4 p-4 1-4 4) 0 0. 14 (0

‘ 4 0  CO .o 5 o n.  ~ S
tO .0 1~1.~~ I —~ .-4 ~~ 8 0) 

•141 .-4~~~4~~~4 1 4 ’ V  ~~~4)5 1 5 5 5 0 0  0

0 0 0  — ‘V ozo E SE 0 5 ’ 4  S

0 4 1 0 0 0  0 4 1 1 0 5 4 1  — ‘V ’
‘4 0~~-4 0 5 0 0 0  0 0)41 —4 ‘4’V

4 ) 4 ) 1- ’  ‘4 00 (0 10 0)
5 0 0 n c a ~ 1 0 1 4 1 0 (010
S W S ’ V — 4  ‘ V 5 ’ V ’ V ’ V  S a 4 )  (J) 5 1 4

4) 1 0 1 0 1 0 5 1 4  5 5 4 1 4 1 4 1  ‘4 0 0
4 1 5 4 1 4 1 1 4  4 1 4 ) 4 1 4 1 4 1  5 0 5 0 ) 1 4  5 .  U
1 4 1 4 1 4 1 4 0  1 4 1 0 1 4 1 4 1 4  0 0~~~~ ’ 4 0 ) W  ‘45 .4)

— 5 5  0. 0) O n t O
(0 a 510 4))
CO .K 10 1 4 0 5  4 1 0)0 4 )
0 ( 0  k K i  a )‘~~0 . 0 0 . )  • 1 0 n 5~ ’4S S~~ )-4 Q.~~~~5S  ‘V
(0 -,-4 U 5 ~ I 04) 14 (9100 ~~~~~~~

“-4 — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i 5~~~’4
~~ o 55! ~~~ P4~~~~~~~~~~~ U~~P 4 U~- 0 4  I

(0 1.4 55 V)  0~~~~0 0 L) 0 0~~~~0 0 0  Q J U Q .

l O l l I I
100 5 U I

14 ‘ V 4)

~~~~~

I 1 1 1 1 1 1 1 1 1 1  
I 

0 1 4 ’ 4 - 4 ’ 4 5 0 4 1 ( 0~~~~~ ( 0 >

14.0 I t O ! 0 0
5 4)  J ’V j O ~~ ~~

U1 
~~~~~~~~~ ~~ ~i ‘V

4141
‘V S

0) 0) S i I ~ S
-4 4. ’ ~ 4 --4
.0 ‘V S  ~° .~~ 4-’ 4-’
10 5 5  0 • S
1-4 14 0 “-‘s 0 ‘V 0u ~to •—“ S

5 5  ~~~~~~~~~~~~ ~~ 
0

0 0  ~~~~~~~~~~~ ‘4~~~~ ~ 14 1.1 14
4) 51 (0 4) 4)

a) CO 51 ~~~~j ’~~ ~~~~~~~~~~~~~ ~~ 
(0 4)

‘V S  101 1.1
14-4 Zi •V~ 

(0 5 --4
°~ 

)
00 (0 Ui~~~~~)~~~~~~~~~~~~ to O~~v~ ~~~~-.4 ~ ~~~to .

~~~ S S
“4 ~~~~~~~~~~~~~~~~~~ Co ”Ci ‘V -.4 ‘4

0 
5 1 0 4 )  4)

0 5 .

O ’ V O  S
U ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘4 4 5 5  0)
O 4 ) °  10

a 1 4 4 )  .4)0) V

~~~ 

.000)

1.4 5
5 .  41 5

C,) 4) ‘V 4 J  a 1 4  .4)
U So Cd C O S O  0 1 0

1-’
0 0
~ 0 5 1 0 5 ( 014

1-s
0 ‘3) 0 5 0
0 .0 0 0~~~~~0 0) W •
0 4) 0 14 i 0 1 4 1 4 0 1 4 4 )

14 (O S W ’ V W S

~ 
4)10

1J~~~~~ 41 1-i 4 ) 0 1 4
S.o ’ V U n  1 4 5 4 1 1 - ’  S~~~ S ’ 4 0 0

~ 4 ) 5 5- 4 4 1 5 C ,~~~5 1 4 5  I Q . 5 1 0. 0 )’4
( 0 1 4- 4 - 4 1 4 5  ‘-4 00 1-i S

zi 
0Q 5 U~ .4 0 0 0~~~~ 00 I I I I

4) 5’3) G~
14 ‘4~~~~~I 0 0 1 4  ~~~ 

L5I 

I

! § 1  
0 ’V~~~~~~~. 0 ( 04 ) 4) 4 ) 5  Si

0 1 0 4 ) 4 1 1  5 .~~ 4) .O .-4 l-~ ~ I ’ ~~~ ‘-

‘V 1 4  ~S 0 ’ 4 1 40 1 40 ’41d )-s ~‘~I •  •

I ~~~~~~~~~~~~~~~~~~~~ cd I . O I U I  ‘V lS I

Fl 2 

—---- - -rn’-’ -‘4



- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— ~‘.—..---- -----.—----‘ —- —--- -— 

