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INTRODUCTION 

The o b j e c t i v e s  of t h i s  workshop were t o  explore  p re sen t  mosquito c o n t r o l  

p r a c t i c e ,  t r a n s i t i o n  away from p e r s i s t e n t  p e s t i c i d e s ,  minimization of ecologi -  

c a l  impact,  i n t e g r a t i o n  of mosquito c o n t r o l  w i th  water  resource  management, 

program coord ina t ion ,  and develop recommendations concerning changes i n  the  

program toge the r  w i t h  r e sea rch  and educa t iona l  needs. 

P a r t i c i p a n t s  included r e p r e s e n t a t i v e s  of f e d e r a l  and s t a t e  agencies  and 

e l e c t r i c  u t i l i t i e s  concerned wi th  mosquito c o n t r o l  and i t s  imp l i ca t ions  t o  

water  r e sou rce  management. 

This  i s  t h e  f o u r t h  i n  a s e r i e s  of r e sea rch  workshops sponsored by t h e  

I n s t i t u t e  t o  i n c r e a s e  communication between research  u s e r s  and r e sea rche r s  

on water  resource  problems and r e sea rch  needs. 

David H. Howells 
D i rec to r  





WELCOME 

D r .  J. Lawrence Apple 
Di rec to r  

I n s t i t u t e  of B io log ica l  Sciences 
School of Agr i cu l tu re  and L i f e  Sciences 

North Carol ina S t a t e  Univers i ty  

I am pleased  t o  have t h i s  oppor tuni ty ,  a l though I am a f r a i d  I have l i t t l e  

i n  t h e  way of experience o r  e x p e r t i s e  t o  c o n t r i b u t e  t o  t h i s  s u b j e c t .  Having 

been t o  t h e  coas t  very many t imes,  however, I am very  much concerned about t h e  

t o t a l  problem. It i s  g r a t i f y i n g  t o  s e e  so  many p a r t i c i p a n t s  he re  r ep re sen t ing  

s o  many d i f f e r e n t  agencies  and i n s t i t u t i o n s .  The workshop does address  a t o p i c  

t h a t  i s  of extreme importance t o  t h e  S t a t e  of North Caro l ina  i n  i t s  e f f o r t s  t o  

manage i t s  n a t u r a l  resources  f o r  t he  maximum b e n e f i t  of i t s  c i t i z e n s  and i t s  

v i s i t o r s .  I doubt i f  man has eve r  gone through a pe r iod  of more c r i t i c a l  s e l f -  

examination of human va lues  than t h e  1970 ' s  promise us .  I t h i n k  whether we 

ag ree  o r  d i sag ree  wi th  t h e  t r end  of events  a t  t h e  p re sen t  t ime, i t  i s  unmis- 

takably  c l e a r  t h a t  man's i nhe ren t  r i g h t s  a r e  being i d e a l i z e d  a s  never  be fo re .  

Does each i n d i v i d u a l  have t h e  r i g h t  t o  a c lean ,  undis turbed ,  natural--yet  

healthful--environment; an adequate  food supply,  a guaranteed l e v e l  of income 

wi th  which he  might purchase t h e  n e c e s s i t i e s  of l i f e ?  A l l  of us ,  I t h i n k ,  

would hope t h a t  u t o p i a  i s  poss ib l e .  However, t h e  Seventeenth Century w r i t e r s  

have s a i d ,  and I quote,  "Man i s  an embodied paradox, a bundle of con t r ad ic t ions . ' '  

They could have been r e f e r r i n g  t o  t h e  i d e a l i s t  o r  our idea l i sm a s  expressed 

i n  t h e  seven t i e s .  Man, h imsel f ,  i n  h i s  p re sen t  numbers and s u r e l y  i n  t he  num- 

b e r s  p red ic t ed  f o r  t h e  yea r  2000, c o n t r a d i c t s  na tu re .  Perhaps t h i s  recogni- 

t i o n  prompted S i r  William G i l b e r t  t o  w r i t e  many yea r s  ago t h a t ,  "Man i s  n a t u r e ' s  

s o l e  mistake. " 

The s u b j e c t  of t h i s  workshop i s  involved i n  t h a t  paradox. We do n o t  l i k e  

the  discomforts  and t h e  d i s e a s e s  t h a t  mosquitoes might b r i n g ,  bu t  i n  e f f e c t i n g  

mosquito c o n t r o l  o t h e r  condi t ions  may be c rea t ed  which a r e  a l s o  undes i r ab le .  

I a m  happy t o  s e e  t h i s  workshop b r ing  toge the r  t h e  many p o i n t s  of view repre-  

sen ted  he re  i n  o rde r  t h a t  you might w r e s t l e  w i t h  a common problem. I do hope, 

and I ' m  s u r e  you w i l l ,  have f r e e  express ion  i n  a c r i t i c a l  examination of t h e  

i s s u e s  involved s o  t h a t  we might achieve t h e  b e s t  p o s s i b l e  balance i n  a program 

t h a t  w i l l  achieve our  o b j e c t i v e s ,  The communication of t h e  type  a f fo rded  by 

t h i s  workshop i s  extremely important .  We must have understanding. We must 



t a l k  t h e  same language, because i f  we do n o t  understand each o t h e r ,  then our  

communication breaks down and t h e  chances f o r  success  i s  g r e a t l y  jeopardized.  

I do hope t h a t  you have a s u c c e s s f u l  conference today and tomorrow, and t h a t  

i t  s h a l l  be n o t  only a p l easan t  experience but  a very g r a t i f y i n g  one i n  terms 

of s u b j e c t  ma t t e r .  



PRELIMINARY REMARKS 

Pro fes so r  David H .  Howells 
Di rec t  o r  

Water Resources Research I n s t i t u t e  

This i s  t h e  f o u r t h  workshop t h a t  t h e  Water Resources Research I n s t i t u t e  

has  e i t h e r  sponsored o r  co-sponsored during t h e  p a s t  yea r .  The o t h e r s  have 

d e a l t  wi th  a g r i c u l t u r a l  water  use,  f l ood  p l a i n  management and municipal  water  

and sewer charges,  Our nex t  i s  scheduled for September 19. Some of you might 

be i n t e r e s t e d  i n  t h i s  s i n c e  i t  d e a l s  wi th  t h e  h igh ly  charged ques t ion  of 

s t ream channe l i za t ion  t h a r  t he  c o n s e r v a t i o n i s t s  and cons t ruc t ion  agencies  

haven ' t  always seen  eye t o  eye on. This  has been encouraged by t h e  S t a t e  

Department of Water and A i r  Resources. 

The Water Resources Research I n s t i t u t e  i s  a  u n i t  of t h e  Consolidated Uni- 

v e r s i t y  of North Carol ina and i s  loca t ed  a t  Nopth Caro l ina  S t a t e  Univers i ty .  

I t  i s  charged with developing a  s t r o n g  water  resources  research  program and 

an i n c r e a s i n g l y  e f f e c t i v e  informat ion  d isseminat ion  program dea l ing  wi th  t h e  

water  resources  problems of t h e  s t a t e .  we 're  convinced t h e r e  has  been f a r  t o o  

l i t t l e  in te rchange  between t h e  u n i v e r s i t y  community and t h e  p u b l i c  agencies  i n  

t h i s  f i e l d .  Whether we're  succes s fu l  o r  n o t ,  we have been devot ing a  l o t  of 

e f f o r t  toward a  b e t t e r  c h a r a c t e r i z a t i o n  of water  r e sou rce  problems and a  

c l e a r e r  d e f i n i t i o n  of what our r e sea rch  needs r e a l l y  a r e .  

One of t h e  t h i n g s  we ' re  concerned about ,  and I th ink  t h i s  i s  a  problem 

of n a t i o n a l  scope,  i s  t h e  ma t t e r  of g e t t i n g  new informat ion  i n t o  p r a c t i c e .  A l l  

you've got  t o  do i s  go out and t a l k  t o  consu l t i ng  engineers  o r  o t h e r s  who a r e  

having t o  use  r e sea rch  informat ion ,  and i t ' s  very c l e a r  t h a t  we have many 

b a r r i e r s .  M r ,  James Stewart--Jim, would you s t and  up so  they can s e e  you-- 

i s  a  graduate  s tuden t  who has  been a  county ex tens ion  chairman and understands 

ex tens ion .  He's working wi th  t h e  I n s t i t u t e  now on h i s  d i s s e r t a t i o n  i n  t h e  

a r e a  of information exchange inc luding  t h e  concep tua l i za t ion  of problems, 

r e sea rch  needs and t r a n s f e r  of information back t o  t h e  use r .  A t  t h e  end of 

t h i s  workshop, he w i l l  p a s s  out  eva lua t ion  ques t ionna i r e s  which we hope y o u ' l l  

t ake  t h e  time t o  f i l l  ou t .  

The ob jec t ives  of t h e  workshop a r e  t o  cons ider  the  fol lowing top ic s :  

Evaluat ion of p re sen t  pract ice-- techniques and emphasis - 
advantages and disadvantages.  



Trans i t i on  away from p e r s i s t e n t  p e s t i c i d e s  and minimizat ion 
of o t h e r  forms of e c o l o g i c a l  impact. 

I n t e g r a t i o n  of mosquito c o n t r o l  w i th  o the r  f a c e t s  of water- 
land resource  management. 

E f f ec t iveness  of s ta te-wide coord ina t ion  of ope ra t ing  pro- 
grams, i nc lud ing  l o c a l  government. 

Recommendations f o r  changes i n  North Caro l ina  mosquito con- 
t r o l  programs. 

Research, educa t iona l  and ex tens ion  needs,  

We hope t h i s  w i l l  be  a very  product ive  exper ience  f o r  everyone. 



OVERVIEW OF MOSQUITO CONTROL PROBLEMS 

D r .  Kenneth L. Knight, Head 
Department of Entomology 

North Caro l ina  S t a t e  Univers i ty  

Man's remarkable domination of t h e  e a r t h  began, perhaps one-half m i l l i o n  

yea r s  ago, when he f i r s t  used a  s t i c k  o r  a  s tone  t o  improve h i s  food-col lec t ing  

c a p a b i l i t i e s .  Now i n  i t s e l f  t h i s  i s  n o t  a  unique b i o l o g i c a l  phenomenon, s i n c e  

we know of o t h e r  animals t h a t  have a  tool-using c a p a b i l i t y  ( f o r  example, t h e r e  

i s  a wasp which tamps shut  t he  en t rance  t o  i t s  burrow wi th  a  pebble he ld  by 

i t s  mouthparts) .  However, through t h e  ensuing m i l l e n i a ,  man s t e a d i l y  improved 

h i s  tool-making a b i l i t y .  A l o g i c a l  outgrowth of t h i s  was the  development of 

techniques f o r  modifying t h e  environment--modifications designed t o  p r o t e c t  

him from t h e  elements and from h i s  enemies and t o  make p o s s i b l e  t h e  more e f f i -  

c i e n t  product ion of food. For long yea r s  progress  was slow; bu t  a s  technologi-  

c a l  hu rd l e s  were c l ea red  one by one, t h e  r a t e  of development increased  u n t i l  

w i t h i n  j u s t  t h e  l a s t  h a l f  century we have gone from horse  and buggy t r anspor t a -  

t i o n  t o  t rans- lunar  rocke t ry .  Our mastery of t h e  t o t a l  environment i s  equa l ly  

g r e a t ,  and we now have t h e  un fo r tuna te  c a p a b i l i t y  of making i t  completely 

unsu i t ab l e  f o r  man's s u r v i v a l .  

Our concern wi th  mosquitoes and our  a b i l i t y  f o r  t h e i r  c o n t r o l  has followed 

c l o s e l y  the  p i c t u r e  j u s t  desc r ibed ,  For Long ages ,  man p a t i e n t l y  endured t h e  

a t t a c k s  of mosquitoes.  Then technology began t o  g ive  him some weapons a g a i n s t  

mosquito a t tack- -c lo th ing  and p r o t e c t i v e  s h e l t e r s ,  among o t h e r s .  However, 

t o l e r ance  f o r  mosquitoes remained g r e a t  u n t i l  a t  t h e  end of t h e  n i n e t e e n t h  

century  i t  was confirmed t h a t  mosquitoes a r e  t h e  s o l e  t r a n s m i t t e r s  of s e v e r a l  

deadly human d i s e a s e s ,  I n  t h e  seventy yea r s  s i n c e  t h a t  time t h e  number of man 

y e a r s  annual ly app l i ed  t o  the  c o n t r o l  of mosquitoes has  been f a n t a s t i c a l l y  

g r e a t ,  as has been t h e  number of pages w r i t t e n  on t h e  s u b j e c t .  

With a11  of t h i s  e f f o r t ,  j u s t  where a r e  we? We have mastered a l l  of t h e  

techniques necessary  t o  p l ace  men on t h e  moon; y e t ,  a c a p a b i l i t y  f o r  adequate  

management of mosquitoes and t h e  d i seases  and d iscomfor ts  they cause cont inues  

t o  e lude  us.  I n  some r e s p e c t s ,  we have even l o s t  ground. Fbr example, i t  was 

r epo r t ed  l a t e  i n  1969 t h a t  Culex t a r s a l i s  i n  t he  Cen t r a l  Valley of C a l i f o r n i a  

i s  now r e s i s t a n t  t o  a l l  seven of t h e  i n s e c t i c i d e s  on which i t s  c o n t r o l  had 

previous ly  depended, As  i f  i t  i s n ' t  enough t h a t  n a t u r e  i s  r e s i s t i n g  our  

e f f o r t s ,  man cont inues  t o  c r e a t e  new mosquito problems a t  an alarming r a t e .  



I have been charged wi th  t h e  r e s p o n s i b i l i t y  f o r  g iv ing  an overview of 

mosquito c o n t r o l  problems. Up t o  t h i s  p o i n t  an e f f o r t  has  been made t o  

emphasize t h a t  mosquitoes have been a  h e a l t h  and comfort problem t o  man through- 

out h i s t o r y  and t h a t  t h i s  problem remains wi th  us i n  s p i t e  of our  r i c h  techno- 

l o g i c a l  c a p a b i l i t i e s .  Next, let  us  cons ider  t h e  components t h a t  e n t e r  i n t o  

mosquito c o n t r o l .  

There a r e  many ways t o  cu t  a  p i e ,  and I choose t o  d i v i d e  t h i s  one i n t o  

two p a r t s :  The s o c i o l o g i c a l  a s p e c t s  and t h e  t echno log ica l  a spec t s .  

Soc io log ica l  a s p e c t s  a r e  t hose  concerned wi th  t h e  impact of man and h i s  

a c t i v i t i e s .  Their  importance i n  t h e  s o l u t i o n  of any problem can be tremendous. 

We may have t h e  u l t i m a t e  i n  t echno log ica l  c a p a b i l i t i e s  and be completely 

unable t o  make use  of them because of human f r a i l t i e s  and obs t inanc ie s .  Per- 

haps man's b i g g e s t  problem today i s  t h e  popula t ion  bomb. Man now has i n  h i s  

hands a l l  of t h e  t echno log ica l  t o o l s  needed t o  c o n t r o l  both t h e  q u a l i t y  and 

s i z e  of t he  human popula t ion ,  bu t  i t  i s  un l ike ly  t h a t  t hese  w i l l  eve r  be e f f i -  

c i e n t l y  app l i ed  because of c h a u v i n i s t i c ,  p o l i t i c a l ,  economical and r e l i g i o u s  

cons ide ra t ions ,  I n  o t h e r  words, t echno log ica l  c a p a b i l i t i e s  a r e  i n  themselves 

n o t  enough. Equal a t t e n t i o n  must be given t o  t h e  s o c i o l o g i c a l  a s p e c t s  of a  

problem i f  i t  i s  t o  be s u c c e s s f u l l y  a t t acked .  

Although c e r t a i n l y  n o t  a l l  i nconc lus ive ,  a  l i s t  of t he  s o c i o l o g i c a l  

a spec t s  of t h e  problem of mosquito c o n t r o l  should a t  l e a s t  i nc lude  t h e  follow- 

ing  i tems:  Organiza t ion ,  p o l i t i c s ,  economics and p u b l i c  r e l a t i o n s .  

I n  t h e  major a r e a  of p e s t  management, mosquito c o n t r o l  has long been 

unique because of t he  ex t en t  of i t s  r e l i a n c e  f o r  success on o rgan iza t ion .  

This s i t u a t i o n  came i n t o  being p r i n c i p a l l y  because a d u l t  mosquitoes can and 

f r equen t ly  do f l y  long d i s t a n c e s .  Consequently, a l l  too  o f t e n  t h e  mosquitoes 

b i t i n g  a  man r e l a x i n g  i n  h i s  back yard  were produced on t h e  proper ty  of some- 

one e l s e .  Obviously, i f  permanent con t ro l  of mosquitoes i s  t o  be obta ined ,  

t h e r e  must be a c a p a b i l i t y  f o r  des t roy ing  them a t  t h e i r  source. This  need i n  

t h e  case of mosquito c o n t r o l  very  e a r l y  gave r i s e  t o  mosquito c o n t r o l  comrnis- 

s i o n s ,  mosquito abatement d i s t r i c t s  o r  some s i m i l a r  form of l e g a l l y  organized 

c o n t r o l  a r e a .  F i n a n c i a l  suppor t  was obtained by tax ing  t h e  i n h a b i t a n t s  of a  

d i s t r i c t  and a  mosquito c o n t r o l  s t a f f  and f a c i l i t i e s  were c r ea t ed  w i t h  both  

t h e  r e s p o n s i b i l i t y  and a u t h o r i t y  t o  ca r ry  ou t  t h e i r  a c t i v i t i e s  on t h e  p r i v a t e  

and: p u b l i c  lands  of t h e  d i s t r i c t .  I nva r i ab ly ,  s t a t e  l e g i s l a t i o n  was passed 

which provided t h e  l e g a l  b a s i s  needed f o r  d i s t r i c t  formation and usua l ly  a l s o  

provided matching state funds. 



To support  t h e  l o c a l  mosquito c o n t r o l  e f f o r t s ,  an o rgan iza t ion  of one 

s o r t  o r  another  has  developed a t  s t a t e  l e v e l .  Also, perhaps most o f t e n ,  

a u t h o r i t y  f o r  mosquito c o n t r o l  is  inves ted  w i t h  t h e  S t a t e  Board of Heal th.  

I n  New Je r sey ,  where organized mosquito c o n t r o l  o r i g i n a t e d  i n  t h e  United 

S t a t e s ,  a S t a t e  Mosquito Control  Commission f e g u l a t e s  mosquito c o n t r o l  

through county mos.quito c o n t r o l  commissions. Every county except  one has 

such a commission. Technological  support  f o r  t h e  program i s  provided by t h e  

S t a t e  Experiment S t a t i o n .  F lo r ida ,  w i th  one of t h e  m a t  ex t ens ive  organiza-  

t i o n s  i n  t h e  United S t a t e s ,  n o t  only has t h e  admin i s t r a t i ve  program under t h e  

Heal th Department bu t  a l s o  t h e  r e sea rch  phase (through t h e  F l o r i d a  Entomologi- 

c a l  Research Laboratory a t  Vero Beach). 

Organizat ional-wise,  t h e  most d i f f i c u l t  problem is t o  main ta in  l i a i s o n  

between t h e  s t a t e  o rgan iza t ion  charged wi th  mosquito c o n t r o l  r e s p o n s i b i l i t i e s  

and t h e  o the r  s t a t e  o rgan iza t ions  who a r e  charged wi th  r e s p o n s i b i l i t i e s  f o r  

overseeing t h e  management of t h e  water  resources  of t h e  s t a t e .  Unless an 

e f f e c t i v e  coord ina t ion  of a l l  such agencies  w i th in  a p o l i t i c a l  u n i t  can be 

e f f e c t e d ,  some d i s a s t e r o u s  happenings a r e  bound t o  occur .  A common example 

of t h i s  i s  where an agency i s  dredging a channel and pumping t h e  f i l l  i n t o  an 

a r e a  t o  be  reclaimed. Eventual ly,  t h i s  f i l l  d r i e s ,  s e t t l e s  and cracks  form 

ac ros s  a l l  of i t s  sur face .  Rains f i l l  t he se  c racks  and mosquito breeding 

a r e a s  a r e  c r ea t ed .  

Top-level l i a i s o n  between a l l  agencies  wi th  r e s p o n s i b i l i t i e s  f o r  water  

resource  management i s  very  important.  For example, w i l d l i f e  people can g r e a t l y  

i nc rease  t h e  a r e a  o f t h e i r  re fuge  and pub l i c  lands  by tak ing  over t h e  manage- 

ment of impoundments. Dredging and d i t c h i n g  should never  be permi t ted  wi thout  

the coordinated approval  of those  charged wi th  r e s p o n s i b i l i t i e s  f o r  p u b l i c  

h e a l t h ,  r e a l  e s t a t e  development, and waterway maintenance. I n  t h i s  connection 

i t  i s  r a t h e r  amazing t o  no te  t h a t  t h e  eight-man Es tua r ine  Study Committee 

of Governor ~ o o r e ' s  Interagency Council on n a t u r a l  Resources had no representa-  

t i v e  of t h e  S t a t e  Board of Health--a group ca r ry ing  out  more work on 

es tuar ine-adjo in ing  lands  than a l l  of t h e  member agencies  of the  Es tua r ine  

Study Committee combined. A primary purpose of t h i s  workshop i s  t o  b r ing  

toge the r  i n d i v i d u a l s  from a l l  of t he  agencies  i n  t h e  s t a t e  wi th  water  manage- 

ment r e s p o n s i b i l i t i e s  and t o  d i scuss  mosquito c o n t r o l  i n  a l l  of i t s  a spec t s  

a g a i n s t  such a backdrop. 



P o l i t i c s  was t h e  second s o c i o l o g i c a l  a s p e c t  mentioned. I a m  s u r e  t h a t  

no one would u n d e r e s t i m a t e  t h e  importance of t h i s  i t e m  i n  t h e  development of 

a n  adequa te  mosqui to  c o n t r o l  program. It  t a k e s  p o l i t i c a l .  know-how t o  g e t  an 

abatement  d i s t r i c t  i n t o  b e i n g ,  n o t  t o  ment ion t h e  o r i g i n a l  c r e a t i o n  of t h e  

s t a t e - l e v e l  e n a b l i n g  l e g i s l a t i o n  and t h e  a n n u a l  p r o v i s i o n  of t h e  n e c e s s a r y  

matching funds .  Fur thermore,  it i s  n o t  i n f r e q u e n t  t h a t  p o l i t i c a l  p r e s s u r e  

is  brought  t o  b e a r  i n  an e f f o r t  t o  f o r c e  d e c i s i o n s  which,  w h i l e  economica l ly  

f a v o r a b l e  t o  one group,  would c r e a t e  s e r i o u s  mosquito problems f o r  t h e  p u b l i c  

at l a r g e ,  

Economics h a s  been added t o  t h e  l i s t  of s o c i o l o g i c a l  a s p e c t s  i m p o r t a n t  

t o  mosqui to  c o n t r o l  f o r  r e a s o n s  t h a t  have a l r e a d y  been e x p l a i n e d .  There  a r e  

o t h e r  r e a s o n s  a l s o .  For example, i t  would b e  i d e a l  i f  e v e r y  mosqui to  a b a t e -  

ment d i s t r i c t  cou ld  own and m a i n t a i n  a h e l i c o p t e r .  Such a machine makes pos- 

s i b l e  t h e  ready  s u r v e i l l a n c e  of a l l  a r e a s  w i t h i n  a d i s t r i c t  a s  w e l l  as permit -  

t i n g  s p o t  a p p l i c a t i o n s  of i n s e c t i c i d e s  i n t o  o t h e r w i s e  unreachab le  areas. 

P u b l i c  r e l a t i o n s  i s  t h e  last  of t h e  s o c i o l o g f e a l  a p s e c t s  enumerated.  

P u b l i c  misunders tand ing  of t h e  t e c h n i c a l  a s p e c t s  of mosqui to  c o n t r o l  and of 

work b e i n g  under taken  can s e r i o u s l y  undermine a c c e p t a n c e  and s u p p o r t  of con- 

t r o l  programs. At a l l  t i m e s ,  i t  i s  e s s e n t i a l  t o  keep t h e  p u b l i c  a d e q u a t e l y  

and c o r r e c t l y  informed.  E x t e n s i v e  u s e  of t h e  r e g u l a r  communicative media 

w i l l  b e  n e c e s s a r y ,  as w e l l  as t h e  u s e  of ex tens ion- type  e d u c a t i o n a l  programs. 

Much e a r l i e r  I spoke of d i v i d i n g  t h e  mosqui to  c o n t r o l  problem i n t o  two 

p a r t s :  t h e  s o c i o l o g i c a l  and t e c h n o l o g i c a l  a s p e c t s .  Having b r i e f l y  c o n s i d e r e d  

t h e  s o c i o l o g i c a l  s i d e ,  l e t  u s  move on t o  t h e  t e c h n o l o g i c a l  phases  of mosqui to  

c o n t r o l .  

E s s e n t i a l l y ,  t h e  technology of mosqui to  c o n t r o l  c o n s i s t s  of t h e  fo l low-  

i n g  t h r e e  major  e lements :  b i o l o g i c a l  and e c o l o g i c a l ,  s u r v e i l l a n c e ,  and popu- 

l a t i o n  management. 

E s s e n t i a l  t o  t h e  c o n t r o l  of any p e s t  i s  p o s s e s s i o n  of a d e t a i l e d  knowl- 

edge of t h e  b i o l o g y  o r  l i f e  c y c l e  and h a b i t s  of t h e  p e s t  and an  e q u a l l y  f u l l  

knowledge of i t s  eco logy  of i n t e r r e l a t i o n s h i p s  w i t h  t h e  o t h e r  b i o l o g i  c a l  and 

p h y s i c a l  e lements  of t h e  environment i n  which i t  l i v e s ,  With a l l  of t h e  

thousands  of h o u r s  of r e s e a r c h  t h a t  have been done on mosqui toes ,  we a r e  s t i l l  

w o e f u l l y  weak i n  t h i s  a r e a  of knowledge. The p r e s e n t t r e n d  towards  d e c r e a s i n g  

t h e  u s e  of p e s t i c i d e s  h a s  made i t  even more n e c e s s a r y  t o  have an  e x t e n s i v e  

knowledge of t h e  b i o l o g y  and ecology of t h e  p e s t  which i s  under  c o n s i d e r a t i o n .  



Since no t  everyone he re  i s  probably equa l ly  informed on mosquitoes,  I 

propose t o  t e l l  i n  a most gene ra l i zed  way something about t h e  l i f e  of 

mosquitoes. 

The Cul ic idae ,  o r  mosquitoes,  c o n s t i t u t e  a l a r g e  and widely d i s t r i b u t e d  

family of medical ly  important i n s e c t s .  The blood-sucking h a b i t s  of t h e  

females ,  coupled w i t h  t h e  a b i l i t y  of some t o  t r ansmi t  d i s e a s e  organisms, make 

them extremely s e r i o u s  p e s t s  of man and domestic animals.  There a r e  n e a r l y  

3000 spec i e s  known t o  occur  i n  t h e  world, and previous ly  unknown a d d i t i o n a l  

spec i e s  a r e  being found every yea r .  About f i f t y  d i f f e r e n t  spec i e s  occur  i n  

North Caro l ina .  

According t o  t h e  p r e s e n t l y  accepted c l a s s i f i c a t i o n ,  t h e  family Cul ic idae  

(belonging t o  t h e  o rde r  D ip te ra  o r  t h e  two-winged f l i e s )  i s  d iv ided  i n t o  t h r e e  

subfamilies--Anophelinae, Toxorhynchitinae, and Cul ic inae .  The f i r s t  subfamily 

conta ins  a l l  of t h e  s p e c i e s  which t r ansmi t  human malar ia .  The second has  only 

one spec i e s  i n  t h e  United S t a t e s ,  a very l a r g e  m e t a l l i c  b lue  and green mosquito 

which, oddly enough, i s  incapable  of t ak ing  blood, i n s t e a d  feeding only on 

n e c t a r .  The t h i r d  subfamily conta ins  a l l  of t h e  remaining mosquito s p e c i e s  

t h a t  a r e  important  p e s t s  of man, 

Species  of mosquitoes a r e  widely d i s t r i b u t e d  throughout t h e  world,  be ing  

absent  only from A n t a r c t i c a  (however, they occur  up t o  w i th in  150 mi les  of t he  

North Pole)  and from some i s o l a t e d  oceanic  i s l a n d s .  Mosquitoes occur every- 

where on t h e  con t inen t s  except i n  a r e a s  of permanent snow o r  i c e ,  bu t  t h e  

l a r g e s t  number of s p e c i e s  a r e  found i n  t h e  t r o p i c s .  

Mosquitoes a r e  b e s t  known because of t h e  blood-sucking h a b i t s  of t h e  

females ,  Not a l l  mosquitoes,  however, suck blood. The females of many k inds  

a l s o  u t i l i z e  p l a n t  and animal n e c t a r  s e c r e t i o n s ,  some l a r g e l y  so ,  and males 

exc lus ive ly  so.  Much v a r i a t i o n  e x i s t s  as t o  h o s t  s p e c i f i c i t y  f o r  t h e  blood 

meal; b u t  ev iden t ly ,  only t e r r e s t r i a l  v e r t e b r a t e s  a r e  normally used,  a l though 

f i s h  and even i n s e c t s  have been r epor t ed  a s  occas iona l  h o s t s .  

Mosquitoes a r e  u sua l ly  c repuscular  and noc tu rna l ,  b u t  t h e r e  a r e  some 

d i s t i n c t l y  d i u r n a l  spec i e s .  F l i g h t  h a b i t s  a r e  extremely Gar i ab le  among t h e  

family a s  a whole. Some s p e c i e s  undergo compulsive d i s p e r s a l  f l i g h t s  of many 

mi l e s ,  whereas o t h e r s  seldom eve r  move f a r  from t h e i r  l a r v a l  h a b i t a t s .  Mat- 

i n g  takes  p l ace  i n  a g r e a t  v a r i e t y  of s i t u a t i o n s ,  a l though occurr ing  i n  f l i g h t  

i n  almost a l l  spec i e s .  Crepuscular male swarms a r e  a common phenomenon. 

I n  gene ra l ,  female mosquitoes r e q u i r e  a blood meal before  they  can mature 

eggs. Some i n d i v i d u a l s  of many spec i e s ,  however, a r e  capable of u t i l i z i n g  
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food r e s e r v e s  c a r r i e d  over from the  l a r v a l  s t a g e  t o  mature a somewhat smal le r -  

than-normal f irst  ba tch  of eggs. These "autogenousl' females must then t ake  a  

blood meal i f  they  a r e  t o  l a y  eggs again.  It has been e s t a b l i s h e d  t h a t  auto- 

genous i n d i v i d u a l s  i n h e r i t  t h e  a b i l i t y  t o  s e c r e t e  a  gonadotrophic hormone 

a f t e r  emergence, which t r i g g e r s  ovarian development without  t he  p r i o r  s t imu lus  

of a  blood meal. 

The gravid  o r  egg - f i l l ed  female shows a  cons iderable  amount of s p e c i f i c i t y  

i n  s e l e c t i n g  sites f o r  egg lay ing .  S t imu l i  used i n  t h i s  process  a r e  p r i n c i p a l l y  

v i s u a l ,  o l f a c t o r y ,  and t a c t i l e  and ope ra t e  i n  varying combinations, depending I-- 

*r" 

on t h e  spec i e s .  

Egg-laying h a b i t s  of mosquitoes vary widely among t h e  d i f f e r e n t  genera.  

The malar ia -car ry ing  Anopheles depos i t  t h e i r  eggs s i n g l y  on t h e  wa te r ,  e i t h e r  

whi le  s t and ing  on t h e  s u r f a c e  o r  hovering over  i t .  The s a l t  marsh Aedes mos- - 
qu i toes  and many o t h e r s  common t o  t h i s  reg ion  depos i t  t h e i r  eggs i n  c r e v i c e s  

i n  moist ground l i t t e r  and s o i l  at t h e  r e t r e a t i n g  water  l i n e  of water-holding 

depress ions  o r  i n  n a t u r a l  water-holding con ta ine r s  such as t r e e  ho le s  t h a t  

w i l l  aga in  be  f looded during r a i n s .  Females of t h e  Culex mosquitoes ( t h e  com- - 
mon Southern house mosquito belongs here)  and r e l a t e d  types gene ra l ly  g lue  

t h e i r  eggs toge the r  i n  r a f t l i k e  masses t h a t  f l o a t  on the  water .  I n  t h e s e  

i n s t a n c e s ,  t h e  females s t and  on the  w a t e r ' s  s u r f a c e  o r  very  c l o s e  t o  i t  wh i l e  

egg l ay ing .  

Mosquito eggs of spec i e s  t h a t  l a y  d i r e c t l y  on water  su r f aces  ha t ch  very  

s h o r t l y  a f t e r  t h e  completion of embryonic development, provided t h a t  t h e  tem- 

p e r a t u r e  i s  s a t i s f a c t o r y .  The eggs of spec i e s  t h a t  l a y  on moist  s u r f a c e s  

o t h e r  than water ,  however, must undergo an a p p r o p r i a t e  "condi t ion ing  process1 '  

be fo re  they w i l l  hatch.  With some spec i e s  of Aedes, t h i s  even inc ludes  t h e  

n e c e s s i t y  of f i r s t  overwinter ing.  With a l l  such s p e c i e s ,  ha tch ing  r e q u i r e s  

t h a t  embryonic development be completed be fo re  t h e  eggs a r e  f looded.  Further-  

more, when f lood ing  i s  f i n a l l y  accomplished. i t  must occur a t  o r  above t h e  

threshold  developmental temperature f o r  the  spec i e s .  

As po in t ed  o u t ,  mosquito l a r v a l  h a b i t a t s  r e f l e c t  d i s t i n c t  s e l e c t i v e  

processes  on t h e  p a r t  of t h e  o v i p o s i t i n g  female. Some mosquito s p e c i e s  show a 

high degree of s p e c i f i c i t y  i n  t h i s  r ega rd ,  but  o t h e r s  a r e  much more i n d i s -  +. 

cr imina te .  Very broadly ,  mosquito l a r v a l  h a b i t a t s  can be c l a s s i f i e d  as: 4 

1. Ground water  s i t e s  

a .  temporary water  

b. permanent water  
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2 .  S p e c i a l i z e d  w a t e r  s i t e s  ( c o n t a i n e r  h a b i t a t s )  

a. n a t u r a l  h a b i t a t s  

b .  a r t i f i c i a l  h a b i t a t s  

I n  g e n e r a l ,  Aedes and Psorophora  l a r v a e  are found i n  temporary ground 

w a t e r s  such  as w i n t e r  seepage  ponds,  f l o o d p l a i n  ponds,  summer r a i n  ponds, and 

marsh edges .  The mosqui toes  t h a t  u s e  t h e  permanent ground w a t e r  s i t e s  a r e  

t h o s e  t h a t  l a y  t h e i r  eggs d i r e c t l y  on t h e  s u r f a c e  of t h e  w a t e r .  The c a t e g o r y  

of s p e c i a l i z e d  w a t e r  s i t e s  encompasses such  n a t u r a l  h a b i t a t s  as t r e e  h o l e s ,  

r o c k  h o l e s ,  p i t c h e r  p l a n t s ,  and such semidomest ic  h a b i t a t s  as f i s h  ponds,  t i n  

c a n s ,  p i l e s  of r u b b e r  t i r e s ,  stopped-up eaves t r o u g h s ,  d r a i n s ,  and c i s t e r n s .  

A 1 1  mosquito l a r v a e ,  e x c e p t  members of t h e  Mansonia group,  must come t o  

t h e  s u r f a c e  a t  f r e q u e n t  i n t e r v a l s  t o  o b t a i n  oxygen. Mansonia l a r v a e  and pupae,  

however, i n s e r t  t h e i r  r e s p i r a t o r y  s i p h o n s  and t rumpets  i n t o  t h e  submerged r o o t s  

and stems of a q u a t i c  p l a n t s  and o b t a i n  t h e i r  oxygen d i r e c t l y  from t h e  p l a n t  

t i s s u e .  

The food o f  mosqui to  l a r v a e  c o n s i s t s  c h i e f l y  of o r g a n i c  d e t r i t u s ,  b u t  

ex t remely  s m a l l  p l a n t s  and an imals  a r e  a l s o  swept up and used.  The l a r v a  of 

Anopheles r o t a t e s  i t s  head 180' and w i t h  i t s  mouth b r u s h e s  upward, sweeps t h e  

s u r f a c e  f i l m  f o r  f o o d ;  i n  c o n t r a s t ,  t h e  c u l i c i n e  l a r v a  sweeps i n  p a r t i c l e s  

e i t h e r  suspended o r  r e s t i n g  on underwater  s u r f a c e s  and r a r e l y  f e e d s  from t h e  

s u r f a c e .  I t  can f e e d  from t h e  s u r f a c e ,  however, by t w i s t i n g  i t s  body u n t i l  

t h e  mouth b r u s h e s  are uppermost,  The l a r v a e  of some mosqui toes  a r e  p r e d a c i o u s  

and f e e d  on small a q u a t i c  organisms,  i n c l u d i n g  o t h e r  mosqui to  l a r v a e .  The 

l e n g t h  of t h e  l a r v a l  s t a g e  varies w i t h  t h e  s p e c i e s  and w i t h  t h e  a v a i l a b i l i t y  

of food.  

The p u p a l  o r  "tumbler" s t a g e  a p p e a r s  w i t h  t h e  f o u r t h  l a r v a l  m o l t .  

Because i t  i s  l i g h t e r  t h a n  w a t e r ,  t h e  pupa rests a t  t h e  s u r f a c e .  Movement i s  

accomplished w i t h  a j e r k i n g  tumbling motion.  Except f o r  Mansonia s p e c i e s ,  

pupae o b t a i n  a i r  from t h e  s u r f a c e  th rough  t h e  p a i r  of r e s p i r a t o r y  t rumpets  

borne  d o r s a l l y  on t h e  cepha lo thorax .  The p u p a l  s t a g e  lasts  on ly  a few days  

( u s u a l l y  two t o  f o u r )  f o r  most mosqui to  s p e c i e s .  

Male mosqui toes  emerge from t h e  pupae s l i g h t l y  e a r l i e r  t h a n  do females .  

T h i s  r e s u l t s  i n  males  hav ing  a s h o r t e r  a q u a t i c  e x i s t e n c e  t h a n  do t h e  females .  

Because t h e  pupa l  s t a g e s  of t h e  two s e x e s  a r e  of abou t  t h e  same l e n g t h ,  t h e  

s h o r t e n i n g  i n  development of males  t a k e s  p l a c e  p r i m a r i l y  i n  t h e  l a r v a l  s t a g e s ;  

p u p a l  and a d u l t  males a r e ,  t h e r e f o r e ,  of a c o r r e s p o n d i n g l y  s m a l l e r  s i z e ,  



Male swarms a r e  a common f e a t u r e  of many mosquito spec ies .  These swarms 

a r e  i n i t i a t e d  by a changing low-level l i g h t  i n t e n s i t y  and, accord ingly ,  can 

occur a t  bo th  t w i l i g h t  and dawn. The p r e c i s e  l e v e l  of l i g h t  i n t e n s i t y  neces- 

s a r y  t o  i n i t i a t e  swarming v a r i e s  wi th  the  s p e c i e s  but  i s  mostly i n  t h e  range 

of 0.2 t o  10.0 f t - c .  Almost i nva r i ab ly ,  females happening t o  pas s  n e a r  a 

swarm i s  p r imar i ly  a mating mechanism. As a r u l e ,  mating probably t akes  p l a c e  

soon a f t e r  emergence because females taken n e a r  t he  l a r v a l  h a b i t a t  and s h o r t l y  

a f t e r  a gene ra l  emergence per iod  a r e  almost i n v a r i a b l y  found t o  be inseminated.  

I n  t h e  no r the rn  United S t a t e s ,  mosquitoes normally overwinter  e i t h e r  as 

eggs o r  a s  a d u l t s ,  depending on t h e  s p e c i e s  involved.  However, t h e r e  a r e  a 

few k inds  which a r e  r epo r t ed  t o  overwinter  a s  l a r v a e ,  presumably f rozen  i n  t h e  

i c e .  

Mosquitoes a r e  of g r e a t  economic importance f o r  a t  l e a s t  two reasons:  The 

e f f e c t s  of t h e i r  b i t e s  and t h e i r  capac i ty  t o  s e r v e  a s  v e c t o r s  o r  t r a n s m i t t e r s  

of d i s e a s e  agen t s ,  The n a t u r e  and appearance of mosquito b i t e s  a r e  t o o  w e l l  

known t o  r e q u i r e  e x t e n s i v e  d e s c r i p t i o n .  The b i t e s  tend t o  be i r r e g u l a r l y  d i s -  

t r i b u t e d  over  exposed p a r t s  of t h e  body, e s p e c i a l l y  t he  f a c e ,  hands, l e g s ,  and 

ankles .  Mosquitoes can a l s o  b i t e  through t h i n  and loose ly  woven c lo th ing .  On 

some peopde t h e s e  b i t e s  cause much discomfort  which does o f t e n  l e a d  t o  s c ra t ch -  

i ng  and even t o  secondary i n f e c t i o n .  

Because of t h e i r  b i t i n g ,  mosquitoes o f t e n  cause s e r i o u s  economic l o s s  t o  

farmers  by i n t e r f e r i n g  wi th  p l a n t i n g ,  c u l t i v a t i n g ,  and ha rves t ing  of crops.  

They may a l s o  lower milk product ion,  cause weight l o s s  i n  beef c a t t l e ,  and 

reduce egg product ion i n  pou l t ry .  I n  extreme cases mosquitoes have caused t h e  

dea th  of domestic animals ,  apparent ly  due t o  blood l o s s  o r  a s  a r e s u l t  of 

anaphy la t i c  shock. Add i t iona l ly ,  t he  presence of b i t i n g  mosquitoes r e s t r i c t s  

r e a l  e s t a t e  development and t h e  use  of r e c r e a t i o n  a r e a s  o r ,  on the  o t h e r  hand, 

r e q u i r e s  time, e f f o r t ,  and money f o r  c o n t r o l  measures. 

Mosquitoes s e r v e  as v e c t o r s  of a number of pathogenic microorganisms, 

inc luding  t h e  ma la r i a s ,  c e r t a i n  f i l a r i a l  worm d i s e a s e s  ( i nc lud ing  heartworm 

of dogs) ,  and numerous v i r u s e s  (yellow f e v e r .  dengue, e n c e p h a l i t i s ,  e t c . ) .  

E a r l i e r  I mentioned t h a t  t h e  technology of mosquito c o n t r o l  cons i s t ed  of 

t h r e e  major elements ,  The f i r s t  of t h e s e  d e a l t  with t h e  b i o l o g i c a l  and 

e c o l o g i c a l  a s p e c t s  of mosquitoes which have j u s t  been descr ibed  i n  a gene ra l  

way. Su rve i l l ance ,  determining what k inds  of mosquitoes a r e  p r e s e n t  (neces- 

s a r y  s i n c e  n o t  a l l  mosquitoes a r e  d i s e a s e  c a r r i e r s  o r  p e s t s  of man and domestic B 



animals ) ,  where they a r e  be ing  produced and how abundant they a r e  is  a very  

important  a s p e c t  of any mosquito c o n t r o l  program. Without i t  g r e a t  sums of 

money and many hours  of l a b o r  can be  wasted and major mosquito problems l e f t  

unchecked. Actual  popula t ion  management o r  t h e  mosquito c o n t r o l  p rocess  i t s e l f  

i s  t h e  t h i r d  of t h e  major a s p e c t s  making up t h e  technology of mosquito c o n t r o l .  

Modern needs and concepts  of mosquito s u r v e i l l a n c e  and of  mosquito popula t ion  

management w i l l  be  considered l a t e r  today by a long-time e x p e r t  i n  t h e  f i e l d ,  

D r .  H. F. Schoof. 

Quest ion:  W i l l  mosquito l a r v a e  grow i n  an environment wi thout  d i s so lved  oxygen? 

Answer: I t h i n k  a few k inds  of mosquitoes probablv can do t h i s  s i n c e  w e  f i n d  

their l a r v a e  l i v i n g  i n  heav i ly  p o l l u t e d  wa te r s ;  normally,  one would expect  such 

a q u a t i c  s i t e s  t o  have l i t t l e  o r  no d i s so lved  oxygen. A t  any r a t e  t h e  l a r v a e  of 

most mosquito s p e c i e s  depend upon atmospheric  a i r  f o r  t h e i r  ~ r i m a r y  oxygen 

source .  For t h i s  purpose they r i s e  r e g u l a r l y  t o  t h e  water  s u r f a c e  and t a k e  i n  

a i r  through an opening a t  t h e  t i p  of t h e i r  abdomen. Mosquito l a r v a e  have th in -  

wa l l ed  t e rmina l  s a c - l i k e  g i l l s ,  and i t  used t o  be  thought  t h a t  t h e s e  se rved  t o  

remove d i s so lved  oxygen from t h e  surrounding water .  It i s  now known t h a t  t h e s e  

a r e  p r e s s u r e  r e g u l a t o r s  i n  most s p e c i e s  and a r e  n o t  primarv r e s p i r a t o r y  organs.  

