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The attached proceedings of subject workshop presents an up to date
assessment of mosquito control technology and public and private control
programs in North Carolina, discussion of water resource management and
ecological implications, review of proposed new research, and the consensus
of participants as to problems and additional research needs.

Discussion groups dealt with the following questions:
Evaluation of present practice~--techniques and emphasis -

advantages and disadvantages

Transition away from persistent pesticides and minimization
of other forms of ecological impact

Integration of mosquito control with other facets of water-
land resource management

Effectiveness of state-wide coordination of operating programs,
including local government.

Recommendations for changes in North Carolina mosquito control
programs
Research, educational and extension needs

We believe this will be a valuable resource document for public health and
water resource administrators and professional personnel, and for university
faculty with research and teaching responsibilities in this field of interest.

The prospective workshop on stream channelization mentioned on Page 3 of
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INTRODUCTION

The objectives of this workshop were to explore present mosquito control
practice, transition away from persistent pesticides, minimization of ecologi-
cal impact, integration of mosquito control with water resource management,
program coordination, and develop recommendations concerning changes in the

program together with research and educational needs.

Participants included representatives of federal and state agencies and
electric utilities concerned with mosquito control and its implications to

water resource management.

This is the fourth in a series of research workshops sponsored by the
Institute to increase communication between research users and researchers

on water resource problems and research needs.,

David H. Howells
Director
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WELCOME

Dr. J. Lawrence Apple
Director
Institute of Biological Sciences
School of Agriculture and Life Sciences
North Carolina State University

I am pleased to have this opportunity, although I am afraid I have little
in the way of experience or expertise to contribute to this subject. Having
been to the coast very many times, however, I am very much concerned about the
total problem. It is gratifying to see so many participants here representing
50 mény different agencies and institutions. The workshop does address a topic
that is of extreme importance to the State of North Carclina in its efforts to
manage its natural resources for the maximum benefit of its citizens and its
visitors, I doubt if man has ever gone through a period of more critical self-
examination of human values than the 1970's promise us. I think whether we
agree or disagree with the trend of events at the present time, it is unmis-
takably clear that man's inherent rights are being idealized as never before.
Does each individual have the right to a clean, undisturbed, natural--yet
healthful--environment; an adequate food supply, a guaranteed level of income
with which he might purchase the necessities of 1life? All of us, I think,
would hope that utopia is possible. However, the Seventeenth Century writers
have said, and I quote, '"Man is an embodied paradox, a bundle of contradictioms."
They could have been referring to the idealist or our idealism as expressed
in the seventies. Man, himself, in his present numbers and surely in the num-
bers predicted for the year 2000, contradicts nature. Perhaps this recogni-
tion prompted Sir William Gilbert to write many years ago that, ''Man is nature's
sole mistake."

The subject of this workshop is involved in that paradox. We do not like
the discomforts and the diseases that mosquitoes might bring, but in effecting
mosquito control other conditions may be created which are also undesirable.

I am happy to see this workshop bring together the many points of view repre-
sented here in order that you might wrestle with a common problem. I do hope,
and I'm sure you will, have free expression in a critical examination of the
issues involved so that we might achieve the best possible balance in a program
that will achieve our objectives. The communication of the type afforded by

this workshop is extremely important. We must have understanding. We must



talk the same language, because if we do not understand each other, then our

communication breaks down and the chances for success is greatly jeopardized.

I do hope that you have a successful conference today and tomorrow, and that

it shall be not only a pleasant experience but a very gratifying one in terms

of subject matter.

s
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PRELIMINARY REMARKS

Professor David H. Howells
Director ,
Water Resources Research Institute

This is the fourth workshop that the Watér Resources Research Institute
has either sponsored or co~sponsored during the past year. The others have
dealt with agricultural water use, flood plain management and municipal water
and sewer charges. Our next is scheduled for September 17. Some of you might
be interested in this since it deals with the highly charged question of
stream channelization that the conservationists and construction agencies
haven't always seen eye to eye on. This has been encouraged by the State
Department of Water and Air Resources.

The Water Resources Research Institute is a unit of the Consolidated Uni-
versity of North Carolina and is located at Notrth Carolina State University.
It is charged with developing a strong water resources research program and
an increasingly effective information dissemination program dealing with the
water resources problems of the state. We're convinced there has been far too
little interchange between the university community and the public agencies in
this field. Whether we're successful or not, we have been devoting a lot of
effort toward a better characterization of water resource problems and a
clearer definition of what our research needs really are.

One of the things we're concerned about, and I think this is a problem
of national scope, is the matter of getting new information into practice. All
you've got to do is go out and talk to consulting engineers or others who are
having to use research information, and it's very clear that we have many
barriers. Mr. James Stewart--Jim, would you stand up so they can see you--
is a graduate student who has been a county extension chairman and understands
extension. He's working with the Institute now on his dissertation in the
area of information exchange including the conceptualization of problems,
research needs and transfer of information back to the user. At the end of
this workshop, he will pass out evaluation questionnaires which we hope you'll
take the time to f£ill out.

The objectives of the workshop are to consider the following topics:

Evaluation of present practice--techniques and emphasis -
advantages and disadvantages.



Transition away from persistent pesticides and minimization
of other forms of ecological impact.

Integration of mosquitoc control with other facets of water-
land resource management.

Effectiveness of state-wide coordination of operating pro-
grams, including local government.

Recommendations for changes in North Carolina mosquito con-
trol programs.

Research, educational and extension needs.

We hope this will be a very productive experience for everyone.

&



s

OVERVIEW OF MOSQUITO CONTROL PROBLEMS

Dr. Kenneth L. Knight, Head
Department of Entomology
North Carolina State University

Man's remarkable domination of the earth began, perhaps one-half million
years ago, when he first used a stick or a stone to improve his food-collecting
capabilities. Now in itself this is not a unique biological phenomenon, since
we know of other animals that have a tool-using capability (for example, there
is a wasp which tamps shut the entrance to its burrow with a pebble held by
its mouthparts). However, through the ensuing millenia, man steadily improved
his tool-making ability. A logical outgrowth of this was the development of
techniques for modifying the environment--modifications designed to protect
him from the elements and from his enemies and to make possible the more effi-
cient production of food. For long years progress was slow; but as technologi-
cal hurdles were cleared one by one, the rate of development increased until
within just the last half century we have gone from horse and buggy transporta-
tion to trans-lunar rocketry. Our mastery of the total environment is equally
great, and we now have the unfortunate capability of making it completely
unsuitable for man's survival.

Our concern with mosquitoes and our ability for their control has followed
closely the picture just described. For long ages, man patiently endured the
attacks of mosquitoes. Then technology began to give him some weapons against
mosquito attack--clothing and protective shelters, among others. However,
tolerance for mosquitoes remained great until at the end of the nineteenth
century it was confirmed that mosquitoes are the sole transmitters of several
deadly human diseases., In the seventy years since that time the number of man
years annually applied to the control of mosquitoes has been fantastically
great, as has béen the number of pages written on the subject.

With all of this effort, just where are we? We have mastered all of the
techniques necessary to piace men on the moon; yet, a capability for adequate
management of mosquitoes andkthe diseases and discomforts they cause continues
to elude us. In some respects, we have even lost ground. For example, it was

reported late in 1969 that Culex tarsalis in the Central Valley of California

is now resistant to all seven of the insecticides on which its control had
previously depended. As if it isn't enough that nature is resisting our

efforts, man continues to create new mosquito problems at an alarming rate.



I have been charged with the responsibility for giving an overview of
mosquito control problems. Up to this point an effort has been made to
emphasize that mosquitoes have been a health and comfort problem to man through-
out history and that this problem remains with us in spite of our rich techno-
logical capabilities. Next, let us consider the components that enter into
mosquito control.

There are many ways to cut a pie, and I choose to divide this one into
two parts: The sociologlcal aspects and the technological aspects.

Soclological aspects are those concerned with the impact of man and his
activities. Their importance in the solution of any problem can be tremendous.
We may have the ultimate in technological capabilities and be completely
unable to make use of them because of human frailties and obstinancies. Per-
haps man's biggest problem today is the population bomb. Man now has in his
hands all of the technological tools needed to control both the quality and
size of the human population, but it is unlikely that these will ever be effi-
ciently applied because of chauvinistic, political, economical and religious
considerations. In other words, technological capabilities are in themselves
not enough. Equal attention must be given to the sociological aspects of a
problem if it is to be successfully attacked.

Although certainly not all inconclusive, a list of the sociological
aspects of the problem of mosquito control should at least include the follow-
ing items: Organization, politics, economics and public relations.

In the major area of pest management, mosquito control has long been
unique because of the extent of its reliance for success on organization.

This situation came into being principally because adult mosquitoes can and
frequently do fly long distances. Consequently, all too often the mosquitoes
biting a man relaxing in his back yard were produced on the property of some-
one else. Obviously, if permanent control of mosqui;oes is to be obtained,
there must be a capability for destroying them at their source. This need in
the case of mosquito control very early gave rise to mosquito control commis~
sions, mosquito abatement districts or some similar form of legally organized
control area. Financial support was obtained by taxing the inhabitants of a
district and a mosquito control staff and facilities were created with both
the responsibility and authority to carry out their activities on the private.
and: public lands of the district. Invariably, state legislation was passed
which provided the legal basis needed for district formation and usually also

provided matching state funds.
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To support the local mosquito control efforts, an organization of one
sort or aﬁother has developed at state level. Also, perhaps most often,
authority for mosquito control is invested with the State Board of Health.

In New Jersey, where organized mosquito control originated in the United
States, a State Mosquito Control Commission regulates mosquito control

through county mosquito control commissions. Every county except one has
such.a commission. Technological support for the program is provided by the
State Experiment Station. Florida, with one of the most extensive organiza-
tions in.the United States, not only has the administrative program under the
Health Department but also the research phase (through the Florida Entomologi-
cal Research Laboratory at Vero Beach).

Organizational-wise, the most difficult problem is to maintain liaison
between the state organizatioen charged with mosquito control responsibilities
and the other state organizations who are charged with responsibilities for
overseeing the management of the water resources of the state. Unless an
effective coordination of all such agencies within a political unit can be
effected, some disasterous happenings are bound to occur. A common example
of this i1s where an ageﬁcy is dredging a channel and pumping the fill into an
area to be reclaimed. Eventually, this fill dries, settles and cracks form
across all of its surface. Rains f£ill these cracks and mosquito breeding
areas are created.

Top-level liaison between all agencies with responsibilities for water
resource management is very important. For example, wildlife people can greatly
increase the area of their refuge and public lands by taking over the manage-
ment of impoundments. Dredging and ditching should never be permitted without.
the coordinated approval of those chérged with responsibilities for public
health, real estate development, and waterway maintenance. In this connection
it is rather amazing to note that the eight-man Estuarine Study Committee
of Governor Moore's Interagency Council on natural Resources had no representa-
tive of the State Board of Health--a group carrying out more work on
estuarine-adjoining lands than all of the member agencies of the Estuarine
Study Committee combined. A primary purpose of this workshop is to bring
together individuals from all of the agencies in the state with water manage-
ment responsibilities and to discuss mosquito control in all of its aspects

against such a backdrop.



‘Politics was the second sociological aspect mentioned. I am sure that
no one would underestimate the importance of this item in the development of
an adequate mosquito control program. It takes political know-how to get an
abatement district into being, not to mention the original creation of the
state-level enabling legislation and the annual provision of the necessary
matching funds. Furthermore, it is not infrequent that political pressure
is brought to bear in an effort to force decisions which, while economically
favorable to one group, would create serious mosquito problems for the public
at large. ‘

Economics has been added to the list of sociological aspects important
to mosquito control for reasons that have already been explained. There are
other reasons also. For example, it would be ideal if every mosquito abate-
ment district could own and maintain a helicopter. Such a machine makes pos-
sible the ready surveillance of all areas within a district as well as permit-
ting spot applications of insecticides into otherwise unreachable areas.

Public relations is the last of the sociological apsects enumerated.
Public misunderstanding of the technical aspects of mosquito control and of
work being undertaken can seriously undermine acceptance and support of con-
trol programs. At all times, it is essential to keep the public adequately
and correctly informed. Extensive use of the regular communicative media
will be necessary, as well as the use of extension-type educational programs.

Much earlier I spoke of dividing the mosquito control problem into two
parts: the sociological and technological aspects. Having briefly considered
the sociological side, let us move on to the technological phases of mosquito
control.,

Essentially, the technology of mosquito control consists of the follow~
ing three major elements: biological and ecological, surveillance, and popu-
lation management.

Essential to the control of any pest is possession of a detailed knowl-
edge of the biology or life cycle and habits of the pest and an equally full
knbwledge of its ecology of interrelationships with the other biological and
physical elements of the environment in which it lives. With all of the
thousands of hours of research that have been done on mosquitoes, we are still
woefully weak in this area of knowledge. The present trend towards decreasing
the use of pesticides has made it even more necessary to have an extensive

knowledge of the biology and ecology of the pest which is under consideration.
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Since not everyone here is probably equally informed on mosquitoes, I
propose to tell in a most generalized way something about the life of
mosquitoes.

The Culicidae, or mosquitoes, constitute a large and widely distributed
family of medically important Insects. The blood-sucking habits of the
females, coupled with the ability of some to transmit disease organisms, make
them extremely serious pests of man and domestic animals. There are nearly
3000 species known to occur in the world, add previously unknown additional
species are being found every year. -About fifty different species occur in
North Carolina.

According ‘to the presently accepted classification, the family Culicidae
(belonging to the order Diptera or the two-winged flies) is divided into three
subfamilies~-Anophelinae, Toxorhynchitinae, and Culicinae. The first subfamily
contains all of the species which transmit human malaria. The second has only
one species in the United States, a very large metallic blue and green mosquito
which, oddly enough, is incapable of taking blood, instead feeding only on
nectar. The third subfamily contains all of the remaining mosquito species
that are important pests of man.

Species of mosquitoes are widely distributed throughout the world, being
absent only from Antarctica (however, they occur up to within 150 miles of the
North Pole) and from some isolated oceanic islands. Mosquitoes occur every-
wheré on the continents except in areas of permanent snow or ice, but the
largest number of species are found in the tropics.

Mosquitoes are best known because of the blood-sucking habits of the
females., Not all mosquitoes, however, suck blood. The females of many kinds
also utilize plant and animal nectar secretions, some largely so, and males
exclusively so. Much variation exists as to host specificity for the blood
meal; but evidently, only terrestrial vertebrates are normally used, although
fish and even insects have been reported as occasional hosts.

Mosquitoes are usually crepuscular and nocturnal, but there are some
distinctly diurnal species. Flight habits are extremely variable among the
family as a whole. Some species undergo compulsive dispersal flights of many
miles, whereas others seldom ever move far from their larval habitats. -Mat-
ing takes place in a great variety of situations, although occurring in flight
in almost all specles., Crepuscular male swarms are a common phenomenon,

In general, female mosquitoes require a blood meal before they can mature

eggs. Some individuals of many species, however, are capable of utilizing

9



food reserves carried over from the larval stage to mature a somewhat smaller-
than-normal first batch of eggs. These "autogenous' females must then take a
blood meal if they are to lay eggs again. It has been established that auto-
genous individuals inherit the ability to secrete a gonadotrophic hormone
after emergence, which triggers ovarian development without the prior stimulus
of a blood meal.

The gravid or egg-filled female shows a considerable amount of specificity
in selecting sites for egg laying. Stimuli used in this process are principally
visual, olfactory, and tactile and operate in varying combinations, depending ' o
on the species. '

Egg-laying habits of mosquitoes vary widely among the different genera.
The malaria-carrying Anopheles deposit their eggs singly on the water, either
while standing on the surface or hovering over it. The salt marsh Aedes mos-
quitoes and many others common to this region deposit their eggs in crevices
in moist ground litter and soil at the retreating water line of water-holding
depressions or in natural water-holding containers such as tree holes that
will again be flooded during rains. Females of the Culex mosquitoes (the com-
mon Southern house mosquito belongs here) and related types generally glue
their eggs together in raftlike masses that float on the water. In these
instances, the females stand on the water's surface or very cleose to it while
egg laying.

Mosquito eggs of species that lay directly on water surfaces hatch very
shortly after the completion of embryonic development, provided that the tem-—
perature is satisfactory. The eggs of species that lay on moist surfaces
other than water, however, must undergo an appropriate "conditioning process"
before they will hatch. With some species of Aedes, this even includes the
necessity of first overwintering. With all such species, hatching requires
that embryonic development be completed before the eggs are flooded. Further-
more, when flooding is finally accomplished. it must occur at or above the
threshold developmental temperature for the species.

As pointed out, mosquito larval habitats reflect distinct selective
processes on the part of the ovipositing female. Some mosquito species show a
high degree of specificity in this regard, but others are much more indis- T
criminate. Very broadly, mosquito larval habitats can be classified as:

1. Grdund water sites

a. temporary water

b. permanent water
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2. Specialized water sites (container habitats)
a, mnatural habitats
b. artificial habitats

In general, Aedes and Psorophora larvae are found in temporary ground

waters such as winter seepage ponds, floodplain ponds, summer rain ponds, and
marsh edges. The mosquitoes that use the permanent ground water sites are
those that lay their eggs directly on the surface of the water. The category

of specialized water sites encompasses such natural habitats as tree holes,

rock holes, pitcher plants, and such semidomestic habitats as fish ponds, tin

cans, piles of rubber tires, stopped-up eaves troughs, drains, and cisterns.

All mosquito larvae, except members of the Mansonia group, must come to
the surface at frequent intervals to obtain oxygen. Mansonia larvae and pupae, .
however, insert their respiratory siphons and trumpets into the submerged roots
and stems of aquatic plants and obtain their oxygen directly from the plant
tissue.

The food of mosquito larvae consists chiefly of organic detritus, but
extremely small plants and animals are also swept up and used. The larva of
Anopheles rotates its head 180° and with its mouth brushes upward, sweeps the
surface film for food; in contrast, the culicine larva sweeps in particles
either suspended or resting on underwater surfaces and rarely feeds from the
surface. It can feed from the surface, however, by twisting its body until
the mouth brushes are uppermost. The larvae of some mosquitoces are predacious
and feed on small aquatic organisms, including other mesquito larvée. The
length of the larval stage varies with the species and with the availability
of food.

The pupal or '"tumbler' stage appears with the fourth larval molt.

Because it is lighter than water, the pupa résts at the surface. Movement is
accomplished with a jerking tumbling motion. Except for Mansonia species,
pupae obtain air from the surface through the pair of respiratory trumpets
borne dorsally on the cephalothorax. The pupal stage lasts only a few days
(usually two to four) for most mosquito species.

Male mosquitoes emerge from the pupae slightly earlier than do females,k
This results in males having a shorter aquatic existence than do the females.
Because the pupal stages of the two sexes are of about the same length, the
shortening in development of males takes place primarily in the larval stages;

pupal and adult males are, therefore, of a correspondingly smaller size.
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Male swarms are a common feature of many mosquito species. These swarms
~are initiated by a changing low-level light intensity and, accordingly, can .
occur at both twilight and dawn. The precise level of light intensity neces-
sary to initiate swarmiﬂg varies with the species but is mostly in the range
of 0.2 to 10.0 ft-c. Almost invariably, females happening to pass near a e
swarm is primarily a mating mechanism. As a rule, mating probably takes place
soon after emergence because females taken near the larval habitat and shortly
after a general emergence period are almost invariably found to be inseminated.
In the northern United States, mosquitoes normally overwinter either as
eggs or as adults, depending on the species involved. However, there are a
few kinds which are reported to overwinter as larvae, presumably frozen in the
ice.
Mosquitoes are of great economic importance for at least two reasons: The
effects of their bites and their capacity to serve as vectors or transmitters
of disease agents. The nature and appearance of mosquito bites are too well
known to require extensive description. The bites tend to be irregularly dis-
tributed over exposed parts of the body, especially the face, hands, legs, and
ankles. Mosquitoes can also bite through thin and loosely woven clothing. On
some people these bites cause much discomfort which does often lead to scratch- 5
ing and even to secondary infection.
Because of their biting, mosquitoes often cause serious economic loss to .- o
farmers by interfering with planting, cultivating, and harvesting of crops.
They may also lower milk production, cause weight loss in beef cattle, and ‘
reduce egg production in poultry. In extreme cases mosquitoes have caused the
death of domestic animals, apparently due to blood loss or as a result of
anaphylatic shock. Additionally, the presence of biting mosquitoes restricts
real estate development and the use of recreation areas or, on the other hand,
requires time, effort, and money for centrol measures. e
Mosquitoes serve as vectors of a number of pathogenic microorganisms,
including the malarias, certain filarial worm diseases (including heartworm
of dogs), and numerous viruses (yellow fever. dengue, encephalitis, etc.)..
Earlier I mentioned that the technology of mosquito control consisted of

three major elements. The first of these dealt with the biological and
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ecological aspects of mosquitoeé which have just been described in a general
way. Surveillance, determining what kinds of mosquitoes are present (neces-

sary since not all mosquitoes are disease carriers or pests of man and domestic %
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animals), where they are being produced and how abundant they are is a very
important aspect of any mosquito control program. Without it great sums of
money and many hours of labor can be wasted and major mosquito problems left
unchecked. Actual population management or the mosquito control process itself
is the third of the major aspects making up the technology of mosquito control.
Modern needs and concepts of mosquito surveillance and of mosquito population
management will be considered later today by a long-time expert in the field,

Dr. H. F. Schoof.