~
- -

~~~

I
‘V 

—
S 0 5 0  0 5 0 )  4) 41

o b  0 0 00 .  X~~—4 1--4 5 4—I
(0 -.4 — 

-
5 4 )  0) (0 (0-.4 • .5(0 1.4 U)
‘V ’V ‘V ‘V ‘V ’ V U Q - . I’4 10 ‘s-I
0)0) 4) 4) 4) 0 ) 4 1 1 4 1 4  5 11
0)4) 4) 4) 41 .—4~~~~~~~ 1 4 1 4  4-’ 1-’
1414 1-4 1-s 1-s r-i 0 0  10
0000 00 00 co -< --4 .--4 X~~~

‘K

0) 11)

~~~~~~~~~~~~~~~ 9~9~N~S! u ) 0 0  LI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0
~~~~~~~ ‘~~~~ ‘~~

S
O

‘V
4) 0)
S S
0 0
U -.4

I~4
0 0 0) ~0t3P” ) .0 10

~~~ o to to . 
~~~~~~

~~~ ~~~~~~~~~~~~~~~~~~
1-4 

~~ ~~~~~~~ 
~~~~~~~~~ ~~~~~~ —

-~ ~ 1 0 4-~~~~~~--~~4---~ ~~~~~~~~~~~~ ~~~~~~~~~~~~ •-4~~~~5 
I’-

~~
-

a ~~~~s 0 t ~ “~~~~
) 0~~~14 14 0)’-~~t~~4--. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~r4 -14 5 tI

se-s to ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘4~~~~tI 0 ~~~~~~) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
54 ’~~~ --4 ~~~~~~~~~~~~~~~~~~~~~~~S 4 )~~~ 4--” .0u t)0 0)~~~~~~~t o 5 1 0 1 0 1 0 1 0~~~~ to -~~~~‘~~ -;

-.l~~ 4 ’l:j 1) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~i H + ~~4-” 4’a~ a)H 0~~~~~~~~~~~~~~~~~~~~~~ K~~~~~~~~~~ ~~)~~~~~~~~~~~ -~~ )

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -q: ’~~~-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
n~o

4) 
—

4. ’ .0
.0 00
00 -s-I ‘-4 0 s—I

“-4 Z 5 .-4 04) 5 .-I S 4 4)
I-s ~4 5  4 ) 1 0 0  U

0 ‘V 4) .0 w-4 1-4 4) 4) 5
1-s’V 4) 54) 5 8  1-4 00 ~~~ 1 0 0
4 1 4 1  5 14 4-I 0 1 0 5  ‘V ‘V 4 ) 5

S ’4  11) 0 — 4 5 S ’V - . I  ‘V .,.I ’V
84) 1 0 U 0 0 4’ 4 1 0 0 .~~~~ 0 W  4 000)~~~ 0 ) 4 U r - 4 ’V 4
4 1 1 4 100  1-s 1-~ ).1 .0~~ -4 tI) 0 1 0  U 000 4 . M O 4 ) 0 1 0 U
Z o 0 0 1 4  U ‘ 4 S O ’ 4 . 0  5 00  5 ‘ 4 0 0 1 4 U  U ( 0 Q . 0 W

t5 40 0 5 J 5 0 0 1 0 4 )  4 - 4 4 1 1 0  O ’V~~~~r- I)-r I d W S ’V S . O (0 .0
5 -.-4~~ 0~~~~ 0 U t f l 1-. e J 0 5 0 1 4  .-I -.4 1 ~~~U s--4~~~~(0 0 5  S W
0~~~~ s 4 1 4 b 1 4 U’ 4  1 0 W 5 ’ 4 ’ V  1 0 4 1 0 5 0 1 ’ 4 S  0 ) 1 5 0 . 0 ’ 4~~(0 ) -s-4 U 4) s-’I 4 ) 1 0  1- s ’V  ( 0 4 ) 4 ) 1 4 ( 0  ) .-4 1 ) )  4 ) 4 ) 5 1 . 4  > ‘ V . 0  b0~~ S B 4.4 ’V! 0 5  Cd~~~~ ,-4~~~ 5 0 ) 0  0-.4 1 0 5 0 0 — 4  1 0 ’ V  5 5 5 0 ) 0  Q~~0 5 5 ( 0  U se-s —
O a O — 4  4) W E 0 . - I . 0 0 8 5 0 1 0 , - 4 ( 0’4 1 4 r - 48.0 0 4I - . 4 1 0 0 0 5
0 1 M ..-) 00 ~s4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _  
-

CO
4
0 ‘.00I_s • 4) 55_s
00 ‘V ’V ‘V ‘V 11) .0 ‘0 0a (0 5 5  5 ~ -,-1 4)

CO (O CO to >-, to
r-. o) s-I r 4 — — — (1) —14 (0(0 U) 14 (0 4)
0) (0 4 ” ~ s 4  11) 0 -s’S ‘3)
5 0 1i. 41
~ 

s—I ‘—I s—I s-I 
~~ s—I 0. • — .0

(0 CO CO to s-I tO (0 (N (0 C/)
CO (fl U) CO 5 (0 .H (N U)

(0 • 0 0 0  0 0 0  ‘V I 0
4 U) 0. 0.0-. 0. 0. Z 0-.
4- 1 4 1 4  b—I (0 ( 0 ( 0  U) 

‘0 (1) • CO
10 4) ..4 - ,-4 -rI r’I -s-I ‘V5 5 5  4) ‘V ‘V (O’V —4 1-s ‘V4) 5 5  s-I .

~~ ~.45 5  (1) 4) 5 5  0 .0 5( 1 3 ( 0  5 0 0  0 —i~~~ ~ — 0
-s-I

5 5  • I_s (0(1) U) ~~~~~ ~) • (0
‘s-I .H CO Cd ‘0 ‘V ‘V ‘V ~H 0 ‘0.0 5 5 0)  0) 