However, t h e r e  a r e  a few s p e c i e s  which possess  t r a c h e a e  o r  a i r - t r a n s p o r t i n g  

duc t s  i n  t h e i r  g i l l s ,  and t h e s e  s p e c i e s  probably do u t i l i z e  d i s so lved  oxygen. 





PRESENT APPROACHES TO MOSQUITO CONTROL I N  NORTH CAROLINA 

STATE BOARD OF HEALTH 
S a l t  Marsh Mosquito C o n t r o l  Program 

M r .  N. K. Oates 
S a n i t a r y  Engineer  

I ' d  l i k e  t o  show you a few s l i d e s  on t h e  permanent mosquito c o n t r o l  program 

i n  t h e  e a s t e r n  p a r t  of t h e  s t a t e .  I would a p p r e c i a t e  any q u e s t i o n s  you may have 

as we go a l o n g .  

We have t h r e e  t y p e s  o f  marshes i n  t h e  c o a s t a l  a r e a .  The f i r s t  i s  t h e  

r e g u l a r l y  f l o o d e d  marsh such as you s e e  i n  t h i s  s l i d e .  Primary v e g e t a t i o n  h e r e  

is  S p a r t i n a  a l t e r n i f l o r a .  T h i s  marsh is  f l o o d e d  t w i c e  d a i l y  w i t h  each  h i g h  

t i d e .  It  p r o v i d e s  n u r s e r y  a r e a  f o r  f i s h ,  sh r imp,  p l a n t s  and o t h e r  mar ine  l i f e .  

There  i s  n o  mosqui to  problem i n  t h e  r e g u l a r l y  f l o o d e d  marshes .  

The second t y p e  i s  t h e  i r r e g u l a r l y  f looded  marsh. They ' re  f l o o d e d  on ly  

d u r i n g  heavy r a i n f a l l  o r  abnormal ly  h i g h  t i d e s .  The pr imary v e g a t a t i o n  i s  

Juncus  roemer ianus ,  and t h i s  i s  i n t e r s p e r s e d  w i t h  D i s t i c h l i s  s p i c a t a  w i t h  

p a t c h e s  of D i s t i c h l i s  s c a t t e r e d  throughout  t h e s e  marsh a r e a s .  

Here we have a s a l t - k i l l  a r e a .  Th i s  was caused a f t e r  t h e  h u r r i c a n e s  i n  

1954-55 by i n t r u s i o n  of s a l t  w a t e r  i n t o  t h e  p i n e  f o r e s t  a r e a s .  S a l t  w a t e r  was 

t r a p p e d ,  l e f t  a  sa l t  d e p o s i t  and k i l l e d  t h e  trees as you can see. 

Most of t h e  i r r e g u l a r l y  f l o o d e d  marshes  have a n a t u r a l  d i k e  a l o n g  t h e  

s h o r e l i n e  t h a t  was c r e a t e d  by wave a c t i o n  a l o n g  t h e  s h o r e .  When you have an  

abnormal ly  h i g h  t i d e  such as we have d u r i n g  h u r r i c a n e s ,  t h e  w a t e r  i n  t h e s e  

areas r i s e s  up o v e r  t h e  n a t u r a l  d i k e  i n t o  t h e  i r r e g u l a r l y  f l o o d e d  marsh and i s  

t r a p p e d .  Th is  s l i d e  shows a n a t u r a l  d i k e  a l o n g  t h e  s h o r e l i n e .  The s a l t - m a r s h  

female  mosqui to  d e p o s i t s  h e r  eggs  on t h e  m o i s t  ground i n  t h e  i r r e g u l a r l y  f l o o d e d  

marshes .  When t h e  eggs  a r e  f l o o d e d  and c o n d i t i o n s  a r e  r i ~ h t - - t h e  t e m p e r a t u r e  

of t h e  w a t e r ,  e t c . - - t h e  eggs  w i l l  h a t c h  and t h e  a d u l t  mosqui to  w i l l  emerge 

w i t h i n  f i v e  t o  t e n  days ,  depending upon t h e  t e m p e r a t u r e  o f  t h e  w a t e r .  We go 

o u t  i n t o  t h e  marshes  and make a  s u r v e y  t o  de te rmine  where t h e  b r e e d i n g  areas 

a r e .  P a t c h e s  of D i s t i c h l i s  s p i c a t a  a r e  u s u a l l y  a  p r e t t y  good i n d i c a t o r  of 

where you w i l l  f i n d  t h e  sa l t -marsh  mosqui to  eggs  l a i d .  S a l t  marshes a r e  v e r y  

p r o l i f i c  mosqui to  b r e e d i n g  a r e a s .  We have dipped a s  h i g h  as 1500 mosqui to  

l a r v a e  p e r  d i p p e r  of w a t e r  i n  t h e  marsh areas. Two methods of salt  marsh w a t e r  

management a r e  used .  One i s  d i t c h i n g ,  and t h e  i d e a  i s  t o  p u t  enough d i t c h e s  

o r  c a n a l s  i n  t h e  marsh t o  g e t  t h e  w a t e r  o f f  w i t h i n  a f ive -day  p e r i o d  a f t e r  t h e  



marsh i s  f looded.  These d i t c h e s  a r e  cons t ruc ted  about f i v e  f e e t  wide and about 

f o u r  f e e t  deep. This  i s  deep enough t o  keep water  i n  t h e  d i t c h e s  a t  a l l  t i m e s ,  

even a t  low t i d e ,  s o  t h a t  i t  w i l l  suppor t  t h e  marine l i f e ,  The marine l i f e  can 4 

move throughout t h e  cana l  system. When t h e  marsh i s  f looded by h igh  t i d e ,  t h e  

water  can f i n d  i t s  way back through t h e  s p o i l  mounds t o  t h e  cana l .  Once t h e  
a s u r f a c e , w a t e r  runs  o f f ,  you w i l l  have some subsur face  dra inage  from t h e  depres-  

s i o n s  i n  t h e  marsh. The cana l s  a r e  cons t ruc t ed  deep enough t o  suppor t  marine 

l i f e  and boa t ing .  

This i s  a  t y p i c a l  l ayou t  of a  marsh a r e a .  A r i m  d i t c h  runs  along t h e  con- 

t o u r  of t h e  land  t o  c a t c h  t h e  water a s  i t  runs  o f f  t h e  h igh  ground t o  t h e  marsh. 

We a l s o  have l a t e r a l  d i t c h e s  which d r a i n  t h e  water  out  of t h e  depress ions  a f t e r  

t h e  marsh i s  f looded .  

This i s  ano the r  t y p i c a l  l ayou t .  The s o i l  was r a t h e r  t i g h t  h e r e  s o  you 

have t o  p u t  t he  d i t c h e s  much c l o s e r  t oge the r .  Where you have a h igh  o rgan ic  

s u b s o i l ,  you can space  your d i t c h e s  much f u r t h e r  a p a r t .  

This  p i c t u r e  w a s  taken soon a f t e r  cons t ruc t ion  of t h e  d i t c h e s ,  and t h e  

s p o i l  p i l e s  haven ' t  had a  chance t o  grow v e g e t a t i o n .  However, a f t e r  about  a  

yea r  o r  two w e  do g e t  vege ta t ion  growing on t h e  s p o i l  p i l e s ,  and they  a r e n ' t  

q u i t e  s o  bad t o  look a t .  One of our b i g g e s t  k i c k s  from some of t h e  marine 

b i o l o g i s t s  down i n  t h e  c o a s t a l  a r e a  i s  they say  we're  des t roy ing  t h e  a e s t h e t i c  

va lue  of t h e  marsh, and I ' l l  c e r t a i n l y  have t o  ag ree  wi th  them. Once you no 

ou t  and d i g  a cana l ,  t h e  ba re  s p o i l  p i l e s  a r e  r a t h e r  hard t o  look  a t .  However, 

they w i l l  g r a s s  over  i n  a s h o r t  per iod  of t ime.  

Ques t ion :  How long b e f o r e  you have t o  perform maintenance work on t h e  d i t c h e s ?  

Answer: Wall, t h a t  i s  one reason f o r  t h e  s i z e  of t h e  cana l s .  We could g e t  

by w i t h  a  s m a l l e r  d i t c h .  However, because of maintenance, we t r y  t o  d i g  them 

l a r g e  enough s o  they  w i l l  last  almost i n d e f i n i t e l y .  You w i l l  n o t i c e  a l s o  t h a t  

t h e  d i t c h e s  a r e  a l l  t i e d  t o g e t h e r  where we can g e t  a  c i r c u l a t i n g  a c t i o n  of t h e  

wa te r .  We have d i t c h e s  now t h a t  a r e  t e n  y e a r s  o l d  and a r e  s t i l l  hold ing  up 

very w e l l .  

Question: Have you had t o  do any maintenance on any of t h e  d r a g l i n e  d i t c h i n g ?  

Answer : Not s o  f a r .  However, you w i l l  n o t i c e  h e r e  t h a t  I d id  n o t  run t h e s e  

d i t c h e s  out  i n t o  t h e  ad j acen t  water .  Anytime you have a beach a r e a  exposed on 

one s i d e ,  you can expec t  t h e  wave a c t i o n  t o  f i l l . t h e  d i t c h e s  up almost 

immediately. What we have t r i e d  t o  do i s  t i e  i n t o  n a t u r a l  cana l s  such as t h e s e .  



The o u t l e t  i s  r i g h t  he re ,  and I have found t h a t  i f  t h e  n a t u r a l  o u t l e t s  a r e  

excavated, chances a r e  they w i l l  f i l l  up a l s o .  

The next  

he re  i s  about 

grassed  over .  

d ike  i s  along 

s l i d e  i s  one I took on the  ground i n  t h i s  a r e a  here .  This d i t c h  

f i v e  y e a r s  o ld .  You w i l l  n o t i c e  he re  t h a t  t h e  s p o i l  p i l e s  have 

This  was a  very p r o l i f i c  mosquito breeding a r e a .  The n a t u r a l  

t h e  s h o r e l i n e  wi th  a  swale a r e a  between the  d ike  and hammock. 

A s  I s a i d ,  t h i s  i s  a  p r o l i f i c  mosquito breeding a r e a .  The mosqu9toes swarmed 

us when we surveyed the  a rea .  

These d i t c h e s  a r e  about f i v e  yea r s  o ld .  You w i l l  n o t i c e  t h a t  t h e  s p o i l  

p i l e s  have grassed  over ,  We do have myr t l e  bushes coming i n  on t h e  s p o i l  p i l e s ,  

Any o t h e r  chance i n  vege ta t ion  i s  n o t  apparent .  

This  marsh has been d i t ched  about f i v e  yea r s .  You w i l l  n o t i c e  t h a t  t h e  

s p o i l  p i l e s  a r e  grassed  over .  I judge j u s t  from observa t ion  t h a t  t h e r e  i s  no 

change i n  vege ta t ion  i n  t h e  marsh. There might be a l i t t l e  change i n  t h e  

h ighe r  ground where t h e  r i m  d i t c h  i s .  We have some s a l t - k i l l  a r eas  t h a t  a r e  

r e t u r n i n g  t o  t h e  n a t u r a l  s t a t e  they were i n  be fo re  t h e  i n t r u s i o n  of s a l t  water .  

Question: You do n o t  pu t  i n  d i t c h e s  on r e g u l a r l y  f looded marshes? 

Answer : e hat's c o r r e c t .  The only d i t c h e s  t h a t  we d ig  a r e  i n  t h e  i r r e g u l a r l y  

f looded marshes, and t h e s e  a r e  a l l  p r i v a t e l y  owned o r  a t  l e a s t  they a r e  claimed 

t o  be.  Sometimes we have t o  go through a  r e g u l a r l y  f looded  marsh t o  g e t  t o  an 

o u t l e t ,  bu t  n o t  always. We g e t  easements o r  permission from t h e  proper ty  owner 

be fo re  any mosquito c o n t r o l  work i s  performed. 

Comment: It seems t o  me we ought t o  g e t  a  d e f i n i t i o n  r i g h t  now on t h i s  word 

dra inage .  Everytime we hea r  t h e  word d i t c h i n g ,  somebody immediately th inks  

t h a t  means we d r a i n  dry.  I t h i n k  t h a t  d e f i n i t i o n  i s  a problem every p l a c e  we 

go. We t a l k  about d i t c h i n g ,  and they say ,  "Are you going t o  d r a i n  t h e  marsh?" 

It has been a  problem f o r  some w i l d l i f e  people i n  p a r t i c u l a r ,  because i f  d i tch-  

i ng  meant drying t h e  marsh completely,  i t  would be d i s a s t r o u s .  But he re  dra in-  

age removes t h e  excess  water  from t h e  marsh a f t e r  abnormally h igh  t i d e s  and 

abnormal amounts of r a i n f a l l .  

Answer: We c a l l  t h i s  water  management r a t h e r  than dra inage  because i t  i s  a  

l i t t l e  d i f f e r e n t  than  upland dra inage  where t h e  d i t c h e s  a r e  normally dry. 

Comment: The d i t c h e s  provide  acces s  f o r  marine l i f e  i n t o  t h e  i r r e g u l a r l y  

f looded marsh where they  can g e t  food. Ord ina r i l y ,  t h e  only way they can g e t  



t h e  food i s  when t h e r e ' s  a l o t  of r a i n f a l l ,  and i t ' s  washed i n t o  the  ad jacent  

water .  

Ques t ion :  Have you developed anv means of n e t t i n g  dra inage  through t o  t h e  beach 

o t h e r  than us ing  n a t u r a l  o u t l e t s ?  Have you developed any of t h e s e  arrowheads? 

Answer: We u s u a l l v  u se  a n a t u r a l  o u t l e t ,  and we f i n d  very  few a r e a s  where we 

have t o  c u t  through t h e  n a t u r a l  d ike .  

Ques t ion :  Did you say  t h a t  you g e t  l e g a l  easements f o r  a l l  of your d i t c h i n g ?  

Answer: Yes, s ir ,  from t h e  p rope r ty  owners. 

Ques t ion :  Do you g e t  l e g a l  easements o r  do YOU g e t  w r i t t e n  permission? 

Answer: Well, we g e t  w r i t t e n  permission.  I n  some a r e a s  we g e t  v e r b a l  permis- 

s i o n ,  It depends on where we t h i n k  we might run i n t o  a problem l a t e r .  Normally, 

we g e t  s igned easements from a l l  p roper ty  owners. 

Comment: Wr i t t en  easements a r e  l e g a l .  It  depends on how t h e  county r u l e s .  

Dare County r e q u i r e s  t hese  t o  be  no ta r i zed .  We have had some easements recorded;  

bu t  normally,  we j u s t  g e t  s igned easements. We don ' t  normally record  i t .  

Ques t ion :  You s a i d  you got  95 percent  r educ t ion  of mosquitoes i n  t h e  marsh? 

Answer: Yes, sir,  i n  t he  a r e a s  t h a t  have been ditched..  

Question: Is t h e  mosquito popula t ion  any d i f f e r e n t  i n  t he  county than i t  was 

f i v e  y e a r s  ago? 

Answer: I n  C a r t e r e t  we have about 70,000 a c r e s  of marshland, and I would say  

t h a t  we p r e s e n t l y  have c o n t r o l  on 15,000 ac re s .  As f a r  as t h e  t o t a l  r educ t ion ,  

i t  i s  n o t  too s i g n i f i c a n t  a t  t h e  p re sen t  t ime. However, i n  t he  a r e a s  t h a t  we 

have water  management t h e  mosquito popula t ion  i s  very low u n t i l  t h e  mosquitoes 

f l y  i n  from t h e  un t r ea t ed  a reas .  

Question: W i l l  a l l  t he  marshes have t o  be d i t ched?  

Answer: Well, a l l  t h e  marshlands w i l l  have t o  be a l t e r e d  somewhat, e i t h e r  by 

impoundments o r  d i t c h i n g  f o r  e f f e c t i v e  c o n t r o l ;  t h a t  i s ,  t h e  i r r e g u l a r l y  

f looded marshes. Now i n  the  r e g u l a r l y  f looded marshes, t h e r e  i s  no mosquito 

problem. 

Question: Does t h i s  j u s t  c o n t r o l  one kind of mosquito? 

Answer: This  c o n t r o l s  p r i m a r i l y  two kinds--Aedes s o l l i c i t a n  and t h e  Aedes 

taeniorhynchus,  which is  t h e  primary mosquito problem i n  t h e  c o a s t a l  a r ea .  

We do have o t h e r  s p e c i e s  of mosquitoes t h e r e ,  bu t  1 ' d  say t h e  v a s t  ma jo r i t y  

of them--maybe 90 percent--are sal t -marsh mosquitoes.  

Ques t ion :  I s n ' t  i t  a very smal l  percent  of t hose  marshes t h a t  are producing 

mosquitoes a f t e r  t h e  a r e a  i s  f looded?  



Answer: The p e r c e n t a g e  i s  h i e h e r  i n  t h e  i r r e g u l a r l y  f l o o d e d  marshes t h a n  i n  

t h e  r e g u l a r l y  f l o o d e d  marshes.  

Comment: T h i s  i s  t h e  t y p e  of marsh i n  most c o u n t i e s  i n  t h e  n o r t h e a s t e r n  p a r t  

of t h e  s t a t e .  

Comment: I n o t i c e d  t h e  marshes from Onslow County s o u t h ,  t h e  c h a r a c t e r i s t i c  

change.  I ' d  s a y  even i n  Onslow County t h e  amount o f  i r r e g u l a r l y  f l o o d e d  marsh,  

mosqui to  b r e e d i n g  marsh,  i s  a much lower  p e r c e n t a g e  t h a n  i t  i s  i n  Carteret 

County, f o r  example, 

Comment: The f a r t h e r  s o u t h  you go--from t h e  North  C a r o l i n a - V i r g i n i a  l i n e  

toward t h e  Sou th  Carol ina-- the  more r e g u l a r l y  f l o o d e d  marshes you f i n d .  I n  

f a c t ,  Brunswick County h a s  a lmos t  100 p e r c e n t  r e g u l a r l y  f l o o d e d  marshes ,  and 

t h e  sa l t -marsh  mosqui to  problem t h e r e  would come from t h e  t r i b u t a r i e s  l e a d i n g  

i n t o  t h e  marsh a r e a s .  It i s  t h e  same i n  New Hanover County. They have v e r y  

l i t t l e  sa l t -marsh  mosqui to  problem t h e r e .  1 t ' s  normal ly  around hammocks t h a t  

were  c r e a t e d  when t h e  Corps of Engineers  dredged t h e  i n l a n d  waterway. Pamlico 

County would have a lmos t  LOO p e r c e n t  i r r e g u l a r l y  f l o o d e d  marsh. 

Comment: Well, j u s t  l i k e  i n  Pamlfco we have no inward t i d e s  a t  a l l .  The wind 

blows r i g h t  d i r e c t l y  a c r o s s  t h e  sound s o  Pamlico Sound i s  j u s t  l i k e  a  b i g  wash 

b a s i n ,  

Comment: We have a n o t h e r  method of mosaui to  c o n t r o l  i n  t h e  c o a s t a l  a r e a ,  a l s o .  

T h i s  i s  by impoundment. T h i s  was done a t  t h e  encouragement of t h e  W i l d l i f e  

Commission, p r i m a r i l y  Mr. Otto  F l o r s c h u t z ,  wa te r fowl  b i o l o g i s t .  We have found 

t h a t  impoundments p r o v i d e  e x c e l l e n t  mosqui to  c o n t r o l  a s  w e l l  as p r o v i d i n g  

h a b i t a t s  f o r  wa te r fowl .  One r e a s o n  we went i n t o  impounding was t o  t r y  t o  

r e p l a c e  some of t h e  wa te r fowl  h a b i t a t s  t h a t  we may have i n a d v e r t e n t l y  t aken  

o u t  of p r o d u c t i o n w i t h  o u r d i t c h i n g  program. 

On t h e  c o n s t r u c t i o n  of impoundments we c o n s t r u c t  a  d i k e ,  pu t  i n  f l o o d g a t e s ,  

and pumping s t a t i o n ,  Th is  s l i d e  shows t h e  d i k e  under  c o n s t r u c t i o n ,  We t a k e  

t h e  m a t e r i a l  from t h e  i n s i d e  o f  t h e  impoundment t o  c o n s t r u c t  t h e  d i k e .  The 

s p o i l  d i t c h  i n s i d e  t h e  impoundment c r e a t e s  deep w a t e r  areas f o r  marine  l i f e  

i n  t h e  w i n t e r  and summer months. The deep w a t e r  i s  n e c e s s a r y  t o  s u p p o r t  mar ine  

l i f e  i n  t h e  summer because  t h e  w a t e r  warms up p r e t t y  much i n  t h e  impoundment 

a t  t h a t  t ime ,  We t r y  t o  m a i n t a i n  twe lve  i n c h e s  of w a t e r  i n  t h e  impoundment. 

Th i s  j u s t  shows a n o t h e r  d i k e  under  c o n s t r u c t i o n .  



This i s  a pumping s t a t i o n  here.  We're pumping t i d e  water  over i n t o  t h e  

impoundment. It doesn ' t  show t h e  supply cana l ,  but  when we ' re  pumping t h e s e  

impoundments, we pump f i s h ,  c rabs ,  shrimp and a l l  t h e  marine l i f e  i n  t h e  ad j acen t  

waters  over  i n t o  the  impoundment, 

This shows a c u l v e r t  wi th  a s l i d e  g a t e  va lve .  This  is s o  we can main ta in  

the  water  l e v e l .  I f  t h e  water  g e t s  too high,  we can l e t  some of t h e  water  

ou t .  

Question: Do c r a b s  grow i n  t h e  impoundments? 

Answer: I have some s l i d e s  on some c rabs  t h a t  were harves ted  on t h e  impound- 

ment a t  Otway. 

This i s  an impoundment on t h e  White Oak River which was cons t ruc ted  i n  

cooperat ion wi th  t h e  North Carol ina W i l d l i f e  Resources Commission, 

We have over 3000 a c r e s  of impoundments completed i n  t h e  c o a s t a l  a r ea .  

I would say  we probably have a thousand a c r e s  under cons t ruc t ion ,  and t h e r e ' s  
t 

no e s t ima te  on t h e  number planned i n  t he  f u t u r e .  

This is  a hun te r  cheek s t a t i o n  s o  t h a t  t h e  W i l d l i f e  Commission can g e t  

s u f f i c i e n t  d a t a  on hours hunted, kind and number of waterfowl ha rves t ed .  

Thfs is a pumping s t a t i o n  on t h e  White Oak River Impoundment. 

This shows an  a e r i a l  view of i t .  This  p a r t i c u l a r  impoundment is  one 

hundred a c r e s .  This  i s  t h e  per imeter  of t h e  impoundment. You w i l l  n o t i c e  

he re  t h e  mounds t h a t  were thrown up f o r  r e s t i n g  a r e a s  and n e s t i n g  s i t e s  i n s i d e  

t h e  impoundment. 

This  i s  ~ u n c u s  t h a t  h a s n ' t  d i ed  from beinn f looded.  The vege ta t ion  was 

p r i m a r i l y  Juneus and d i s t f c h l i s  s i m i l a r  t o  t h a t  seen o u t s i d e  t h e  impoundment. 

This i s  another  impoundment of two hundred a c r e s ,  Normally, a f t e r  t h e  

impounded a r e a  i s  f looded,  t h e  water  k i l l s  t he  Juncus and you have your 

Widgeon g r a s s  and o t h e r  d e g i r a b l e  duck foods r ep l ac ing  i t .  
4 

These a r e  wood duck boxes t h a t  were put  up i n s i d e  t h e  impoundment. The 

wood ducks make good use  of t h e s e  boxes. Seven wood duck boxes out  of e leven  

were used the  f i r s t  year  they were put  up on t h e  White Oak River Impoundment. 

Thfs shows some more ducks going i n t o  t h e  pond. 

The l o c a l  w i l d l i f e  c lub sponsors many b i r d  walks,  and t h e  Caro l ina  Bird 

Watchers Assoc ia t ion  o r  c lub has been down t o  t o u r  t h e  impoundment i n  C a r t e r e t  

County, We have an  o r n i t h o l o g i s t  who l i v e s  i n  t h e  a r ea  t h a t  has  i d e n t i f i e d  

over  e igh ty  d i f f e r e n t  spec i e s  of waterfowl on t h i s  impoundment. 



This  shows a c o u p l e  of swans on t h e  T o p s a i l  I s l a n d  Impoundment. A b a l d  

e a g l e  v i s i t e d  t h e  Hunt ley Impoundment i n  C a r t e r e t  County l a s t  y e a r .  We h a v e n ' t  

s p o t t e d  him t h i s  y e a r ,  I hope no one k i l l e d  him. T h e r e ' s  no  w h i t e  on t h e  

neck ,  P unders tand  they  have t o  be about  f o u r  y e a r s  o l d  b e f o r e  t h e  f e a t h e r s  

up around t h e  head and neck  t u r n  w h i t e .  Th i s  was t a k e n  by t h e  p r e s i d e n t  of 

t h e  l o c a l  w i l d l i f e  c l u b .  

Th is  shows some c r a b s  t h a t  were  h a r v e s t e d  i n s i d e  t h e  impoundment. 

I t h i n k  t h e r e  i s  a g r e a t  marine  p o t e n t i a l  i n  t h e s e  impoundments. There  

a r e  some s t u d i e s  b e i n g  made i n  South C a r o l i n a  on shr imp fa rming  i n  impoundments. 

I f  I cou ld  t a k e  abou t  f i v e  more minu tes ,  I ' d  l i k e  t o  show j u s t  a few 

s l i d e s  on o u r  f r e s h - w a t e r  d r a i n a g e  program i n  t h e  e a s t e r n  p a r t  of t h e  s t a t e .  

M r .  McCotter and Mr, Ashton s a i d  t h e v  would r e l i n q u i s h  a few minu tes  of t h e i r  

t ime  , 

This  i s  a g reen  t r e e  r e s e r v o i r .  We have v e r y  l i t t l e  mosqui to  problem i n  

t h e s e  g r e e n  t r e e  r e s e r v o i r s .  Th i s  i s  one i n  New Hanover County, and we would 

c e r t a i n l y  l i k e  t o  s e e  g r e e n  t r e e  r e s e r v o i r s  p r e s e r v e d .  I t h i n k  q u i t e  a few 

p e o p l e  have t h e  misconcep t ion  t h a t  w e ' r e  t r y i n g  t o  d r a i n  t h e s e  g r e e n  t r e e  

r e s e r v o i r s ,  b u t  t h i s  i s  n o t  t r u e ,  What we%e t r y i n g  t o  do w i t h  t h e  d r a f n a g e  

program i n  t h e  e a s t e r n  p a r t  of t h e  s t a t e  i s  t o  e l i m i n a t e  c o n d i t i o n s  such a s  you 

s e e  i n  t h i s  s l i d e .  I t ' s  v e r y  f l a t  i n  t h e  c o a s t a l  a r e a ;  and when you back t h e  

w a t e r  up a f o o t ,  you may back  i t  up a h a l f  m i l e  and may s p r e a d  o u t  h a l f  a m i l e  

wide.  The d r a i n a g e  phenomena i n  t h e  e a s t e r n  p a r t  of t h e  s ta te  i s  q u i t e  d i f -  

f e r e n t  from what i t  i s  i n  t h e  Piedmont and t h e  w e s t e r n  p a r t  of t h e  s t a t e .  

T h i s  shows a s e p t i c  t a n k  and w i t h o u t  a s a t i s f a c t o r y  l o c a t i o n  f o r  a d r a i n  

f i e l d .  The w a t e r  t a b l e  i s  r i g h t  on t o p  of t h e  ground, The w a t e r  i s  h i g h l y  

p o l l u t e d  h e r e ,  T h e r e ' s  a tremendous number of Culex mosqui toes  b r e d ,  and you 

have a v e r v  u n h e a l t h y  environment ,  

T h i s  l o n g i n g  o p e r a t i o n  h e l p e d  c r e a t e  t h e  c o n d i t i o n s  you w i l l  see i n  t h e  

n e x t  s l i d e .  When I f i r s t  s t a r t e d  t o  work, I was under  t h e  i m p r e s s i o n  t h a t  t h e  

h u r r i c a n e s  had done t h e  g r e a t e s t  p o r t i o n  of damage t o  t h e  d r a i n a g e  system i n  

t h e  c o a s t a l  area, However, I found a f t e r  much i n v e s t i g a t i o n  t h a t  t h e  l o g g i n g  

i n d u s t r y  i s  t o  blame f o r  most of t h e  damage t o  t h e  s t r e a m s ,  and t h i s  s t a r t e d  

back i n  t h e  t w e n t i e s .  Roper Lumber Company came th rough  t h e  e a s t e r n  p a r t  of 

t h e  s t a t e ,  and we can s e e  much e v i d e n c e  of d e b r i s  b e i n g  thrown i n  t h e  s t r e a m s  

from t h e  v e r y  f i r s t  l o g g i n g  o p e r a t i o n .  

Ques t ion :  Are t h e r e  anv k i n d  of r e s t r i c t i o n s  on t h a t  now? 



Answer: Yes, t h e r e  are laws on t h e  books t h a t  p r o h i b i t  anyone from throwing 

anything i n  a  dra inage  d i t c h .  I th ink  t h e  breakdown is  t h a t  t h e r e ' s  no one 

charged s p e c i f i c a l l y  wi th  t h e  enforcement of t h i s  law, We would c e r t a i n l y  

l i k e  t o  s e e  more p a r t i c i p a t i o n  from t h e  w i l d l i f e  p r o t e c t o r s .  Ce r t a in ly ,  t h e  

mosquito c o n t r o l  workers a r e  doing a l l  they can. I n  f a c t ,  we have gone 

through and cleaned out  t h e  s t reams and none back a t  t he  end of t h e  month t o  

measure up t h e  previous  month's work and found logging ope ra t ions  had a l r eady  

dumped d e b r i s  i n t o  t h e  s t reams.  We have s e n t  a l l  t h e  logging indus t r i e s - -  

loggers ,  pulp wooders, etc.--a copy of t h i s  l a w  p r i n t e d  on s h e r i f f  department 

s t a t i o n e r y  i n s t r u c t i n g  them t h a t  we a r e  planning t o  en fo rce  t h i s  l a w .  

The dra inage  s l i d e  you saw j u s t  a  few s l i d e s  back helped c r e a t e  t h i s  con- 

d i t i o n  here .  As you can s e e ,  t he  pr ivy  i s  inundated,  and t h i s  water  i s  h igh ly  

po l lu t ed .  When runoff from t h e s e  a r e a s  i s  f lu shed  out i n t o  t h e  e s t u a r i n e  

a r e a s ,  we ' re  con t inua l ly  having t o  c l o s e  s h e l l f i s h  a r e a s  due t o  p o l l u t i o n .  

Here, you can s e e  t h e  top of t he  c u l v e r t  i s  two f e e t  under t h e  s u r f a c e  of 

t h e  water .  Raw sewage i s  running ou t  on top  of  t h e  ground. The cond i t i ons  

a r e  n o t  l i m i t e d  t o  t h e  low-income housing a r e a s .  You s e e  t h e  water  ponded up 

behind t h i s  house. The water  t a b l e  i s  r i g h t  on top of t h e  ground, and d ra in -  

age t o  lower t h e  water  t a b l e  i s  necessary  s o  t h e  s e p t i c  tanks w i l l  f u n c t i o n  

proper ly .  

Question: Why do people b u i l d  on t h i s  low l and?  

Answer: Ac tua l ly ,  t h i s  a r e a  he re  i s  some of t h e  h ighes t  land in t h e  county, 

about t h i r t y  f e e t  above s e a  l e v e l .  However, i t ' s  r i g h t  i n  a  p l a t e a u  area, and 

t h e  drainage d i t c h  has been f i l l e d  up due t o  logging  ope ra t ions ,  e t c .  and 

t h e r e ' s  j u s t  no dra inage .  

Question: Why do people b u i l d  i n  t h e s e  a r e a s ?  

Answer: Maybe they  shou ldn ' t  have. 

I ' l l  run  through t h e s e  h u r r i e d l y .  You s e e  h e r e  f l ood ing  of t h e  farmlands,  

Flood cond i t i ons  a r e  e l imina ted  a f t e r  we put  i n  t h e  d i t c h .  Now we're  t r y i n g  

t o  lower t h e  wa te r  t a b l e  i n  t h e s e  a r eas .  I don ' t  t h i n k  w e ' l l  have a change of 

vege ta t ion  because a l l  evidence i n d i c a t e s  t h e  d i t c h e s  a r e  a s  deep a s  they were 

twenty-five o r  t h i r t y  yea r s  ago be fo re  t h e  logging ope ra t ions .  S e p t i c  tanks 

cannot work p rope r ly  when they  have water  s tanding  on top of t h e  d r a i n  f i e l d .  



Question: I ' v e  heard D r .  McCracken, head of t h e  S o i l s  De~ar tmen t  a t  S t a t e ,  say 

t h a t  i n  C a r t e r e t  County--I don ' t  even come c l o s e  t o  remembering t h e  exac t  

figure--but I th ink  i t ' s  l e s s  than  20 o r  25 percent  of t h e  a r e a  i n  C a r t e r e t  

County i s  s u i t a b l e  f o r  s e p t i c  tanks.  

Answer: ~ e ' s  probably c o r r e c t .  It i s n ' t  t oo  hinh.  

This  is Neuse River r i g h t  nea r  Kinston. The t r e e  t ops  were thrown i n t o  

t h e  stream. It h a s n ' t  f i l l e d  up t h e  Neuse, bu t  i t ' s  causing a  dra inage  prob- 

lem on some of t h e  sma l l e r  streams. You w i l l  n o t i c e  he re  t h a t  t h e  logger  cu t  

o f f  t h e  b u t t  po r t i on  of t h i s  log .  I t  was hollow, and he j u s t  l e f t  i t  l y i n g  

i n  t h e  stream. There ' s  twenty-five mi l e s  of watershed on t h i s  p a r t i c u l a r  

stream, and f a r t h e r  upstream t h e r e ' s  an a i r p o r t  under cons t ruc t ion  r i g h t  on 

t h e  top of t h e  watershed. This  i s  going t o  aggrava te  t h e  f lood  cond i t i ons  

t h a t  a l r eady  e x i s t .  

Question: How i s  i t  determined i f  a s e p t i c  tank w i l l  work i n  an a r e a ?  

Answer: Normally, they go out  and run a  p e r c o l a t i o n  t e s t  wi th  t he  land  i n  

t h e  n a t u r a l  s t a t e .  I f  t h e  t e s t  shows good r e s u l t s ,  they  go i n  and start  

b u i l d i n g  houses, paving s t r e e t s  and s idewalks,  e t c .  t ak ing  t h i s  a r e a  out  of 

absorp t ion  and doubling t h e  runoff  from r a i n  on t h e  exposed a rea .  The ground 

becomes s a t u r a t e d ,  and t h e  s e p t i c  tanks w i l l  not  work properly.  There is  a  

d e t e r i o r a t i o n  of t h e  dra inage  system a s  t h e  a r e a  i s  developed, and loose  s i l t  

from landscaping i s  washed i n t o  t h e  d i t c h e s .  

Question: Is approval  po l i cy  p r e t t v  much based on j u s t  looking a t  t he  perk  

t e s t ?  

Answer: Well, 1 t h ink  i t  i s  from t h e  Heal th Department s t a n d ~ o i n t .  However, 

t h e r e ' s  more s tudy being made t o  coord ina te  t h e  i n t e r e s t  of t h e  Heal th Depart- 

ment w i t h  t h e  Planning Commission i n  a r e a s  where they have planning.  Tha t ' s  

another  t h i n e .  I n  sQme a r e a s  you don ' t  have county p lanning ,  and i t ' s  needed 

i n  a l l  of t h e  coun t i e s ,  

Comment: I b e l i e v e  one of t h e  b igges t  problems, t oo ,  Kei th ,  i s  the  l a c k  of a  

s t a t ewide  planning use  concept o r  law i n  North Caro l ina ,  I b e l i e v e  i f  we had 

land  and water  use planning t h a t  we'd c o r r e c t  more problems caused by s e p t i c  

tanks  than  any o t h e r  one l a w  t h a t  could be enacted in t h e  s t a t e  s o  f a r  a s  t h e  

problem of sewage p o l l u t i o n  i s  concerned, 



Let  me show one more s l i d e ,  and I ' l l  s t o p ,  There 's  twenty-five mi l e s  of 

watershed on t h i s  l i t t l e  s t ream he re ,  and I have some s l i d e s  t h a t  haven ' t  

been developed showing some logs  completely blocking t h e  cana l  passage.  This  

i s  r i g h t  below where t h e  d r a g l i n e s  a r e  working. What we ' re  t r y i n g  t o  do he re  

i s  cu t  t h e  c a n a l  about twenty-five t o  t h i r t y  f e e t  wide and aboilt s i x  f e e t  deep. 

One of t h e  reasons we're  c u t t i n g  it a s  deep a s  we a r e  i s  t o  provide a p l a c e  t o  

ca t ch  what l i t t l e  s i l t  we may l o s e  during cons t rue t ion  and a l s o  ~ r o v f d e  a 

fresh-water f i s h i n g  a r e a ,  You w i l l  n o t i c e  i n  t he  o t h e r  s l i d e  up above t h e  

d r a g l i n e  t h e  s t ream i s  f i l l e d  up wi th  s i l t  and d e b r i s ,  The s t ream i s  n o t  

deep enough t o  suppor t  f i s h  l i f e ,  and w e  a r e  going t o  have t o  go about f o u r  

mi l e s  be fo re  we can pick up f i v e  f e e t  of e l eva t ion .  So we h o ~ e  t o  c r e a t e  

about f o u r  mi l e s  of new f i s h i n g  a r e a  on t h i s  s t ream. 
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I s t a r t e d  i n  mosquito c o n t r o l  i n  1937. A t  t h a t  time we were p r imar i ly  

i n t e r e s t e d  i n  malaria con t ro l ;  and t h e r e f o r e ,  we confined our  work t o  t h e  con- 

t r o l  of t h e  ma la r i a  mosquito, Anopheles quadrimaculatus.  As we reduced t h e  

numbers of ma la r i a  mosquitoes--we21 t ake  c r e d i t  f o r  i t - - t he  number of dea ths  

dropped from 150 i n  1936 t o  zero i n  1948, D r ,  Ken Knight was say ing  a  wh i l e  

back t h e  mosquito popula t ion  does not  have t o  be reduced t o  ze ro  t o  s t o p  

t ransmiss ion .  We had t h i r t y - s i x  cases  of ma la r i a  r epo r t ed  i n  1950. 

Mosquito c o n t r o l  p r i o r  t o  and during World War I1 w a s  accomplished by o i l -  

i ng  of d i t c h e s  and dra inage  i n  t h e  upland a reas .  We were n o t  concerned a t  t h a t  

time wi th  sal t -marsh mosquito con t ro l .  

Af t e r  t h e  war DDT became available--DDT i s  a d i r t y  word now, I know--but 

w i t h i n  two yea r s  we were having no dea ths  a t  a l l  from ma la r i a  and only a  few 

repor t ed  cases ,  A t  t h i s  t ime t h e r e  was a  s h i f t  from ma la r i a  c o n t r o l  t o  gene ra l  

mosquito c o n t r o l ,  and we a t  t h e  S t a t e  Board of Heal th a r e  now a t tempt ing  t o  

c o n t r o l  t h e  p e s t  mosquitoes i n  t he  s t a t e .  We have f i f t y  known spec i e s  of mos- 

q u i t o e s  i n  North Carol ina.  Of t h e s e  f i f t y  spec i e s  only seven o r  e i g h t  f r e s h  

water  mosquitoes and t h r e e  s a l t  marsh mosquitoes a r e  p e s t s .  

My t o p i c  was d i r e c t e d  toward in l and  o r  f r e s h  water  mosquitoes which would 

normally exclude t h e  s a l t  marsh spec fe s  except  f o r  one very  i n t e r e s t i n g  case ,  

Near Cha r lo t t e  we had an outbreak of s a l t  marsh mosquitoes,  Aedes s o l l i c i t a n s ,  

no t  too  many yea r s  ago, Breeding was t ak ing  p l ace  i n  ponds t h a t  rece ived  waste  

from a dye manufacturing p l a n t .  and t h i s  waste  had a high concent ra t ion  of 

sodium s u l f a t e ,  The sodium ( s a l t )  i on  i n  t h e  s o i l  was probably a t t r a c t i n g  t h e  

females t o  t h e s e  ponds and stirnubating egg l a y i n g ,  Every time i t  r a ined  dur ing  

t h e  summer we experienced a f l i g h t  of sa l t  marsh mosquitoes.  These f l i g h t s  

were o f t e n  a s  g r e a t  a s  would be experienced along t h e  coas t .  The ponds have 

been f i l l e d  wi th  sand;  and a s  f a r  a s  1 know, t h e  breeding a reas  a r e  e l imina ted .  

Knowing t h e  s p e c i e s  i s  extremely important  i n  t h e  c o n t r o l  of mosqu$toes. 

Of t h e  f i f ty -odd s p e c i e s  of mosquitoes i n  North Caro l ina ,  I doubt i f  t h e r e  a r e  

more than two o r  t h r e e  t h a t  w i l l  breed i n  exac t ly  t h e  same cond i t i ons ,  There 

i s  the  time (season)  element,  t he  a c i d i t y  of t h e  water ,  t h e  p o l l u t i o n  f a c t o r ,  

and many o t h e r  condi t ions  which determine t h e  s u i t a b i l i t y  of t h e  water  a s  a  

breeding medi a  f o r  a p a r t i c u l a r  mosquito spec i e s  . 



I n  our  c i t i e s  and towns t h e  p r i n c i p a l  mosquitoes a r e  Culex qu inque fasc i a tus ,  

Culex r e s tuans ,  Anopheles punct ipennfs ,  and poss ib ly  Anopheles quadrimaculatus .  

The two culex  mosquitoes breed p r imar i ly  i n  po l lu t ed  water  and i n  water-holding 

con ta ine r s .  Anopheles punct ipennis  w i l l  be found breeding i n  t he  cool  running 
B 

s t reams i n  town and may be succeeded by Anopheles quadrimaculatus a s  t h e  water  

warms up i n  t h e  summer. A. quadrimaculatus p r e f e r  n e u t r a l  t o  s l i g h t l y  b a s i c  

waters  but  may, a t  t imes, be found breeding i n  a c i d  wa te r s ,  Culex r e s t u a n s  

and Anopheles punct ipennis  would u s u a l l y  be  found i n  t h e  s p r i n g  and C. - 
quinquefasc ia tus  and A. quadrimaculatus i n  t h e  summer. 

The Psorophors and Aedes mosquitoes breed p r imar i ly  i n  temporary wa te r s  

which a r e  c o l l e c t e d  i n  r u t s  i n  t h e  road,  depress ions  i n  a  p a s t u r e  o r  woodland 

o r  even between t h e  rows i n  a  f i e l d .  

Psorophora con f inn i s  is  one of our  most annoving mosquitoes,  fo l lowing  

heavy r a i n s ,  i n  our  c o a s t a l  p l a i n s .  It i s  a f i e r c e  b i t e r ;  and because i t  breeds 

i n  such enormous numbers, i t  may b e  compared wi th  t h e  s a l t  marsh mosquito. 

I n  e a r l y  s p r i n g  Aedes canadensis  i s  t h e  most abundant temporary pool  mos- 
b 

q u i t o .  Larvae of t h i s  spec i e s  may be found i n  pools  which a r e  covered w i t h  i c e  

fol lowing a co ld  n i g h t ,  

The most annoying mosquito i n  our i n l and  towns i s  Culex quinquefasc ia tus .  

Since t h i s  mosquito w i l l  breed i n  a r t i f i c i a l  con ta ine r s  ( t i r e s ,  t i n  cans,  b i r d  

ba ths ,  e t c . )  o r  p o l l u t e d  s t reams,  i t  w i l l  do l i t t l e  good t o  only apply l a r v i -  

c i d e s  t o  t h e  s t reams.  We at t h e  S t a t e  Board of Heal th f e e l  t h a t  a gene ra l  

environmental s a n i t a t i o n  program--that is ,  removal of a l l  d iscarded  water-  

ho ld ing  con ta ine r s  from t h e  premises--is a  necessary  ad junc t  t o  a l a r v i c i d f n g  

program, Stream c l ea rance  and maintenance i s  a l s o  advantageous. Grading and 

f i l l i n g  w i l l  s e r v e  t o  c o n t r o l  mosquitoes under c e r t a i n  condi t ions .  Most of 

t h e  s t reams i n  our  c i t i e s  a r e  h ighly  p o l l u t e d  and suppor t  l a r g e  numbers of 

mosquito and midge l a r v a e .  