Question: Will mosquito larvae grow in an environment without dissolved oxvgen?
Answer: I think a few kinds of mosquitoes probablv can do this since we find
their larvae living in heavily polluted waters; normally, one would expect such
aquatic sites to have little or no dissolved oxygen. At any rate the larvae of
most mosquito species depend upon atmospheric air for their primary oxygen
source. For this purpose they rise regularly to the water surface and take in
air through an opening at the tip of their abdomen. Mosquito larvae have thin-
walled terminal sac-like gills, and it used to be thought that these served to
remove dissolved oxygen from the surrounding water. It is now known that these
are pressure regulators in most species and are not primarv respiratory organs.
However, there are a few species which possess tracheae or air-transporting

ducts in their gills, and these species probably do utilize dissolved oxygen.
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PRESENT APPROACHES TO MOSQUITO CONTROL IN NORTH CAROLINA

STATE BOARD OF HEALTH
Salt Marsh Mosquito Control Program
Mr. N. K. Oates ‘
Sanltary Engineer

I'd like to show you a few slides on the permanent mosquito control program
in the eastern part of the state. I would appreciate any questions you may have
as we go aleng.

We have three types of marshes in the coastal area. The first is the
regularly flooded marsh such as you see in this slide. Primary vegetation here

is Spartina alterniflora. This marsh is flooded twice daily with each high

tide. It provides nursery area for fish, shrimp, plants and other marine life.
There is no mosquito problem in the regularly flooded marshes.

The second type is the irregularly flooded marsh. They're flooded only
during heavy rainfall or abnormally high tides. The primary vegatation is

Juncus roemerianus, and this is interspersed with Distichlis spicata with

patches of Distichlis scattered throughout these marsh areas.

Here we have a salt~kill area. This was caused after the hurricanes in
1954-55 by intrusion of salt water into the pine forest areas. Salt water was
trapped, left a salt deposit and killed the trees as you can see.

Most of the irregularly flooded marshes have a natural dike along the
shoreline that was created by wave action along the shore. When you have an
abnormally high tide such as we have during hurricanes, the water in these
areas rises up over the natural dike into the irregularly flooded marsh and is
trapped. This slide shows a natural dike along the shoreline. The salt-marsh
female mosquito deposits her eggs on the moist ground in the irregularly flooded
marshes. When the eggs are flooded and conditiens are richt--the temperature
of the water, etc.-—the eggs will hatch and the adult mosquito will emerge
within five to ten days, depending upon the temperature of the water. We go
out into the marshes and make a survey to determine where the breeding areas

are. Patches of Distichlis spicata are usually a pretty good indicator of

where you will find the salt-marsh mosquito eggs laid. Salt marshes are very
prolific mosquito breeding areas. We have dipped as high as 1500 mosquito
larvae per dipper of water in the marsh areas. . Two methods of salt marsh water
management are used. One is ditching, and the idea is to put enough ditches

or canals in the marsh to get the water off within a five-day period after the
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marsh is flooded. These ditches are constructed about five feet wide and about
four feet deep. This is deep enough to'keep water in the ditches at all times,
even at low tide, so that it will support the marine life. The marine life can
move throughout the canal system. When the marsh is flooded by high tide, the
water can find its way back through the spoil mounds to the canal. Once the
surface water runs off, you will have some subsurface drainage from the depres-
sions in the marsh. The canals are constructed deep enough to support marine
life and boating.

This is a typical lavout of a marsh area. A rim ditch runs along the con-
tour of the land to catch the water as it runs off the high ground to the marsh.
We also have lateral ditches which drain the water out of the depressions after
the marsh is flooded.

This is another typical layout. The soil was rather tight here so you
have to put the ditches much closer together. Where you have a high organic
subsoil, you can space your ditches much further apart.

This picture was taken soon after construction of the ditches, and the
spoil piles haven't had a chance to grow vegetation. However, after about a
year or two we do get vegetation growing on the spoil ﬁiles, and they aren't
quite so bad to look at. One of our biggest kicks from some of the marine
biologists down in the coastal area is they say we're destroying the aesthetic
value of the marsh, and I'll certainly have to agree with them. Once you go
out and dig a canal, the bare spéi; plles are rather hard to look at. However,

they will grass over in a short period of time.

Question: How long before you have to perform maintenance work on the ditches?
Answer: Well, that is one reason for the size of the canals. We could get
by with a smaller ditch. However, because of maintenance, we try to dig them
large enough so they will last almost indefinitely. You will notice also that
the ditches are all tied together where we can get a circulating action of the
water. We have ditches now that are ten years old and are still holding up
very well.

Question: Have you had to do any maintenance on any of the dragline ditching?
Answer: Not so far. However, you will notice here that I did not run these
ditches out into the adjacent water. Anytime you have a beach area exposed on
one side, you can expect the wave action to fill.the ditches up almost

immediately. What we have tried to do is tie into natural canals such as these.
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The outlet is right here, and I have found that if the natural outlets are

excavated, chances are they will fill up also.

The next slide is one I took on the ground in this area here. This ditch
here is about five years old. You will notice here that the spoil piles have
grassed over. This was a very prolific mosquito breeding area. The natural
dike is along the shoreline with a swale area between the dike and hammock.

As T said, this is a prolific mosquito breeding area. The mosquitoes swarmed
us when we surveyed the area.

These ditches are about five years old. You will notice that the spoil
piles have grassed over. We do have myrtle bushes coming in on the spoil piles.
Any other chance in vegetation is not apparent.

This marsh has been ditched about five years. You will notice that the
spoil piles are grassed over. I judge just from observation that there is no
change in vegetation in the marsh. There might be a little change in the
higher ground where the rim ditch is. We have some salt-kill areas that are

returning teo the natural state.they were in before the intrusion of salt water.

Question: You do not put in ditches on regularly flooded marshes?

Answer: That's correct. The only ditches that we dig are in the irregularly

flooded marshes, and these are all privately owned or at least they are claimed
to be, Sometimes we have to go through a regularly flooded marsh to get to amn
outlet, but not always. We get easements or permission from the preperty owner

before any mosquito control work is performed.

Comment: It seems to me we ought to get a definition right now on this word

drainage. Everytime we hear the word ditching, somebody immediately thinks
that means we .drain dry. I think that definition is a problem every place we
go. We talk about ditching, and they say, "Are you going to drain the marsh?”
It has been a problem for some wildlife people in particular, because if ditch-
ing meant drying the marsh completely, it would be disastrous. But here drain-
age removes the excess water from the marsh after abnormally high tides and

abnormal amounts of rainfall.

Answer: We call this water management rather than drainage because it is a

little different than upland drainage where the ditches are normally dry.

Comment: The ditches provide access for marine life into the irregularly

flooded marsh where they can get food. Ordinarily, the only way they can get
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the food is when there's a lot of rainfall, and it's washed into the adjacent
water,

Question: Have you developed anv means of getting drainage through to the beach
other than using natural outlets? Have you developed any of these arrowheads?
Answer: We usually use a natural outlet, and we find very few areas where we
have to cut through the natural dike.

Question: Did you say that you get legal easements for all of your ditching?
Answer: Yes, sir, from the property owners.

Question: Do you get legal easements or do vou get written permission?

Answer: Well, we get written permission. In some areas we get verbal permis-
sion. It depends on where we think we might run into a problem later. Normally,
we get signed easements from all property owners.

Comment: Written easements are legal. It depends on how the county rules.

Dare County requires these to be notarized. We have had some easements recorded;
but normally, we just get signed easements. We don't normally record it.
Question: You said you got 95 percent reduction of mosquitoes in the marsh?
Answer: Yes, sir, in the areas that have been ditched..

Question: 1Is the mosquito population any different in the county than it was
five years ago?

Answer: In Carteret we have about 70,000 acres of marshland, and I would say
that we presently have contrel on 15,000 acres. As far as the total reduction,
it is not too significant at the present time. However, in the areas that we
have water management the mosquite population is very low until the mosquitoes
fly in from the untreated areas.

Question: Will all the marshes have to be ditched?

Answer: Well, all the marshlands will have to be altered somewhat, either by
impoundments or ditching for effective control; that is, the irregularly

flooded marshes. Now in the regularly flooded marshes, there is no moesquito
problem.

Question: Does this just control one kind of mosquito?

Answer: This controls primarily two kinds--Aedes sollicitan and the Aedes

taeniorhynchus, which is the primary mosquito problem in the ccastal area.

We do have other species of mosquitoes there, but I'd say the vast majority
of them--maybe 90 percent--are salt-marsh mosquitoes.
Question: Isn't it a very small percent of those marshes that are producing

mosquitoes after the area is flooded?
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Answer: The percentage is higher in the irregularly flooded marshes than in
the regularly flooded marshes.

Comment: This is the type of marsh in most counties in the northeastern part
of the state.

Comment: I noticed the marshes from Onslow County south, the characteristic
change. I'd say even in Onslow County the amount of irregularly flooded marsh,
mosquito breeding marsh, is a much lower percentage than it is in Carteret
County, for example.

Comment: The farther south you go--from the North Carolina-Virginia line
toward the South Carolina--the more regularly flooded marshes you find. -In
fact, Brunswick County has almost 100 percent regularly flooded marshes, and
the salt—marsh‘mosquito problem there would come from the tributaries leading
into the marsh areas. It is the same in New Hanover County. They have very
little salt-marsh mosquito problem there. It's normally around hammocks that
were created when the Corps of Engineers dredged the inland waterway. Pamlico
County would have almost 100 percent irregularly flooded marsh.

Comment: Well, just like in Pamlico we have no inward tides at all. The wind
blows right directly across the sound so Pamlico Sound is just like a big wash
basin,

Comment: We have another method of mosquito control in the coastal area, also.
This is by impoundment. This was done at the encouragement of the Wildlife
Commission, primarily Mr. Otto Florschutz, waterfowl biologist. We have found
that impoundments provide excellent mosquito control as well as providing
habitats for waterfowl. One reason we went into impounding was to try to
replace some of the waterfowl habitats that we may have inadvertently taken

out of production with our ditching program.

On the construction of impoundments we construct a dike, put in floodgates,
and pumping station, This slide shows the dike under construction. We take
the material from the inside of the impoundment to construct the dike. The
spoil ditch inside the impoundment creates deep water areas for marine life
in the winter and summer months. The deep water is necessary to support marine
life in the summer because the water warms up pretty much in the impoundment
at that time. We try to maintain twelve inches of water in the impoundment.

This just shows another dike under construction.
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This is a pumping station here. We're pumping tide water over into the
impoundment. It doesn't show the supply canal, but when we're pumping these
impoundments, we pump fish, crabs, shrimp and all the marine life in the adjacent
waters over into the impoundment.

This shows a culvert with a slide gate valve. This is so we can maintain
the water level. If the water gets too high, we can let some of the water

out.

Question: Do crabs grow in the impoundments?
Answer: I have some slides on some crabs that were harvested on the impound-

ment at Otway.

This is an impoundment on the White Oak River which was constructed in
cooperation with the North Carolina Wildlife Resources Commission.

We have over 3000 acres of impoundments completed in the coastal area.

I would say we probably have a thousand acres under construction, and there's
no estimate on the number planned in the future.

This is a hunter check station gso that the Wildlife Commission can get
sufficient data on hours hunted, kind and number of waterfowl harvested.

This is a pumping station on the White Oak River Impoundment.

This shows an aerial view of it. This particular impoundment is one
hundred acres. This is the perimeter of the impoundment. You will notice
here the mounds that were thrown up for resting areas and nesting sites inside
the impoundment.

This is juncus that hasn't diedlfrom being flooded. The vegetation was
primarily Juncus and distichlis similar to that seen outside the impoundment.,

This is another impoundment of two hundred acres. Normally, after the
impounded area is floocded, the water kills the Juncus and you have your
Widgeon grass and other deéiraﬁlg duck foods replacing it.

These are wood duck boxe;ntﬁat were put up inside the impoundment. - The
wood ducks make good use of these boxes. Seven wood.duck boxes out of eleven
were used the first year they were put up on the White Oak River Impoundment.

This shows some more ducks going into the pond.

The local wildlife club sponsors many bird walks, and the Carolina Bird
Watchers Association or club has been down to tour the impoundment in Carteret
County. We have an ornithologist who lives in the area that has identified

over eighty different species of waterfowl on this impoundment.
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This shows a couple of swans on the Topsail Island Impoundment. A bald
eagle visited the Huntley Impoundment in Carteret County last year. We haven't
spotted him this year. I hope no one killed him. There's no white on the
neck. I understand they have to be about four years old before the feathers
up around the head and neck turn white. This was taken by the president of
the local wildlife club.

This shows some crabs that were harvested inside the impoundment.

I think there is a great marine potential in these impoundments. There
are some studies being made in South Carolina on shrimp farming in impoundments.

If I could. take about five more minutes, I'd like to show just a few
slides on our fresh-water drainage program in the eastern part of the state.
Mr. McCotter and Mr. Ashton said thev would relinquish a few minutes of their
time.

This is a green tree reservoir. We have very little mosquito problem in
these green tree reservoirs. This is one in New Hanover County, and we would
certainly like to see green tree reservoirs preserved. I think quite a few
people have the misconception that we're trying to drain these green tree
reservoirs, but this is not true. What we're trying to do with the drainage
program in the eastern part of the state is to eliminate conditions such as you
see in this slide. It's very flat in the coastal area; and when you back the
water up a foot, you may back it up a half mile and may spread out half a mile
wide. The drainage phenomena in the eastern part of the state is quite dif-
ferent from what it is in the Piedmont and the western part of the state.

This shows a septic tank and without a satisfactory location for a drain
field. The water table is right on top of the ground. The water is highly
polluted here. There's a tremendous number of Culex mosquitoes bred, and you
have a verv unhealthy environment.

This logging operation helped create the conditions you will see in the
next slide. When I first started to work, I was under the impression that the
hurricanes had done the greatest portion of damage te the drainage system in
the coastal area. However, I found after much investigation that the logging
industry is to blame for most of the damage to the streams, and this started
back in the twenties. Roper Lumber Company came through the eastern part of
the state, and we can see much evidence of debris being thrown in the streams

from the very first logging operation.

Question: Are there any kind of restrictions on that now?
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Answer: Yes, there are laws on the books that prohibit anyone from throwing
anything in a drainage ditch. I think the breakdown is that there's no one
charged specifically with the enforcement of this law. We would certainly
like to see more participation from the wildlife protectors. Certainly, the
mosquito control workers are doing all they can. In fact, we have gone
through and cleaned out the streams and gone back at the end of the month to
measure up the previous month's work and found logging operations had already
dumped debris into the streams. We have sent all the logging industries—-
loggers, pulp wooders, etc.--a copy of this law printed on sheriff department

stationery instructing them that we are planning to enforce this law.

The drainage slide you saw just a few slides back helped create this con-
dition here. As you can see, the privy is inundated, and this water is highly
polluted. When runoff from these areas is flushed out into the estuarine
areasy we're continually having to close shellfish areas due to pollution.

Here, you can see the top of the culvert is two feet under the surface of
the water. Raw sewage is running out on top of the ground. The conditions
are not limited to the low-income housing areas. You see the water ponded up
behind this house. The water table is right on top of the ground, and drain-
age to lower the water table is necessary so the septic tanks will function

properly.

Question: Why do people build on this low land?

Answer: Actually, this area here is some of the highest land in the county,

about thirty feet above sea level. However, it's right in a plateau area, and ;

the drainage ditch has been filled up due to logging operations, etc. and
there's just no drainage.

Question: Why do people build in these areas?

Answer: Maybe they shouldn't have.

I'11 run through these hurriedly. You see here flooding of the farmlands.
Flood conditions are eliminated after we put in the ditch. Now we're trying
to lower the water table in these areas. I don't think we'll have a change of
vegetation because all evidence indicates the ditches are as deep as they were
twenty-five or thirty years ago before the logging operations. Septic tanks

cannot work properly when they have water standing on top of the drain field.
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Question: I've heard Dr. McCracken, head of the Soils Department at State, say
that in Carteret County--I don't even come close to remembering the exact
figure--but I think it's less than 20 or 25 percent of the area in Carteret
County is suitable for septic tanks.

Answer: He's probably correct. It isn't too high,

This is Neuse River rigﬁt near Kinston. The tree tops were thrown into
the stream. It hasn't filled up the Neuse, but it's causing a drainage prob-
lem on some of the smaller streams. You will notice here that the logger cut
off the butt portion of this log. It was hollow, and he just left it lying
in the stream. There's twenty-five miles of watershed on this particular
stream, and farther upstream there's an airport under construction right on
the top of the watershed. This is going to aggravate the flood conditions

that already exist.

Question: How is it determined if a septic tank will work in an area?
Answer: Normally, they go out and run a percolation test with the land in
the natural state. If the test shows good results, they go in and start
building houses, paving streets and sidewalks, etc. taking this area out of
absorption and doubling the runoff from rain on the exposed area. The ground
becomes saturated, and the septic tanks will not work properly. There is a
deterioration of the drainage system as the area is developed, and loose silt
from landscaping is washed into the ditches.

Question: Is approval policy prettv much based on just looking at the perk
test?

Answer: Well, I think it is from the Health Department standpoint. However,
there's more study being made to coordinate the interest of the Health Depart-
ment with the Planning Commission in areas where thevy have planning. That's
another thing. In some areas you don't have county planning, and it's needed
in all of the counties.

Comment: I believe one of the biggest problems, too, Keith, is the lack of a
statewide planning use concept or law in North Carolina. I believe if we had
land and water use planning that we'd correct more problems caused by septic
tanks than any other one law that could be enacted in the state so far as the

problem of sewage pollution is concerned.
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Let me show one more slide, and I'll stop. There's twenty-five miles of
watershed on this little stream here, and I have some slides that haven't
been developed showing some logs completely blocking the canal passage. This
is right below where the draglines are working. What we're trying to do here
is cut the canal about twenty-five to thirty feet wide and abont six feet deep.
One of the reasons we're cutting it as deep as we are is to provide a place to
catch what little silt we may lose during construction and also provide a
fresh-water fishing area., You will notice in the other slide up above the
dragline the stream is filled up with silt and debris. The stream is not
deep enough to support fish life, and we are going to have to go about four
miles before we can pick up five feet of elevation. So we hope to create

about  four miles of new fishing area on this stream.
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STATE BOARD OF HEALTH
Fresh Water Mosquito Control Program
Mr. Don F. Ashton
Entomologist

A
] & .
I started in mosquite control in 1937. At that time we were primarily
interested in malaria control; and therefore, we confined our work to the con-

trol of the malaria mosquito, Anopheles quadrimaculatus. As we reduced the

numbers of malaria mosquitoes--we'll take credit for it--the number of deaths
dropped from 150 in 1936 to zero in 1948. Dr. Ken Knight was saying a while
back the mosquito population does neot have to be reduced to zero to stop
transmission. We had thirty-six cases of malaria reported in 1950.

Mosquiﬁo control prior to and during World War II was accomplished by oil-
ing of ditches and drainage in the upland areas. We were not concerned at that
time with salt-marsh mosquito control.

After the war DDT became available--DDT is a dirty word now, I know--but
within two years we were having no deaths at all from malaria and only a few
reported cases. At this time there was a shift from malaria control to general
mosquito control, and we at the State Board of Health are now attempting to
control the pest mosquitoes in the state. We have fifty known species of mos-
quitoes in North Carolina. Of these fifty species only seven or eight fresh
water mosquitoes and three salt marsh mosquitoes are pests.

My topic was directed toward inland or fresh water mosquitoes which would
normally exclude the salt marsh species except for one very interesting case.

Near Charlotte we had an outbreak of salt marsh mosquitoces, Aedes sollicitans,

not too many years ago. Breeding was taking place in ponds that received waste
from a dye manufacturing plant. and this waste had a high concentration of
sodium sulfate. The sodium (salt) ion in the soil was probably attracting the
females to these ponds and stimulating egg laying. Every time it rained during
the summer we experienced a flight of salt marsh mosquitoces. These flights
were often as great as would be experienced along the ceoast. The ponds have
been filled with sand; and as far as I know. the breeding areas are eliminaﬁed.

Knowing the species is extremely important in the control of mosquitoes.
Of the fifty-odd species of mosquitoes in North Carolina, I doubt if there are
more than two or three that will breed in exactly the same conditions. There
is the time (season) element, the acidity of the water, the pollution factor,
and many other conditions which determine the suitability of the water as a

breeding media for a particular mosquito species.
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In our cities and towns the principal mosquitoes are Culex quinquefasciatus,

Culex restuans, Anopheles punctipennis, and possibly Anopheles quadrimaculatus.

The two culex mosquitoes breed primarily in polluted water and in water-holding

containers.  Anopheles punctipennis will be found breeding in the cool running

B
streams in town and may be succeeded by Anopheles quadrimaculatus as the water

warms up in the summer. A. quadrimaculatus prefer neutral to slightly basic

waters but may, at times, be found breeding in acid waters. Culex restuans

and Anopheles punctipennis would usually be found in the spring and C.

quinguefasciatus and A. guadrimaculatus in the summer.

The Psorophors and Aedes mosquitoes breed primarily in temporary waters
which are collected in ruts in the road, depressions in a pasture or woodland
or even between the rows in a field.

Psorophora confinnis is one of our most annoving mosquitoes, following

heavy rains, in our coastal plains. It is a fierce biter; and because it breeds

in .such enormous numbers,‘it‘may be compared with the salt marsh mosquito.

In early spring Aedes canadensis is the most abundant temporary pool mos-

quito. Larvae of this species may be found in pools which are covered with ice
following a cold night,

The most annoying mosquito in our inland towns is Culex gquinquefasciatus.