~~~~ 14 0) 4)
I I  0 4) 4) 0-) 0) 

~~~~ 0)
(4) 14 )-i ~-i 0 1 4  0 1-s

~~~~~~~ -
~ rz~ 00 .

~~ 00

5 (1)

>(0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I 4 0~~0 p ~~~ ~~~~~~~~~~~~~~~~~~~~~~~
‘V -b-—’ I I I I I I I I I I I I I 1 0 1  I I I I  I I I I I I I I I I I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 0 0~~~~0 u 0 0 0 0
~~~ i-’.’ F~’-~ 13.

-
~~

4)
o
0
U

~~ \ s-4a (‘ 4-i
C-fl 0) ‘ - ‘  4-~a -

~ - - 
-
~

-
~ 0-4-I to to A ,~ c ’ ’  ~, 0

4) (0 ~~I ‘s-” a 4-~ c~ -~-~ o ~ a ~~‘t o o  S. ~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~ to
.0 ~~~ to -0 S. ~ a ‘~ o -o t~ 0 ‘-1 ~~-‘ ~~~~~~ ~ t~ S t~ ‘~ 

-
~~ ~~5

~~~~~
-. a~~~~t o o~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1—i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~Z 0) t~~~~~ S. -I-~ 0t 3 ~~~~0 ) r~~.y~ ~~~~~~~ ~- ‘ ~~~~~~ ~~~~C~~~ - ~~- - 3~~~l~~ 0) ~~ ~~~~~ 
),. 5,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~U 0) 5. ti 1_I ~
- 

~-‘ 0) ~ ) to ~~-I t3 ~~ , (-
~ 

t—~ - -~ (-
~ ~~~-s-I 0 ) 0 ) C 0  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~U-s -I--s to 0) to 0) 0) t3 0 ~~~~~~~ s—s r—I C,~ ~~~~~~~ • .

~~
, 

~
, 

~~ ~~ ~~ 
e,

-H ~~ 4’I 0.. -$~I 4-) r~ ~ t) (0 ~ ~, ~ 5. \ t~ 
-
~ (0 5,4)’ 0)5.~~~~•-4 --4 0)1q 0 ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~r 0 0 a ti o- o. 0. 0 ~i 

-
~ c-~ ~~ -~ a ti -

~~‘ ~ (5 - , s 5—) .
~: ~—

- -+ ‘  ~~~ ~~
~ ‘ ~~~~~~~~~~~~~~~~ --5, ~~~~~~ 0)’~ ~~~~~( 

‘
-
~ ‘) ~ ~U 0 0 )  (5 0 0 ) 0 )  a (5 v-’ (5(5 (5(5(30 ~ a ~~~ s. (5 -~ -~~ ~~ ~~, 5, ~,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4-s 4-i
4) 11)
Cl) .0 1.-.
O 0 4-s
Cd .~~ 1-~~W ) 1 4 ( 0
00 0 0) 1 4 Q J 00 U~4 - 4 -  (0 s-I 0) 0 0  s--I s-I 0 ) 0 . 0 ) 0 0

(3) ~ ~ -~~ 4) ,- -I 14 s-4 4- 0) 1-i 0. -.4 — 0)
O X  w 4-1 5 ~~P-. 4) 5 0 ‘s-I 0.~~~~ .—4
S 4- i S ’V .~4 t O  4) s-I 5 4 ) 1.) 14 ~~‘00 U 0 .’V O )
( 0’ V 5 1 4 W )~~~ U) r—4 ’s-I ‘ s - I 0 C O ’ V~~j  O 4 1 e - J O)