Two types  of mosquito c o n t r o l  are gene ra l ly  recognized: Permanent control--  

t h a t  i s ,  d i t c h i n g ,  f i l l i n g ,  o r  environmental  clean-up--and temporary control--  

apply ing  m i s t s  o r  fogs  f o r  a d u l t  c o n t r o l  and l a r v i c i d e s  f o r  l a r v a l  c o n t r o l ,  

Many types  of chemicals can be used a s  l a r v i c i d e s ,  bu t  we f e e l  t h a t  un le s s  

t h e  chemicals a r e  app l i ed  under c l o s e  supe rv i s ion ,  No. 2 f u e l  o i l  i s  t h e  l a r v i -  - 

tide o r  choice.  Usual ly,  t he  person applying t h e  l a r v i c i d e  i s  a  day l a b o r e r  
% 

with  very  l i t t l e  i n t e r e s t  i n  h i s  work; and a s  o f t e n  happens, t h e  l a r v i c i d e  i s  

app l i ed  too heav i ly  o r  may a c t u a l l y  be dumped t o  l i g h t e n  t h e  load ,  When h igh ly  
1 

t o x i c  m a t e r i a l s  a r e  used, an over a p p l i c a t i o n  can be dangerous. 



Question: What chemicals a r e  used on hydro l a k e s ?  

Answer: One of t h e  b e t t e r  chemicals i s  "Abate." This  i s  used on s e v e r a l  l akes  

a t  t h e  p re sen t  time. DDT at t h e  r a t e  of 0 . 1  pounds pe r  a c r e  was used a t  one 

t ime,  bu t  t h i s  has  been d iscont inued .  A mixture of No. 2 f u e l  o i l  and used 

t ransformer o i l  i s  used by two e l e c t r i c  companies. The o i l  i s  app l i ed  a t  t h e  

r a t e  of t e n  t o  f i f t e e n  ga l lons  p e r  ac re .  

Question: Are any of our  people us ing  t h e  Humble O i l  p roduct?  

Answer: Yes, they a r e  us ing  i t .  

Question: Is F l i t  "MILO" being used by any of our  coun t i e s?  

Answer: Yes, M r .  Howie i s  us ing  Flit-MLO i n  Mecklenburg County. This  i s  a wel l -  

organized program. 

Question: What i s  t h e  n a t u r e  of t h e  m a t e r i a l  t h a t  has  been r e f e r r e d  t o  h e r e ?  

Answer: Flit-ME0 i s  one of t h e  f r a c t i o n s  of f u e l  o i l .  The va r ious  petroleum 

f r a c t i o n s  were t e s t e d ,  and t h e  most l a r v i c i d a l  f r a c t i o n  i s  s o l d  a s  Flit-MLO. 

I b e l i e v e  t h a t  t h i s  m a t e r i a l  a l s o  con ta ins  a spreading  agent  which w i l l  a l low 

t h e  use  of 2-3 gal . /A.  f o r  c o n t r o l  r a t h e r  than 10-15 gal. /A. 

Quest ion:  I t  ' s  b e t t e r  than  $2 a ga l lon ,  i s n ' t  i t ?  

Answer: I don ' t  know t h e  exac t  p r i c e .  

Ques t ion :  I n  V i r g i n i a  i t ' s  9 0 ~  a ga l lon  i n  55-gallon drums, bu t  i t ' s  about 6 0 ~  

a ga l lon  i f  you buy 6000 ga l lons  a t  a t ime. 

Answer: But compared wi th  1 5 ~  o r  20C, t h a t  i s  cons iderable .  

Question: But i f  you put  on f i v e  t imes  as much a s  you need, you a r e  going t o  

break t h e  bank. 

Answer: That i s  what you have t o  watch when working wi th  a one-man p r o j e c t .  

Water management i s  t h e  f i r s t  approach t h a t  we take .  This  involves  e i t h e r  

d i t c h i n g  o r  f i l l i n g  t o  remove the  water  t h a t  might puddle.  

I n  t h e  c o n t r o l  of Aedes and Psorophora mosquitoes which l a y  t h e i r  eggs i n  

depress ions  which would f i l l  a f t e r  a r a i n ,  t h e  removal of t h i s  water  w i t h i n  

f i v e  days i s  e s s e n t i a l  t o  prevent  breeding.  

The eggs of mosquitoes t h a t  a r e  depos i ted  on t h e  ground usua l ly  r e q u i r e  a 

per iod  of s e v e r a l  days i n  which t o  " r ipen ."  I f  t h e s e  eggs a r e  f looded be fo re  

t h e  eggs become mature,  they a r e  u sua l ly  k i l l e d .  I n  t h e  case  of Aedes cana- 

d e n s i s  i t  appears  t h a t  t h e  eggs must a l s o  pas s  through a w in te r  o r  prolonncd 

cold s p e l l .  Aedes canadensis  may be found i n  t h e  same depress ion  a f t e r  s e v e r a l  

f i l l i n g s  and dry ings  which g ives  t he  impression t h a t  t h e r e  may be  s e v e r a l  



broods a  year .  I n  most mosquitoes of t h i s  type,  no t  a l l  eggs w i l l  ha tch  a t  t h e  

f i r s t  f l ood ing  o r  t h e  second o r  t h i r d .  This  i s  probably a  s u r v i v a l  mechanism. 

Culex qu inque fasc i a tus ,  t h e  Southern house mosquito, a s  was s t a t e d  pre- 
p 

v ious ly ,  breeds i n  p o l l u t e d  water  and t h a t  contained i n  a r t i f i c i a l  con ta ine r s .  

Old t i r e s  t h a t  a r e  l y i n g  around i n  t h e  ya rds  o r  a r e  covered by a  honeysuckle 

pa tch  appear  t o  be t h e  p r i n c i p a l  of fender .  (Environmental s a n i t a t i o n  t o  c o n t r o l  

mosquitoes s t a r t e d  our  s e c t i o n  i n  t h e  garbage bus ines s . )  M r .  Oates showed you 

some s l i d e s  of dra inage  i n  subd iv i s ions  which i s  p r i m a r i l y  aimed a t  Culex 

mosquito c o n t r o l .  

I n  t h e  mountains around s e v e r a l  of t he  TVA l a k e s ,  we have Aedes vexans. 

These l a k e s  a r e  holding l akes  which may be dra ined  dur ing  p a r t  of t h e  year .  

The mosquitoes l a y  t h e i r  eggs on the  f loodp la in .  When t h e  eggs a r e  f looded 

during t h e  summer, t h e  mosquktoes may become a problem, 

The s p e c i e s ,  Aedes s t i c t i c u s ,  a  f l o o d p l a i n  mosquito i s  very  annoying i n  

some a r e a s  of t h e  s t a t e  i n  t he  sp r ing ,  These mosquitoes emerge from eggs t h a t  

were l a i d  t he  previous  year  i n  t he  r i v e r  and s t ream bottoms. The f i r s t  f l ood  

i n  t h e  s p r i n g  u s u a l l y  produces the  g r e a t e s t  numbers of t h i s  mosquito. I t  i s  

a v i c i o u s  b i t e r  and w i l l  f l y  a s  much a s  ten  mi les .  

Question: I know very  l i t t l e  about t h e  d i sease - t r ansmi t t i ng  s p e c i e s .  How 

many s p e c i e s  a r e  important  d i s e a s e  t r a n s m i t t e r s ?  

Answer: Mosquitoes probably t r ansmi t  more d i s e a s e s  than any o t h e r  i n s e c t  

because of t h e i r  blood-sucking h a b i  ts. 

Anopheles quadrimaculatus  i s  t h e  m a l a r i a  mosquito i n  t h e  e a s t e r n  United 

S t a t e s .  Aedes a e g y p t i  i s  t h e  t r a n s m i t t e r  of yel low f e v e r  and dengue. The Aedes 
P 

mosquitoes a r e  probably r e s p o n s i b l e  f o r  t h e  t ransmiss ion  of C a l i f o r n i a  

e n c e p h a l i t i s .  Culex quinquefasc ia tus  i s  probably t h e  p r i n c i p a l  t r a n s m i t t e r  of 

S t .  Louis e n c e p h a l i t i s ,  a l though t h i s  d i s e a s e  has n o t  been found i n  North 

Carol ina.  Westexn e n c e p h a l i t i s  has  been found i n  North Caro l ina ,  b u t  what 

spec i e s  i s  r e s p o n s i b l e  f o r  t ransmiss ion  i s  ques t ionab le .  C u l i s e t a  melanura 

i s  probably r e s p o n s i b l e  f o r  most of t h e  t ransmiss ion  of e a s t e r n  e n c e p h a l i t i s  

i n  North Caro l ina .  

Comment: Culex qu inque fasc i e tus  was r e s p o n s i b l e  f o r  t h e  t ransmiss ion  of 

S t .  Louis e n c e p h a l i t i s  i n  Houston and Dal las .  



Comment: Heartworm of dogs i s  a l s o  t r ansmi t t ed  by mosquitoes. 

Cu l i s e t a  melanura i s  very  abundant i n  our Coas ta l  P l a i n s  fo l lowing  pro- 

longed wet s p e l l s  which f i l l  our  swamps, baye, and ~ o c o s i n s .  Most of our  

e n c e p h a l i t i s  has  occurred i n  those  coun t i e s  ad j acen t  t o  t h e  coas t .  Most of 

t h e  water  t h a t  f a l l s  i n t o  t h e s e  f r e s h  water  bays and pocosins  must go e i t h e r  

up o r  down; t h e r e  is  l i t t l e  s u r f a c e  drainage.  We have been a t tempt ing  t o  pro- 

v i d e  dra inage  f o r  some of t h e s e  f r e s h  water  bays. I n  t h e  1956 e n c e p h a l i t i s  

epidemic about 900 ho r ses  con t r ac t ed  t h e  d i s e a s e  wi th  one p o s s i b l e  human case .  

During the  l a s t  epidemic t h e r e  was one known human case  and an un to ld  number 

of horse  dea ths .  

It was dur ing  t h e  l a s t  epidemic of e a s t e r n  e n c e p h a l i t i s ,  i n  1965, t h a t  i t  

was e s t a b l i s h e d  t h a t  Cu l i s e t a  melanura i s  a  t r a n s m i t t e r  of t h e  d i s e a s e  t o  ho r ses .  

P r i o r  t o  t h i s  time i t  was thought t h a t  g. melanura only i n f e c t e d  b i r d s .  This  

mosquito i s  e a s i l y  d i s t u r b e d  and w i l l  seldom a t t a c k  an animal t h a t  i s  moving 

around. A horse  w i l l  s l e e p  i n  t h e  f i e l d  and w i l l  probably be a t t acked  a t  t h a t  

t ime.  One - C.  melanura was captured  wh i l e  feeding  on a  mule, This mosquito was 

proven t o  be i n f e c t e d  and t o  a l s o  con ta in  mule blood. The mule con t r ac t ed  t h e  

d i sease .  

Comment: It was two o r  t h r e e  o ' c lock  i n  t h e  morning be fo re  you go t  those t h a t  

b i t  t h e  horse.  

Answer: Yes, i t  was l a t e ;  t h a t  i s  c o r r e c t .  

Question: Don, you mentioned t h e  C h a r l o t t e  Aedes s o l l i c i t a n s .  I know t h a t  they 

a r e  found i n  Kentucky and o t h e r  i n l and  p l a c e s ,  bu t  I j u s t  wondered how you 

f i g u r e  he got t h e r e  o r  she  go t  t h e r e  i n  t he  f i r s t  p l ace .  I mean, what i s  it-- 

about 250 o r  300 mi l e s  from the  c o a s t a l  a r e a ?  

Answer: Well, I t r a v e l e d  from t h e  coas t  t o  Raleigh and swatted them i n  t h e  

c a r  i n  Raleigh, s o  I th ink  t h a t  i s  probably the  way i t  happened. Someone 

l i v i n g  i n  t h e  a r e a  had been t o  t h e  coas t .  They were probably South Caro l ina  

mosquitoes.  Most people i n  t h a t  a r e a  go t o  Myrtle Beach, South Carol ina.  

The i n t e r e s t i n g  p a r t  of t h e  s t o r y  t o  me i s  t h e  presence of t h e  Sodium ion. 
I n  Kentucky I b e l i e v e  i t  i s  sal t  from s l a g  p i l e s .  The female mosquito i s  

s t imu la t ed  t o  l a y  h e r  eggs by t h e  presence of t h i s  i on .  Once t h e  eggs have 

been l a i d  and have r ipened ,  they w i l l  ha tch  i n  f r e s h  water .  On our  coas t  we 



seem t o  have more mosquitoes fo l lowing  heavy r a i n s  during t h e  summer than we 

have fol lowinn storm t i d e s .  There is  enough s a l t  i n  t h e  s o i l  t o  s t i m u l a t e  egg 

l ay ing  s o  t h a t  a l l  t h a t  i s  needed i s  t h e  r a i n  water ,  

Comment: I d id  a  paper  a  whi le  back on t h e  d i s t r i b u t i o n  of Aedes s o l l i c i t a n s  

and - A. taeniorhynchus i n  t he  United S t a t e s ,  and t h e r e  a r e  many in l and  r eco rds  

i n  a d d i t i o n  t o  Kentucky. I n  I l l i n o i s  where o i l  w e l l s  a r e  dug, t h e  s a l t  water  

comes up wi th  t h e  o i l .  A, s o l l i c i t a n s  must t r a v e l  s u f f i c i e n t l y  f a r  so t h a t  i f  - 
a  l i k e l y  p l a c e  occurs ,  even tua l ly  the  females w i l l  f i n d  i t .  The re . a r e  r eco rds  

i n  South Dakota and Nebraska; f o r  example, a t  Lincoln they  have s e v e r a l  s a l t  

w e l l s  t h a t  a r e  d ra ined  i n t o  t h e  marshes, and they have a  good crop of A. - 
s o l l i c i t a n s  i n  those  p l aces .  So wherever t he  chemical condi t ions  can be 

c rea t ed  they w i l l  f i n d  i t .  They have tremendous d i s p e r s a l  a b i l i t i e s .  

Ques t ion :  You named h a l f  a  dozen fresh-water  mosquitoes.  I assume t h e s e  a r e  

d i s e a s e  c a r r i e r s .  Are t h e r e  primary d i s e a s e  c a r r i e r s  among t h e  s a l t  marsh 

types of mosquitoes? 

Answer: I n d i c a t i o n s  are t h a t  A. s o l l i c i t a n s  is  a  good t r a n s m i t t e r  of e a s t e r n  - 
e n c e p h a l i t i s .  To emphasize t h i s ,  a t  Ocracoke dur ing  t h e  1956 e n c e p h a l i t i s  

epidemic many of t h e  banker ponies  d i ed ,  More than  900 ho r ses  were l o s t  i n  

North Caro l ina  t h a t  year .  Aedes s o l l i c i t a n s  and Culex s a l i n a r i u s  a r e  t h e  

p r i n c i p a l  mosquitoes a t  Ocracoke, a l though C u l i s e t a  i n o r n a t a  was r e c e n t l y  

found. Other mosquitoes may be p r e s e n t  bu t  n o t  i n  numbers. 

Comment: J u s t  a c r o s s  t h e  i n l e t  t h e r e  a r e  a  v a r i e t y  of cond i t i ons  among t h e  

dunes. 

Answer: A few o t h e r  mosquitoes may be  p r e s e n t  b u t  have n o t  been r epor t ed .  

Ques t ion :  How conclus ive  i s  yours  o r  anyone e l s e ' s  publ i shed  evidence t h a t  

A. s o l l i c i t a n s  i s  a c a r r i e r ?  Have you a c t u a l l y  found i t  t o  be a d e f i n i t e  - 
c a r r i e r ?  

Answer: It has been demonstrated i n  t h e  l a b o r a t o r y  t h a t  A. s o l l i c i t a n s  i s  a  - 
good c a r r i e r .  A s  I remember, t h e r e  have been only one o r  two cases  where wi ld  

A. s o l l i c i t a n s  have been found t o  be i n f e c t e d .  - 
Question: Is t h a t  human e n c e p h a l i t i s  o r  animal e n c e p h a l i t i s ?  

Answer: The e n c e p h a l i t i d e s  r e f e r r e d  t o  h e r e  a r e  t he  Arboviruses which a r e  

e a s t e r n  e n c e p h a l i t i s ,  wes te rn  e n c e p h a l i t i s ,  S t .  Louis e n c e p h a l i t i s ,  C a l i f o r n i a  

e n c e p h a l i t i s ,  and poss ib ly  o t h e r s .  Eas te rn  and western may be  t r a n s m i t t e d  t o  

e i t h e r  horses  o r  man. 



The b i r d  i s  t h e  primary h o s t  f o r  e a s t e r n ,  western,  and S t .  Louis encepha- 

l i t i s  and i s  t r ansmi t t ed  by mosquitoes.  There i s  b r a i n  damage i n  t he  animals;  

and i f  they a r e  not  k i l l e d ,  they a r e  u sua l ly  a dummy. 
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Environmental Heal th 

Af t e r  l i s t e n i n g  t o  what you s a i d  and what Don Ashton s a i d ,  I don ' t  know 

i f  Duke Power Company d i d n ' t  have t h e  f i r s t  organized mosquito c o n t r o l  program 

i n  t h e  s t a t e .  

Approximately f i f t y  yea r s  ago Duke recognized t h e  importance of pond san i -  

t a t i o n  and mosquito c o n t r o l  on i t s  impoundments and founded a Heal th and Sani- 

t a t i o n  Department. We t r y  t o  s t a y  a b r e a s t  of t h e  change i n  t imes and t i t l e s  i n  

t h i s  department,  and today t h i s  department i s  known a s  t h e  Environmental Heal th 

Department, I n  t h i s  department we a r e  p r imar i ly  concerned wi th  pond s a n i t a t i o n  

a s  w e l l  a s  mosquito c o n t r o l  a long wi th  water  s u p p l i e s  and waste  d i s p o s a l  

systems around our cons t ruc t ion  and ~ l a n t  s i t e s  which i s  both t h e  hydro and 

steam s t a t i o n s .  With t h e  breeding of t h e  Anopheles quadrimaculatus on t h e  

h v d r o e l e c t r i c  impoundments dur ing  t h e  "malar ia  yea r s , "  c o n t r o l  measures were 

in t roduced  and have continued each year  during t h e  mosquito-breeding season. 

This  a c t i v i t y  has  cont inued t o  i nc rease  f o r  t h e  p a s t  f i f t y  years  through 

development of t h e  Catawba River Basin. The s i z e  of our  program i s  s t i l l  

inc reas ing  wi th  t h e  a c q u i s i t i o n  of Lake Greenwood i n  South Carol ina a few yea r s  

ago. We a l s o  have a tremendous development down t h e r e  known a s  t h e  Keowee- 

Toxaway P r o j e c t  i n  Northwestern South Caro l ina  i n  which we a r e  bu i ld ing  two 

impoundments. ActuaPly, t h e r e  a r e  t h r e e  l a k e s .  There ' s  a cana l ,  very s i m i l a r  

t o  t h e  s i t u a t i o n  we have a t  Lake James, t h a t  connects s e v e r a l  r i v e r s  and makes 

two impoundments i n t o  one. Then we a r e  a l s o  involved i n  t he  Belews Creek 

p r o j e c t  between Winston-Salem and Greensboro. 

A t  t h e  p re sen t  t ime I guess we ' re  ca r ry ing  out  survey work and l a r v i c i d i n g  

programs on approximately twenty-five hundred mi l e s  of s h o r e l i n e  i n  North and 

South Carol ina.  I d o n ' t  want t o  d i f f e r e n t i a t e  between the  two, I want t o  put  

t h i s  i n  a s  South Caro l ina  because t h i s  i s  a s  much a p a r t  of my program a s  what 

I have i n  North Carol ina.  P r a c t i c a l l y  a l l  of our  mosquito c o n t r o l  measures a r e  

accomplished by l a r v i c i d e  crews us ing  boa t s  equipped wi th  power sp raye r s .  We 

a l s o  have mobile t r u c k  mounted u n i t s .  We use some hand sp raye r s  and occas iona l ly  

small m i s t  blowers.  I n c i d e n t a l l y ,  we a r e  fo l lowing  t h e  recommendations of t h e  

two S t a t e  Medical Entomologists i n  our  program. I l i k e  t o  have our  l a r v i c i d i n g  

crews work t h e  same a r e a ,  i f  at a l l  p o s s i b l e ,  because they a r e  more f a m i l i a r  



wi th  p o t e n t i a l  problems i n  t hose  a reas .  The knowledge of s loughs ,  s h o a l s ,  

rocks,  c reek  runs and shal low a r e a s  i s  very  necessary  f o r  an e f f i c i e n t  opera- 

t i o n  i n  a d d i t i o n  t o  p r o t e c t i n g  men and equipment. We have d a i l y  worksheets 

f o r  a l l  crews t o  prevent  overlapping.  They a l s o  f u r n i s h  us  an accu ra t e  volume 

record  of t h e  l a r v i c i d e  appl ied ,  t he  a r e a  covered, t he  t ime t h e  work was done, 

and t h e  crew involved"  We t r y  t o  o p e r a t e  on an eight-day cvc le- - la rvfc id ing  

every e i g h t  days--but occas iona l ly ,  w e ' l l  vary a day o r  two according t o  r a i n y  

weather o r  o t h e r  s i t u a t i o n s  t h a t  come up t o  prevent  u s  from g e t t i n g  around 

normally.  We a r e  u s ing  t ransformer o i l  and No. 2 d i e s e l  f u e l  a t  t h e  p r e s e n t .  

We begin t o  start  t h e s e  l a r v i c i d i n g  ope ra t ions  i n  e a r l y  A p r i l  and cont inue 

throughout t h e  breeding season which u s u a l l y  ends somelcfme i n  October o r  t h e  

f i r s t  f r o s t .  

We have some twenty-two c i t i e s  which draw t h e i r  raw water  s u p p l i e s  from 

our  r e s e r v o i r s  so  we must be very  c a r e f u l  what we use i n  t h e  way of i n s e c t i -  

c ides  and he rb i c ides .  We bypass t h e  water  i n t a k e s  by approximately a  q u a r t e r  

of a  mi le ,  depending upon wind d i r e c t i o n  a t  time of l a r v i c i d e  a p p l i c a t i o n .  

We a r e  n o t  u s ing  any of t h e  ch lo r ina t ed  hydrocarbons o r  stomach poisons.  We do 

use  some h e r b i c i d e s  t o  a l i m i t e d  e x t e n t  fo l lowing  c u t t i n g  ope ra t ions  on our  

s h o r e l i n e  maintenance. I f  you cu t  willows, sweet gum, o r  some of t he  o t h e r s ,  

and you do n o t  poison t h e  stump, you may expect  t h e  dens i ty  of t h e  growth of 

t h e  sp rou t s  t o  b e  t en  times t h e  o r i g i n a l  problem, Now we're  doinn some work 

down i n  South Carol ina on Lake Greenwood a t  the  p re sen t  time. I t h i n k  we've 

counted e igh ty - s ix  sp rou t s  on one sweet gum stump which was about e igh teen  

o r  twenty inches  i n  diameter .  Well, t h i s  goes t o  show t h e  d e n s i t y  and how 

f a s t  t h i s  s t u f f  w i l l  grow--six, e i g h t  o r  t e n  f e e t  i n  a yea r ,  I t  wfPl  come 

back on you t h a t  f a s t  i f  you d o n ' t  poison t h e  s t u m ~ s .  

We're even t r y i n g  a d i f f e r e n t  method of permanent c o n t r o l .  The f i r s t  

t h i n g  I saw on i t ,  1 b e l i e v e ,  came from TVA. We have a  f l a t  bottom t h a t  has  

s i l t e d  i n  f o r  many y e a r s  i n  t he  headwaters of one of our  r e s e r v o i r s .  This  

bottom i s  only f looded during pe r iods  of  high water  o r  very  heavy r a i n f a l l .  

Since most of t h e  depos i ted  s o i l  i s  t o p s o i l  from t h e  surrounding mountains,  

t h i s  bottom suppor ts  a very  dense growth of weeds, b r i a r s ,  v ines  and o t h e r  

undes i rab le  p l a n t s  during t h e  growing season.  Last  year  I t a l k e d  t o  my boss  

and the  f o r e s t r y  people i n  t h e  company, and w e  decided t h a t  we would t r v  t o  

p l a n t  ba ld  cypress  on t h i s .  So we p u t  out  about 600 seed l ings  pe r  ac re .  I n  

a  few yea r s  w e ' l l  be  a b l e  t o  t e l l  whether t h i s  w i l l  h e lp  us  anv o r  no t .  I 

hope i t  w i l l ,  
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I s i n c e r e l y  b e l i e v e  t h a t  t he  s o l i d  waste  problem on our p r o p e r t i e s ,  c r ea t ed  

by people who l i v e  i n  c l o s e  proximity t o  our  l akes ,  is  r e spons ib l e  f o r  more 

mosquito nuisance s i t u a t i o n s  than our l a k e s  have c rea t ed  f o r  many, many years .  

I would c e r t a i n l y  l i s t e n  t o  anv sugaes t ions  t h a t  any of you may have concerning 

t h i s  problem. 

The Duke Power Company owns some 300,000 a c r e s  of land and t h e  watershed 

a r e a  surrounding our  r e s e r v o i r s .  The ma jo r i t y  of t h i s  land i s  i n  improved 

f o r e s t s  t h a t  a r e  managed and c o n t r o l l e d  by graduate  f o r e s t e r s .  This  f o r e s t  

management program n o t  only makes money on t h e  t imber  ope ra t ions ,  bu t  t h e  

q u a l i t y  of t h e  water  i n  our  r e s e r v o i r s  is  g r e a t l y  improved. I n  f a c t ,  a  few 

yea r s  ago t h e  l akes  were r e d  be fo re  we s t a r t e d  t h i s  program, approximately 

f i f t e e n  o r  twenty yea r s  ago, and today most of them a r e  b lue  un le s s  we have 

extremely h igh  r a i n f a l l  a t  c e r t a i n  per iods .  

I ' d  a l s o  l i k e  t o  mention t h a t  we have an environmental t e s t  s e c t i o n .  1 ' m  

proud of my department. They used t o  be combined, bu t  they 've  moved t h i s  t o  

t h e  Steam Department now. This  s e c t i o n  monitors our r e s e r v o i r s  on a  s tandard  

frequency f o r  such th ings  a s  temperature,  d i sso lved  oxygen, pH, t o t a l  Fe, 

t o t a l  manganese, t u r b i d i t y  and BOD. I d o n ' t  want t o  s t e a l  any of M r .  c o r n e l l ' s  

department 's  thunder,  bu t  Duke Power Company i s  one of t h e  p a r t i c i p a n t s  i n  a  

j o i n t  s tudy  on thermal  e f f e c t s ;  i n  o t h e r  words, hea ted  water  d i s tu rbance  i n  

t h e  steam sec t ion .  The Div is ion  of In land  F i s h e r i e s  of the  North Caro l ina  

W i l d l i f e  Resources Commission i s  a l s o  p a r t i c i p a t i n g .  

Much of our e f f o r t  on mosquito c o n t r o l  a t  Duke Power i s  put  i n t o  source  

reduct ion  i f  i t  is a t  a l l  f e a s i b l e .  I f  t h e r e  i s  a  good permanent s o l u t i o n ,  

we p r e f e r  t h i s  method over continuous temporary ope ra t ions  any time. We a r e  

a l s o  aided i n  our  mosquito c o n t r o l  e f f o r t s  by t h e  drawdown on our impoundments 

and the  heavy boat  t r a f f i c  c r ea t ed  by fishermen and o t h e r  p l e a s u r e  seekers .  

The s h o r e l i n e  development of co t t age  s i t e s  i s  one of t h e  most permanent and 

economical means a v a i l a b l e  t o  i n h i b i t  mosquito breeding.  

I b e l i e v e  i f  I had t o  t ake  my choice of a l l  t h e  t h ings  t h a t  make my job 

easy  I would say t h a t  i t  i s  s h o r e l i n e  deve lo~men t  by co t tages- - leas ing  t h e s e  

l o t s  t o  i nd iv idua l s  a t  a  very  nominal f e e  t o  e s t a b l i s h  some r e c r e a t i o n a l  

family a s p e c t s  of t h e  th ing .  That keeps the  s h o r e l i n e  c l ean .  1t' s funny, bu t  

people w i l l  l i t t e r  anywhere bu t  t h e i r  own f r o n t  yard ,  So consequently,  we 

have p r e t t y  c lean  s h o r e l i n e s  where we've l ea sed  t h e s e  l o t s .  



I n  c l o s i n g  I would l i k e  t o  say t h a t  world t r a v e l  being what i t  i s  today, 

we a r e  only  a  few hours  away by a i r  from many m a l a r i a l  a r e a s  of t h e  world. 

Returning servicemen from Vietnam and Peace Corps vo lun tee r s  may a l s o  harbor  

the  ma la r i a  p a r a s i t e ,  With t h e s e  p o t e n t i a l  t h r e a t s  and t h e  ever-present  

p o t e n t i a l  t h r e a t  of t h e  a rbor -v i rus  d i s e a s e s ,  we s e e  t h e  need f o r  a  cont inua-  

t i o n  of an a c t i v e  and i n t e n s i v e  mosquito c o n t r o l  program by Duke Power. 

I f  any of you have any ques t ions ,  I ' l l  be g l ad  t o  t r y  t o  answer them, 

: George, I wish you'd e l a b o r a t e  about t h e  p l an t inn  of t h e  s e e d l i n g s  

and t h e  e f f e c t s  you ' r e  hoping t o  rece ive .  

Answer: This bottom has abou% f o r t y  a c r e s  i n  i t .  It" a t  t h e  head of Lake 

James, and t h e r e ' s  two OP t h r e e  n a t u r a l  d ra inage  s loughs t h a t  come up i n  t h i s  

th ing .  Well, they  f lood ;  and when the  l a k e ' s  r i g h t  a t  t h e  f u l l  pond l e v e l ,  

t h e  onPv th ing  t h a t ' s  f looded i s  t h e s e  s loughs.  I f  we then  have a  heavy r a in -  

f a l l  i n  t he  mountains and the  pond is  f u l l  a t  t h a t  t ime, i t  f l o o d s  t h i s  bas in .  

That 's  when you have t r o u b l e  from the  Aedes and Psorophora. John knows t h i s ,  

I ' l l  be t  h e ' s  very f a m i l i a r  wi th  t h a t  bottom I ' m  t a l k i n g  about.  On the  b r f a r s  

and canes and honeysuckle, b lackber ry  v ines  and th ings  of t h a t  n a t u r e ,  they  

g e t  up t o  f i v e ,  s i x ,  o r  maybe e i g h t  f e e t  t a l l  i n  t h i s  bottom i n  t h e  summertime, 

I t ' s  hard t o  g e t  i n  t h e r e  t o  c o n t r o l  i t .  The s n l v  way H s e e  t o  do i t  i s  t o  

apply he rb i c ides  by a i r p l a n e ,  It" f a i r l y  boggy out  t h e r e  when t h e  l a k e  i s  

f u l l  because t h e  water  t a b l e  i s  so nea r  t h e  su r f ace .  We thought t h a t  maybe 

we could p l a n t  t h e s e  cypress  and shade t h i s  growth o u t ;  then we could c o n t r o l  

t h e  growth and a l s o  lower the  water  t a b l e  a  few inches ,  W e  decided to try i t .  

We may r e g r e t  i t ,  b u t  I hope n o t .  

m: How is  t h e  cypress  doing? 

Answer: They're doing j u s t  f i n e .  I t h i n k  w e k e  got  a 90 percent  s ~ r v I v a 1 ,  

D r .  Knight,  and they were tremendous seed l ings  when we got  them. I th ink  they  

came from somewhere i n  Georgia, and they were about t h a t  high when we p l an ted  

them. I guess some of them look l i k e  t h a t  now. 

Ques t ion :  Are they growinn f a s t  enough t o  outgrow t h e  brambles? 

Answer: Well, we've d isced  p a r t  of i t  t h i s  vear ,  and wekre going t o  c u t  some 

of t h i s  out l a t e r  i n  t h e  win ter t ime when t h e  ground's  f rozen .  That would 

probably be t h e  b e s t  time t o  g e t  i n  t h e r e ,  

Question: To what e x t e n t  do you g e t  Aedes vexans? 

Answer: A t  t imes I guess we're  j u s t  popular.  I guess I have a s  many complafnts 

from vexans a s  any o t h e r  mosquito. 



Question: Do you have any o t h e r  p e s t ?  

Answer: Well, ye s .  Some of t h e  o l d e r  r e s e r v o i r s  where you have a tremendous 

amount of o rgan ic  ma t t e r  on the  bottom. 

Question: You don ' t  p r a c t i c e  water  e l e v a t i o n  management? 

Answer: Well, i t ' s  kind of d i f f i c u l t .  I f  a l l  of our r e s e r v o i r s  were t h e  same 

s i z e ,  i t  would be much s impler .  They f i g u r e  i t ' s  cheaper t o  maintain a con- 

t r o l  program over  a l l  t h e  l a k e s  l i k e  we're  doing than t o  t r y  t o  do i t  wi th  

water  management. The flow of t h e  power i s  smal l ,  and we don ' t  have t h e  water  

they have i n  TVA. 

Question: You began t h e  Anopheles quadrimaculatus when? 

Answer: Las t  summer--last f a l l ,  i n  f a c t  i t  was i n  October--on t h e  new l ake  

down i n  South Carol ina.  We l a r v i c i d e d  the  e n t i r e  summer and had p r e t t y  good 

success .  About t h e  20th of October we had about two weeks of warm weather.  

Frank Arnold from South Caro l ina  c a l l e d  me and s a i d ,  "George, you've got  a 

l i t t l e  t r o u b l e  up on t h a t  new lake ."  I s a i d ,  "You've got  t o  be kidding."  

He s a i d ,  "No, go down and t ake  a look." So I went down and took a look,  and 

we a c t u a l l y  had t h e  b i g g e s t  ha tch  of "quads" 1 ' v e  ever  seen s i n c e  1 ' v e  been 

w i t h  the  company. That was about t he  20th of October. It j u s t  shows you t h a t  

i f  you have a l a t e  f a l l  what kind of problem you can g e t  i n t o .  

Are t h e r e  any o t h e r  ques t ions?  Thank you. 
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Blewett  T i l l e r y  Hydroe l ec t r i c  P l a n t  

Our program a t  t h e  T i l l e r y  p l a n t  was l a i d  ou t  by M r .  Don Ashton s e v e r a l  

yea r s  ago, and i t ' s  been a planned program s i n c e  1940, Before t h a t ,  we used 

a l i t t l e  o i l  on t h e  t r o u b l e  s p o t s .  When t h e  s h o r e l i n e  began developing,  we 

s t a r t e d  a program t o  t r y  t o  do away wi th  t h e  l a r v a e  b e f o r e  t h e  mosquitoes g o t  

t h e r e .  A t  t h e  p re sen t  t ime we a r e  doing t h i s  by c o n t r a c t s  w i th  t h e  Wilson 

Tree Company, and i t ' s  p a t r o l l i n g  t h e  a r e a  on a seven-day b a s i s .  They now 

work f o u r  days a week, t e n  hours a day and cover 125 mi les  of s h o r e l i n e  on 

p a t r o l .  For spray ing  we're  only covering about ninety-two miles beCause t h e  

s h o r e l i n e  i s  r e a l  s t e e p ,  and we've got  water  a c t i v i t y .  Another t h ing ,  t h e  

l a k e ' s  water  e l e v a t i o n  f l u c t u a t e d  i n  t h e  year  a n d a k a l f  I 've been t h e r e  about  

t e n  inches,  s o  w e  haven ' t  had t o o  much of a problem wi th  i t .  we're us ing  hand 

sp raye r s  i n  t h e  a r ea s  t h a t  a r e  developed t o  work around t h e  co t t ages .  I n  t h e  

cana l s  and i n  what marshland we have, w e  u se  boa t s .  Our b i g g e s t  problem and 

t h e  most expense has  been c o n t r o l l i n g  t h e  vege t a t i on .  We s t a r t  c u t t i n g  r i g h t s -  

of-way about t h e  l a s t  of January through t h e  t ime w e  start  s ee ing  s i g n s  of 

mosquitoes,  u s u a l l y  around A p r i l  1 t o  A p r i l  15. Then we start  spray inn .  Th i s  

cont inues  through October 15 and sometimes up t o  November 1. We cont inue  

spray ing  and go back t o  work on t h e  rights-of-way u n t i l  t h e  weather  g e t s  s o  

bad you c a n ' t  work i n  t h e r e .  

we've b u i l t  a l o t  of t h e  cool ing  l a k e s  a t  our  steam p l a n t s .  One of t h e  

most e f f e c t i v e  t h ings  we've found t o  c o n t r o l  e r o s i o n  of t h e  d ikes  has  been 

a s p h a l t i n g  t h e  banks. This  has  worked very  we l l .  The mosquito is r e a l l y  a 

r a r i t y .  A t  t h e  Lee P l a n t  i n  Goldsboro, w e  have around 300 a c r e s  i n  t h e  cool- 

i n g  l ake .  Of course ,  t h e  water  level i s  cons t an t ,  and w e  have a s p h a l t  t e n  

f e e t ,  I b e l i e v e ,  up t h e  bank and have no v e g e t a t i o n  problem. We have t o  lower 

t he  water about every t h r e e  yea r s  and pa tch  some a s p h a l t ,  bu t  t h a t  p r e t t y  w e l l  

t akes  c a r e  of  t h e  mosquitoes.  

On the  T i l l e r y  l a k e  we have a two-man crew working out  of a boa t .  I t  

c o s t s  us about $500 a week t o  keep t h i s  crew going which w e  don ' t  t h i n k  has  

been exces s ive  f o r  t h e  program M r .  Ashton has  l a i d  ou t .  The f e l l ows  don ' t  

know t h e  names of t h e  mosquitoes.  A l l  they know i s  t h a t  thev can s e e  them 



f l y ,  and they  have been a b l e  t o  i d e n t i f y  t he  l a r v a e .  We have a d a i l y  r e p o r t  

they f f l l  o u t ,  Out b igges t  problem i s  bee r  cans and t i r e s  around t h e  

undeveloped a r e a s ,  and we even c lean  those  up as we go along. We have some 

p a s t u r e  land t h a t  runs down t o  t h e  s h o r e l i n e ,  and the  animal t r a c k s  have 

made a breeding ground. We watch t h a t  r e a l  c l o s e  and have been a b l e  t o  t ake  

c a r e  of i t .  

We have one cool ing  l a k e  up a t  our Skyland p l a n t  nea r  Ashevi l le .  The 

Ci ty  of Ashevi l le  has  l ea sed  t h a t  l a k e  f o r  r e c r e a t i o n  and i s  t ak ing  c a r e  of 

t h e  mosquito c o n t r o l  up t h e r e ,  They a r e  using--what I was a b l e  t o  f i n d  out-- 

a  smoke genera tor  i n  t h e r e ,  

I wasn ' t  a b l e  t o  f i n d  out about our Roxboro p l a n t ,  which Is near  here .  

The l ake  i s  l ea sed  by the  county f o r  r e c r e a t i o n ,  and t o  my knowledge t h e r e ' s  

no c o n t r o l  t he re  a t  t he  p r e s e n t  t ime. 

Question: The smoke genera tor  you j u s t  r e f e r r e d  t o ,  what chemical do you use?  

Answer: We don ' t  use  any chemical, j u s t  t h e  f u e l  o i l  i n j e c t e d  f o r  t h e  machine. 

We t r i e d  DDT a f t e r  t h e  war at T i l l e r y ,  bu t  according t o  r e p o r t s  t h a t  I ' v e  been 

reading ,  i t  was dropped a f t e r  two o r  t h r e e  yea r s ,  wasn ' t  i t ?  

Comment: I b e l i e v e  i t  was dropped t h e  f i r s t  year .  The reason w a s  t h a t  i n  

o rde r  t o  put  DDT out  you had t o  use  a  very  f i n e  m i s t  from a nozz le ,  To g e t  

t h e  s p o t s  i n  your l a k e  you had t o  shoot  t h e  o i l  f o u r  o r  f i v e  f e e t ;  and i f  

t h a t ' s  a g a i n s t  t h e  wind, you've l o s t .  

Ques t ion :  Are you going t o  be l i m i t e d  i n  us ing  the  smoke gene ra to r  by concern 

over a i r  p o l l u t i o n ?  

Answer:  hat's a good ques t ion .  We don ' t  know what we're  going t o  do about 

a i r  p o l l u t i o n .  Tha t ' s  goinn t o  be a  b i g  t h i n g ,  and t h e r e ' s  a  ques t ion  of 

whether a  l o t  of t h e  e l e c t r i c  companies a r e  going t o  be a b l e  t o  s t a y  i n  bus i -  

n e s s  i f  t hey  comply w i t h  a l l  t h e  r egu la t ions .  

Ques t ion :  What chemicals a r e  YOU us ing  as l a r v i c i d e s ?  

Answer: Not anything.  We're us ing  No. 2 f u e l  o i l  and motor o i l .  When we 

have t ransformer  o i l ,  we use  i t  because i t  doesn ' t  c o s t  u s  anything.  The 

reason t h a t  burned c y l i n d e r  o i l  and t ransformer  o i l  were used i n  t h e  beginning 

was t h a t  i t  l eaves  a  b e a u t i f u l  f i l m  on the  water ,  and t h e  men could s e e  where 

they  had gone. I f  you use noth ing  bu t  No. 2 f u e l  o i l ,  you can h a r d l y  see i t .  

I f  you add a smal l  amount of used cy l inde r  o i l ,  i t  g ives  a  b e a u t i f u l  rainbow 

appearance; and you can s e e  i t  as you ' r e  moving along. Tha t ' s  t h e  reason ,  



Question: Does t h i s  c o n f l i c t  a t  a l l  w i t h  your r e c r e a t i o n ?  

Answer: Not a t  t h e  r a t e  t h a t  we put  i t  out  because i t  evapora tes  very  qu i ck ly ,  

The motor o i l  a c t u a l l y  i s  about 20 pe rcen t  of t h e  volume. Some p l aces  don ' t  

l i k e  t o  put  i t  i n  at a l l  because i t  has  t o  be s t r a i n e d ,  and i t  c logs  t h e  nozz l e ,  

I t h i n k  we're  mixing i t  f i f t e e n  g a l l o n s  t o  135. I b e l i e v e  t h a t ' s  our mix, and 

w e  pu t  out  about  150 g a l l o n s  a day. I had only one complaint l a s t  summer w i th  

25 percent  of t h e  s h o r e l i n e  developed wi th  c o t t a g e s .  I took t h e  mosquito man 

and went up t h e r e ,  and we found a t r a s h  p i l e  s i x t y  f e e t  from the  co t t age .  I t  

was f u l l  of l a r v a e .  We sprayed i t  out  and j u s t  showed i t  t o  t h e  l ady  and con- 

vinced he r .  That was t h e  b e s t  p u b l i c i t y  we eve r  had. 

Comment: The b i g g e s t  complaint we've had a t  T i l l e r y  i s  t h e  d a i r y  farms where 

t h e  animal t r a c k s  go down t o  t h e  c reek .  When t h e  c a t t l e  water ,  t h e r e ' s  always 

a n e s t  of mosquitoes between those t r a c k s .  This has  caused t h e  most t r o u b l e  i n  

t h e  beginning. He was always complaining of mosquitoes,  I guess ,  t o  g e t  you 

f o l k s  t o  go i n  and spray.  

Comment: Well, I t h i n k  he was complaining about  something e l s e  and j u s t  used 

t h e  mosquitoes.  

Question: Where cool ing  l a k e s  a r e  concerned, i s  t h e r e  a temperature  cut-off 

p o i n t  where mosquitoes no longer  w i l l  breed and you can ignore  i t ?  

Answer: I don' t know. 
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I t ' s  been a  p l e a s u r e  f o r  me t o  come up h e r e  today  and l e a r n  some t h i n g s  

r a t h e r  t h a n  t o  t e l l  you any e a r t h - s h a t t e r i n g  t h i n g s  you d o n ' t  know. I was 

s u r p r i s e d  t o  come b e f o r e  t h e  Navy. I f i g u r e d  t h e y ' d  j u s t  p u t  t h e  Army f i r s t  

because  i t  s t a r t e d  w i t h  an A, and t h e y  d i d n ' t  r e a l i z e  t h a t  a  Cap ta in  i n  t h e  

Army i s  n o t  q u i t e  as h i g h  a s  a Capta in  i n  t h e  Navy. Probab ly ,  t h e  s e c r e t a r y  

d i d n ' t  r e a l i z e  t h a t .  