Since this mosquito will breed in artificial containers (tires, tin .cans, bird
baths, etc.) or polluted streams, it will do little good to only apply larvi-
cides to the streams. We at the State Board of Heglth feel that a general
environmental sanitation program--that is, removal of all discarded water-
holding contaiﬂers from the premises--is a necessary adjunct to a larviciding
program. Stream clearance. and maintenance is also advantageous. Grading an@
filling will serve to centrol mesquitoes under certain conditioms. Most of
the streams in our cities are highly polluted and support large numbers of

mosquite and midge larvae.

Two types of mosquite control are generally recognized: Permanent control--

that is, ditching, filling, or environmental clean-up--and temporary control--

applying mists or fogs for adult control and larvicides for larval control.

Many types of chemicals can be used as larvicides, but we feel that unless

the chemicals are applied under close supervision, No. 2 fuel oil is the larvi-

cide or choice. Usually, the person applying the larvicide is a day laborer

with very little interest in his work; and as often happens, the larvicide is

applied too heavily or may actually be dumped to lighten the load. When highly

toxic materials are used, an over application can be dangerous.
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Question: What chemicals are used on hydro lakes?

Answer: One of the better chemicals is "Abate.'" This is used on several lakes
at the present time. DDT at the rate of 0.1 pounds per acre was used at one
time, but this has been discontinued. A mixture of No. 2 fuel oil and used
transformer oil is used by two electric companies. The oil is applied at the
rate of ten to fifteen gallons per acre.

Question: Are any of our people using the Humble 01l product?

Answer: Yes, they are using it.

Question: Is Flit '"MLO" being used by any of our countiles?

Answer: Yes, Mr. Howie is using Flit-MLO in Mecklenburg County. This is a well-
organized program.

Question: What is the nature of the material that has been referred to here?
Answer: Flit-MLO is one of the fractions of fuel oil. The various petroleum
fractions were tested, and the most larvicidal fraction is sold as Flit-MLO.

I believe that this material also contains a spreading agent which will allow k
the use of 2-3 gal./A. for control rather than 10-15 gal./A.

Question: 1It's better than $2 a gallon, isn‘t it?

Answer: I don't know the exact price.

Question: In Virginia it's 90¢ a gallon in 55-gallon drums, but it's about 60¢
a gallon if you buy 6000 gallons at a time.

Answer: But compared with 15¢ or 20¢, that 1s considerable.

Question: But if you put on five times as much as you need, you are going to
break the bank.

Answer: That i1s what you have to watch when working with a one-man project.

Water management is the first approach that we take. This involves either
ditching or filling to remove the water that might puddle.

In the control of Aedes and Psorophora mosquitoes which lay their eggs in

depressions which would £ill after a rain, the removal of this water within
five days is essential to prevent breeding.

The eggs of mosquitoes that are deposited on the ground usually require a
period of several days in which to "ripen.'" If these eggs are flooded before
the eggs become mature, they are usually killed. In the case of Aedes cana-
densis it appears that the eggs must also pass through a winter or prolonged

cold spell. Aedes canadensis may be found in the same depression after several

fillings and dryings which gives the impression that there may be several
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broods a year. In most mosquitoes of this type, not all eggs will hatch at the
first flooding or the second or third. This is probably a survival mechanism,

Culex quinquefasciatus, the Southern house mosquito, as was stated pre-

viously, breeds in polluted water and that contained in artificial containers.
0ld tires that are lying around in the yards or are covered by a honeysuckle
patch appear to be the principal offender. (Environmental sanitation to control
mosquitoes started our section in the garbage business.) Mr. Oates showed you
some slides of drainage in subdivisions which is primarily aimed at Culex

mosquito control.

In the mountains arocund several of the TVA lakes, we have Aedes vexans.

These lakes are holding lakes which may be drained during part of the year.
The mosquitoes lay their eggs on the floodplain. When the eggs are flooded
during the summer, the mosquitoes may become a problem.

The species, Aedes sticticus, a floodplain mosquito is very annoying in

some areas of the state in the spring. These mosquitoes emerge from eggs that
were laid the previous year in the river and stream bottoms. The first flood
in the spring usually produces the greatest numbers of this mosquito. It is

a vicious biter and will fly as much as ten miles.

Question: I know very little about the disease~transmitting species. How
many species are important disease transmitters?
Answer: Mosquitoes probably transmit more diseases than any other insect

because of theilr blood-sucking habits.

Anopheles gquadrimaculatus is the malaria mosquito in the eastern United

States. Aedes aegypti is the transmitter of yellow fever and dengue. The Aedes

mosquitoes are probably responsible for the transmission of California

encephalitis. Culex quinquefasciatus is probably the principal transmitter of

St. Louis encephalitis, although this disease has not been found in North
Carolina., Western encephalitis has been found in North Carolina, but what

species is responsible for transmission is questionable. Culiseta melanura

is probably responsible for most of the transmission of eastern encephalitis

in North Carolina.

Comment: Culex quinquefasciatus was responsible for the transmission of

St. Louis encephalitis in Houston and Dallas.

28




Comment : Heartworm of dogs is also transmitted by mosquitoes.

Culiseta melanura is very abundant in our Coastal Plains following pro-

longed wet spells which £ill our swamps, baye, and pocosins. Most of our
encephalitis has occurred in those counties adjacent to the coast. Most of
the water that falls into these fresh water bays and pocosins must go either
up or down; there is little surface drainage. We have been attempting to pro-
vide drainage for some of these fresh water bays. In the 1956 encephalitis
epidemic about 900 horses contracted the disease with one possible human case.
During the last epidemic there was one known human case and an untold number
of horse deaths. ‘

It was during the last epidemic of eastern encephalitis, in 1965, that it

was established that Culiseta melanura is a transmitter of the disease to horses.

Prior to this time it was thought that C. melanura only infected birds. This
mosquito is easily disturbed and will seldom attack an animal that is moving
around. A horse will sleep in the field and will probably be attacked at that
time. One C. melanura was captured while feeding on a mule. This mosquito was
proven to be infected and to also contain mule blood. The mule contracted the

disease.

Comment: It was two or three o'clock in the morning before you got those that
bit the horse.
Answer: Yes, it was late; that is correct.

Question: Don, you mentioned the Charlotte Aedeg sollicitamns. I know that they

are found in Kentucky and other inland places, but I just wondered how you
figure he got there or she got there in the first place. I mean, what is it~--
about 250 or 300 miles from the coastal area?

Answer: Well, I traveled from the coast to Raleigh and swatted them in the
car in Raleigh, so I think that is probably the way it happened. Someone
living in the area had been to the coast. They were probably South Carolina

mosquitoes. Most people in that area go to Myrtle Beach, South Carolina.

The interesting part of the story to me is the presence of the Sodium ion.
In Kentucky I believe it is salt from slag piles. The female mosquito is
stimulated to lay her eggs by the presence of this ion. Once the eggs have

been laild and have ripened, they will hatch in fresh water. On our coast we
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seem to have more mosquitoes following heavy rains during the summer than we
have following storm tides. There is enough salt in the soil to stimulate egg

laying so that all that is needed is the rain water.

Comment: I did a paper a while back on the distribution of Aedes sollicitans

and A. taeniorhynchus in the United States, and there are many inland records

in addition to Kentucky. In Illinois where oil wells are dug, the salt water
comes up with the oil. A. sollicitans must travel sufficiently far so that if
a likely place occurs, eventually the females will find it. There are records
in South Dakota and Nebraska; for example, at Lincoln they have several salt
wells that are drained into the marshes, and they have a good crop of A.
sollicitans in those places. So wherever the chemical conditions can be
created they will find it. They have tremendous dispersal abilities.
Question: You named half a dozen fresh-water mosquitoes. I assume these are
disease carriers. Are there primary disease carriers among the salt marsh
types of mosquitoes?

Answer: Indications are that A. sollicitans is a good transmitter of eastern
encephalitis. To emphasize this, at Ocracoke during the 1956 encephalitis
epidemic many of the banker ponies died. More than 900 horses were lost in

North Carclina that year. Aedes sollicitans and Culex salinarius are the

principal mosquitoes at Ocracoke, although Culiseta inornata was recently

found. Other mosquitoes may be present but not in numbers.

Comment: Just across the inlet there are a variety of conditions among the
dunes,

Answer: A few other mosquitoes may be present but have not been reported.
Question: How conclusive is yours or anyone else's published evidence that

A. sollicitans is a carrier? Have you actually found it to be a definite
carrier?

Answer: It has been demonstrated in the laboratory that A. sollicitans is a
good carrier. As I remember, there have been only one or two cases where wild
A. sollicitans have been found to be infected.

Question: 1Is that human encephalitis or animal encephalitis?

Answer: The encephalitides referred to here are the Arboviruses which are
eastern encephalitis, western encephalitis, St. Louils encephalitis, California
encephalitis, and possibly others. Eastern and western may be transmitted to

either horses or man.
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The bird is the primary host for eastern, western, and St. Louis encepha-
litis and is transmitted by mosquitoes. There is brain damage in the animals;

and if they are not killed, they are usually a dummy.
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DUKE POWER COMPANY

Mr. George T. Swearingen
Manager
Environmental Health

After listening to what you said and what Don Ashton said, I don't know
if Duke Power Company didn't have the first organized mosquito control program
in the state. | '

Approximately fifty years ago Duke recogﬁized the importance of pond sani-
tation and mosquito control on its impoundments and founded a Health and Sani-
tation Department. We try to stay abreast of the change in times and titles in
this department, and today this department is known as the Environmental Health
Department. In this department we are primarily concerned with pond sanitation
as well as mosquito control along with water supplies and waste disposal
systems around our construction and plant sites which is both the hydro and

steam stations. With the breeding of the Anopheles quadrimaéulatus on the

hvdroelectric impoundments during the "malaria years," control measures were
introduced and have continued each year during the mosquito-breeding season.
This activity has continued to increase for the past fifty years through
development of the Catawba River Basin. The size of our program is still .
increasing with the acquisition of Lake Greenwood in South Carolina a few years
ago. We also have a tremendous development down there known as the Keowee-
Toxaway Project in Northwestern South Carolina in which we are building two
impoundments. Actually, there are three lakes. There's a canal, very similar
to the situation we have at Lake James, that connects several rivers and makes
two impoundments into one. Then we are also involved in the Belews Creek
project between Winston-Salem and Greensboro.

At the present time I guess we're carrying out survey work and larviciding
programs on approximately twenty-five hundred miles of shoreline in North and
South Carolina. I den't want to differentiate between the two. I want to put
this in as South Carolina because this is as much a part of my program as what
I have in North Carolina. Practically all of our mosquito control measures are
accomplished by larvicide crews using boats equipped with power spravers. We
also have mobile truck mounted units. We use some hand sprayers and occasionally
small mist blowers. Incidentally, we are following the recommendations of the
two State Medical Entomologists in our program. I like to have our larviciding

crews work the same area, if at all possible, because they are more familiar
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with potential problems in those areas. The knowledge of sloughs, shoals,
rocks, creek runs and shallow areas is very necessary for an efficient opera-
tion in addition to protecting men and equipment. We have daily worksheets
for all crews to prevent overlapping. They also furnish us an accurate volume
record of the larvicide applied, the area covered, the time the work was done,
and the crew involved. We try to operate on an eight-day cycle-~larviciding
every eight days--but occasionally, we'll vary a day or two according to rainy
weather or other situations that come up to prevent us from getting around
normally. We are using transformer oil and No. 2 diesel fuel at the present.
We begin to start these larviciding operations in early April and continue
throughout the breeding season which usually ends sometime in October or the
first frost.

We have some twenty-two cities which draw their raw water supplies from
our reservoirs so we must be very careful what we use in the way of insecti~-
cides and herbicides. We bypass the water intakes by approximately a quarter
of a mile, depending upon wind direction at time of larvicide application.

We are not using any of the chlorinated hydrocarbons or stomach poisons. We do
use some herbicides to a limited extent following cutting operations on our
shoreline maintenance. If you cut willows, sweet gum, or some of the others,
and you do not poison the stump, you may expect the density of the growth of
the sprouts to be ten times the original problem. Now we're doing some work
down in South Carolina on Lake Greenwood at the present time. I think we've
counted eighty-six sprouts on one sweet gum stump which was about eighteen.

or twenty inches in diameter. Well, this goes to show the density and how

fast this stuff will grow--six, eight or ten feet in a year. It will come
back on you that fast if you don't poison the stumps,

We're even trying a different method of permanent control. The first
thing T saw on it, I believe, came from TVA. We have a flat bottom that has
gilted in for many years in the headwaters of one of our reservoirs. This
bottom is only flooded during periods of high water or very heavy rainfall.
Since most of the depositéd soil is topsoil from the surrounding mountains,
this bottom supports a very dense growth of weeds, briars, vines and other
undesirable plants during the growing season. Last year I talked to my boss

and the forestry people in the company, and we decided that we would trv to

plant bald cypress on this. So we put out about 600 seedlings per acre. In

a few years we'll be able to tell whether this will help us any or not. I
hope it will.
34
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I sincerely believe that the solid waste problem on our properties, created
by people who live in close proximity to our lakes, is responsible for more
mosquito nuisance situations ﬁhan our lakes have created for many, many years.
I would certainly listen to anv suggestions that any of you may have concerning
this problem.

The Duke Power Company owns some 300,000 acres of land and the watershed
area surrounding our reservoirs. The majority of this land is in improved
forests that are managed and controlled by graduate foresters. This forest
management program not only makes money on the timber operations, but the
quality of the water in our reservoirs is greatly improved. In fact, a few
years ago the lakes were red before we started this program, approximately
fifteen or twenty years ago, and today most of them are blue unless we have
extremely high rainfall at certain periods.

1'd also like to mentioﬁ that We have an environmental test section. I'm
proud of my department. They used to be combined, but they've moved this to
the Steam Department now. This section monitors our reservoirs on a standard
frequency for such things as temperature, dissolved oxygen, pH, total Fe,
total manganese, turbidity and BOD. I don't want to steal any of Mr. Cornell's
department's thunder, but Duke Power Company is one of the participants in a
joint study on thermal effects; in other words, heated water disturbance in
the steam section. The Division of Inland Fisheries of the North Carolina
Wildlife Resources Commission is also participating. ‘

Much of our effort on mosquito control at Duke Power is put into source
reduction if it is at all feasible. If there is a good permanent solution,
we prefer this method over continueus temporary operations any time. We are
also aided in our mosquito control efforts by the drawdown on our impoundments
and the heavy boat traffic created by fishermen and other pleasure seekers.
The shoreline development of cottage sites is one of the most permanent and
economical means available to inhibit mosquito breeding.

I believe if I had to take my choice of all the things that make my job
easy I would say that it is shoreline development by cottages--leasing these
lots to individuals at a very nominal fee to establish seme recreational
family aspects of the thing. That keeps the shoreline clean. 1It's funny, but
people will litter anywhere but their own front yard. So consequently, we

have pretty clean shorelines where we've leased these lots.
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In closing I would like to sav that world travel being what it is. today,
we are only a few hours away by air from many malarial areas of the world.
Returning servicemen from Vietnam and Peace. Corps volunteers may also harbor
the malaria parasite. With these potential threats and the ever-present
potential threat of the arbor-virus diseases, we see the need for a continua-
tion of an active and intensive mosquito contrel program‘bv Duke Power.

If any of you have any questions, I'll be glad to try to answer them.

Question: George, I wish you'd elaborate about the planting of the seedlings
and the effects you're hoping to receive.

Answer: This bottom has about forty acres in it., It's at the head of Lake
James, and there's two or three natural drainage sloughs that come up in this
thing. Well, they flood; and when the lake's right . at the full pond level,
the only thing that's flooded is these sloughs. If we then have a heavy rain-
fall in the mountains and the pond is full at that time, it floods this basin.
That's when you have trouble from the Aedes and Psorophora. John knows this.
I1'1l1 bet he's very familiar with that bottom I'm talking about. On the briars
and canes and honeysuckle, blackberry vines and things of that nature, they
get up to five, six, or maybe eight feet tall in this bottom in the summertime.
It's hard to get in there to control it. The only way I see to do it is to
apply herbicides by airplane. It's fairly boggy out there when the lake is
full because the water table is so near the surface. We thought that maybe

we could plant these cypress. and shade this growth cut; then we could control
the growth and also lower the water table a few inches. We decided to try it.
We may regret it, but I hope not.
"Question: - How is the cypress doing?

Answer: They're doing just fine. I think we've got a 90 percent survival,
Dr. Knight, and they were tremendous seedlings when we got them. I think they
came from somewhere in Georgila, and thev were about that high when we planted
them. I guess some of them look like that new.

Question: Are they growing fast enough to .outgrow the brambles?

Answer: Well;, we've disced part of it this vear, and we're going to cut some
of this out later in the wintertime when the ground's frozen. . That would
probably be the best time to get in there.

Question: To what extent do you get Aedes vexans?

Answer: At times I guess we're just popular. I guess I have as many complaints

from vexans as any other mosquito.
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Question: Do vou have any other pest?

Answer: Well, yes, Soéme of the older reservoirs where you have a tremendous
amount of organic matter on the bottom.

Question: You don't practice water elevation management?

Answer: Well, it's kind of difficult. If all of our reservoirs were the same
size, it would be much simpler. They figure it's cheaper to maintain a con-
trol program over all the lakes like we're doing than to try to do it with
water management. The flow of the power is small, and we don't have the water
they have in TVA.

Question: You began the Anopheles quadrimaculatus when?

Answer: Last summer--last fall, in fact it was in October--on the new lake
down in South Carolina. We larvicided the entire summer and had pretty good
success. About the 20th of October we had about two weeks of warm weather.
Frank Arnold from South Carolina called me and said, "George, you've got a
little trouble up on that new lake." I said, "You've got to be kidding."

He said, "No, go down and take a look." So I went down and took a look, and

1"

we actually had the biggest hatch of "quads" I've ever seen since I've been

with the company. That was about the 20th of October. It just shows you that
if you have a late fall what kind of problem you can get into.

Are there any other questions? Thank you.
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CAROLINA POWER AND LIGHT COMPANY

Mr. A. C. Harris
Superintendent .
Blewett Tillery Hydroelectric Plant

Our program at the Tillerv plant was laid out by Mr. Don Ashton several
years ago, and it's been a planned program since 1940. Before that, we used
a little oil on the trouble spots. When the shoréline began developing, we
started a program to try to do away with the larvae before the mosquitoes got
there. At the present time we are doing this by contracts with the Wilson
Tree Company, and it's patrolling the area on a seven-day basis. They now
work four days a week, ten hours a day and cover 125 miles of shoreline on
patrol. For spraying we're only covering about ninety-two miles betause the
shoreline is real steep, and we've got water activity. Another thing, the
lake's water elevation fluctuated in the year and a hzlf I've been there about
ten inches, so we haven't had too much of a problem with it. We're using hand
sprayers in the areas that are developed to work arcund.thé cottages. In the
canals and in what marshland we have, we use boats. Our biggest problem and
the most expense has been controlling the vegetation. We start cutting rights-
of-way about the last of January through the time we start seeing signs of
mosquitoes, usually around April 1 to April '15. Then we start spraying. This
continues through October 15 and sometimes up to November 1. We continue
spraving and go back to work on the rights-of-way until the weather gets so
bad you can't work in there.

We've built a lot of the cooling lakes at our steam plants. One of the
most  effective things we've found to control erosion of the dikes has beén
asphalting the banks. This has worked very well. The mosquito is really a
rarity. At the Lee Plant in Goldsboro, we have around 300 acres in the cool-
ing lake. Of course, the water level is constant, and we have asphalt ten
feet, I believe, up the bank and have no Vegetatibn problem. We have to lower
the water about every three years and patch some asphalt, but that pretty well
takes care of the mosquitoes.

On the Tillery lake we have a two-man crew working out of a boat. It
costs us about $500 a week to kéep this crew going which we don't think has
been excessive for the program Mr. Ashton has laid out. The fellows don't

know the names of the mosquitoes. All they know is that they can see them
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fly, and they have been able to identify the larvae. We have a daily report
they £ill out. Out biggest problem is beer cans and tires around the
undeveloped areas, and we even clean those up as we go along. We have some
pasture land that runs down to the shoreline, and the animal tracks have
made a breeding ground. We watch that real close and have been able to take
care of 1it.

We have one cooling lake up at our Skyiand plant near Asheville. The
City of Asheville has leased that lake for recreation and is taking care of
the mosquito control up there. They are using--what I was able to find out--
a smoke generator in there. |

I wasn't able to find out about our Roxbore plant, which is near here,
The lake is leased by the county for recreation, and to my knowledge there's

no control there at the present time.

Question: The smoke generatorIYOu just referred to, what chemical do you use?
Answer: We don't use any chemical, just the fuel oil injected for the machine.
We tried DDT after the war at Tillery, but according to repofts that I've been
reading, it was dropbed after two or three years, wasn't it?

Comment: I believe it was drepped“the first‘yeer, The reason was that in |
order to put DDT out you had te ﬁse a very fine mist from a nozzle. To get
the spoets in your lake you had to shoot the oil four or five feet, and if
that's against the wind, you've lost.

Question: Are you going to be limited in using’the‘smeke generator by concern
over air pollution? ’ v

Answer: That's a good question. We don't know what we're going to do about
air pollution. That's going to be a big thing, and there's a question of
whether a lot of the electric comparnies are going to be able to stay invbﬁsi—
ness if they comply with all the regulations. '

Question:‘ What,chemicals are vou using as larvicides?