5 0 0 4 ) 4) 5 0 ( 0  4) -H Id r—I 0~~~ ’ s S ~~. s— ’ H ( 0 Q .’ V  5 ( d - ’ - 4
~~~C0~~~ s--1 00 40  - 15 H  4)

( 0 5 1 0 5~~~~ H QJ .’-I ) Cd S r—I r - ’ 4 4 - 5 s - - 4  1/) ~ ‘ 0 )
S (0 0 5 5 5 0 .  U ) 0 ) 0 ( /~~~ r-I s-I 

~~. >4) ~~~C O - ’ 4 ( 0~~~ 
(0 1 4 - H  1 0 ( 0 . - I  - .0 1 --i - s - 4 0 ) ’ V 1 4 1 4

I 1 4 t O 1 .~ ~-~~5 0 4) 5 S U U t O t e  S I  S . 0 1 4 W ( 0 0 ) 1 4~~~0 4 1 . 0 0) 4 0 . 5 4)  . 0 W - H -r-I 0.’H 0H ~~ 4 0.5 04~~~~ 0 I . 0 4) 4 ) 4 )0 ) -~A ’ V I 4U 1 4 0 . I ’ V U ) 1 4 — I 1 4 0 . o O t O S 1 4 1 4 - H-H ( 0 O’ V E O OS l-i - . - l ( 0 U ) . -’
5 0 ’ V 1 4 1 0 ( 00 ’ V . 4 1 4 0 . 1 4  0) (0 4 - 4 4 - E S S E I 0--. s- 4 5 ’ 0 5 0 . s - 40 ’ 4 4 1 ( 0 . -’
0 0 4 ) 5 . 0 0 4 1 ( 0 1 0 ( 0 4 1  O s - I -H O 0 5 5 4 1 . 4  ‘s-Is-I 5 0 0 . 0 0 .0 1 4  4)~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

114 

-- - - -
~~~~~~~

---‘-- -
~~~~~~~~~~
- 



r

rs
‘.0

>1 ‘4-4
‘V s—I - 0
O S  U) (0
( 0 0  -H CO 5 ( 0 (0 10
— 43) 4 ) 0 ) 4 ) 0 )

Cl) • s—I 4- 1 4 4 - 1 4 1 - 4  4)
-H I)) (0 Cd ‘ 0 ’ 0 ( 0 ( 0 C O C O  4)

fr-’  (1) s o  ‘3)
s—I >-, 0 > - — >~ (0 (0 s-4  s-I — s—I .0

Cd U) — 0-. ‘-4 (0 — — s--i CO CO CO CO Cl)

1-i 4- U ) - H 5 1 4 4 - 4I-4 U) 5 ) 0  0 ( 0 ( 0 ( 0 ( 0 ( 0 ( 0
0) 43) 0 1 4 0 0 ) 4 ) 4 )  H 0 0  0 i—’ i - ’ O O O O

14 5 5 0.4-i 5 5 4~4 ‘0 5- 0 . 0 .0 - 0 - -
CO S C O O ’ 0 S E S  ‘ 0 0)  ‘0 ( 0 ( 0 ( 0 ( 0 ( 0 ( 0
O 5 -s-I~~~ ~~~5 5 ’s-b 5 5 -s-I 5 -4-H -H -H -H -H
0) CI) Cl) ‘V (0(1)10 ) 0 (d’V Cd 1 4 1 4’ V ’ V ’ 0’V

a —  — — 1 4 1 4
5 5 5 ( 0 ( 05 5 0  ‘0 (05 U) 0 05 5 5 5

-s-I -H 0 ’V # - I r-I H -H 0) 4—i 0 4-4 Z Z  0 0 0 0
4-1 0)

o U ( 00 ( 0 00 0  14 10 (1) U) ~-~~~- - C O U ) U ) U )
.0 -H’V -H r - Ir ’ ’ V ’ V ’ 0 ’ V

(0 (1) 4 ) 0 ) 1 4 ( 0 ( 0 ( 0  140) 14 0 5 0 ) 5 0 ) 4 )
U) U) 4 ) 1 4 1 4 ( 0 ( 0 ( 0  ~, 14(3) 4-i H - ~-I 0 J G J4) GJ
(3) 4) 14 0 0 ) 4 ) 4 3 )  (0 0 1-s 0 ( 0 ( 0 1 4 1 4 1 4 1 4

,—0 00 r ’4 X 5 - O s-0 .--0 X Z 0 0  Z ~~~~~~0 0 0 0 0 0~~~

0 ) 1 0
0 0
5 4 - i  0-) ~~~~~~~~~~~~~~~~ ~ ‘-

In
‘ 0 4 ) 1 1 1 1 1  I 1 1 1 1 1 1  I 1 1 1 1  I I I I  1 1 1 1 1 1 1 1 1  I

—S 0 I n 0 O O 0 0 0 0 0 0 U~~~~~~)U 0 0 U U O~~~~~O 0 ~~ D O O O U O O U O  0
14. 13.. 13.~ 14~~13. 13. 13-s 14. 1 4 1 3 ,13 13-. 14, Ii.

4),0— 
5 -0:
S

-s-b -
~~~4) ‘0

