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ABSTRACT 

F i v e  areas o f  i r r e g u l a r l y  f l ooded  s a l t  marsh i n  C a r t e r e t  County, 

No r t h  C a r o l i n a  were s t u d i e d  t o  determine t he  e f f e c t s  o f  d i t c h i n g  on 

mosqui to  popu la t i ons  i n h a b i t i n g  the areas.  The p r i n c i p a l  spec ies o f  

mosqui toes p resen t  were Anopheles a t ropos  Dyar and Knab, Anopheles 

b r a d l e y i  K ing ,  Aedes s o l l i c i t a n s  (Walker)  and Aedes taeniorhynchus 

(Weidemann). Present  i n  l esse r  numbers were Culex s a l i n a r i u s  

C o q u i l l e t t  and Psorophora c o n f i n n i s  (Lynch A r r i b a l z a g a ) .  

Data on b o t h  p l a n t  cover  and on the abundance o f  mosqui to  l a r v a e  

o f  each spec ies showed such wide v a r i a t i o n  i n  b o t h  d i t c h e d  and un- 

d i t c h e d  s e c t i o n s  t h a t  no s i g n i f i c a n t  d i f f e r e n c e s  between sec t i ons  

cou ld  be de tec ted .  However, da ta  f rom weekly f i e l d  obse rva t i ons  o f  

mosqui to  b reed ing  s i t e s  and ground water  l e v e l s  showed t h a t  d i t c h e d  

s e c t i o n s  had s h o r t e r  wet i n t e r v a l s  than und i t ched  s e c t i o n s .  Desp i t e  

t h i s  r e d u c t i o n ,  t h e  p o t e n t i a l  s u r v i v a l  o f  the  mosqui toes d i d  n o t  

s i g n i f i c a n t l y  d i f f e r  f rom the  und i t ched  s e c t i o n s ,  s i nce ,  acco rd i ng  

t o  t i d e  gauge da ta  the  d i t c h e d  s e c t i o n s ,  on the  average, were com- 

p l e t e l y  f l ooded  from 14 t o  21 t imes per month, p roduc ing  c o n d i t i o n s  

i n  which t h e  wet i n t e r v a l s  were o f t e n  long  enough f o r  mosqui toes t o  

complete t h e i r  development. On t he  o t h e r  hand, t h i s  h i g h  f requency 

o f  f l o o d i n g  c rea ted  microenv i ronments  i n  some s e c t i o n s  on t h e  marsh 

incompat ib le  w i t h  heavy l a r v a l  b reed ing .  

Aedes and Psorophora l a r vae  were more commonly c o l l e c t e d  f rom 

s i t e s  ma rg ina l  t o  the  marsh, whereas those o f  Anopheles and Culex 

were found t o  be more even l y  d i s t r i b u t e d  throughout  the  s tudy  a reas ,  



I n  genera l ,  t he  percentage o f  Aedes and Psorophora l a r vae  taken 

i n  samples ( i . e .  t h e i r  r e l a t i v e  abundance) tended t o  be d i r e c t l y  

p r o p o r t i o n a l  t o  t h e  mean s l ope  o f  t he  b reed ing  depress ion and i n -  

v e r s e l y  p r o p o r t i o n a l  t o  i t s  f requency o f  f l o o d i n g .  Converse ly ,  t h e  

r e l a t i v e  abundance o f  Anopheles and Culex spec ies ,  a l t hough  n o t  as 

h i g h l y  a f f e c t e d  b y  the  mean s l ope  as - Aedes and Psorophora,  was, up 

t o  a  p o i n t ,  d i r e c t l y  p r o p o r t i o n a l  t o  the  f requency o f  f l o o d i n g .  

Acco rd i ng  t~ s t a t i s t i c a l  a n a l y s i s ,  t he  r e l a t i v e  abundance o f  spec ies  

i n  t he  d i t c h e d  s i t e s  was more a f f e c t e d  by t h e  mean s lope ,  f requency 

o f  f l o o d i n g  and t h e  r a t i o  o f  f requency o f  f looding/mean s l o p e  

( S u i f a b i  1 i t y  Index)  than i n  the  und i t ched  s i t e s ,  where t he  a d d i t i v e  

e f f e c t  o f  t h e  f requency o f  s t and ing  wa te r ,  t he  number o f  days per  

wet p e r i o d  and t h e  S u i t a b i l i t y  Index were found t o  be more s i g n i f i -  

can t  . 
L i g h t  t r a p  and b i t i n g  count  da ta  c o l l e c t e d  f o r  the  p r i n c i p a l  

s a l t  marsh spec ies  showed t h a t  t he  Anopheles and, a t  t imes,  Cu lex  

spec ies c o u l d  be as numerous and annoying as the  Aedes and Psorophora 

spec ies  . 
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SUMMARY 

Approx imate ly  60,000 acres o f  t he  c o a s t a l  wet lands o f  N o r t h  

C a r o l i n a  a r e  r e g u l a r l y  f l ooded  and do n o t  produce mosqui toes.  

However, ano ther  100,000 ac res ,  dominated by the  b l a c k  needle  

rush  (Juncus roemer ianus) ,  a re  i r r e g u l a r l y  f l ooded  by t i d a l  

wa te rs  and a r e  capable  o f  p roduc ing  impor tan t  man-annoying 

spec ies  o f  mosqui toes.  S ince  1960, a  d i t c h i n g  program designed 

t o  reduce mosqu i to  p roduc t i on ,  has been c a r r i e d  o u t  on these 

i r r e g u l a r l y  f l ooded  marshes, The p resen t  s t udy  was conducted 

t o  de te rmine  t h e  e f f e c t i v e n e s s  o f  t h i s  c o n t r o l  e f f o r t  and t o  

p r o v i d e  guidance f o r  i t s  improvement. 

F i v e  areas o f  i r r e g u l a r l y  f l o o d e d  s a l t  marsh i n  C a r t e r e t  

County,  N o r t h  C a r o l i n a  were u t i l i z e d  f o r  t he  s t udy .  S ince  b e f o r e  

and a f t e r  d i t c h i n g  e v a l u a t i o n s  were n o t  p o s s i b l e ,  comparisons were 

made on a d j o i n i n g  t r a c t s  o f  d i t c h e d  and undi  tched marshes. 

The p r i n c i p a l  spec ies  o f  mosqui toes p resen t  were Anopheles 

a t r opos ,  Anopheles b r a d l e y i ,  Aedes s o l l i c i t a n s  and Aedes t aen io rhyn -  

chus. Present  i n  l e s s e r  numbers were Culex s a l i n a r i u s  and Psorophora - 
c o n f i n n i s .  A l t hough  a l l  o f  these a r e  c o a s t a l  p e s t  mosqui toes, t h e  

two Aedes spec ies  c o n s t i t u t e  t he  p r i n c i p a l  problem, s i n c e  they  a r e  

capable  b o t h  o f  o c c u r r i n g  i n  tremendous numbers and o f  d i s p e r s i n g  

many m i l e s  from t h e i r  b reed ing  s i t e s ,  The Anopheles and Culex - 
species  a r e  produced i n  l e s s e r  numbers and a r e  o n l y  l o c a l l y  

annoy ing.  Psorophora have h a b i t s  and c a p a b i l i t i e s  s i m i l a r  t o  
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Aedes b u t  f o r t u n a t e l y ,  s i n c e  they a re  p r i n c i p a l l y  f r e s h  water  b reeders ,  

a r e  n o t  t h a t  abundant i n  our  c o a s t a l  a reas ,  

Necessary t o  an unders tand ing  o f  the  mosqu i to -b reed ing  

p o t e n t i a l  o f  marshlands, i s  t he  knowledge t h a t  Anopheles and 

Culex mosqui toes a re  permanent pool  breeders  and a r e  more c o n s i s t e n t  

and numerous i n  t h e i r  presence when t h e r e  i s  an extended a v a i l a b i l i t y  

o f  w a t e r .  Converse ly ,  Aedes and Psorophora a r e  produced o n l y  i n  

temporary o r  i n t e r m i t t e n t  poo l s  s i n c e  t h e i r  eggs a r e  1 

s o i l  and must undergo a  d r y  p e r i o d  and a  subsequent f l  

they  w i l l  ha t ch .  

a i d  on wet 

ood ing  b e f o r e  

Based upon t h e  d i v e r s e  marsh areas s t u d i e d ,  t h e  research  

r e p o r t e d  on here  d i s c l o s e d  t h a t  t he  Juncus marshes i n  C a r t e r e t  

County were s u b j e c t  t o  a  h i g h  r a t e  o f  t i d a l  f l o o d i n g  f o r  most o f  

t h e  mosqu i to  b reed ing  season, which presumably accounts  f o r  t h e  

r e l a t i v e l y  low l e v e l  o f  Aedes b reed ing  found t o  o c c u r .  T h i s  

would a l s o  account  f o r  t h e  f i n d i n g  t h a t  t he  permanent poo l  b reede rs ,  

Anopheles-Culex,  were as abundant o r  more so than  t h e  Aedes. The 

r e l a t i v e l y  h i g h  abundance o f  Anopheles-Culex mosqui toes c o l l e c t e d  

was f u r t h e r  demonst ra ted by  t he  l i g h t - t r a p  and b i t i n g - c o u n t  da ta  

f o r  t he  s t udy  a reas .  

Concern ing t h e  q u e s t i o n  o f  whether d i t c h i n g  c o n t r o l l e d  mosqu i t o  

b reed ing  i n  t h e  Juncus marshes o f  C a r t e r e t  County,  even though d i t c h -  

ed s e c t i o n s  o f  t h e  s t udy  areas g e n e r a l l y  had s h o r t e r  wet p e r i o d s  

than  t h e  u n d i t c h e d  s e c t i o n s ,  these  p e r i o d s  were u s u a l l y  n o t  of 

s u f f i c i e n t  b r e v i t y  t o  p reven t  a s i g n i f i c a n t  number o f  l a r v a e  from 
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comp le t ing  development. An a d d i t i o n a l  c o n t r i b u t i n g  f a c t o r  was t he  

f r e q u e n t  rep len ishment  o f  water  because o f  t he  h i g h  f 

quency which occu r red .  A l s o  c o n t r i b u t i n g  t o  mosqui to  

was the  f i n d i n g  t h a t  c rabho les  se rve  as wa te r -ho ld i ng  

f o r  t h e  l a r vae ,  e n a b l i n g  them t o  complete development 

the  b reed ing  depress ion  i t s e l f  became d r y .  

l ood ing  f r e -  

s u r v i v a l  

re fuges  

even i f  

I f ,  as was t he  case i n  t h i s  s tudy ,  f i e l d  obse rva t i ons  show 

t h a t  most s e c t i o n s  o f  t he  marshes surveyed were f l ooded  a t  a  

f requency s u f f i c i e n t l y  h i g h  t o  p rec lude  the  p r o d u c t i o n  o f  s e r i o u s  

numbers o f  Aedes-Psorophora mosqui toes, an area-wide g r i dded  

p a t t e r n  o f  d i t c h i n g  i s  n o t  adv ised .  S ince  ou r  work showed t h a t  

p r o l i f i c  b reed ing  o f  Aedes-Psorophora spec ies was con f i ned  t o  t he  

l ess  f r e q u e n t l y  f l o o d e d  upper marg ina l  areas o f  the  marsh, any 

d i t c h i n g  done f o r  t h e i r  c o n t r o l  shou ld  be concen t ra ted  i n  t h a t  

s e c t i o n ,  The r e l a t i v e l y  unp roduc t i ve  o u t e r  Juncus marshes can 

i n  most cases be bypassed. 

Where c o n t r o l  o f  Anopheles-Culex mosqui toes i s  cons idered  

necessary (because o f  c l o s e l y  ad jacen t  human concen t ra t i ons ) ,  a  

150-200 f o o t  g r i d  d i t c h i n g  p a t t e r n  w i l l  n o t  s i g n i f i c a n t l y  reduce 

t h e  popu la t i ons  o f  these spec ies ,  The o n l y  p o t e n t i a l l y  adequate 

method f o r  t h e i r  c o n t r o l  known t o  us a t  p resen t  i s  t h e  use o f  

appropr ia te ly-managed impoundments. 

I n  v iew o f  t he  f i n d i n g  t h a t  l a r g e  areas o f  Juncus marsh can 

e x i s t  i n  a  n a t u r a l  c o n d i t i o n  w i t h o u t  p roduc ing  s i g n i f i c a n t  numbers 

o f  Aedes, the  importance o f  conduc t ing  i n t e n s i v e  seasonelong 
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surveys i n  s a l t  marshes t o  a c c u r a t e l y  determ 

v i t y  cannot be over  emphasized, Un fo r t una te  

i ne  mosqui to  p roduc t  

l y ,  however, surveys 

may be neg lec ted  because o f  the apparent  magnitude o f  the t a s k .  

I n  cases such as these,  a method e n a b l i n g  one t o  p r e d i c t  the  r e -  

l a t i v e  abundance o f  Aedes-Psorophora and Anopheles-Culex breed-  

i n g  i n  s a l t  marshes, u s i n g  o n l y  a few key f a c t o r s ,  would be most 

h e l p f u l ,  

Qbservat  ions  and measurements made d u r i n g  the  s tudy  d i s c l o s e d  

t h a t  s i g n i f i c a n t  c o r r e l a t i o n  e x i s t e d  between t h e  r e l a t i v e  abundance 

o f  Aedes-Psorophora and Anopheles-Culex and the  s l ope  and f requency  

of  f l o o d i n g  o f  t he  b reed ing  depress ion.  A s t a t i s t i c a l  s t udy  o f  

t h e  da ta  c o l l e c t e d  showed t h a t  t he  r e l a t i v e  abundance o f  Aedes- 

Psorophora tended t o  be d i r e c t l y  p r o p o r t i o n a l  t o  t he  mean s l o p e  

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

Conversely, t he  r e l a t i v e  abundance o f  Anopheles-Culex l a r v a e ,  a l t h o u g h  

n o t  as h i g h l y  a f f e c t e d  by t he  mean s l ope  as Aedes-Psorophora, was, 

up t o  a p o i n t ,  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  f requency  o f  f l o o d i n g .  

P r e l i m i n a r y  procedures and p r e d i c t i v e  t a b l e s  f o r  u s i n g  t h i s  r e l a t i o n -  

s h i p  i n  l a r v a l  b reed ing  surveys were developed. 
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RECOMMENDATIONS 

1 .  To accompl ish the  most e f f e c t i v e  source r e d u c t i o n  o f  

s a l t  marsh mosqui toes w i t h  t he  l e a s t  d i s t u r b a n c e  t o  t he  marsh 

ecosystem, h a b i t a t  m o d i f i c a t i o n  procedures such as d i t c h i n g  

shou ld  be a t tempted  o n l y  a f t e r  i n t e n s i v e  season- long l a r v a l  

surveys have been made. The survey  program shou ld  i n c l u d e  

some o r  a l l  o f  t he  f o l l o w i n g  procedures:  

a ,  Areas s u b j e c t  t o  f l o o d i n g  shou ld  be d e l i n e a t e d  and 

t o  l o c a t e  

i n  each 

then v i s i t e d  a t  such i n t e r v a l s  as r e q u i r e d  

a l l  s p e c i f i c  b reed ing  s i t e s  o c c u r r i n g  w i t h  

a rea .  

b .  Once l oca ted ,  each s i t e  shou ld  be examined f r e -  

q u e n t l y  d u r i n g  a t  l e a s t  one e n t i r e  season t o  d e t e r -  

mine i t s  f u l l  mosqui to  b reed ing  p o t e n t i a l .  

c .  The burden o f  t h i s  i n i t i a l  survey work can be con- 

s i d e r a b l y  l i g h t e n e d  by i n s t a l l i n g  t i d e  gauges a t  

s t r a t e g i c  p o i n t s  i n  t h e  su rvey  areas t o  determine 

t he  f requency o f  f l o o d i n g ,  T h i s  i n f o r m a t i o n  w i l l  

h e l p  t o  e l i m i n a t e  f rom s e r i o u s  c o n s i d e r a t i o n  those 

s e c t i o n s  f l o o d i n g  t o o  f r e q u e n t l y  t o  be a  s e r i o u s  

source  o f  mosqu i to  b reed ing .  A d d i t i o n a l l y ,  da ta  

f rom t i d e  gauge read ings  can be used as a  b a s i s  f o r  

p r e d i c t i n g  t h e  r e l a t i v e  abundance o f  t he  mosqui to  

spec ies  b reed ing  on t h e  marsh. W i t h  such i n f o r m a t i o n ,  

i t  c o u l d  develop t h a t  under c e r t a i n  c o n d i t i o n s ,  
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c o n t r o l  o f  one o r  more spec ies  p resen t  may n o t  be 

necessary .  

d .  Marsh l e v e l s  a l ong  random t r a n s e c t s  f rom t h e  t i d e  

gauges t o  h i g h  ground shou ld  be determined.  Com- 

b i n i n g  marsh e l e v a t i o n s  w i t h  t i d e  gauge da ta  makes 

i t  p o s s i b l e  t o  e s t i m a t e  t h e  d u r a t i o n  and e x t e n t  o f  

f l o o d i n g  f o r  each b reed ing  s i t e .  

e .  Assessment o f  a d u l t  mosqu i to  popu la t i ons  by  l i g h t  

t r a p  o r  o t h e r  means must be c a r r i e d  o u t  on a  r e g u l a r  

b a s i s  i n  and ad jacen t  t o  areas under su rvey ,  Add i -  

t i o n a l l y ,  b i t i n g  and/or l a n d i n g  counts  shou ld  a l s o  

r e g u l a r l y  be taken  t o  assess t he  nu isance va lue  o f  

t h e  mosqui to  spec ies  p resen t .  