Comment by D r .  Knight :  Cap ta in  Palmer ,  I ' l l  t e l l  you why we d i d  i t .  1 ' m  a n  

ex-Navy man; and i f  we had p u t  t h e  Navy f i r s t ,  i t  would l o o k  l i k e  a  l i t t l e  

f a v o r i t i s m  t h e r e .  

I ' d  l i k e  t o  t e l l  you a l i t t l e  b i t  abou t  my background. I went t o  t h e  

U n i v e r s i t y  of Delaware and have a B.S. from t h e r e  i n  Entomologv. I was f o r t u -  

n a t e  enough t o  g e t  a d i r e c t  commission a s  an e n t o m o l o g i s t  i n  t h e  Army, and 

I ' v e  been i n  f o r  s e v e r a l  y e a r s  now. I ' m  p l a n n i n g  t o  have them send me t o  

g r a d u a t e  s c h o o l .  I ' m  keep ing  my f i n g e r s  c r o s s e d  t o  see what happens  w i t h  t h e  

f i s c a l  y e a r  a p p r o p r i a t i o n s .  ~ h e y ' r e  supposed t o  have a  mee t ing  sometime b e f o r e  

J u l y  1. You n e v e r  know when i t ' s  going t o  be .  Then t h e y ' l l  l e t  me know what 

t h e  s t o r y  i s ,  

T h i s  is t h e  way t h i n g s  l o o k  a t  F o r t  Bragg. We have t h e  P o s t  Surgeon who 

j u s t  happens t o  b e  t h e  h o s p i t a l  commander a t  t h i s  t ime  and h a s  a number o f  

peop le  on h i s  s t a f f ,  one of which i s  t h e  p r e v e n t i v e  medic ine  o f f i c e r .  I work 

f o r  t h e  p r e v e n t i v e  medic ine  o f f i c e r  i n  t h e  p r e v e n t i v e  medic ine  a c t i v i t y ,  and 

w e ' r e  r e s p o n s i b l e  f o r  s u r v e y i n g  t h e  p o s t  f o r  a r t h r o p o d s ,  v e c t o r s  of d i s e a s e ,  

and in forming  t h e  P o s t  Surgeon of any problems. Then, h e  in forms  u s  t o  t a k e  

c a r e  of them. The P o s t  Engineer  h a s  a l l  t h e  equipment and a l l  of t h e  p e r s o n n e l  

f o r  t h i s  i n s e c t  and r o d e n t  c o n t r o l ,  a s  h e  h a s  t h e  Entomology S e r v i c e s  under  

h i s  d i r e c t i o n .  There  a r e  two s u p e r v i s o r s  and about  t e n  men i n  t h e  Entomology 

S e r v i c e s  Shop. These are t h e  men who do a l l  o f  t h e  s p r a y i n g  and t h e  work; 

t h e s e  a r e  t h e  low-paid i n d i v i d u a l s .  You n e v e r  know e x a c t l y  what t h e y ' r e  go ing  

t o  do--you know t h i s  from p e r s o n a l  e x p e r i e n c e  i n  your  own a c t i v i t i e s .  When we 

f i n d  an  a r e a  t h a t  we b e l i e v e  needs  a t t e n t i o n ,  we g e t  t o g e t h e r  w i t h  t h e  p e o p l e  
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a t  Entomology Serv ices ,  work wi th  them, show them where t h e  t r o u b l e  s p o t  i s ,  

and they t r e a t  i t ,  Other than our  recommendations, they  have p r e t t y  good 

systems a l r eady  i n  e f f e c t .  They have t r a i l s  throughout t he  woodlands where 

they go wi th  a m i s t  machine f o r  a d u l t  mosquito c o n t r o l .  They a l s o  have men 

who a r e  r e spons ib l e  f o r  l a r v i e f d i n g  any p a r t i c u l a r  s p o t s a  They use  malathion 

f o r  both of t hese  purposes,  and they  have fogging each evening from about 

e i g h t  t o  t en  o 'c lock  s t a r t i n g  about May 15, and they  use dibrom f o r  t h i s  pur- 

pose,  I t ' s  b e t t e r  than  anything e l s e  we have a v a i l a b l e ,  Fogging might work, 

as you know, f o r  a  few hours,  bu t  o t h e r  than t h a t  everybody j u s t  t h inks  i t ' s  

he lp ing  ou t ,  " the  psychologica l  e f f e c t . "  Well, I c a n ' t  r e a l l y  s e e  any long- 

l a s t i n g  e f f e c t s ,  and I don ' t  t h ink  anybody e l s e  has  been a b l e  t o  show any 

long- l a s t ing  e f f e c t s .  Once i n  a  whi le  we g e t  a r e a s  we can recommend t o  have 

f i l l e d  o r  dra ined ,  b u t  o t h e r  than t h a t  I th ink  i t ' s  more of a  f u t u r e  i tem of 

i n t e r e s t  t o  s t o p  us ing  p e s t i c i d e s  and s t a r t  us ing  some good long-range sense  

i n  t h a t  r e s p e c t .  

I f  t h e r e  a r e  n o t  any ques t ions ,  t h a t ' s  about i t  i n  a  nutshell--what we do 

a t  Fo r t  Bragg. 

Question: What t ype  of s u r v e i l l a n c e  work do you do? 

Answer: We have mosquito l i g h t  t r a p s .  I n  t h e s e  we use dry i c e  about once a 

week t r y i n g  t o  i n c r e a s e  our  ca tches  w i th  t h e  carbon d ioxide  produced. We have 

a r e g u l a r  "route ,"  you might say, which we do l a r v a l  c o l l e c t i o n s  a l l  a long ,  

Once i n  a  whi le  we have a d u l t  r e s t i n g  c o l l e c t i o n s  and a d u l t  b i t i n g  c o l l e c t i o n s .  

We used t o  run a  Black Jar Ovipos i t ion  Study f o r  t h e  Aedes aegypr i .  I n  f a c t ,  

we d i d  last year .  We've never  found an a d u l t ,  - A. aegypt i ;  however, two yea r s  

i n  a row we found some aepyp t i  eggs. Other than 4. aegyp t i  w e  f i n d  Aedes 

t r i s e r i a t u s  i n  t h e s e  a r t i f i c i a l  conta iners .  We work on a  complaint b a s i s  a l s o .  

I f  someone complains, we g e t  t o  t he  a r e a  and s e e  what we can f i n d .  We have a  

l o t  of problems w i t h  t h e  Psorophora s p e c i e s  and Aedes vexans. Other  t han  t h a t ,  

we don ' t  have any problem mosquitoes.  

One t h i n g  I l e f t  ou t  t h a t  I ' d  l i k e  t o  add--for i n s t ance ,  i n  1968 we had 

402 people--Vietnam returnees--  come down w i t h  ma la r i a  wh i l e  they  were a t  

For t  Bragg. It w a s  what you might c a l l  a  r e l a p s e ,  and t h e s e  people were i n  t h e  

h o s p i t a l  f o r  a  c e r t a i n  pe r iod  of t r ea tmen t ,  and i t ' s  j u s t  amazing t o  me and 

some o t h e r  people t h a t  we haven ' t  had in t roduced  ma la r i a  crop up on us  a t  Fo r t  



Bragg. A l o t  of t h e  cond i t i ons  a r e  good, bu t  I guess  a l l  of them d i d n ' t  f i t  

t o g e t h e r  p rope r ly .  We have many areas t h a t  people  go on t r a i n i n g  e x e r c i s e s  

j u s t  r o u t i n e l y ,  and i t  would be no problem a t  a l l  t o  i n t roduce  m a l a r i a  para- 

s i t e s  i n t o  t h e  mosquito popula t ion  and have mosquitoes i n t roduce  i t  back i n t o  

t h e  t roop  popula t ion .  we've j u s t  been very  f o r t u n a t e  t o  avoid i t .  They've 

had i t  r i g h t  n e a r  F o r t  Benning--they've had some cases--and down a t  F o r t  

Campbell o r  Fo r t  Knox they 've  had in t roduced  ma la r i a ,  and a t  F o r t  Stewart  

i n  Georgia s o  we've j u s t  been very lucky.  Our Anopheles popula t ion  i s  q u i t e  

sma l l  a t  For t  Bragg. 

Question: Do you u s u a l l y  spray  i n  t h e  a r e a s  where t h e  p a t i e n t s  a r e  kept  and 

a r e  t h e  p a t i e n t s  kep t  i n  one s i n g l e  l o c a t i o n ?  

Answer: These people  are i n  t h e  h o s p i t a l  and a r e  on t h e  e i g h t h  f l o o r ,  and 

i t ' s  a l l  a i r  condi t ioned ,  We don ' t  have any problems w i t h  those .  Where I 

cons ider  a  problem i s  when t h e y ' r e  out  on t h e s e  f i e l d  e x e r c i s e s  when t h e  f e v e r  

s t a r t s .  

Question: M r .  Palmer, do you s e e  very  much of a p o t e n t i a l  f o r  t h e s e  people  

who have had ma la r i a  a f t e r  they are d ischarged  from t h e  Army? Poss ib ly ,  they 

come back i n t o  c i v i l i a n  l i f e  and g e t  o f f  t h e  medicat ion;  then,  a  r e l a p s e  may 

occur .  We've been very  concerned about t h i s  i n  t h e  S t a t e  Board of Hea l th  

about g e t t i n g  in t roduced  ma la r i a .  

Answer: Yes, s i r ,  I t h i n k  t h e r e  probably i s  a l i k e l i h o o d  f o r  t h a t  t o  happen. 

The b i g  problem t h a t  we've had w i t h  people  who g e t  out  of t h e  s e r v i c e  r i g h t  

a f t e r  they r e tu rned  from Vietnam, they probably wouldn't  t a k e  t h e  p i l l s ,  The 

b i g  problem we had f o r  a  wh i l e  a l l  through t h e  Army was t h a t  people  would come 

back a f t e r  being evacuated wi th  some type  of i n j u r y  o r  wounds, come back t o  the 

h o s p i t a l ,  and a f t e r  a  couple  of  weeks they come down w i t h  ma la r i a .  The reason  

was they s topped us ing  t h e  p i l l s .  I n  f a c t ,  when you l e a v e  t h e  country,  they 

u s u a l l y  g ive  you a  l i t t l e  b o t t l e  and t e l l  you t o  t a k e  them f o r  e i g h t  weeks, and 

what happened, they g o t  evacuated through d i f f e r e n t  channels ,  and they never  

go t  t h e  p i l l s .  The h o s p i t a l  j u s t  neg l ec t ed  t o  s t a r t  them on chloroquine-  

pr imiquine,  and they  had a  very  s e r i o u s  problem because nobody thought  about 

i t  u n t i l  they s t a r t e d  looking  back a t  t he  s i t u a t i o n .  These people  a r e  j u s t  

neg lec ted ,  I th ink  i t ' s  going t o  cont inue  t o  be  a  problem. I don ' t  know i f  

t h e r e ' s  r e a l l y  anyth ing  you can do about personnel  who g e t  d i scharged  and don ' t  

t ake  t h e i r  m a l a r i a  p i l l s .  



Comment: We t h i n k  t h e  b e s t  th ing  we can do i s  t o  keep t h e  mosquitoes away from 

them. 

Answer:  hat b r i g h t ,  

Comment: A few years  ago when I was down a t  Braeg t a l k i n n  t o  a  medical o f f i c e r  

t he re ,  they were l e t t i n g  t h e  ambulatory ma la r i a  p a t i e n t s  go around as they 

pleased.  They had t o  r e p o r t  t o  t he  h o s p i t a l  each day o r  whenever i t  was time, 

and they were watched tak ing  t h e  p i l l s .  I t h i n k  t h a t  probablv helped i n  t h a t  

r e spec t .  Another t h i n n  I heard down i n  At l an ta  a wh i l e  back w a s  t h a t  i f  a  man 

does ge t  out  ~f  t h e  Army and does come down wi th  ma la r i a ,  they say h e 2  b e t t e r  

go back t o  a  VA h o s p i t a l  o r  t o  an Army h o s p i t a l  r a t h e r  than t o  a c i v i l i a n  

h o s p i t a l  because they (VA and Armv) can recognize t h e  malar ia .  I f  you don ' t  

recognize t h e  malar ia ,  you don ' t  know t o  t r e a t  t he  p a t i e n t  f o r  malaria. 

Answer: The c i v i l i a n  h o s p i t a l s  i n  t h e  United S t a t e s  don ' t  know what ma la r i a  

i s ,  You almost have t o  t w i s t  an arm t o  g e t  them t o  run a blood t e s t ,  

Comment: Af t e r  World War 11 they  p u t  a  h o s p i t a l  up near  Ashevi l le  i n  o rde r  t o  

t a k e  ca re  of a l l  t hose  people who had malar ia .  There a r e n ' t  too  many who know, 

bu t  they proceeded i n  s e l e c t i n n  a  s i t e  r i n h t  nex t  t o  a  quarry wi th  a l l  t h e  p i t s  

i n  t h e r e ,  and I t h i n k  i t  was about s i x  o r  e i n h t  hundred f e e t  from t h e  breeding 

s i t e  of t h e  Anopheles quadrimaculatus and ano the r  p l ace  up t h e r e  where they had 

quads was t h e  r e c r e a t i o n  a r e a ,  t h e  Lakes--that was t h e  p l ace  where they  l e t  

t h e  p a t i e n t s  go! So I t e l l  you, t h e r e ' s  a l o t  of l uck  i n  i t ,  The c l a s s i c  

example heard about a f t e r  t h e  Korean Conf l i c t  was i n  C a l i f o r n i a  where a l l  t he se  

campfire g i r l s  g o t  ma la r i a ,  and they  t r a c e d  i t  back t o  one ve t e ran  who came back 

and camped out  i n  t h e  open. H e  had ma la r i a  and t r ansmi t t ed  i t  t o  t h e s e  mos- 

qu i toes ,  and C a l i f o r n i a  c o u l d n ' t  understand why cases  kept  popping up i n  d i f -  

f e r e n t  p a r t s  of t h e  s t a t e .  Then they found out  t h e i r  own campfire g i r l s  had 

a l l  been i n  t h i s  one p lace .  

Answer: I ' m  s u r e  i n  t h e  f u t u r e  we ' re  going t o  have some intvoduced m a l a r i a  i n  

North Carol ina;  ~ o u ' d  t h ink  i t  would be t h e  m i l i t a r y  personnel  b r ing ing  i t  

back, but  t h e r e ' s  a l o t  of Peace Corps people and wi th  t h e  way i n t e r n a t i o n a l  

bus iness  i s  now, t h e  bus iness  people a r e  t h e  ones going out  and n o t  t ak ing  any 

chemophrophvlaxis a t  a l l  and being i n  a  malar ious a r e a  and coming back w i t h  

ma la r i a .  We have people-, f o r  i n s t ance ,  those  who have been i n  A f r i c a ,  and they  

j u s t  d i d n ' t  know they were supposed t o  be t ak ing  ma la r i a  p i l l s !  

Comment: 1 ' v e  heard a  l o t  of people comment about t h e  ma la r i a  problem i n  t h e  

m i l i t a r y ,  and I th ink  t h a t  i t  i s  r e a l l y  wonderful t h a t  t h e  l e v e l  has  been he ld  



a s  low as i t  has .  I th ink  you 've done a sp l end id  job and r e a l l y  deserve  a  p a t  

on t h e  back. The people  t h a t  1 ' v e  t a l k e d  t o  know more about t h i s  than I do. 

But 1 ' v e  t a l k e d  t o  a  few people  who have t r e a t e d  a  few malaria cases ,  and they 

t h i n k  t h e  m i l i t a r y  has  done a sp lendid  job. 

Answer: One i n t e r e s t i n g  t h i n g  t h a t  t h e  Armv t r i e d  was t e s t i n g  t h e  ch loroquine  

r e s i d u a l  i n  u r i n e .  J u s t  a r b i t r a r i l y  they 'd  grab f i f t y  o r  a hundred people  o u t  

of t h e  mess l i n e  and test u r i n e  samples t o  s e e  i f  t h e r e  was any r e s i d u a l  o r  

what you would c a l l  a t r a c e  of ch loroauine ,  and they found out  t h a t  t h e  nex t  

t i m e  t hey  went back t o  t e s t  t h e  same people  t h e  number of nega t ives  were c u t  

i n  h a l f  i u s t  because t h e s e  people  know t h e r e  was a  way t o  s e e  i f  thev  d i d  n o t  

t a k e  t h e  p i l l .   hat's p r e t t y  good, you know; vou d i d n ' t  have t o  do anyth ing  

more than t e s t  t h e  people ,  and they  r e a l i z e d  t h e r e ' s  a  wav you could f i n d  ou t  

i f  they had taken t h e i r  p i l l s .  One i n t e r e s t i n g  t h i n g  you might t h i n k  about 

i s  t h a t  t h e s e  people  who a r e  g e t t i n g  m a l a r i a  a r e  alwavs t h e  f i e l d  t roops  t h a t  

a r e  o u t  wi thout  any sc reens  o r  anyth ing  else, and thev  d o n ' t  want t o  sp ray ;  

they  don ' t  want t o  wear any r e p e l l a n t  because they  th ink  the  NVA Armv can 

s m e l l  t h e  r e p e l l a n t .   here's a l l  k inds  of s t o r i e s  going around, p l u s  t h e s e  

guys t h a t  know t h a t  i t  i s  n i c e r  i n  t h e  h o s p i t a l  o r  where they  send them f o r  

t r ea tmen t ,  When you g e t  ma la r i a ,  you g e t  a  month o f f ,  you know, a t  a  h o s p i t a l  

r i g h t  nex t  t o  t h e  ocean, and i t ' s  a l o t  b e t t e r  than being out  and g e t t i n g  

r a ined  on every day. But you can net a  l o t  of people  who a r e  w i l l i n g  v o l u n t e e r s  

t o  come down wi th  ma la r i a .  I n  f a c t ,  thev  probably pray  f o r  i t  every day. 

You know, when n i g h t  comes along ~ o u ' r e  supposed t o  r o l l  down your s l e e v e s ;  

we l l ,  they  probably would t ake  t h e i r  s h i r t s  o f f  i f  i t  would do any good. 1 ' m  

n o t  k idd ing  you. But t h a t ' s  t h e  way t h e  s i t u a t i o n  is.  Of t h e  people  who g e t  

ma la r i a ,  h a l f  of them want t o  g e t  i t .  So t h a t ' s  a b i g  problem t h e r e .  
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Thank you, Ken, I ' m  n o t  an  e x ~ e r t  on mosquitoes. 1 ' m  only an  expe r t  i n  

g e t t i n g  e l e c t e d  t o  o f f i c e .  With a l l  due r e s p e c t  t o  t h e  person who preceded 

me, most of t h e  comments were d i r e c t e d  toward Army personnel .  The Marines 

would never  vo lun tee r  f o r  malar ia .  With t h e  amount of equipment we make them 

c a r r y  here ,  they d o n ' t  mind g e t t i n g  r a ined  on a l i t t l e  b i t ,  I t h i n k  our 

Marines l ea rned  e a r l y  about  t h i s  chloroquine t e s t , a n d  they  always c a r r i e d  a 

few e x t r a  p i l l s  wi th  them so t h a t , o n l y  t h e  f i r s t  f o u r  o r  f i v e  u r i n e  samples 

showed an abs t inence  and by t h a t  t ime knew t h e  purpose of t h e  t e s t  and had 

t h e i r  p i l l s  w i th  about fou r  cups of cof fee .  Most of ou r  mosquito c o n t r o l  

program i n  North Caro l ina  i s  c o n t r o l l e d  bv t h e  same r egu la t ions .  I wanted t o  

- b r i n g  t h i s  up because t h e r e  a r e  many people he re  who have n o t  been wi th  t h e  

m i l i t a r y  f o r  a whi le ,  and what has  changed our  program and almost every m i l i t a r y  

a c t i v i t y  i s  based on r e g u l a t i o n s  t h a t  have been developed by t h e  Department of 

I Agr icu l tu re  and HEW s i n c e  about l a s t  J u l y .  Although t h e r e  a r e  s t i l l  p o i n t s  of 

d i f f e r e n c e  between those  two agencies ,  I t h i n k  t h a t  we i n  t h e  m i l i t a r y  have 

r e c e n t l y  publ i shed  what we t h i n k  they  w i l l  r e q u i r e  of us  i n  a s h o r t  pe r iod  of 

t ime.  We have not had DDT and some of t h e  hard chemicals taken away from our  

a r s e n a l  of products ,  b u t  t h e  uses  f o r  t h e s e  w i l l  be  i n  keeping w i t h  t h e  Depart- 

ment of A g r i c u l t u r e ' s  l a w s .  A s  a r e s u l t ,  however, a t  some of ou r  bases--not 

t h e  North Caro l ina  ones--but on some of t h e  bases  where they  never  knew any- 

t h ing  eve r  but  DDT, t h e v ' l l  probably go t o  p l a i n  o i l  which w i l l  b e  a g r e a t  

boom f o r  t h e s e  programs. A t  any r a t e  t h e  bases  i n  North Caro l ina  a r e  a l l  

Marine except  f o r  some smal l  Navy f a c i l i t i e s ;  s o  some of my comments w i l l  

concern l a r g e  a c t i v i t i e s  l i k e  t h e  Marine Corps Base a t  Camp Lejeune which 

houses t he  Base personnel ,  t he  Second Marine Div is ion ,  Force Troops and t h e i r  

r e l a t e d  m i l i t a r y  a c t i v i t i e s .  On t h a t  base i s  a l s o  t h e  Naval Medical F i e l d  

Research Laboratory t o  which I ' m  a t t a c h e d  and t h e  Naval Hosp i t a l  so a t  t h e  

moment we ' re  boas t ing  a popula t ion  of about  80,000 people.  This  i s  a popu- 

l a t i o n  bulge,  and i t  makes us  agree  wi th  t h e  d e f i n i t i o n  t h a t  a "pes t  i s  any- 

t h i n g  t h a t  is  too numerous.'' I mean, now we have become o u r  own p e s t s  t h e r e ;  

we have c r e a t e d  problems. I suppose now w e ' l l  have some even g r e a t e r  ones 



s i n c e  i f  you've read t h e  papers  r e c e n t l y ,  t h a t  whole a r e a  w i l l  be  a  p a r t i c i -  

pa t ing  f a c t o r  i n  a  p r o j e c t  which s t a r t e d  t h i s  week and w i l l  l a s t  f o r  t h e  e n t i r e  

month of Mav. Although i t  takes  p l ace  a l l  through t h e  A t l a n t i c ,  i n  t h e  Carr ib-  

bean, i t s  headquar te rs  and i t s  c e n t e r  of ope ra t ion  i s  t h e r e .  1t 's  c a l l e d  

Exot ic  Dancer 111 t o  g ive  i t  a n i c e ,  f r i e n d l y  t i t l e ;  bu t  a s  a  r e s u l t  of t h a t  

w e ' l l  have even more people,  From t h e r e  they  w i l l  go back t o  a l l  p a r t s  of t h e  

world from which they  have come f o r  t h i s  t e s t .  This  w i l l  be  an e x e r c i s e  

i nc lud ing  Army, Navy, A i r  Force and Marine Corps--great numbers of people.  I ' m  

s u r e  t h a t  t h e r e  a r e  mixed wi th  them many people  who have had Vietnam duty.  

Our problems w i l l  be  r e a l l y  magnified during t h i s  next  month pe r iod .  

Cherry Poin t  i s  no except ion  from t h i s ,  then,  a l though it d o e s n ' t  l i e  immedi- 

a t e l y  ad j acen t ;  i t  has  i t s  own complex of problems. Cherry Po in t  houses a l l  

people of t he  Marine Corps A i r  S t a t i o n ,  bu t  even a  l a r g e r  cont ingent  t h e r e  i s  

made up of almost a l l  m i l i t a r y ,  t h e  Second Marine A i r  Wing. The Base may have, 

a s  you read i n  t h e  papers ,  some 3000 c i v i l i a n s  which might be c u t  t o  h a l f  t h a t  

number soon, The Winn, be ing  n e a r l y  a l l  m i l i t a r y ,  may s u f f e r  smal l  l o s s e s  a t  

l e a s t  a t  t h i s  t ime,  These a r e  t h e  two l a r g e  concen t r a t ions  of m i l i t a r y  people 

r e l a t e d  t o  t h e  Navy and t h e  Marine Corps. 

The many a c r e s  t h a t  they cover  f o r  a  long time were cons idered  temporary 

s i n c e  nobody up t h e  l a d d e r  had eve r  s a i d ,  "This i s  going t o  be  a Marine Corps 

a i r  s t a t i o n  now and nex t  week and t e n  y e a r s  from now," s o  a s  long  a s  i t ' s  

c a l l e d  temporary i n  t h e  m i l i t a r v ,  i t ' s  very  d i f f i c u l t  t o  g e t  an a p p r o p r i a t i o n  

t o  do a  permanent type of mosquito c o n t r o l .  You can d i g  a  temporary d i t c h  t o  

d r a i n  t h e  water  from t h e  parade ground, but  t o  d ig  the  d i t c h  f o r  mosaui to 

c o n t r o l  r e q u i r e s  an a p p r o p r i a t i o n ,  You c a n ' t  g e t  an a p p r o p r i a t i o n  f o r  perma- 

nent  mosauito c o n t r o l  on any m i l i t a r v  base  i f  i t ' s  c a l l e d  temporary a c t i v i t y .  

Well, t h a t  i s  n o t  a  m i l i t a r y  r u l i n g .  It i s  a  r u l i n g  made by our  c i v i l i a n  

admin i s t r a t i on .  I t h i n k  we'd b e t t e r  remember one of t h e  f i n e s t  t h i n g s  about 

t he  m i l i t a r y  i n  t h e  United S t a t e s  i s  t h a t  it i s n ' t  run by t h e  m i l i t a r y .  So 

i t ' s  t h e  c i v i l i a n s  t h a t  t e l l  us  t h a t  "you c a n ' t  have an a p p r o p r i a t i o n  t o  do 

t h a t , "  I f  we want t o  do a  b i g  permanent mosauito job  t h a t  might c o s t  $20,000, 

i t ' s  doub t fu l  i f  we could g e t  i t  approved i n  two yea r s .  I n  t h e  two-year t ime 

i t  t akes  t o  g e t  i t  a p ~ r o v e d  t h e  c o s t  has  i nc reased  a t  l e a s t  50 pe rcen t  s o  when 

we do g e t  t h e  money, we can only do two-thirds  of t h e  job,  Now t h e s e  a r e  t h i n g s  

we would have t o  f a c e ,  I always thought ,  "Gee, t h e  m i l i t a r y  can do anything.  

They have a l l  k inds  of equipment, a l l  k inds  of money and a l l  k inds  of people ,"  



and t h e y  do.  But what t h e y  do and when i s  d i c t a t e d  by t h e  c i v i l i a n s .  I ' m  g l a d  

i t  i s  t h a t  way, b u t  I ' m  sometimes embarrassed t o  e x ~ l a i n  i t  because  p e o p l e  j u s t  

can ' t unders tand .  

So a t  t h e  moment we a r e  f a c e d  w i t h  two words. Only one of them h a s  been 

used  h e r e  s o  f a r  when George mentioned "permanent" c o n t r o l  by t h e  p l a n t i n g  o f  

t h e  t r e e s .  We are now a b l e  t o  do permanent c o n t r o l  measures  on b a s e s  which 

are c o n s i d e r e d  permanent b a s e s  p rov ided  we can j u s t i f y  t h e  work i n  r e l a t i o n  t o  

e v e r y t h i n g  e l s e  t h a t  h a s  t o  b e  done. 

For  "temporary1'  c o n t r o l  t h e r e  i s  s t i l l  t o o  much of t h a t  i n  e f f e c t ,  and 1 ' m  

s o r r y  t h a t  i t  is  s o ,  We have t h e  same e x p e r i e n c e  a s  you mentioned where we 

a r e  u s i n g  t h e r m a l  f o g  machines ,  S e v e r a l  y e a r s  ago t h a t  t e c h n i q u e  was d e c l a r e d  

o b s o l e t e  f o r  m i l i t a r y  u s e  e x c e p t  f o r  c e r t a i n  Durpases  f o r  which i t  i s  now 

be ing  r e s t r i c t e d .  I n s t e a d ,  we developed what i s  c a l l e d  a non-thermal a e r o s o l  

g e n e r a t o r  which t o  t h e  a v e r a g e  m i l i t a r y  man i s  s t i l l  c a l l e d  t h e  " fogger , "  I t  

p u t s  o u t  a v e r y  f i n e  m i s t .  T h e r e ' s  no  h e a t  i n v o l v e d ,  and i n  North  C a r o l i n a  we 

a r e  now u s i n g  dibrom b o t h  a t  Cherrv P o i n t  and a t  Camp Lejeune f o r  more o r  l e s s  

p o o r l y  schedu led  programs, where i f  we have a man who i s  supposed t o  g e t  f o r t y  

h o u r s q  work t h i s  week and i t  comes Thursday n i g h t  and h e  d o e s n ' t  have i t  a l l  

i n ,  w e  b r i n g  him back on F r i d a y ,  and at  t e n  o ' c l o c k  i n  t h e  morning h e 2 1  be  

fogg ing  w i t h  9 1  d e g r e e s  of t e m p e r a t u r e  and a wind o f  twenty- f ive  k n o t s .  We 

have t o  g e t  him o u t  t o  g e t  him h i s  pay and l e t  him g e t  h i s  h o u r s .  So t h e r e  

a r e  problems w i t h  t h i s  t y p e  of c o n t r o l ,  t o o .  Some of  t h e  temporary c o n t r o l ,  

however, I t h i n k  must b e  ment ioned,  

Recen t ly ,  we were  a b l e  t o  encourage o u r  Naval P r e v e n t i v e  Medicine U n i t  

a t  Nor fo lk  t o  have a c o u r s e  c a l l e d  Mosquito S u r v e i l l a n c e .  T h i s  program w i l l  

b e  i n  May. W e  a r e  encourag inn  peop le  from Cherry P o i n t  and from Camp Le jeune  

t o  b e  s e n t  t h e r e ,  b u t  we have t h e  problem a g a i n ,  "Do we have enough money?" 

It l o o k s  now l i k e  we minht  send j u s t  one from e a c h  of t h o s e  two a c t i v i t i e s  and 

hope t h a t  t h o s e  two can come back and t e a c h  some p e o p l e  under  them t o  do 

mosqui to  s u r v e i l l a n c e .  

Then, we have t h e  l i t t l e  a c t i v i t i e s  l i k e  t h e  one t h a t  someone mentioned 

i n  Dare County o u t  a t  Buxton which has  v e r y  few a c r e s ,  I n  f a c t ,  t h e y ' v e  been 

n e t t i n g  less and less number o f  a c r e s  e v e r y  y e a r  as t h e  ocean e roded  away 

p a r t  of t h e  l a n d .  They do fogg ing  on t h e  n i g h t s  when mosqui toes  a r e  r e a l  bad ,  

We have a l i t t l e  r a d i o  s t a t i o n  o u t  on Cedar I s l a n d .  I t  i s  a v e r y  n e a t  and 

compact r a d i o  s t a t i o n ,  I d o n ' t  t h i n k  t h e r e ' s  any l a n d  on i t  t h a t ' s  r e a l l y  



important  f o r  breeding,  bu t  we can f i n d  breeding r i g h t  where t h e  a i r  condi t ion-  

i ng  u n i t s  d r i p  o u t s i d e  t h e  b u i l d i n g s ,  They have mosquito problems from t h e  

20,000 ac re s  t h a t  surround the  base  and the  breeding i s  r i g h t  o u t s i d e  t h e  

windows where t h e  a i r  condi t ion ing  u n i t s  d r i p .  

These a r e  t h e  a c t i v i t i e s  t h a t  you ' r e  i n t e r e s t e d  i n  here .  What they can 

c o n t r i b u t e  i s  based on perhaps t h i s  type of th inking .  In s t ead  of looking  t o  

t he  m i l i t a r y ,  f o r  an example, we must remember t h a t  money i s  n o t  app ropr i a t ed  

t o  them t o  s e t  t he  example. The problems w i l l  be t h e  same as i n  t h e  surround- 

i ng  c i v i l i a n  communities, The answers a r e  going t o  be t h e  same. I b e l i e v e  

t h a t  i n  most cases ,  a s  t he  surrounding a r e a  develops i t s  mosquito c o n t r o l  

program--permanent o r  temporary a s  i t  may be--so w i l l  m i l i t a r y  be  given money 

t o  equal  t h a t  s i t u a t i o n .  The temporary c o n t r o l s  t h a t  were s t a r t e d  twenty-f ive 

years  ago o r  more i n  t h e  Camp Lejeune and Cherry Poin t  a r e a  a r e  s t i l l  being 

continued probably i n  t h e  same manner. The permanent c o n t r o l s  have been slow 

t o  develop. The l a s t  p a r t  i s  t h a t  when a  permanent c o n t r o l  i s  b u i l t ,  t h e r e  

must be  a  maintenance of some kind.  I n  c i v i l i a n  l i f e  when you b u i l d  anything - 
permanent and you want t o  keep i t  over  a  long per iod  of t ime,  you a p p r o p r i a t e  - 

f o r  management o r  maintenance. I n  t h e  m i l i t a r y  we cannot a p p r o p r i a t e  beyond 

n e x t  yea r ,  So you can b u i l d  a  d i t c h  and say,  "This i s  going t o  r e q u i r e  s o  much 
T 

1 1 maintenance," and everybody up t o p s i d e  w i l l  ag ree ,  "Yes, yes .  You say,  "Okay, 

i t  c o s t  me $12,000 t o  put  i n  t h i s  l i t t l e  program. I ' d  l i k e  t o  have $1,500 t o  
11 check i t  two y e a r s  from now," Oh, w e l l  you c a n ' t  a p p r o p r i a t e  f o r  i t  now." 

So i t ' s  more a money problem, I b e l i e v e ,  than anything e l s e .  But i n  o r d e r  f o r  

u s  t o  s e l l  i t ,  i t  must be so ld  t o  our c i v i l i a n  overseers ,  and I b e l i e v e  t h i s  

is a  proper  way t o  do it. 1 ' d  l ove  t o  go up and have t o  j u s t i f y  some of our 

p r o j e c t s .  They u s e  us  because i n  t h e  r e sea rch  l a b  we suppor t  t h e i r  problems 

i n  every manner which we poss ib ly  can; and frecluent ly,  i t  i s  through our  l a b  

t h a t  we can s e l l  suppor t  f o r  c e r t a i n  programs beyond t h e  base l e v e l .  

My commanding o f f i c e r  asked me t o  extend an i n v i t a t i o n  t o  a l l  of you t o  

v i s i t  t h e  l a b o r a t o r y .  Our p r e s e n t  commanding o f f i c e r  wants t o  have t h e  doors  

open a t  a l l  t imes,  and we l i k e  t o  have v i s i t o r s  and encourage you t o  come and 

s e e  how t h e  r e s e a r c h  l abo ra to ry  i s  spending your money i n  t h e  s t u d i e s  t h a t  

a r e  r e l a t e d  t o  amphibious warfare ,  no t  on ly  i n  mosquito con t ro l .  

Now, las t ,  we a r e  teaching  pe r sona l  c o n t r o l  where we know our  Marines 

a r e  working w i t h  Marines who have had ma la r i a  and some have malar ia .  we ' r e  

teaching  more and more t h e  use  of r e p e l l e n t s .  P r o t e c t  your se l f !  This  i s  



t he  system wi th in  t h e  Marines anyhow, P r o t e c t  your se l f !  A s  t h e  r e p e l l e n t s  

become more a v a i l a b l e  and a r e  b e t t e r  understood, t h e i r  use  i s  being taught  

n o t  only t o  t he  young e n l i s t e d  Marines bu t  t o  t h e i r  young o f f i c e r s .  I b e l i e v e  

w e ' l l  be a b l e  t o  s e e  b e n e f i t s  from t h i s .  1 t ' s  a  very d i f f i c u l t  th ing  t o  go 

t o  a  f r o n t  a r ea ,  6 '11  say  l i k e  a guard p o s t  out  on t h e  per iphery  of t h e  base 

a t  Guantanamo Bay and say t o  a  marine on guard, "Do you use  r e p e l l e n t ? "  and 

he says ,  "Yes, s i r , "  " Can you show me?" and he says .  "yes, s i r , "  H e  knows 

r i g h t  where the  b o t t l e  is ,  and he screws the  top  o f f  and p u t s  a  l i t t l e  glob 

i n  h i s  hand and goes l i k e  t h i s  and says ,  "I do t h a t  every n i g h t ,  bu t  i t ' s  no 

damn good," ' 'well, how long has  t h a t  b o t t l e  been there? ' '  "Oh, i t ' s  about 

a month. We're only allowed one b o t t l e  e v e n  month out here ."  Now we expect  

a  Marine t o  have f o u r  of those  b o t t l e s  wi th  him a t  a l l  t imes, f u l l ;  bu t  

l o c a l l y  they make c e r t a i n  except ions ,  Marines a r e  n o t  always i n  an a r e a  

t h a t "  mosquito control led--area con t ro l l ed .  Frequent ly,  t h e r e  a r e  p a t r o l s  

t h a t  a r e  i n  uncont ro l led  a reas .  Then Marines need t o  know how t o  p r o t e c t  

themselves,  





LOCAL INTERESTS I N  MOSQUITO CONTROL 

Mr. Char1 e s  J .  McCotter 
Adminis t ra t ive  O f f i c e r  

Pamlico County Heal th Department 
Bayboro, North Caro l ina  

One day I had t h e  occasion t o  s t o p  a t  a dock where a number of c rabbers  

had j u s t  r e c e n t l y  come i n  from t h e i r  day ' s  work; and a s  customary when a p u b l i c  

o f f i c i a l  i s  i n  a crowd, numerous leading  ques t ions  a r e  always asked,  On t h i s  

p a r t i c u l a r  d a t e ,  a c rabber  by the  name of E l i e  Sadler  s a i d  t o  me, "Char l ie ,  you 

go t  a Heal th Department running i n  t h e  county now; why don ' t  you r e a l l y  do 

something f o r  t h e  people--that i s ,  g e t  r i d  of t h e s e  darn mosquitoes?" I i n  

t u r n  gave him t h e  s tock  answer, t h a t  being,  "Gee, I wish we could,  and maybe 

we w i l l  look i n t o  it." 

Weeks went by and I thought very o f t e n  about what E l i e  had t o  s ay  n o t  

only from h i s  pe r sona l  op in ion  but  from t h e  o v e r a l l  h e a l t h  and economic a spec t s .  

We i n  Pamlico County had a very  s e r i o u s  problem wi th  t h e  mosquitoes, and i t  was 

even more d i f f i c u l t  f o r  me t o  overlook t h i s  problem; t h e r e f o r e ,  I f e l t  i t  

incumbent t o  start  t a l k i n g  t o  i n d i v i d u a l s  and groups t o  survey t h e  g e n e r a l  f e e l -  

i n g  which, as you know, can be extremely va r i ed .  I took i t  upon myself t o  go 

t o  t h e  t a x  r o l l s  and t a k e  every t e n t h  name and send them a ques t ionna i r e  which 

asked t h e i r  f e e l i n g s  on mosquito c o n t r o l  and t h e  a l l - impor tan t  ques t ion ,  were 

they w i l l i n g  t o  pay f o r  t h i s  p r o j e c t  i n  co ld ,  hard cash; namely, l o c a l  t axes .  

I was very much s u r p r i s e d  t h a t  a l i t t l e  over  80 pe rcen t  of t h e  ques t ionna i r e s  

re turned  were w i l l i n g  t o  have a t ax  inc rease ,  and t h e  average amount t h a t  they 

recommended was twenty-three c e n t s  on the  $100 v a l u a t i o n ,  Upon a complete 

a n a l y s i s  of t h i s  a s ton i sh ing  r e s u l t ,  I conferred w i t h  our l o c a l  Board of 

Heal th and Board of Commissioners both of whom were very p leased  t o  hea r  of 

t h i s  g r e a t  response from t h e  c i t i z e n s .  

I n  t a l k i n g  wi th  a number of t h e  c o a s t a l  l e g i s l a t o r s ,  t h e  gene ra l  opinion 

was, "Le t ' s  g e t  going," and asked a very  poin ted  ques t ion ,  "Where do we go?" 

The answer f o r  t h i s  I d i d  n o t  have, but  i n  con fe r r ing  wi th  numerous o t h e r  

s t a t e  and f e d e r a l  a u t h o r i t i e s  and p a r t i c u l a r l y  r e p r e s e n t a t i v e s  of t h e  North 

Carol ina S t a t e  Board of Heal th,  i t  was recommended t h a t  t he  1955 General 

Assembly e s t a b l i s h  a Mosquito Study Commission which was done, and a r e p o r t  

was made o u t l i n i n g  t h e  problems and needs f o r  c o a s t a l  North Caro l ina .  



During 1954 and p a r t i c u l a r l y  t h e  f a l l  of 1955, c o a s t a l  North Caro l ina  was 

rav ished  by a  s e r i e s  of hu r r i canes  t h a t  produced mosquitoes i n  great abundance, 

and emergency spray  programs were inaugura ted  by t h e  s t a t e  i n  t h e  s e v e r a l  

coun t i e s  which produced e x c e l l e n t  r e s u l t s ,  These same spraying programs were 

cont inued i n  succeeding yea r s  a l s o  wi th  good r e s u l t s ,  bu t  i t  was our  opinion 

t h a t  spraying  was of such a  temporary n a t u r e  t h a t  we needed t o  cons ider  a  more 

permanent program, and a f t e r  con fe r r ing  w i t h  numerous a u t h o r i t i e s  i n  t h i s  s t a t e  

and o t h e r  s t a t e s ,  we were a b l e  t o  s ecu re  some d r a g l i n e s  through Hurr icane 

Di sas t e r  Rel ie f  Programs f o r  s p e c i a l  hu r r i cane  r e l i e f  p r o j e c t s d  

I n  1959 we inaugurated a  gene ra l  marsh water  management program whereby 

we could e l i m i n a t e  o r  t o  b e t t e r  paraphrase same t o  r e t a r d  t h e  breeding of 

mosquitoes on our  v a s t  marshlands. With 416,000 a c r e s  of sal t  marsh and s a l t -  

k i l l e d  a r e a s ,  we had a  v a s t  job t o  perform i n  the  s t a t e .  I n  Pamlico County 

t h e r e  a r e  37,000 a c r e s  which was enough t o  s c a r e  t h e  average o f f i c i a l  because 

of t h e  f inances  involved;  t h e r e f o r e ,  we at tempted a long-range program which 

a t  t h i s  t ime w e  have completed approximately 80 pe rcen t  of t h e  t o t a l  p r o j e c t ,  

Our l o c a l  i n t e r e s t  remained extremely h igh ,  and everyone was r eques t ing  

t h a t  t h e  d r a g l i n e s  come t o  t h e i r  a r e a  f i r s t ;  t h e r e f o r e ,  we had t o  e s t a b l i s h  

a master  p l an  of going t o  t he  gene ra l  a r e a s  t h a t  t h e  mosquito breeding was 

t h e  g r e a t e s t  and fo l lowing  a  g e n e r a l  p a t t e r n  t o  those  a r e a s  w i t h  l e s s  breeditfg 

given t h e  lowest  p r i o r i t i e s ,  Af t e r  a  couple of yea r s  of t h i s  water  management 

program, I had numerous conferences wi th  M r .  O t to  F lorschutz ,  B i o l o g i s t  w i t h  

t he  North Carol ina W i l d l i f e  Resources Commission, who suggested t h a t  we 

inaugura t e  impoundments i n t o  ou r  program, t h e  f i r s t  of which was a  t e s t  

impoundment cons t ruc t ed  f o r  h i s  agency and which proved extremely e f f e c t i v e  

n o t  only f o r  mosquito c o n t r o l  bu t  f o r  w i l d l i f e  h a b i t a t .  Af t e r  t h a t  t h e  

r eques t  f o r  impoundments s t a r t e d  pouring i n t o  our  o f f i c e .  These had t o  be 

eva lua ted  very  c l o s e l y  i n  view of t h e  f a c t  t h a t  our  c o s t  d a t a  i n d i c a t e d  t h a t  

t he  average impoundment would c o s t  approximately 49 pe rcen t  more than  t h e  

d i t c h i n g *  This  cos t  f a c t o r  was n o t  t h e  ove r r id ing  ques t ion ,  however, as we 

r e a l i z e d  t h e  g r e a t  b e n e f i t s  would i n  t h e  f u t u r e  f a r  exceed t h e  inc reased  c o s t .  