5 ‘3)
0 0

S
(3 s-b

4-4
4 (-4 (-4 5

13. ~ ‘ 
(. 0

- - -~ a s, - -~ ‘, - I ,)
4) (- 4 (3 -~~ 5, ~~ ‘—‘ to (4 -4~ ~‘- —‘~

s I  ~~ ~~~ (3 5- --’ -
‘ ‘ 

- ,‘ (3 (0 -
~~ ~

,0 to -4- ’ 5—I (0 ‘3) (3 (0 5 - - -’ c~ ~~‘ 5 (3 - -s a --.‘ ~~~ -~ -
~~‘ ~ -

~~‘ ~ -~ (5 -~-s ~- ~ s S. -
‘ 

-

1—b 5 -4’) ~ 4~) t—) ~~~ ~ ~- 1-1 ,-‘ 4 -’ ~~ 
s—I v- - ’ ~~~ (3 (3 (0 ~~\ (,~ (5 (0 ,- (3 (‘

to a ~ a ’ ’-’ ~~~~~~~ 
— ( ‘ ( 4 0 ) 5 .  (-1 (3 S.~~- -’ o’ S ~~~

‘
~~‘ -

~~
-
~-~ s, ‘.~ ~ s . ~~

- 
~~

—, 1 4  ~~~~~~~ ‘~
_ ‘~~ 4-.a (-4 ~~

- ‘ (0 - 4 ’  I~ ~~~~~~~ ~‘ (-1 
~ -4 ’  ~ 

- ,~ 
- ,~ 

, ~~ •~~I ~, 
~~

~~~~~~ (5 ~~~(-I (0 C ~~- 4 ( 7 (’ ‘ s - ’ ’ (4 5-) 5 ~_ ‘ C ( 0~~~~~ (3 ~~ ~~(0
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (0~~~~~~~~ , ’ ( _ - i—’ ( : ’ ~’ ( 3  (—
- H ’ ,-’ ’~~- ’~~ ’ (~~~-‘ ‘- ‘ ~ E (-1 (~ (3 ~ — - ( 3 - ,-’ -‘~~ ‘ -‘ S

~ ‘- ~~~~; ~. ‘. “ 
,, r ~~~~~~~~~~ 

—
~ 5-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~ ( 3 4 -’
s”-

-H s—1 ,- ‘ t—I ‘ - ‘ ~— (‘ (3 5. S. 5. p - -’ -4\ ‘~~ ~~ (3 (3 -~‘ ‘ ‘ -~~~~
_‘ -‘ (3 S. (3

(4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , ‘-‘,‘0 ’~’~~ ’ ,-(3 S.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : (j ’( ’ ( ’

‘--I
14 4-
(3) 0) 0
0-. .0 (2 0
-H 0 0

14 0-. 4) 4~i 4 ) ’ V  .,~
‘3) ‘0 )-s -H s - 0 . 4 )  U
0. 50) ) - H O $ ~ s-_I s -4 5
-.1 4 - C O O. 0 4 ) 4 ) 4 - U  s-I .~~~ 4- U )

0 0 0 )5 CO
‘00. 0. 0 ‘—1 .0 (2 s-’ (2 1--’ 4- 0 1.-s O) ‘ V , 0 l -J ’O ’V

‘ V O ’ V C d  I ’ -~ — 0) 4-i S U >  W 4-i U-~~ 4 ) 1 4
0) (00.4)0 4)>  0 ) . 0 .~~~r - ’ 0  S CO ’V I-~ 5 4 1 1 4  E Q  ~3) s-I .5 -H 4-~~.HS ( I ) ’ 0 U C d  bO~ -4~~~~ .~~~0 . 0 0 0 ) 0  U 1 4 5  4 ) 5 5 O > s — I 0(J~~~~~C0 ,0
Cd 0 Cd U) S s—I I) Cd 0 — 0) — (0 4) 14 14 1—’ 4- H 0 -H •H Cl) 0 01)
Z i-i s - 4 ( 0 E  -H .H 5 43) C0 s-I .—I 0O 4,

~~ s-I l - i 5 4 )- S  U~~~~~ 00~~~~.0Z  4 - 5
0 ( 0 (I) 0 r 1 .0 (0 5  00 00 . H O 1 4 H 1 4  E . i E 0 5 4- . t/) S I

0 5 1 - b  ( 0 1 4 5 1 4 1 0 1 5  5 .O - H CO .0 0 ) 5 -,-I 5 • H ’ V ) 5 4 ) 4 - )
O~~~ 0 4 - 3 0 . 4 1 H  U 4-i -s-I 4 0 4 - 4 H 1  .0 5 - I  4) Q 4 - i s - 4  ) ‘.-I 4 4  5 5 0 0 0 1