Answer: Not anything. We're using No. 2 fuel oil and motor oil. When we
have transformer oil, we use it because 1t doesn't cost us anything. The
reason that burned cylinder oil and transformer oil were used in the beginning
was that it ieaves a beautiful film on the water, and the men could see where
they had gone. If you use néthing but No. 2 fuel oil, you can hardly see it.
If you add a small amount of used cylinder oil, it gives a beautiful rainbow

appearance; and you can see it as you're moving along. That's the reason.
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Question: Does this conflict at all with your recreation?

Answer: Not at the rate that we put it out because it evaporates very quickly.
The motor oil actually is about 20 percent of the volume. Some places don't
like to put it in at all because it has to be strained, and it clogs the nozzle.
I think we're mixing it fifteen gallons to 135. I believe that's our mix, and
we put out about 150 gallons a day. I had onlv one complaint last summer with
25 percent of the shoreline developed with cottages. I took the mosquito man
and went up there, and we found a trash pile sixty feet from the cottage. It
was full of larvae. We sprayed it out and just showed it to the lady and con-
vinced her. That was the best publicity we ever had.

Comment: The biggest complaint we've had at Tillery is the dairy farms where
the animal tracks go down to the creek. When the cattle water, there's always
a nest of mosquitoes between those tracks. This has caused the most trouble in
the beginning. He was always complaining of mosquitoes, I guess, to get you
folks to go in and spray.

Comment: Well, I think he was complaining about something else and just used
the mosquitoes.

Question: Where cooling lakes are concerned, is there a temperature cut-off
point where mosquitoes no longer will breed and you can ignore it?

Answer: I don't know.
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UNITED STATES ARMY

Captain Darwin Palmer, MSC
Entomologist
Fort Bragg, North Carolina

It's been a pleasure for me to come up'here today and learn some things
rather than to tell you any earth-shattering things youvdon't know. I was
surprised to come before the Navy. I figured they'd just put the Army first
because it started with an A, and they didn't realize that a Captain in the
Army is not quite as high as a Captain in the Navy. Probably, the secretary

didn't realize that.

Comment by Dr. Knight: Captain Palmer, I'll tell you why we did it. I'm an

ex-Navy man; and if we had put the Navy first, it would look like a little

favoritism there.

I'd like to tell you a little bit about my background. I went to the
University of Delaware and have a B.S. from there in Entomology. I was fortu-
nate enough to get a direct commission as an entomologist in the Army, and
I've been in for several years now. I'm planning to have them send me to
graduaté school. I'm keeping my fingers crossed to see‘what happens with the
fiscal year appropriations. They're supposed to have a meeting sometime before
July 1. You never know when it's going to be. Then they'll let me know what
the story is.

. This is the way things look at Fort Bragg. We have the Post Surgeon who
just happens to be the hospital commander at this time and has a number of
people on his staff, one of which is the preventive medicine officer. I work
for the preventive medicine officer in the preventive medicine activity, and
we're responsible for surveying the post for arthropods, vectors of disease,
‘and informing the Post Surgeon of any problems. Then, he informs us to take
care of them. The Post Engineer has all the equipment and all of the personnel
for this insect and rodent control, as he has the Entomology Services under
his direction. There are two supervisors and about ten men in the Entomology
Services Shop. These are the men who do all of the spraying and the work;
these are the low-paid individuals. You never know exactly what they're going
to do--you know this from personal experience in your own activities. When we

find an area that we believe needs attention, we get together with the people
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at Entomology Services, work with them, show them where the trouble spot is,
and they treat it. Other than our recommendations, they have pretty good
systems already in effect. They have trails throughout the woodlands where
they go with a mist machine for adult mosquito control. They also have men
who are responsible for larviéiding any particular spots. They use malathion
for both of these purposes, and they have fogging each evening from about
eight to ten o'clock starting about May 15, and they use dibrom for this pur-
pose. It's better than anything else we have available. Fogging might work,
as you know, for a few hours, but other than that everybedy just thinks it's
helping out, '"the psychological effect." Well, I can't really see any long-
lasting effects, and I don't think anybody else has been able to show any
long-lasting effects. Once in a while we get areas we can recommend to have
filled or drained, but other than that I think it's more of a future item of
interest to stop using pesticides and start using some good long-range sense
in that respect. o

If there are not any questions, that's about it in a nutshell--what we do

at Fort Bragg.

Question: What type .of surveillance work do you do?
Answer: We have mosquito light traps. In these we use dry ice about once a
week trying to increase our catches with the carbon dioxide produced. We have

' you might say, which we do lérval collections all along,.

a regular "route,'
Once in a while we have adult resting collections and adult biting collections.

We used to run a Black Jar Oviposition Study for the Aedes aegypti. In fact,

we did last year. We've never found an adult, A. aegypti; however, two years
in a row we found some aegypti eggs. Other than A. aegypti we find Aedes
triseriatus in these artificial containers. We work on a complaint basis also.

If someone complains, we get to the area and see what we can find. We have a

lot of problems with the Psorophora species and Aedes vexans. Other than that,

we don't have any problem mosquitoes.

One thing I left out that I'd like to add--for instance, in 1968 we had
402 people--Vietnam returnees-- come down with malaria while they were at
Fort Bragg. It was what you might call a relapse, and these people were in the
hospital for a certain period of treatment, and it's just amazing to me and.

some other people.that we haven't had introduced malaria crop up on.us at Fort
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Bragg. A lot of the conditlons are good, but I guess all of them didn't fit
together properly. We have manv areas that people go on training exercises
just routinely, and 1t would be no problem at -all to introduce malaria para-
sites into the mosquito populatien and have mosquitoes introduce it back into
the troop population. We've just been very fortunate to avoid it. They've
had it right near Fort Benning--they've had some cases--and down at Fort
Campbell or Fort Knox they've had introduced malaria, and at Fort Stewart

in Georgia so we've just been very lucky. Our Anopheles population is quite
small at Fort Bragg.

Question: Do you usually spray in the areas where the patients are kept and
are the patients kept in one single location?

Answer: These people are in the hospital and are on the eighth floow, 'and

it's all air conditioned. We don't have any problems with those. Where I
consider a problem is when they're out on these field exercises when the fever
starts.

Question: Mr. Palmer, do vou see very much of a potential for these people
who have had malaria after they are discharged from the Army? Possibly, they
come back into civilian life and get off the medication; then, a relapse may
occur, We've been very concexned-about this in the State Board of Health

about getting introduced malaria.

Answer: Yes; sir. I think there probably is a likelihooed for that to happen.
The big problem that we've had with people who get out of the service right
after they returned from Vietnam, they probably wouldn't take the pills. The
big problem we had for a while all through the Army was. that people would come
back after being evacuated with some type of injury or wounds, come back to the
hospital, and after a couple of weeks they come down with malaria. . The reason
was they'stdpped using the pills. In fact, when vou leave the country, they
usually give you a little bottle and tell you to take them for eight weeks, and
what_happened, they got evacuated through different channels, and they never
got the pills. The hospital just neglected to start them on chlorequine-
primiquine, and they had a very serious problem because nobody thought about

it until they started looking back at the situation. These people are just.
neglected, I think it's going to continue to be a problem. I don't know if
there's really anything vou can do about personnel who get discharged and don't
take their malaria pills.
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Comment: We think the best thing we can do is to keep the mosquitoes away from
them.

Answer: That's right.

Comment: A few years ago when I was down. at Bragg talking to a medical officer
there, they were letting the ambulatory malaria patients go around.as they
pleased. They had to report to the hospital each day or whenever it was time,
and thev were watched taking the pills. I think that probably helped in that
respect. Another thing I heard down in Atlanta a while back was that if a man
does get out of the Army and does come down with malaria, they say he'd better
go back te a VA hospital or to an Army hospital rather than to a civilian
hospital because they (VA and Army) can recognize the malaria. If you don't.
recognize the malaria, you don't know to treat the patient for malaria,

Answer: The civilian hospitals in the United States don't know what malaria
is. You almost have to twist an arm to get them to run a blocd test.

Comment: After World War II- they put a hospital up near Asheville in order to
take care of all those people whe had malaria. There aren't too many who know,
but they proceeded in selecting a site right next to a quarry with all the pits
in there, and I think it was about six or eight hundred feet from the breeding

site of the Anopheles gquadrimaculatus and another place up there where: they had

quads was the recreation area, the lakes—--that was the place where they let

the patients go! So I tell you, there's a lot of luck in it. The classic
example heard about after the Korean Conflict was in California where all these.
campfire girls got malaria, and they traced it back to one veteran who came back
and camped out in the open. He had malaria and transmitted it to these mos-
quitoes, and California couldn't understand why cases kept popping up in dif-
ferent parts of the state. Then thev found out their own campfire girls had
all been in this one place.

Answer: I'm sure in the future we're going to have some introduced malaria in
North Carolina; wyou'd think it would be the military personnel bringing it

back, but there's a lot of Peace Corps people and with the way international
business is now, the business people are the ones going out and not taking any
chemophrophvlaxis at all and being in a malarious area and ceming back with
malaria. We have people, for instance, those who have been in Africa, and they
4ust didn't know they were supposed to be taking malaria pills!

Comment: I've heard a lot of people comment about the malaria problem in the

military, and I think that it is really wonderful that the level has been held
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as low as it has. I think you've done a splendid job and really deserve a pat
on the back. The people that I've talked to know more about this than I do.
But I've talked to a few people who have treated a few malaria cases, and they
think the military has done a splendid job.

Answer: One interesting thing that the Armv tried was testing the chloroquine
residual in urine. Just arbitrarily they'd grab fifty or a hundred people out
of the mess line and test urine samples to see if there was any residual or
what you would call a trace of chloroauine, and they found out that the next
time they went back to test the same people the number of negatives were cut
in half fust because these people know there was a way to see if thev did not
take the pill. That's pretty good, vou know; vou didn't have to do anything
more than test the people, and they realized there's a way you could find out
if they had taken their pills. One interesting thing you might think about

is that these people who are getting malaria are alwavs the field troops that
are out without any screens or anything else, and thev don't want to spray;
they don't want to wear any repellant because they think the NVA Army can
smell the repellant. There's all kinds of stories going around, plus these.
guys that know that it is nicer in the hospital or where they send them for
treatment. When you get malaria, you get a month off, you know, at a hospital
right next to the ocean, and it's a lot better than being out and getting
rained on every day. But you can get a lot of people who are willing volunteers
to come down with malaria. In fact, they probably pray for it every day.

You know, when night comes along you're supposed to roll down your sleeves;
well, they probably would take their shirts off if it would do any good. I'm
not kidding you. But that's the way the situation is. Of the people who get

malaria, half of .them want to get it. So that's a Big problem there.
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UNITED STATES NAVY

Captain John M. Hirst, MSC
Entomologist
Naval Medical Field Research Laboratory
Camp Lejeune, North Carolina

Thank you, Ken, I'm not an expert on mosquitoes. I'm only an expert in
getting elected to office. With all due respect to the person who preceded
me, most of the comments were directed toward Army personnel. The Marines
would never volunteer for malaria. With the amount of equipment we make them
carry here, they don't mind getting rained on a little bit. I think our
Marines learned early about this chloroquine test, and they always carried a
few extra pills with them so that.only the first four or five urine samples
showed an abstinence and by that time knew the purpose of the test and had
their pills with about four cups of coffee. Most of our mosquito control
program in North Carolina is controlled by the same regulations. I wanted to
bring this up because there are many people here who have not been with the
military for a while, and what has changed our program and almost every military
activity is based on regulations that have been developed by the Department of
Agriciulture and HEW since about last July. Although there are still points of
difference between those two agencies, I think that we in the military have
recently published what we think they will require of us in a short period of
time. We have not had DDT and some of the hard chemicals taken away from our
arsenal of products, but the uses for these will be in keeping with the Depart-
ment of Agriculture's laws. As a result, however, at some of our bases-=-not
the North Carolina ones--but on some of the bases where they never knew any-
thing ever but DDI, thev'll probably go to plain oil which will be a great
boom for these programs. At any rate the bases in North Carolina are all
Marine except for some small Navy facilities; so some of my comments will
concern large activities like the Marine Corps Base at Camp Lejeune which
houses the Base personnel, the Second Marine Division, Force Troops and their
related military activities. On that base is also the Naval Medical Field
Research Laboratory to which I'm attached and the Naval Hospital so at the
moment we're boasting a population of about 80,000 people. This is a popu-
lation bulge, and it makes us agree with the definition that a 'pest is any-
thing that is too numerous." I mean, now we have become our own pests there;

we have created problems. I suppose now we'll have some even greater ones
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since if you've read the papers recently, that whole area will be a partici-
pating factor in a project which started this week and will last for the entire
month of May. Although it takes place all through the Atlantic, in the Carrib-
bean, its headquarters and its center of operatiocn is there. 1It's called
Exotic Dancer III to give it a nice, friendly title; but as a result of that
we'll have even more people. From there they will go back to all parts of the
world from which they have come for this test. This will be an exercise
including Army, Navy, Air Force and Marine Corps--great numbers of people. I'm
sure that there are mixed with them many people who have had Vietnam duty.

Our problems will be really magnified during this next month period.
Cherry Point is no exception from this, then, although it doesn't lie immedi-
ately adjacent; it has its own complex of problems. Cherry Point houses all
people of the Marine Corps Air Station, but even a larger contingent there is
made up of almost all military, the Second Marine Air Wing. The Base may have,
as you read in the papers; some 3000 civilians which might be cut to half that
number soon. The Wing, being nearly all military, may suffer small losses at
least at this time. These are the two large concentrations of military people
related to the Navy and the Marine Corps.

The many acres that they cover for a long time were considered temporary
since nobody up the ladder had ever said, "This is going to be a Marine Corps

' so as long as it's

air station now and next week and ten years from now,'

called temporary in the militarv, it's very difficult to get an appropriation

to do a permanent type of mosquito control. You can dig a temporary ditch to

drain the water from the parade ground, but to dig the ditch for mosauito

control requires an appropriation. You can't get an appropriation for perma-

nent mosauito control on anv militarvy base if it's called temporary activity.
Well, that is not a military ruling. It is a ruling made by our civilian

administration. I think we'd better remember one of the finest things about

the military in the United States is that it isn't run by the military. So

it's the civilians that tell us that "you can't have an appropriation to do

that." If we want to do a big permanent mosquito job that might cost $20,000,

it's doubtful if we could get it approved in two years. In the two-year time

it takes to get it aporoved the cost has increased at least 50 percent so when

we do get the money, we can only do two-thirds of the job. Now these are things

we would have to face. I always thought, '"Gee, the military can do anything.

They have all kinds of equipment, all kinds of money and all kinds of people,'
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and they do. But what they do and when is dictated by the civilians. I'm glad
it is that wav, but I'm sometimes embarrassed to explain it because people just
can't understand.

So at the moment we are faced with two words. Only one of them has been
used here so far when George mentioned 'permanent" control by the planting of
the trees. We are now able to do permanent control measures on bases which
are considered permanent bases provided we can justifv the work in relation to
everything else that has to be done.

For "temporary'" control there is still too much of that in effect, and I'm
sorrv that it is so. We have the same experience as you mentioned where we
are using thermal fog machines. Several years ago that technique was declared
obsolete for militarv use except for certain purposes for which it is now
being restricted. Instead, we developed what is called a non-thermal aerosol
generator which to the average military man is still called the "fogger." It
puts out a very fine mist, There's no heat involved, and in North Carolina we
are now using dibrom both at Cherrv Point and at Camp Lejeune for more or less
poorly scheduled programs, where if we have a man who 1s supposed to get forty
hours' work this week and it comes Thursday night and he doesn't have it all
in, we bring him back on Friday, and at ten o'clock in the morning he'll be
fogging with 91 degrees of temperature and a wind of twenty-five knots. We
have to get him out to get him his pay and let him get his hours. So there
are problems with this type of control, too. Some of the temporary control,
however, I think must be mentioned.

Recently, we were able to encourage our Naval Preventive Medicine Unit
at Norfolk to have a course called Mosquito Surveillance.  This program will
be in May. We are encouraging people from Cherry Point and from Camp Lejeune
to be sent there, but we have the problem again, '"Do we have enough money?"

It looks now like we might send just one from each of those two activities and
hope that those two can come back and teach some people under them to do
mosquito surveillance.

Then, we have the little activities like the one that someone mentioned
in Dare County out at Buxton which has very few acres. In fact, thev've been
getting less and less number of acres every yvear as the ocean eroded away
part of the land. They do fogging on the nights when mosquitoes are real bad.
We have a little radio station out on Cedar Island. It is a very neat and

compact radio station. I don't think there's any land on it that's reall
y y

51



important for breeding, but we can find breeding right where the air condition-
ing units drip outside the buildings. They have mosquito problems from the
20,000 acres that surround the base and the breeding is right outside the
windows where the air conditioning units drip.

These are the activities that vou're interested in here. What they can
contribute is based on perhaps this type of thinking. Instead of looking to
the military, for an example, we must remember that money is not appropriated
to them to set the example. The problems will be the same as in the surround-
ing civilian communities. The answers are going to be the same. I believe
that in most cases, as the surrounding area develops its mosquito control
program-~permanent or temporary as it may be~-so will military be given money
to equal that situation. The temporary controls that were started twenty-five
years ago or more in the Camp Lejeune and Cherry Point area are still being
continued probably in the same manner. The permanent controls have been slow
to develop. The last part is that when a permanent control is built, there
must be a maintenance of some kind. In civilian life when you build anything
permanent and you want to keep it over a long period of time, you appropriate._
for management or maintenance. In the military we cannot appropriate beyond
next year. So vou can build a ditch and say, ''This is going to require so much

' and everybody up topside will agree, "Yes, yves." You say, "Okay,

maintenance,'
it cost me $12,000 to put in this little program. I'd like to have $1,500 to
check it two years from now.'" ''Oh, well you can't appropriate for it now."

So it's more a money problem, I believe, than anything else. But in order for
us to sell it, it must be sold to our civilian overseers, and I believe this
is a proper way to . do it. I'd love to go up and have to justify some of our
projects. They use us because in the research lab we support their problems
in every manner which we possibly can; and frequently, it is through our lab
that we can sell support for certain programs beyond the base level.

My commanding officer asked me to extend an invitation to all of you to
visit the laboratory. Our present commanding officer wants to have the doors
open at all times, and we like to have visitors and encourage you to come and
see how the research laboratory is spending your money in the studies that
are related to amphibious warfare, not only in mosquito control.

Now, last, we are teaching personal control where we know our Marines

are working with Marines who have had malaria and some have malaria. We're

teaching more and more the use of repellents. Protect yourself! This is
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the system within the Marines anyhow:. Protect yourself! As the repellents
become more available and are better understood, their use is being taught
not only to the young enlisted Marines but to their young officers. I believe
we'll be able to see benefits from this. It's a very difficult thing to go

to a front area, I1'll say like a guard post out on the periphery of the base
at Guantaname Bay and say to a marine on guard, "Do you use repellent?'" and

he says, 'Yes, sir." '"'Can vou show me?'" and he says. 'Yes, sir." He knows
right where the bottle is, and he screws the top off and puts a little gleb

in his hand and goes like this and says, "I do that every night, but it's no
damn good." 'Well, how long has that bottle been there?" 'Oh, it's about

a month. We're only allowed one bottle every month out here.'

Now we expect
a Marine to have four of those bottles with him at all times, full; but
locally they make certain exceptions. Marines are not always in an area
that's mosquito controlled--area controlled. Frequently, there are patrols
that are in uncontrolled areas. Then Marines need to know how to protect

themselves.,
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LOCAL INTERESTS IN MOSQUITO CONTROL

Mr, Charles J. McCotter
Administrative Officer
Pamlico County Health Department
Bayboro, North Carolina

One day I had the occasilon to stop at a dock where a number of crabbers
had just recently come in from their day's work; and as customary when a public
official is in a crowd, numerous leading questions are always asked. On this
particular date, a crabber by the name of Elie Sadler said to me, 'Charlie, you
got a Health Department running in the county now; why don't you really do
something for the people--that is, get rid of these darn mosquitoces?" I in
turn gave him the stock answer, that being, '"Gee, I wish we could, and maybe
we will look into it."

Weeks went by and I thought very often about what Elie had to say not

only from his personal opinion but from the overall health and economic aspects.
We in Pamlico County had a very serious problem with the mosquitoes, and it was
even more difficult for me to overlook this problem; therefore, I felt it
incumbent tc start talking to individuals and groups to survey the general feel-
ing which, as you know, can be extremely varied. I teook it upon myself to go
to the tax rolls and take every tenth name and send them a questionnaire which
asked their feelings on mosquito control and the all-important question, were
they willing te pay for this project in cold, hard cash; namely, local taxes.
I was very much surprised that a little over 80 percent of the questionnaires
returned were willing to have a tax increase, and the average amount that they
recommended was twenty-three cents on the $100 valuation; . Upon -a complete
analysis of this astonishing result, I conferred with our local Board of
Health and Board of Commissioners both of whom were very pleased to hear of
this great response from the citizens. V

In talking with a number of the coastal legislators, the general opinion

' and asked a very pointed question, '"Where do we go?"

was, ''Let's get going,'
The answer for this I did not have, but in conferring with numerous other
state and federal authorities and particularly representatives of the North
Carolina State Board of Health, it was recommended that the 1955 General
Assembly establish a Mosquito Study Commission which was done, and a report

was made outlining the problems and needs for coastal North Carolina.
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During 1954 and particﬁlarly the fall of 1955, coastal North Carclina was
ravished by a series of hurricanes that produced mosquitoes in great abundance,
and emergency spray programs were inaugurated by the state in the several
counties which produced excellent results. These same spraying programs were
continued in succeeding years also with good results, but it was our opinion
that spraying was of such a temporary nature. that we needed to consider a more
permanent program, and after conferring with numerous authorities in this state
and other states, we were able to secure some draglines through Hurricane
Disaster Relief Programs for special hurricane relief projects.