A s  of March 31, we i n  Pamlico County had cons t ruc ted  430 m i l e s  of d i t c h e s  

and 2873 a c r e s  of d ikes  a t  a cos t  of $823,000. I n  January 1968 we r e a l i z e d  

a  number of our mosquitoes were not  r e s p e c t e r s  of county boundaries;  thereby 

we en te red  i n t o  a c o n t r a c t  wi th  ad jo in ing  Beaufort  County, and through March 

1970 we had completed some f i f t y - seven  mi l e s  of d i t c h e s  and 400 a c r e s  of 



impoundment. The Beaufort  County p r o j e c t  would have been stymied from the  

beginning had t h e r e  no t  been exceedingly g r e a t  l o c a l  i n t e r e s t  because a s  a 

number of t h e i r  c i t i z e n s  s t a t e d ,  " L i t t l e  Pamlico i s  g e t t i n g  r i d  of t h e i r  

mosquitoes, why c a n ' t  we?" Even though t h e  l o c a l  i n t e r e s t  was t h e r e  t o  pre-  

pa re  c o n t r a c t s  between two coun t i e s  and two s t a t e  agencies  and t o  s ecu re  

t h e  necessary  appropr i a t ions  w i l l  g ive  you many headaches t r y i n g  t o  cu t  t he  

necessary  red  tape .  

A s  of t h i s  time our  i n t e r e s t  i n  mosquito c o n t r o l  i s  probably a t  i t s  

lowest  ebb no t  only due t o  t h e  f a c t  t h a t  ou r  mosquitoes a r e  much l e s s  num- 

erous ,  but  i n  t h i s  day of aquar ius  when s o  very  few c i t i z e n s  have a proper  

i n t e r e s t  i n  p u b l i c  a f f a i r s ,  i t  i s  g e t t i n g  extremely hard t o  c a r r y  out  t h e  

necessary  p u b l i c  programs such a s  mosquito c o n t r o l  where a person on one 

hand d e s i r e s  such a program and wi th  t h e  o t h e r  hand i s  banging the  gavel  s o  

hard f o r  reduced t axes .  How we can r e a c t i v a t e  ou r  i n t e r e s t  i n  such m a t t e r s  

t o  me i s  of t h e  g r e a t e s t  concern no t  only i n  t h e  f i e l d  of p u b l i c  h e a l t h  but  

i n  a l l  f a c e t s  of government. I thank you. 

Question: What's t he  r e l a t i v e  c o s t  of upkeep of impoundments and d i t c h e s ?  

Answer: Under t h e  c o n t r a c t s  t h a t  we have on impoundments t he  Heal th Depart- 

ment does n o t  main ta tn  t h e  d ikes  except  i n  the  case  of a hu r r i cane  a s  def ined  

by the  U.S, Weather Bureau, where t h e  winds exceed seventy- f ive  mi les  p e r  hour.  

Otherwise, i t ' s  t h e  proper ty  owners' r e s p o n s i b i l i t y  t o  keep up t h e  impound- 

ments, The re ' s  been very l i t t l e  upkeep t h a t ' s  had t o  be done t o  t h e  impound- 

ments. Some of them a r e  i n  the  p o s i t i o n  of needing a l i t t l e  b i t  more. A s  

f a r  a s  t h e  d i t c h e s  a r e  concerned, t h e  major problem we have i s  n o t  f i l l i n g  

the  d i t c h e s ,  bu t  a r e a s  where t h e  myr t le  bushes l e a n  over .  We s t i l l  have good 

dra inage  underneath i t ,  Quite  a few yea r s  ago we t r i e d  t o  des ign  a mowing 

machine t h a t  would go along and mow these  banks, and t h a t ' s  one of t h e  most 

f a n t a s t i c  t h ings  you've ever  seen.  It wouldn't  even touch i t .  We a r e  hoping 

t o  g e t  a program s t a r t e d  on t h a t .  Our funds a r e  l i m i t e d  now. We d id  do, oh, 

maybe t e n  o r  twelve mi l e s  of i t  l a s t  summer, and i f  we can g e t  anymore funds,  

we ' r e  going t o  s t a r t  t h a t  a s  a permanent major. 

Ques t ion :  W i l l  t h e s e  come back on you once you mow them down? 

Answer: Well, you know a myr t l e  bush i s  a very unusual th ing .  You f i n d  t h a t  

normally i n  your high marshlands, but  i f  you have a d i t c h  cu t  through a p i ece  

of marshland, they would normally grow r i g h t  out  the  s i d e  of i t  because i n  



Pamlico the gene ra l  marshlands a r e  some s i x  i nches  above normal t i d e .  Now t h e  

t i d e  goes and comes everytime t h e  wind s h i f t s ,  bu t  they w i l l  s o r t  of grow o u t  

of t h e  s i d e  of t h a t  and hang over  t h e  d i t c h ,  

Question: Could t h e s e  be c o n t r o l l e d  by he rb i c ides  o r  n o t ?  

Answer: Well, i t  would be mighty expensive t o  go up and down them a l l  t h e  

time because you can c u t  them one year ,  and t h e y ' r e  r$.ght back the  nex t .  The 

only th ing  you could do r e a l l y  i s  p u l l  t he  r o o t s  o u t o  That does a r e a l  good 

job, bu t  i t ' s  a very awkward s i t u a t i o n .  

Ques t ion :  How many people do you have on your t a x  r o l l s  i n  Pamlico? 

Answer: Taxpayers? Gee, I don ' t  know. There ' re  only 9250 people i n  t h e  whole 

county a 

Quest ion:  Any of  them you don" know? 

Answer: Yes, sir,  There ' s  somebody t h a t  was moving i n  yes te rday  when I was on 

t h e  way o u t o  I n c i d e n t a l l y ,  we a r e  g e t t i n g  the  most complaints r i g h t  now than 

we have had i n  a number of y e a r s ,  Somebody must have changed t h e  wind c y c l e ,  

The predominant wind i n  North Carol ina at t h i s  t ime of t h e  year  i s  supposed t o  

be from t h e  Southwest. For t h e  l a s t  couple of yea r s  i t ' s  been s h i f t i n g  around 

t o  t h e  East and N ~ r t h e a s t .  That g ives  u s  a high t i d e .  I assume t h a t ' s  where 

they a r e  coming from, I mentioned Beaufort  County a few minutes ago about t h e  

mosquitoes coming over--of course,  Beaufort  and Pamlico a r e  ad j acen t  t o  each 

o the r .  We have some o t h e r  coun t i e s  i n  North Caro l ina  t h a t  have no t  even come 

i n t o  a mosquito c o n t r o l  program. A t  Pamlico Po in t  where your w i l d l i f e  impound- 

ments a r e  you can s t and  on Pamlico Po in t  and j u s t  a few mi l e s  a c r o s s  t he  r i v e r  

a l l  of them a r e  coming i n  from Hydc County where they 've  never  had any c o n t r o l .  

They w i l l  e a t  you slam upo But t h e  i n d i v i d u a l s  don ' t  know where they  a r e  

coming from. However, j u s t  a s  soon a s  they come ac ros s  r ega rd l e s s  of how much 

work we've done, t h e  phone starts ringing--not t h e  Hyde County phone, i t ' s  

s t i l l  ou r  phone. 

Question: What about educa t iona l  programs, Char l ie?  

Answer: Well, t h e r e  a r e  some people t h a t  a r e  n o t  amenable t o  educa t ion .  I 

happen t o  be one of them, and a l l  of my cohor t s  down t h e r e  a r e  about t h e  same 

way. 

Question: Can you comment on t h e  amount of chemicals being purchased now by 

the  coun t i e s  o r  by t h e  m u n i c i p a l i t i e s ?  Do you have any i n s i g h t  on t h a t ?  

Answer: No, s ir ,  I c a n ' t ,  A s  f o r  Pamlico County, we haven ' t  bought a ga l lon  

of i n s e c t i c i d e  i n  e i g h t  yea r s .  We cons ider  t h a t  it i s  much b e t t e r  t o  buy 



s h i n g l e s  t han  t o  buy pans and set i n  t h e  l ivingroom t o  ca t ch  t h e  d r i p .  Now, 

no twi ths tanding  t h e  f a c t  t h a t  occas iona l ly  we d o n ' t  need sQme chemicals and 

need some spray ing ,  bu t  t o  run one smoke machine f o r  f o u r  hours ,  I can run two 

d r a g l i n e s  f o r  e i g h t  hours ,  Now S id  and Don can g ive  you some f i g u r e s  on t h e  

s t a t ewide  b a s i s ,  bu t  t h a t  i s  our  op in ion  i n  Pamlico. Fo r tuna t e ly ,  w e  have been 

a b l e  t o  l i v e  w i t h  i t ,  Who knows, i f  t hey  g e t  much worse, we a r e  probably 

going t o  have t o  start  spray ing .  We have s a i d  t h a t  every yea r  f o r  some y e a r s ,  

We hope w e  d o n ' t  and can g e t  by because t h a t  i s  such a  temporary measure p l u s  

t h e  f a c t  t h a t  t h e  f i r s t  t ime i t  r a i n s  you 've g o t  t o  do i t  a l l  over  aga in ,  

Question: You s a i d  something about 40,000 o r  60,000 a c r e s  of marsh i n  Pamlics  

County? 

Answer: Thirty-seven thougand and t h a t  i s  wi th  t h e  s a l t - k i l l e d  a r e a  a s  w e l l  

a s  t h e  normal marsh. Those f i g u r e s  a r e  taken from our  1955 s tudy  r e p o r t ,  a  

espy of  which I t h i n k  you have. 

Question: But i t  does i nc lude  t h e  s a l t - k i l l e d  upland type  of  mosquito breeding 

areas--not j u s t  t h e  t r u e  marsh? 

Answer: Tha t ' s  r i g h t .  

Question: Not j u s t  t h e  t r u e  marshes? 

Answer: Tha t ' s  c o r r e c t .  

Comment: The important  t h ing  i s  the  percentage here--of breeding--is much, much 

h ighe r  than i t  i s  i n ,  a s  was s a i d  t h i s  morning, i n  some of t h e  coun t i e s ,  

Answer: A l l  who saw t h e  s l i d e s  e a r l i e r  t h a t  Kei th  had, where you saw a l l  t h e  

p ine  trees and a  marsh underneath t h a t .  Frankly, i f  we had s t a r t e d  t h i s  pro- 

gram a few yea r s  be fo re  we had a l l  of t hose  hu r r i canes  back i n  t h e  middle  

f i f t i e s ,  a  l o t  of  t h i s  would n o t  have been s a l t - k i l l e d ,  bu t  t h e  t i d e s  came i n ,  

they depos i ted ,  t h e  water even tua l ly  go t  ou t  and a l l  t h e  s a l t  l e f t .  If  t hey 'd  

had some d i t c h e s  i n  t h e r e ,  maybe i t  would have been n e u t r a l i z e d  t o  t h e  p o i n t  

t h a t  we wouldn ' t  have had h a l f  t h e  k i l l  t h a t  w e  a c t u a l l y  had, 
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Much p rog res s  has  been made i n  t h e  development and eva lua t ion  of new 

i n s e c t i c i d e s  f o r  mosquito c o n t r o l ,  bu t  t he  cont roversy  revolv ing  around t h e  

" p e r s i s t e n t  compounds," p a r t i c u l a r l y  DDT and i t s  r e l a t e d  organochlorine 

i n s e c t i c i d e s ,  has  i n  l a r g e  p a r t  overshadowed t h e  advancements. Considerable  

tes t imony both  pro and con has been o f f e r e d  on t h i s  t o p i c ,  much of which has  

been s c i e n t i f i c a l l y  unsound and r e p r e s e n t a t i v e  of t h e  ex t r emis t  type  of 

r e a c t i o n .  

DDT has been banned i n  c e r t a i n  s t a t e s ;  i n  o t h e r  s t a t e s  t h e  use of DDT o r  

o t h e r  organochlorine compounds i s  allowed under c e r t a i n  circumstances.  The 

Department of Agr i cu l tu re  has  cance l led  t h e  r e g i s t r a t i o n  of DDT f o r  use  i n  and 

around homes and i n  a q u a t i c  environments, marshes, wetlands and ad jacen t  a r e a s  

except  where i t s  a p p l i c a t i o n  i s  deemed e s s e n t i a l  f o r  t h e  c o n t r o l  of d i s e a s e  

v e c t o r s  a s  determined by p u b l i c  h e a l t h  o f f i c i a l s .  

The Commission s e t  up by t h e  Sec re t a ry  of t h e  Department of Heal th,  Edu- 

ca t ion ,  and Welfare recommended i n  i t s  r e p o r t  (Anon., 1969) t h a t  a l l  uses  of 

DDT and DDD i n  t h e  United S t a t e s  be e l imina ted  w i t h i n  two yea r s  except  those  

uses  e s s e n t i a l  t o  p re se rv ing  human h e a l t h  and we l f a re  and approved unanimously 

by t h e  S e c r e t a r i e s  of t h e  Departments of Heal th,  Education, and Welfare; 

Agr i cu l tu re  and I n t e r i o r .  

For tuna te ly ,  from t h e  domestic s tandpoin t ,  DDT no longer  r e p r e s e n t s  a  

f r o n t l i n e  p e s t i c i d e  i n  mosquito con t ro l .  Most abatement d i s t r i c t s  discon- 

t inued  DDT a p p l i c a t i o n s  f i v e  t o  t e n  yea r s  ago. However, DDT has  been used 

f o r  t h e  c o n t r o l  of C u l i s e t a  melanura i n  New Je r sey ,  a s  a  p reven t ive  measure 

a g a i n s t  e n c e p h a l i t i s  v e c t o r s  i n  and around farmhouses i n  t h e  wes tern  United 

S t a t e s ,  and a s  a  pref lood  t rea tment ,  c h i e f l y  i n  no r the rn  United S t a t e s .  
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Despite  t h e  f a c t  t h a t  DDT has been used wi th  s a f e t y  t o  man, i t s  f u r t h e r  use  

i n  t he  United S t a t e s  must now be l i m i t e d  t o  t h e  prevent ion  and c o n t r o l  of human 

d i s e a s e s  and o t h e r  e s s e n t i a l  vec to r  c o n t r o l  uses  f o r  which no a l t e r n a t i v e  

p e s t i c i d e  e x i s t s .  The evidence t h a t  DDT has  caused i n j u r y  t o  non-target  

organisms j u s t i f i e d  t h e  view t h a t  non-essent ia l  o r  i nd i sc r imina te  a p p l i c a t i o n s  

of i t  a r e  unwarranted. 

Although t h e  c u r r e n t  use  of DDT a g a i n s t  a l l  d i s e a s e  vec to r s  i s  l i m i t e d  i n  

t h e  United S t a t e s ,  t h e  same i s  no t  t r u e  i n  o t h e r  coun t r i e s ,  p a r t i c u l a r l y  those  

t h a t  have d i sease  problems of yellow feve r ,  malar ia ,  plague,  epidemic typhus, 

onchocerc ias i s  o r  s l eep ing  s i ckness .  Some coun t r i e s ,  such a s  Sweden, I t a l y  

and Canada, have i s sued  a  gene ra l  ban a g a i n s t  DDT, al though i t  can s t i l l  be 

used f o r  s p e c i f i c  purposes.  O f  i n t e r e s t  i s  t h e  recent  information t h a t  

Sweden has allowed DDT t o  be imported f o r  use a g a i n s t  f o r e s t  i n s e c t s .  The 

importance of DDT i n  i n t e r n a t i o n a l  p u b l i c  h e a l t h  problems i s  keynoted by t h e  

r e c e n t  s ta tement  of t h e  Direc tor  General of t h e  World Health Organizat ion:  
1 1  DDT has been in s t rumen ta l  i n  c o n t r o l l i n g  some of t h e  most important  vec tor -  

borne d i s e a s e s  of man; t h e  concept of ma la r i a  e r a d i c a t i o n  r e s t s  completely 

on i t s  continued use.  The record  of s a f e t y  of DDT t o  man has  been outs tand-  

ing  dur ing  t h e  p a s t  twenty yea r s ,  and i t s  low c o s t  makes i t  i r r e p l a c e a b l e  i n  

p u b l i c  h e a l t h  a t  t h e  p re sen t  time." 

Action cont inues  on t h i s  e n t i r e  ma t t e r  of p e s t i c i d e  environmental con- 

taminat ion,  and anyone involved i n  vec to r  c o n t r o l  must make a  c o n s i s t e n t  e f f o r t  

t o  keep a b r e a s t  of changes i n  r egu la to ry  p r a c t i c e s  (both f e d e r a l  and s t a t e )  t h a t  

could a f f e c t  h i s  use  of t hese  m a t e r i a l s .  
* 

Chemicals have been a  major weapon i n  man's e f f o r t  t o  combat mosquitoes.  

The r o l e  t h a t  i n s e c t i c i d e s  p lay  i n  such c o n t r o l  rece ived  a  major s t i m u l a t i o n  

wi th  t h e  advent of DDT during t h e  c l o s i n g  yea r  of World War 11. Following 

t h i s ,  a g r e a t  hos t  of i n s e c t i c i d e s  were developed by research  and development 

personnel  i n  t h e  chemical i ndus t ry .  I n i t i a l l y ,  t he  m a t e r i a l s  produced were 

p r imar i ly  organochlorine i n  na tu re ;  they inc luded  compounds such a s  DDT, 

methoxychlor, chlordane, heptachlor ,  d i e l d r i n  and a l d r i n .  However, t h e  

appearance i n  many i n s e c t  popula t ions  of r e s i s t a n c e  t o  one o r  more of t h e s e  

compounds l e d  t o  t h e  development of t h e  organophosphorus m a t e r i a l s ,  such a s  

para th ion  and malathion.  Subsequently,  t h e  carbonate  i n s e c t i c i d e s  were pro- 

duced, and a t  t h e  p r e s e n t  time t h e s e  r ep re sen t  our l a t e s t  t o o l s  i n  t h e  chemical 

c o n t r o l  of mosquitoes.  I n  mosquito c o n t r o l ,  i n s e c t i c i d e s  a r e  used i n  a  v a r i e t y  



of ways, n o t  o n l y  i n  r e g a r d  t o  t h e  methods of f o r m u l a t i o n  b u t  a l s o  a s  t o  t h e  

t e c h n i q u e s  of a p p l i c a t i o n .  The f o r m u l a t i o n s  i n c l u d e  e m u l s i f i a b l e  c o n c e n t r a t e s ,  

w e t t a b l e  powders, s o l u t i o n s  and g r a n u l e s ,  Treatment e x t e n d s  from t h e  u s e  o f  

hand equipment,  power s p r a y e r s ,  and ground f o g g i n g  u n i t s  t o  a e r i a l  a p p l i c a t i o n ,  

I n  t h i s  r ev iew chemica l  approaches  have been c l a s s i f i e d  a c c o r d i n g  t o  t h e  

s t a g e  o f  t h e  i n s e c t  a t  which t h e y  a r e  d i r e c t e d  and t h e  t y p e  of a p p l i c a t i o n  

invo lved .  The r e l a t i v e  t o x i c i t i e s  of t h e  v a r i o u s  compounds a r e  g i v e n  i n  
2 /  Tab le  1- . 

Table  1. Acute o r a l  LD-50's of s e l e c t e d  
p e s t i c i d e s  t o  female  rats (mglkg). 

DDT ............................... 118 

methoxychlor  ...................... 6,000 

Abate  ............................. 13,000 

d i c h l o r v o s  (DDVP) ................. 5 6 

n a l e d  (Dibrom) .................... 250 

Dursban ........................... 82 

f e n t h i o n  .......................... 245 

p a r a t h i o n - e t h y l  ................... 3.6 

propoxur  (Baygon) ................. 8 6 

c a r b a r y l  (Sev in)  .................. 500 

p a r i s  g r e e n  100 

pyrethrum . . . . . . m e . . . . . . . . . . e . . . . . .  263 

A d u l t i c i d e s .  A p p l i c a t i o n s  a p p l i e d  f o r  t h e  c o n t r o l  o f  a d u l t  mosqui toes  

a r e  r e s i d u a l  t r e a t m e n t s ,  r e s i d u a l  fumigan ts  and s p a c e  a p p l i c a t i o n s .  Follow- 

i n g  World War 11, t h e  r e s i d u a l  type  o f  t r e a t m e n t  was used a g r e a t  d e a l  i n  

t h i s  c o u n t r y  t o  c o n t r o l  t h e  malaria v e c t o r  i n  t h e  s o u t h e a s t e r n  Uni ted S t a t e s .  

I t  i s  s t i l l  a major  weapon a g a i n s t  m a l a r i a  v e c t o r s  i n  c o u n t r i e s  o t h e r  t h a n  

t h e  Uni ted S t a t e s .  The p r i n c i p a l  chemical  employed i s  DDT, a l t h o u g h  o t h e r  

compounds, such as propoxur  (Baygon), mala th ion ,  and c a r b a r y l  ( S e v i n ) ,  have 

2 /  Use of t r a d e  names is  f o r  i d e n t i f i c a t i o n  purposes  o n l y  and does  n o t  con- - 
s t i t u t e  endorsement by t h e  P u b l i c  H e a l t h  S e r v i c e  o r  U.S. Department o f  
Hea l th ,  Educa t ion ,  and Wel fa re .  



been considered s u b s t i t u t e s  f o r  DDT i n  a r e a s  where t h e  v e c t o r  no longer  i s  

s u s c e p t i b l e  t o  t h a t  chemical. I n  t he  United S t a t e s  DDT i s  n o t  considered 

e s s e n t i a l  a s  a d i s e a s e  c o n t r o l  agent  even a g a i n s t  malar ia ,  s i n c e  malathion 

is  considered equa l ly  e f f e c t i v e  a s  a household t rea tment .  Although malathion 

does not  g ive  a l ong- l a s t ing  depos i t  on t h e  house cons t ruc t ion  m a t e r i a l s  

(mud, cement p l a s t e r )  found i n  t r o p i c a l  a r e a s ,  i t  i s  extremely p e r s i s t e n t  

when app l i ed  t o  wood, t h e  p r i n c i p a l  m a t e r i a l  used i n  t h i s  country.  

One p o i n t  about r e s i d u a l  t rea tment  i s  t h a t  many of t h e  organophosphorus 

o r  carbamate compounds n o t  only a r e  e f f e c t i v e  a s  s u r f a c e  r e s idues  bu t  a l s o  

produce a fumigant a c t i o n  (Table 2 ) .  These compounds were app l i ed  t o  t h e  

mud-lined wa l l s  of experimental  h u t s  at our  l abo ra to ry  a t  Savannah, Georgia, 

and cages of anophel ine mosquitoes were suspended from the  c e i l i n g s  a t  va r ious  

t ime i n t e r v a l s  a f t e r  t rea tment .  The d a t a  a l s o  show t h a t  some p e s t i c i d e s  

(Mobam and BAY 78182) have no fumigant type a c t i o n  whatsoever. 

Table 2. Fumigant a c t i o n  of i n s e c t i c i d a l  
2 

r e s idues  (2 g/m ) . 

Weeks of 90% 
o r  h ighe r  k i l l  

...................... propoxur >20 

....................... Dursban >18 

Landrin ....................... 1 3  

bromophos ..................... 13 

Mobam ......................... 0 

BAY 78182 ..................... 0 

BAY 38799 ..................... 2 

phoxim ........................ 8 

The r e s i d u a l  fumigants a r e  l i m i t e d  t o  one formula t ion  which inco rpora t e s  

d ich lorvos  (DDVP) i n t o  r e s i n .  One r e s i n  s t r i p  pe r  1000 cubic f e e t  a room o r  

s i m i l a r  enclosed a r e a  w i l l  produce adequate  vapor t o  cause dea th  of a d u l t  

mosquitoes t h e r e i n  f o r  pe r iods  of two t o  t h r e e  months. Obviously, t h e  room 

o r  space t r e a t e d  cannot be s u b j e c t  t o  excess ive  v e n t i l a t i o n ;  o therwise ,  t h e  

th re sho ld  concen t r a t ion  adequate  t o  cause t h e  dea th  of t h e  mosquitoes w i l l  

n o t  b e  a t t a i n e d .  I n  mosquito abatement programs, DDVP r e s i n  s t r i p s  have been 



shown t o  b e  s u i t a b l e  f o r  c o n t r o l l i n g  t h e  p r o d u c t i o n  of Culex mosqui toes  from 

c a t c h  b a s i n s  which i n  many c i t i e s  a r e  a p r i n c i p a l  s o u r c e  of t h i s  mosqui to .  

The e f f e c t i v e n e s s  o f  t h i s  t y p e  o f  t r e a t m e n t  i s  shown i n  F i g u r e  1. 

tIGURE I 

PERCENT MORTALITY OF ADULT FEMALE CULEX 
PIPIENS QUINQUEFA SCIA TUS I N CATCH BASINS. 

SAVANNAH, GEORGIA-1963 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
WEEKS AFTER TREATMENT 

- ROUTINELY TREATED ---- RANDOM SELECTED - - UNTREATED BASINS 
BASINS TREATED BASINS 

The major  a d u l t i c i d i n g  p r a c t i c e  fo l lowed  i n  mosqui to  abatement  work i s  

s p a c e  a p p l i c a t i o n .  Machines, such  as t h e  TIFA, Dynaf og and ~ e c z ' ,  produce 

the rmal  a e r o s o l s  t h a t  a r e  used t o  reduce  mosqui to  p r e v a l e n c e  when o t h e r  

methods have f a i l e d  t o  c u r t a i l  mosquito b reed ing .  Numerous i n s e c t i c i d e s  have 

been employed f o r  t h i s  purpose ,  and one commonly used  a t  p r e s e n t  is  mala th ion .  

Other  compounds approved f o r  such  usage  a r e  f e n t h i o n  (Baytex) and n a l e d  

(Dibrom). Space t r e a t m e n t s  a r e  des igned  t o  d i s c h a r g e  i n s e c t i c i d a l  p a r t i c l e s  

t h a t  c o n t a c t  t h e  i n s e c t  i n  f l i g h t .  They do n o t  app ly  a t r e a t m e n t  of l a s t i n g  

e f f e c t ;  t h e  c h i e f  e f f e c t  i s  t o  k i l l  mosqui toes  p r e s e n t  a t  t h e  t ime  of treat- 

ment. When mosquito b r e e d i n g  i s  heavy, i t  may be  n e c e s s a r y  t o  app ly  f o g  

t r e a t m e n t s  t h r e e  t o  f i v e  o r  more t i m e s  a week. I f  t h e  b r e e d i n g  p o t e n t i a l  i s  

l i g h t ,  a s i n g l e  t r e a t m e n t  may be  s u f f i c i e n t  t o  reduce  a d u l t  annoyance t o  an  

a c c e p t a b l e  l e v e l  f o r  a p e r i o d  of two t o  t e n  days  o r  more. Data from some of 

t h e  s t u d i e s  w i t h  d i f f e r e n t  compounds a r e  g iven  i n  Tab le  3 .  These r e s u l t s  

p o i n t  o u t  t h e  f a c t  t h a t  t h e  dosage a p p l i e d  may need t o  be  v a r i e d  depending 

upon t h e  s p e c i e s  invo lved ,  s i n c e  c e r t a i n  mosqui toes  a r e  more d i f f i c u l t  t o  k i l l  

t h a n  o t h e r s  (e.g., Gardona v e r s u s  Aedes a e g y p t i  and Culex p i p i e n s  



qu inque fasc i a tus ) .  I n  a d d i t i o n  t o  t he  thermal  a e r o s o l  fog ,  non-thermal fogs  

a l s o  can be app l i ed  and s t u d i e s  have shown t h a t  from an e f f e c t i v e n e s s  s tand-  

p o i n t  each is  equ iva l en t  (Table 4 ) .  

Table 3 .  Percent  m o r t a l i t y  of caged a d u l t  female mosquitoes i n  thermal fog  
t e s t s ,  1967. 

Oz./ Tes t  Ae. aeg, Ae. taen .  - A. a l b .  Cu. quin. - 
I n s e c t i c i d e  g a l .  runs  150' 300' 150 ' -3001 1 ? 0 ' 3 0 0 '  150' 300' 

malathion 6 26 94 84 90 52 96 93 6 1  38 

Gardona 4 10  98 87 80 25 71 5 1  30 7 

bromophos 6 16 85 70 44 40 66 6 1  62 45 

Abate 6 8 46 9 7 1 15 9 3 1  1 

BAY 77488 2 6 66 45 58 41 93 76 24 14 

BAY 78182 2 8 98 88  78 67 98 94 95 8 2 

Adapted from Taylor  and Schoof, 1969. 

Table 4. E f fec t iveness  of thermal(T) ve r sus  nonthermal(NT) 
fogs  a g a i n s t  Culex quinquefasc ia tus .  

malathion 94/82* 86/79* 

Dursban 95/70 9 1/ 80 

na l ed  71/28 75/31 

propoxur 43/22 61/22 

* F i r s t  f i g u r e  r ep re sen t s  % k i l l s  of caged a d u l t s  
at 150 f e e t .  Second f i g u r e  r e p r e s e n t s  % k i l l s  
of caged a d u l t s  a t  300 f e e t .  

I n  t h e  g e n e r a l  concept of space t r ea tmen t s ,  one of t h e  new developments 

i n  t h e  las t  couple of y e a r s  has  been the  i n t e r e s t  shown i n  u l t r a  low volume 

(ULV) t rea tments  app l i ed  a t  ground l e v e l s .  Before d i scuss ing  ground ULV 

equipment, however, i t  would be w e l l  t o  cons ider  t h e  a e r i a l  a spec t  s i n c e  t h i s  



phase was the  i n i t i a l  method of t rea tment  wi th  u l t r a  low volume q u a n t i t i e s  

( i . e . ,  - - l e s s  than 112 ga l lon  of i n s e c t i c i d e  pe r  acre)?' of i n s e c t i c i d e .  P e s t i -  

c i d e s  have been a e r i a l l y  appl ied  f o r  many yea r s ,  but  during t h e  p a s t  s e v e r a l  

yea r s  t h e  a p p l i c a t i o n  of extremely small q u a n t i t i e s  of t e c h n i c a l  grade i n s e c t i -  

c i d e  has come i n t o  t h e  p i c t u r e .  When we speak of smal l  amounts, r e f e rence  i s  

t o  t h r e e  £1. oz. of malathion o r  0.5 t o  1 , O  £1. oz.  of na led  per  a c r e ,  

The f i r s t  ex t ens ive  use of ULV a p p l i c a t i o n s  from t h e  a i r  a g a i n s t  mos- 

q u i t o e s  came i n  1966 i n  Dal las ,  Texas, during an outbreak of S t .  Louis encepha- 

l i t i s  ( K i l p a t r i c k  and Adqms, 1967). The work demonstrated t h a t  ULV t rea tments  

were extremely e f f e c t i v e  i n  reducing t h e  number of i n f e c t e d  mosquitoes p r e s e n t  

i n  t h e  a r ea .  I n i t i a l l y ,  one ou t  of every 160 specimens was i n f e c t e d ,  Subse- 

quent ly ,  only two i n f e c t e d  mosquitoes were found i n  about 58,000 specimens. 

Since t h a t  t ime, t h e  ULV method has been t r i e d  s u c c e s s f u l l y  i n  experimental  

s t u d i e s  a g a i n s t  k. aegyp t i  i n  Bangkok, Thai land,  and a g a i n s t  A. simpsoni 

i n  E th iop ia  (Brooks e t  a l , ,  1970). However, i t  was n o t  succes s fu l  a g a i n s t  

Ae. aegyp t i  during an outbreak of dengue i n  Puer to  Rico i n  1969 (Brooks e t  a l e ,  - 
unpublished manuscript)  because t h e  t r ea tmen t s ,  a l though e f f e c t i v e  a g a i n s t  t h e  

outdoor popula t ions  of t h e  mosquito, un fo r tuna te ly  d i d  no t  p e n e t r a t e  t h e  houses. 

Thus, t h e  mosquitoes r e s t i n g  and/or  breeding t h e r e i n  were n o t  a f f e c t e d .  UEV 

t rea tments  a r e  n o t  a  common t o o l  i n  mosquito abatement d i s t r i c t s ;  t h e i r  ch ief  

va lue  l i e s  i n  epidemic o r  d i s a s t e r  s i t u a t i o n s  where r a p i d  coverage of t h e  a r e a  

i s  e s s e n t i a l .  

The f a c t  t h a t  t e c h n i c a l  grade malathion could be  used e f f e c t i v e l y  i n  

a e r i a l  a p p l i c a t i o n s  has l e d  t o  i n t e r e s t  i n  t h e  use  of ULV as a  ground-applied 

t rea tment .  Recent s t u d i e s  by Mount -- e t  a l .  (1970) i n  F l o r i d a  have shown t h a t  

a  commercial ULV cold  a e r o s o l  nozz le  was capable of d i spens ing  t e c h n i c a l  mala- 

t h ion  i n  d rop le t  s i z e s  averaging from eleven t o  s i x t e e n  microns mass median 

diameter ,  t h e  s i z e  depending upon t h e  flow r a t e  of t h e  m a t e r i a l  pe r  minute. 

The h ighe r  t h e  f low r a t e ,  t h e  g r e a t e r  t h e  average diameter  as w e l l  a s  t h e  mass 

median diameter .  The nozz le  was mounted on a  C u r t i s  co ld  fogger ,  and t h e  u n i t  

was opera ted  wi th  a  p r e s s u r e  of 3.5 p . s . i .  A flow meter  and a smal l  need le  

3 /  ULV, " u l t r a  low volume," a s  used f o r  l a b e l i n g  purposes i s  def ined  a s :  - 
a p p l i c a t i o n  of a volume of 192 ga l lon  o r  l e s s  of und i lu t ed  concen t r a t e  
per  a c r e ,  



valve  r egu la t ed  t h e  flow of t h e  t e c h n i c a l  grade m a t e r i a l  from t h e  source  con- 

t a i n e r .  The i n s e c t i c i d e  was moved from t h e  tank  by a i r  p re s su re  of 3.5 p , s . i . ,  

and no i n s e c t i c i d e  pump was necessary.  Comparative t e s t s  were made between t h e  

a e r o s o l s  produced by t h e  ULV appara tus  and one of t h e  s t anda rd  machines used 

f o r  high volume thermal  a e r o s o l  product ion.  A s  shown i n  Table 5 ,  h ighe r  k i l l s  

of caged mosquLtoes were obta ined  wi th  the  ULV co ld  ae roso l s .  

Table 5. ULV versus  thermal fogs  of malathion 
a g a i n s t  caged - Ae. taeniorhynchus. 

Lb./A. F1. oz./A Avg. K i l l  

ULV* 

0.009 0.12 6 9 

0.018 0.24 9 3 

0.036 0.48 9 2  

Thermal** 

0.009 14 6 5 

0.018 14 5 9 

0,036 14 8 5 

*Vehicle speed 10 m.p.h. 
**Vehicle speed 5 m.p.h. 
Adapted from Mount e t  a l , ,  1970. 

The number of f l u i d  ounces used pe r  a c r e  i n d i c a t e s  t h a t  t h e  amount of 

m a t e r i a l  o r  payload r equ i r ed  was f a r  l e s s  w i t h  t h e  ULV method than  w i t h  t h e  

thermal fog  t reatment .  Furthermore, t h e  r a t e  of speed of t h e  v e h i c l e  w i th  the  

ULV a p p l i c a t o r  was twice t h a t  of t h e  v e h i c l e  d ispens ing  the  thermal  ae roso l .  

The e f f e c t i v e n e s s  of ULV t rea tments  a t  v e h i c l e  speeds of 10 ve r sus  20 m.p.h. 

i n d i c a t e d  no apprec i ab le  d i f f e r e n c e s  (Mount e t  a l e ,  1970).  

Ground-applied ULV a p p l i c a t i o n s  thus  appear equal  t o  o r  more e f f e c t i v e  

than thermal  fogs and, i n  a d d i t i o n ,  permit a  much g r e a t e r  l a t i t u d e  i n  t h e  

speed of t h e  v e h i c l e  as w e l l  a s  provid ing  an increased  coverage because of 

t h e  much sma l l e r  payload requi red .  The absence of f u e l  o i l  i n  ULV app l i ca -  

t i o n s  reduces c o s t  and e s s e n t i a l l y  e l imina te s  t h e  t r a f f i c  hazard f r equen t ly  

a s soc i a t ed  wi th  thermal fogs .  Nonetheless,  t h e  whi te  cloud produced by 



thermal  fogs o f t e n  has been considered of va lue  because i t  demonstrates 

t o  t h e  p u b l i c  t h a t  abatement e f f o r t s  are being made. A t  p r e sen t ,  t h e  ULV 

type of ground a p p l i c a t i o n  i s  s t i l l  i n  t h e  experimental  phase, s i n c e  

ques t ions  remain on t h e  t o x i c o l o g i c a l  cons ide ra t ions  and on the  p o s s i b l e  

damage t o  automobile p a i n t s .  In  a d d i t i o n  malathion, a s  y e t ,  has  n o t  been 

r e g i s t e r e d  o r  l a b e l l e d  f o r  use a s  a ground t rea tment .  

Much i n t e r e s t  has been developed i n  t h e  p a r t i c l e  s i z e  produced by fog  

machines, p a r t i c u l a r l y  i n  r e f e rence  t o  t h e  d i s t a n c e  a t  which the  i n s e c t i c i d e  

t rea tment  can produce e f f e c t i v e  k i l l s .  I n  work on an i s l a n d  o f f  t h e  coas t  

of C a l i f o r n i a ,  S t a i n s  -- e t  a l e ,  (1969) have r epor t ed  t h a t  low volumes of e i t h e r  

na led  o r  Dursban, when dispensed i n  d rop le t  s i z e s  on t h e  order  of t e n  mass 

median diameter  (MMD), gave k i l l s  of a d u l t  caged mosquitoes and house f l i e s  

a t  d i s t a n c e s  of two mi l e s  from the  r e l e a s e  po in t .  Mount (1970) r e c e n t l y  

summarized t h e  f i n d i n g s  on optimum d r o p l e t  s i z e  f o r  a d u l t  mosquito c o n t r o l  

and s t a t e d  t h a t  a d rop le t  s i z e  range of f i v e  t o  t e n  microns is  considered 

optimum f o r  ground t rea tments ,  whereas wi th  a e r i a l  t rea tments  t h e  optimum 

d r o p l e t  s i z e  probably i s  i n  t he  range of t e n  t o  twenty-five microns MMD. 

With ground a p p l i c a t i o n ,  d r o p l e t s  l a r g e r  than t h e  t e n  microns a r e  more sus- 

c e p t i b l e  t o  f a l l o u t  and t o  impingement on s u r f a c e s  i n  t h e i r  pa th  of movement. 

Mount (1970) i n d i c a t e d  t h a t  d r o p l e t s  l e s s  than f i v e  microns do no t  impinge 

on t h e  a d u l t  mosquitoes too  wel l .  They a l s o  a r e  more l i k e l y  t o  be moved 

upward by convection c u r r e n t s  and thus  w i l l  no t  move through t h e  a r e a  normally 

inhab i t ed  by a d u l t  mosquitoes.  The importance of t h e  s i z e  of t h e  d r o p l e t ,  

p a r t i c u l a r l y  i n  r e l a t i o n  t o  t h e  d r o p l e t s  above twenty-f ive microns, i s  

emphasized by the  f ind ings  of Weidhaas -- e t  al .  (197'0) t h a t  a twenty-five-micron 

d rop le t  of t e c h n i c a l  grade malathion contained s u f f i c i e n t  t o x i c a n t  t o  k i l l  

t h e  mosquito. Thus, d r o p l e t s  l a r g e r  than twenty-five microns a r e  q u i t e  

was t e fu l  of t he  i n s e c t i c i d e ,  Mount (1970) r epo r t ed  t h a t  a t  a dosage of 

0,009 lb./A. t he  k i l l  of caged - Ae. taeniorhynchus was 20 pe rcen t  o r  g r e a t e r  

w i t h  d r o p l e t s  of 9.7 and 6 , 4  microns ve r sus  t h a t  w i th  d r o p l e t s  of twelve t o  

seventeen microns, 

The importance of d r o p l e t  spectrum cannot be ~Oeremphasized,  Our ignor- 

ance along t h i s  l i n e  i s  l a r g e l y  due t o  t he  f a c t  t h a t  t o o  l i t t l e  a t t e n t i o n  

has been pa id  t o  i t  and s u i t a b l e  devices  t o  d e t e c t  t h e  d i f f e r e n t  s i z e  drop- 

l e t s  have been l imi t ed .  One e x ~ m p l e  of much importance i s  t h e  f ind ing  i n  

a e r i a l  spray  r e sea rch  conducted a g a i n s t  f o r e s t  i n s e c t s  (Himel and Moore, 



1967) i n  which i t  was shown t h a t  93 percent  of t h e  spruce  bud worms c o l l e c t e d  

had no t  been contac ted  by any p a r t i c l e s  t h a t  were i n  excess  of f i f t y  microns 

i n  diameter  even though d r o p l e t  s i z e  ranged from t h r e e  microns t o  400 microns. 

Apparently, no d r o p l e t  over  100 microns eve r  contac ted  t h e  t a r g e t  i n s e c t .  

Larv ic ides .  Mosquito l a r v i c i d e s  have long been a  standby i n  mosquito 

con t ro l ,  bu t  the  degree t o  which they a r e  used v a r i e s  considerably i n  t h e  

d i f f e r e n t  p a r t s  of t h e  country,  t h e  spec i e s  involved and i n d i v i d u a l  o p e r a t o r ' s  

p re fe rence ,  Most measures d i r e c t e d  a g a i n s t  C, 2. quinquefasc ia tus  a r e  l a r v i -  

c i d a l ,  and t h e  same a l s o  a p p l i e s  t o  Culex t a r s a l i s  i n  C a l i f o r n i a ,  Although 

t h e r e  a r e  a  number of e f f e c t i v e  organophosphorus m a t e r i a l s  f o r  t h i s  purpose, 

concern e x i s t s  where t h e  same type  of i n s e c t i c i d e  is  app l i ed  a s  a  l a r v i c i d e  

and a s  an a d u l t i c i d e  because l a r v i c i d i n g  g e n e r a l l y  i s  considered t o  e x e r t  a  

h ighe r  s e l e c t i o n  p re s su re  upon the  mosquito populat ion.  Therefore,  i f  r e s i s t -  

ance develops, i t  means t h a t  t h e  a d u l t i c i d i n g  technique of fogging a l s o  may 

f a i l ,  thereby l eav ing  no immediate chemical weapons wi th  which t o  combat t h e  

mosquito. 

Table 6 l i s t s  t h e  LC-95 l e v e l s  of d i f f e r e n t  i n s e c t i c i d e s  used as l a r v i -  

c ides  (Taylor and Schoof ( a ) ,  unpublished manuscr ip t ) ,  The lower t h e  p a r t s  

pe r  m i l l i o n  (ppm) f i g u r e ,  t h e  g r e a t e r  t h e  t o x i c i t y  of t h e  compound t o  t he  

i n s e c t ,  Such f i g u r e s  r ep re sen t  l a b o r a t o r y  d a t a  and show only t h e  r e l a t i v e  

potency of t h e  d i f f e r e n t  m a t e r i a l s .  The two compounds, Dursban and Abate, 

a r e  uniformly t o x i c  t o  t he  t h r e e  spec i e s  of mosquitoes l i s t e d ,  Other  com- 

pounds vary cons iderably  wi th  the  spec i e s  involved,  For example, methoxychlor 

r equ i r e s  more than f i v e  t imes a s  much m a t e r i a l  t o  k i l l & .  aegyp t i  a s  i t  does 

t o  k i l l  Anopheles quadrimaculatus o r  C. quinquefasc ia tus .  Two of t h e  m a t e r i a l s ,  

propoxur ( ~ a y ~ o n )  and c a r b a r y l  (Sevin) ,  a r e  carbamare compounds, and t h e s e  

gene ra l ly  a r e  considered t o  be r e l a t i v e l y  poor a s  l a r v i c i d e s  i n  comparison 

t o  t he  organophosphorus ma te r i a l s .  Nonetheless,  they a r e  t o x i c  t o  t h e  mos- 

q u i t o  l a r v a e ,  provided s u f f i c i e n t  m a t e r i a l  i s  app l i ed ,  Curren t ly ,  t h e  two 

outs tanding  l a r v i c i d a l  compounds a r e  Dursban and Abate. Dursban i s  a  more 

e f f e c t i v e  chemical under condi t ions  where t h e  water  conta ins  a h igh  amount of 

o rgan ic  ma t t e r ;  i n  c o n t r a s t ,  Abate can be  used wi th  a  f a r  h ighe r  degree of 

s a f e t y  t o  man and non-target  organisms than  i s  t r u e  f o r  Dursban. Actua l ly ,  

t he  s a f e t y  l e v e l  of Abate is such a s  t o  permit i t  t o  be  used i n  d r ink ing  water  

f o r  t h e  c o n t r o l  of t h e  yellow f e v e r  mosquito. 