2 .  I f  survey  and l a r v a l - p u p a l  m o n i t o r i n g  da ta  show a  de- 

f i n i t e  need f o r  mosqu i to  c o n t r o l  i n  a  p a r t i c u l a r  a rea  and 

d i t c h i n g  i s  dec ided upon, then e x t e n s i v e  t e s t i n g  shou ld  f i r s t  

be under taken t o  determine t h e  p o r o s i t y  and d ra inage  p o t e n t i a l  

o f  t he  s o i l .  

3 ,  I f  d i t c h i n g  i s  t o  be done, ca re  shou ld  be taken t o  t a i l o r  

t h e  d i t c h i n g  des ign  t o  l o c a l  c o n d i t i o n s  i n  such a  manner as t o  

o b t a i n  maximum c o n t r o l  o f  mosqui to  b reed ing  w i t h  minimum d i s -  

tu rbance  t o  t h e  marsh ecosystem. 



About one-ha l f  o f  t he  200,000 acres o f  c o a s t a l  wet lands i n  

N o r t h  C a r o l i n a  c o n s i s t s  o f  i r r e g u l a r l y  f l ooded  s a l t  marsh dominated 

by the  p l a n t  spec ies  Juncus roemerianus Scheele ( b l a c k  needle  r u s h ) ,  

Juncus marshes occur  p r i m a r i l y  n o r t h  and eas t  o f  Beau fo r t  i n  C a r t e r e t ,  

Paml ico,  Hyde and Dare coun t i es ,  as w e l l  as a l ong  the  o u t e r  banks 

(Adams 1967). S i x  spec ies o f  mosqui toes b reed  i n  these areas o f  

s a l t  marsh. 

I n  t he  m i d - f i f t i e s  a  s e r i e s  o f  hu r r i canes  h i t  t he  N o r t h  C a r o l i n a  

coas t  and t he  accompanying h i g h  t i d e s  and r a i n  caused the  p r o d u c t i o n  

o f  i n t o l e r a b l e  numbers o f  mosqui toes.  Th i s  l e d  t o  t h e  es tab l i shmen t  

o f  t he  N o r t h  C a r o l i n a  S a l t  Marsh Mosqui to  Study Commission (Whi te  

1956).  The purpose o f  t h i s  Commission was t o  assess the  mosqui to  

problems i n  eas te rn  No r t h  C a r o l i n a  and t o  suggest means f o r  a l l e v i a t -  

i n g  them. One r e s u l t  o f  t he  work done by t h e  Commission was t he  

i n i t i a t i o n  i n  1960 by t he  N o r t h  C a r o l i n a  S t a t e  Board o f  H e a l t h  o f  a  

s a l t  marsh d i t c h i n g  program f o r  mosqu i to  c o n t r o l .  To da te ,  areas i n  

C a r t e r e t ,  Craven, Dare, Onslow and Paml ico c o u n t i e s  have been d i t c h e d .  

As a  r e s u l t ,  a t  l e a s t  30% o f  a l l  i r r e g u l a r l y  f l o o d e d  s a l t  marsh i n  

t he  S t a t e  has now been a l t e r e d  f o r  mosqu i to  c o n t r o l  (Adams 1967).  

I n  t h i s  work a  d r a g l i n e  was used t o  excavate a  p a t t e r n  o f  

para1 l e l  d i t c h e s  app rox ima te l y  100-400 f e e t  a p a r t ,  3 f e e t  i n  depth 

and 8-10 f e e t  i n  w i d t h  th rough  t r a c t s  o f  Juncus marsh, Beg inn ing  i n  

t i d a l  wa te r ,  t he  d i t c h e s  u s u a l l y  ended a t  the  wooded h i g h  ground mar- 

g i n a l  t o  t h e  marsh and were connected t o  pe r ime te r  d i t c h e s  p a r a l l e l  t o  

t he  h i g h  ground. 
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I n  r ecen t  yea rs ,  growing concern f o r  t he  we 

wet lands has caused a  q u e s t i o n i n g  o f  the  e f f e c t s  

marsh and e s t u a r i n e  ecosystems. To p r o v i d e  some 

l f a r e  o f  c o a s t a l  

o f  such d i t c h i n g  on 

i n f o r m a t i o n  on t h i s  

s u b j e c t  i n  N o r t h  C a r o l i n a ,  a  coope ra t i ve  research  program was conducted 

d u r i n g  t he  years  1970, 1971 and 1972 by personnel  o f  t h e  U n i v e r s i t y  o f  

N o r t h  C a r o l i n a  a t  Chapel H i l l  and No r th  C a r o l i n a  S t a t e  U n i v e r s i t y  a t  

Ra le i gh .  C o n s i s t i n g  o f  two phases, t he  f i r s t  was an e v a l u a t i o n  o f  

t h e  e f f e c t s  o f  t h e  mosqu i to  c o n t r o l  d i t c h i n g  on t he  marsh ecosystem 

i t s e l f  and t h e  second a  d e t e r m i n a t i o n  o f  t h e  e f f e c t i v e n e s s  o f  t he  

d i t c h i n g  i n  c o n t r o l l i n g  mosqu i to  p o p u l a t i o n s ,  The r e s u l t s  o f  t he  

f i r s t  phase have been pub1 i shed  by  Kuenz ler  and Marshal  1 (1973).  

Phase 2 i s  r e p o r t e d  on here .  

F o l l o w i n g  t h e  p u b l i c a t i o n  o f  a  comprehensive r e p o r t  by Sm i th  

(1904) advoca t i ng  f i 1 l i n g  and d ra inage  as t he  most s a t  i s f a c t o r y  methods 

o f  e l i m i n a t i n g  s a l t  marsh mosqu i to  b reed ing ,  e x t e n s i v e  uses o f  these  

p r a c t i c e s  developed i n  seve ra l  c o a s t a l  s t a t e s  and c o n t i n u e  t o  Qhe 

p r e s e n t .  For  e v a l u a t i v e  i n f o r m a t i o n  on s a l t  marsh d i t c h i n g ,  see 

MacCreary and S tearns  (1935),  R ichards  (1938) ,  R e i l e y  (1951) ,  

Carmichael  (1957),  Smi th  (1962) and Helm, e t  a l  (1963) .  However, no 

p rev i ous  r e p o r t s  have been p u b l i s h e d  d e a l i n g  w i t h  d i t c h i n g  f o r  mosqu i to  

c o n t r o l  i n  marshes s i m i l a r  t o  those wh ich  occur  i n  N o r t h  C a r o l i n a .  

S p e c i f i c  o b j e c t i v e s  o f  t h i s  s t udy  i n c l u d e d  de te rm in i ng  t he  tem- 

p o r a l  and s p a t i a l  d i s t r i b u t i o n  o f  each mosqu i to  spec ies  b r e e d i n g  on 

d i t c h e d  and und i t ched  s e c t i o n s  o f  Juncus marsh and t h e  c o r r e l a t i n g  t o  

each b reed ing  s i t e  o f  such f a c t o r s  as f requency o f  f l o o d i n g ,  mean de- 
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p ress ion  s lope ,  p l a n t  cover ,  and d i s t a n c e  f rom d i t c h e s  and maximum 

h i g h  t i d e  l e v e l .  
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EXPER l MENTAL PROCEDURE 

T h i s  research  p r o j e c t  was conducted i n  f i v e  areas o f  i r r e g u l a r l y  

f l ooded  s a l t  marsh l oca ted  i n  C a r t e r e t  County, N.  C ,  ( f i g .  1 ,  p .  33 ) .  

These areas were s p e c i f i c a l l y  l oca ted  a t  : N o r t h  R i v e r ,  5 m i l e s  n o r t h  

o f  Beau fo r t ;  Ward's Creedk, about 1 m i l e  e a s t  o f  B e t t i e ;  Dav is ;  K i n g ' s  

P o i n t ,  1 m i l e  n o r t h  o f  Dav is ;  and Newport R i v e r  near Morehead C i t y  

( f i g .  2 ,  p . 3 4  ) ,  

The N o r t h  R i v e r  and Newport R i v e r  s tudy  areas were s e l e c t e d  p r i n c i -  

p a l l y  because each had a  d i t c h e d  s e c t i o n  o f  marsh ad jacen t  t o  an un- 

d i t c h e d  s e c t i o n ,  I n  the case o f  t he  Dav is  s t udy  a rea ,  which was en- 

t i r e l y  d i t c h e d ,  K i n g ' s  P o i n t  was s e l e c t e d  t o  r ep resen t  t he  nea res t  

a p p r o p r i a t e  t r a c t  o f  und i t ched  marsh. The Ward's Creek area was an 

a d d i t i o n a l  und i t ched  area,  s e l e c t e d  because o f  i t s  known h i g h  mosqu i to  

b reed ing  p o t e n t i a l .  These areas were a l s o  s e l e c t e d  because they re -  

p resen ted  d i f f e r i n g  types o f  s a l t  marsh c o n d i t i o n s .  Th i s  was o f  i m -  

po r tance  i f  a  w o r t h w h i l e  e v a l u a t i o n  was t o  be made o f  the  use fu l ness  

o f  d i t c h i n g  as a  method o f  mosqui to  c o n t r o l .  

The v e g e t a t i o n  o f  a l l  s t udy  areas excep t  Ward's Creek was p re -  

dominan t l y  Juncus roemerianus, i n t e r s p e r s e d  w i t h  l a r g e  patches o f  

D i s t i c h l i s  s p i c a t a  ( ~ i n n a e u s )  and S p a r t i n a  pa tens  ( A i t o n ) ,  The Ward's 

Creek a rea  was p redominan t l y  covered w i t h  D. s p i c a t a ,  w i t h  s c a t t e r e d  

s tands o f  J, roemerianus and Sc i r pus  robustus Pursh. The Newport 

R i v e r  a rea  was a l s o  d i s t i n c t i v e  i n  hav ing  a  r a t h e r  h i g h  percentage o f  

s h o r t  S p a r t i n a  a1 t e r n i f  l o r a  L o i s e l .  

I n  o r d e r  t o  compare the  mosqui to  popu la t i ons  o c c u r r i n g  i n  d i t c h e d  



and und i t ched  areas,  an e x t e n s i v e  l a r va l - pupa l  m o n i t o r i n g  r o u t i n e  was 

e s t a b l i s h e d .  C o l l e c t i o n s  were made a t  the  N o r t h  R i v e r  and Ward's 

Creek areas f rom March 1 s t  t o  August 17, 1971, and a t  Dav is ,  K i n g ' s  

P o i n t  and Newport R i v e r  from March 1 s t  t o  September 30, 1972. 

The s tudy  areas were surveyed on f o o t  f o r  b reed ing .  A  represen-  

t a t i v e  number o f  t he  s i t e s  found were numbered and marked w i t h  a 

3 - foo t  s t ake ,  A d d i t i o n a l l y ,  the  maximum area o f  each was determined.  

Each s i t e ' s  p r e c i s e  l o c a t i o n  was determined by  measur ing t o  i t  f rom 

t h e  nea res t  d i t c h .  These l o c a t i o n s  a r e  represen ted  by an e n c i r c l e d  

i t X 1 l  i n  t he  s t udy  a rea  drawings reproduced i n  f i g u r e s  3 ,  4, 5 ,  6 and 7 ,  

pages 35-39! For  m o n i t o r i n g  purposes each s i t e  was v i s i t e d  2 t o  4 

t imes a  week. A t  each v i s i t ,  t h e  mean wate r  depth was determined and 

a  b reed ing  index  was c a l c u l a t e d .  These da ta  served as a  b a s i s  f o r  

comparing t he  f requency o f  s t a n d i n g  wate r  and numbers o f  mosqui toes 

produced i n  d i t c h e d  and und i t ched  s i t e s ,  

The N o r t h  R i v e r  s tudy  a rea  con ta i ned  41 o f  these marked b reed ing  

s i t e s ,  a l l  o c c u r r i n g  i n  an a rea  o f  about  50 ac res .  Qf  t h i s  number, 

26 were l oca ted  i n  t h e  und i t ched  s e c t i o n  (numbers 16, 18-42, see 

f i g .  3 ) ,  and 15 i n  t he  d i t c h e d  s e c t i o n  (numbers 2-15 and 17, see 

f i g , 3 ) ,  Another  50 s i t e s  o c c u r r i n g  i n  a  con t iguous  und i t ched  a rea  

were v i s i t e d  a t  l e a s t  once a  week t o  o b t a i n  a  genera l  impress ion o f  

t h e  mosqu i to  b reed ing  o c c u r r i n g  over  a  w ide r  a rea .  The d i t c h e d  p o r -  

t i o n  was ccassed by  a  s e r i e s  

i n  1968, which extended f rom 

t o  t h e  r i v e r .  These d  i tches 

o f  s t r a i g h t  p a r a l l e l  d i t c h e s ,  excavated 

t he  wooded h i g h  ground ac ross  t h e  marsh 

were app rox ima te l y  150 f e e t  a p a r t .  



The Davis s tudy  area con ta ined  26 marked s i t e s  o c c u r r i n g  i n  an 

a rea  o f  about  50 ac res .  O f  t h i s  number, 23 were l oca ted  i n  the d i t c h e d  

s e c t i o n  (see f i g .  4 ,  p .  36 ) .  The rema in ing  3 s i t e s  ( S i t e s  A ,  B and 

C i n  f i g .  4) were l oca ted  i n  t he  p i n e  woods and were cons idered  un- 

d i t c h e d .  These s i t e s  were r o u t i n e l y  checked f o r  l a r vae  and pupae i n  

o r d e r  t o  compare t h e i r  mosqu i to  p r o d u c t i v i t y  w i t h  t h a t  o f  t he  o u t e r  

marsh, The d i t c h e s  i n  t h i s  area,  which were excavated i n  1965, were 

approx imate ly  200 f e e t  a p a r t .  

The K i n g ' s  P o i n t  a rea  con ta i ned  21 und i t ched  s i t e s  o c c u r r i n g  i n  

an area o f  50 ac res .  Twenty o f  these s i t e s  were ar ranged a l ong  two 

t r a n s e c t s  beg inn ing  a t  the  same p o i n t  500 f e e t  f rom Route 70 and 

d i v e r g i n g  across t he  marsh t o  Core Sound, One t r a n s e c t  ended a t  a  

t i d e  gauge, t he  o t h e r  a t  a  berm area (see f i g ,  5 ) .  

The one rema in ing  s i t e ,  number 21, was l oca ted  i n  brushy h i g h  

ground near the  highway. The t r a n s e c t  method was used i n  t h i s  case 

p r i n c i p a l l y  as a  conven ien t  sampl ing procedure t o  l o c a t e  s i t e s  a t  

va r i ous  d i s t ances  from maximum h i g h  t i d e .  

The two remain ing s tudy  areas were Ward's Creek, an und i t ched  

s i t e  o f  approx imate ly  600 square f e e t  ad jacen t  t o  Core Sound (see 

f i g ,  6 ) ,  and t he  Newport R i v e r  Study area l oca ted  near Morehead C i t y .  

The l a t t e r  s tudy  a rea  con ta ined  13 s i t e s ,  a l l  o c c u r r i n g  i n  a  d i t c h e d  

s e c t i o n  o f  marsh about  10 ac res ,  and 1 l a r g e  und i t ched  s i t e  ( s i t e  10) 

o f  about 1 ac re  (see f i g ,  7 ) .  

La rva l -pupa l  numbers were determined a t  t he  s tudy  s i t e s  by means 

of  t he  sampl ing procedure r e p o r t e d  by B e l k i n  (1954). Represen ta t i ve  



7 

samples o f  t he  l a r v a e  and pupae c o l l e c t e d  a t  each s i t e  d u r i n g  t h i s  

sampl i n g  procedure were b rough t  i n t o  t he  l a b o r a t o r y .  Most o f  t he  

specimens were k i l l e d  i n  b o i l i n g  water  and p reserved  i n  80% a l c o h o l  

f o r  subsequent i d e n t i f i c a t i o n .  The remainder were h e l d  a l i v e  i n  t he  

l a b o r a t o r y  a t  room temperature and a l l owed  t o  complete development.  

t he  c o l l e c t i o n  s i t e s  d i d  n o t  d r y  up b e f o r e  t he  most immature o f  

t he  

COU 

l a r v a e  completed development, i t  was assumed t h a t  emergence 

I d  have occu r red  i n  the  f i e l d .  T h i s  i n f o r m a t i o n  i s  t he  b a s i s  

f o r  t he  s u r v i v a l  percentages g i ven  l a t e r  i n  t h i s  r e p o r t .  As a  f u r t h e r  

measure o f  mosqu i to  p o p u l a t i o n ,  s tandard  New Jersey l i g h t  t r a p s  were 

ope ra ted  and b i t i n g  ca tches  ' ( f ~ r  e x p l a n a t i o n  see b e l o w )  were made 

ad jacen t  t o  t he  s tudy  a reas .  T h i s  l a t t e r  procedure he lped  assess 

t h e  p e s t  p o t e n t i a l  o f  t he  spec ies  coming f rom the  marsh. 