5 4) CO ’s-I 4-) s- ’O 1 4 1 4 0 ( 0 ( 0 4 -  0 0 0 0 5 s — I (0 5 ( 0  (O’0 0 . 0 0 4- S s - 1 5 5  >s
E’V  0(0 5 1 0 5 0  04 )  (O U 1 40 5 0. — I  4 - s O S  ~~~5 (0(0 (0 5 Os-I ~~~~~~~~~~~0 4 ) 4 ) 4 ) 4 ) 0 ) 0 ( 0,0 B - H 1 4 0 ) - H C O  0 5 0 0 0 1  O (~ (O r—I s--I 0 1 4 4 ) 0 ,0 5

F1~

-



- - --.—- . -- -~~ - --— --—- —- - - — ~~ ‘--— - -—-.— s---—- -,- - - — --,-~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~ -~~~~~~~

41
41 41 ‘—5

1 0 ( 5
5 - H I) 1 0 1 0 1 0 1 0
4)10 (0 ( 0 ( 0 ( 0  ‘4.4
-s-I •‘V -s-I -I-I 4 1 5 5 5  0
1 0 0 . 1 0  1 0 S .  Ci) CO 1 4 4 - 4 - 4 -

1 0 5  (5 Cd (0 ( 0 ( 0 ( 0 (0 in
41 0)
4-s I--i • • • . 1)

10 Ci) 10 Cd 0.0.0.0. 4)
-s-4 ’V 4) H 0  1 0 1 0 1 0 1 0  4)
‘4141 (014 ‘V ’s-I .1 s-I -s-4 H -H -s-I .~~Cd CO ‘V ’V ’V ’V  Cl)10 ‘V O I  ‘41 14  Cl) (04 W 0 C O ,— I  - 414) 0 0

1-s ‘ V ) •(0 ‘V I-b 0. 0. .0 . 0 . 0 . 0(4 0 1 0 1 0  0 ( 0  Ci) (0 1 0 ( 0 1 0 ( 0
~ 0 0 -s-b Cl) 0 -H H 5 5 5 5
4) ) 0 ’ V 0 .  Cd • ‘V ‘V .0.0.0.0

S 10
54) 14 - 

5 -s-I 0 0 0 0 5 0
04)0’V 1) 4.1 (4 0 ’V  0 0 0 0 0 0

41 (014
‘V (05 10 10 ( 0 ( 0 1 0 ( 0
4) ‘ V O  ‘V ‘V ‘ V ’ V ’ V ’ V4) w ’s  I-s I-s ‘V 41 5 41

4 ) 4 )  0 5 • 41 0) 5 5 5 4 1
1 4 1 0 4 - sO 0 1 4 1 - s  4-b 4-s 4 - 4 - 4 - 4 -0 0  0 0 0 0  00 00 0 0 0 0 0 0 0 0

41
0

#-~~‘V 4JOO ~~ 0 0 0 0 00 0 0 0 0 0 0  ~~ 0 00 0 0 0 0 0 00 00 0 0 0
‘V 5 U )  ~. rz-s r~.~~s s I ~.s~~~.0 .~~~s ~.
‘H

‘V5 10 ‘3)
0 10
__ 10 0(5 -s-I

10 4.1
C-fl (5 ( 5 1 0 1 0  ‘,

~ 0

41

~~iHJ~ JI 1IibL-~~dJ ~10 

a

0 41 Cd Cd ( 5 ( 5~~~4)41 ~_) ~)-.~~s ;~~ -I~
) 

~~ ~ I ~~I~~’-~ ~~ 5~$ 5 - - 0  C) ~~~~-) —)~~~~
4

~~~~~~~ Cd~~~~~.~~~~~~~~~~~ 1 0 C d ( 5~~~~~ ~~~~(5 ( 5 ( 5 ( 5 -~~~~~~~~~~0 ~~~~~~~~~~~~~~~~~C~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
-4-1 4) •s-) ( 5C d 0

(5 (5 ~ ~~~-.3~ C--1 (5 (5 (5 10 4  ~ ~ (5 s—0 ;o ~
~~ ~~~~~~~~~~~~~~~ ~~

I-s
41 0

1-’ .14 0 5
4 1 1 - i 0 5 4 -  4-. 1 4 4 1 5  ) I—s~~Z 5 4 .)
0 4~~~ 0
S O P -  s-I .0 0 s I

Ii 0 . 4 1 ( 0  s-I . 0 1 0  4 ) 0 0  4)
S 41 0.CI) ’V (4 1 0 1 4  ( 4 0  . 1 4 0

-~~ O ’ V  4-s ) 1- 14 0 - H
1 0 1 - s 0 O ’ V ’ s - 441 0(0 1 4 1 4 0 0
- HW ~~~~~~~~0 4 J .0 .0 CO O X  W .s-I (0
4-4 4 ~~~-,-I 0C41)’V)- ,-I 4) ‘V . 0 . 0 0’ V