Table 6 .  LC-95 l e v e l s  i n  p a r t s  pe r  m i l l i o n  of s e l e c t e d  
p e s t i c i d e s  f o r  t h r e e  s p e c i e s  of mosquito l a r v a e .  

- 

I n s e c t i c i d e  
A. C .  - A. 

q  uGd . quin . aeg . 
Abate 

propoxur 

ca rba ry l  

Dursban 

f en th ion  

Gardona 

methoxychlor 

na led  

pa ra th ion  ( e )  

pa ra th ion  (m) 

From Taylor and Schoof ( a ) ,  unpublished manuscript .  

Although DDT has been of cons iderable  va lue  as a pref lood  t rea tment  and 

has  been used widely f o r  t h i s  purpose a g a i n s t  Aedes vexans, p a r t i c u l a r l y  i n  

n o r t h e a s t e r n  and western United S t a t e s ,  a number of  organophosphorus and 

carbamate m a t e r i a l s  can s e r v e  t o  provide t h e  same type  of e f f i c a c y ,  provided 

t h e  dosage pe r  a c r e  i s  i n  t h e  range of two t o  fou r  pounds. Table 7 g ives  a 

resume of such d a t a  from experimental  s t u d i e s  conducted a t  Savannah, Georgia 

(Taylor and Schoof ( b ) ,  unpublished manuscr ip t ) .  Dursban, without  a  doubt,  

has been t h e  b e s t  m a t e r i a l  a g a i n s t  t he  f o u r  spec i e s  of l a r v a e  involved.  

Although these  d a t a  r e f e r  t o  a  dosage of 2 lb . /A. ,  Dursban has been equa l ly  

e f f e c t i v e  at 0.5 lb . /A,  when app l i ed  t o  g ra s sy  s p o t s  exposed t o  normal r a in -  

f a l l  and outdoor weathering cond i t i ons .  Abate r e q u i r e s  f o u r  pounds per  a c r e  

t o  g ive  s i x  weeks' e f f e c t i v e n e s s  a g a i n s t  k. taeniorhynchus and i s  even l e s s  

e f f e c t i v e  than propoxur (Baygon), which r e q u i r e s  only two pounds pe r  ac re .  

A second carbamate, c a r b a r y l  (Sevin) ,  a t  f o u r  pounds p e r  a c r e  gave more than  

t en  weeks of k i l l  of - Ae. taeniorhynchus. I n  o t h e r  s t u d i e s ,  Dursban t rea tment  

has  been shown t o  be  e f f e c t i v e  f o r  a s  long as fou r t een  weeks a t  0.5 ppm, 

whereas Abate a t  1 ppm was i n a c t i v e  a f t e r  t h r e e  weeks (Anon., 1970). I n  a r e a s  

where DDT i s  no longer  accep tab le  f o r  use ,  cons ide ra t ion  now i s  being given t o  



methoxychlor. This i n s e c t i c i d e ,  a l though c l o s e l y  r e l a t e d  t o  DDT, i s  bio- 

degradable and, because of t h i s  f a c t ,  i s  accep tab le  t o  f i s h  and w i l d l i f e  

groups. S tud ie s  wi th  these  two compounds a g a i n s t  Ae, aegyp t i  i l l u s t r a t e  t h a t  - 
t he  compound is equal  t o  o r  even more e f f e c t i v e  than DDT. However, workers 

i n  t h e  no r the rn  United S t a t e s  have ind ica t ed  t h a t  methoxychlor i s  n o t  a s  good 

a s  DDT from a  b i o l o g i c a l  s tandpoin t ,  but  from t h e  s t andpo in t  of calming t h e  

emotional upheavals t h a t  t h e  word DDT sometimes invokes i n  t h e  p u b l i c ,  t h e  

abatement d i s t r i c t  may l ean  toward a l e s s  e f f e c t i v e  i n s e c t i c i d e  which i s  f u l l y  

accep tab le  t o  t h e  layman, 

Table 7 .  Weeks of 90% m o r t a l i t i e s  of t h r e e  s p e c i e s  
of mosquito l a r v a e  obtained from pref lood  
a p p l i c a t i o n  of n i n e  i n s e c t i c i d e s  

Ae , - 
i/ /A t aen , 

- - 

A. C 0 - 
aTb, q u i  n  . 

Abate 

Mobam 

Akt on 

C i d i a l  

bromophos 

Dursban 

propoxur 

carbary  1 

f  enf t r o  t h ion  

E f f e c t i v e  formulat ion:  *Emulsif iable  concent ra te ;  
t g r a n u l a r  formulat ion;  ??wet tab le  powder; and ** a l l  
formula t ions .  

Before f i n i s h i n g  t h e  s e c t i o n  on l a r v i c i d e s ,  t h e r e  a r e  two o t h e r  compounds 

t h a t  should be mentioned, s i n c e  both  m a t e r i a l s  have long been used i n  t h e  

c o n t r o l  of c e r t a i n  mosquitoes,  Before DDT appeared, p a r i s  green served f o r  

many yea r s  a s  a  t rea tment  a g a i n s t  anophel ine l a r v a e  b u t  was n o t  used a g a i n s t  

c u l i c i n e  spec i e s .  However, t h e  F l o r i d a  S t a t e  Board s f  Heal th r e sea rch  labora-  

t o ry  (Rogers and Rathburn, 1958) developed a  p a r i s  green granule  t h a t  has 

been and i s  s t i l l  being used a s  a  succes s fu l  means of c o n t r o l l i n g  s a l t  marsh 



mosqui to  l a r v a e .  D e s p i t e  i t s  u s e  f o r  many y e a r s ,  t h e r e  h a s  n o t  been any i n d i c a -  

t i o n  of any harmfu l  e f f e c t s  from t h i s  chemical  upon t h e  w i l d l i f e  of t h e s e  a r e a s .  

I n  a d d i t i o n ,  t h e  mosqui toes  have shown no i n d i c a t i o n  as y e t  o f  deve lop ing  

r e s i s t a n c e  t o  i t ,  

The second compound i s  o r d i n a r y  f u e l  o i l .  S p e c i a l  commercial  formula- 

t i o n s  of o i l s  (zag., F l i t  M,L,O.) have been developed f o r  l a r v i c i d i n g  purposes ;  

t h e i r  c h i e f  advan tage  i s  t h a t  t h e y  can be  used a t  dosage r a t e s  of two t o  f o u r  

g a l l o n s  p e r  a c r e  as c o n t r a s t e d  t o  t h e  u s e  of f u e l  o i l  a t  t e n  t o  f i f t e e n  g a l l o n s  

p e r  a c r e .  However, i t  i s  of  much i n 2 e r e s t  t o  n o t e  t h a t  t h e  a d d i t i o n  o f  a s u r -  

f a c t a n t ,  such  as T-Det MC o r  T r i t o n  X45, a t  a l e v e l  of 0 .5  p e r c e n t  i n  t h e  f u e l  

o i l  a l s o  a l l o w s  f u e l  o i l  t o  b e  used  at dosage r a t e s  similar t o  t h e s e  s p e c i a l  

l a r v i c i d a l  o i l s .  The s u r f a c t a n t - f u e l  o i l  p r e p a r a t i o n  i s  now b e i n g  used ex ten-  

s i v e l y  by t h e  Chatham County Mosquito C o n t r o l  Commission a t  Savannah, Georg ia ,  

and t h e  Commission D i r e c t o r  r e p o r t s  t h a t  i t s  c o s t  p e r  a c r e  i s  less t h a n  t h a t  

f o r  t h e  s p e c i a l  o i l s  and abou t  o n e - t h i r d  t h e  c o s t  of t h e  p a r i s  g reen  p e l l e t  

a p p l i c a t i o n .  

h o n g  t h e  n o n - i n s e c t i c i d a l  means of mosqui to  c o n t r o l  a r e  d r a i n a g e ,  f i l l -  

i n g ,  impoundment and o t h e r  f a m i l i a r  means of s o u r c e  r e d u c t i o n .  Consequent ly ,  

l e t  u s  look  at t e c h n i q u e s  o t h e r  t h a n  t h e s e  t y p e s ,  such  as t h e  b i o l o g i c a l  

c o n t r o l  and g e n e t i c  c o n t r o l  of mosqui toes .  The r e c e n t  emphasis on i n s e c t i c i d e  

p o l l u t i o n  i n  b o t h  a i r  and w a t e r  h a s  g e n e r a t e d  tremendous i n t e r e s t  i n  and 

emphasis on such approaches ,  A p o i n t  of view f r e q u e n t l y  h e l d  by laymen i s  

t h a t  such means a r e  s i m p l e ,  and a l l  one has  t o  do i s  t o  a p p l y  f u n g i ,  v i r u s e s ,  

o r  p r o t o z o a  t h a t  a r e  ha rmfu l  t o  t h e  i n s e c t ,  and t h i s  approach w i l l  do awzy 

w i t h  t h e  need f o r  chemica l s .  Such a n  i n t e r p r e t a t i o n  i n d i c a t e s  t h a t  t h e  pro- 

ponent i s  q u i t e  unacqua in ted  w i t h  t h e  r o l e  and f e a s i b i l i t y  of non-chemical 

p rocedures .  These measures a r e  h i g h l y  r e f i n e d  methods of t r e a t m e n t ,  Consider-  

a b l e  s c i e n t i f i c  knowledge abou t  b o t h  t h e  organism and t h e  mosqui to  i s  r e q u i r e d  

b e f o r e  one can even b e g i n  t o  t h i n k  abou t  them i n  terms of a p r a c t i c a l  c o n t r o l  

p rocedure .  Many of t h e  organisms t h a t  a r e  d e t r i m e n t a l  t o  mosqui toes  a r e  

a l r e a d y  p r e s e n t  i n  t h e  environment;  o b v i o u s l y ,  t h e y  have n o t  been do ing  t h e  

job  n e c e s s a r y  f o r  human comfor t  and freedom from d i s e a s e .  

I n  a d d i t i o n ,  t h e  misconcep t ion  e x i s t s  t h a t  any b i o l o g i c a l  c o n t r o l  measure ,  

whether  a fungus  o r  any o t h e r  t y p e  of p a r a s i t e ,  i s  harmless  t o  non- ta rge t  

organisms i n c l u d i n g  man, A n  Exper t  Committee o f  t h e  World H e a l t h  O r g a n i z a t i o n  

on t h e  S a f e  Use of P e s t i c i d e s  s t a t e s  i n  i t s  196% meet ing:  "It i s  impor tan t  t o  



bea r  i n  mind, however, t h a t  a  b i o l o g i c a l  agent  o r  t h e  t o x i c  product  of an 

organism w i l l  n o t  n e c e s s a r i l y  p re sen t  e i t h e r  a  g r e a t e r  o r  l e s s e r  h e a l t h  

hazard than a  s y n t h e t i c  m a t e r i a l ,  Although t h e r e  i s  a popular  b e l i e f  t h a t  

' n a t u r a l '  subs tances  a r e  harmless ,  a l l  t he  most poisonous m a t e r i a l s  so f a r  

known a r e ,  i n  f a c t ,  of n a t u r a l  o r i g i n ,  Therefore ,  any ma te r i a l - - l i v ing  o r  

dead--which i t  i s  proposed t o  i n t roduce  a s  a p e s t  c o n t r o l  agent  should be 

s u b ~ e c t e d  t o  t h e  same search ing  examination f o r  p o t e n t i a l  t o x i c i t y  t o  man as 

is  a p p l i e d  t o  t h e  s y n t h e t i c  p e s t i c i d e s ,  Furthermore, i t  may be  very  d i f f i c u l t  

t o  l a y  down s a t i s f a c t o r y  criteria f o r  t e s t i n g  t h e  s a f e t y  of such agen t s  a s  

nove l  v i r u s e s  o r  b a c t e r i a .  Microbia l  t ox ins  could be submit ted t o  a  conven- 

t i o n a l  pharmacological  and t o x i c o l o g i c a l  examination, bu t  a  p r e c i s e  assessment 

of hazard could only fo l low a d e t a i l e d  s tudy  of t h e  mode of a c t i o n ,  which 

might t ake  a  very  long t ime.  Such cons ide ra t i ons  apply only t o  non-viable  

b i o l o g i c a l  m a t e r i a l s  t h a t  come i n t o  i n t i m a t e  con tac t  wi th  man. 

" p a r t i c u l a r  a t t e n t i o n  t o  hazards  may be needed i n  t h e  case  of f u n g i .  

These c a n n o t  only produce a v a r i e t y  of p o t e n t i a l l y  t o x i c  me tabo l i t e s ,  inc lud-  

i n g  carc inogens ,  bu t  a t  least  some of them can become e s t a b l i s h e d  i n  mammalian 

t i s s u e s  and g i v e  r i s e  t o  granulomata. Others  appear  a b l e  t o  induce hyper- 

s e n s i t i v i t y  r e a c t i o n s  l ead ing ,  f o r  example, t o  p rog re s s ive  t i s s u e  damage i n  

t h e  lungs ,  which may be  f a t a l , "  

Turning t o  t h e  oppos i t e  viewpoint  i s  t h e  argument t h a t  such techniques  

can never  be  a s  e f f e c t i v e  as chemicals;  hence, they can l a r g e l y  be  ignored .  

This  viewpoint i s  a s  extreme a s  t h e  one mentioned e a r l i e r ,  s i n c e  i t  i s  q u i t e  

obvious t o  anyone involved i n  t h e  f i e l d  of v e c t o r  and i n s e c t  c o n t r o l  t h a t  

each t o o l  i n  i t s e l f  should n o t  be  considered a s  a  s i n g l e  weapon t o  t h e  exclu-  

s i o n  of a l l  o t h e r  types  of c o n t r o l  measures. The whole approach t o  s u c c e s s f u l  

v e c t o r  c o n t r o l  emphasizes an i n t e g r a t e d  approach, and i t  invo lves  n o t  only a 

wide v a r i e t y  of chemicals  and a p p l i c a t i o n  techniques bu t  a l s o  env i s ions  t h e  

i n c l u s i o n  of b i o l o g i c a l  and g e n e t i c  methods a s  components i n  t h e  a r s e n a l  of 

weapons f o r  mosquito c o n t r o l .  

B io log ica l  c o n t r o l  of mosquitoes has  n o t  mat w i th  a g r e a t  d e a l  of succes s  

up t o  t h e  p r e s e n t  t i m e  even though numerous organisms, p a r t i c u l a r l y  among 

fung i  and pro tozoa ,  a r e  l e t h a l  t o  mosquito l a r v a e ,  Seve ra l  y e a r s  ago t h e  f i e l d  

d i scovery  was made t h a t  many - Ae. a epyp t i  l a r v a e  were dying even though 

appa ren t ly  no chemical c o n t r o l  measures were be ing  app l i ed  ( B a r r e t t ,  1968). 

The emphasis on t h i s  f i n d i n g  by o p e r a t i o n a l  personnel  l e d  t o  d e t a i l e d  r e s e a r c h  



on t h e  sub jec t .  The dead l a r v a e  contained a protozoan p a r a s i t e ,  Lankes te r fa  

c u l i c i s .  Unfortunately,  d a t a  from l abora to ry  s t u d i e s  showed t h a t  - L. c u l i c i s  

was n o t  harmful t o  t h e  l a r v a e  even when t h e  l a t t e r  were heav i ly  i n f e s t e d .  

Nonetheless,  t he  f a c t  remained t h a t  i n  one a r e a  i n  Texas f a r  fewer p a r a s i t e s  

caused t h e  dea th  of t h e  mosquito l a r v a e .  F i e ld  i n v e s t i g a t i o n  l e d  t o  t h e  

susp ic ion  t h a t  o t h e r  f a c t o r s  were ope ra t ing ,  one of which may have been t h e  

use  of DDT i n  c e r t a i n  a r e a s  where k i l l s  of t h e  l a r v a e  were being obtained.  

Laboratory t e s t s  i n  which DDT and t h e  p a r a s i t e  were combined showed e x c e l l e n t  

k i l l s  even of l a r v a e  r e s i s t a n t  t o  DDT. A t  t h i s  t ime i t  appeared t h a t  a d i s -  

covery of g r e a t  p o t e n t i a l  had been made b u t ,  un fo r tuna te ly ,  t h e  i n i t i a l  t e s t  

d a t a  could not  be r e p l i c a t e d .  Apparently,  unknown f a c t o r s  opera t ing  i n  t h e  

i n i t i a l  t e s t s  were absen t  i n  subsequent t e s t s .  La ter ,  an i n t e n s i v e  survey 

was made f o r  t h e  p a r a s i t e  and f o r  l a r v a e  of mosquito h o s t  i n  Texas, F l o r i d a ,  

Louisiana and Miss i s s ipp i .  However, t h e  f i n a l  conclusion was t h a t  t h i s  p a r t i -  

c u l a r  organism o f fe red  no promise f o r  c o n t r o l l i n g  &, aegyp t i  l a rvae .  

Other organisms a r e  now under s tudy a t  our  l abo ra to ry .  One organism i s  

h ighly  t o x i c  t o  c u l i c i n e  l a r v a e  but  n o t  t o  anophel ine l a r v a e ,  Work i s  a l s o  

being conducted i n  coopera t ion  wi th  D r .  John Couch of t h e  Univers i ty  of North 

Caro l ina  on t h e  fungus Coelomomyces, s i n c e  it i s  de t r imen ta l  t o  anophel ine 

l a r v a e ,  Unfortunately,  t h e  spec i e s  of fungus involved i s  s p e c i f i c  f o r  t h e  

A. quadrimaculatus and i s  no t  of va lue  a g a i n s t  ma la r i a  vec to r s  i n  t h e  t r o p i c s ,  - 
The g e n e t i c  c o n t r o l  of mosquitoes encompasses n o t  on ly  the  a c t u a l  gene t i -  

c a l  manipulat ion w i t h i n  a s p e c i e s  but  a l s o  involves  t h e  use  of s t e r i l i z i n g  

agen t s ,  such a s  chemoster i lan ts  o r  gamma i r r a d i a t i o n .  Most of us  a r e  f a m i l i a r  

wi th  the  f a c t  t h a t  t h e  screwworm f l y  i n  F lo r ida  and lower Georgia was e l imi-  

na ted  by t h e  use  of s t e r i l i z e d  screwworm males, bu t  t he  success  of t h i s  e f f o r t  

has  no t  s p i l l e d  over  i n t o  s i m i l a r  accomplishments w i t h  mosquitoes.  S tud ie s  

have been conducted wi th  both &. aegyp t i  and - A. quadrimaculatus i n  t he  United 

S t a t e s ,  bu t  i n  each case  s u c c e s s f u l  r e s u l t s  were no t  achieved.  A p a r t  of t h e  

f a i l u r e  can be a t t r i b u t e d  t o  i n f i l t r a t i o n  of mosquitoes from ou t ly ing  a r e a s ,  

p a r t  t o  l a c k  of knowledge i n  t h e  biology and ecology of t h e  spec i e s ,  and p a r t  

t o  t h e  f a c t  t h a t  t he  s tudy was not  donducted over  a long enough per iod  t o  

achieve  conclus ive  f ind ings .  I n  most s t u d i e s  w i t h  t h e  chemoster i lan ts  o r  

coba l t  i r r a d i a t i o n ,  i t  i s  a r e l a t i v e l y  simple ma t t e r  t o  s t e r i l i z e  t h e  male 

and fo r  female mosquito. It is  l i kewise  easy t o  i n t roduce  l a r g e  numbers of 

s t e r i l i z e d  males i n t o  cages wi th  normal males and t o  show t h a t  t he  number of 



v i a b l e  eggs can b e  reduced t o  ex t remely  low l e v e l s .  However, t o  p u t  t h e  same 

t o o l  t o  work i n  t h e  f i e l d  may c r e a t e  many problems. F i r s t ,  t h e  s t e r i l i z e d  

males  may n o t  be  as c o m p e t i t i v e  as t h e  w i l d  males .  Second, t h e  d i s p e r s a l  of 

t h e  s t e r i l i z e d  males  may occur  too  s lowly  t o  have any e f f e c t  on t h e  mat ings  

of f i e l d  males and f e m a l e s ,  I n  cage  p o p u l a t i o n  s t u d i e s ,  you have t h e  s t e r i l i z e d  

and f e r t i l e  i n s e c t s  c o n f i n e d  i n  small space.  I n  a f i e l d  t r i a l ,  many more 

s t e r i l i z e d  males  may b e  p r e s e n t  i n  a  b l o c k  t h a n  normal males ,  b u t  i f  a t  t h e  

b r e e d i n g  s i t e  t h e  f e r t i l e  males a r e  t h e r e  a t  t h e  time t h e  f e m a l e s  emerge, t h e  

females  have f r e q u e n t l y  a l r e a d y  mated b e f o r e  t h e  s t e r i l e  male p u t s  i n  an  

appearance .  Consequent ly ,  t h e  f a c t  emerges t h a t  we have r e l a t i v e l y  l i t t l e  

i n f o r m a t i o n  on t h e  normal b e h a v i o r  and eco logy  of mosqui toes ,  p a r t i c u l a r l y  

t h e  male s e x ,  under  f i e l d  c o n d i t i o n s .  There fore ,  u n t i l  we know more a b o u t  

t h e s e  f a c t o r s ,  t h e  u s e  of t h e s e  s o p h i s t i c a t e d  t o o l s  o f  g e n e t i c  c o n t r o l  must 

be  de layed ,  However, c e r t a i n  promising developments d u r i n g  t h e  p a s t  few y e a r s  

have g i v e n  hope t h a t  s u c h  t o o l s  may b e  e f f e c t i v e  a g a i n s t  a t  least one  s p e c i e s  

o f  mosqui to ,  - C. 2, q u i n q u e f a s c i a t u s .  I n  h i s  l a b o r a t o r y  s t u d i e s ,  D r .  Hans 

Laven found t h a t  among t h e  d i f f e r e n t  p o p u l a t i o n s  of - C. 2. q u i n q u e f a s c i a t u s  

t h e  males  and females  a r e  n o t  always compat ib le  ( L a g . ,  mating does  n o t  produce 

v i a b l e  e g g s ) .  With t h i s  knowledge, h e  developed a s t r a i n  of male  2, 2. 
q u i n q u e f a s c i a t u s  t h a t  were  i n c o m p a t i b l e  w i t h  t h e  female  mosqui toes  o c c u r r i n g  

i n  a s m a l l  i s o l a t e d  Burmese v i l l a g e  where t h e  s p e c i e s  was b r e e d i n g  o n l y  i n  

a r t i f i c i a l  w a t e r  c o n t a i n e r s  d u r i n g  t h e  d r y  s e a s o n ,  By t h e  d a i l y  i n t r o d u c t i o n  

of 5000 i n c o m p a t i b l e  males  a t  t h e  b r e e d i n g  s i t e s  complete e l i m i n a t i o n  o f  a l l  

v i a b l e  egg r a f t s  was ach ieved  w i t h i n  a three-month p e r i o d  (Laven, 1967) .  N o  

o t h e r  means of c o n t r o l  were used ,  However, i t  must be  emphasized t h a t  t h e  

males  were  r e l e a s e d  i n  t h e  j u g s  i n  which t h e  mosqui toes  b red  s o  t h a t  t h e  f a c t o r  

o f  d i s t r i b u t i o n  o r  d i s p e r s a l  was a r t i f i c i a l l y  hand led .  None the less ,  t h e  work 

d i d  show t h a t  t h e  u s e  o f  t h e s e  i n c o m p a t i b l e  males  could  c a u s e  a  tremendous 

r e d u c t i o n  i n  t h e  r e p r o d u c t i v e  c a p a c i t y  of t h e  l o c a l  mosquito p o p u l a t i o n .  

These f i n d i n g s  a r e  one s f  t h e  c h i e f  r e a s o n s  f o r  a  l a r g e - s c a l e  s t u d y  o f  ;he 

same t y p e  t h a t  i s  now underway i n  D e l h i ,  I n d i a ,  under  t h e  s p o n s o r s h i p  o f  t h e  

P u b l i c  H e a l t h  S e r v i c e  and t h e  World H e a l t h  O r g a n i z a t i o n ,  

More r e c e n t  i n f o r m a t i o n  on 2. E. q u i n q u e f a s c i a t u s  h a s  been o b t a i n e d  by 

t h e  U.S, Department of A g r i c u l t u r e  i n  s t u d i e s  conducted w i t h  c h e m i c a l l y  

s t e r i l i z e d  males  on Sea Horse Key o f f  t h e  e a s t  F l o r i d a  c o a s t  ( P a t t e r s o n  e t  a l . ,  

i n  p r e s s ) .  I n  t h e s e  s t u d i e s  t h e  pupae were s t e r i l i z e d  by p l a c i n g  them i n  a n  



aqueous s o l u t i o n  of 0 .75 p e r c e n t  t h i o t e p a .  Subsequen t ly ,  t h e  s t e r i l i z e d  pupae 

were t r a n s p o r t e d  t o  t h e  i s l a n d  and r e l e a s e d ,  The i s l a n d  i n v o l v e d  was approx i -  

mate ly  one m i l e  l o n g  and one-e igh th  m i l e  wide,  and t h e  pr imary b r e e d i n g  s i t e  

f o r  t h e  mosqui to  was an  open s e p t i c  t ank .  Limited b r e e d i n g  o c c u r r e d  i n  v a r i o u s  

t y p e s  of c o n t a i n e r s  t h a t  were s c a t t e r e d  o v e r  t h e  i s l a n d  and h e l d  w a t e r ,  The 

number o f  males r e l e a s e d  d a i l y  ranged from 8400 i n  t h e  beg inn ing  t o  18,000 o v e r  

s i x  g e n e r a t i  ons  

The r a t i o  s f  s t e r i l e  males  t o  f e r t i l e  males was 3:1 a t  t h e  second genera-  

t i o n  and 1 0 0 : l  by t h e  s i x t h  g e n e r a t i o n .  The r e s u l t s  i n d i c a t e d  a  s t e a d y  i n c r e a s e  

i n  t h e  p e r c e n t a g e  of s t e r i l e  egg r a f t s  combined w i t h  a d e c r e a s e  i n  t h e  average  

number of egg r a f t s  l a i d  p e r  day. These workers  concluded t h a t  t h e  fnd igenous  

Culex p o p u l a t i o n  was suppressed  and e l i m i n a t e d  from t h e  f s l a n d  w i t h i n  a  twelve- 

week p e r i o d  by t h e  r e l e a s e  of t h e  s t e r i l e  males ,  

I n  t h e  p r e v i o u s  d i s c u s s i o n ,  a number of d i f f e r e n t  methods used t o  s u p p r e s s  

and c o n t r o l  mosquito p o p u l a t i o n s  have been covered ,  Howevey, i t  i s  t h e  j u d i -  

c i o u s  u s e  of t h e s e  methods i n  a n  i n t e g r a t e d  c o n t r o l  o p e r a t i o n  t h a t  l e a d s  t o  

s u c c e s s  i n  an  a rea - type  mosquito c o n t r o l  program, Thus, t h e  s u c c e s s f u l  mos- 

q u i t o  abatement  program i s  based  on t h e  u s e  of numerous approaches  t h a t  can 

b e  l i s t e d  a s :  

1, S u r v e i l l a n c e  ( i n s p e c t i o n )  

2 .  Source  r e d u c t i o n  ( d r a i n a g e ,  impoundment, f i l l i n g )  

3 .  Chemical c o n t r o l  

4 ,  Educa t ion  and p u b l i c  r e l a t i o n s  

S u r v e i l l a n c e  h a s  been l i s t e d  a s  t h e  f i r s t  of t h e  f o u r  approaches  because  

i n  any c o n t r o l  program one must know where t h e  mosqui toes  a r e  b reed ing ,  t h e  

t y p e s  invo lved  and t h e  d e n s i t i e s  p r e s e n t .  With i n s p e c t i o n ,  you have the 

i n f o r m a t i o n  needed t o  g u i d e  t h e  c o n t r o l  o p e r a t i o n s  and measure c h e i r  e f f e c t -  

i v e n e s s .  Both o f  t h e s e  a s p e c t s  a r e  of b a s i c  importance t o  t h e  c o n t r o l  opera-  

t o r .  Without p r o p e r  gu idance  from i n s p e c t i o n ,  t h e  chemical  measures may be  

a p p l i e d  t o  t h e  wrong a r e a s  and t h u s  r e s u l t  i n  i n e f f e c t i v e  c o n t r o l  a s  w e l l  a s  

a  n e e d l e s s  e x p e n d i t u r e  of manpower and money, Th is  same l o g i c  would a p p l y  

t o  t h e  permanent t y p e  of c o n t r o l  measures ,  s i n c e  such measures shou ld  

o b v i o u s l y  b e  d i r e c t e d  toward t h e  most p r o l i f i c  b r e e d i n g  s i t e s  dur fng  t h e  

i n i t i a l  phase  of c o n t r o l  o p e r a t i o n s .  I n s p e c t i o n  a l s o  i s  c r i t i c a l  i n  determin-  

i n g  t h e  e f f i c a c y  of s o u r c e  r e d u c t i o n  and chemical  c o n t r o l  measures.  Records 

s h o u l d  be k e p t  of mosqui to  d e n s i t i e s  on a  p e r i o d i c  b a s i s  s o  t h a t  such  



in format ion  can s e r v e  a s  a b a s i s  f o r  keeping t h e  p u b l i c  adequate ly  advised  on 

t h e  s t a t u s  of t h e  program. An informed p u b l i c  w i l l  g r e a t l y  enhance a cont in-  

uance of a s  w e l l  a s  a d d i t i o n a l  f i n a n c i a l  suppor t  from t h e  community. Inspec-  

t i o n  can involve  v a r i o u s  types of procedures  i nc lud ing  t h e  use  of mosquito 

l i g h t  t r a p s ,  determining l a r v a l  i n f e s t a t i o n  by dipping,  s p o t t i n g  t h e  l o c a t i o n s  

of p u b l i c  complaints  on t h e  p r o j e c t  a r e a  maps, and e s t a b l i s h i n g  a network of 

r a i n f a l l  gauges t o  determine where breeding  i s  most l i k e l y  t o  occur  whenever 

p r e c i p i t a t i o n  t akes  p l a c e  i n  t h e  a r ea .  Without r eco rds  on t h e  mosquito 

d e n s i t i e s ,  t h e  program manager i s  l e f t  wi thout  f a c t u a l  d a t a  t o  suppor t  h i s  

problems and achievements i n  t h e  p u b l i c  eye.  

Source r educ t ion  procedures  i nc lude  any technique--drainage, impoundment 

o r  f i l l i n g - - t h a t  dec reases  t h e  mosquito breeding  i n  an a r e a .  Such procedures  

a r e  long-term i n  scope and may have t o  be c a r r i e d  on f o r  a number of y e a r s .  

I n  sou th  Georgia,  d r a inage  work has  been going on f o r  t h e  p a s t  n i n e  yea r s  and 

has  e l imina t ed  cons ide rab l e  acreage of breeding a r e a s  wi thout  adve r se  e f f e c t  

on t h e  marshes per se. - 
Chemical measures supplement sou rce  r educ t ion  procedures  and i n c l u d e  such 

ope ra t i ons  a s  a d u l t i c i d i n g  wi th  ground equipment and t h e  l a r v i c i d i n g  of breed- 

i ng  a r e a s  t h a t  are temporary o r  cannot be  e l imina t ed  by sou rce  r educ t ion  

measures. Such work can be  done wi th  ground equipment o r  may involve  t h e  u s e  

of  a i r c r a f t  whenever e x t e n s i v e  a r e a s  must be l a r v i c i d e d .  As a gene ra l  p r a c t i c e ,  

such t rea tment  i s  u s u a l l y  r e s t r i c t e d  t o  l a r v i c i d e s ,  such a s  p a r i s  g reen  o r  

o i l ,  t o  minimize t h e  chance of t h e  mosquito becoming r e s i s t a n t  t o  t h e  chemical 

employed , 

The f o u r t h  element ,  educa t ion  and p u b l i c  r e l a t i o n s ,  i s  of utmost impore- 

ance t o  t h e  succes s  of t h e  mosquito c o n t r o l  program. The aims and o b j e c t i v e s  

of t h e  ope ra t i on  must be  c l e a r l y  o u t l i n e d  t o  t h e  p u b l i c ,  and t h e  p u b l i c  should 

be  kept  advised  on t h e  s t a t u s  of t h e  work. Many of t h e  d i f f i c u l t i e s  t h a t  

f r e q u e n t l y  a r i s e  between mosquito c o n t r o l  programs and t h e  p u b l i c  stem from a 

l a c k  of communicatisn. I n d i v i d u a l s  may n o t  know what i n s e c t i c i d e s  are being  

used; they may f e e l  t h e  marshes a r e  being des t royed  by t h e  dra inage  d i t c h e s  

o r  t h a t  t h e  chemical p o r t i o n  of t h e  program i s  adverse  t o  b i r d s ,  f i s h  and o t h e r  

non-target  organisms. Such misunderstandings a r i s e  n o t  only w i t h  t h e  l a y  

p u b l i c  bu t  a l s o  w i t h  agenc ies  concerned w i t h  t h e  conserva t ion  of w i l d l i f e  o r  

t h e  n a t u r a l  occur rence  of b i r d s  and f i s h .  Frequent c o n s u l t a t i o n  between t h e  

c o n t r o l  supe rv i so r  and t h e s e  agenc ies  w i l l  do much t o  l e s s e n  t h e  misunderstandings 



and f r i c t i o n  t h a t  occur  between mosqui to  c o n t r o l  o p e r a t i o n s  and t h e s e  o t h e r  

a g e n c i e s .  W i l d l i f e  g roups  s h o u l d  b e  c o n s u l t e d  t o  b e  c e r t a i n  t h a t  t h e  con- 

t r o l  measures t o  b e  a p p l i e d  a r e  n o t  a d v e r s e  t o  t h e i r  i n t e r e s t s .  I n  some c a s e s  

i t  may b e  advantageous  a l t h o u g h  more c o s t l y  t o  t h e  abatement  group t o  s o l v e  a  

mosqui to  problem and y e t  p r e s e r v e  t h e  w i l d l i f e ,  A wise  s u p e r v i s o r  r e c o g n i z e s  

t h a t  i n  t h e  l o n g  run  h i s  e n t i r e  program may b e n e f i t  c o n s i d e r a b l y  from a  l i t t l e  

more money w e l l  s p e n t  i n  such  c o o p e r a t i v e  l i a i s o n  because  of t h e  g o o d w i l l  and 

harmony c r e a t e d  between h i s  a c t i v i t i e s  and w i l d l i f e  g roups ,  b i r d  e n t h u s i a s t s  

and t h e  p u b l i c  i n  g e n e r a l .  
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IMPLICATIONS OF MOSQUITO CONTROL TO 
OTHER FACETS OF WATER RESOURCE MANAGEMENT 

CORPS OF ENGINEERS 

M r .  James W. Midkif f  
Wilmington D i s t r i c t  

I t ' s  c e r t a i n l y  n i c e  t o  be  h e r e .  I won' t  t r y  t o  e x p l a i n  f o r  t h e  Corps o r  

a n y t h i n g ,  b u t  t h i s  i s  real ly--something was s a i d  abou t  t h e  program arrangement 

before--going from t h e  subaime t o  r i d i c u l o u s .  Anyway, 1'11 do what I can t o  

s h a r e  some o f  o u r  e x p e r i e n c e s  w i t h  you. C e r t a i n l y ,  as f a r  a s  knowing about  

mosqui toes ,  on t h e  one end we have what t h e  p r e v i o u s  s p e a k e r  was s a y i n g ,  

D r .  Knight ,  e t c .  On t h e  o t h e r ,  t h e r e  a r e  t h o s e  who i f  t h e  mosqui to  g e t s  on 

them and s t a y s  l o n g  enough, t h e y  know t h e y ' l l  b i t e  them. They shoo them o f f ;  

w e l l ,  I d o n ' t  shoo them o f f ,  I t r y  t o  k i l l  them i n  p l a c e .  So I ' m  a t  t h a t  end 

of t h e  spectrum on t h e  knowledge of mosqui toes .  

I n  t h e  Corps,  c o n t r a r y  t o  what some l a t e  populae  w r i t e r s  would l e a d  you 

t o  b e l i e v e ,  most Corps p r o j e c t s  b e g i n  w i t h  a  r e s o l u t i o n  from Congress,  n o t  

from some dream i n  t h e  m i l i t a r y ' s  mind o r  some o t h e r  s o u r c e .  Congress sends  

t h e  r e q u e s t  t o  t h e  Corps t o  s t u d y  a b a s i n  o r  a p a r t i c u l a r  p r o j e c t .  One of t h e  

f i r s t  a c t s  t h a t  t h e  Corps does  when t h e y  g e t  t h i s  r e q u e s t  is go t o  t h e  P u b l i c  

H e a l t h  S e r v i c e  and a s k  them, t h e  e x p e r t s ,  what a r e  t h e  p o s s i b i l i t i e s  of a 

mosquito problem i n  t h i s  p a r t i c u l a r  s t u d y  a r e a .  When w e  come up w i t h  a  

d e f i n i t e  p r o j e c t ,  we go t o  t h e  P u b l i c  H e a l t h  S e r v i c e  a g a i n ,  Usua l ly ,  t h e y  a r e  

working w i t h  t h e  S t a t e  Board of H e a l t h ,  and we g e t  a g a i n  t h e i r  comment and 

recommendations on p lann ing  and o p e r a t i o n  of t h e  p r o j e c t  s o  t h a t  t h e r e  w i l l  n o t  

b e  a mosqui to  problem. We g e t  comments from b o t h  a g e n c i e s ,  and t h e y  a r e  sub- 

m i t t e d  t o  Congress a l o n g  w i t h  t h e  o t h e r  recommendations and e v a l u a t e d  a l o n g  

t h e  l i n e  and by Congress t o  know whether  o r  n o t  we can have t h e  p r o j e c t .  

Of course ,  you can b a l a n c e  two extremes.  You can do n o t h i n g  i n  t h e  p lan-  

n i n g  of t h e  p r o j e c t  and hope i n  o p e r a t i o n  t o  spend a f o r t u n e  and maybe c o n t r o l  

t h e  mosquito problems; o r  you can p r o p e r l y  p l a n  and c o n s t r u c t  your  p r o j e c t ,  

spend some money h e r e ,  and c u t  down a tremendous amount on what i s  r e q u i r e d  i n  

t h e  a c t u a l  o p e r a t i o n  of t h e  p r o j e c t .  

To b e g i n  w i t h ,  p r o p e r  c l e a r i n g  o f  an a r e a  f o r  a r e s e r v o i r  i s  e s s e n t i a l .  

If your  c l e a r i n g  i s  completed t o o  soon,  you have t o  go back and do a  l o t  of 

r e b r u s h i n g ,  s o  t iming  i s  i m p o r t a n t  i n  f i t t i n g  your  c l e a r i n g  p l a n  i n t o  your  



o t h e r  p lan  of cons t ruc t ion .  You should, i f  p o s s i b l e ,  c l e a r  your r e s e r v o i r  

dur ing  t h e  win ter ;  bu t  of course,  i f  you t a k e  two o r  t h r e e  yea r s  t o  b u i l d ,  

t h i s  i s  impossible .  We know what i s  gene ra l ly  b e s t ,  but  we cannot always 

fo l low t h a t .  Other t h ings  you have t o  cons ider  i n  cons t ruc t ion  i s  t h e  con- 

t r o l  of d r i f t  and i t s  removal, t h e  d ra in ing  and a l l  permanent f i l l i n g  of 

burrow and s p o i l  a r e a s ,  and marginal  dra inage  which has  been mentioned before .  

Once t h e  p r o j e c t  i s  b u i l t ,  water  l e v e l  f l u c t u a t i o n  f o r  mosquito c o n t r o l  

i s  c r i t i c a l ;  d r i f t  removal and s h o r e l i n e  maintenance a r e  important .  As  a  

l a s t  r e s o r t ,  i f  t h e  o t h e r  systems don ' t  work, we l a r v i c i d g ,  D r .  Knight 

mentioned s u r v e i l l a n c e .  Ce r t a in ly ,  t h i s  i s  a l s o  important .  

Now, I ' d  l i k e  t o  t ake  a t y p i c a l  Corps p r o j e c t  and t e l l  you about our  p lan  

of ope ra t ion  and then go back and show you how t h i s  e i t h e r  f i t s  o r  c o n f l i c t s  

w i th  ma la r i a  c o n t r o l  without  mentioning ma la r i a  c o n t r o l  i n i t i a l l y .  I would 

l i k e  t o  use  t h e  p lan  of opera t ion  f o r  the  John H. Kerr Reservoir  which i s  

loca t ed  i n  V i r g i n i a  and North Carol ina,  j u s t  a l i t t l e  b i t  n o r t h e a s t  of he re  

on t h e  Roanoke River .  

The Kerr  Reservoi r  i s  operated f o r  f l ood  c o n t r o l ,  h y d r o e l e c t r i c  power 

genera t ion ,  r e c r e a t i o n ,  water  q u a l i t y  c o n t r o l ,  and f i s h  and w i l d l i f e  enhance- 

ment, I n  o rde r  t o  b e s t  s e r v e  t h e s e  purposes and t o  t ake  advantage of t h e  

seasona l  f low i n  the  bas in ,  we ope ra t e  i n  accordance wi th  t h e  r u l e  curve 

which I have roughly sketched on the  board here .  This o r d i n a t e  i s  t h e  

r e s e r v o i r  e l e v a t i o n  wi th  r e f e rence  t o  mean s e a  l e v e l  and t h i s  i s  months of 

t h e  year .  What we do is  have a  pool  a s  low a s  p o s s i b l e  i n  January,  In  

February and March, we f i l l  t o  t h e  top  of t h e  power pool  and then a s  an add-on, 

s i n c e  we have been i n  ope ra t ion  dur ing  Apr i l ,  we f i l l  two f e e t  above t h e  normal 

pool .  When t h e  s t r i p e d  bass  begin spawning i n  t h e  Weldon a r e a ,  we r e l e a s e  

t h i s  e x t r a  water  t o  supplement t h e  normal flows i n  t he  r i v e r  t o  make proper  

h a b i t a t  f o r  t h e  spawning s t r i p e d  bas s .  

During t h e  primary r e c r e a t i o n  season we ope ra t e  wi th  a  r e l a t i v e l y  l e v e l  

pool.  This meets t h e  needs of r e c r e a t i o n ,  I t  a l s o  g ives  us  a  f a i r l y  h igh  

head f o r  power genera t ion .  A l i t t l e  b i t  e a r l y ,  e a r l i e r  than t h e  r e c r e a t i o n i s t s  

would l i k e ,  we begin t o  pool  down our r e s e r v o i r  g radua l ly  t o  t he  low w i n t e r  

e l eva t ion .  We do t h i s  t o  use water  from s t o r a g e  t o  supplement t h e  low f lows 

which normally occur  i n  t h e  r i v e r  during t h i s  t ime and a l s o  t o  ge t  a l i t t l e  

b i t  of a d d i t i o n a l  f l o o d  c o n t r o l  s t o r a g e  so  t h a t  w e  can s t o r e  r a r e  f l o o d s  t h a t  



do occas iona l ly  occur dur ing  t h i s  season from t r o p i c a l  storms. It g ives  us  

a  l i t t l e  b i t  of e x t r a  f l ood  c o n t r o l  s t o r a g e  t h a t  we may need f o r  t h i s  purpose. 

Now how does t h i s  r u l e  curve compare wi th  ope ra t ion  f o r  what I understand 

would be t h e  i d e a l  mosquito c o n t r o l  problems? Well, f i r s t ,  be fo re  you begin 

your growing season you i n h i b i t  growth along t h e  s h o r e l i n e ,  and t h i s  i s  good 

because i t  doesn ' t  g ive  you t h e  growth i n  which t h e  water  w i l l  s t and  and 

cause you a  l o t  of mosquito problems. I t  l e s s e n s  t h e  a r e a ' s  s u i t a b i l i t y  f o r  

mosquito growth. Actua l ly ,  we keep i t  up he re  u n t i l  t h e  beginning of June, 

bu t  normally,  t h e  water  requirements a r e  g r e a t e r  than t h e  inf low s o  t h i s  

a c t u a l l y  comes down g radua l ly  during t h i s  per iod.  This  i s  good because i t  

keeps t h e  water  coming out  of t h e  a r e a  a t  a gradual  f low and does n o t  have t h e  

condi t ions  i d e a l  f o r  t he  mosquito breeding.  