In 1959 we inaugurated a general marsh water management program whereby
we could eliminate or to better paraphrase same to retard the breeding of
mosquitoces on our vast marshlands. With 416,000 acres of salt marsh and salt-
killed areas, we had a vast job to perform in the state. In Pamlico County
there are 37,000 acres which was enough to scare the average official because
of the finances involved; therefore, we attempted a long~range program which
at this time we have completed‘approximateiy 80 percent of the total project.

Our local interest remained extremely high, and everyone was requesting
that the draglines come to their area first; therefore, we had to establish
a master plan of going to the general areas that the mosquito breeding was
the greatest and following a general pattern to those areas with less breeding
given the lowest priorities. After a couple of years of this water management
program, I had numerous conferences with Mr. Otto Florschutz, Biolegist with
the North Careclina Wildlife Resources Commission, who suggested that we
inaugurate impoundments into our program, the first of which was a test
impoundment constructed for his agency and which proved extremely effective
not only for mosquito control but for wildlife habitat. After that the
requestvfor impdundments started pouring into our office. These had to be.
evaluated very closely in view of the fact that our cost data indicated that
the average impoundment would cost approximately 49 percent more than the
ditching. This cost factor was not the overriding question, however, as we
realized the great benefits would in the future far exceed the increased cost.

As of March 31, we in Pamlico County had constructed 430 miles of ditches
and 2873 acres of dikes at a cost of $823,000. In January 1968 we realized
a number of our mosquitoces were not respecters of county boundaries; thereby
we entered into a contract with adjoining Beaufort County, and through March

1970 we had completed some fifty-seven miles of ditches and 400 acres of
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impoundment. The Beaufort County project would have been stymied from the
beginning had there not been exceedingly great local interest because as a
number of their citizens stated, '"Little Pamlico is getting rid of their
mosquitoes, why can't we?" Even though the local interest was there to pre-
pare contracts between two counties and two state agencies and to secure

the necessary appropriations will give you many headaches trying to cut the
necessary red tape.

As of this time our interest in mosquito control is probably at its
lowest ebb not only due to the fact that our mosquitoes are much less num-
erous, but in this day of aquarius when so very few citizens have a proper
interest in public affairs, it is getting extremely hard to carry out the
necessary public programs such as mosquito control where a person on one
hand desires such a program and with the other hand is banging the gavel so
hard for reduced taxes. How we can reactivate our interest in such matters
to me is of the greatest concern not only in the field of public health but

in all facets of government. I thank you.

Question: What's the relative cost of upkeep of impoundments and ditches?
Answer: Under the contracts that‘we have on impoundments the Health Depart-~
ment does not maintain the dikes except in the case of a hurricane as defined
by the U.S. Weather Bureau, where the winds exceed seventy-five miles per hour.
Otherwise, it's the property owners' responsibility to keep up the impound-
ments. There's been very little upkeep that's had to be done to the impound-
ments, Some of them are in the position of needing a little bit more. As
far as the ditches are concerned, the major problem we have is neot filling
the ditches, but areas where the myrtle bushes lean over. We still have good
drainage underneath it, Quite a few years ago we tried to design a mowing
machine that would go along and mow these banks, and that's one of the most
fantastic things you've ever seen. It wouldn't even touch it. We are hopihg
to get a program started on that. Our funds are limited now. We did do, oh,
maybe ten or twelve miles of it last summer, and if we can get anymore funds,
we're going to start.that as a permanent major.

Question: Will these come back on you once you mow them down?

Answer: Well, you know a myrtle bush is a very unusual thing. You find that
normally in your high marshlands, but if you have a ditch cut through a piece

of marshland, they would normally grow right out the side of it because in
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Pamlico the general marshlands are some six inches above normal tide. Now the
tide goes and comes everytime the wind shifts, but they will sort of grow out
of the side of that and hang‘over the ditch. |

Question: Could these be controlled by herbicides or not?

Answer: Well, it would be mighty expensive to go up and down them all the

time because you can cut them one year, and they're right back the next. The
only thing you ceould do really is pull the roots out. That does a real good
job, but it's a very awkward situation.

Question: How many people do you have on your tax rolls in Pamlico?

Answer: Taxpayers? Gee, I don't know. There're only 9250 people in the whole
county. '

Question: Any of them you don't know?

Answer: Yes, sir. There's somebody that was moving in yesterday when I was on.
the way out. 1Incidentally, we are getting the most complaints right now than
we have had in a number of years. Somebody must have changed the wind cycle.
The predominant wind in North Carolina at this time of the year is supposed to
be from the Southwest. For the last couple of years it's been shifting around
to the East and Northeast. That gives us a high tide. I assume that's where
they are coming from. I mentioned Beaufort County a few minutes ago about the
mosquitoes coming over—-of course, Beaufort and Pamlico are adjacent to each
other. We have some other counties in North Carolina ﬁhat have not even come
into a mosquito control program. At Pamlico Point where your wildlife impound-
ments are you can stand on Pamlico Point and just a few miles across the river
all of them are coming in from Hyde County where they've never had any control.
They will eat you slam up. But the individuals don't know where they are
coming from. However, just as soon as they come across regardless of how much
work we've done, the phone starts ringing--not the Hyde County phone, it's
still our phone. | »

Queétion: What about educational programs, Charlie?

Answer: Well, there are some people that are not amenable to education. I
happen to be one of them, and all of my cohorts down there are about the same
way.

Question: Can you comment on the amount of chemicals being purchased now by
the counties or by the mhnicipalities? Do you have any insight on that?
Answer: No, sir, I can't. As for Pamlico County, we haven't bought a gallon

of insecticide in eight years. We consider that it is much better to buy
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shingles than to buy pans and set in the livingroom to catch the drip. Now,
notwithstanding the fact that occasionally we don't need some chemicals‘and
need some spraying, but to run one smoke machine for four hours, I can run two
draglines for eight hours. Now Sid and Don can give you some figures on the
statewide basis, but that is our opinion in Pamlico. Fortunately, we have been
able to live with it. Who knows, 1f they get much worse, we are probably

going to have to start spraying. We have said that every year for some years.
We hope we don't and can get by because that is such a temporary measure plus
the fact that the first time it rains you've got to do it all over again.
Question: You said something about 40,000 or 60,000 acres of marsh in Pamlico
County?

Answer: Thirty-seven thousand and that is with the salt~killed area as well.
as the normal marsh. Those figures are taken from our 1955 study report, a
copy of which I think you have,

Question: But it does include the salt-killed upland type of mosquito breeding
areas--not just the true marsh?

Answer: That's right.

Question: Not just the true marshes?

Answer: That's correct.

Comment: The important thing is the percentage here--of breeding--is much, much
higher than it is in, as was said this morning, in some of the counties.
Answer: All whe saw the slides earlier that Keith had, where you saw all the
pine trees and a marsh underneath that. Frankly, if we had started this pro-
gram a few years before we had all of those hurricanes back in the middle
fifties, a lot of this would not have been salt-killed, but the tides came in,
they deposited, the water eventually got out and all the salt left. If they'd
had some ditches in there, maybe it would have been neutralized to, the point

that we wouldn't have had half the kill that we actually had.
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PRESENT AND POTENTIAL TECHNIQUES FOR THE CONTROL OF MOSQUITOESL/

Dr. Herbert F. Schoof
Assistant Chief
Technical Development Laboratories
National Communicable Disease Center
Public Health Service
Savannah, Georgia

Much progress has been made in the development and evaluation of new
insecticides for mosquito control, but the controversy revolving around the
"persistent compounds,' particularly DDT and its related organochlorine
insecticides, has in large part overshadowed the advancements. Considerable
testimony both pro and con has been offered on this topic, much of which has
been scientifically unsound and representative of the extremist type of
reaction.

DDT has been banned in certain states; in other states the use of DDT or
other organochlorine compounds is allowed under certain circumstances. The
Department of Agriculture has cancelled the registratioﬁ of DDT for use in and
around homes and in aquatic environments, marshes, wetlands and adjacent areas
except where its application is deemed essential for the control of disease
vectors as determined by public health officials.

The Commission set up by the Secretary of the Department of Health, Edu-
cation, and Welfare recommended in its report (Anon., 1969) that all uses of
DDT and DDD in the United States be eliminated within two years éxcept those
uses essential to preserving human health and welfare and approved unanimously
by the Secretaries of the Departments of Health, Education,kand Welfare;
Agriculture and Interior.

Fortunately, from the domestic standpoint, DDT no longer répresents a
frontline pesticide in mosquito control. Most abatement districts discon-
tinued DDT applications five to ten years ago. However, DDT has been used

for the control of Culiseta melanura in New Jersey, as a preventive measure

against encephalitis vectors in and around farmhouses in the western United

States, and as a preflood treatment, chiefly in northern United States.

1/ From the Biology Section, Technical Development Laboratories, Laboratory
Division, National Communicable Disease Center, Health Services and
Mental Health Administration, Public Health Service, U.S. Department of
Health, Education, and Welfare, Savannah, Georgia 31402.
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Despite the fact that DDT has been used with safety to man, its further use

in the United States must now be limited to the prevention and control of human
‘diseases and other essential vector control uses for which no alternative
pesticide exists. The evidence that DDT has caused injury to non-target
organisms justified the view that non-essential or indiscriminate applications
of it are unwarranted.

Although the current use of DDT against all disease vectors is limited in
the United States, the same is not true in other countries, particularly those
that have disease problems of yellow fever, malaria, plague, epidemic typhus,
onchocerciasis or sleeping sickness. Some countries, such as Sweden, Italy
and Canada, have issued a general ban against DDT, although it can still be
used for specific purposes. Of interest is the recent information that
Sweden has allowed DDT to be imported for use against forest insects. The
importance of DDT in international public health problems is keynoted by the
recent statement of the Director General of the World Health Organization:

"DDT has been instrumental in controlling some of the most important vector—
borne diseases of man; the concept of malaria eradication rests completely

on its continued use. The record of safety of DDT to man has been outstand-
ing during the past twenty years, and its low cost makes it irreplaceable in
public health at the present time."

Action continues on this entire matter of pesticide environmental con-
tamination, and anyone involved in vector control must make a consistent effort
to keep abreast of changes in regulatory practices (both federal and state) that
could affect his use of these materials. ,

Chemicals have been a major weapon in man's effort to combat ﬁosquitoes.
The role that insecticides play in such control received a major stimulation
with the advent of DDT during the closing year of World War II. Following
this, a great host 6f insecticides were developed by research and development
personnel in the chemical industry. Initially, the materials produced were
primarily organochlorine in nature; they included compounds such as DDT,
methoxychlor, chlordane, heptachlor, dieldrin and aldrin. However, the
appearance in many insect populations of resistance.to one or more of these
compounds led to the development of the organophosphorus materials, such as
parathion and malathion. Subsequently, the carbonate insecticides were pro-
duced, and at the present time these represent our latest tools in the chemical

control of mosquitoes. In mosquito control, insecticides are used in a variety
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of ways, not only in regard to the methods of formulation but also as to the
techniques of application. The formulatioms include emulsifiable concentrates,
wettable powders, solutions and granules. Treatment extends from the use of
hand equipment, power sprayers, and ground fogging units to aerial application.
In this review chemical approaches have been classified according to the .
stage of the insect at which they are directed and the type of application
involved. The relative toxicities of the various compounds are given in

Table 12/,

Table 1. Acute oral LD-50's of selected
pesticides to female rats (mg/kg).

DDT tovossvecocasessonoosannssssnas 118
MethoXychlor vevvvreeonnrssacssanes 6,000
ADAte veviversssrnesararsssvessseass 13,000
dichlorvos (DDVP) ceveusccscncnsasns 56
naled (Dibrom) e.veceecsoccasnseossss 250
DULSDAN svevocscacossasncssoseanons 82
fenthion .cevsevorsesonsrssoscasases 245
parathion-ethyl .cvevvieaverevonnss 3.6
propoxur (Baygon) «eeeeeecoessnesce 86
carbaryl (Sevin) seeeiivacsarennan 500
paris green ce.ieeriicnosresrrenions 100
DYLEthIrum Jeoeeescaaesvosatoncssans 263

Adulticides. Applications applied for the control of adult mosquitoes
are residual treatments, residual fumigants and space applicétions. Follow-
ing World War II, the residual type of treatment was used a great deal in
this country to control the malaria vector in the southeastern United States.
It is still a major weapon against malaria vectors in countries other than
the United States. The principal chemical employed is DDT, although other

compounds, such as propoxur (Baygon), malathion, and carbaryl (Sevin), have

2/ Use of trade names 1s for identification purposes only and does not con-
stitute endorsement by the Public Health Service or U.S5. Department of
Health, Education, and Welfare. ‘ '
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been considered substitutes for DDT in areas where the vector no longer is
susceptible to that chemical. In the United States DDT is not considered
essential as a disease control agent even against malaria, since malathion

is considered equally effective as a household treatment. Although malathion-
does not give a long-lasting deposit on the house construction materials

(mud, cement plaster) found in tropical areas, it is extremely persistent
when applied to wood, the principal material used in this country.

One point about residual treatment is that many of the organophosphorus
or carbamate compounds not only are effective as surface residues but also
produce a fumigant action (Table 2). These compounds were applied to the
mud-lined walls of experimental huts at our laboratory at Savannah, Georgia,
and cages of anopheline mosquitoes were suépended from the ceilings at various
time intervals after treatment. The data also show that some pesticides

(Mobam and BAY 78182) have no fumigant type action whatsoever.

Table 2., Fumigant action of insecticidal

residues (2 g/mz).

Weeks of 907
or higher kill

© PTOPOXUL «evsevrnssavsnssasonnns >20
~Dursban «.iiveiniiiienaianieies. >18
Landrin seevesansconssssasvasas 13
bromophos eeeeeescevessssersnas 13
Mobam seeannacrasssnsssssnannnn 0
BAY 78182 v.iveiievsnocinessnncas 0
BAY 38799 tivivieeinniansaniens 2
PhoxIm v e v e eavennosonssonses 8

The residual fumigants are limited to ome formulation which incqrporates
dichlorvos (DDVP) into resin. Oné resin strip per 1000 cubic feet a room or
similar enclosed area will produce adequate vapor to cause death of adult
mosquitoes therein for periods of two to three months. Obviously, the room -
or space treated cannot be subject to excessive ventilation; otherwise,‘the
threshold conéentration adequaﬁe to cause the death of the mosquitoes will

not be attained. In mosquito abatement programs, DDVP resin strips have been
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shown to be suitable for controlling the production of Culex mosquitoes from
catch basins which in maﬁy cities are a principal source of this mosquito.

The effectiveness of this type of treatment is shown in Figure 1.

FIGURE |

PERCENT MORTALITY OF ADULT FEMALE CULEX
PIPIENS QUINQUEFASCIATUS IN CATGH BASINS.
SAVANNAH, GEORGIA-I963 '
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The major adulticiding practice followed in mosquito abatement work is
space application. Machines, such as the TIFA, Dynafog and Lecog/, produce
thermal aerosols that are used to reduce mosquito prevalence when other
methods have failed to curtail mosquito breeding. Numerous insecticides have
been employed for this purpose, and one commonly used at present is malathion.
Other compounds approved for such usage are fenthion (Baytex) and naled
(Dibrom). Space treatments are designed to discharge inmsecticidal particles
‘that contact the insect in flight. They do not apply a treatment of lasting
effect; the chief effect is to kill mosqﬁitoes present at the time of treat-
ment. When mosquito breeding is heavy, it may be necessary to apply fog
treatments three to five or more times a week., If the breeding potential is
light, a single treatment may be sufficient to reduce adult annoyance to an
acceptable level for a period of two to ten days or more. Data from some of
the studies with different compounds are given in Table 3. These results
point out the fact that the dosage applied may need to be varied depending
upon the species involved, since certain mosquitoes are more difficult to kill

than others (e.g., Gardona versus Aedes aegypti and Culex pipiens
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quinquefasciatus). In addition to the thermal aerosol fog, non-thermal fogs

also can be applied and studies have shown that from an effectiveness stand-

point each is equivalent (Table 4).

Table 3. Percent mortality of caged adult female mosquitoes in thermal fog
tests, 1967,

v 0z./ Test Ae. aeg. Ae. taen. A. alb. Cu. quin.
Insecticide gal. runs 150' 300' 150' 300' 150' 300' 150' 300'

malathion 6 26 94 84 90 52 96 93 61 38
Gardona 4 10 98 87 80 25 71 51 30 7
bromophos 6 16 85 70 44 40 66 61 62 45
Abate 6 8 46 9 7 1 15 9 31 1
BAY 77488 2 66 45 58 41 93 76 24 14
BAY 78182 2 - 8 98 88 78 67 98 94 95 82

Adapted from Taylor and Schoof, 1969.

Table 4., Effectiveness of thermal(T) versus nonthermal(NT)
fogs against Culex quinquefasciatus.

T NT
malathion 94/82% 86/79%
Dursban 95/70 91/80
naled 71/28 75/31
propoxur 43/22 61/22

*First figure represents 7% kills of caged adults
at 150 feet. Second figure represents 7 kills
of caged adults at 300 feet.

In the general concept of space treatments, one of the new developments

in the last couple of years has been the interest shown in ultra low volume
(ULV) treatments applied at ground levels. Before discussing ground ULV

equipment, however, it would be well to consider the aerial aspect since this
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phase was the initial method of treatment with ultra low volume quantities

/

(i.e., less than 1/2 gallon of insecticide per acre)é- of insecticide. Pesti-
cides have been aerially applied for many years, but during the past several
years the application of extremely small quantities of technical grade insecti-
cide has come into the picture. When we speak of small amounts, reference is
to three fl. oz. of malathion or 0.5 to 1.0 f1l. oz. of naled per acre.

The first extensive use of ULV applications from the air against mos-
quitoes came in 1966 in Dallas, Teﬁas,,duxing an outbreak of St. Louis encepha-
litis (Kilpatrick and Adams, 1967). The work demonstrated that ULV treatments
were extremely effective in reducing the number of infected mosquitoes present
in the area. Initially, one out of every 160 specimens was infected. Subse-
quently, only two infected mosquitoes were found in about 58,000 specimens.
Since that time, the ULV method has been tried successfully in experimental
studies against Ae. aegypti in Bangkok, Thailand, and against A. simpsoni
in Ethiopia (Brooks et al., 1970). However, it was not successful against
Ae. aegypti during an outbreak of dengue in Puerto Rico in 1969 (Brooks et al.,
unpublished manuscript) because the treatments, although effective against the
outdoor populations of the mosquito, unfortunately did not penetrate the houses.
Thus, the mosquitoes resting and/or breeding therein were not affected. ULV
treatments are not a common tool in mosquito abatement districts; their chief
value lies in epidemic or disaster situations where rapid coverage of the area
is essential.

The fact that technical grade malathion could be used effectively in
aerial applications has led to interest in the use of ULV as a ground-applied
treatment. Recent studies by Mount et al. (1970)  in Florida have shown that
a commercial ULV cold aerosol nozzle was capable of dispensing technical mala-
thion in droplet sizes averaging from eleven to sixteen microns mass median
diameter, the size depending upon the flow rate of the material per minute.

The higher the flow rate, the greater the average.diameter as well as the mass
median diameter. The nozzle was mounted on a Curtis cold fogger, and the unit

was operated with a pressure of 3.5 p.s.i. A flow meter and a small needle

3/ ULV, "ultra low volume," as used for labeling purposes is defined as:
application of a volume of 1/2 gallon or less of undiluted concentrate
per . acre.
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valve regulated the flow of the technical grade material from the source con-
tainer. The insecticide was moved from the tank by air pressufe of 3.5 p.s.i.,
and no insecticide pump was necessary. Comparative tests were made between the
aerosols produbed by the ULV apparatus and one of the standard machines used
for high volume thermal aercsol production. As shown in Table 5, higher kills

of caged mosquitoes were obtained with the ULV cold aerosols.

Table 5. ULV versus thermal fogs of malathion
against caged Ae. taeniorhynchus.

Lb./A. Fl. oz./A Avg. Kill

ULV*
0.009 0.12 69
0.018 0.24 93
0.036 0.48 92
Thermal##*
0.009 14 65
0.018 14 59
0.036 14 85

*Vehicle speed 10 m.p.h,
#*%Vehicle speed 5 m.p.h.
Adapted from Mount et al., 1970.

The number of fluid ounces used per acre indicates that the amoﬁnt of
material or payldad required was. far less with the ULV method than with the
thermal fog treatment. Furthermore, the rate of speed of the vehicle with the
ULV applicator was. twice that of the vehicle dispensing the thermal aeresol.
The effectiveness of ULV treatments at vehicle speeds of 10 versus 20 m.p.h.
indicated no appreciable differences (Mount et al., 1970).

Ground-applied ULV applications thus appear equal to or more effective
than thefmal fogs and, in addition, permit a much greater latitude in the
speed of the vehicle as well as providing an increased coverage because of
the much smaller payload required. The absence of fuel oil in ULV applica-
tions reduces cost and essentially eliminates the traffic hazard frequently

associated with thermal fogs. Nonetheless, the white cloud produced by
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thermal fogs often has been considered of value because it demonstrates
to the public that abatement efforts are being made. At present, the ULV
type of ground application is still in the experimental phase, since
questions remain on the toxicological considerations and on the possible
damage to automobile paints. In addition malathion, as yet, has not been
registered or labelled for use as a ground treatment.