Two l i g h t  t r a p s  were i n  o p e r a t i o n  i n  1970 and 1971, one a t  

W i l l i s t o n  19 m i l e s  eas t  o f  Beau fo r t ,  and one a t  No r t h  R i v e r .  Three 

t r a p s  were i n  o p e r a t i o n  d u r i n g  the  1972 season, one each a t  A t l a n t i c  

Beach, Newport R i v e r  and Dav is .  Each l i g h t  t r a p  opera ted  f rom 7 p.m. 

t o  7 a.m. and t h e  c o l l e c t i o n s  were p i cked  up a t  l e a s t  3  t imes a week. 

B i t i n g  catches were taken t w i c e  a  week a t  N o r t h  R i v e r  f r om  June 1 

t o  August 17,  1971, and a t  Dav is  and Newport R i v e r  f rom June 1 t o  

September 30, 1972, The a d u l t s  were c o l l e c t e d  o f f  t h e  arms and l e g s  

o f  t he  au tho r  by means o f  an a s p i r a t o r  tube .  Twenty-minute ca tches  

were made eve ry  h a l f  hour f rom sunset  t o  a t  l e a s t  10 p.m.. 

The temperature and r a i n f a l l  da ta  needed f o r  t h i s  research  was 

ob ta i ned  f rom C l i m a t o l o g i c a l  Data,  p u b l i s h e d  by t he  U, S ,  Department 



o f  Commerce. S t a t i o n s  a t  Morehead C i t y  and Cedar I s l a n d  were used as 

r e p r e s e n t a t i v e  o f  t h e  s t udy  a reas .  

I n  t he  b e l i e f  t h a t  t he  i n t e r a c t i o n  o f  mean s lope  and the  mean 

f requency,  d u r a t i o n  and e x t e n t  o f  f l o o d i n g  o f  b reed ing  depress ions 

has an i n f l u e n c e  on spec ies compos i t i on  and abundance, a p p r o p r i a t e  

measurements were made a t  each s i t e .  

The mean f requency o f  f l o o d i n g  on t h e  marsh was determined by a  

s e r i e s  o f  Leupold-Stevens Type-F t i d e  gauge reco rde rs  which were s e t  

up, one each, a t  N o r t h  R i v e r ,  Dav is ,  K i n g ' s  P o i n t  and Newport R i v e r .  

To f a c i l i t a t e  t h e  c o l l e c t i o n  o f  da ta  on f l o o d i n g  f requency a t  t he  

s i t e s ,  s i t e  l e v e l s  w i t h i n  s t udy  areas were determined by  use o f  a  

su rveyor  I s  t r a n s i t .  

E s t i m a t i o n  o f  mean s l ope  was made by de te rm in i ng  the  deepest 

p o i n t  a t  each s i t e  and t he  average d i s t a n c e  f rom t h i s  p o i n t  t o  t he  

edge o f  t he  depress ion  o r  t o  v e g e t a t i o n  su r round ing  the water  i n  de- 

p ress i ons  w i t h  l i t t l e  s l ope .  

I n  o r d e r  t o  determine t h e  s i g n i f i c a n c e  and use fu l ness  o f  t he  

mean f requency ,  d u r a t i o n  and e x t e n t  o f  f l o o d i n g  and t he  mean s l ope  

va lues f o r  p r e d i c t i n g  t he  r e l a t i v e  percentages o f  Aedes-Psorophora 

and Anopheles-Culex b reed ing  on a  s a l t  marsh, a l l  da ta  c o l l e c t e d  

d u r i n g  t he  s tudy  were analyzed by m u l t i p l e  r eg ress i on ,  u s i n g  a  

s t anda rd  s t a t i s t i c a l  program (Ba r r  and Goodnight 1971) on t he  Re- 

search T r i a n g l e  IBM 360/165 computer. The a r c s i n  t r a n s f o r m a t i o n  was 

used on t he  dependent v a r i a b l e  (Aedes-Psorophora) t o  s t a b  i 1 i z e  the  

va r i ance ,  Tables 10 and 1 1  c o n t a i n  a l l  parameters ( independent 



v a r i a b l e s )  used i n  the  a n a l y s i s  and i n  t he  f i n a l  r eg ress i on  model. 

These v a r i a b l e s  were s e l e c t e d  because i t  i s  b e l i e v e d  t h a t  t h e i r  r e -  

l a t i o n s h i p s ,  acco rd i ng  t o  f i e l d  obse rva t i ons  and i n f o r m a t i o n  a l r eady  

a v a i l a b l e ,  a re  n o n - l i n e a r ,  t h a t  i s  t h e i r  i n t e r a c t i o n s  produce optimum 

c o n d i t i o n s  f o r  b o t h  Aedes-Psorophora and Anopheles-Culex b reed ing ,  

Above and be low t h i s  optimum the percen t  r e l a t i v e  abundance f o r  t h e  

spec ies decrease. 

I n  o rde r  t o  determine and compare ground water  l e v e l s  and r a t e  

o f  subsur face d ra inage  on d i t c h e d  and und i t ched  p o r t i o n s  o f  t he  s t udy  

areas,  14 s e r i e s  o f  h o l e s ,  36 inches deep by 6  inches wide,  were dug 

a t  t he  N o r t h  R i v e r ,  Dav is ,  and Newport R i v e r  Study a reas .  Water 

l e v e l s  i n  these ho les  were checked d u r i n g  each area v i s i t  by means o f  

a  graduated d i p s t i c k  and expressed i n  inches f rom the  su r f ace .  The 

f i r s t  h o l e  o f  each s e r i e s  was excavated approx imate ly  3  f e e t  f rom a  

d i t c h ,  w i t h  subsequent ho les  be ing  l o c a t e d  a t  20 f o o t  i n t e r v a l s  

a l ong  a  l i n e  pe rpend i cu l a r  t o  the  d i t c h .  I n  some cases, these l i n e s  

were between two d i t c h e s  and i n  o t h e r s  they  extended f rom a  d i t c h  i n t o  

an ad jacen t  und i t ched  c o n t r o l  a rea .  

A  survey o f  v e g e t a t i o n  was made a t  each b reed ing  s i t e  

a t t emp t  t o  c o r r e l a t e  the p l a n t  cover  w i t h  t he  numbers and k 

mosqui toes p resen t .  A t  each s i t e  t he  number o f  square f e e t  

i n  an 

inds o f  

occup ied  

by  each p l a n t  spec ies  i n  a  100 square f o o t  p l o t  was es t imated .  I n  t h e  

case o f  mixed s tands ,  10 samples were s e l e c t e d  a t  random f r o m  each 

s tand  and t he  r a t i o  o f  t he  mean number o f  stems o f  each p l a n t  spec ies  

t o  the  t o t a l  number i n  the  10 samples, was determined.  



The f o l l o w i n g  i s  an e x p l a n a t i o n  o f  t h e  v a r i o u s  types o f  va lues  

g i ven  i n  t h e  t e x t ,  t a b l e s  and graphs. 

Mean f requency o f  f l ood ing /month  a t  t i d e  qauqe. 

T h i s  was determined by  d i v i d i n g  t he  t o t a l  number o f  f l o o d i n g s  

f o r  an a rea  by t h e  number o f  months t he  t i d e  gauge was i n  o p e r a t i o n .  

Mean f requency o f  f l ood ing /month  a t  each s i t e .  

S i nce  the  f l o o d i n g s  a t  the  t i d e  gauge d i d  n o t  n e c e s s a r i l y  mean 

t h a t  s i t e s  l oca ted  a t  va r i ous  d i s t ances  f rom the  gauge were a l s o  f l ooded ,  

a  separa te  d e t e r m i n a t i o n  o f  the  f requency o f  f l ood ing /month  was ob ta i ned  

f o r  each s  i t e .  A  s u r v e y o r ' s  t r a n s i t  was used t o  determine t h e  s i  t e ' s  

h e i g h t  i n  r e l a t i o n  t o  t he  t i d e  gauge. The number o f  t imes t h e  t i d e  

reached h i g h e r  than  t he  h e i g h t  o f  t he  s i t e  was d i v i d e d  by  t he  number 

o f  months t h e  t i d e  gauge was i n  o p e r a t i o n .  

Frequency o f  s t a n d i n g  w a t e r / s i t e  (FoSW), 

Determined by  d i v i d i n g  the  number o f  days when wate r  was p resen t  

a t  each s i t e  by t h e  number o f  days d u r i n g  t he  research  i n t e r v a l .  

Mean f requency o f  s t a n d i n q  wate r /a rea .  

Determined by  t o t a l l i n g  up a l l  f requency o f  s t a n d i n g  wate r  va lues  

f o r  t he  s i t e s  o f  an a rea  and d i v i d i n g  b y  t he  number o f  s i t e s  i n  t he  

a rea .  

S u i t a b i l i t y  Index ( $ , I , ) .  

Determined by  d i v i d i n g  t he  f requency o f  f l o o d i n g  o f  a  s i t e  by i t s  

mean s l ope .  I t  i s  a  measure o f  t h e  amount o f  s o i l  exposure made a v a i l -  

a b l e  d u r i n g  t he  mosqu i to  b reed ing  season f o r  t h e  d e p o s i t i o n  o f  Aedes 

and Psorophora eggs. An i nve rse  r e l a t i o n s h i p  e x i s t s  here.  H igher  



su  i t a b i  1 i t y  i,nd'i ces represe_nt smal l e r  amounts o f  s o i  1 exposure.  

Breedinq index .  

T h i s  va l ue  was determined by  t he  method and fo rmu la  developed by  

SA x  PD x TLP Be 1 k i  n  ( 1954), where Breed i ng I ndex ( B  . I ) = ND 
ND 

SA = Sur face  a rea  o f  body o f  wa te r  s e r v i n g  as e f f e c t i v e  

b reed ing  s i t e  i n  square f e e t .  

PD = P o s i t i v e  d i p s  ob ta i ned  ( those  d i p s  i n  wh ich  mosqu i to  

l a r v a e  and pupae a r e  f ound ) .  

TLP = T o t a l  number o f  l a r v a e  and pupae ob ta i ned .  

ND = T o t a l  number o f  d i p s  taken,  d i s r e g a r d i n g  a l l  

n e g a t i v e  d i p s  p r i o r  t o  t he  f i r s t  p o s i t i v e  d i p .  

Mean number o f  specimens t a k e n / s i t e .  

Determined b y  d i v i d i n g  the  t o t a l  number o f  mosqu i to  l a r v a e  and 

pupae from each separa te  d i t c h e d  and und i t ched  a rea  by  t he  number of  

s i t e s  i n  each a rea .  

Percen t  specimens taken/area.  

Determined b y  d i v i d i n g  t he  number o f  specimens taken  from each 

separa te  d i t c h e d  and und i t ched  a rea  by  t h e  t o t a l  taken  f rom t h e  com- 

b i n e d  d i t c h e d  and und i t ched  areas.  

Percent  r e l a t i v e  abundance o f  s p e c i e s / s i t e .  

Determined b y  d i v i d i n g  t h e  number o f  specimens o f  each spec ies  

i d e n t i f i e d  f r om  a  s i t e  by t he  t o t a l  number o f  specimens i d e n t i f i e d  

f rom t h a t  s i t e .  



Mean pe rcen t  r e l a t i v e  abundance o f  s p e c i e s / s i t e  f o r  d i t c h e d  and 

und i t ched  s e c t i o n s .  

Determined b y  t o t a l l i n g  up t he  percen t  r e l a t i v e  abundance 

va lues f o r  a l l  s i t e s  o f  d i t c h e d  and und i t ched  areas sepa ra te l y  and 

d i v i d i n g  by t he  number o f  s i t e s  i n  each s e c t i o n .  

Percent  r e l a t i v e  abundance o f  spec ies  f o r  d i t c h e d  and und i t ched  s e c t i o n s .  

Determined b y  d i v i d i n g  the  number o f  specimens o f  a  p a r t i c u l a r  

spec ies taken from t h e  d i t c h e d  and und i t ched  s e c t i o n s  sepa ra te l y  b y  

t he  t o t a l  number o f  specimens o f  t h a t  spec ies taken f rom t h e  e n t i  r e  

s t udy  a rea .  

Percent  s u r v i v a l ,  

Determined by  d i v i d i n g  the  number o f  l a r v a e  es t ima ted  t o  have 

s u r v i v e d  (see procedure p .  7 ) i n  each s i t e  by the  t o t a l  number 

c o l l e c t e d  a t  each s i t e .  

Mean number o f  mosquifoes taken per ,  l i g h t , t r a p  n i g h t .  

Determined by d i v i d i n g  the  t o t a l  number o f  specimens taken/week 

by  the  number o f  n i g h t s  t he  l i g h t  t r a p  was i n  o p e r a t i o n  t h a t  week, 

Mean number o f  mosqui toes taken b i t i n g  pe r . 30 -m inu te  i n t e r v a l .  

Determined by  d i v i d i n g  the t o t a l  number o f  specimens taken each 

n i g h t  i n  b i t i n g  counts  by t he  number o f  30-minute i n t e r v a l s  i n  each 

c o l l e c t i n g  p e r i o d .  
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RESULTS 

a t a  on the f requency,  d u r a t i o n  and e x t e n t  o f  f l o o d i n g  f o r  t he  

s t udy  areas (summarized i n  t a b l e  1 ,  P .  78 , d e t a i l e d  i n  appendix 

t a b l e s  1-4, pages 90-94)  demonstrate the v a r i a b i l i t y  which occu r red  

between t he  areas.  No r t h  R i v e r  and Ward's Creek were s i m i l a r  i n  

averag ing  15 f l o o d i n g s  per  month a t  t h e  t i d e  gauge, whereas t he  o t h e r  

s t udy  areas averaged f rom 24-30 f l o o d i n g s .  T h i s  p robab l y  i n d i c a t e s  

t h a t  t he  former  two areas a r e  a t  h i g h e r  e l e v a t i o n s  than t h e  l a t t e r  

t h r e e .  

These da ta  a l s o  show t h a t ,  as compared w i t h  t he  und i t ched  areas,  

t h e  d i t c h e d  areas a l l  had a  reduced frequency o f  s t a n d i n g  wa te r ,  an 

equal  o r  s l i g h t l y  h i g h e r  number o f  wet i n t e r v a l s  o f  s h o r t e r  d u r a t i o n  

and a  h i ghe r  number o f  d r y  i n t e r v a l s  o f  l onger  d u r a t i o n .  

The v e g e t a t i o n  o f  marsh b reed ing  s i t e s  c o n s i s t e d  p r i m a r i l y  o f  

v a r y i n g  p r o p o r t i o n s  o f  Juncus roemerianus, D i s t i c h l i s  s p i c a t a  and 

S p a r t i n a  pa tens  ( t a b l e  2, p.  79 , appendix  t a b l e s  5-8, pages 95-99, 

and appendix  f i g u r e s  6,  4 and 1 2 ) .  Rather  wide v a r i a t i o n  i n  t he  

r e l a t i v e  abundance o f  these p l a n t  spec ies  was found t o  occur  between 

d i t c h e d  and und i t ched  a reas .  U n f o r t u n a t e l y ,  t he  s i g n i f i c a n c e  o f  t h i s  

v a r i a t i o n  i s  unc lea r  because p l a n t  surveys a re  n o t  a v a i l a b l e  f o r  t he  

areas p r i o r  t o  d i t c h i n g .  However, i t  does seem s a f e  t o  conc lude t h a t  

t h e r e  has been a  s i g n i f i c a n t  i nvas ion  of  Bacchar i s  h a l i m i f o l i a  i n t o  

the  d i t c h e d  s e c t i o n s  o f  t h e  s t udy  a reas .  

Mosqui to  popu la t i ons  found o c c u r r i n g  i n  marsh b reed ing  s i t e s  



c o n s i s t e d  p r i n c i p a l l y  o f  Aedes s o l l i c i t a n s ,  A. taeniorhynchus,~Anopheles 
at ropos  and &. b r a d l e y i .  A d d i t i o n a l l y ,  smal l  numbers o f  Culex s a l i n a r -  

i u s  were taken f rom t ime  t o  t ime ,  Aedes a t l a n t i c u s  and Psorophora - 
c o n f i n n i s  were found b reed ing  i n  wooded s i t e s  around t he  marsh. The 

r e l a t i v e  abundance o f  t he  l a r vae  and pupae o f  these spec ies  f o r  each 

s tudy  area i s  summarized i n  t a b l e  3 ,  p .  80, d e t a i l e d  i n  appendix  

t a b l e s  9-12, pages 100-106 , Rather  wide v a r i a t i o n s  between popula-  

t i o n s  w i t h i n  a  spec ies  was found t o  occur  between s i t e s  o f  d i t c h e d  and 

und i t ched  s e c t i o n s .  As w i t h  p l a n t  cover ,  t he  s i g n i f i c a n c e  o f  t h i s  

v a r i a t i o n  cannot be determined because surveys f o r  l a r v a e  were n o t  made 

p r i o r  t o  d i t c h i n g .  