Q ) 0 0 0’ V  ‘- 4 0 0 0 4 10 4 )  ) 0 1 i ’ V W ’ V  1 0 0 0 W I -1 ,-I
a C’H W ’ V s - I ’s-4 .0 .-4 40,-I 4- 0 5 5 ~~~~ W s - 4 14 (0~~~( 0 s - 4 s-I ’ s - I S W M P s s - I C O (4 1 4 ) 5 14  s-I .-I I-b ~s-, ) 0 . K( 4 W

C d -r 4 ( 0 X~~~~~0 0 1 4~~~~~C O ’ -4 -s-I .0 . 0 O ( 0 O C d W ) - s~~~ ’V(4 4 - 3
C O 4 1 4 1 ) 4 - 4 - Cf l I U )41~~~~~C O 0  4 - s -4 . 0 I 5 4 -  0001)

0 4 1 0 .0.0 0 4 1 4 1  0 s-I 0 5 Wr - b 1 4-) -H -s-I 0 -H I 1 1 4 1 4 5 5 4 ) 5
a l-I l l  I 1 )4)W

~~~~C O 0 . W B . 01 0 4)0 0 ’3 1 4 4 .0 ) 1 4 W~~~,5 1 0 0 0 - s - a-H I
I s—I E ’ V ’ V ’ - I  1 0 1 0 4 1 5 1 4 1 4 5  B 1 0 5 ( 4 1 4 0 0 0 4 ) 0 4 1 5 . 0  4.i ’V 00 -s-4 ’-I ’VO W  O O I S W 1 0 ( 4 1 - s Q ( 0 5 . — I  0 - H O ’s-I ( 0 0 . 0 0 ( 4 14 Es- I  5 ( 0 50 . 0 0 5

F16

_ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



~~~~~~ -~~~~~~~ --- - - - ~~ - 
-~~~~~~~ -~-~~~~~~~-‘--—-———‘---~~

( 0 1 4
(0 ( 0 4 ) 1 0  4)4) ‘—5
(0(45(0 14 1-s ‘.0
5 5 1 45 (4 (4
4 - 4 - 4 ) 4 - s  - • 10 ( 0 (0 1 0 ( 0

0.0- (0 (4(4(4 (4 0) 1 0 1 0  5 4 ) 4 ) 5 4 )
- • - -s-b -s--b 1-s 4 - 1 - 4 - 1 - s  ‘.0
0. 0 . 1 0 0 .  ‘V ’ V  Cd 1 4 ( 0 ( 0 ( 0
( 0 ( 0 1 410 4.1

-H -s-b S s-I 5 0 s-I s-I s-I (5 41
‘ V ’ V 4 4’V 0 0  14 ( 4 1 4 ( 4 ( 0  41

(4 14 (0 1 0 0 ( 0 10 .0
1 0 ( 0  4) 0 0 0 0 0  .0 4-~ Cl)

Cd.0.00..0 54) 4) 0. 0.0.0.0. 10
.1 4 1 0 1 0 0 1 0  0 0  5 (0 1 0 1 0 0 1 0  I-s
I-s 0 0 ‘s-I 5 -H -s-I -H ‘H H -H ‘s-I H 14
~~~~.0 .0 ’V .0 0 .0 .  ‘V ‘ V ’ V ’ V ’ V  E

4 ) 5 0 0 5  0 5  5 5 ( 4 0 0 0  5 0
~~~~O O O 0  -H 0 0 0 0 0  -s-I -s-I

0 1 0 0 ( 0  0 ( 0  0 10 1 0 1 0 1 0 0  (0 (0
‘V ’V ’V ’V  ‘V’V ‘V ‘V ’V ’V ’V  ‘V ‘41
4)5 4)5  4)5 Ci) 41 4 )5 4 ) 5  41 4)
4 1 5 4 1 4 )  414) 10 5 5 4 ) 5 5  4) ‘3)
4 - 4 - 4 - 4 -  1- 44 5 I-a 4 - 1 - 1 - sI-a 4-4 $-i
0 0 0 0 0 0 0 0  0000 a-~ 00 00 0 0 0 0 0 0  00 00