Much interest has been developed in the particle size produced by fog
machines, particularly in reference to the distance at which the insecticide
treatment can produce effective kills. 1In work on an island off the coast.
of California, Stains et al., (1969) have reported that low volumes of either
naled or Dursban, when dispensed in droplet sizes on the order of ten mass
median diameter (MMD), gave kills of adult caged mosquitoes and house flies
at .distances of two miles from the release point. Mount (1970) recently
summarized the findings on optimum droplet size for adult mesquito control
and stated that a droplet size range of five to ten microns is considered
optimum for ground treatments, whereas with aerial treatments the optimum
droplet size probably is in the range of ten to twenty-five microns MMD.

With ground application, droplets larger than the ten microns are more sus-
ceptible to fallout and to impingement on surfaces in their path of movement.
Mount . (1970) indicated that droplets less than five microns de not impinge

on the adult mosquitoes too well. They also are more likely to be moved
upward by convection currents and thus will not.move through the area normally
inhabited by adult mosquitoes. The importance of the size of the droplet,
particularly in relation to the droplets above twenty-five microns, is
emphasized by the findings of Weidhaas et al. (1970) that a twenty-five-micron
droplet of technical grade malathion contained sufficient toxicant to kill

the mosquito. Thus, droplets larger than twenty-five microns are quite
wasteful of the insecticide. Mount (1970) reported that at a dosage of

0.009 1b./A. the kill of caged Ae. taeniorhynchus was 20 percent or greater

with droplets of 9.7 and 6.4 microns versus that with droplets of twelve to
seventeen microns.

The importance of droplet spectrum cannot be overemphasized. Our ignor-
ance along this line is largely due to the fact that too little attention
has been paid to it and suitable devices to detect the different size drop-
lets have been limited. One example of much importance is the finding in

aerial spray research conducted against forest insects (Himel. and Moore,
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1967) in which it was shown that 93 percent of the spruce bud worms collected
had not been contacted by any particles that were in excess of fifty microns
in diameter even though droplet size ranged from three microns to 400 micronms.
Apparently, no droplet over 100 microns ever contacted the target insect.
Larvicides. Mosquito larvicides have long been a standby in mosquito
control, but the degree to which they are used varies considerably in the
different parts of the country, the species involved and individual operator's

preference. Most measures directed against C. p. quinquefasciatus are larvi-

cidal, and the same also applies to Culex tarsalis in California. Although

there are a number of effective organophosphorus materials for this purpose,
concern exists where the same type of insecticide is applied as s larvicide;
and as an adulticide because larviciding generally is considered to exert a
higher selection pressure upon the mosquito population. Therefore, if resist-
ance develops, it means that the adulticiding technique of fogging also may
fail, thereby leaving no immediate chemical weapons with which to combat the
mosquito.

Table 6 lists the LC-95 levels of different insecticides used as larvi-~
cides (Taylor and Schoof (a), unpublished manuscript). The lower the parts
per million (Ppm)\figure, the greater the toxicity of the compound to the
insect. Such figures represent laboratory data and show only the relative
potency of the different materials. The two compounds, Dursban and Abate,
are uniformly toxic to the three species of mosquiteces . listed. Other com-
pounds vary considerably with the species involved. For example, methoxychlor
requires more than five times as much material to kill Ae. gegypti as it does

to kill Anopheles quadrimaculatus or C. quinquefasciatus. Two of the materials,

propoxur (Baygon) and carbaryl (Sevin), are carbamate compounds,; and these
generally are considered to be relatively poor as larvicides in comparison

to the organophosphorus materials. Nonetheless, they are teoxic to the mos-
quito larvae, provided sufficient material is applied. Currently, the two
outstanding larvicidal compounds are Dursban and Abate. Dursban is a more
effective chemical under conditions where the water contains a high amount of
organic matter; in contrast, Abate can be used with a far higher degree of
safety to man and non-target organisms than is true for Dursban. Actually,
the safety level of Abate is such as to permit it to be used in drinking water

for the control of the yellow fever mosquito.
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Table 6. LC-95 levels in parts per million of selected
pesticides for three species of mosquito larvae.

A. C. A,
Insecticide quad. quin. aeg.
Abate | 0.004 0.004 0.004
propoxur 0.5 0.5 2.5
carbaryl 2.5 2.5 2,5
Dursban 0.004 0.004 0.004
fenthion 0.02 0.005 0.02
Gardona >2.5 0.5 0.5
methoxychlor 0.5 0.5 »>2.5
naled 0.5 0.1 0.2
parathion(e) 0.01 0.01 0.02
parathion (m) 0.025 0.005 0.01

From Taylor and Schoof (a), unpublished manuscript.

Although DDT has been of considerable value as a preflood treatment and

has been used widely for this purpose against Aedes vexans, particularly in

northeastern and western United States, a number of organophosphorus and
carbamate materials can serve to provide the same type of efficacy, provided
the dosage per acre is in the range of two to four pounds. Table 7 gives a
resume of such data from experimental studies conducted at Savannah, Georgia
(Taylor and Schoof (b), unpublished manuscript). Dursban, without a doubt,
has been the best material against the four species of larvae involved.
Although these data refer to a dosage of 2 1b./A., Dursban has been equally
effective at 0.5 1lb./A. when applied to grassy spots exposed to normal rain-
fall and outdoor weathering conditions. Abate requires four pounds per acre

to give six weeks' effectiveness against Ae. taeniorhynchus and is even less

effective than propoxur (Baygon), which requires only two pounds per acre.
A second carbamate, carbaryl (Sevin), at four pounds per acre gave more than

ten weeks of kill of Ae. taeniorhynchus. In other studies, Dursban treatment

has been shown to be effective for as long as fourteen weeks at 0.5 ppm,
whereas Abate at 1 ppm was inactive after three weeks (Anon., 1970). 1In areas

where DDT is no longer acceptable for use, consideration now is being given to
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methoxychlor., This insecticide, although closely related to DDI, is bio-
degradable and, because of this fact,; is acceptable to fish and wildlife
groups. Studies with these two compounds against Ae, aegypti illustrate that
the compound is equal to or even more effective than DDT. However, workers

in the northern United States have indicated that methoxychlor is not as good
as DDT from a blological standpoint, but from the standpoint of calming the
emotional upheavals that the word DDT sometimes invokes in the public, the
abatement district may lean toward a less effective insecticide which is fully

acceptable to the layman.

Table 7. Weeks of 907 mortalities of three species
of mosquito larvae obtained from preflood
application of nine insecticides

Ze. Z. [

#/A taen. alb. quin.
Abate 4 12% 12% 12% L
Mobam 4 gt 12t 6+ —
Akton 2 >12t, % >1ot,%  <2f,% e
Cidial 2 6% 2% 6% :
bromophos 2 <2% 6% 6%
Dursban 1 > 12wk >12%% >12%%
propoxur 2 6T 12+ - S
carbaryl 4 >127+ 12+ - e
fenitrothion 2 2%% 8t -

Effective formulation: *Emulsifiable concentrate;
Tgranular formulation; TTwettable powder; and ** all —
formulations.

Before finishing the section on larvicides, there are two other compounds
that should be mentioned, since both materials have long been used in the
control of certain mosquitoes. Before DDT appeared, paris green served for
many years as a treatment against anopheline larvae but was not used against
culicine species. However, the Florida State Board of Health research labora-
tory (Rogers and Rathburn, 1958) developed a paris green granule that has

been and is still being used as a successful means of controlling salt marsh
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mosquito larvae., Despite its use for many years, there has not been any indica-
tion of any harmful effects from this chemical upon the wildlife of these areas.
In addition, the mosquitoes have shown no indication as yet of developing
resistance to it.

The second compound is ordinary fuel oil. Special commercial formula-
tions of oils (e.g., Flit M.L.0.) have been developed for larviciding purposes;
their chief advantage is that they can be used at dosage rates of two to four
gallons per acre as contrasted to the use of fuel oil at ten to fifteen gallons
per acre. However, it is of much interest to ndte that the addition of a sur-
factant, such as T-Det MC or Triton X45, at a level of 0.5 percent in the fuel
0oil also allows fuel oil to be used at dosage rates similar to these special
larvicidal oils. The surfactant-fuel oil preparation is now being used exten-
sively by the Chatham County Mosquito Control Commission at Savannah, Georgia,
and the Commission Director reports that its cost per acre is less than that
for the special oils and about one-third the cost of the paris green pellet
application.

Among the non-insecticidal means of mosquito control are drainage, fill-
ing, impoundment and other familiar means of source reduction. Consequently,
let us look at techniques other than these types, such as the biological
control and genetic control of mosquitoes. The recent emphasis on insecticide
pollution in both air and water has generated tremendous interest in and
emphasis on such approaches. A point of view frequently held by laymen is
that such means are simple, and all one has to do is to apply fungi, viruses,
or protozoa that are harmful to the insect, and this approcach will do away
with the need for chemicals. Such an interpretation ifidicates that the pro-
ponent is quite unacquainted with the role and feasibility of non-chemical
procedures. These measures are highly refined methods of treatment. Consider-
able scientific knowledge about both the organism and the mosquito is required
before one can even begin to think about them in terms of a practical control
procedure. Many of the organisms that are detrimental tc mosquitoes are
already present in the environment; obviously, they have not been doing the
job necessary for human comfort and freedom from disease.

In addition, the misconception exists that any bioleogical control measure,
whether a fungus or any other type of parasite, is harmless to non-target
organisms including man. An Expert Committee of the World Health Organization

on the Safe Use of Pesticides states in its 1967 meeting: "It is important to
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bear in mind, however, that a biological agent or the toxic product of an
organism will not necessarily present either a greater or lesser health

hazard than a synthetic material. Although there is a popular belief that
'natural’ substances are harmless, all the most poiéonous materials so far
known are, in fact, of natural origin. Therefore, any material--living or
dead--which it is proposed to introduce as a pest control agent should be
subjected to the same searching examination for potential toxicity to man as
is applied to the synthetic pesticides. Furthermore, it may be very difficult
to lay down satisfactory criteria for testing the safety of such agents as
novel viruses or bacteria. Microbial toxins could be submitted to a conven-
tional pharmacological and toxicological examination, but a precise assessment
of hazard could only follow a detailed study of the mode of action, which
might take a very long time. Such considerations apply only to non-viable
biological materials that come into intimate contact with man.

"Particular attention to hazards may be needed in the case of fungi.
These can not only produce a Variety of potentially toxic metabolites, includ-
ing carcinogens, but at least some of them can become established in mammalian
tissues and give rise to granulomata. Others appear able to induce hyper-
sensitivity reactions leading, fér example, to progressive tissue damage in
the lungs, which may be fatal."

Turning to the opposite viewpoint is the argument that such techniques
can never be as effective as chemicals; hence, they can largely be ignored.
This viewpoint is as extreme as the one mentioned earlier, since it is quite
obvious to anyone iﬁvolved in the field of vector and insect control that
each tool in itself should not be considered as a single weapon to the exclu-
sion of all other types of control measures. The whole approach to successful
vector control emphasizes an integrated approach, and it involves not only a
wide variety of chemicals and application techniques but also envisions the
inclusion of biological and genetic methods as components in the arsenal of
weapons for mosquito control.

Biological control of mesquitoes has not met with a great deal of success
up to the present time even though numerous organisms, particularly among
fungi and protozoa, are lethal to mosquito larvae. Several years ago the field
discovery was made that many Ae. aegypti larvae were dying even though
apparently no chemical control measures were being applied (Barrett, 1968).

The emphasis on this finding by operational personnel led to detailed research
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on the subject. The dead larvae contained a protozoan parasite, Lankesteria
culicis. Unfortunately, data from laboratory studies showed that L. culicis
was not harmful to the larvae even when the latter were heavily infested.
Nonetheless, the fact remained that in one area in Texas far fewer parasites
caused the death of the mosquito larvae. Field investigation led to the
suspicion that other factors were operating, one of which may have been the
use of DDT in certain areas where kills of the larvae were being obtained.
Laboratory tests in which DDT and the parasite were combined showed excellent
kills even of larvae resistant to DDT. At this time it appeared that a dis-
covery of great potential had been made but, unfortunately, the initial test
data could not be replicated. Apparently, unknown factors operating in the
initial tests were absent in subsequent tests. Later, an intensive survey
was made for the parasite and for larvae of mosquito host in Texas, Florida,
Louisiana and Mississippi. However, the final conclusion was that this parti-
cular organism offered no promise for controlling Ae. aegypti larvae.

Other organisms are now under study at our laboratory. One organism is
highly toxic to culicine larvae but not to anopheline larvae. Work is alse
being conducted in cooperation with Dr. John Couch of the University of North

Carolina on the fungus Coelomomyces, since it is detrimental to anopheline

larvae. Unfortunately, the species of fungus involved is specific for the

A. quadrimaculatus and is not of value against malaria vectors in the tropics.

The genetic control of mosquitoes encompasses not only the actual geneti-
cal manipulation within a species but also involves the use of sterilizing
agents, such as chemosterilants or gamma irradiation. Most of us are familiar
with the fact that the screwworm fly in Florida and lower Georgia was elimi-
nated by the use of sterilized screwworm males, but the success of this effort
has not spilled over into similar accomplishments with mosquitoces. Studies

have been conducted with both Ae. aegypti and A. gquadrimaculatus in the United

States, but in each case successful results were not achieved. A part of the
failure can be attributed to infiltration of mosquitoes from outlying areas,
part to lack of knowledge in the biology and ecology of the species, and part
to the fact that the study was not donducted over a long enough period to
achieve conclusive findings. In most studies with the chemosterilants or
cobalt irradiation, it is a relatively simple matter to sterilize the male
and/or female mosquito. It is likewise easy to introduce large numbers of

sterilized males into cages with normal males and to show that the number of .
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viable eggs can be reduced to extremely low levels. However, to pﬁt the same
tool to work in the field may create many problems. First, the sterilized
males may not be as competitive as the wild males. Second, the dispersal of
the sterilized males may occur too slowly to have any effect on the matings

of field males and females. In cage population studies, you have the sterilized
and fertile insects confined in small space. In a field trial, many more
sterilized males may be present in a block than normal males, but if at the
breeding site the fertile males are there at the time the females emerge, the
females have frequently already mated before the sterile male puts in an
appearance., Consequently, the fact emerges that we have relatively little
information on the normal behavior and ecology of mosquitoes, particularly

the male sex, under field conditions. Therefore, until we know more about
these factors, the use of these sophisticated tools of genetic control must

be delayed. However, certain promising developments during the past few years
have given hope that such tools may be effective against at least one species

of mosquito, C. p. quinquefasciatus. In his laboratory studies, Dr. Hans

Laven found that among the different populations of C. p. quinquefasciatus

the males and females are not always compatible (i.e., mating does not produce
viable eggs). With this knowledge, he developed a strain of male C. p.

quingquefasciatus that were incompatible with the female mosquitoes occurring

in a small isolated Burmese village where the species was breeding only in
artificial water containers during the dry season. By the daily introduction
of 5000 incompatible males at the breeding sites complete elimination of all
viable egg rafts was achieved within a three-month period (Laven, 1967). No
other means of control were used, However, it must be emphasized that the
males were released in the jugs in which the mosquitoes bred so that the factor
of distribution or dispersal was artificially handled. Nonetheless, the work
did show that the use of these incompatible males could cause a tremendous
reduction in the reproductive capacity of the local mosquito population.
These findings are one of the chief reasons for a large-scale study of the
same type that i1s now underway in Delhi, India, under the sponsorship of the

Public Health Service and the World Health Organization.

More recent information on C. p. quinquefasciatus has been obtained by
the U.S. Department of Agriculture in studies conducted with chemically
sterilized males on Sea Horse Key off the east Florida coast (Patterson et al.,

in press). In these studies the .pupae were sterilized by placing them in-an

76




aqueous solution of 0.75 percent thiotepa. Subsequently, the sterilized pupae
were transported to the island and released. The island involved was approxi-
mately one mile long and one-eighth mile wide, and the primary breeding site
for the mosquito was an open septic tank. Limited breeding occurred in various
types of containers that were scattered over the island and held water. The
number of males released daily ranged from 8400 in the beginning to 18,000 over
six generations.

The ratio of sterile males to fertile males was 3:1 at the second genera-
tion and 100:1 by the sixth generation. The results indicated a steady increase
in the percentage of sterile egg rafts combined with a decrease in the average
number of egg rafts laid per day. These workers concluded that the indigenous
Culex population was suppressed and eliminated from the island within a twelve-
week period by the release of the sterile males.

In the previous discussion, a number of different methods used to suppress
and control mosquito populations have been covered. However, it is the judi-
cious use of these methods in an integrated control operaticn that leads to
success in an area-type mosquito control program. Thus, the successful mes-
quito abatement program is based on the use of numerous approaches that can
be listed as:

1. Surveillance (inspection)

2. Source reduction (drainage, impoundment, filling)

3. Chemical control

4, Education and public relations

Surveillance has been listed as the first of the four approaches because
in any control program one must know where the mosquitoes are breeding, the
types involved and the densities present. B With inspection, you have the
information needed to guide the control operations and measure their effect-
iveness. Both of these aspects are of basic importance to the control opera-
tor. Without proper guidance from inspection, the chemical measures may be
applied to the wrong areas and thus result in ineffective control as well as
a needless expenditure of manpower and money. This same logic would apply
to the permanent type of control measures, since such measures should
obviously be directed toward the most prolific breeding sites during the
initial phase of control operations. Inspection also is critical in determin-
ing the efficacy of source reduction and chemical control measures. Records

should be kept of mosquito densities on a periodic basis so that such

77



information can serve as a basis for keeping the public adequately advised on

the status of the program. An informed public will greatly enhance a contin- -
uance of as well as additional financial support from the community. Inspec-—

tion can involve various types of procedures including the use of mosquito

light traps, determining larval infestation by dipping, spotting the locations .
of public complaints on the project area maps, and establishing a network of
rainfall gauges to determine where breeding is most likely to occur whenever
precipitation takes place in the area. Without records on the mosquito |
densities, the program manager is left without factual data to support his
problems and achievements in the public eye.

Source reduction procedures include any technique--drainage, impoundment
or filling--that decreases the mosquito breeding in an area. Such procedures
are long-term in scope and may have to be carried on for a number of years.

In south Georgia, drainage work has been going on for the past nine years and
has eliminated considerable acreage of breeding areas without adverse effect
on the marshes per se. ‘

Chemical measures supplement source reduction procedures and include such
operations as adulticiding with ground equipment and the larviciding of breed-
ing areas that are temporary or cannot be eliminated by source reduction .
measures. Such work can be done with ground equipment or may involve the use
of aircraft whenever extensive areas must be larvicided. As a general practice,
such treatment is usually restricted to larvicides, such as paris green or
0il, to minimize the chance of the mosquito becoming resistant to the chemical
employed.

The fourth element, education and public relations, 1s of utmost import-
ance to the success of the mosquito control program. The aims and objectives
of the operation must be clearly outlined to the public, and the public should
be kept advised on the status of the work. Many of the difficulties that
frequently arise between mosquito control programs and the public stem from a
lack of communication. Individuals may not know what insecticides are being
used; they may feel the marshes are being destroyed by the drainage ditches
or that the chemical portion of the program is adverse to birds, fish and other
non-target organisms. Such misunderstandings arise not only with the lay
public but also with agencies concerned with the conservation of wildlife or
the natural occurrence of birds and fish., Frequent consultation between the

control supervisor and these agencies will do much to lessen the misunderstandings N
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and friction that occur between mosquito control operations and these other
agencies. Wildlife groups should be consulted to be certain that the con-
trol measures to be applied are not adverse to their interests. In some cases
it may be advantageous although more costly to the abatement gfoup to solve a
mosquito problem and yet preserve the wildlife. A wise supervisor recognizes
that in the long run his entire program may benefit considerably from a little
more money well spent in such cooperative liaison because of the goodwill and
harmony created between his activities and wildlife groups, bird enthusiasts

and the public in general.
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IMPLICATIONS OF MOSQUITO CONTROL TO
OTHER FACETS OF WATER RESOURCE MANAGEMENT

CORPS OF ENGINEERS

My, James W, Midkiff
Wilmington District

It's certainly nice to be here. I won't try to explain for the Corps or
anything, but this is really--something was said about the program arrangement
before--going from the subilime to ridiculous. Anyway, I'll do what I can to
share some of our experiences with you. Certainly, as far as knowing about
mosquitoes, on the one end. we have what the previous speaker was saying,

Dr. Knight, etc. On the other, there are those who if the mosquito gets on
them and stays long enough, they know they'll bite them. They shoo them off;
well, I don't shoo them off. I try to kill them in place. So I'm at that end
of the spectrum on the knowlédge of mosquitoes.

In the Corps, contrary to what some late populat writers would lead you
to believe, most Corps projects begin with a resolution from Congress, not
from some dream in the military's mind or some other source. Congress sends
the request to the Corps to study a basin or a particular project. One of the
first acts that the Corps does when they get this request is go to the Public
Health Service and ask them, the experts, what are the possibilities of a
mosquito problem in this particular study area. When we come up with a
definite project, we go to the Public Health Service again. Usually, they are
working with the State Board of Health, and we get again their comment and
recommendations on planning and operation of the project so that there will not
be a mosquito problem. We get comments from both agencies, and they are sub-
mitted to Congress along with the other recommendations and evaluated along
the line and by Congress to know whether or not we can have the project.