Desp i t e  t h i s  v a r i a t i o n ,  when r e l a t i v e  spec ies  abundance i s  com- 

pared between d i  t ched  and undi  tched s e c t i o n s  r a t h e r  than  j u s t  between 

s i t e s ,  i t  becomes apparent  t h a t  a  h i g h e r  percentage o f  comb ina t ions  

o f  Aedes s o l l i c i t a n s  and &. taeniorhynchus occu r red  on d i t c h e d  r a t h e r  

than und i t ched  a reas .  These two spec ies ,  as w e l l  as Psorophora 

c o n f i n n i s ,  d e p o s i t  t h e i r  eggs on d r y i n g  s o i l  and a re  cons idered  tem- 

po ra r y  pool  b reeders .  

Another  g e n e r a l i z a t i o n  t h a t  can be developed f rom t h e  da ta  

c o l l e c t e d  i s  t h a t  t h e  l a r v a e  o f  t h e  temporary  pool  b reeders  were more 

o f t e n  c o l l e c t e d  f r om marsh s i t e s  s i t u a t e d  i n  o r  near  h i g h  ground than  

i n  t he  marsh p roper  ( f o r  example, see f i g s .  8,  9, 10 and 1 1 ,  pages 

40-43 ) I n  c o n t r a s t ,  t h e  permanent poo l  b reeders  were more e v e n l y  

d i s t r i b u t e d  ove r  t he  marsh. 



Aedes and Psorophora spec ies were more commonly c o l l e c t e d  d u r i n g  

t he  months o f  June, J u l y  and August.  However, a few major  peaks of  

abundance occu r red  a t  the No r th  R i v e r  and Ward's Creek s tudy  areas 

d u r i n g  t he  months o f  March and A p r i l  (see f i g .  13-16, pages 45-48) .  

A l though  n o t  o c c u r r i n g  t o  any marked degree d u r i n g  t he  s tudy  p e r i o d  

i t s e l f ,  peaks o f  abundance f o r  these spec ies can a l s o  occur  i n  Sep- 

tember and even i n t o  e a r l y  October .  

W i t h i n  the  above t ime s c a l e ,  l a r v a e  and pupae o f  these spec ies  

were most abundant d u r i n g  the  few ins tances  when d r y  pe r i ods  were 

f o l l owed  by heavy r a i n s  and/or excess ive  t i d a l  f l o o d i n g s  (see f i g .  

13-16), Du r i ng  1971, these pe r i ods  occu r red  d u r i n g  t he  weeks o f  

A p r i  1 8, June 3 and J u l y  29. I n  1972, they  occu r red  i n  the  weeks o f  

A p r i  1 29 and J u l y  15.  Because o f  t h i s  marked response o f  Aedes - and 

Psorophora t o  a l t e r n a t e  dry-wet i n t e r v a l s ,  t h e i r  seasonal d i s t r i b u -  

t i o n  p a t t e r n  was c h a r a c t e r i z e d  by  a number o f  sharp  t r a n s i e n t  peaks 

o f  l a r v a l  a c t i v i t y  (see f i g s .  13-15).  

I n  c o n t r a s t  t o  the above, Anopheles and Culex l a r vae  were more 

c o n s i s t e n t l y  p resen t ,  p roduc ing  i n  some ins tances  a long  term b u i l d -  

up i n  numbers ( f i g s .  13 and 14). T h i s  i s  due t o  t he  con t inuous  

development which occurs  i n  these spec ies  and t o  t h e  h i g h  f requency 

o f  t i d a l  f l o o d i n g  i n  t he  areas under s t udy .  The seasonal d i s t r i b u -  

t i o n  p a t t e r n  a l l u d e d  t o  above f o r  Aedes and Psorophora d i f f e r s  f rom 

t h a t  o f  Anopheles and Culex spec ies  because t h e  eggs o f  t he  former  

must undergo a l t e r n a t e  pe r i ods  o f  d r y i n g  and f l o o d i n g  b e f o r e  they  

w i l l  ha tch .  
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Us ing  l a r v a l  abundance da ta  f rom und i t ched  marsh as a  check, t he  

d i t c h e d  marsh a t  No r t h  R i v e r  and Davis suppor ted lower popu la t i ons  o f  

Anopheles and Culex ( f i g s ,  13 and 14; appendix t ab l es  9-17, pages 

100-1 16) ,  b u t  d i t c h i n g  d i d  n o t  markedly  a f f e c t  the  p o p u l a t i o n  numbers 

o f  Aedes and Psorophora,  However, a t  Newport R i v e r ,  as seen i n  f i g u r e  

16, t he  p o p u l a t i o n  l e v e l s  f o r  a l l  spec ies were h i ghe r  i n  t he  d i t c h e d  

s e c t i o n  than  i n  t he  und i t ched  s e c t i o n  because o f  the  presence o f  two 

compara t i ve l y  p r o d u c t i v e  mosqui to  b reed ing  s i t e s ,  s i t e s  3  and 8  (see 

f i g .  12, p . 4 4  ) Together they y i e l d e d  583 mosqui to  l a r v a e ,  T h i s  

represen ted  83% of  a1 1 l a r v a e  taken f rom t h e  d i t c h e d  s e c t i o n .  Con- 

s i d e r e d  s e p a r a t e l y ,  s i t e  8  y i e l d e d  o n l y  Aedes and Psorophora l a r vae ,  

a l l  spec ies  o f  which,  excep t  f o r  Aedes taeniorhynchus,  had h i g h  su rc  

v i v a 1  va lues ,  r ang ing  f rom 73% f o r  Aedes s o l l i c i t a n s  t o  100% f o r  

Psorophora c o n f i n n i s .  I n  c o n t r a s t ,  about  70% o f  a l l  l a r v a e  taken 

f rom s i t e  3  were Anopheles. S u r v i v a l  va lues f o r  t h i s  s i t e  ranged 

f rom 66% f o r  A. taen iorhynchus t o  100% f o r  C u l e x , , s a l i n a r i u s .  A l -  

though t he  average d i s t a n c e  o f  these s i t e s  f rom t h e  nea res t  d i t c h  

was o n l y  60 f e e t ,  b o t h  had h i g h  water  a v a i l a b i l i t y  va lues ,  r a n g i n g  

from 61% a t  s i t e  8 t o  95% a t  s i t e  3 .  A d d i t i o n a l l y ,  b o t h  possessed 

deep pockets  o f  wa te r  w i t h  t h i c k  clumps o f  S p a r t i n a  a l t e r n i f l o r a ,  

9. pa tens ,  and D i s t i c h l i s  s p i c a t a .  

A l t hough  t h e  d i t c h e d  marsh a t  N o r t h  R i v e r  and Davis  suppor ted 

fewer Anopheles and Culex than d i d  t he  und i t ched  marsh, d i f f e r e n c e s  

i n  s u r v i v a l  va lues between these areas were n o t  s i g n i f i c a n t  ( t a b l e s  

3  and 6 ,  p . 8 0 , 8 3 a n d  appendix  t a b l e s  18-21, pages 118-122). Based 



upon t h e  s u r v i v a l  da ta  c o l l e c t e d ,  a t  l e a s t  h a l f  o f  t he  l a r vae  cou ld  

have completed development i n  e i t h e r  d i t c h e d  o r  und i t ched  marsh 

(Table  3 ) .  W i t h  t h e  excep t i on  o f  - A .  s o l l i c i t a n s  a t  No r t h  R i v e r ,  t h i s  

was a l s o  t r u e  f o r  t h e  Aedes and Psorophora spec ies (see t a b l e  3 ) .  

Accord ing  t o  t he  ground water  l e v e l  da ta  found i n  t a b l e s  8  and 9 

(pages 85 and 86 ) ,  the  d i t c h e s  a t  Davis and Newport R i v e r  s u f f  i -  

c i e n t l y  d ra i ned  most sec t i ons  o f  s a l t  marsh w i t h i n  two days. Fewer 

s e c t i o n s  o f  No r t h  R i v e r  d i t c h e d  marsh were d ra i ned  as f a s t .  I n  t h i s  

area,  water  u s u a l l y  remained on the  marsh f o r  as long  as t h ree  days 

a f t e r  the  subsidence o f  t i d a l  f l o o d  ings (see t a b l e  7,  p,  84 and 

f i g .  3 5 ,  p.  67 ) .  A l l  c o n t r o l  s e c t  ions d ra i ned  somewhat more s l o w l y .  

Water 

ho 1 es 

breed 

i n  most i nne r  ground water  ho les  (ho les  3-5 a t  No r t h  R i v e r  and 

6-10 a t  Newport R i v e r )  remained a t  marsh l e v e l  f o r  most o f  t he  

i n g  season, d r a i n i n g  o n l y  d u r i n g  t he  r e l a t i v e l y  few l ong  pe r i ods  

o f  dryness,  

Desp i t e  t he  adequate r a t e  o f  dra inage i n  most sec t i ons  o f  the  

d i t c h e d  areas,  long  i n t e r v a l s  o f  marsh f l o o d i n g  by  t i d e s ,  o c c a s i o n a l l y  

combined w i t h  heavy r a i n s ,  r ep len i shed  b reed ing  s i t e s .  Desp i t e  t h i s  

rep len ishment  o f  wa te r ,  however, t he  s i t e s  i n  these areas s t i l l  p ro -  

duced low numbers o f  b o t h  temporary and permanent pool  breeders  when 

compared w i t h  the Ward's Creek area,  where 13,886 Aedes were c o l l e c t e d  

(see t a b l e  3) . 
A d d i t i o n a l  i n f o r m a t i o n  on the  mosqui to  popu la t i ons  a t  the s t udy  

areas,  ob ta i ned  f rom l i g h t  t r a p  and b i t i n g  count  da ta ,  i s  found i n  



f i g u r e s  17-34 (pages 49-66 ) and appendix t a b l e s  22741 (pp. 123-146). . 

Accord ing  t o  these da ta ,  Anopheles a t ropos  and A n ,  b r a d l e y i  com- 

b i ned  were t he  most commonly c o l l e c t e d  spec ies i n  l i g h t  t r a p s  a t  N o r t h  

R i v e r ,  W i l l i s t o n ,  and A t l a n t i c  Beach and were the  most commonly c o l l e c t -  

ed spec ies d u r i n g  the  b i t i n g  counts  a t  No r t h  R i v e r .  The i n t e r v a l  o f  

h i g h e s t  abundance was f rom June th rough  October .  Dur ing  t h i s  t ime,  

t he  number o f  a d u l t s  taken i n  l i g h t  t r a p s  ranged f rom 45 a d u l t s  i n  

August a t  A t l a n t i c  Beach t o  over  20,000 c o l l e c t e d  a t  N o r t h  R i v e r  i n  

J u l y .  These spec ies  were most o f t e n  taken b i t i n g  d u r i n g  the  months 

of June and J u l y  a t  N o r t h  R i v e r  when ove r  600 and 400 were taken res -  

p e c t i v e l y  (see f i g .  17-26 and appendix  t a b l e s  22-31, 40 and 41). A t  

Dav is ,  t h e  Anopheles spec ies were among those most commonly c o l l e c t e d  

f rom t h e  1 i g h t  t r a p ,  r ang ing  i n  abundance f rom 637 taken i n  June t o  

969 taken i n  September. Numbers c o l l e c t e d  d u r i n g  b i t i n g  coun ts  were 

h i g h e s t  i n  June and August when 65 and 100 a d u l t s  were taken r e s -  

p e c t i v e l y  (see f i g .  27, 30 and 31 and appendix  t a b l e s  32-35).  Corn- 

p a r a t i v e l y  low numbers o f  these spec ies were c o l l e c t e d  a t  Newport 

R i v e r .  L i g h t  t r a p  da ta  f o r  t h i s  area a r e  n o t  a v a i l a b l e  f o r  

J u l y  and August ,  The h i g h e s t  number o f  a d u l t s  taken b i t i n g  t h e r e  were 

i n  t he  months o f  June and August when o n l y  80  and 48 were c o l l e c t e d ,  

dur  

W i  1 

t o n  

The h i g h e s t  numbers o f  Cu lex  s a l i n a r i u s  were taken i n  l i g h t  t r a p s  

i n g  t h e  months o f  June, J u l y  and August a t  N o r t h  R i v e r ,  Dav is ,  and 

l i s t o n ,  r a n g i n g  f rom 160 a t  N o r t h  R i v e r  i n  August t o  594 a t  W i l l i s -  

i n  J u l y  (appendix  t a b l e s  22-31) .  T h i s  spec ies was most commonly 



c o l l e c t e d  from b i t i n g  counts d u r i n g  June and J u l y  a t  Newport R i v e r  

(1972) and N o r t h  R i v e r  (1971) .  Du r i ng  the former month, 80 specimens 

were c o l l e c t e d  a t  Newport R i v e r  and d u r i n g  the  l a t t e r  month app rox i -  

ma te l y  170 were c o l l e c t e d  a t  N o r t h  R i v e r  (see f i g ,  17 and 22 and 32- 

34, and appendix  t ab l es  32-35).  

The Aedes and Psorophora spec ies were the  most commonly taken 

mosqui toes a t  Dav is ,  and were among those most commonly taken a t  No r t h  

R i v e r .  A t  Dav is ,  they ranged i n  abundance f rom 1123 taken i n  t he  1 i g h t  

t r a p  i n  June t o  ove r  2,000 c o l l e c t e d  i n  August (see f i g .  27 and 30, 

and appendix  t a b l e s  22-27 and 32-35) .  A t  N o r t h  R i v e r  t h e i r  combined 

peak o f  abundance was approx imate ly  1300 f o r  b o t h  J u l y  and August 

(see f i g  . 17 and 21 and appendix tab1 e 22-27) , Large numbers o f  these 

spec ies  were a l s o  taken i n  the  No r th  R i v e r  l i g h t  t r a p  i n  September, 

b u t  o n l y  t h e  Aedes spec ies were i n  any abundance i n  October and few 

o f  e i t h e r  genus were taken i n  November (see f i g ,  17 and appendix  

t a b l e s  22 and 23) .  Very few fl. c o n f i n n i s  were taken b i t i n g ,  w h i l e  

Aedes were, i n  most cases, among the  most commonly c o l l e c t e d  spec ies ,  - 
Comparat ive ly  h i g h  numbers o f  Aedes a d u l t s  were taken  b i t i n g  f r om  

June th rough  September, p a r t i c u l a r l y  a t  Dav is ,  where they ranged 

f rom approx imate ly  100 i n  June t o  over  500 i n  August ( s e e . f i g .  27 and 

3 1  and t a b l e  34 and 35 ) .  

Tables 10 and 1 1  g i v e  the  r e s u l t s  o f  the  s t a t i s t i c a l  a n a l y s i s .  

The a d d i t i v e  e f f e c t  o f  t he  mean s l ope  index,  the  f requency o f  f l o o d -  

i n g  and t he  r a t i o  f requency o f  f looding/mean s l ope  ( represen ted  as 
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S u i t a b i l i t y  i ndex  ( S . I . )  i n  t a b l e  10, see a l s o  p .  10, S u i t a b i l i t y  

lndex)  was h i g h l y  s i g n i f i c a n t  i n  the  d i t c h e d  s e c t i o n s  i n f l u e n c i n g  

cons ide rab l y  t h e  r e l a t i v e  abundance o f  Aedes-Psorophora and m- 
phe les -Cu lex  spec ies .  I n  t he  und i t ched  s e c t i o n s ,  however, the  f r e -  

quency o f  s t a n d i n g  water  and t he  number o f  days per  wet p e r i o d  were 

found t o  be more s i g n i f i c a n t  than t h e  mean s l ope  and f requency o f  

f l o o d i n g  when combined w i t h  the  S u i t a b i l i t y  l ndex  (see t a b l e  1 1 ) .  