The l e v e l  per iod  he re  i s  no t  good f o r  mosquito c o n t r o l ,  bu t  t h e  recrea-  

t i o n i s t s  demand it;  and t h i s  i s  a  compromise i n  t h e  o t h e r  d i r e c t i o n .  The 

gradual  p u l l  down f o r  t he  remainder of t h e  year  c e r t a i n l y  inc ludes  a consider-  

a b l e  amount of t h i s  mosquito breeding season,  and t h i s  i s  good. So you can 

s e e  t h a t  f o r  t h e  most p a r t ,  opera t ions  f o r  o the r  purposes a l s o  f i t  r i g h t  i n t o  

a n  i d e a l  p a t t e r n  f o r  mosquito con t ro l .  Nature does n o t  always permi t  u s  t o  

o p e r a t e  according t o  t h i s  r u l e  curve. This  would be i d e a l ,  bu t  we ' re  seldom 

on i t ,  We're always above o r  below. There ' s  a  p o s s i b i l i t y  we may n o t  be 

a b l e  t o  f i l l  dur ing  t h e  s p r i n g .  Ninety percent  of t h e  time we a r e  a b l e  t o  

f i l l ,  b u t  i f  we were n o t  a b l e  t o  f i l l ,  you would g e t  tremendous regrowth i n  

t h i s  span. I t  would t ake  q u i r e  a b i t  of rebrushing  and s h o r e l i n e  maintenance 

t o  overcome t h i s  problem, Qui te  o f t e n  t h e  water inf low i s  such--we do have 

minimum power demands, we have t o  l e t  s o  much water  downstream, and a l s o  water  

q u a l i t y  flows--these w i l l  exceed t h e  inf low during our  normal l e v e l  r e s e r v o i r  

per iod .  The r e c r e a t i o n i s t s  scream, but  t h e r e ' s  no th ing  we can do. Sometimes 

n a t u r e  makes i t  even b e t t e r  than we planned, i n s o f a r  as mosquito c o n t r o l  i s  

app l i ed ,  Quite  f r equen t ly ,  I ' d  say,  i f  t h e  r a i n  were a  l i t t l e  harder  o r  l a s t e d  

a  l i t t l e  l onge r ,  we would be on schedule,  

I th ink  DDP Ashton does fo l low us q u i t e  c l o s e l y ,  and he does know t h a t  we 

do have problems a t  t imes,  Sometimes we go a  l i t t l e  b i t  overboard i f  t h e  

r e c r e a t i o n  people r i d e  us a  l i t t l e  b i t  too hard o r  something. We tend t o  

d r i f t  a  l i t t l e  b i t  away from what we know i s  b e s t ,  and t h e  mosquitoes know; 

they j u s t  t ake  advantage of t h e s e  l a x e s  on our  p a r t ,  and they l e t  us  have it 

so  we do have t o  keep an eye on a l l  t h e  purposes and t r y  t o  h i t  a  happy medium 

s o  t h a t  no one s u f f e r s  too much f o r  the  advantage of t h e  o t h e r s ,  



We a r e  cons t an t ly  reviewing our  p l a n  of o p e r a t i o n  f o r  t h i s  and a l l  

p r o j e c t s .  We're always looking f o r  sugges t ions ;  and hopefu l ly ,  w e  a r e  opera t -  

i ng  i n  such a way t h a t  we do meet--as w e l l  as possible-- the needs of a l l  t h e  

i n t e r e s t s .  

Ques t ion :  What kind of l a r v i c i d e  do you use?  

Answer: Right  now we're us ing  Abate i n  t h e  g ranu la r  form. 

Ques t ion :  How i s  i t  app l i ed?  

Answer: By a i r p l a n e  f o r  t he  most p a r t .  

Question: I s n ' t  t h e r e  some agreement t o  main ta in  Lake Gaston a t  some l e v e l ?  

How does t h a t  a f f e c t  your program? 

Answer: Gaston was b u i l t  subsequent t o  John H. Kerr.  The l a t t e r  i s  a s t o r a g e  

p r o j e c t ,  and Gaston is more a run-of-r iver ,  bu t  i t ' s  b u i l t  s o  t h a t  j u s t  what 

we r e l e a s e  from Kerr  is j u s t  what they need t o  r e l e a s e  from Gaston. So w e  

d o n ' t  r e l e a s e  i t  t o  f i l l  Gaston. I t  j u s t  s o  happens t h a t  what w e  r e l e a s e  f o r  

our power requi rementskeeps  Gaston f u l l .  So VEPCO f o r  t h e  most p a r t  c o n t r o l s  

t he  r e l e a s e s  of bo th  s o  f a r  as power i s  concerned. 1 t ' s  n o t  planned t o  keep 

Gaston f u l l .  Gaston was j u s t  b u i l t  so  t h a t  i t  would s t a y  f u l l .  1 t1s n o t  a 

s t o r a g e  p r o j e c t  a t  a l l .  

Question: Where t hey 've  made t h e s e  t h r e e  impoundment surveys because of t h e  

mosquito popula t ion ,  do they s t i l l  do t h a t ?  

Answer: No, we s t a r t e d  when I was a t  Bugs I s l a n d .  I j u s t  wonder what t h e  

r e s u l t s  were a f t e r  they impounded. 

Comment: The peak f o r  t h e  p a s t  few yea r s  f l u c t u a t e d  between t h e  middle  of 

Ju ly  and t h e  f i r s t  week i n  August. For s e v e r a l  yea r s  t h e r e  has  been a peak 

of "quads." The only  t h ing  t h a t  they haven ' t  been doing down t h e r e  t h a t  I 

would l i k e  t o  s e e  done i s  more s h o r e l i n e  c l ea rance .  Some of t h a t  p l a c e  i s  

r e a l l y  coming i n .  

Answer: Well, we would l i k e  t o  do more, bu t  someone has  mentioned t h e  funds 

l i m i t a t i o n .  We do what we can wi th  what we have and hope t o  g e t  by. 

Comment: I t h i n k  Kerr and VEPCO have done a very  good job. 

Question: Do we need t o  know anything about t h e  grade on t h e  edge of a 

r e s e r v o i r ?  Is t h a t  impor tan t?  

Answer: Yes, i t  i s ,  and a t  Kerr  you have--take your choice,  you 've g o t  some 

p r a c t i c a l l y  v e r t i c a l  banks and some broad, f l a t  a r ea s .  I n  your broad, f l a t  

a r e a s  you p r e t t y  much have t o  count on some d i t c h i n g .  We d i d  do marginal  



dra inage ;  I b e l i e v e  i t  was j u s t  a f t e r  they f i l l e d .  C e r t a i n l y ,  i f  you have a 

s t e e p  bank and g e t  some wave a c t i o n ,  you've g o t  no problem. But i f  ~ o u ' v e  

g o t  broad f l a t  a r e a s ,  you ' r e  more a p t  t o  g e t  some l u s h  growth. You w i l l  g e t  

some weed growth even w i t h  t h i s  e a r l y  f l ood ing  and then  a p u l l  down.   hat's 

n o t  l i k e  your woody growths t h a t  you g e t  i f  you do n o t  g e t  t h e  water  up t h e r e  

a t  t h e  beginning of t h e  growing season.  I n c i d e n t a l l y ,  a t  Kerr w e  are p l an t -  

i n g  some cypress  and doing some o t h e r  f o r e s t a t i o n  hoping t o  t ake  advantage of 

t h e  he lp  t h a t  might be  i n  some of t h e s e  f l a t  a r e a s  t h a t  was mentioned t h i s  

morning . 
Question: How does t h a t  compare wi th  Gaston? 

Answer: I know they a l s o  u se  Abate, and I t h i n k  a l o t  more of i t  than we have 

used. I t  does show t h a t  t h e  cons t an t  l e v e l  does have some good advantages.  

Question: Have you eve r  had any evidence t h a t  Abate causes  any problems t o  

t h e  f i s h  and o t h e r  non-target  organisms? 

Answer: I ' v e  never  heard of anything.  

Question: Well, I haven ' t  eve r ,  e i t h e r ,  but  I j u s t  wondered. 

Answer: No, s i r ,  I know o f  no problems. I th ink  they use i t  p r e t t y  heavy a t  

Gas ton ,  

Comment: It takes  i t .  The flow s t a y s  p r e t t y  much t h e  same. Roanoke Rapids 

Lake f l u c t u a t e s  as much a s  t h r e e  f e e t  i n  a day, bu t  Gaston f l u c t u a t e s  maybe a 

f o o t  a yea r .  

Comment: 1 t ' s  almost  a complete l a r v i c i d i n g  c o n t r o l  t h e r e .  

Ques t ion :  Have they  e v e r  used any DDT around t h e r e ?  What do they use  p r i m a r i l y  

t o  aba t e  t h i s ?  

Answer: Malathion. I d o n ' t  know about DDT. 

Comment: VEPCO used some DDT f o r  a s h o r t  whi le ,  bu t  they d i d n ' t  have a r e a l  

going program a t  t h a t  t i m e .  

Comment: The reason I asked i s  t h a t  w e  spen t  two y e a r s  t r y i n g  t o  develop a 

r e s i s t a n t  s t r a i n  of quadrimaculatus  t o  DDT. I n  s p i t e  of every th ing  w e  d id ,  

we couldn ' t  g e t  them r e s i s t a n t  t o  t h i s .  Up a t  Clark H i l l  they 've  been us ing  

DDT i n  t h e  r e s e r v o i r ,  and they 've  g o t  a l s o  t h e  "quads." A f t e r  s i x  yea r s  o f  

use ,  t h e y ' r e  j u s t  a s  r e s i s t a n t  a s  t h e  d e v i l  t o  DDT. Then they switched t o  

malathion and haven ' t  had any problem s i n c e .  It j u s t  shows t h a t  an engineer  

can develop a r e s i s t a n t  s t r a i n  b e t t e r  than an en tomologis t .  
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I ' m  very p leased  t o  be here ,  and I ' v e  enjoyed myself very much up t o  t h i s  

p o i n t .  I ' v e  been a  l i t t l e  confused as t o  what 1 ' m  doing here .  I don ' t  know 

whether I was i n v i t e d  t o  inform people o r  t o  be informed. I hope i t ' s  t h e  

l a t t e r .  1 ' m  no t  i n  a  very good p o s i t i o n ,  I th ink ,  t o  inform you very much, 

p a r t i c u l a r l y  i n  mosquito c o n t r o l .  I have been f i n d i n g  myself i n  r a t h e r  s e r i o u s  

d i f f i c u l t y  t r y i n g  t o  g e t  on some common ground wi th  the  people here .  I ' m  very 

impressed w i t h  the  r e l a t i v e l y  l a r g e  number of e x c e l l e n t  s p e c i a l i s t s  of one s o r t  

o r  another .  You see ,  my working t i t l e  i s  Planning Coordinator,  bu t  my c l a s s i -  

f i c a t i o n  t i t l e  i s  S o i l  Conserva t ionis t ,  and t h i s  i s  a g e n e r a l i s t ' s  job. So I 

went down s e v e r a l  t r a c k s  of t h i s  s o r t  t o  t r y  and f i n d  common ground. Frankly, 

you and I, D r .  Knight, have one t h i n g  i n  common; i t ' s  t h e  only th ing  I can 

f i n d .  We've both been i n  North Caro l ina  about two yea r s .  I n  f a c t ,  t h i s  week 

i s  my second anniversary  i n  North Carol ina.  

Let me make some gene ra l  comments about t he  S o i l  Conservation Serv ice  and 

what we do and what we don ' t  do. The S o i l  Conservation Se rv i ce  i s  t h e  a c t i o n  

and implementation agency of t h e  Department of Agr i cu l tu re  i n  t h i s  whole broad 

f i e l d  of conserva t ion ,  development, and management of s o i l  and water  resources ,  

This  assignment t o  t h e  agency along wi th  our  very d i r e c t  and h ighly  developed 

working r e l a t i o n s  wi th  s o i l  and water  conserva t ion  d i s t r i c t s  i n  t h e  s t a t e  

provide f o r  a  broad and r a t h e r  a c t i v e  program a f f e c t i n g  s o i l  and water  resources ,  

We have personnel  ass igned  i n  each of t h e s e  l o c a l  u n i t s ,  s o i l  and water  conser- 

va t ion  d i s t r i c t s ;  t h e s e  people a r e  t r a i n e d  and, we hope, h ighly  competent i n  

t h e  f i e l d  of s o i l  and water  resources  planning and a p p l i c a t i o n  of t h e  va r ious  

measures. 

We do a l l  k inds  of planning,  and we involve  a l l  k inds  of people.  We can 

d e a l  wi th  and p lan  wi th  l o c a l  owners of land,  and t h i s  i s  t r u e  p a r t i c u l a r l y  

of farmers .  We work wi th  va r ious  and sundry groups; we can work wi th  planning 

commissions, g e t  i n  t h e  broad a r e a  of planning of p a r t s  of count ies  o r  coun t i e s  

o r  s e v e r a l  count ies ,  and we g e t  involved wi th  l o c a l  u n i t s  of government--cit ies,  

townships, counties--and a r e  involved i n  va r ious  ways wi th  many s t a t e  andaother  

f e d e r a l  agencies .  We can a s s i s t  i n  planning f o r  an i n d i v i d u a l  owner, an 

i n d i v i d u a l  t r a c t  of land,  o r  we can be involved i n  very  broad planning.  



I ' d  l i k e  t o  mention,  too--I s u s p e c t  t h i s  i s  as good a p l a c e  a s  any-- that  

w i t h i n  t h e  v a r i o u s  t h i n g s  we do i n  t h e  S o i l  Conserva t ion  S e r v i c e ,  we have no 

a u t h o r i t y  f o r  d e c i s i o n s .  Someone e l s e  owns t h e  l a n d ,  and t h e  landowner is  t h e  

guy t h a t  does  make d e c i s i o n s ,  whether  i t ' s  a n  i n d i v i d u a l  farm o r  whe ther  i t ' s  

owned by a county,  a c i t y ,  o r  someone else. So i f  you want t o  t a l k  t o  some- 

body i n  a u t h o r i t y ,  why come s e e  u s ?  I have as l i t t l e  a u t h o r i t y  as anybody you 've  

e v e r  seen i n  your whole l i f e .  

Within  t h i s  framework t h e n ,  we had t o  develop a c o n s i d e r a b l e  amount of 

e x p e r t i s e  i n  conv inc ing  peop le  t h a t  i t ' s  a good i d e a  t o  do something.  We t h e n  

g e t  deep ly  i n v o l v e d  a f t e r  working on t h e  b a s i s  of p lann ing  v a r i o u s  t h i n g s  t h a t  

would be  good f o r  s o i l  and w a t e r  r e s o u r c e s .  We g e t  invo lved  i n  a s s i s t i n g  and 

h e l p i n g  t o  b u i l d  o r  i n s t a l l .  1'11 n o t  g e t  i n t o  a g r e a t  b i g  long-winded d i s s e r t a -  

t i o n  on t h i s  s u b j e c t .  Ih v e r y  p l e a s e d  w i t h  t h e  f a c t  t h a t  you are s p e c i a l i s t s  

s o  I ' l l  n o t  t r y  t o  g e t  you t r a i n e d  as s o i l  c o n s e r v a t i o n i s t s  and s l i p  you o v e r  

i n t o  t h e  g e n e r a l i s t ' s  f i e l d .  you 'd  b e t t e r  s t a y  a s p e c i a l i s t  because  from what 

I ' v e  heard ,  w e ' r e  going t o  need you and your  competence f o r  a l o n g  t i m e  i n  t h e  

f u t u r e ,  p a r t i c u l a r l y  as t h i s  a p p l i e s  t o  mosqui to  c o n t r o l .  We a r e  i n v o l v e d  i n  

a r e l a t i v e l y  l a r g e  number of p r a c t i c e s  o r  measures  o u t s i d e  of mosqui to  con- 

t r o l ,  p a r t i c u l a r l y  i n  c o n t r o l  of s o i l  e r o s i o n ,  w a t e r  r u n o f f ,  and t h i s  s o r t  o f  

t h i n g .  We a r e  i n v o l v e d  i n  c o n s t r u c t i o n  of ponds and l a k e s  and r e s e r v o i r s ,  o v e r  

and above e r o s i o n  c o n t r o l ,  t h a t  a r e  r u n o f f  c o n t r o l  measures.  We do g e t  i n t o  

channel  c o n s t r u c t i o n ,  d i t c h  c o n s t r u c t i o n ,  e t c .  from small d i t c h e s  up t o  a t  

l e a s t  f a i r l y  good s i z e d  s t reams .  I s u s p e c t  t h a t  t h e  ponds, l a k e s ,  r e s e r v o i r s ,  

and t h e  channe l s  would be  t h e  t h i n g s  where we'd b e  p r i m a r i l y  i n v o l v e d  i n  t h i s  

m a t t e r  of e f f e c t s  upon mosquito control--good, bad o r  i n d i f f e r e n t .  I t h o u g h t  

maybe t h i s  i s  where I s h o u l d  speak  a l i t t l e  more s p e c i f i c a l l y ,  

When we t a l k  abou t  ponds,  dams, r e s e r v o i r s ,  l a k e s ,  e t c . ,  we a r e  always 

i n v o l v e d  i n  t h i s  k i n d  o f  p l a n n i n g  f o r  a s p e c i f i c  purpose .  I f  we a r e  i n t e r e s t e d  

i n  one purpose ,  t h e n  i t  i s  planned and des igned  i n  a p a r t i c u l a r  manner. I f  

w e ' r e  i n v o l v e d  w i t h  more t h a n  one purpose ,  t h e n  you may g e t  i n t o  c o n f l i c t s  of 

how do you do t h i s  t h i n g  and s a t i s f y  more t h a n  one s p e c i f i c  need o r  more t h a n  

one s p e c i f i c  purpose .  I would u s e  r e s e r v o i r  p l a n n i n g  as an  example,  I f  t h e  

on ly  t h i n g  i n v o l v e d  i s  temporary s t o r a g e  of f l o o d  w a t e r ,  t h e n  t h e r e  i s  a 

r e l a t i v e l y  small permanent p o o l ,  i f  you want t o  u s e  t h a t  term,  b u t  t h i s  p o o l  i s  

invo lved  o n l y  w i t h  sed iment  storage--we p u t  w a t e r  i n  t h i s  area because  i t  i s  a 

more e f f i c i e n t  t r a p  of sed iment ,  That ,  t h e n ,  i s  t h e  purpose  of t h i s  small 



poo l  of water  be ing  t h e r e .  We p l an  t h e  r e s e r v o i r s  s o  t h e r e  i s  s u f f i c i e n t  

capac i ty  t o  s t o r e  t h i s  sediment t h a t  w i l l  accumulate.  We t h i n k  i t ' s  more 

e f f i c i e n t  t o  pu t  i t  t h e r e  than  t o  l e t  i t  go down t h e  stream and have someone 

e l s e  worry about  g e t t i n g  i t  out  downstream somewhere. I f  w e  have r e s e r v o i r s  

i n  which t h e r e  i s  a  permanent pool  o r  a d d i t i o n a l  permanent pool s t o r a g e  f o r  

some b e n e f i c i a l  use ,  then you can ge t  i n t o  q u i t e  a v a r i e t y  of cons ide ra t i ons .  

I f  we ' re  i n t e r e s t e d  i n  waterfowl,  f o r  i n s t a n c e ,  I t h i n k  t h e  major c r i t e r i a  

i s  you want a s  much shal low water a s  pos s ib l e .  I suspec t  a  maximum of two 

f e e t ;  t h a t  would be  real good i f  we could g e t  a  l a r g e  a r e a  of water  a t  t h i s  

depth.  On t h e  o t h e r  hand, i f  y o u ' r e  planning t h i s  b e n e f i c i a l  pool  f o r  f i s h i n g ,  

then you need as much water  a s  you can g e t  i n  excess  of s i x  t o  e i g h t  f e e t  deep. 

I f  r e c r e a t i o n  i s  t h e  purpose,  then you want t h e  maximum m o u n t  of s u r f a c e  a r ea .  

I f  water  supply is  t h e  purpose, then  you want maximum volume wi th  minimum 

s u r f a c e  a r e a  s o  t h a t  you have a s  l i t t l e  problem as p o s s i b l e  wi th  t h e  l o s s  of 

water through evapora t ion .  

I th ink  t h a t  from t h e s e  few very  s imple i l l u s t r a t i o n s  t h a t  when you g e t  

i n t o  mult iple-purpose p lanning ,  you can have some h ighly  incompatible  purposes ,  

uses ,  and des ign  c r i t e r i a ,  You c a n ' t  accomplish them a l l .  Sometimes, I sus- 

p e c t ,  we go a  l i t t l e  t oo  f a r  i n  t a l k i n g  about t h e  tremendously f i n e  advantages 

of mult iple-purpose planning of r e s e r v o i r s e  I ' v e  about  convinced myself t h a t  

maybe t h i s  i s  no t  even a  good way t o  t a l k  about i t .  I t h i n k  maybe w e  ought 

to--if somebody could come up w i t h  another  term, I would a p p r e c i a t e  i t - -bu t  I 

t h i n k  we should r e a l l y  g e t  i n t o  t h e  bus iness  of p lanning  f o r  some primary 

purpose and then secondary purposes .  Many, many th ings  can be considered.  

You can g e t  s u f f i c i e n t  s t o r a g e  f o r  f l ood  wa te r ,  which i n  our ope ra t i ons  a r e  

only temporary s t o r a g e .  W e  do n o t  g e t  i n t o  ga ted  s t r u c t u r e s  o r  manually con- 

t r o l l e d  s t r u c t u r e s  except  i n  very  rare in s t ances .  We can have a  r e s e r v o i r  

w i th  t h e  maximum amount of shal low water  so  t h a t  i t ' s  very good f o r  waterfowl 

and t h e r e  w i l l  b e  some l e f t  over  where t h e r e ' s  enough depth t h e r e  can be  some 

f i s h i n g .  This  sounds r e a l  good on paper.  Then w e  have a t r ip le -purpose  

r e s e r v o i r ,  f l o o d  water ,  waterfowl,  f i s h i n g ,  and I th ink  t h a t  some of t he se  

must s u f f e r .  You cannot p l a n  i d e a l l y  f o r  a l l  of t h e s e  k inds  of t h i n g s ,  

We g e t  i n t o  t h e  same kind of cons ide ra t i on  when y o u ' r e  t a l k i n g  about  plan- 

n ing ,  des ign ing ,  and cons t ruc t ing  channels .  I f  t h e  only purpose t o  be se rved ,  

t h e  on ly  t h ing  we ' re  t r y i n g  t o  accomplish i s  f l ood  prevent ion ,  then t h e  most 

e f f i c i e n t  and economical des ign  i s  a  s t r a i g h t  channel w i th  a  uniform bottom 



grade ;  dep th  i s  n o t  an  i m p o r t a n t  c o n s i d e r a t i o n  o r  c r i t e r i o n .  When we add d r a i n -  

age  as a  purpose ,  w e ' r e  going t o  b e  e f f i c i e n t  i n  d i s c h a r g i n g  f l o o d w a t e r s  and 

a l s o  p r o v i d e  f o r  d r a i n a g e .  We u s e  t h e  same g e n e r a l  c r i t e r i a  excep t  t h a t  we add 

dep th  t o  i t .  We have t o  u s e  t h e  minimum d e p t h  of f i v e  f e e t ,  s o  t h a t  you can 

remove e x c e s s  w a t e r  from t h e  s o i l  p r o f i l e ,  and you can do a n  e f f i c i e n t  j o b  of 

farming. As you add o r  p l a n  f o r  o t h e r  purposes ,  you g e t  i n t o  d i f f e r e n t  k i n d s  

of d e s i g n  c r i t e r i a .  You may p u t  i n  e x t r a  dep th  j u s t  t o  p r o v i d e  w a t e r  f o r  f i s h ;  

o r  w e ' l l  c o n s t r u c t  from one s i d e  on ly  and l e a v e  t h e  cover  o f  t r e e s  i f  w a t e r  

t empera tu re  i s  a c r i t i c a l  p o i n t  so  you have shade  and t h e  w a t e l  d o e s n ' t  g e t  as 

h o t .  I t ' s  a l i t t l e  on t h e  d i f f i c u l t  s i d e  a g a i n  when you g e t  i n t o  c h a n n e l s  t o  

accomplish  a l l  o f  t h e s e  purposes  i n  an i d e a l  manner. We can do a p r e t t y  d e c e n t  

j o b  i f  we d o n ' t  g e t  t o o  many purposes  and i f  t h e s e  purposes  d o n ' t  c o n f l i c t  w i t h  

one a n o t h e r .  

I n  g e n e r a l ,  a l l  of t h e s e  t h i n g s  can b e  c o n s i d e r e d ,  and we do c o n s i d e r  them. 

A s  we g e t  i n t o  a d d i t i o n a l  purp&es--now we ' re t a l k i n g  abou t  mosqui to  con t ro l - -  

I t h i n k  t h a t  we have two t h i n g s  going f o r  u s  t h e r e ,  p a r t i c u l a r l y  i n  t h e  l a k e s ,  

r e s e r v o i r s ,  o r  ponds w e ' r e  p lann ing .  Except i n  v e r y  few i n s t a n c e s ,  o u r  b a s i c  

d e s i g n  c r i t e r i a  h e r e  p r o v i d e  f o r  a f l u c t u a t i n g  w a t e r  l e v e l .  I t ' s  n e v e r  s t e a d y .  

We were  t a l k i n g  a b o u t  Lake Gaston v a r y i n g ,  what d i d  you s a y ,  a f o o t  p e r  y e a r  o r  

something? I d o n ' t  t h i n k  we've e v e r  been i n v o l v e d  w i t h  a r e s e r v o i r  t h a t  had 

f l u c t u a t i o n  as low a s  t h a t .  The o t h e r  t h i n g  i s  a  m a t t e r  of n o t  h a v i n g  s h a l l o w  

w a t e r  around t h e  edge even i n  s m a l l  farm ponds. I n  t h e s e  s i t u a t i o n s  we t r y  t o  

c u t  ou t  around t h e  edge where i t  o t h e r w i s e  i s  sha l low,  and we l i k e  f o r  i t  t o  

be  a t  l e a s t  two f e e t  deep as q u i c k l y  as p o s s i b l e  around t h e  edge.  Th is  s o r t  
J 

of t h i n g ,  t h e n ,  does  p r o v i d e  f o r  a c o n s i d e r a b l e  d e g r e e  of f l u c t u a t i o n  i n  t h e  

w a t e r  s u r f a c e  which works i n  p r e t t y  w e l l  w i t h  mosquito c o n t r o l .  

I ' d  s a y ,  then ,  t h a t  i n  g e n e r a l  terms t h e  t h i n g s  t h a t  we do could  have,  

under  some c o n d i t i o n s ,  a n e g a t i v e  e f f e c t  on mosquito c o n t r o l .  We have h i g h  

hopes  t h a t  t h f s  i s  n o t  s o .  I f  we know about  t h i s  and i t  becomes a s p e c i f i c  

need,  t h e n  we can p l a n  and d e s i g n  f o r  i t ;  o r  a t  l e a s t  i n  t h e  p a s t ,  w e  have been 

a b l e  t o  respond t o  d i f f e r e n t  needs  and d i f f e r e n t  purposes .  I hope t h a t  we can 

c o n t i n u e  t o  be  a t  l e a s t  as smar t  as we need t o  be  t o  c o n s i d e r  o t h e r  needs  and 

purposes  i n  t h e  f u t u r e .  

Other  t h a n  t h f s ,  Dr. Knigh t ,  I d o n ' t  know what e l s e  we can say  about  t h e  

o p e r a t i o n  and a c t i v i t i e s  of t h e  S o i l  Conservat ion S e r v i c e  as i t  relates t o  

mosquito c o n t r o l .  I f  t h e r e  a r e  q u e s t i o n s ,  1 ' d  be  happy t o  t r y  t o  answer them. 



Comment: When I was i n  Iowa, I had a s t u d e n t  r u n  a  s t u d y  of farm ponds j u s t  

f o r  a r e s e a r c h  problem, and I ' v e  f o r g o t t e n  now how many h e  had,  b u t  twen ty- f ive  

o r  t h i r t y ,  I suppose,  and t h e  amount o f  mosquito b r e e d i n g  we found was d i s -  

a p p o i n t i n g  t o  me. I thought  t h e r e ' d  be  more of a  problem t h a n  t h e r e  was, 

E s s e n t i a l l y ,  o u t  t h e r e  we found maybe a few c u l i c a d a e  i n o r n a d a  b r e e d i n g  where 

weed and emergence v e g e t a t i o n  was growing i n  s h a l l o w  a r e a s .  By and l a r g e ,  

a p p a r e n t l y ,  you f o l k s  do b u i l d  t h e  f e a t u r e  of r a t h e r  r a p i d  drop-off  and essen-  

t i a l l y  we found no problems. I d o n ' t  know whether  t h a t ' s  t r u e  i n  North C a r o l i n a  

o r  n o t .  

Ques t ion :  What p r o v i s i o n s  a r e  made f o r  w a t e r  r e g u l a t i o n ?  

Answer: Our b a s i c  d e s i g n  c r i t e r i a  f o r  t h e  u s e  of v e g e t a t i v e  emergency s p i l l w a y  

p r o v i d e s  f o r  a  c e r t a i n  amount of s t o r a g e  between t h e  l e v e l  of t h e  pond and t h e  

emergency s p i l l w a y  t o  p r o t e c t  t h e  s p i l l w a y .  With a v e g e t a t i v e  s p i l l w a y ,  i f  you 

have w a t e r  f lowing  through i t  e v e r y  y e a r ,  i t  k i l l s  t h e  v e g e t a t i o n ,  and you have 

d i f f i c u l t y  g e t t i n g  v e g e t a t i o n  t o  grow. So our  c r i t e r i a  c a l l  f o r  l a r g e r  t h a n  

one-year f requency  s t o r a g e ,  An emergency i s n ' t  u s e d . i n  any d e s i g n  more o f t e n  

t h a n  once i n  t e n  y e a r s ,  and most r e s e r v o i r s  of any s i z e  a r e  p rov ided  w i t h  

more t h a n  t en-year  f requency  s t o r a g e .  I n  wa te r shed  p r o j e c t s  we have no emer- 

gency s p i l l w a y  planned t o  o p e r a t e  more t h a n  once i n  f i f t y  y e a r s - - f i f t y - y e a r  

s to rms  i s  a b e t t e r  way of  s a y i n g  i t ,  The h y d r o l o g i s t s  l i k e  t o  t a l k  about  a  two 

p e r c e n t  chance,  Sometimes t h a t ' l l  happen twice  i n  one y e a r .  

Quest ion:  You do o p e r a t e  a s  an  e x t e n s i o n  s e r v i c e  i n  a way? 

Answer: Wel l ,  y e s ,  t o  a degree  because  we a r e  i n  c o n t a c t  w i t h  a tremendous 

number of landowners,  o p e r a t o r s ,  and u s e r s .  We're f o r c e d  i n t o  i t ,  g e n e r a l l y  

speak ing .  The A g r i c u l t u r a l  Ex tens ion  S e r v i c e  i s  a s s i g n e d  t h e  r e s p o n s i b i l i t y  of 

a f o r m a l  program of i n f o r m a t i o n  and e d u c a t i o n .  We have nobody on t h e  p a y r o l l  

who was h i r e d  because  h e  had a b i l i t y  i n  t h i s  a r e a .  w e ' r e  a l l  h i r e d  because  of 

some t e c h n i c a l  s p e c i a l t y  which does  c a u s e  c o m p l i c a t i o n s .  We're n o t  t o o  good 

i n  p u b l i c  r e l a t i o n s ,  r e a l l y .  At l e a s t  I d o n ' t  t h i n k  w e  a r e .  

Quest ion:  Most of y o u r  programs do have m o t i v a t i o n  i n  t h e  way of s u b s i d i e s ,  

d o n ' t  they?  

Answer: Yes. ~ ' m  n o t  s u r e  how we d e f i n e  s u b s i d y ,  b u t  a s  f a r  a s  1 ' m  concerned,  

t h e  t e c h n i c a l  a s s i s t a n c e  w e ' r e  p r o v i d i n g  i s  made a v a i l a b l e  through p u b l i c  f u n d s  

s o  t h i s  i s  a s u b s i d y  of a s o r t ;  t h a t ' s  c o r r e c t .  Th i s  i s  a  b i g  advantage.  I 

worked f o r  y e a r s  i n  I n d i a n a ,  and f o r  r e a s o n s  I ' v e  n e v e r  been a b l e  t o  u n d e r s t a n d  

d r a i n a g e  of farmland i n  I n d i a n a  i s  a b s o l u t e l y  c r i t i c a l  and impor tan t .  To f i n d  



a p r i v a t e  c o n s u l t a n t  f i r m  working i n  t h i s  f i e l d  is  imposs ib le .  I n  f a c t ,  t h e  

few t h a t  are t h e r e  now a r e  peop le  who worked f o r  u s  and t h e n  e i t h e r  r e t i r e d  

o r  q u i t  o r  something.  T h i s  h a s  been t r u e  t h e r e  e v e r  s i n c e  t h e  word go. A 

county s u r v e y o r  g e t s  i n t o  d r a i n a g e  work up t h e r e ;  t h a t ' s  a p r e t t y  common t h i n g .  

So t h e y ' r e  g u s t  p l a i n  and s imply accustomed t o  some p u b l i c  f u n d s  b e i n g  a v a i l a b l e  

t o  s e r v e  t h i s  purpose .  Frankly ,  I t h i n k  i t ' s  a p r e t t y  l o u s y  way t o  o p e r a t e ,  

b u t  I d o n ' t  p ropose  t o  change h a b i t s  something o v e r  a hundred y e a r s  o ld .  I ' m  

n o t  t h a t  a m b i t i o u s ,  But y o u ' r e  r i g h t ;  t h e r e ' s  a tremendous amount of s u b s i d i e s  

invo lved ,  We hope t h a t  i t ' s  good. We g e t  a l l  k i n d s  of s t u d i e s  made as a 

r e s u l t  of work t h a t ' s  b e i n g  done; somebody makes more income and h a s  t o  pay more 

income t a x  and t h e n  they  c la im,  "Okay, how about  t h a t ,  we came o u t  ahead." 

Don't  a s k  m e  i f  t h a t ' s  r i g h t  o r  n o t .  

Q u e s t i o n :  Do you make surveys  anywhere o t h e r  t h a n  where you have a program? 

Answer: Well ,  y e s ,  we would n o t  be  invo lved  i n  a n y t h i n g  u n l e s s  t h e r e  had been 

a f o r m a l  r e q u e s t  of some t y p e  made. P r i m a r i l y ,  i n d i v i d u a l  t r a c t s  of l a n d  

would be p r i m a r i l y  t h e  r e q u e s t  o f  t h e  s o i l  and w a t e r  c o n s e r v a t i o n  d i s t r i c t .  

And t h e n  we a r e  p r o v i d i n g  a s s i s t a n c e  t o  t h i s  l o c a l  u n i t  of t h e  government. 

Ques t ion :  To t h e  d i s t r i c t  o f f i c e ?  

Answer: That  i s  c o r r e c t .  With v e r y  r a r e  e x c e p t i o n s  we have no  a u t h o r i t y  t o  

p r o v i d e  d i r e c t  f e d e r a l  a s s i s t a n c e  t o  a landowner.  The d i s t r i c t  and t h e i r  

program f o r  how t h e y ' r e  going t o  h a n d l e  s o i l  and w a t e r  r e s o u r c e s  a c t i v i t i e s  

w i t h i n  t h e i r  j u r i s d i c t i o n  g u i d e s  our  program. One way of s a y i n g  i t  i s  we d o n ' t  

r e a l l y  have a program; w e ' r e  o p e r a t i n g  from someone e l s e ' s  program, i n  t h i s  

c a s e  t h e  s o i l  and w a t e r  c o n s e r v a t i o n  d i s t r i c t .  

Quest ion:  Then, a f t e r  you 've  made t h e  su rvey  and p r e p a r e d a s u r v e y  r e p o r t ,  

w i l l  t h e s e  r e p o r t s  be  a v a i l a b l e  t o  anybody? 

Answer: Anything t h a t  we do ends  up be ing  done w i t h  p u b l i c  f u n d s ,  s o  i t  i s  

p u b l i c  i n £  o r m a t i  on. 

Comment: Wel l ,  I ' v e  used your  r e p o r t s  i n  t h r e e  d i f f e r e n t  a r e a s  and have found 

many answers  i n  t h o s e  r e p o r t s  t h a t  made v e r y  much s e n s e .  

Answer: If we have t h e  in format fon ,  i t  is a v a i l a b l e .  We t r y  t o  manage t h i s  a 

l i t t l e  b i t ,  We have tremendous numbers of p e o p l e  who do n o t  have an i n t e r e s t  

coming i n  and a s k i n g  f o r  t h i s ,  t h a t ,  and t h e  n e x t  t h i n g  on t h e  b a s i s  of j u s t  

s e e i n g  what i t  l o o k s  L ike ,  B a s i c a l l y ,  t h e  work we do i s  done w i t h  p u b l i c  f u n d s  

s o  i t  i s  p u b l i c  in format fon .  Anybody who h a s  a r e a l  i n t e r e s t ,  w e ' r e  happy t o  

respond.  T h a t ' s  what w e ' r e  i n  b u s i n e s s  f o r .  
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Th is  p a n e l  d i s c u s s i o n  began w i t h  t h e  s t a t e m e n t  t h a t  t h e  i n t e r e s t s  r e p r e -  

s e n t e d  on t h i s  p a n e l  would keep i n  mind t h e i r  r e l a t i o n s h i p  t o  mosqui to  c o n t r o l  

a c t i v i t i e s .  I a s s u r e  you t h a t  t h e  D i v i s i o n  of Commercial and S p o r t s  F i s h e r i e s  

does .  Our r e l a t i o n s h i p  i s  t h a t  of two similar d i s l i k e s ;  one t o  be  chewed upon 

by mosqui toes ,  t h e  second t o  be  chewed upon by peop le .  I n  t h e  c o u r s e  of b o t h  

o u r  a c t i v i t i e s  w e  sometimes g e t  chewed on by b o t h  groups .  With t h i s  thought  

i n  mind I would l i k e  t o  b r i e f l y  o u t l i n e  t o  you some of  t h e  t h i n g s  t h i s  D i v i s i o n  

is  invo lved  i n  which r e l a t e  t o  t h e  a c t i v i t i e s  of mosqui to  c o n t r o l ,  problems 
J 

r e s u l t i n g  from mosquito c o n t r o l  work, and o t h e r  problems t h a t  may come up i n  

t h e  f u t u r e .  

A s t a t u t e  passed  by t h e  1965 l e g i s l a t u r e  r e q u i r e d  r e g i s t r a t i o n  o f  c l a i m s  

of ownership t o  submerged l a n d s  i n  t h e  s t a t e .  A s t r i c t  i n t e r p r e t a t i o n  o f  t h i s  

law would r e q u i r e  r e g i s t r a t i o n  of a l l  mosqui to  d i t c h e s ,  a s  w e l l  as a l l  d r a i n a g e  

c a n a l s .  It i s  obvious  t h a t  t h i s  was v e r y  unpopular  w i t h  t h o s e  f a c e d  w i t h  t h e  

t a s k  of f i l i n g  t h e s e  c l a i m s  f o r  d r a i n a g e  d i t c h e s  and mosqui to  c o n t r o l  d i t c h e s ,  

e s p e c i a l l y  when t h e  i n t e n t  of t h e  s t a t u t e  was t o  r e c e i v e  c la ims  of ownership 

t o  o y s t e r  beds .  Th is  i m p l i c a t i o n  t o  f u t u r e  mosqui to  c o n t r o l  work is  p l a i n .  

I know M r .  McCotter h a s  had some i n q u i r i e s  i n  t h i s  r e g a r d  and probably  

M r .  Oates a l s o .  

Based on t h e  s t a t u t e s  t h a t  we now have on t h e  books,  I t h i n k  i t  i s  v e r y  

n e c e s s a r y  t h a t  we g e t  t o g e t h e r  and work toward b e t t e r  communication. Concern- 

i n g  t h i s  m a t t e r ,  t h e r e  i s  something t h a t  we need t o  do now b e f o r e  t h e  n e x t  

s e s s i o n  of t h e  l e g i s l a t u r e .  I would c e r t a i n l y  h a t e  t o  s e e  any l e g i s l a t i o n  

come f o r t h  on t h i s  m a t t e r  wi thou t  t h e  a f f e c t e d  s t a t e  and l o c a l  a g e n c i e s  b e i n g  

invo lved  i n  i t s  p l a n n i n g .  

I n  t h e  same r e g a r d  I t h i n k  i t  w i l l  b e  v e r y  i n t e r e s t i n g ,  s i n c e  t h e  s ta te  

does  c la im ownership t o  a l l  t h e  marshlands ,  t h e  outcome of ownership of 

impoundments i n  marshlands .  Th is  i s  a v e r y  good techn ique  t o  g e t  mutua l  

b e n e f i t  ou t  of your  a c t i v i t i e s  where you have w i l d l i f e  enhancement, duck 

h a b i t a t  enhancement, and mosqui to  c o n t r o l  i n  one package. However, i f  a  

p e r s o n  h a s  made a c o n t r a c t  w i t h  you t o  impound t h i s  a r e a  i n  good f a i t h ,  



t h i n k i n g  t h a t  t h i s  i s  going t o  p r o v i d e  him duck h u n t i n g  w h i l e  i t  g e t s  r i d  of 

mosqui toes  i n  t h e  neighborhood and t h e n  t h e  s t a t e  comes i n  and s a y s  we own 

t h a t  impoundment, t h i s  might cause  a l i t t l e  c o n t r o v e r s y .  

1t 's  v e r y  i n t e r e s t i n g  what one can r u n  i n t o  i n  some of t h e s e  matters, 

b u t  I throw t h a t  o u t  t o  you j u s t  a s  a  t h i n g  t h a t  h o p e f u l l y  w i l l  n o t  come about .  

Th i s  l o o k s  l i k e  a problem t h a t  looms on t h e  h o r i z o n  f o r  u s  i n  t h e  v e r y  n e a r  

f u t u r e .  

The D i v i s i o n  of Commercial and S p o r t s  F i s h e r i e s ,  a s  d i r e c t e d  by t h e  1969 

l e g i s l a t u r e ,  i s  deve lop ing  a comprehensive e s t u a r i n e  zone u s e  p l a n .  T h i s  is  

one o f  t h e  most impor tan t  t h i n g s  i n  which t h e  D i v i s i o n  h a s  become invo lved .  A 

c o n c e n t r a t e d  e f f o r t  i s  b e i n g  made i n  t h e  u s e  p l a n  s t u d y  t o  g e t  a l l  of t h e  s t a t e  

a g e n c i e s ,  f e d e r a l  a g e n c i e s ,  t h e  boards  of county commissioners i n  t h e  c o a s t a l  

c o u n t i e s  and r e p r e s e n t a t i v e s  i n  t h e  academic community t o g e t h e r  t o  j o i n t l y  

develop t h i s  land-use  p l a n  f o r  t h e  c o a s t a l  a r e a .  What a r e a s  do we need t o  p r e -  

s e r v e  th rough  o u t r i g h t  purchase  o f  t h e s e  e s t u a r i n e  a r e a s ;  what t y p e s  o f  act i-  

v i t i e s  can be  conducted n e a r  t h e  marshes ,  n e a r  t h e  r i v e r s  and sounds,  t h a t  

w i l l  be  o f  economic b e n e f i t  t o  t h e  community w i t h o u t  having an  a d v e r s e  e f f e c t  

on t h e  f i s h  and w i l d l i f e  r e s o u r c e s .  We have g o t t e n  p r e t t y  deep ly  invo lved  i n  

t h i s  s t u d y .  We have m e t  w i t h  t h e  l i a i s o n  o f f i c e r s  i n  t h e  f e d e r a l  and t h e  

s t a t e  and t h e  county commissioners i n  twenty- f ive  c o a s t a l  c o u n t i e s  and w i t h  

t h e  r e p r e s e n t a t i v e s  of academic communities.  We have c o n t r a c t e d  w i t h  a p r i v a t e  

c o n s u l t i n g  f i r m  i n  North C a r o l i n a ,  t h e  p r e s i d e n t  of t h e  f i r m  b e i n g  t h e  former  

commissioner of t h e  D i v i s i o n  of Commercial and S p o r t s  F i s h e r i e s .  D r .  David A. 