0f course, you can balance two extremes. You can do nothing in the plan~
ning of the project and hope in operation to spend a fortune and maybe control
the mosquito problems; or you can properly plan and construct your project,
spend some money here, and cut down a tremendous amount on what is required in
the actual operatien of the project.

To begin with, proper clearing of an area for a reservoir is essential.
If your clearing is completed too soon, you have to go back and do a lot of

rebrushing, so timing is important in fitting your clearing plan into your
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other plan of construction. You should, if possible, clear your reservoir
during the winter; but of course, if you take two or three years to build, -
this is impossible. We know what is generally best, but we cannot always
follow that. Other things you have to consider in construction is the con-
trol of drift and its removal, the draining and all permanent filling of . ny
burrow and spoil areas, and marginal drainage which has been mentioned before. |
Once the project is built, water level fluctuation for mosquito control
is critical; drift removal and shoreline maintenance are important. As a
last resort, if the other systems don't work, we larvicida. Dr. Knight
mentioned surveillance. Certainly, this is also important.
Now, I'd like to take a typical Corps project and tell you about our plan
of operation and then go back and show you how this either fits or conflicts
with malaria control without mentioning malaria control initially. I would
like to use the plan of operation for the John H. Kerr Reservoir which is
located in Virginia ahd North Carolina, just a little bit northeast of here
on the Roanoke River. -
The Kerr Reservoir is operated for flood control, hydroelectric power.
generation, recreation, water quality control, and fish and wildlife enhance-
ment. In order to best serve these purpeses and to take advantage of the ~
seasonal flow in the basin, we operate in accordance with the rule curve
which I have roughly sketched on the board here. This ordinate is the
reservoir elevation with reference to mean sea level and this is months of
the year. What we do is have a pool as low as possible in January. In
February and March, we f£fill to the top of the power pool and then as an add-on,
since we have been in operation during April, we £ill two feet above the normal
pool. When the striped bass begin spawning in the Weldon area, we release
this extra water to supplement the normal flows in the river to make proper
habitat for the spawning striped bass.
During the primary recreation season we operate with a relatively level
pool. This meets the needs of recreation. It alse gives us a fairly high
head for power generation. A little bit early, earlier than the recreationists
would like, we begin to pool down our reservoir gradually to the low winter
elevation. We do this to use water from storage to supplement the low flows
which normally occur in the river during this time and also to get a little

bit of additional flood control storage so that we can store rare floods that
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do occasionally occur during this season from tropical storms. It gives us
a little bit of extra flood control storage that we may need for this purpose.

Now how does this rule curve compare with operation for what I understand
would be the ideal mosquito control problems? Well, first, before you begin
your growing season you inhibit growth along the shoreline, and this is good
because it doesn't give you the growth in which the water will stand and
cause you a lot of mosquito problems. It lessens the area's suitability for
mosquito growth. Actually, we keep it up here until the beginning of June,
but normally, the water requirements are greater than the inflow so this
actually comes down gradually during this period. This is good because it
keeps the water coming out of the area at a gradual flow and does not have the
conditions ideal for the mosquito breeding.

The level period here is not good for mosquito control, but the recrea-
tionists demand it; and this is a compromise in the other direction. The
gradual pull down for the remainder of the year certainly includes a consider-
able amount of this mosquito breeding season, and this is good. ©So you can
see that for the most part, operations for other purposes also fit right into
an ideal pattern for mosquito control. Nature does not always permit us to
operate according to this rule curve. This would be ideal, but we're seldom
on it. We're always above or below. There's a possibility we may not be
able to £ill during the spring. Ninety percent of the time we are able to
£i1l, but if we were not able to £ill, you would get tremendous regrowth in
this span. It would take quite a bit of rebrushing and shoreline maintenance
to overcome this problem., Quite often the water inflow is such--we do have
minimum power demands, we have to let so much water downstream, and also water
quality flows--these will exceed the inflow during our normal level reservoir
period. The recreationists scream, but there's nothing we can do. Sometimes
nature makes it even better than we planned, insofar as mosquito control is
applied. Quite frequently, I'd say, if the rain were a little harder or lasted
a little longer, we would be on schedule.

I think Don Ashton does follow us quite closely, and he does know that we
do have problems at times. Sometimes we go a little bit overboard if the
recreation people ride us a little bit.too hard or something. We tend to
drift a little bit away from what we know is best, and the mosquitoes know;
they just take advantage of these laxes on our part, and theyflet us have it
so we do have to keep an eye on all the purposes and try to hit a happy medium

so that no one suffers too much for the advantage of the others.

85



We are constantly reviewing our plan of operation for this and all
projects. = We're always looking for suggestions; and hopefully, we are operat-
ing in such a way that we do meet-~as well as possible-~the needs of all the

interests.

Question: What kind of larvicide do you use?

Answer: Right now we're using Abate in the granular form.

Question: How is it applied?

Answer: By airplane for the most part.

Question: Isn't there some agreement to maintain Lake Gaston at some level?
How does that affect your program?

Answer: Gaston was built subsequent to John H. Kerr. The latter is a storage
project, and Gaston is more a run-of-river, but it's built so that just what
we release from Kerr is Jjust what they need to release from Gaston. So we
don't release it to fill Gaston. It just so happens that what we release for

#h

our power requirements keeps Gaston full. So VEPCO for the most part controls R v

W

the releases of both so far as power is concerned. 1It's not planned to keep
Gaston full. Gaston was just built se that it would stay full. It's not a
storage project at all. ‘ ,
Question: Where they've made these three impoundment surveys because of the
mosquito population, do they still do that?

Answer: No, we started when I was at Bugs Island. I just wonder what the
results were after they impounded.

Comment: The peak for the past few years fluctuated between the middle of
July and the first week in August. TFor several years there has been a peak
of "quads." The only thing that they haven't been doing down there that I
would like to see done is more shoreline clearance, Some of that place is
really coming in. ,

Answer: Well, we would like to do more, but someone has mentioned the funds
limitation. We do what we can with what we have and hope to get by.
Comment: I think Kerr and VEPCO have done a very good job.

Question: Do we need to know anything about the grade on the edge of a
reservoir? Is that important?

Answer: Yes, it is, and at Kerr you have--take your choice, you've got some -
practically vertical banks and some broad, flat areas. 1In your broad,: flat

areas you pretty much have to count on some ditching. We did do marginal
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drainage; I believe it was just after they filled. Certainly, if you have a
steep bank and get some wave action, you've got no problem. But if you've
'got broad flat areas, you're more apt to get some lush growth. You will get
some weed growth even with this early flooding and then a pull down. That's
not like your woody growths that you get if you do not get the water up there
at the beginning of the growing season. Incidentally, at Kerr we are plant-
ing some cypress and doing some other forestation hoping to take advantage of
the help that might be in some of these flat areas that was mentioned this
morning.

Question: How does that compare with Gaston?

Answer: I know they also use Abate, and I think a lot more of it than we have
used. It does show that the constant level does have some good advantages.
Question: Have you ever had any evidence that Abate causes any problems to
the fish and other non-target organisms?

Answer: I've never heard of anything.

Question: Well, I haven't ever, either, but I just wondered.

Answer: No, sir, I know of no problems. I think they use it pretty heavy at
Gaston.

Comment: It takes it. The flow stays pretty much the same. Roanoke Rapids
Lake fluctuates as much as three feet in a day, but Gaston fluctuates maybe a
foot a year.

Comment: It's almost a complete larviciding control there.

Question: Have they ever used any DDT around there? What do they use primarily

to abate this?

Answer: Malathion. I don't know about DDT.

Comment: VEPCO used some DDT for a short while, but they didn't have a real
going program at that time.

Comment: The reason I asked is that we spent two years trying to develop a

resistant strain of quadrimaculatus to DDT. In spite of everything we did,

we couldn't get them resistant to this. Up at Clark Hill they've been using
DDT in the reservoir, and they've got also the "quads." After six years of
use, they're juét as resistant as the deviizto DDT. Then they switched to

malathion and haven't had any problem éincé. It just shows that an engineer

can develop a resistant strain better than an entomologist.
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SOIL CONSERVATION SERVICE

Mr. John E. Layden, Jr.
Planning Coordinator
River Basin and Watershed Planning Staff

I'm very pleased to be here, and I've enjoyed myself very much up to this
point. 1I've been a little confused as to what I'm doing here. I don't know
whether I was invited to inform people 6r to be informed. I hope it's the
latter. I'm not in a very good position, I think, to inform you very mﬁch,
particularly in mosquito control. I have been finding myself in rather serious
difficulty trying to get on some common ground with the people here. I'm very
impressed with the relatively large number of excellent specialists of one sort
or another. You see, my working title is Planning Coordinator, but my classi-
fication title is Soil Conservationist, and this is a generalist's job. So 1
went down several tracks of this sort to try and find common.ground. Frankly,
you and I, Dr. Knight, have one thing in common; it's the only thing I can
find. We've both been in North Carolina about two years. In fact, this week
is my second anniversary in North Carelina. '

Let me make some general comments about the Soil Conservation Service and
what Qe do and what we don't do. The Soil Conservation Service is the action
and implementation agency of the Department of Agriculture in this whole broad
field of conservation, development, and management of seoil and water resources.
This assignment to the agency along with our very direct and highly developed
working relations with soll and water comservation districts in the state
provide for a broad and rather active program affeéting soll and water resources.
We have persomnel assigned in each of these local units, soil and water conser-
vation districts; these people are trained and, we hope, highly competent in
the field of soil and water resources planning and application of the various
measures.

We do all kinds of planning, and we involve all kinds of people. We can
deal with and plan with local owners of land, and this is true particularly
of farmers. We work with various and sundry groups; we can work with planning
commissions, get in the broad area of planning of parts of counties or counties
or several counties, and we get involved with local units of government--cities,
townships, counties--and are involved in varilous ways with many state and-other
federal agencies. We can assist in planning for an individual owner, an

individual tract of land, or we can be involved in very broad planning.
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I1'd like to mention, too--1I suspect . this is as good a place as any--that
within the various things we do in the Soil Conservation Service, we have no
authority for decisions. Someone else owns the land, and the landowner is the
guy that does make decisions, whether it's an individual farm or whether it's
owned by a county, a city, or someene else. So if you want to talk to some-
body in autherity, why come see us? I have as little authority as anybody you've
ever seen in your whole life.

Within this framework then, we had to develop a considerable amount of
expertise in convincing people that it's a good idea to do something. We then
geﬁ deeply iﬁvolved after working on the basis of planning various things that
would be good for soil and water resources. We get involved in assisting and
helping to build or install. I'll not get into a great big long-winded disserta-
tion on this subjec;, I'm very pleased with the fact that you are specialists
so I'll not try to get you trained as soil conservationists and slip yoﬁ over
into the generalist's field. You'd better stay a specialist because from what
I've heard, we're going to need you and your competence for a long time in the
future; particularly as this applies to mosquito control. We are involved in
a relatively large number of practices or measures outside of mosquito con-
trol, particularly in control of soil erosion, water runoff, and this sort of
thing. We are involved in construction of ponds and lakes and reservoirs, over
and above erosion control, that are yrunoff control measures. We do get into
channel cohstruetion, ditch construction, etc. from small ditches up to at
least fairly\good sized streams. I suspect that the ponds, lakes, reservoirs,
and the channels would be the things where we'd be primarily involved in this
matter of effects upon mosquito control--good, bad or‘indifferent. I thought
maybe this is where I should speak a little more specifically.

When we talk about ponds, dams, reservoirs, lakes, etc., we are always
involved in this kind of planning for a specific purpose. If we are interested
in one purpose, then it is planned and designed in a particular manner. If
we're involved with more than eone purpose, then you may get into conflicts of
how do you do this thing and satisfy more than one specific need or more than
one specific purpose. I would use reservoir planning as an example. If the
only thing involved is temporary storage of flood water, then there is a
relatively small permanent pool, if you want to use that term, but this pool is
involved only with sediment storage--we put water in this area because it is a

more efficient trap of sediment. That, then, is the purpose of this small
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pool of water being there. We plan the reservoirs so there is sufficient
capacity to store this sediment that will accumulate. We think it's more-
efficient to put it there than to let it go down the stream and have someone
else worry about getting it out downstream somewhere. If we have reservoirs

in which there is a permanent pool or additional permanent pool storage for
some beneficial use, then you can get into quite a variety of comsideratioms.
If we're interested in waterfowl, for instance, I think the major criteria

is you want as much shallow water as possible. I suspect a maximum of two
feet; that would be real good if we could get a large area of water at this
depth, On the other hand, if you're planning this beneficial pool for fishing,
then you need as much water as you can get in excess of six to eight feet deep.
If recreation is the purpose, then you want the maximum amount of surface area.
If water supply is the purpose, then you want maximum volume with minimum
surface area so that you have as little problem as possible with the loss of
water through evaporation,

- I think that from these few very simple illustrations that when you get
into multiple-purpose planning, you can have some highly incompatible purposes,
uses, and design criteria. You can't accomplish them all. Sometimes, I sus-
pect, we go a little too far in talking about the tremendously fine advantages
of multiple-purpose planning of reservoirs. I've about convinced myself that
maybe this is not even a good way to talk about it. I think maybe we ought.
to--if somebody could come up with another term, I would appreciate it--but I
think we should really get into the business of planning for some primary
purpose and then secondary purposes. Many, many things can be considered.

You can get sufficient storage for fleod water, which in our operations are
only temporary storage. We do not get into gated structures or manually con-
trolled structures except in very rare instances. We can have a reservoilr
with the maximum amount of shallow water so that it's very good for waterfowl
and there will be some left over where there's enough depth there can be some.
fishing. This sounds real goed on paper. Then we have a triple-purpose
reservoir, flood water, waterfowl, fishing, and I think that some of these
must suffer. You cannot plan ideally for all of these kinds of things.

We get into the same kind of consideration when you're talking about plan-
ning, designing, and constructing channels. If the only purpose to be served,
the only thing we're trying to accomplish is flood prevention, then the most

efficient and economical design is a straight channel with a uniform bottom
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grade; depth is not an important consideration or criterion. When we add drain-
age as a purpose, we're going to be efficient in discharging floodwaters and
also provide for drainage. We use the same general criteria except that we add
depth to it. We have to use the minimum depth of five feet, so that you can
remove excess water from the soil profile, and you can do an efficient job of
farming. As you add or plan for other purposes, you get into different kinds
of design criteria. You may put in extra depth just to provide water for fish;
or we'll construct from one side only and leave the cover of trees if water
temperature is.a critical point so you have shade and the water doesn't get as
hot. It's a little on the difficult side again when you get into channels to
accomplish all of these purposes in an ideal manner. We can do a pretty decent
job if we don't get too many purposes and if these purposes don't conflict with
one another,

In general, all of these things can be considered, and we do consider them.
As we get into additional purpé%es—-now we're talking about mosquito control--
I think that we have two things going for us there, particularly in the lakes,
reservoirs, or ponds we're planning. Except in very few instances, our basic "
design criteria here provide for a fluctuating water level. It's never steady.
We were talking about Lake Gaston varying, what did you say, a foot per year or .
something? - I don't think we've ever been involved with a reservoir that had
fluctuation as low as that., The other thing is a matter of not having shallow
water around the edge even in small farm ponds. - In these situations we try to
cut out around the edge where it otherwise is shallow, and we like for it to
be at least two feet deep as quickly as possible around the edge. This sort
of thing, gLen, does provide for a considerable degree of fluctuation in the
water surface which works in pretty well with mosquito contrel.

I'd say, then, that in general terms the things that we do could have,
under some conditions, a negative effect on mosquito contrel. We have high
hopes that this.is not so. If we know about this and it becomes a specific
need, then we can plan and design for it; or at least in the past, we have been
able to respond to different needs and different purposes. I hope that we can
continue to be at least as smart as we need to be to consider other needs and
purposes-in the future,

Other than this, Dr. Knight, I don't know what else we can say about the
operation and activities of the Soil Conservation Service as it relates to

mosquito control. If there are questions, I'd be happy to try to answer them.
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Comment: When I was in Iowa, I had a student run a study of farm ponds just
for a research problem, and I've forgotten now how many he had, but twenty-five
or thirty, I suppose, and the amount of mosquito breeding we found was dis-
appointing to me. I thought there'd be more of a problem than there was.
Essentially, out there we found maybe a few culicadae inornada breeding where
weed and emergence vegetation was growing in shallow areas. By and large,
apparently, you folks do build the feature of rather rapid drop-off and essen-
tially we found no problems. I don't know whether that's true in North Carolina
or not.

Question: What provisions are made for water regulation?

Answer: Our basic design criteria for the use of vegetative emergency spillway
provides for a certain amount of storage between the level of the pond and the
emergency spillway to protect the spillway. With a vegetative spillway, if you
have water flowing through it every year, it kills the vegetation, and you have
difficulty getting vegetation to grow. So our criteria call for larger than
one-year frequency storage. An emergency isn't used.in any design more often
than once in ten years, and most reservoirs of any size are provided with

more than ten-year frequency storage. In watershed projects we have no emer-
gency spillway planned to operate more than once in fifty years--fifty-year
storms is a better way of saying it. The hydrologists like to talk about a two
percent chance. Sometimes that'll happen twice in one year.

guestion:v You do operate as an extension service in a way?

Answer: Well, yes, to a degree because we are in contact with a tremendous
number of landowners, operators, and users. We're forced into it, generally
speaking. The Agricultural Extension Service is assigned the responsibility of
a formal program of information and education. We have nobody on the payroll
who was hired because he had ability in this area. We're all hired because of
some technical specialty which does cause complications. We're not too good

in public relations, really. At least I don't think we are.

Wguestion: Most of your programs do have motivation in the way of subsidies,
don't they?

Answer: Yes. I'm not sure how we define subsidy, but as far as I'm concerned,
the technical assistance we're providing is made available through public funds
so this is a subsidy of a sort; that's correct. This is a big advantage. I
worked for years in Indiana, and for reasons I've never been able to understand

drainage of farmland in Indiana is absolutely critical and important. To find
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a private consultant firm working in this field is impossible. In fact, the
few that are there now are people who worked for us and then either retired

or quit or something. This has been true there ever since the word go. A
county surveyor gets into drainage work up there; that's a pretty common thing.
So they're just plain and simply accustomed to some public funds being available
to serve this purpose. Frankly, I think it's a pretty lousy way to operate,
but I don't propose to change habits something over a hundred years old. I'm
not that ambitious. But you're right; there's a tremendous amount of subsidies
involved. We hope that it's good. We get all kinds of studies made as a
result of work that's being done; somebody makes more income and has to pay more
income tax and then they claim, ''Okay, how about that, we came out ahead."
Don't ask me if that's right or not.

Question: Do you make surveys anywhere other than where you have a program?
Answer: Well, yes, we would not be involved in anything unless there had been
a formal request of some type made. Primarily, individual tracts of land

would be primarily the request of the soil and water conservation district.

And then we are providing assistance to this local unit of the government.
Question: To the district office?

Answer: That is correct. With very rare exceptions we have no authority to
provide direct federal assistance to a landowner. The district and their
program for how they're going to handle soil and water resources activities
within their jurisdiction guides our program. One way of saying it is we don't
really have a program; we're operating from someone else's program, in this
case the soil and water conservation district,

Question: Then, after you've made the survey and prepared g survey report,

will these reports be available to anybody?

Answer: Anything that we do ends up being done with public funds, se it is
public informatien.

Comment: Well, I've used your reports in three different areas and have found
many answers in those reports that made very much sense.

Answer: 1If we have the informatien, it is available, We try to manage this a
little bit, We have tremendous numbers of people who do not have an interest
coming in and asking for this, that, and the next thing on the basis of just
seeing what it looks like. Basically, the work we do is done with public funds
so it is public information. Anybody who has a real interest, we're happy to

respond. That's what we're in business for.

94




DIVISION OF COMMERCIAL AND SPORTS FISHERIES
NORTH CAROLINA DEPARTMENT OF CONSERVATION AND DEVELOPMENT

Dr. Thomas L. Linton
Commissioner

This panel discussion began with the statement that the interests repre-
sented on this panel would keep in mind their relationship to mosquito control
activities. I assure you that the Division of Commercial and Sports Fisheries
does. ‘Our relationship is that of two Similar dislikes; one to be chewed upon
by mosquitoeé, the second to be chewed upbn by people. In the course of both
our activities we sometimes.get chewed 6n by both groups.. With this thought
in mind I would like to briefly outline to you some 6f the things this Division
is involved in which relate to the activities of mosquito control, problems
resulting from mosquito control work, aﬁd ;ther problems that may come up in
the future. |

A statute passed by the 1965 legislature required registration of claims
of ownership to submerged lands in the state. A strict interpretation of this
law would require registration of all mosquito ditches, as well as all drainage
canals. It is obvious that this was very unpopular with those faced with the
task of filing these claims for drainage ditches and mosquito control ditches,
especially when the intent of the statute was to receive claims of ownership
to oyster beds. This implication to future mosquito control work is plain.

I know Mr. McCotter has had some inquiries in this regard and probably .
Mr. Oates also.

Based on the statutes that we now have on the books, I think it is very
necessary that we get together and work toward better communication. Concern-
ing this matter, there is something that we need to do now before the next
session of the legislature. I would certainly hate to see any legislation
come forth on this matter without the affected state and local agencies Being
involved in its planning.