F i gu res  36-45 (3pages 68-77 ) and appendix  t a b l e s  42 and 43 

(pages 147,149) i l l u s t r a t e  the  i n f l u e n c e  o f  these f a c t o r s  on t he  

r e l a t i v e  abundance o f  t h e  above spec ies i n  und i t ched  and d i t c h e d  

s e c t i o n s .  The cor respond ing  S . I .  va lues f o r  each p o i n t  on t he  graphs 

a r e  found i n  appendix  t a b l e s  42 and 43. These graphs desc r i be  t h e  

genera l  t r ends  i n  the  changes o f  t he  r e l a t i v e  abundance o f  t he  above 

spec ies  w i t h i n  c e r t a i n  l i m i t s .  N a t u r a l l y ,  f o r  i ns tance ,  when the  

f requency o f  f l o o d i n g  per  month becomes t o o  h  

turbance p rec ludes  t he  e x i s t e n c e  o f  mosqu i to  

o n l y  f l o o d i n g  r a t e s  which produced c o n d i t i o n s  

l a r vae  were found, were cons idered.  

gh, t he  r e s u l t i n g  d i s -  

arvae.  The re fo re ,  

i n  which mosqu i to  

F i gu res  42-45 and t a b l e  43 show the  i n f  1 uence o f  the  change i n  

number o f  days per  wet p e r i o d  a t  s e l e c t e d  S . I .  and f requency o f  s tand-  

i n g  wa te r  va lues  on t h e  r e l a t i v e  abundance o f  t he  above spec ies .  The 

frequency o f  s t a n d i n g  wa te r  va lues i n  t he  graphs were chosen because 

they  b e s t  represen ted  a c t u a l  c o n d i t i o n s  i n  t he  und i t ched  s tudy  s e c t i o n s .  

A t  each o f  t h e  s t a n d i n g  wate r  va lues ,  t h e  r e l a t i v e  abundance o f  

Anopheles and Culex spec ies inc reased  as t he  number o f  days per  wet 
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p e r i o d  inc reased .  The g r e a t e s t  change i n  t he  r e l a t i v e  abundance o f  

these spec ies ,  f o r  each inc rease  i n  t he  number o f  days wet ,  occu r red  

a t  t h e  S . I .  o f  1 .0 .  Sma l le r  changes occu r red  a t  a  S . I .  o f  3 .0  and no 

change occur red  a t  a  S . 1 .  o f  5 .0 .  A t  t he  l a t t e r  index, the  abundance 

of  Anopheles and Culex was 100% f o r  t he  e n t i r e  range o f  days per  wet 

p e r i o d  va lues .  

F i gu res  43 and 45 show the  cor respond ing  decreases i n  the  r e -  

l a t i v e  abundance o f  the  Aedes and Psorophora spec ies under the  same 

c o n d i t i o n s .  

F i gu res  36 -39 show the  change i n  the  r e l a t i v e  abundance o f  

Aedes-Psorophora and Anopheles-Culex spec ies i n  d i t c h e d  s e c t i o n s  w i t h  

inc rease  i n  f requency o f  f l o o d i n g  a t  s e l e c t e d  mean s l ope  va lues .  The 

maximum r e l a t i v e  abundance p r e d i c t e d  f o r  Aedes and Psorophora occu r red  

a t  s i t e s  w i t h  1-5 f l o o d i n g s  per  month and w i t h  mean s l ope  va lues rang- 

i n g  between .25 and .35 .  As t he  f requency o f  f l o o d i n g  inc reased  f o r  

any g iven  mean s l ope ,  t h e  p r o p o r t i o n  o f  Aedes found i n  l a r v a l  samples 

decreased. The r a t e  o f  decrease was h i g h e s t  when t h e  mean s l ope  was 

.05,  and more g radua l  when they ranged f rom ,55 t o  1 - 2 5 .  

Converse ly ,  t h e  maximum r e l a t i v e  abundance p r e d i c t e d  f o r  t h e  

Anopheles and Cu lex  spec ies occu r red  i n  s i t e s  f l o o d e d  25 t o  35 t imes 

per  month and w i t h  mean s l ope  va lues o f  .05.  The r e l a t i v e  abundance 

f o r  these spec ies  increased when the  f requency o f  f l o o d i n g  a t  any 

g i v e n  mean s l ope  increased.  Th i s  r a t e  o f  i nc rease  i n  r e l a t i v e  abun- 

dance was h i g h e s t  i n  s i t e s  w i t h  mean s l ope  va lues o f  .05.  A t  h i g h  

f requenc ies  o f  f l o o d i n g  ( i . e .  30/month o r  o v e r ) ,  the  r e l a t i v e  abun- 



dance decreased i n  s i t e s  w i t h  mean s l ope  va lues  rang ing  f rom , I 5  t o  

.45, b u t  inc reased  i n  s i t e s  w i t h  mean s lopes o f  .55 and ove r .  

F i gu res  40 and 41 show t h e  change i n  t he  r e l a t i v e  abundance o f  

t he  above spec ies w i t h  increase i n  mean s l ope  a t  s e l e c t e d  va lues  o f  

f requency o f  f l o o d i n g .  The maximum r e l a t i v e  abundance p r e d i c t e d  f o r  

Aedes and P s o r o ~ h o r a  a t  any g i ven  f requency o f  f l o o d i n g  occu r red  i n  

s i t e s  w i t h  mean s l ope  va lues rang ing  between ,25 and ,35, The h i g h -  

e s t  maximum p r e d i c t e d  f o r  these spec ies was a t  a  f requency o f  f l o o d -  

i n g  o f  5/month, and the  lowest  was a t  a f requency o f  f l o o d i n g  o f  

35/month. I n  s i t e s  where t he  f requency o f  f l o o d i n g  ranged f rom 10- 

35 f l o o d i n g s  per  month, t he  r e l a t i v e  abundance f o r  Aedes and Psoro- - 
phora spec ies increased r a p i d l y  as t he  mean s l ope  inc reaskd  f rom ,05 - 
t o  .15 and decreased g r a d u a l l y  as t he  mean s lopes  increased beyond 

.45. Change i n  mean s l ope  had l i t t l e  o r  no e f f e c t  on the  r e l a t i v e  

abundance of  these spec ies i n  s i t e s  f l o o d e d  5 o r  l ess  t imes a  month. 

I n  c o n t r a s t ,  t he  maximum r e l a t i v e  abundance p r e d i ~ t e d  f o r  t he  &- 

pheles  and Culex spec ies a t  any f requency o f  f l o o d i n g  va lue  between - 
10 and 35 t imes per  month occu r red  i n  s i t e s  w i t h  mean s l ope  va lues  

of  .05 o r  l ess  o r  1.15 o r  more. W i t h i n  t h i s  range o f  f l o o d i n g ,  t he  

abundance o f  Anopheles and - Culex spec ies dropped r a p i d l y  as t h e  mean 

s l ope  va lues increased f rom .15 t o  .45 and g r a d u a l l y  inc reased  as 

t he  mean s l ope  va lues  inc reased  f rom .45 on. I n  s i t e s  where t he  f r e -  

quency o f  f l o o d i n g  was 5  o r  l e s s ,  t h e  r e l a t i v e  abundance f o r  these 

spec ies always remained ve ry  low.  
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D l SCUSS l ON AND COKCLUS b ONS 

Accord ing  t o  the  r e s u l t s  o f  t h i s  research,  areas o f  marsh under 

s t udy  were sub jec ted  t o  a  h i g h  r a t e  o f  f l o o d i n g  f o r  most o f  the  mos- 

q u i t o  b reed ing  season. Though t h e  f requency o f  f l o o d i n g  ranged 

w i d e l y  between s tudy  areas,  none on t he  average were f l ooded  l ess  

than 14 t imes per  month. P h i s  s t r o n g l y  a f f e c t e d  the d ra inage  pe r -  

formance o f  the  d i t c h e s  and t he  n a t u r e  o f  the  mosqui to  popu la t i ons  

found i n  these marshes, 

A l though  d i t c h e d  s e c t i o n s  o f  t he  s t udy  areas g e n e r a l l y  had s h o r t -  

e r  wet pe r i ods  than t h e  und i t ched  sec t i ons ,  these pe r i ods  were, i n  

many cases, n o t  s h o r t  enough t o  p reven t  a  s i g n i f i c a n t  number o f  

l a r vae  f rom comple t ing  development, I n  o t h e r  cases, completed l a r -  

v a l  development occu r red  because o f  the  r e l a t i v e l y  h i g h  f l o o d i n g  f r e -  

quency o f  these areas and t he  consequent rep len ishment  o f  wa te r .  

I n  some p laces ,  due t o  t h e i r  compa ra t i ve l y  lower e l e v a t i o n s ,  

and a t  c e r t a i n  t imes d u r i n g  s to rm and s p r i n g  t i d e s ,  t i d a l  f l o o d i n g  

was so d i s t u r b i n g  t h a t  i t  prevented p r o l i f i c  l a r v a l  b reed ing .  

As seen i n  t a b l e  3 ,  a l l  o f  t he  s t udy  areas except  Ward's Creek 

y i e l d e d  compara t i ve l y  sma l l  numbers o f  mosqui to  l a r vae ,  w i t h  -- 
p h e l e s  and Culex o f t e n  be ing  more abundant than  Aedes and Psorophora. 

P 

Th i s  abundance i s  n o t  so unexpected, s i n c e  the  former  genera a r e  

permanent pool  breeders  and a re  more c o n s i s t e n t  and numerous i n  t h e i r  

presence when t h e r e  i s  an extended a v a i l a b i l i t y  o f  wa te r .  Converse ly ,  

t he  o f t e n  lower numbers o f  Aedes and Psorophora taken were p robab l y  

due t o  t h e  r e l a t i v e l y  few l ong  pe r i ods  of  s o i l  exposure needed by 
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these spec ies f o r  o v i p o s i t i o n  and p roper  egg development. 

The s i t e  a t  Ward's Creek, d e s p i t e  i t s  h i g h  a v a i l a b i l i t y  o f  wa te r ,  

y i e l d e d  a  l a r g e  number o f  Aedes l a r v a e .  T h i s  was p robab l y  due t o  a  

h i g h  percentage o f  s o i l  exposure be ing  a v a i l a b l e  because o f  the  com- 

p a r a t i v e l y  h i g h  mean s lope  va lue  o f  t h i s  s i t e .  The pe r i ods  o f  s o i l  

exposure were l ong  enough f o r  t he  accumulat ion and proper  develop-  

ment o f  l a r g e  numbers of Aedes eggs. S i t e s  w i t h  lower mean s l ope  

va lues ,  had, i n  many cases, s h o r t e r  pe r i ods  o f  s o i l  exposure,  s i n c e  

i n  these more l e v e l  areas,  t h e  l oss  o f  wa te r  was s lower ,  keep ing  t h e  

s o i l  i n  t h e  s i t e  covered f o r  a  longer  p e r i o d  o f  t ime .  

The r e l a t i v e l y  h i g h  abundance o f  Anopheles-Culex spec ies  c o l l e c t -  

ed i s  f u r t h e r  demonstrated by l i g h t  t r a p  and b i t i n g  count  da ta .  These 

da ta  demonstrate t h a t ,  i n  some s i t u a t i o n s ,  these spec ies can be i m -  

p o r t a n t  as pes t s  as the  Aedes-Psorophora spec ies .  Fur thermore ,  t h e i r  

p e r i o d  o f  annoyance can be l onge r ,  s i n c e  they  o v e r w i n t e r  as a d u l t s  

( i n  c o n t r a s t  t o  Aedes-Psorophora, which o v e r w i n t e r  as eggs) and may 

become a c t i v e  i n  any p e r i o d  o f  unusua l l y  warm weather d u r i n g  t he  

w i n t e r  months. 

Desp i te  t h e  f a c t  t h a t  t h e  c o a s t a l  Anopheles-Culex spec ies  can 

c r e a t e  as g r e a t  a  nu isance as Aedes-Psorophora spec ies ,  most c o n t r o l  

e f f o r t s  a r e  d i r e c t e d  towards t h e  l a t t e r  genera.  T h i s  i s  p r i n c i p a l l y  

due t o  t h e  g r e a t e r  numbers t h a t  can be produced o f  these spec ies  and 

because o f  t h e i r  a b i l i t y  t o  f l y  g r e a t  d i s t ances  f rom where they  emerged. 

I f  l i g h t  t r a p s  and b i t i n g  counts show popu la t i ons  o f  mosqui toes 

l a r g e  enough t o  s e r i o u s l y  annoy r e s i d e n t s  o f  ad j acen t  s e t t l e d  areas,  
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i t  i s  e s s e n t i a l  t h a t  i n t e n s i v e  surveys be made i n  and around these 

areas t o  l o c a t e  t he  most p r o d u c t i v e  b reed ing  sources b e f o r e  d r a s t i c  

c o n t r o l  measures a re  begun, Ph is  work has shown t h a t  such surveys must 

be extended through a t  l e a s t  one f u l l  b reed ing  season, 

An area wide g r i dded  p a t t e r n  o f  d i t c h i n g  i s  no t  adv ised  i f ,  as 

was the  case i n  t h i s  s t udy ,  f i e l d  obse rva t i ons  show t h a t  most s e c t i o n s  

o f  t he  marshes surveyed were f l o o d e d  a t  a  f requency s u f f i c i e n t l y  h i g h  

t o  p rec lude  the p r o d u c t i o n  o f  s e r i o u s  numbers o f  Aedes-Psorophora 

spec ies ,  S ince  t h i s  work shows t h a t  p r o l i f i c  b reed ing  o f  Aedes- 

Psorophora spec ies occurs  more f r e q u e n t l y  i n  t he  upper marg ina l  areas 

o f  t he  marsh, any d i t c h i n g  done f o r  t h e i r  c o n t r o l  shou ld  be concent ra-  

t ed  i n  t h a t  s e c t i o n .  The o u t e r ,  r e l a t i v e l y  low mosqui to-produc ing 

Juncus marshes can i n  most cases be bypassed, 

Where c o n t r o l  o f  Anopheles-Culex i s  cons idered  necessary,  f i e l d  

da ta  i n d i c a t e  t h a t ,  a t  l e a s t  f o r  t h e  areas s t u d i e d ,  a  150-200 f o o t  

g r i d  d i t c h i n g  p a t t e r n  w i l l  no t  s i g n i f i c a n t l y  reduce the popu 

o f  these spec ies .  The o n l y  adequate method f o r  t h e i r  c o n t r o  

a t  p resen t  i s  t he  use o f  appropr ia te ly-managed impoundments. 

The e x i s t e n c e  o f  s i t e s  4 a t  N o r t h  R i v e r ,  s i t e  16 a t  Davi 

a t  ions 

known 

s  and 

s i t e s  3 and 8 a t  Newport R i v e r ,  p o i n t s  o u t  t he  f a c t  t h a t  d e s p i t e  t he  

prox. im' i ty q f  a  d i t c h ,  p h y s i c a l  and b i o l o g i c a l  c h a r a c t e r i s t i c s  such 

as h e i g h t  above sea l e v e l ,  depth o f  depress ion,  u n d e r l y i n g  s o i l  t e x -  

t u r e  and p l a n t  cover  can o f t e n  h e l p  t o  c r e a t e  c o n d i t i o n s  t h a t  can 

m a i n t a i n  a  s u b s t a n t i a l  number of mosqui to  l a r v a e .  Close checks f o r  

these excep t i ona l  s i t e s  d u r i n g  breeding-source surveys shou ld  be made. 



Another  f a c t o r  t o  be cons idered  and watched f o r ,  and one t h a t  may 

i n f l uence  t he  s u r v i v a l  o f  mosqui to  l a r vae ,  i s  the inc idence  o f  c rab-  

h o l e  b reed ing  on t he  marsh, Th i s  was p a r t i c u l a r l y  noted a t  t he  N o r t h  

R i v e r  s t udy  a rea .  Accord ing  t o  appendix t a b l e  44, 10 s i t e s  l o c a t e d  

i n  b o t h  d i t c h e d  and und i t ched  sec t i ons  con ta i ned  c rabho les  f rom which 

l a r v a e  and pupae were c o l l e c t e d  a f t e r  a l l  water  i n  t he  s i t e s  d r a i n e d  

o f f  o r  evaporated,  The presence o f  many pupal  s k i n s  i n  t he  s iphoned 

water  f rom the  c rabho les  showed t h a t  a d u l t s  had emerged f rom these l o -  

c a t i o n s .  Crabholes seem t o  se rve  as wa te r -ho ld i ng  re fuges  f o r  t h e  

mosqu i to  l a r v a e ,  e n a b l i n g  them t o  s u r v i v e  a  few e x t r a  days d u r i n g  l ong  

pe r i ods  o f  dryness, and thereby  i n c r e a s i n g  t h e i r  chances t o  complete 

development. 

The impor tance o f  conduc t ing  i n t e n s i v e  surveys i n  s a l t  marshes 

t o  determine a c c u r a t e l y  t h e i r  mosqui to  p r o d u c t i v i t y  cannot be ove r -  

s t a t e d .  U n f o r t u n a t e l y ,  however, i n  some s i t u a t i o n s  surveys may be 

neg lec ted  because o f  the  e x t e n t  o f  t h e  area t o  be covered. I n  cases 

such as these,  a  method e n a b l i n g  one t o  p r e d i c t  the  r e l a t i v e  abun- 

dance o f  Aedes-Psorophora apd Anopheles-Culex spec ies  i n  s a l t  marshes 

u s i n g  o n l y  a  few key f a c t o r s  would be h e l p f u l .  The r e s u l t s  o f  t he  

s t a t i s t i c a l  a n a l y s i s  o f  t h e  independent v a r i a b l e s  and t h e i r  i n f l u e n c e  

on t h e  r e l a t i v e  abundance o f  Aedes-Psorophora and Anopheles-Culex 

spec ies show t h a t  such a  method cou ld  be developed. 