Adams was w i t h  t h e  p r e s i d e n t ' s  Counci l  on Marine S c i e n c e  and Engineer ing  i n  

Washington f o r  a y e a r  and a  h a l f .  Dave h a s  p u t  t o g e t h e r  a  p r e l i m i n a r y  p l a n  

t h a t  h a s  been s u b m i t t e d  t o  a 1 1  of t h e  groups I have mentioned s o  t h a t  we can 

a l l  t a k e  p o t  s h o t s  a t  i t  and s e e  where i t  needs  t o  be  changed, th rough  d e l e t i o n  

o r  a d d i t i o n .  We a r e  i n  t h e  p r o c e s s  of p u t t i n g  t o g e t h e r  a  comprehensive 

c o a s t a l  zone u s e  p l a n  w i t h  everybody who h a s  an  i n t e r e s t  i n  t h i s  b e i n g  a b l e  

t o  c o n t r i b u t e  t o  i t .  I n  a d d i t i o n  t o  t h e  peop le  mentioned, we have compiled a  

l i s t  of t h e  major  i n d u s t r i e s  i n  t h e  c o a s t a l  zone. S i n c e  any r e g u l a t i o n s  o r  

changes i n  t h e  law t h a t  a p p l i e s  t o  t h e  c o a s t a l  a r e a  c e r t a i n l y  cou ld  h e l p  o r  

harm t h e  i n d u s t r y  peop le  d i r e c t l y ,  t h e y  must b e  invo lved .  We a r e  a t t e m p t i n g  

t o  t a k e  i n t o  account  a l l  of t h o s e  who do have a  p i e c e  of t h e  a c t i o n  and g e t  

t h e i r  i n s i g h t .  Th i s  p l a n  w i l l  g i v e  u s  t h a t  communication t h a t  i s  l a c k i n g  i n  

many c a s e s ,  We must have t h i s  communication t o  produce t h e  p r o p e r  p l a n n i n g  



f o r  t h e  f u t u r e .  Ev w i t h  p l a n n i n g  w e ' r e  going t o  have a tremendous number of 

c o n t r o v e r s i e s  coming up b u t  w i t h o u t  p l a n n i n g ,  I am s u r e  t h a t  t h e s e  con t ro -  

v e r s i e s  would b e  i n c r e a s e d  many f o l d .  

The r e l a t i o n s h i p  of mosquito c o n t r o l  work t o  t h e  i n t e r e s t  t h a t  t h e  Divi- 

s i o n  of Commercial and S p o r t s  F i s h e r i e s  i s  n o t  c l e a r l y  unders tood .  Some t h i n k  

i t  is  t h e  b e s t  t h i n g  t h a t  e v e r  happened t o  t h e  shr imp i n d u s t r y .    here's a 

commercial f i she rman  o v e r  n e a r  A t l a n t i c  who swears by t h e  mosquito d i t c h e s ,  

s t a t i n g  t h a t  t h e y  p r o v i d e  a g r e a t e r  a r e a  f o r  shr imp n u r s e r y  grounds.  O t h e r s  

s a y  t h i s  i s  r u i n i n g  t h e  marsh,  and i t  s h o u l d  b e  s topped .  So we could  p robab ly  

g e t  a  p i l e  of l e t t e r s  s e v e r a l  f e e t  i n  h e i g h t  e n d o r s i n g  t h e  program and a  p i l e  

of l e t t e r s  of e q u a l  h e i g h t  condemning t h e  program. 

I t h i n k  one i m p o r t a n t  t h i n g  t h a t  h a s  happened l a t e l y  which w i l l  p robab ly  

g i v e  u s  t h e  i n f o r m a t i o n  and d a t a  needed t o  b a s e  o u r  f u t u r e  a c t i v i t i e s  i n  t h i s  

a r e a  and g i v e  us a  s h i e l d  t o  f e n d  o f f  t h o s e  who complain about  t h e  program, i s  

t h e  r e s e a r c h  program funded by t h e  Water Resources  Research I n s t i t u t e .  Th i s  

c o o p e r a t i v e  s t u d y  i n v o l v e s  D r .  Knight ,  D r .  Kuenzler ,  and M r .  Howard Marsha l l .  

The s t u d y  w i l l  be  a p a r t i a l  e v a l u a t i o n  o f  c e r t a i n  a s p e c t s  of t h e  mosquito 

c o n t r o l  program. I s a y  p a r t i a l  meaning t h a t  i t  t a k e s  i n  o n l y  t h e  h i g h  marsh. 

It w i l l  be  a s t e p  i n  t h e  r i g h t  d i r e c t i o n .  I t  promises  t o  g i v e  u s  t h e  d a t a  

t h a t  we need t o  make p r o p e r  e v a l u a t i o n  of t h i s  program and make any changes 

t h a t  might be  n e c e s s a r y  o r  p o i n t  o u t  t h e  good p o i n t s  s o  t h a t  i n  t h e  f u t u r e  

w e ' l l  have a  b e t t e r  b a s i s  f o r  program d e s i g n .  

I n  t h i s  b r i e f  summary and s k e t c h  I have a t t e m p t e d  t o  e x p l a i n  o u r  invo lve-  

ment i n  t h e  mosqui to  c o n t r o l  program. I f  you have any q u e s t i o n s ,  I ' l l  b e  happy 

t o  answer them. 

Quest ion:  D r .  L in ton ,  you mentioned a  s t a t e  d r a i n i n g  marshes.  Does t h i s  

i n c l u d e  t h e  Juncus  marshes?  

Answer: The r e g u l a r l y  f l o o d e d  marshes .  Tha t  i s  a  l e g a l  q u e s t i o n  which I can- 

n o t  answer,  where w e ' r e  going and where t h e  s t a t e  w i l l  s t o p  i n  t h i s  p lanned 

wate r shed .  I suppose t h i s  i s  a p o t e n t i a l  problem, t h i s  impoundment. Am I 

c o r r e c t ,  your  impoundments a r e  p r i m a r i l y  i n  t h e  Juncus  marsh? Our d e f i n i t i o n  

on marshland i s  about  l i k e  o u r  d e f i n i t i o n  on n a v i g a b l e  w a t e r s ,  and t h a t ' s  why 

I p r e f a c e d  i t  w i t h  a  p o t e n t i a l  problem. 



Quest ion:  Did I unders tand  you t o  s a y  t h a t  your  depar tment  o r  one of t h e  

depar tments  i s  do ing  r e s e a r c h  i n  t h e s e  impoundments f o r  t h e  p r o d u c t i o n  o f  

s h e l l  f i s h ,  c r a b s  and o y s t e r s  and what e f f e c t  i t  has  on them? 

Answer: No. 

Comment: ~ o u ' l l  h e a r  abou t  i t  a l i t t l e  b i t  l a t e r  on i n  t h e  program. 

Quest ion:  D r .  L i n t o n ,  is  t h e r e  a n y t h i n g  w e  can do i n  t h e  meantime? Can you do 

a n y t h i n g  a t  a l l ?  

Answer: I d o n ' t  b e l i e v e  we can do a n y t h i n g  as a temporary measure.  However, 

b e f o r e  t h e  l e g i s l a t u r e  convenes f o r  t h e  1971  s e s s i o n  we need t o  g e t  t o g e t h e r  

and s e e  what we want t o  go t o  t h e  l e g i s l a t u r e  t o  g e t  t h i s  t h i n g  s q u a r e d  away. 

We a r e  n o t  i n t e r e s t e d  i n  l a y i n g  c l a i m  t o  a l l  of t h e  mosqui to  d i t c h e s .  However, 

by t h e  b road  n a t u r e  of t h a t  s t a t u t e  t h a t  r e q u i r e d  r e g i s t r a t i o n  of submerged 

l a n d ,  we g e t  c l a i m s  f i l e d  on farm ponds up i n  Ashe County and around A s h e v i l l e  

and l i t t l e  t h i n g s  l i k e  t h a t ,  s o  we need t o  c l a r i f y  t h i s  m a t t e r  through t h e  

l e g i s l a t u r e .  T h i s  i s  t h e  o n l y  way t o  g e t  m a t t e r s  r i g h t ,  

Quest ion:  What 's  t h e  t ime  s c h e d u l e  on t h i s ?  W i l l  t h i s  r e p o r t  b e  ready  f o r  

submiss ion  a t  t h e  opening of t h e  Genera l  Assembly? 

Answer: A p o r t i o n  of i t  w i l l .  I n  t h i s  r e g a r d  we a r e  t r y i n g  t o  do what w e  can.  

We have some t e n t a t i v e  i d e a s  t h a t  w i l l  be  t r i e d  o u t  on t h e  committee t h i s  week 

t o  s e e  i f  i t  i s  p o s s i b l e  t o  go t o  t h e  l e g i s l a t u r e  w i t h  some p r o p o s a l s  d u r i n g  

t h e  coming s e s s i o n .  The law r e q u i r e s  a n  i n t e r i m  r e p o r t  t o  b e  f i l e d  w i t h  t h e  

1971  l e g i s l a t u r e  and a complet ion r e p o r t  w i t h  t h e  1973 l e g i s l a t u r e .  Due t o  

t h e  good r e c e p t i o n  from a l l  t h e s e  groups  t h a t  I have mentioned, we a r e  t h i n k -  

i n g  about t h e  proposed l e g i s l a t i o n  f o r  the 1 9 7 1  s e s s i o n .  

Quest ion:  Is t h i s  r e p o r t  a v a i l a b l e  t o  o t h e r  p e o p l e ?  

Answer: We have a l i m i t e d  number of c o p i e s .  

Q u e s t i o n :  I know you have many u s e s  f o r  them. I ' d  b e  i n t e r e s t e d  i n  s e e i n g  one ,  

Answer: A r t  Cooper h a s  one.  

Quest ion:  Wel l ,  t h a t  would b e  good. He was supposed t o  b e  h e r e ,  I n e v e r  d i d  

f i n d  o u t .  Regarding t h i s  r e p o r t ,  who i s  e d i t i n g  t h e  r e p o r t ?  

Answer: The c o n t r a c t  w i t h  Dave Adams was j u s t  t o  p r e p a r e  a t e n t a t i v e  r e p o r t .  

There  a r e  approx imate ly  n i n e  b i l l s  i n  t h e  Congress t h a t  would r e q u i r e  t h e  

s t a t e s  t o  do e x a c t l y  what w e ' r e  t r y i n g  t o  do h e r e ,  and i f  one of them i s  e n a c t e d ,  

North C a r o l i n a  w i l l  b e  i n  a v e r y  advanced p o s i t i o n  i n  t h i s  m a t t e r .  We con- 

t r a c t e d  w i t h  Dave t o  p r e p a r e  a p r e l i m i n a r y  p l a n ;  t h a t ' s  a l l  i t  i s ,  j u s t  t o  be  

looked a t  and hashed around and s h o t  back and f o r t h .  So t h i s  i s  what we 've  

done; we've submi t t ed  i t  t o  a l l  t h e  groups  t h a t  I ' v e  mentioned. 



Quest ion:  I b e l i e v e  you mentioned t h a t  c o p i e s  have been s u b m i t t e d  t o  t h e  

invo lved  s t a t e  a g e n c i e s .  

h s w e r :  Yes. We're n o t  n e a r  t h e  f i n a l  d r a f t  y e t ,  We had a problem t h a t  we r a n  

i n t o  and t h e n  some a g e n c i e s  s e n t  f o u r  o r  f i v e  p e o p l e ,  and we w r o t e  back  and 

asked f o r  one person  t o  be t h e  l i a i s o n  o f f i c e r  from t h a t  agency. D r .  Kooman 

h a s  d e s i g n a t e d  one p e r s o n ,  and t h e  r e p o r t  h a s  gone a g a i n  t o  t h i s  pe rson .  I 

c a n ' t  remember o f f  hand j u s t  who i t  i s .  I f  you have n o t  had an  o p p o r t u n i t y  

t o  see t h i s  r e p o r t ,  i t  i s  t h e  f a u l t  of your  l i a i s o n  o f f i c e r .  I can go back 

t o  t h a t  o r i g i n a l  l i s t  and send you a copy. You were  t h e r e ,  t o o ,  w e r e n ' t  you, 

K e i t h ?  And we had one o t h e r  pe rson  from t h e  l o c a l  l e v e l ,  I b e l i e v e .  1'11 

g e t  t h e  name and send  you one f o r  you t o  look  a t .  We're n o t  a t t e m p t i n g  t o  

p u l l  a  f a s t  one on anybody. We want everybody who i s  invo lved  i n  t h i s  t h i n g  

t o  have a n  o p p o r t u n i t y  t o  l o o k  a t  i t  and t o  comment o n . i t  and g e t  your  thoughts  

i n t o  t h e  p o t  so  t h a t  we won' t  go t o  t h e  l e g i s l a t u r e  w i t h  something and b e  

sandbagged by some who f e e l  t h e y ' v e  been s l i g h t e d .  You know w e l l  what I ' m  

t a l k i n g  a b o u t ,  We're t r y i n g  t o  cover  everyone who i s  i n t e r e s t e d  so  t h a t  we 

w i l l  have t h e i r  t h o u g h t s  p u t  i n t o  t h i s  and hope t h a t  we can g e t  b e t t e r  t h a n  

50 p e r c e n t  agreement on t h i s .  T h i s  may b e  w i s h f u l  t h i n k i n g ,  b u t  I d o n ' t  

t h i n k  s o .  Thank you. 

Quest ion:  Is i t  t o o  e a r l y  t o  a s k  how t h e  comprehensive s t u d y  l o o k s  t o  t h e  

S t a t e  Board of H e a l t h ?  

Answer: Well ,  s o  f a r  1 ' m  w a i t i n g  f o r  t h e  a g e n c i e s  t o  come back w i t h  t h e  

i n f o r m a t i o n  t h e y  want t o  have i n c l u d e d .  We d i d n ' t  have t o o  much t o  c o n t r i b u t e ,  

b u t  you have a g r e a t  d e a l .  The Department of Water and A i r  Resources has  a 

g r e a t  d e a l  t o  submit as a r e s u l t  of t h e  las t  meet ing.  D r .  Adarns was merely  

a s s i g n i n g  c e r t a i n  r e s p o n s i b i l i t i e s  t o  t h e  v a r i o u s  a g e n c i e s  t o  s u p p l y  him w i t h  

m a t e r i a l  they wish  t o  have i n c l u d e d ,  Then, h e  w i l l  p u t  i t  i n  o r d e r  i n  t h e  

p r e l i m i n a r y  p l a n .  

Comment: Well ,  I f i n d  t h i s  v e r y  r e a s s u r i n g  t o  know t h a t  p l a n n i n g  of t h i s  t y p e  

i s  going on.  I ' v e  s e e n  t h a t  b i l l  and  had p lanned  t o  a s k  somebody what was 

happening,  b u t  I t h i n k  i t ' s  v e r y  r e a s s u r i n g  t o  know t h a t  p lann ing  of t h i s  

b road  type ,  and I ' m  i n c l u d i n g  a l l  p o s s i b l y  i n t e r e s t e d  a g e n c i e s ,  i s  a v e r y  

r e a s s u r i n g  t h i n g .  I t h i n k  I, l i k e  everybody e l s e ,  would l i k e  t o  s e e  t h a t  

c o a s t a l  North C a r o l i n a  i s  k e p t  i n  a d e s i r a b l e  c o n d i t i o n  f o r  f u t u r e  g e n e r a t i o n s .  

I mean a l l o w  a man t o  l i v e  and u s e  i t ,  b u t  a l s o  t o  be  k e p t  i n  such  a way t h a t  

a few y e a r s  from now i t  w i l l  have some of t h e  same v a l u e s  t h a t  a r e  t h e r e  r i g h t  



now. 1'm sure everybody's interested,  but a t  times economic pressures get 

pretty intense, 
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When I began a review of the  l i t e r a t u r e  and r e p o r t s  on mosquito con t ro l ,  

marshlands, ecology, p e s t i c i d e s  and o t h e r  t o p i c s  which, i n  my opinion,  r e l a t e  

t o  t he  sub jec t  of t h i s  conference,  t he  sheer  volume was i n  i t s e l f  somewhat 

confusing. General ly ,  however, I was a b l e  t o  c l a r i f y ,  i n  my own mind a t  l e a s t ,  

t h a t  t h e r e  do e x i s t  many cause and e f f e c t  r e l a t i o n s h i p s  between mosquito con- 

t r o l  techniques and w i l d l i f e  popula t ions  which depend upon wetlands h a b i t a t .  

Many of t hese  r e l a t i o n s h i p s  have been i n t e n s i v e l y  researched and a  r e l a t i v e l y  

c l e a r  understanding is  a v a i l a b l e  t o  us; f o r  example, t h e  e f f e c t s  of t he  per- 

s i s t e n t  chlorinated-hydrocarbon i n s e c t i c i d e s  on c e r t a i n  i n v e r t e b r a t e s ,  f i s h ,  

and b i r d s .  Other cause and e f f e c t  r e l a t i o n s h i p s ,  however, a r e  somewhat unc lea r  

a t  t h i s  t ime,  and f u r t h e r  s tudy  i s  u rgen t ly  needed; f o r  example, t h e  e f f e c t  of 

d i t c h i n g  on the  q u a n t i t y  and r a t e  of n u t r i e n t  product ion of s a l t  marshes and on 

t h e  exchange of t hese  n u t r i e n t s  wi th  ad j acen t  e s t u a r i n e  waters ;  a l s o ,  t h e  

e f f e c t s  of d i t c h i n g  on t h e  s a l t  marsh p l a n t  communities and the  r a t e  and 

c h a r a c t e r i s t i c s  of p l a n t  success ion .  

The North Caro l ina  Wi ld l i f e  Resources Commission i s  r e spons ib l e ,  by 

s t a t u t o r y  decree ,  f o r  t he  management and wise use  of a l l  of t h e  w i l d l i f e  

resources  i n  our  s t a t e .  It i s  very  understandable t h a t  t h e  Commission has  s i n -  

c e r e  i n t e r e s t  i n  any land-use program o r  any program which may have e i t h e r  a  

b e n e f i c i a l  o r  an  adverse  e f f e c t  on w i l d l i f e  o r  w i l d l i f e  h a b i t a t ;  w i l d l i f e  a s  

used he re  meaning and inc luding  f i s h ,  b i r d s ,  and mammals. 

There have been some remarks made today about mosquito c o n t r o l  i n  i n l and  

f r e s h  waters ;  however, I would l i k e  t o  address  most of my remarks t o  mosquito 

c o n t r o l  work i n  t he  e s t u a r i n e  a r e a s  as t h i s  appears  t o  be the  a r e a  i n  which 

we have t h e  g r e a t e s t  common i n t e r e s t .  

I n  t h e  e s t u a r i n e  zone, t h e r e  a r e  two types of salt  marshes i n  which we 

a r e  p a r t i c u l a r l y  i n t e r e s t e d  as w i l d l i f e  h a b i t a t .  These a r e :  i r r e g u l a r l y  

f looded and r e g u l a r l y  f looded s a l t  marshes. I n  a  survey of t he  wetland a r e a s  

i n  North Caro l ina ,  conducted by t h e  U.S. F ish  and W i l d l i f e  Serv ice  and t h e  

Wi ld l i f e  Resources Commission, i t  was determined t h a t  a l l  marshlands i n  North 

Carol ina aggrega te  only 206,350 ac re s .  These a r e  t abu la t ed  a s  fo l lows:  



T o t a l  and Average I 1 206,350 1 22.2 

The combined a c r e a g e  of a l l  marshlands  i n  t h e  s ta te  c o n s t i t u t e s  o n l y  0.66 

p e r c e n t  of t h e  l a n d  a r e a  o f  North C a r o l i n a  (206,350 d i v i d e d  by 31,398,630).  

These marshlands  a r e  unique e c o l o g i c a l  t y p e s .  They (1) occur  i n  v e r y  

l i m i t e d  q u a n t i t y ,  (2)  are ex t remely  v a l u a b l e  as h a b i t a t  f o r  c e r t a i n  s p e c i e s  of 

w i l d l i f e ,  (3)  are an  e s s e n t i a l  p a r t  of t h e  complex e s t u a r i n e  ecosystem, and 

(4) can b e  e a s i l y  a l t e r e d ,  damaged, o r  d e s t r o y e d  by t h e  a c t i v i t i e s  of man. 

I n  a  su rvey  conducted by t h e  W i l d l i f e  Resources  Commission i n  1969, i n  

a s s o c i a t i o n  w i t h  a s t u d y  of t h e  e s t u a r i n e  a r e a s  sponsored by t h e  Governor ' s  

I n t e r a g e n c y  Counc i l  on N a t u r a l  Resources ,  i t  was determined t h a t  22.2 p e r c e n t  

of North C a r o l i n a ' s  marshlands  had been a l t e r e d  by one o r  a n o t h e r  of man's 

a c t i v i t i e s .  See  above t a b l e .  These a c t i v i t i e s  i n c l u d e d  such o p e r a t i o n s  a s  

d redg ing ,  s p o i l i n g ,  d i t c h i n g ,  d i k i n g ,  urban development,  e t c .  

As w i l d l i f e  h a b i t a t ,  t h e s e  marshlands  s u p p o r t  t h e  e n t i r e  p ~ p u l a t i o n  of 

c l a p p e r ,  k i n g ,  and s o r a  r a i l s  and a r e  e s s e n t i a l  f o r  t h e  s u r v i v a l  of t h e s e  

marsh b i r d s .  Marshes a r e  an e s s e n t i a l  p a r t  o f  most of t h e  wa te r fowl  h a b i t a t  

i n  t h e  s t a t e .  The marsh v e g e t a t i o n  d i r e c t l y  produces  a s i g n i f i c a n t  q u a n t i t y  

of waterfowl  foods ,  b u t  e q u a l l y  a s  impor tan t  t h e  n u t r i e n t s  produced i n  t h e  

marsh c o n t r i b u t e  t o  t h e  growth of submerged a q u a t i c  p l a n t s  which grow i n  t h e  

a d j a c e n t  e s t u a r i n e  w a t e r s .  These marshes and w a t e r s ,  t h e r e f o r e ,  c o n t r i b u t e  t o  

t h e  s u p p o r t  o f  an  e s t i m a t e d  90 p e r c e n t  of t h e  s t a t e ' s  p o p u l a t i o n  of ducks and 

g e e s e .  

The e c o l o g i s t s  and n u t r i t i o n a l  a u t h o r i t i e s  have s t a t e d  t h a t  marshlands  

a r e  t h e  most p r o d u c t i v e  and most f e r t i l e  l a n d  a r e a s  i n  e x i s t e n c e .  The amount 

of energy t h a t  can b e  c a p t u r e d  and c y c l e d  back i n t o  t h e  ecosystem i s  

g r e a t e r  i n  a  marsh environment than  i n  any o t h e r .  I n  t u r n ,  t h e  a s s o c i a t e d  

w a t e r s  a r e  e n r i c h e d  w i t h  n u t r i e n t s  t h a t  a c c e l e r a t e  t h e  p r o d u c t i o n  of p l a n k t o n ,  

one-ce l l ed  p l a n t s ,  and a n i m a l s ,  which a r e  t h e  beg inn ing  of t h e  an imal  food 



c h a i n .  From n u t r i e n t s  t o  p lank ton ,  t o  macrofauna,  t o  s n a i l s  and f i d d l e r  c r a b s ,  

t o  c l a p p e r  ra i ls ;  so  goes one v e r y  s i m p l i f i e d  example of a  v e r y  complex food 

c h a i n .  A similar example w i t h  n u t r i e n t s ,  t h e  submerged a q u a t i c  p lant- -sago 

pondweed--and t h e  canvasback cou ld  be c i t e d ;  o r  s o  c o u l d  shr imp o r  s p o t t e d  

weakf i sh ,  This  e n t i r e  c y c l e ,  from energy  c a p t u r e ,  t o  n u t r i e n t  evolvement,  t o  

food p r o d u c t i o n ,  a l l  of  which b e g i n s  i n  t h e  marsh,  i s  v i t a l  t o  shr imp and 

o y s t e r ,  f i n f i s h  and c r a b ,  c l a p p e r  r a i l ,  and canvasback.  

One cannot  b u t  conclude t h a t  t h e s e  marshlands  a r e  e s s e n t i a l  and b a s i c  t o  

t h e  w e l f a r e  of many forms of r e c r e a t i o n a l  p u r s u i t  and t o  many commercial e n t e r -  

p r i s e s  t h a t  a r e  impor tan t  t o  t h e  economy of t h e  s t a t e  and t o  t h e  h e a l t h  and 

wel l -being of t h e  peop le .  

E a r l i e r  i t  was mentioned t h a t  o v e r  22 p e r c e n t  of t h e s e  marshes had been 

a l t e r e d  by a c t i v i t i e s  of man, i n c l u d i n g  d redg ing ,  f i l l i n g ,  housing development,  

e t c . ,  a s  w e l l  as by d i t c h i n g .  The survey  d a t a  i n d i c a t e d  t h a t  t h e  amount of 

a l t e r a t i o n  a t t r i b u t a b l e  t o  mosquito d i t c h i n g  was s i g n i f i c a n t .  Fol lowing i s  a  

t a b u l a t i o n  which shows t h e  e x t e n t  of t h i s  marsh a l t e r a t i o n  i n  f o u r  of t h e  

c o a s t a l  c o u n t i e s  which have had a c t i v e  mosquito d i t c h i n g  programs: 

These d a t a  i n d i c a t e  a l t e r a t i o n  r a n g i n g  from 1 0  t o  85 p e r c e n t  f o r  t h e s e  

f o u r  c o u n t i e s ,  and a v e r a g i n g  abou t  37 p e r c e n t ,  a s  compared t o  an  average  of 

abou t  22 p e r c e n t  f o r  a l l  c o a s t a l  c o u n t i e s .  It would seem, t h e r e f o r e ,  t h a t  

mosquito d i t c h i n g  h a s  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  sa l t  marsh a l t e r a t i o n .  

What e x a c t l y  a r e  t h e  e f f e c t s  of d i t c h i n g  on a  salt  marsh? There i s  q u i t e  

a  d ive rgence  of o p i n i o n .  Some s p e c u l a t e  t h a t  t h e  n u t r i e n t  exchange r a t e  is  

a c c e l e r a t e d  due t o  t h e  improved a c c e s s  f o r  t i d a l  f l o w s ,  Other  workers  have 

s t a t e d  t h a t  t h e  w a t e r  t a b l e  i s  lowered,  t h a t  t h e  r a t e  o f  p l a n t  s u c c e s s i o n  i s  

speeded up and t h a t  encroachment by brushy p e r e n n i a l s  soon changes t h e  marsh 



t o  a brushy area, I a m  n o t  q u a l i f i e d  t o  s a y  what t h e  e f f e c t s  have been o r  what 

e c o l o g i c a l c h a n g e s h a v e  o c c u r r e d  i n  our  marshes as a r e s u l t  of mosquito d i t c h i n g .  

It  can be  s t a t e d ,  however, a s  a m a t t e r  of g e n e r a l  knowledge t h a t  when a marsh 

becomes d r i e r  and a s  p l a n t  s u c c e s s i o n  advances  toward p e r e n n i a l  woody s p e c i e s ,  

t h e  v a l u e  o f  t h e  marsh d e c r e a s e s  as h a b i t a t  f o r  muskrat ,  o t h e r  f u r b e a r e r s ,  ra i ls  

and wate r fowl .  S u r e l y ,  we a g r e e  t h a t  t h e  e f f e c t s  o f  d i t c h i n g  shou ld  be  more 

thoroughly e v a l u a t e d .  

The t r a n s a c t i o n s  of t h e  1959 symposium on "The Coord ina t ion  of Mosquito 

Cont ro l  and W i l d l i f e  Management," Washington, D. C . ,  concluded t h a t  t h e r e  were 

a c o n s i d e r a b l e  number of b e n e f i t s  t o  be  ga ined  from impounding s a l t  marshes 

o v e r  o t h e r  methods of mosquito c o n t r o l .  Our o b s e r v a t i o n s  i n  Pamlico and Onslow 

Count ies  conf i rm t h i s  c o n c l u s i o n .  Recent r e c o r d s  f o r  t h e  800-acre Pamlico 

P o i n t  Impoundment show about  400 mancdays of duck h u n t e r  use  o r  one-half  

man-day p e r  a c r e .  These h u n t e r s  averaged 2 .5  ducks p e r  t r i p .  I n i t i a l  con- 

s t r u c t i o n  and development c o s t s  f o r  Pamlico P o i n t  were determined t o  be  $34 

p e r  a c r e .  When t h i s  c o s t  i s  amor t i zed  o v e r  twenty y e a r s ,  t h e  average  annua l  

c o s t  i s  $1.70 p e r  a c r e .  

The most r e c e n t  n a t i o n a l  economic survey o f  h u n t i n g  a c t i v i t i e s  shows t h a t  

one day of duck h u n t i n g  c o s t s  a n  a v e r a g e  of $6.44. I f  we use  t h i s  e x p e n d i t u r e  

a s  t h e  "value" of t h i s  form of r e c r e a t i o n ,  then  one-half  man-day i s  worth  $3.22. 

By comparing t h i s  v a l u e  of $3.22 w i t h  t h e  average  annua l  p e r  a c r e  c o s t  o f  $1.70, 

a b e n e f i t - t o - c o s t  r a t i o  of 1 .9  t o  1 . 0  can be  d e r i v e d .  The e n g i n e e r s  and econ- 

o m i s t s  of t h e  Corps o f  Engineers  and t h e  S o i l  Conservat ion S e r v i c e  f i n d  a con- 

s t r u c t i o n  p r o j e c t  t o  be  h i g h l y  f e a s i b l e  when t h e y  de te rmine  t h a t  t h e  B-C r a t i o  

i s  about  two t o  one,  

Quest ion:  What i s  t h i s  $6.441 

Answer: T h i s  2 s  t h e  average  v a l u e  t h a t  t h e  n a t i o n a l  economic survey  o f  f i s h -  

i n g  and h u n t i n g  r e s o u r c e s  done by t h e  Bureau of S p o r t s  F i s h e r i e s  and W i l d l i f e  

i n  1965 s a i d  t h a t  one day of wa te r fowl  h u n t i n g  was worth .  

Quest ion:  To whom? How do you a r r i v e  a t  t h a t ?  

Answer: Th is  i s  t h e  n a t i o n a l  average .  

Question: To whom i s  i t  worth  t h a t ?  

Answer: To t h e  h u n t e r .  

Quest ion:  Is h e  w i l l i n g  t o  pay t h a t ?  Is t h a t  how they a r r i v e d  a t  i t ?  



Answer: T h i s  is  an a v e r a g e  of l i c e n s e  c o s t  and expenses .  Not b e i n g  a n  econo- 

m i s t ,  I" n o t  s u r e  t h a t  I can answer your  q u e s t i o n ,  b u t  t h i s  was what h e  s p e n t ,  

Question: Th is  i s  n o t  v a l u e  t o  t h e  s o c i e t y ?  

Answer: No. Th is  i s  something e l s e .  

Quest ion:  When you speak  o f  a two-to-one b e n e f i t - c o s t  r a t i o ,  you need t o  

s p e c i f y .  

Answer: T h a t ' s  r i g h t .  T h i s  was j u s t  duck h u n t i n g  a l o n e .  Now i f  you want t o  

throw a n o t h e r  500 man-days of f i s h i n g  on to  t h i s  800-acre impoundment, you' 11 

come o u t  w i t h  i n  e x c e s s  of three- to-one B-C r a t i o .  They caught ,  i n  t h i s  

impoundment, pumpkin s e e d  and o t h e r  f i s h  a s  w e l l  as c r a b s  t h a t  were shown on a 

s l i d e  t h i s  morning and o t h e r  t h i n g s  i n  t h e r e  t h a t  I ' v e  l e f t  o u t  e n t i r e l y .  

There  were  as many a s  f i f t y  o r  s i x t y  f i shermen  down t h e r e  t h a t  were c a t c h i n g  

f o r t y ,  f i f t y ,  and s i x t y  half-pound t o  three-quar ter-pound pumpkin seed  a l l  

d u r i n g  t h e  y e a r .  I d i d n ' t  s e e  i t ,  b u t  i t  was r e p o r t e d  t o  us .  At $3.25 f o r  

one day ' s  f i s h i n g  v a l u e  you can come up w i t h  a three- to-one B-C r a t i o ,  l e a v i n g  

o u t  t h e  c r a b s  and any o t h e r  t h i n g s .  So we f e l t  r e a l l y  v e r y  proud of  t h i s  

impounded a r e a .  You saw i t  on a  s l i d e  t h i s  morning. 

From a w i l d l i f e  p o i n t  o f  view we can s t a t e  t h a t  a s a l t  marsh impoundment 

i s  one of t h e  most h i g h l y  p r o d u c t i v e  t y p e s  of we t land  h a b i t a t .  The mosquito 

c o n t r o l  a u t h o r i t i e s  s t a t e  t h a t  impoundments w i l l  a l l  b u t  e l i m i n a t e  t h e  s a l t  

marsh mosquito.  Here , . then ,  a r e  two i n t e r e s t s  which could  endorse  t h e  impound- 

ment t e c h n i q u e ,  But what a r e  t h e  o t h e r  e f f e c t s  on t h e  ecology of t h i s  t y p e  o f  

environment? Even by u s e  of t h i s  t e c h n i q u e ,  which a t  l e a s t  h a s  t h e  advantage 

of more t h a n  a s i n g l e  purpose  o b j e c t i v e ,  f u r t h e r  e v a l u a t i o n  i s  i n d i c a t e d .  

I would l i k e  t o  c l o s e  by s a y i n g  t h a t  t h e  marsh areas i n  North C a r o l i n a ,  

a l t h o u g h  l i m i t e d  i n  a c r e a g e ,  are v i t a l  t o  many forms of  w i l d l i f e .  The North 

C a r o l i n a  W i l d l i f e  Resources  Commission i s  b o t h  i n t e r e s t e d  and concerned w i t h  

any form of l a n d  u s e  t h a t  may d e t r a c t  from t h e i r  v a l u e  o r  s e r v e  t o  enhance 

t h e i r  p r o d u c t i v i t y .  We w i l l  c o o p e r a t e  t o  t h e  f u l l e s t  p o s s i b l e  e x t e n t  t o  a c h i e v e  

t h e  w i s e s t  and b e s t  u s e s  of t h e s e  we t lands .  

Quest ion:  What are t h e  arguments a g a i n s t  impounding? 

Answer: Well, t h e  mosqui to  c o n t r o l  peop le  s a y  t h a t  they  a r e  100 p e r c e n t  

e f f e c t i v e  f o r  - A. s o l l i c i t a n s .  They have dipped i n  some an imal  t r a c k s  and some 

h u n t e r  boo t  t r a c k s  and found some l a r v a e  i n  d e p r e s s i o n s .  



Question: There h a s  been a  good d e a l  of s t u d y  of t h e  v a l u e  o f  s p a r t i n a  marshes 

t o  t h e  r e s t  of t h e  e s t u a r y .  How much f i x e d  energy food v a l u e  goes  o u t  i n t o  

t h e  e s t u a r y  f o r  t h e  shr imp,  c r a b s ,  and t h e  f i s h ?  I d o n ' t  b e l i e v e  d a t a  are 

a v a i l a b l e .  U n t i l  you know t h i s ,  you d o n ' t  know what your  r e a l  c o s t  is .  

Answer: T h i s  i s  c e r t a i n l y  t r u e .  The most h i g h l y  p r o d u c t i v e ,  I t h i n k ,  i s  t h e  

r e g u l a r l y  f l o o d e d ;  b u t  undoubtedly ,  t h e s e  upper  o r  h i g h  marshes c o n t r i b u t e  t o  

t h i s  energy f l o w  i n t o  t h e  e s t u a r i n e  w a t e r s .  I h a v e n ' t  s e e n  any breakdown of 

t h i s  c o n t r i b u t i o n .  1 ' m  n o t  s a y i n g  t h a t  a l l  of  t h e  Juncus  marsh s h o u l d  be  

impounded f o r  waterfowl .  I d o n ' t  t h i n k  t h e  commercial f i s h e r i e s  peop le  would 

a g r e e  t o  t h i s .  I would h a t e  t o  s e e  a  p a r t i c u l a r  t y p e  o f  h a b i t a t  of t h i s  s o r t  

complete ly  impounded and tu rned  i n t o  an  e n t i r e l y  d i f f e r e n t  t y p e  o f  h a b i t a t .  I 

d o n ' t  t h i n k  t h i s  would be  wise  u s e .  

Comment: That would b e  complete  d e s t r u c t i o n  of i t ,  

Answer:  hat 's  r i g h t .  

Comment: You might as w e l l  f i l l  i n  a s  f l o o d  i t  I f  y o u ' r e  going t o  comple te ly  

d e s t r o y  i t  anyway. 

Quest ion:  There  i s  a s t u d y  b e i n g  conducted on  v a l u e  of t h e  Juncus  marsh,  t h e  

energy o r  amount of energy.  Dick W i l l i a m s  down a t  H a r k e r r s  I s l a n d  i n  C a r t e r e t  

County h a s  been do ing  some r e s e a r c h  on t h a t .  H e  d e s c r i b e s  t h e  Juncus  marsh 

more ar less as a  d e s e r t .  I know n o t h i n g  about  t h i s  excep t  h e  i s  do ing  some 

r e s e a r c h  on t h e  amount o f  energy i n  t h e  Juncus  marsh. One o f  t h e  t h i n g s  I 

t r i e d  t o  p o i n t  o u t  i s  t h e r e ' s  been v e r y  l i t t l e  exchange o f  energy  between your  

Juncus marsh and e s t u a r i n e  a r e a  because  of t h i s  n a t u r a l  d i k e .  

Quest ion:  Is t h e r e  any e v i d e n c e  of s u b s u r f a c e  f l o w  of n i t r a t e  down th rough  t h e  

marshes i n t o  t h e  e s t u a r i e s ?  

Answer: As fa r  as s u b s u r f a c e  d r a i n a g e ,  i t  has  been o u r  e x p e r i e n c e  t h a t  t h e r e ' s  

n o t  t o o  much l a t e r a l  f l o w  because  o f  e l e v a t i o n a l  d i f f e r e n c e s .  

Comment: A g r i c u l t u r a l  peop le  i n v o l v e d  w i t h  d r a i n i n g  l a n d s  f o r  a g r i c u l t u r e ,  e t c .  

i n  t h e  lowlands on t h e  c o a s t  t e l l  me t h a t  t h e  p r i n c i p a l  movement would be  

through t h e  ground w a t e r .  

Comment: Some work h a s  shown t h e r e ' s  a c t u a l l y  a  l o s s  of n i t r o g e n  from t h e  w a t e r  

go ing  i n t o  t h e  h i g h  marsh. 

Quest ion:  I d o n ' t  have any f i g u r e s ;  b u t  i f  you t a k e  your  c o u n t i e s  t h a t  have a l l  

h i g h  o r  Juncus marshes and n o t  any r e g u l a r l y  f l o o d e d  marsh, t h e  f a c t  t h a t  t h e y  

d o n ' t  r e l e a s e  t h e s e  n u t r i e n t s  a s  o f t e n  as o u r  lower  marsh does n o t  s a y  t h e y  

r e l e a s e  less. I f  you go t o  a  county t h a t  h a s  e n t i r e l y  Juncus  marsh, s p e c i f i c a l l y  
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I ' m  t h i n k i n g  of C u r r i t u c k  and Pamlico,  t h e  f i s h e r i e s  i n  t h o s e  c o u n t i e s  a r e  

e v e r y  b i t  as h i g h  as i n  t h e  c o u n t i e s  where they do have a d a i l y  r e l e a s e .  

Comment: Well, I t h i n k  t h a t  t h e  answer t o  t h i s  p o i n t  w i l l  b e  fo r thcoming  from 

t h e  peop le  who a r e  going t o  do t h e  energy exchange s t u d i e s  i n  t h i s  p a r t i c u l a r  

t h i n g .  I d o n ' t  t h i n k  any o f  u s  can deny t h a t  b o t h  t y p e s  of marsh a r e  ve ry ,  

v e r y  impor tan t  t o  t h e  e s t u a r i n e  w a t e r s .  

Quest ion:  Have impoundments been l i m i t e d  t o  t h e  h i g h  marshes?  

Answer: They have been,  y e s .  From s e v e r a l  p r a c t i c a l  c o n s i d e r a t i o n s ,  they  

have been l i m i t e d  t o  t h e  h i g h  marsh, i r r e g u l a r l y  f l o o d e d  marshes.  There  a r e  

o t h e r  f a c t o r s  t o  c o n s i d e r ,  too ,  t h a t  a r e  less d i r e c t .  P o l l u t i o n ,  s i l t a t i o n ,  

and s o i l  d i s p o s a l  from p e r m i t s ,  d i t c h i n g ,  p e s t i c i d e s ,  and a l l  o t h e r  t h i n g s  

a r e  having an  e f f e c t  on t h i s  t y p e  of h a b i t a t .  I t h i n k  a l l  I can do i s  t o  s t a t e  

t h a t  i t  i s  an  impor tan t  t y p e  of h a b i t a t  t o  t h e  w i l d l i f e  r e s o u r c e s  of t h e  s t a t e .  

Not on ly  wa te r fowl  and c l a p p e r  r a i l s ,  b u t  t h e  h e r o n s ,  e g r e t s ,  t h e  s h o r e  b i r d s  

and t h e  wading b i r d s ,  t h e  e a g l e s  and a 1 1  t h e  o t h e r s  t h a t  are a s s o c i a t e d  w i t h  

a e s t h e t i c  t y p e  w i l d l i f e .  Even though we d o n ' t  h u n t  some of t h e s e ,  we r e c o g n i z e  

t h i s  a s  b e i n g  a v e r y  impor tan t  t y p e ,  We have a v e r y  v i t a l  i n t e r e s t  i n  i t  and 

a n y t h i n g  t h a t  i s  done t o  i t .  I ' v e  heard  t h e  word w a t e r  management used h e r e  

t h i s  morning. Hopefu l ly ,  t h i s  i s  t r u e  w a t e r  management and n o t  j u s t  s u r f a c e  

w a t e r  removal w i t h o u t  any e v a l u a t i o n  of i t .  There  i s  a  d i f f e r e n c e  i n  t u r n i n g  

t h e  w a t e r  o f f  and dropping t h e  w a t e r  t a b l e  and t r u l y  managing one f a c e t  of 

t h i s  v e r y  impor tan t  t h i n g .  

Quest ion:  I ' d  l i k e  t o  a s k  one more q u e s t i o n ,  i f  I may. You made s e v e r a l  

r e f e r e n c e s  t o  d i t c h i n g  i n  Delaware and New J e r s e y  t h a t  had changed t h e  marsh- 

l a n d s  t o  more wooded v e g e t a t i o n .  I wonder i f  you found t h a t  t r u e  i n  t h i s  

s t a t e ?  

Answer: No. 

Quest ion:  Some d r a i n a g e  h a s  e x i s t e d  f o r  abou t  twe lve  y e a r s  o r  more, and we 

have had a  chance t o  observe  i t  p r e t t y  c l o s e l y .  I wonder what your  f i n d i n g s  

have been? 

Answer: We h a v e n ' t  made any s t u d i e s  on i t ,  and i t  would b e  v e r y  wor thwhi le  t o  

s e e  what t h e  r a t e  o f  s u c c e s s i o n a l  change i s .  You do know t h a t  when you g e t  up 

i n t o  h i g h  e l e v a t i o n ,  you g e t  i n t o  t h e  brushy t y p e  and t h e n  e v e n t u a l l y  i n t o  t h e  

pond type.  I f  t h e r e  i s  a  cor responding  drop i n  t h e  w a t e r  t a b l e  e i t h e r  now o r  

i n  t h e  f u t u r e ,  I t h i n k  y o u ' l l  f i n d  t h i s  same rate of s u c c e s s i o n .  Th is  i s  j u s t  

a b i o l o g i c a l  p r i n c i p l e .  But o t h e r  than  t h e  m y r t l e  growing on t h e  s p o i l  banks 



t h a t  was v e r y  obvious  from ~ e i t h ' s  photographs  t h i s  morning, which i s  a s t e p  i n  

t h i s  d i r e c t i o n ,  I d i d n ' t  obse rve  any o t h e r  v a s t  s u c c e s s i o n a l  changes o u t  i n  

t h e  marsh. I t h i n k  t h i s  may b e  f i v e  o r  t e n  y e a r s  i n  coming. I d o n ' t  know; 

i n v e s t i g a t o r s  i n  t h e  N o r t h e a s t  were v e r y  c o n c l u s i v e  t h a t  t h i s  was t h e  r e s u l t  

end e f f e c t  o f  d i t c h i n g .  

Quest ion:  But t h a t  i s  a l l  s p a s t i n a ?  

Answer: No, he had some Juncus ,  too .  A l o t  of t h e  New J e r s e y  marshes a r e  Juncus .  

Quest ion:  Is t h a t  r i g h t ?  

Answer: Yes. 

Comment: H e  s a y s  t h e r e ' s  q u i t e  a change i n  t h e  fauna  invo lved .  










































