In the same regard I think it will be very interesting, since the state
does claim ownership to all the marshlands, the outcome of ownership of
impoundments in marshlands. This is a very good technique’to get mutual
benefit out of your‘activities where you have wildlife enhancement, duck
habitat enhancement, and mosquito control in one package. However, if a

person has made a contract with you to impound this area in good faith,
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thinking that this is going to provide him duck hunting while it gets rid of
mosquitoes in thé‘neighborhood and then the state comes in and says we own
that impoundment, this might cause a little controversy.

It's very interesting what ome can run into in some of these matters,
but I throw that out to you just as a thing that hopefully will not come about.
This looks like a problem that looms on the horizon for us in the very near
future. » - ’

The Division of Commercial and Sports Fisheries, as directed by the 1969
legislature, is developing a comprehensive estuarine zone use plan. This is
one of the most important things in which the Division has become involved. A
concentrated effort is being made in the use plan study to get all of the state
agencies, federal agencies, the boards of county commissioners in the coastal
counties and representatives in the academic community together to jointly
develop this land-~use plan for the coastal area. What areas do we need to pre-
serve through outright purchase of these estuarine areas; what types of acti-
vities can be conducted near the marshes, near the rivers and sounds, that
will be of economic benefit to the community without having an adverse effect
on the fish and wildlife resources. We have gotten pretty deeply involved in
this study. We have met with the liaison officers in the federal and the
state and the county commissioners in twenty-five coastal counties and with
the representatives of academic communities. We have contracted with a private
consulting firm in North Carolina, the president of the firm being the former
commissioner of the Division of Commercial and Sports Fisheries. Dr, David A,
Adams was with the President's Council on Marine Science and Engineering in
Washington for a year and a half. Dave has put together a preliminary plan
that has been submitted to all of the groups I have mentioned so that we can
all take pot shots at it and see where it needs to be changed, through deletion
or addition. We are in the process of putting together a comprehensive
coastal zone use plan with everybody who has an interest in this being able
to contribute to it. In addition to the people mentioned, we have compiled a
list of the major industries in the coastal zone. Since any regulations or
changes in the law that'applies to the coastal area certainly could help or
harm the industry people directly, they must be involved. We are attempting
to take into account all of those who do have a piece of the action and get
their insight. This plan will give us that communication that is lacking in

many cases. We must have this communication to produce the proper planning
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for the future. Even with planning we're going to have a tremendous number of
controversies coming up but without planning, I am sure that these contro-
versies would be increased many fold.

The relationship of mosquito control work to the interest that the Divi-
sion of Commercial and Sports Fisheries is not clearly understood. Some think
it is the best thing that ever happened to the shrimp industry. There's a
commercial fisherman over near Atlantlc who swears by the mosquito ditches,
étating that they provide a greater area for shrimp nursery grounds. Others
say this is ruining the marsh, and it should be stopped. So we could probably
get a plle of letters several feet in height endorsing the program and a pile
of letters of equal height condemning the program. v

I think one important thing that has happened lately which will probably
give us the information and data needed to base our future activities in this
area and give us a shield to fend off those who complain about the program, is
the research program funded by the Water Resources Research Institute. This
cooperative study involves Dr. Knight, Dr. Kuenzler, and Mr. Howard Marshall,
The study will be a partial evaluation of certain aspects of the mosquito
control program. I say partial meaning that it takes in only the high marsh.
It will be a step in the right direction. It promises to give us the data
that we need to make proper evaluation of this program and make any changes
that might be necesséry or point out the good points so that in the future
we'll have a better basis for program design.

In this brief summary and sketch I have attempted to explain our involve-
ment in the mosquito control program. If you have any questions, I'll be happy

to answer them.

Question: Dr.‘Linton, you mentioned a state draining marshes. Does this
include the Juncus marshes?

Answer: The regularly flooded marshes. That is a legal question which I can-
not answer, where we're going and where the state will stop in this planned
watershed. I suppose this is a potential problem, this impoundment. Am I
correct, your impoundments are primarily in the Juncus marsh? OQur definition
on marshland is about like our definition on navigable waters, and that's why

I prefaced it with a potential problem.
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Question: Did I understand you to say that your department or one of the
departments is doing research in these impoundments for the production of
shell'fish, crabs and oysters and what effect it has on them?

Answer: No.

Commént: You'll hear about it a little bit later on in the program.

Question: Dr. Linton, is there anything we can do in the meantime? Can you do
anything at all?

Answer: I don't believe we can do anything as a temporary measure. However,
before the legislature convenes for the 1971 session we need to get together
and see what we want to go to the legislature to get this thing squared away.
We are not interested in laying claim to all of the mosquito ditches. However,
by the broad nature of that statute that required registration of submerged
land, we get claims filed on farm ponds up in Ashe County and around Asheville
and little things like that, so we need to clarify this matter through the
legislature. This is the only way to get matters right.

Question: What's the time schedule on this? Will this report be ready for
submission at the opening of the General Assembly?

Answer: A portion of it will. In this regard we are trying to do what we can.
We have some tentative ideas that will be tried out on the committee this week
to see 1f it is possible to go to the legislature with some proposals during
the coming session. The law requires an interim report to be filed with the
1971 legislature and a completion report with the 1973 legislature. Due to

the good reception from all these groups that I have mentioned, we are think-
ing about the proposed legislation for the 1971 sessiom.

‘Question: 1Is this report. available to other people? |

Answer: We have a limited number of copies.,

Question: ' I know you have many uses for them. I'd be interested in seeing one.
Answer: Art Cooper has one.

Question: Well, that would be good. He was supposed to be here. I never did
find out. Regarding this report, who is editing the report? '
Answer: The contract with Dave Adams was just to prepare a tentative report.
There are approximately nine bills in the Congress that would require the
states to do exactly what we're trying to do here, and 1if one of them is enacted,
North Carolina will be in a very advanced position in this matter. We con-
tracted with Dave to prepare a preliminary plan; that's all it is, just to be
looked at and hashed around and shot back and forth. So this is what we've

done; we've submitted it to all the groups that I've mentioned.
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Question: I believg you mentioned that copies have been submitted to the
involved state agencies.

Answer: Yes. We're not near the final draft yet. We had a problem that we ran
into and then some agencies sent four or five people, and we wrote back and
asked for one person to be the liaison officer from that agency. Dr. Kooman
has designated one person, and the report has gone again to this person. I
can't remember off hand just who it is. If you have not had an opportunity

to see this report, it .is the fault.of your liaison officer. I can go back

to that original list and send you a copy. You were there, too, weren't you,
Keith? And we had one other person from the local level, I believe. I'll

get the name and send you one for you to look at. We're not attempting to
pull a fast one on anybody. We want everybody who is involved in this thing
to have an opportunity to look at it and to comment on.it and get your thoughts
into the pot so that we won't go to the legislature with something and be
sandbagged by some who feel they've been slighted. You know well what I'm
talking about. We're trying to cover everyone who is interested so that we
will have their thoughts put into this and hope that we can get better than

50 percent agreement on this. This may be wishful thinking, but I don't

think so. Thank you.

Question: Is it too early to ask how the comprehensive study looks to the
State Board of Health?

Answer: Well, so far I'm waiting for the agencies to come back with the
information they want to have included. We didn't have too much to contribute,
but you have a great deal. The Department of Water and Air Resources has a
great deal to submit as a result of the last meeting. Dr. Adams was merely
assigning certain responsibilities to the various agencies to supply him with
material they wish to have included. Then, he will put it in order in the
preliminary plan.

Comment: Well, I find this very reassuring to know that planning of this type
is going on. I've seen that bill and had planned to ask somebody what was
happening, but I think it's very reassuring to know that planning of this
broad type, and I'm including all possibly interested agencies, is a very
reassuring thing. I think I, like everybody else, would like to see that
coastal North Carolina is kept in a desirable condition for future generations.
I mean allow a man to live and use it, but also to be kept in such a way that

a few years from now it will have some of the same values that are there right
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now. I'm sure everybody's interested, but at times economic pressures get

pretty intense.
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NORTH CAROLINA WILDLIFE RESOURCES COMMISSION

Mr. T.'Sthart Critcher
Assistant Chief
Division of Game

When I began a review of the literature and reports on mosquito control,
marshlands, ecology, pesticides and other topics which, in my opinion, relate
to the subject of this conference, the sheer volume was in itself somewhat
confusing. Generally, however, I was able to clarify, in my own mind at. least,"”
that there do exist many cause and effect relationships between mosquite con-
trol techniques and wildlife populations which depend upon wetlands habitat.
Many of these relationships have béen intensively researched and a relatively
clear understanding is available to us; for example, the effects of the per-
sistent chlorinated—hydrocarbon insecticides on certain invertebrates, fish,
and birds. Other cause and effect relationships, however, are somewhat unclear
at this time, and further study is urgently needed; for example, the effect of
ditching on the quantity and rate of nutrient production of salt marshes and on
the exchange of these nutrients with adjacent estuarine waters; also, the
effects of ditching on the salt marsh piant communities and the rate and
characteristics of plant succession. o

The North Carolina Wildlife Resources Commission is fesponsible, by
statutory decree, for the management and wise use of all of the wildlife
resources in our state. It is very understandable that the Commission has sin-
cere interest in any land-use program or any program which may have either a
beneficial or an adverse effect on wildlife or wildlife habitat; wildlife as
used here meaning and including fish, birds, and mammals.

There have been some remarks made today about mosquito control in inland
fresh waters; however, I would like to address most of my 'remarks to mosquito
control work in the estuarine areas as this appears to be the area in which
we have the greatest common interest.

In the estuarine zone, there are two types of salt marshes in which we
are particularly interested as wildlife habitat. These are: irregularly
flooded and regularly flooded salt marshes. In a sufvey of the wetland areas
in Neorth Carolina, conducted by the U.S. Fish and Wildlife Service and the
Wildlife Resources Commission, it was determined that all marshlands in North

Carolina aggregate only 206,350'acres. These are tabulated as follows:



National Wetlands Percent

Marsh Type Classification Number Acreage Alteration '
Inland Fresh Marsh 12 and 13 47,500 1.0
Irregularly Flooded

Salt marsh 17 100,450 26.7 .
Regularly Flooded

Salt marsh 18 58,400 31.9
Total and Average 206,350 22,2

The combined acreage of all marshlands in the state constitutes only 0.66
percent of the land area of North Carolina (206,350 divided by 31,398,630).

These marshlands are unique ecological types. They (1) occur in very
limited quantity, (2) are extremely valuable as habitat for certain species of
wildlife, (3) ére an essential part of the complex estuarine ecosystem, and
(4) can be easily altered, damaged, or destroyed by the activities of man.

In a survey conducted by the Wildlife Resources Commission in 1969, in
association with a study of the estuarine areas sponsored by the Governor's
Interagency Council on Natural Resources, it was determined that 22.2 percent
of North Carolina's marshlands had been altered by one or another of man's »
activities. See above table. These activities included such operations as
dredging, spoiling, ditching, diking, urban development, etc.

As wildlife habitat, these marshlands support the entire population of
clapper, king, and sora rails and are essential for the survival. of these
marsh birds. Marshes are an essential part of most of the waterfowl habitat
in the state. The marsh vegetation directly produces a significant quantity
of waterfowl foods, but equally as important the nutrients produced in the
marsh contribute to the growth of submerged aquatic plants which grow .in the
adjacent estuarine waters. These marshes and waters, therefore, contribute to
the support of an estimated 90 percent of the state's population of ducks and
geese,

The ecologists and nutritional authorities have stated that marshlands
are the most productive and most fertile land areas in existence. The .amount
of ‘energy that can be captured and cycled back into the ecosystem is
greater in a marsh environment than in any other. In turn, the associated
waters are enriched with nutrients that accelerate the production of plankton,

one-celled plants, and animals, which are the beginning of the animal food
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chain.

From nutrients to plankton, to macrofauna, to snails and fiddler crabs,

to clapper rails; so goes one very simplified example of a very complex food:

chain.,

A similar example with nutrients, the submerged aquatic plant--sago

pondweed--and the canvasback could be cited; or so could shrimp or spotted

weakfish.,

This entire cycle, from energy capture, to nutrient evolvement, to

food production, all of which begins in the marsh, is vital to shrimp and

oyster, finfish and crab, clapper rail, and canvasback.

One cannot but conclude that these marshlands are essential and basic to

the welfare of many forms of recreational pursuit and to many commercial enter-

prises that are important to the economy of the state and to the health and

well-being of the people.

Earlier it was mentioned that over 22 percent of these marshes had been

altered by activities of man, including dredging, filling, housing development,

etc., as well as by ditching.

alteration attributable to mosquito ditching was significant.

The survey data indicated that the amount of

Following is a

tabulation which shows the extent of this marsh alteration in four of the

coastal counties which have had active mosquito ditching programs:

Altered Marsh Acreage

Total Salt-

Percent

County :Irregplarly Flooded ngularly Flooded| - Total Marsh Acreage ‘Altered
Carteret 3,978 1,000 4,978 48,600 110.2
Dare 7,000 - 7,000 16,000 . 43.8
Onslow -~ 10,500 10,500 12,350 . 85.0
Pamlico | 11,423 - 11,423 15,000 76.2
Total and Average 33,900 | 91,500 ©36.9

These data indicate alteration ranging from 10 to 85 percent for these

four counties, and averaging about 37 percent, as compared to an average of

about 22 percent for all coastal counties.

It would seem, therefore, that

mosquito ditching has contributed significantly to salt marsh alteration.

What exactly are the effects of ditching on a salt marsh?
a divergence of opinion.

accelerated due to the improved access.for tidal flows.

There is quite

Some speculate that the nutrient exchange rate is

Other workers have

stated that the water table is lowered, that the rate of plant succession is

speeded up and that encroachment by brushy perennials soon changes the marsh
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to a brushy area. I am not qualified to say what the effects have been or what
ecological changes have occurred in our marshes as a result.of mosquito ditching.
It can be stated, however, as a matter of general knowledge that when a marsh
becomes drier and as plant succession advances toward perennial woody species,
the value of the marsh decreases as habitat for muskrat, other furbearers, rails
and waterfowl. Surely, we agree that the effects of ditching should be more
thoroughly evaluated.

The transactions of the 1959 symposium on 'The Coordination of Mosquito
Control and Wildlife Management,' Washington, D. C., concluded that there were
a considerable number of benefits to be gained from impounding salt marshes
over other methods of mosquito control. Our observations in Pamlico and Onslow
Counties confirm this conclusion. Recent records for the 800-acre Pamlico
Point Impoundment show about 400 man~days of duck hunter use or one-half
man-day per acre. These hunters averaged 2.5 ducks per trip. Initial con-
struction and development costs for Pamlico Point were determined to be $34
per acre. When this cost is amortized over twenty years, the average annual
cost.is $1.70 per acre. '

The most recent national economic survey of hunting activities shows that
one day of duck hunting costs an average of $6.44. If we use this expenditure
as the ''value" of this form of recreation, then one-half man-day is worth $3.22.
By comparing this value of $3.22 with the average annual per acre cost of $1.70,
a benefit-to-cost ratio of 1.9 to 1.0 can be derived. The engineers and econ-
omists of the Corps of Engineers and the Soil Conservation Service find a con-
struction project to be highly feasible when they determine that the B-C ratio

is about two to one,

Question: What is this $6.44?

Answer: This is the average value that the national economic survey of fish-
ing and hunting resources done by the Bureau of Sports Fisheries and Wildlife
in 1965 said that one day of waterfowl hunting was. worth.

Question: To whom? How do you arrive at that?

Answer: This is the national average.

Question: To whom is it worth that?

Answer: To the hunter.

Question: 1Is he willing to pay that? Is that how they arrived at it?
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Answer: This is an average of license cost and expenses. Not'being an econo-
mist, I'm not sure that I can answer your question, but this was what he spent.
Question: This is not value to the society?

Answer: No., 'This is something else.

Question: When you speak of a two-to-one benefit-cost ratio, you need to
specify.

Answer: That's right. This was just duck hunting alone. Now if you want to
throw another 500 man-days of fishing onto this 800-acre impoundment, you'll.
come out with in excess of three-~to-one B-C ratio. They caught, in this
impoundment, pumpkin seed and other fish as well as crabs that were shown on a
slide this morning and other things in there that I've left out entirely.
There were as many as fifty or sixty fishermen down thete that were catching
forty, fifty, and sixty half-pound to three-quarter-pound pumpkin seed all
during the year. I didn't see it, but it was reported to us. At $3.25 for
one day's fishing value you can come up with a three-to-one B-C ratio, leaving
out the crabs and any other things., So we felt really very proud of this

impounded area. You saw it on a slide this morning.

From a wildlife point of view we can state that a salt marsh impoundment
is one of the most highly productive types of wetland habitat. The mosquito
control authorities state that impoundments will all but eliminate the salt
marsh mosquito. Here,.then, are two interests which could endorse the impound-
ment technique. But what are the other effects on the ecology of this type of
environment? Even by use of this technique, which at least has the advantage
of more than a single purpose objective, further evaluation is indicated.

I would like to close by saying that the marsh areas in North Carolina,
although limited in acreage, are vital to many forms of wildlife. The North
Carolina Wildlife Resources Commission is both interested and concerned with
any form of land use that may detract from their value or serve to enhance
their productivity. We will cooperate to the fullest possible extent to achileve

the wisest and best uses of these wetlands.

Question: What are the arguments against impounding?
Answer: Well, the mosquito control people say that they are 100 percent
effective for A, scllicitans. They have dipped in some animal tracks and some

hunter boot tracks and found some larvae in depressions.,
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Question: There has been a good deal of study of the value of spartina marshes
to the rest of the estuary. How much fixed energy food value goes out into

the estuary for the shrimp, crabs, and the fish? I don't believe data are
available. Until you know this, you don't know what your real cost is.

Answer: This is certainly true. The most highly productive, I think, is the
regularly flooded; but undoubtedly, these upper or high marshes contribute to
this energy flow into the estuarine waters. I haven't seen any breakdown of
this contribution. I'm not saying that all of the Juncus marsh should be
impounded for waterfowl. I don't think the commercial fisheries people would
agree to this. I would hate to see a particular type of habitat of this sort.
completely impounded and turned into an entirely different type of habitat. I
don't think this would be wise use.

Comment: That would be complete destruction of it.

Answer: That's right.

Comment: You might as well fill in as flood it if you're going to completely
destroy it anyway.

Question: There is a study being conducted on value of the Juncus marsh, the
energy or amount of energy. Dick Williams down at Harker's Island in Carteret
County has been doing some research on that. He describes the Juncus marsh
more or leéss as a desert. I know nothing about this except he is doing some
research on the amount of energy in the Juncus marsh. One of the things I
tried to point out is there's been very little exchange of enérgy between your
Juncus marsh and estuarine area because of this natural dike.

Question: Is there any evidence of subsurface flow of nitrate down through the
marshes into the estuaries?

Answer: As far as subsurface drainage, it has been our experience that there's
not too much lateral flow because of elevational differences.

Comment: Agricultural people involved with draindng lands for agriculture, etc.
in the lowlands on' the coast tell me that the principal movement would be
through the ground water.,

Comment: Some work has shown there's actually a loss of nitrogen from the water
going into the high marsh.

Question: I don't have any figures; but if you take your counties that have all
high or Juncus marshes and not any regularly flooded marsh, the fact that they
don't release these nutrients as often as our lower marsh does not say they

release less. If you go to a county that has entirely Juncus marsh, specifically
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I'm thinking of Currituck and Pamlico, the fisheries in those counties are
every bit as high as in the counties where they do have a daily release.
Comment: Wéll, I think that the answer to this point will be forthcoming from
the people who are going to do’the energy exchange studies in this particular
thing. I don't think any of us can deny that both types of marsh are very,
very important to the estuarine waters.

Question: Have impoundments been limited to the high marshes?

Answer: They have been, yes. From several practical considerations, they
have been limited to the high marsh, irregularly flooded marshes. There are
other factors to consider, too, that are lgss direct. Pollution, siltation,
and soil disposal from permits, ditching, pesticides, and all other things

are having an effect on this type of habitat. I think all I can do is to state
that it is an important type of habitat to the wildlife resources of the state.
Not only waterfowl and clapper rails, but the herons, egrets, the shore birds
and the wading birds, the eagles and all the others that are associated with
aesthetic type wildlife. Even though we don't hunt some of these, we recognize
this as being a very important type. We have a very vital interest in it and
anything that is done to it. I've heard the word water management used here
this morning. Hopefully, this is true water management and not just surface
water removal without any evaluation of it. There is a difference in turning
the water off and dropping the water table and truly managing one facet of
this very important thing.

Question: I'd like to ask one more question, if I may. You made several
references to ditching in Delaware and New Jersey that had changed the marsh-
lands to more wooded vegetation.. I wonder if you found that true in this
state?

Answer: No.

Question: Some drainage has existed for about twelve years or more, and we
have had a chance to observe 1t pretty closely. I wonder what your findings
have been?

Answer: We haven't made any studies on it; and it would be very worthwhile to
see what the rate of successional change is. You do know that when you get up
inteo high elevation, you get inte the brushy type and then eventually into the
pond type. If there is a corresponding drop in the water table either now or
in the future, I think you'll find this same rate of succession. This is just

a biological principle. But other than the myrtle growing on the speil banks
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that was very obvious from Keith's photographs this morning, which is a step in
this direction, I didn't observe any other vast successional changes out in

the marsh. I think this may be five or ten years in coming. I don't know;
investigators in the Northeast were very conclusive that this was the result

end effect of ditching.

Question: But that is all spartina?

Angwer: No, he had some Juncus, too. A lot of the New Jersey marshes are Juncus.
Question: Is that right?

Answer: Yes.

Comment: He says there's quite a change in the fauna involved.
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