Acco rd i ng  t o  t he  r e s u l t s  o f  t he  a n a l y s i s ,  t he  h i g h  f requency  o f  

s t and ing  wate r  va lues  (70% and ove r )  i n  und i t ched  s e c t i o n s  seemed t o  

mask t he  d i r e c t  i n f l u e n c e  o f  t he  mean s l ope  and f requency o f  f l o o d i n g  



on the  r e l a t i v e  abundance o f  t h e  above spec ies .  Appa ren t l y ,  t he  de- 

gree o f  mean s l ope  and change i n  f l o o d i n g  r a t e  mat te red  l i t t l e  i n  

s i t u a t i o n s  more s u i t a b l e  f o r  Anopheles and Culex spec ies,  where the 

f requency o f  s t a n d i n g  wate r  was g e n e r a l l y  h i g h  and where a v a i l a b l e  

s o i l  exposure was no rma l l y  low. i ns tead ,  t h e  r e l a t i v e  abundance o f  

Anopheles and Culex was s i g n i f i c a n t l y  a f f e c t e d  by  a  change i n  t he  

number o f  days per wet pe r i od .  

Accord ing  t o  graphs 42-45 f o r  each f requency o f  s t and ing  water 

g iven ,  t he re  i s  a  f i x e d  number o f  wet days t h a t  cou ld  be grouped i n t o  

a  number o f  pe r i ods  o f  v a r y i n g  l eng ths .  I t  was found t h a t  fewer wet 

i n t e r v a l s  o f  l onger  d u r a t i o n  made c o n d i t i o n s  more s u i t a b l e  f o r  t h e  

Anopheles and Cu lex  spec ies,  than many s h o r t  wet i n t e r v a l s  i n t e r -  

spersed between many s h o r t  d r y  i n t e r v a l s .  For  example, the  f requency 

o f  s t a n d i n g  water  f o r  a  sect . ion o f  marsh was 70% f o r  t he  e n t i r e  breed- 

i ng season (240 days) .  Th i s  r e s u l  t ed  i n  240 x  . 7 O  = I 68  wet days and 

240 - 168 = 72 d r y  days. Two p o s s i b l e  combinat ions d u r i n g  t he  breed- 

i n g  season cou ld  occur :  one c o n s i s t i n g  o f  20 wet i n t e r v a l s  each 

averag ing  8 . 4  days i n  l eng th ,  the  o t h e r  c o n s i s t i n g  o f  3 wet i n t e r -  

v a l s ,  each averag ing  55 days. The l a t t e r  would be much more con- 

duc ive  f o r  the  longer  deve lop ing  Anopheles and Culex spec ies .  

Another  v a r i a b l e  e x e r t i n g  s i g n i f i c a n t  i n f l u e n c e  on t he  r e l a -  

t i v e  abundance o f  Anopheles and Culex spec ies  was the  S u i t a b i l i t y  

Index (S.1 . )  which represen ted  the  r a t i o  o f  f requency o f  f l o o d i n g /  

mean s l o p e  (see page 16) .  As t h i s  index  increased f o r  each o f  t he  

g iven  f requency o f  s t and ing  water  and number o f  days wet va lues,  t he  



r e l a t i v e  abundance f o r  Anopheles and Culex spec ies increased.  T h i s  

was because an inc rease  i n  the S . I .  rep resen ted  an inc rease  i p  e i t h e r  

the  f requency o f  f l o o d i n g  o r  a  decrease i n  the  mean s l ~ p e  which i n  

b o t h  cases produced c o n d i t i o n s  more s u i t a b l e  f o r  Anopheles and Cu lex  

spec ies (see graphs 42 and 44) . 

Converse ly ,  s i n c e  t he re  were a l r eady  enough d r y  pe r i ods  o f  

s u f f i c i e n t  l e n g t h  i n  the d i t c h e d  sec t i ons ,  (a c o n d i t i o n  more s u i t a b l e  

f o r  Aedes and Psorophora) due t o  t h e  reduced s tand ing  water  va lues ,  a  

change i n  the  number o f  days per  d r y  p e r i o d  which would va ry  as t he  

number o f  days/wet p e r i o d  v a r i e d ,  d i d  n o t  seem t o  p l a y  as impo r tan t  

a  r o l e  i n  changing the  r e l a t i v e  abundance o f  the  above spec ies  as d i d  

t he  mean s l o p e  and a  change i n  the  f requency o f  f l o o d i n g  caused by  

l una r  and/or s to rm t i d e s .  As seen i n  graph 41, as t he  mean s l o p e  i n -  

creased up t o  a  c e r t a i n  va lue ,  such as .35 f o r  a  g i ven  f l o o d i n g  r a t e ,  

t he  l oss  o f  wa te r  became more r a p i d  and increased t h e  amount o f  s o i l  

exposed, making c o n d i t i o n s  more s u i t a b l e  f o r  Aedes and Psorophora 

and i n c r e a s j n g  t h e i r  r e l a t i v e  abundance. Beyond t h i s  optimum mean 

s l ope  va lue ,  t h e i r  r e l a t i v e  abundance g r a d u a l l y  decreased, due t o  t he  

f a c t  t h a t  s i t e s  w i t h  mean s l ope  va lues  o f  .55 o r  ove r  o f t e n  c o n t a i n  

pockets  deep enough t o  h o l d  l a r g e r  amounts o f  water  which would take  

longer  t o  d r a i n .  Th i s  would c r e a t e  longer  wet pe r i ods  which would 

produce c o n d i t i o n s  more s u i t a b l e  f o r  Anopheles and Culex,  i n c r e a s i n g  

t h e i r  r e l a t i v e  abundance and decreas ing  t he  r e l a t i v e  abundance o f  

Aedes and Psorophora,  A  s i m i l a r  change i n  r e l a t i v e  abundance w i l l  

occur ,  i f  a t  any g i ven  mean s lope ,  t he  f requency o f  f l o o d i n g  inc reases ,  

r e s u l t i n g  i n  l ess  s o i l  exposure. 



The r e s u l t s  and t he  above d i s c u s s i o n  o f  t h e  s t a t i s t i c a l  a n a l y s i s  

have revea led  c e r t a i n  r e l a t i o n s h i p s  between t he  p h y s i c a l  c h a r a c t e r i s -  

t i c s  and the  degree o f  f l o o d i n g  and t h e i r  combined i n f l u e n c e  on t he  

mosqui to  popu la t i ons  i n  a s a l t  marsh. By de te rm in i ng  t h e  mean s l ope  

and t he  f requency o f  f l o o d i n g  f o r  a  d i t c h e d  marsh and by o b t a i n i n g  

i n f o rma t i on  on t he  f requency o f  f l o o d i n g  t o  es t ima te  t he  f requency 

o f  s t a n d i n g  wate r  and t h e  number o f  days per  wet p e r i o d  f o r  und i t ched  

marsh, a  rough p r e d i c t i o n ,  u s i n g  t h e  i n f o r m a t i o n  found i n  appendix 

t a b l e s  1-4, 9-12 and 42 and 43, c o u l d  be made about  the  p o t e n t i a l  

r e l a t i v e  abundance o f  s a l t  marsh mosqui toes i n  b o t h  types o f  con- 

d i t i o n s .  For  a l l  independent v a r i a b l e s  f a l l i n g  between the  va lues  

l i s t e d  i n  these t a b l e s ,  t he  f o l l o w i n g  reg ress i on  formulae,  based on 

t h e  s tandard  m u l t i p l e  r eg ress i on  formula (Snedecor-and Cachraq, 1968), 

c o u l d  be used t o  o b t a i n  p o t e n t i a l  r e l a t i v e  abundance va lues :  

For  d i t c h e d  marsh: 

A = s i n ( b o  + blms + b 2 f f l  + b  5.1 ,+ b4(s.1) 2 ) I 0 0  
Aedes 3 

where: A = the  % r e l a t i v e  spec ies  abundance 
Aedes 

A = I - y  

Anopheles Aedes 

ms = mean s l ope  

S . f  .= f f /ms  

b l  =-0.00494 

b j  =-0.33915 

f f l  = l / f r equency  o f  f l o o d i n g  
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For  undi  tched marsh: 

Y 
L = s i n ( b  + b l f osw l  + b2nwet + b 3 S i  .+ b4(s , i . )  ) l o 0  

Aedes 0 - 
A = l - y  
Y 

Anophe 1 es 
Aedes 

where: fosw l  = l / f r equency  o f  s t a n d i n g  wate r  

nwe't = number o f  days per  wet p e r i o d  

The va lues  ob ta i ned  f rom the  above fo rmu lae  rep resen t  t h a t  p r o -  

p o r t i o n  o f  t he  t o t a l  number o f  l a r vae  taken i n  a  sample t h a t  would  be 

a p a r t i c u l a r  spec ies .  Fo r  example, a  va l ue  o f  50% f o r  Aedes means 

t h a t  50% o f  t h e  t o t a l  number o f  l a r v a e  taken i n  a  sample would be 

Aedes. The above formulae do n o t  g i v e  t he  p o t e n t i a l  number o f  mos- - 
q u i t o  l a r v a e  t h a t  would emerge f rom a s i t e  d u r i n g  t h e  b reed ing  

season. Fur thermore,  t he  independent v a r i a b l e s  used i n  t h e  r e g r e s s i o n  

formulae account f o r  about 70% o f  t he  v a r i a t i o n  i n  t he  da ta .  F u r t h e r  

s t udy  shou ld  c o n t i n u e  on t h e  r e l a t i o n s h i p s  o f  t h e  p h y s i c a l  charac -  

t e r i s t i c s  o f  t h e  marsh t o  t he  r e l a t i v e  abundance o f  s a l t  marsh mos- 

q u i t o e s .  T h i s  i n f o r m a t i o n  would be most h e l p f u l  i n  improv ing  t h e  

fo rmu lae  and t he  accuracy o f  t he  p r e d i c t i o n s .  
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FIG. 7 NEWPORT RIVER STUDY AREA. 1972 
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FIG. 13 A COMPARISON OF THE TOTAL NUMBER OF LARVAE TAKEN 
PER WEEK BETWEEN DITCHED & UNDITCHED AREAS AT 

NORTH RIVER, 1971 
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FIG. 15 TOTAL NUMBER OF LARVAE TAKEN PER WEEK AT 
WARD'S CREEK, 1971 

69 PREC. 

FLOODIN' 
PER WEE 

PREC. = 
FLOODIN 
PER WEE 

AEDES COMBINED 



UNDITCHED 
- ANOPHELES & CULEX 

11 12 
RAGE WEEKLY MAXIMUM 

PREC 

FLOODINGS 
PER WEEK 

------ AEDES & PSOROPHORA 

-88 

a 
9 7. 

-60 $ 8 ' 

-40 6 ! ; 

10 

4-10 18 24 1-7 15-21 29-5 13-19 27-2 10-16 24-30 8-14 22-28 5-11 19-25 2-8 16-22 30-6 14-20 28.3 

FEE. MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOV. 

FIG. 16 A COMPARISON OF THE TOTAL NUMBER OF LARVAE TAKEN 
PER WEEK BETWEEN DITCHED & UNDITCHED AREAS AT 

NEWPORT RIVER, 1972 



AEDES COMBINED 

PSOROPHORA COI 

ANOPHELES COM 

CULEX SALlNARlU 

NIS 

1 

ULEX - 
AUGUST SEPTEMBER OCTOBER NOVEMBER 

FIG. 17 TOTAL NUMBER OF ADULT MOSQUITOES TAKEN PER 
MONTH AT THE NORTH RIVER LIGHT TRAP ( 1970 1 



AEDES COMBINED 

PSOROPHORA CONFlNNlS 

ANOPHELES COMBINED 

CULEX SALlNARlUS 

AUGUST SEPTEMBER OCTOBER 

FIG. 18 TOTAL NUMBER OF ADULT MOSQUITOES TAKEN PER 
MONTH AT THE WILLISTON LIGHT TRAP (1970 1 



AEDES SOLLICRANS* TlEWKHmmCmM 
(COMBINED) 

01 . : , ,  . 
25.3 11.17 25-31 8.U 22.28 6-12 20.26 3.9 17.23 1-7 15.21 29.4 12-18 26-1 9.15 23.29 7.13 21-27 

4.10 18% 1-7 15'21 29.5 13.19 272 10-16 24.30 8.U 22.28 5.11 19.25 2.8 16-22 30.6 U-X) 283 
FEB MARCH lPAK MAY JUNE JULY AUGUR SEPTEMBER OCTOBER NOV. 

FIG. 19 ACCUMULATIVE DATA FOR THE INTERVAL MARCH lst - 
AUGUST IT 1971 NORTH RIVER CARTERET COUNTY, N. C. 



AVERAGE WEEKLY MAXIMUM 

---.- CULEX SALINARIUS 

- PSOROPHORA CONFlNNlS 

I , , . . . . , , . . . .  . , . . . , . . . , . . .  < 

25-3 11-17 25-31 8-14 22-28 6-12 20-26 3-9 17-23 1-7 15-21 1P4 12-18 26-1 9-15 23-29 7-13 21-27 
4-10 1824 1-7 15-21 29-5 13-19 27-2 lo-% 24-33 8-14 22-28 5-11 19-25 2-8 16-22 33-6 14-20 28-3 

FEB. MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOV. 

FIG. 20 ACCUWLATIVE DATA FOR THE INTERVAL MAR. lS t -Oc~.  31, 1972 
NORTH RIVER, 1971 



AEDES COMBINED 

ANOPHELES COMBINED 

CULEX SALlNARlUS 

MARCH APRIL MAY JUNE JULY AUGUST 

FIG. 21 TOTAL NUMBER OF ADULT MOSQUITOES TAKEN PER 
MONTH AT THE NORTH RIVER LIGHT TRAP ( 1971 1 



AEDES COMBINED 

ANOPHELES COMBINED 

CULEX SALINARIUS 

FIG. 22 TOTAL NUMBER OF ADULT MOSQUITOES TAKEN 
PER MONTH DURING BITING COUNTS AT 
NORTH RIVER ( 1971 1 



25;4 11-17 25-31 8-14 22-28 6-12 20% 3-9 17-23 1-7 15-21 29-4 12-18 26-1 9-15 23-29 7-13 21-27 
4-10 1824 1-7 15-21 29-5 13-19 27-2 1016 24-30 8-14 22-28 5-11 19-25 2-8 16-22 30-6 14-20 28-3 

FEB MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOV. 

\ I:' 

ANOPHELES COMBINED 
(ATROPOS, BRADLEYI) 

AEDES COMBINED 
(SOLLICITANS. TAENIORHYNCHUS ) 

- CULEX SALlNARlUS 

- - - - - -  PSOROPHORA CONFlNNlS 

FIG- 23 ACCUMULATIVE DATA FOR THE INTERVAL MAR. 1%~. 17, 1971 
WILLISTON, N. C, 



AEDES COMBINED 

PSOROPHOR4 CONFlNNlS 

ANOPHELES COMBINED 

CULEX SALlNARlUS 

MARCH APRIL MAY JUNE JULY AUGUST 

FIG. 24 TOTAL NUMBER OF ADULT MOSQUITOES TAKEN PER 
MONTH AT THE WILLISTON LIGHT TRAP ( 1971 



- ANOPHELES COMBINED 
1 ATROPOS BRADLEY I ) 

- - - - - -  AEDES COMBINED 
~SOLLICITANS . TAENICRHYNCHUS~ 

FIG. 25 ACCUMULATIVE DATA FOR THE INTEWAL MAR. lSt -OCT. 31, 1972 
ATLANTIC BEACH, N. C. 



AEDES COMBINED 

FIG. 26 TOTAL NUMBER OF ADULT MOSQUITOES TAKEN PER 
MONTH AT THE ATLANTIC BEACH LIGHT TRAP ( 1972 1 



- ANOPHELES COMBINED 
( ATROPOS . BRADLEY1 

, , , . , , , , , ,  
25-3 1;-17 25-31 8-14 22-28 6-12 2 

4-10 1824 1-7 15-21 29-5 13-19 27-2 10-16 24-30 8-14 22-28 5-11 19-25 2-8 16-22 30-6 14-20 28-3 

FEB MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER N O V  

FIG. 27 ACCUMULATIVE W A  FOR THE INTERVAL MAR. l S t - O ~ ~ .  31, 1972 
DAVIS1 N. C. 



- PSOROPHORA CONFINNIS 

- - --. AEDES ATLANTICUS 

.a 
- - 4  I 

25-3 11-17 25-31 8-l4 22-28 6-12 20-26 3-9 17-23 1-7 15-21 29-4 12-18 26-1 9-15 23-29 7-13 21-27 
4-10 1824 1-7 15-21 29-5 13-19 27-2 1 0 4  24-30 8-!d 22-28 5-11 19-25 2-8 16-22 30-6 14-20 28-3 

FEE MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER N O V  

FIG. 28 ACCUMULATIVE DATA FOR THE INTER\! MAR. 1'-OCT. 31 1972 
DAVIS, N. C. 