(4 ( 0 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II..) 5) 5) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
~~~~~~~~ ~l4 r14~.r14 ~~

I
(5qq~ ~~~~ ~~~~~~~ 

FF ~
~~~~~~~ ~~~~~~~ .2 ~~~~ ~~~~~~~~~ ~~~~~•~~ _Cd 

~~~~~~~~~~~~~~~~~

~~ ;~~ ~~ ~~ •~~ •~~~ •~~ -~~~ •~~~ -~~~ .4) ~~~~~~~ j)~ ~~ s-~ -~~ 
~ 

t~~~ ~ ~ -~~ .~~~~ ~‘3 
-~~~

~ h ~~~~
I-b

14 4 1  1- s~~5.0 .0 4.1 ‘V ) 1-
‘-4 .0 r-4 1 4  (0 CO I-s 5 4) 0 I-s
.0 14 .0(4 ~ 0 4 r 4  s-I . 0 5  1.-s (0
14(4 1 4 3  I-s 1- 4 ) 4 4 . 0  .14 0 . 0  I-s 0.(43 (4 .044.0 1 4 ( 0 4  0 ( 4 ) ) ( 0
3 (4 3 ’V  I-s 4 ) 5 1 - 4  (4 s - I O ’ V I O  OO 0 0 0 . ) 0

‘V s-I l-s 0) 5 1- s—I II4))1414 14 000’I-I 14 1s C l ) 0 ) O’ V
S W S S’ V I J  s--I 4),0)5 (00s-I’s-4 0 C O ’ H ’ V  1.-s 1 4 0 ( 4 5
4)( 4 1 4 . — I 4 ) W 4- . 0 4 4 4 4 4 0P - I ’V ’V 0 0 . 0  ,-I +.J, - 4 ’V ( 4 ’V 4 - 1 - 5 4 )

4)-H ) ( 0. 0 0 .O 5 4 - W ( 01 4 s - - I . 0 4 ) ( 4  s 1 4’V  4 ) C O 0 5 0 . W ( 4 1 4~~) (0 1 4
B . 00~~ .4 - B 4 4 . —ItOs--I 35 s- - I 4-~~~~W ’ V O 5  0 0 0’ V C#) s - I P - ( 4  0 ) - s 1-
( 4 3 1 - s  ( 0 5 . 0 . 0 3 . 0  4 1 ( 4  X W ’~~

s—I 500 -s-I -,-I Cfl P - ’ V 1 4 1 41-s
Z 0 ( 4 3 1 - 4 ) 1 -  M 5 ~~~s D - s 3 ( 4  04,-I -,-I ,-4 00 S 0 5 ( 4  U ) W . 0 P - ( 0

- 4 1 1 4  4 1 ( 4 5 ( 0 1 4 4  ( 4 ( 4 ( 4 0 0 ( 0 ( 0  ‘ V C O I  ( 0 4 ) 5  ~‘I 4) C(0 0.(4 5 5 3 ) ) 3- H3 5 U ( 4’V O 1 4 -~-4 4 ) 0 0 W 0 1 0 0 I ’ V 1 - 4 II Cl)
0 4 0 0 . 00 0 0  4- . 0 5Q 5 W~~~~~~~ I -s-b 044) 5 ( 4 P s ’ s - b 5 I W P -
B O O  1-I s-I s-I s-I 5 H  E l-I 4) E ’V  1- 1.1 1 4.1 4 ) ’ V ’ H  0 1- O ( 4 1 4 0 P- 41J800
9 ( 4 ( 0 14 ,-I s-I s-I S (O s-I 1 4 ( 4 1 0 4 1  1 0 ’ V  1 0 ( 0  1 - ’ V ’ s ’ I  414 - i D. ( 4 ( 4 0 1 - - s - I  (0
0 4 4  4 1 W 4 ) ’ s - 4 1 4 1 4 0 4 1  O E ( 4 4 1 50  0 ( 0 1 5 4 4 . 0 5 4 1  . 0 )
0 0 0 0 s 1 0 s 0s Z~~~ ~~~~~~s~~C4~~~~00

Fl 7 

~~~~~~--- - -- —~~~~--—--- - -- —



- - ---- - - - - - -

In accor dance with letter from DAEN-RDC , DAEN-ASI dated
22 July 1977. Subject: Facsimile Catalog Cards for
Laboratory Technical Publications , a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Eze l l , Wil l iam Bruce , ed
An investigation of physic al , chemical , and/or biological

control of mosquitoes in dredged material dispos al areas /
edi ted by Wm. Bruce E:ell , Jr., The Citadel , The Military
Col lege  of South Caro l in a. Charleston , S. C. Vicksbur g, Miss.
U. S. Waterways Experiment Station Spring field , L a :  avail-
able from National Technical Information Service , 1978,
266, [184] p. : ill. 27 cm. (Technical report - Ii. S.

Army Engineer Waterways Experiment Station D-78-48)
Prepar ed for Off ice , Chief of Engineers , U. S~ Army , Wash-

ington , D. C,, under Contract No, DACW3 9-75-C-0122 (Neg.)
(DMRP Work Unit No. 2C12)
Literature cited : p. 2-18-266,

1. Arthropoda . 2. Biolog ical control. 3. Chemcontrol.
4. Dred ged material disposal. S. Ecology . 6. Insect control.
7. Waste disposal sites, 1 . The Ci tadel , the Military College
of South Carolina , Charleston . IT . United States. Army . Corps of
Eng ineers. III. Series : United States. Waterways Experiment
Stat ion , V icksburg , Miss. Technical report ; D-78-48.
TA7.W34 no.D-78-48