CULEX SALlNARlUS 

dl PREC. 

2 - 

MAY JUNE JULY 

25-3 11-17 25-31 8-14 22-2 0-12 20% 3-9 17-23 1-7 15-21 29-4 12-18 26-1 9-15 23-29 7-13 21-27 
4-10 1824 1-7 15-21 29-5 13-19 27-2 1016 24-30 6-11 22-26 5-11 19-25 2-8 16-22 30-6 14-X1 28-3 

FEB. MARCH APRIL AUGUST SEPTEMBER OCTOBER NOV. 

FIG- 29 ACCUMULATIVE M A  FOR THE INTERW MAR. I'-OCT. 31, 1972 
DAVIS, N. C. 



AEDES COMBINED 

PSOROPHORA CONFlNNlS 

ANOPHELES COMBINED 

- CULEX SALINARIUS 

MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER 

FIG. 30 TOTAL NUMBER OF ADULT MOSQUITOES TAKEN PER 
MONTH AT THE DAVIS LIGHT TRAP ( 1972 1 



AEDES COMBINED 

PSOROPHORA CONFlNNlS 

ANOPHFILES COMBINED 

&9 CULEX SALlNARlUS 

JUNE JULY AUGUST SEPTEMBER 

FIG. 31 TOTAL NUMBER OF ADULT MOSQUITOES TAKEN PER 
MONTH DURING BITING COUNTS AT DAVIS ( 1972 1 



- ANOPHELES COMBINED 
( ATROPOS, BRADLEYI) 

- - - - - -  CULEX SALlNARlUS 

- - - -  

FEB. MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOV. 

32 ACCUMULATIVE DATA FOR THE INTERVAL MAR. I'~-OCT. 31, 1972 
NEWPORT RIVER, 1972 





AEDES COMBINED 

PSOROPHORA CONFlNNlS 

ANOPHELES COMBINED 

pa CULEX SALlNARlUS 

JUNE JULY AUGUST SEPTEMBER 

FIG. 34 TOTAL NUMBER OF ADULT MOSQUITOES TAKEN PER 
MONTH DURING BITING COUNTS AT NEWPORT RIVER (1972 1 





FREQUENCY OF FLOODING / MONTH 

FIG. 36 RESPONSE TO FREQUENCY OF FLOODING AT 5 
MEAN SLOPE VALUES ( DITCHED SITES ) 
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FIG. 37 RESPONSE TO FREQUENCY OF FLOODING AT 8 

MEAN SLOPE VALUES ( DITCHED SITES ) 
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FIG. 38 RESPONSE TO FREQUENCY OF FLOODING AT 5 

MEAN SLOPE VALUES ( DITCHED SITES ) 



FREQUENCY OF FLOODING / MONTH 

FIG. 39 RESPONSE TO FREQUENCY OF FLOODING AT 8 

MEAN SLOPE VALUES ( DITCHED SITES ) 



MEAN SLOPE INDEX 

FIG. 40 RESPONSE TO MEAN SLOPE AT 7 FREQUENCY 

OF FLOODING VALUES ( DITCHED SITES ) 



MEAN SLOPE INDEX 

FIG.  41 RESPONSE TO MEAN SLOPE AT 7 FREQUENCY 

OF FLOODING VALUES ( DITCHED SITES ) 



NUMBER OF DAYS / WET PERIOD 

FIG. 42 RESPONSE TO NUMBER OF DAYS PER WET PERIOD 

AT A FREQUENCY OF STANDING WATER OF 70 % 

AND AT 3 S. I. VALUES ( UNDITCHED SITES ) 
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FIG.43 RESPONSE TO NUMBER OF DAYS PER WET PERIOD 

AT A FREQUENCY OF STANDING WATER OF 70% 
AND AT 3 S. I .  VALUES ( UNDITCHED SITES ) 
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FIG.44 RESPONSE TO NUMBER OF DAYS PER WET PERIOD 

AT A FREQUENCY OF STANDING WATER OF 90 % 

AND AT 3 S. I .  VALUES ( UNDITCHED SITES ) 
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FIG.45 RESPONSE TO NUMBER OF DAYS PER WET PERIOD 

AT A FREQUENCY OF STANDING WATER OF 90 % 

AND AT 3 S. I. VALUES ( UNDlTCHEb SITES ) 





Table I. Oata on Frequency. Duration. and Extent o f  Flooding f o r  Study Areas. 

Study No. Frequency of Frequency o f  Frequency o f  No. o f  wet No. o f  days No. of dry No. o f  days 
area o f  flooding/month flooding/month standing water i n t e r va l s  /wet i n t e r va l  in te rva ls  /dry i n t e r va l  

s i t e s  (at  t i d e  yauge) / s i t e  ( i n  percentage) / s i t e  / s i t e  

Mean Range Mean Range Mean Range Hean Range Mean Range Hean Range Nean Ranqe 

North River 
unditched 26 15 5-36 15.0 5-36 71.0 50-90 5.9 3-11 23.0 7.0-54.0 5.5 2-10 7.0 2.5-8.0 
d i tched I 5  I 5  5-36 15.0 5-36 63.0 42-80 7.5 3-11 14.3 5.8-39.0 7.1 2-11 5.0 2.0-6.0 

Newport River 
unditched 1 30 9-37 19.0 5-37 77.6 - 7- 2 - 23.2 1.0-40.0 6.0 - 6.5 3.0-11.0 
d i tched 13 30 9-37 14.0 7-19 53.0 15-100 7.6 3-12 17.8 6.0-67.0 7.6 2-12 13.0 4.5-28.4 

Kings Point  
unditched 21 24 11-43 20.8 1-27 80.0 14-100 4.4 1-11 88.4 3.0-240.03.7 0-11 8.4 0.0-32.3 

Davis 
d i tched 23 30 19-45 20.2 6-33 48.0 19-100 8.9 1-16 14.7 3.6-94.0 8.7 2-15 15.0 3.5-95.0 

Wards Creek 
unditched 1 I 5  5-36 15.0 5-36 77.0 - 7.0 - 20.0 4.0-31.0 9.0 - 4.4 2.0-9.0 



Table 2. P l a n t  Cover Suimnary fo r  Breeding S i tes  o f  Di tched and Unditched Sections o f  Study Areas ( i n  ~ercen tage)  

Study No. Juncus D i s t i c h l i s  Spart ina Spar t ina  Baccharis B o r r i c h i a  Panicu~n Cladiu111 Sal  i c o r n i a  Other 
area o f  roemerianus sp ica ta  patens a l t e r n i f l o r a  h a l i m i f 6 l i a  f rutescens v i r g a t u n ~  jamaicense v i r q i n i c a  

s i t e s  

Nor th  River  
undi tched 26 43 25.0 0.9 3.4 0.0 2.2 1.5 0.0 0.0 24.0 
d i t ched  I 5  32 52.4 2.3 .3 24.0 1.0 9.6 0.0 0.0 0.4 

Newport R ive r  
unditched I 0 25.0 25.0 50.0 0.0 0.0 0.0 0.0 0.0 0.0 

d i t ched  13 2 1 40.0 6.0 27.0 5.4 0.0 0.0 0.0 0.0 0.6 

Kings Po in t  
unditched 21 49 16.4 26.0 0.0 0.95 0.8 0.0 2.1 4.7 0.0 

Dav i s  
d i t ched  2 3 63 6.6 19.0 0.0 2.1 0.0 0.0 0.0 0.0 9.3 

Wards Creek 
undi tched 1 15 80.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 



Table 3. Abundance o f  Aedes - Psorophora and Anopheles - i n  Di tched and Unditched Sections of Study Areas. 

Study No. Breeding index Specimens taken Specinens taken Percentage abundance Percentage p o t e n t i a l  
area o f / s i t e  s u r v i v a l  

s i t e s  Aedes and Anopheles Aedes and Anopheles - 
Mean Range To t  a l 7' Mean Range Psorophora and Psorophora and Culex 

Nor th  River  
unditched 26 2.3 2-79 2475 41.5 93 18-237 48 52 57 54 
d i t ched  15 23.8 -004-262.0 3420 58.5 228 8-1540 75 25 82 54 

Newport River  
undi tched 1 256.0 40-1600.0 141 19.0 I41  - 30 70 96 86 
d i t ched  13 3.2 .006-200.0 709 81.0 54 1-355 38 62 86 79 

Kings Point  
undi tched 21 6.5 0.0-276.0 1525 60.0 76 1-380 35 65 95 9 l 

Oav i s  
d i t ched  23 2.6 -01-72.6 101 1 40.0 43 5-198 53 47 86 73 

Wards Creek 
undirched 1 300.0 0.0-4320.0 13.886 - 13.886 - 100 0 9 7 
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Table 5. Abundance o f -  - Psorophora and Anopheles -- Species i n  Si tes o f  Ditched and Unditched Sections o f  Study Areas 
( i n  percentage). 

Study No. Aedes Aedes Aedes Other Psoro hora Other Ano heles Ano heles Ano heles Other - Culex Other 
area o f  so l  l ic i t ons  x o r h y n -  -t i t us  & Psorophora atrzpos bra:leri 2ndPinstar Anopheles sa: ina r ius  t e r r i f a n s  

s i t e s  - c hus SPP. SPP- SPP. SPP. 

North River 
unditched 26 20.0 5.0 0.0 0.0 0.0 0.0 24.0 50.0 0.0 0.0 0.0 0.0 0.0 
di tched 15 34.0 17.0 0.0 0.0 0.0 0.0 8.0 37.0 0.0 0.0 2.0 0.0 0.0 

Newport Rl ver 
unditched 1 22.0 0. I 0.0 8.0 0.0 0.0 21 .O 19.0 29.0 0.0 1 .O 0.0 0.0 
di tched 13 35.0 1 .O 0.0 2.0 0.0 0.0 5.0 40.0 10.4 0.0 1.4 5.0 0.0 

Kings Point 
unditched 21 12.0 1.0 0.9 1.5 0.0 0.2 12.0 30.0 42.0 0.0 0.5 0.0 0.0 

Dav i s 
di tched 23 12.0 0.9 16.0 10.4 0.5 0.1 11.0 13.0 35.0 0.0 0.0 0.0 0.0 

Wards Creek 
undi tched 1 6.2 93.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 



Table 6. Survival  Sumnary fo r  Species Breeding i n  Ditched and Undi tched Sections o f  Study Areas ( in  percentage). 

Study No. - Aedes - Aedes Other Psorophora Other Culex Other Ano heles Anopheles Anopheles Other - 
area o f  s o l l i c i t a n s  taeniorhyn- a t lant icus conf innis Psorophora - bradleyi  AnoIJheles sa l inar ius  

s 1 tes chus ~ P P -  SPP. SPP. SPP. - 

North River 00 

78 52 57 0 0 0 
W 

unditched 26 73 0 0 0 0 0 
di tched I 5  49 8 1 - 0 0 0 45 56 0 0 5 1 0 0 

Newport River 
undltched 1 94 100 - 83 100 0 65 82 100 0 0 0 0 
di tched 13 80 68 - 46 I00 0 86 86 90 0 0 50 0 

Kings Point  
undltched 21 92 100 100 100 0 100 95 87 77 0 0 50 0 

Dav i s  
di tched 23 83 88 84 o 87 70 56 o o 100 100 83 I00 

Wards Creek 
undl tched 1 90 9 7 0 0 0 0 0 0 0 0 0 0 0 



Table 7 

GROUND WATER LEVELS 

North River 

Date 

Aug 2 
3 
4 

Ditched Area 

-Hole nearest ditch- 
1 2 3 4 5 

Aug. 2-17. 1971 

Control Area 

Hole Inner- 
nearest d i t c h  Most hole 

1 2 3 4  5 

Tide leve l  

I n  tenths o f  feet  
(0 = marsh leve l )  
-.2 -.3 
-.85 -. I5  
-.85 -. 15 
-.85 
-. 25 f l ood  per iod 
-. 1 +.2 
-. 2 
-. 1 -. 1 
-. 1 -. 1 
--35 -. 2 
-.5 -.2 
-.3 +. 1 

0 
-. I 5  ::: } flood per iod 
-.35 +. 1 
-.5 +.2 (13 hrs.  t o t a l )  



Table 8 

GROUND WATER LEVELS 

Dav i s 

Aug. 2-31, 1972 

Date 

Aug 2 
4 
6 
7 
9 

11 
13 
14 
16 
18 
20 
2 1 
23 
25 
2 7 
29 
3 1 

Ditched Area 

,-,Hale nearest ditch--% 
1 2 3 4 5 6 7  8 

Inner- 
F-Hole nearest d i t c h  most hole 
1 2 3 4 5 6 7 8 g T i d e  

level;: 
7 5 4 3 2 2 2 . 5 3  7-.45 0 
0 0 0 0 0 0 0 0 O -.I5 i.4 OD 

0 0 0 0 0 0 0 o o +.45 +.6 
3.5 0 0 0 0 0 0 0 3 +.l +.I 
6 3 0.5 0.5 0.5 1 0.5 1.5 5 -.4 -.3 
0 0 0 0 0 0 0  0 0 +.3 +.35 
0 0 0 0 0 0 0 0 o +.08 i.1 
6 3 2.5 2 2 1.5 3 2 6 0 +. 1 
0 0 0 0 0 0 0 0 0 - . 1  +.55 
0 0 0 0 0 0 0 0 0 0  +.3 
0 0 o o o o o 0 0 0  +.6 
0 0 0 0 0  0 0 0 0 +.4 +.7 
5 1 0 0 0 0 0 0 5 + . I  +.2 
1 0 0 0 0 0 0 0 1 +.2 a. 15 
0 0 0 0 0 0 0 0 0 +. 1 + . 3  
0 0 0 0 0 0 0 0 0 0  +.4 
0 0 0.5 0 0 0 0 0 o +.45 +.85 

* In  tenths of f e e t  (0 = Marsh leve l )  



Table g 

GROUND WATER LEVELS 

Date 

Aug 1 
3 
5 
7 
8 

10 
12 
14 
15 

D i tched Area 

+Hole neares t  d i tch-  
1 2 3 4 5 

*In ten ths  o f  f e e t  (0 = Marsh l e v e l )  
;:-,':No data ava i  l a b l e  

Newpor t R i ve r 

Aug. 1-15, 1972 

Cont ro l  Area 

r H o l e  neares t  d i t c h  
1 2 3 4 5 6 

Inner -  
most h o l e  

9  10 

0  0  
3 33 
0 0  
0 00 
0  00 
0  00 
0  1 1  
0  0  
0  00 

T ide  
l e v e l  2 ,, 

(r 

-.2 -.4 





Table 1 1 .  S i gn i f i can t  Parameters f o r  Ditched S i t e s  and Results o f  
S t a t i s t i c a l  Analysis. 

Parameter Degrees o f  Regress ion F-Tes t 
freedom c o e f f i c i e n t  

MS (Mean slope) 1 -0.00494471 3 . 6 6 1 7 1 ~  
FFI (] / frequency o f  f lood ing)  1  5.20616128 15.97301+*~ 
S . I .  ( S u i t a b i l i t y  Index, frequency 

o f  f l ood ing  x  I/mean slope 1 -0.33915241 2 1 .16088+=': 

S . 1 . 2  ( S . 1 . )  
2  

1 0.02399442 15.79464;'ck 

ERROR 3 1 

2  
M u l t i p l e  co r re l a t i on  c o e f f i c i e n t  (R ) = 0.72889868:'=':* 









Table I. Oat. on Physical Characteristics. Frequency. Duration and Extent of Flooding o f  Wards Creek and North River Study S i tes .  1971. 

S i t e  Depth o f  Surface Hean Frequency Frequency Number o f  Hean No. Number Mean No. Distance 
number water ( i n  area slope o f  flood. o f  standing wet o f  days/ o f  dry o f  days/ from nearest 

inches) (sq.ft.) index /month water (%) periods wet per iod periods dry  per iod d i t c h  ( i n  feet) 

Wards Creek 
Study area 1 

North Rlver 
Study area 2 

3 



Table I . (Cont inued) 

S i t e  Oepth o f  Surface Mean Frequency Frequency Number of Mean No. Number Mean No. Oistance 
number water ( i n  area slope of f lood. o f  standing wet of  days/ o f  dry o f  days/ from nearest 

inches) (sq. f t . )  index /month water (%) periods wet per iod  periods dry per iod  d i t c h  ( i n  fee t )  

North River 28 3.2 
Studyarea 29 2.2 

30 1.5 
(Con t . ) 3 I 1.7 

3 2 2.6 
33 2.5 
34 3.5 
35 3.4 
36 3.0 
37 2.8 
38 2.8 
39 2.3 
40 2.3 
4 1 I .5 
42 2.4 



Table 2. Data on  the Physical  C h a r a c t e r i s t i c s .  Frequency, Oura t ion  and Ex ten t  o f  F lood ing  
a t  Davis Study S i t e s ,  1972. 

S i t e  Depth o f  Surface Mean Frequency Frequency Number Mean number Number o f  nean nuwber D is tance  
No. water  ( i n  area s lope  o f  f l ood .  o f  s tand ing  o f  wet o f  days/wet d r y  per iods  o f  days/ f r m  nearest  

inches) (sq.ft .)  index /month water  (%) per iods  p e r i o d  d r y  p e r i o d  d i t c h  ( i n  f c e t )  

Und i tched s i tes 



Table 3. Data on the Physical Charac ter is t i cs ,  Frequency. Durat ion and Extent  of F looding 
a t  Kings Po in t  Study S i tes ,  1972. 

- - -  - - 

S i t e  Depth o f  Surface Mean Frequency Frequency Number Mean number Num~er o f  Mean number Distance 
No. water ( i n  area s lope o f  f lood.  o f  s tanding o f  wet o f  days/wet d ry  per iods o f  days/ from nearest  

inches) (sq. f t . )  index /month water (Ok) per iods pe r i od  d r y  pe r i od  d i t c h  ( i n  feet)  

I 6.0 50 83.00 17.6 75 6 26.0 5 10.0 2038 
2 5.0 2500 5.00 22.00 70 7 21 .0 6 11.0 1739 
3 7.0 100 10.00 27.00 93 2 99.0 I 13.0 1509 
4 6.0 400 5.00 19.60 77 7 23.0 6 7.0 1199 
5 7.0 50 20.00 22.00 82 6 29.0 5 7.0 1174 
6 7.0 200 10.00 23.20 100 1 240.0 0 0.0 899 
7 9.0 25 10.00 27.00 100 1 240.0 0 0.0 7 75 
8 8.0 100 13.00 27.00 100 1 240.0 0 0.0 66 7 
9 10.5 150 17.00 27.00 100 1 240.0 0 0.0 368 

I 0  3.0 200 5.00 27.00 98 3 68.0 2 2.0 92 
11 5.0 150 8.00 15.20 63 5 26.4 5 15.0 Ijl I 
12 3.0 400 5.00 17.60 5 3 10 11.2 9 10.0 1 168 
13 4.0 150 5.00 17.60 38 11 7.3 11 12.1 802 
14 7.0 50 15.00 23.20 95 3 66.3 2 8.5 644 
I 5  6.0 I500 10.00 23.20 98 2 103.0 1 11 .0 575 
16 8.0 50 20.00 27.00 100 I 240.0 0 0.0 430 
17 6.0 100 10.00 19.60 99 2 104.0 1 10.0 350 
18 6.0 150 10.00 19.60 73 7 22.0 6 8.0 240 
I 9  4.0 5 23.00 1.00 14 6 5.0 6 32.3 161 
20 7.0 1500 15.00 12.20 67 8 18.0 7 9.6 46 
21 6.5 100 54.00 13.60 76 6 27.0 5 8.0 2337 



Table 4. Data on Physical Characteristics, Frequency. Duration and Extent o f  Flooding 
a t  Newport River Study Sites. 1972. 

S i t e  Depth o f  Surface Mean Frequency Frequency Number Mean number Number of  Mean numaer Distance 
No. water ( i n  area slope o f  f lood. o f  standing of  wet of  days/wet dry periods o f  days/ from nearest 

inches) (sq.f t . )  index /month water &) periods periods dry periods d i t c h  ( i n  feet )  

1 5  400 4 19 78.0 5 35.0 5 10.0 46.0 
2 4 400 2 I I 37.0 8 9.6 8 15.0 48.6 
3 8 400 8 19 95.0 3 67.0 2 4.5 64.4 
4 3 400 3 19 65 .O 1 1  8.4 I I 9.5 69.0 
5 3 200 5 7 27.0 9 6.2 8 28.4 43.7 
6 2 200 3 7 15.0 5 6.0 9 20.0 48.0 
7 3 500 2 7 26.0 8 6.8 8 19.0 12.0 
8 8 100 50 I I 61.0 12 11.0 12 7.0 58.0 
9 3 200 5 11 44.0 8 1 1  .0 8 15.0 

IOa 6 
55.0 

40000 3 19 77.6 7 23.2 6 6.5 200.0 
11 5 150 8 7 48.0 8 12.5 7 12.3 15.0 
12 4 400 3 19 54.0 10 11.3 10 6.8 41.4 
13 4 400 2 19 56.0 7 17.0 6 9.0 66.7 
14 3 200 5 19 57.0 4 30.0 3 12.0 45.0 

%ndi tched s i te  









Table 7 .  Plant  Cover Sumniary for King's Point  Study S i t e s ,  I972 ( i n  percentage! 

S i t e  Juncus O i s t i c h l i s  S  a r t i n a  S a r t i n a  Baccharis Borr ichia P a u  Cladium Sa l icorn ia  S c i r  us I v a  Pinus Myrica - 
No. o e r n e i a  soicata a l t g r n i f l o r a  ha1 i m i f o l i a  frutescens virqatun iamaicense r i r q i n i c a  robuztus c i K t a  taeds c e r i f e r a  





Tab le  9.  Abundance o f  A& - P s o r o ~ h o r a  and b o ~ h e l e s  - - Species a t  Ward's  
Creek and Nor th  R i v e r  Study S i t e s ,  1971 (percentage/raw number).  

S i t e  Mean Range T o t a l  T o t a l  Aedes and Anopheles 
No. Breeding specimens specimens Psorophora and 

Index t a k e d s i t e  i d e n t i f i e d  

Ward's  
C r e e k  1 
Study 
a1 ca  

NckrCh 2  
River  3 
S r L I ~ Y  4 
area  5 

6 
7 
8 
9 

10 
I I 
12 
13 
14 
15 
16 
17 
I 8  
19 
2 0  
2  1 
2 2 
23 
24  
2 5 
26 
2  7 
28 
2 9 



Table 9. (Continued) 

S i t e  Aedes Aedes Other Psorophora Anopheles Anopheles Other 
No, sollicitans taeniorhyn- Aedes confinnis atropos bradlevi Anopheles salinarius 

chus - SPD. 

W a r d ' s  
C I-cc h 
5 t u d y  

I 6.2/860 93.8/ I 3,052 

a lrca 

North 2 
Rivcr 3 
S t u d y  4 
arca 5 

6 



Table  10. Abundance of  A*- Psorophora and Anopheles - C u l e x S p e c i e s  a t  Davis  
Study S i tes (percentage/raw number). 

S i t e  Mean Range T o t a l  T o t a l  - Aedes and Anopheles Aedes Aedes 
No. breeding specimens specimens Psorophora and s o l l i c i t a n s  taeniorhyn-  

index t a k e d s i t e  i d e n t i f i e d  - chus 

W n d i  tched S i t e s  



Tab le  10. (Continued) 

S i t e  A* Other Psoro hora Other Ano he les  An. An. - Culcx Othcr  
No. a t l a n t i c u s  Aedes confi:nis P o  a t  b z l e y i  2 Z n s t . r  t r r r i l a n s  C- 

SPP. SPP. S P O .  

"Unditched S i t e s  



Table 11. Abundance o f  3- Psorophoraand Anopheles - Species a t  K ing ' s  Poin t  
Study S i tes ,  1972 (percentage/raw number). 

S i t e  Mean Range Tota l  To ta l  A+ Anophe 1 es Aedes 
No. breeding specimens specimens and and s o l  1 i c i  tans 

i ndex taken/s i t e  i d e n t i f i e d  Psorophora Culex 

1 2.80 .050-23.5 1 78 178 20/36 80/ 142 17/3 1 
2 20.00 2.500-90.0 2 1 21 100/2 1 
3 10.00 .1 -63.0 2 98 298 1 /3 99/295 1 /2 
4 2.50 .4 - 9.6 16 I 6  100/16 
5 1.20 . 0 5 - 2 . 4  77 77 100/77 
6 0.61 .20 - 1.8 22 22 100/22 
7 0.18 .03 - 1.4 26 26 100/26 
8 1.10 . l o - 8 . 4  2 7 27 1 00/27 
9 0.28 . I S  - 0.6 16 16 100/16 

10 0.80 -20 - 2.4 I I I 1  1OO/11 
I I 1.10 . 1 5 - 2 . 4  14 14 7/ 1 93/13 
12 3.40 .40 -16.0 19 19 100/19 
13 0.15 1 1 1 oo/ 1 - 
14 0.40 .05 - 2.1 27 27 1 00/27 
15 10.70 . I 5  -55.3 110 110 100/110 
16 0.26 .05 - 1.25 22 22 5/1 95/21 51 1 
17 0.68 . l o  - 3.0 3 1 3 1 4/1 96/30 
18 0.45 . I 5  - 1.35 11 11 2713 73/8 18/2 
19 0.05 .005- .20 I 8  18 l00/18 95/17 
20 65.20 1.5 -276.0 387 387 98/38 2/6 921357 
2 1 12.80 .1 -69.0 273 226 49/ I07 51/119 26/60 



Table I I .  (Continued) 

Aedes Site - & Other Other Anopheles Anopheles Anopheles 
No. taeniorhyn- atlanticus & atropos bradleyi 2nd instar salinarius 

chus - SPP. 



Table 12. Abundance of Aedes - Psorophora and Anopheles - Species a t  
Newport R ive r  Study S i t e s ,  1972 (percentage/raw number). 

S i t e  Mean Range T o t a l  T o t a l  A* and Anopheles Aedes Aedes 
No, breeding specimens specimens Psorophora and s o l l i c i t a n s  tacniorhyn-  

i ndex t a k e n / s i t e  i d e n t i f i e d  chus - 
34/ 12 66/24 

1 oo/ 1 
691239 30/ 105 1 / 1 

1 00/9 0/0 

.::Undi tched S i t e  



Tab le  12. (Continued) 

S i t e  Other Psurophora Anopheles Anopheles Anopheles - Culex Othcr  
No. A& c o n f i n n i s  atropos b r a d l e y i  2nd i n s t a r  s a l i n a r i u s  t e r r i t a n s  Cult? 

SPP.  SPP.  



f 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
m 

m 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 - 0  
m 

N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0  
m 

- 
m 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
m 

m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
N 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

h 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
N 

a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
N 

L n  - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
N 

5 - 0 - 0 0 m o L n - N O O O O O N 0 0 0 0 0 0 - 0  

m f ~ - 0 0 ~ 0 - ~ ~ 0 - 0 0 m f 0 - 0 0 0 0 0 0  
N m 

N L n , D L n 0 - m O f L n N 0 0 0 0 - 0 0 - 0 0 0 0 - 0  
C. - 
- h ~ h 0 - h O O N O m 0 0 0 N ~ - ~ O 0 O N N Q  
N f - 
0  L n 0 0 0 0 ~ O L n O O O O O O ~ O O O N O b 0 - m  
N m - 
Cn ~ 0 0 0 0 0 0 N 0 0 0 - 0 0 0 0 0 0 0 - 0 0 0 0  - 
% 0 0 m O ~ 0 0 ~ f N O O N 0 0 m - N 0 0 O o o o  - - -  
2 ~ ~ ~ O m f O O N W - O ~ O O - ~ ~ 0 0 f o m o  - - 



Table 13. (Continued) 

Oate 

S i t e  No. 16 I 8  19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 T o t a l  

Mar. 4-10 
11-17 
18-24 
25-3 1 

Apr. 1- 7 
8- 14 

15-21 
22-28 
29-May 5 

May 6-12 
13-19 
20-26 
27-Jun 2 

3- 9 
10-16 
17-23 
24-30 

J u l y  1- 7 
8- I 4  

15-21 
22-28 
29-Aug 4 
5-1 1 

12-18 

T o t a l  5 74 



Table 14. Total  Number of Larvae Taken per Weekly I n t e r v a l  from the North River (Ditched) Study S i tes .  1971 
(Based on Total  Number l d e n t i f  ied). 

A* and Psorophora 

S i t e  No. 2  3  4  5  6  7 8  9  10 11 12 I 3  14 I 5  17 To ta l  

mar. 4-10 0  0 0 0 0 0 0 0 0 0 0 0 0 2 0  2  
11-17 0  0 0 0 0 0 0 0 0 0 0 0 0 0 1  I 
18-24 0  0 0 0 0 0 0 0 0 0 0 0 4 1 0  5  
25-3 1  ~ O O O ~ O O O O ~ O O I O O  5 

Apr .  1- 7  1 6 1 1 1 0 1 0 0 0 0 0 2 0 3 0  25 
8- 14 11 8 2 4 0 1 0 0 0 0 1 0 3 7 1 1 0  66 

15-21 I 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0  18 
22-28 7 7 6 8 1 0 1 0 0 0 0 0 4 8 2 1  99 
29-nay 5  3 0 2 6 1 0 0 2 0 1 0 0 3 1 0 0 0  46 
6-12 0  4 1 0 0 0 0 0 0 2 0 0 ~ 7 3  26 

13-19 1 3 3 0 0 I 0 0 0 0 0 0 0 0 1  9  
20-26 0  1 6 0 0 0 0 0 0 2 0 0 2 4 2  17 
27-June 2  2  2 8 3 0 0 0 0 0 4 0 I 1 1 0  22 

3- 9  2  0 2 0 0 0 0 0 0 4 0 0 0 0 0  8  
10-16 5 3 0 2 3 5 4 0 0 3 1 0 8 0 4 6 0 0  296 
17-23 3  2 3 3  2  0  0  0  0 1 1  1 1  0 1 5  0  0  68 
24-30 1 0 2 0 0 1 0 0 1 1 I 0 I O O  8  

JUI~ 1- 7  0 1 2 1 1  0 0 5 0 0 1 8  1 0 0 2 0 0  
8- 14 

49 
0  0 0 0 0 0 0 0 2 0 0 0 0 0 0  2  

15-21 0  0 0 0 0 0 0 0 1 0 3 0 0 0 0 0  13 
22-28 1 5 0 0 0 1 0 0 6 3 1 2 0 0 2 0  75 
29-Aug 4  0  0 0 0 0 0 0 0 1 0 0 0 0 0 0  1 

5-1 1  5  4 2 1 1  0  1 0 2 2 9  3  1 0 1 4 2  1 0  20 1  
12-18 0  2 0 0 0 0 I 0 0 0 0 I 0 0 0  4  



Table 14. (Continued) 

Date Anopheles and 9 

S i t e  No. 2 3 4 5 6 7 8 9 10 11 12 13 14 I5  17 Total  

War. 4-10 
11-17 
18-24 
25-31 

Apr. 1- 7 
8-14 

15-21 
22-28 
29 -by  5 
6-12 

13-19 
20-26 
27-Jun 2 
3- 9 

10-16 
17-23 
24-30 

Ju ly  1- 7 
8-14 

15-21 
22-28 
29-Aug 4 
5-1 1 

12-18 

Total  352 



- 
N 0 0 m N 0 0 0 ~ m 0 - 0 m N 0 0 m 0 - m \ d O O O o m O - O O O O O  q 

m - m  N m* u - 0 

0 0 0 0 0 0 0 0 0 0 0 - N 0 0 0 0 0 0 h O O O O O O m O O O O O O O  



Table 15. (Continued) 

Date Anopheles and 

S i t e  No. 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 19 20 21 Total  

- - 

Har. 4-10 
11-17 
18-24 
25-31 

Apr. 1- 7 
8-14 

15-21 
22-28 
29-Hay 5 
6-12 

13-19 
20-26 
27-Jun 2 

3- 9 
10-16 
17-23 
24-30 

Ju ly  I- 7 
8-14 

15-21 
22-28 
29-Aug 4 
5-1 1 

12-18 
19-25 
26-Sep 1 
2- 8 
9-15 

16-22 
23-29 
30-0ct 6 
7-13 

14-20 
21-27 







Table 17.  Total Number of Larvae taken per Weekly i n t e r v a l  From Newport River Study S i t es .  1972 
(Based on Total  I d e n t i f i e d )  

Date A& and Psorophora 

S i t e N o . 1  2  3 4  5  6  7 8  9 11 12 13 14 Total  1 0 -  

Mar. 4-10 0 0  2 0 0 0 0 0 0 0 0 0 0  2 0  
11-17 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  
18-24 4 0 2 0 5 1 0 0 3 3 1 0 0 0 0  64 4  
25-31 1 3 0 2 7 0 0 0 0 5 1 0 0 0 0  46 16 

Apr.  1 -  7  3 0 1 7 0 0 0 0 4 0 0 0 0 0  24 I 1  
8-14 5 0 2 7 1 0 0 0 1 0 0 0 0 0  34 2  

15-21 0 0 1 0 0 0 0 0 0 0 0 0 1 0  I I 12 
22-28 0 0  2 0 0 0 0 0 0 0 0 0 0  2  I 
29-Hay 5  0 0  1 O O O o I 0 o o o o  2  I 
6-12 0 0  0 0 0 0 0 9 0 0 0 0 0  9 0  

13-19 0 0  0 0 0 0 0 3 0 0 0 0 0  3 0  
20-26 0 0  0 0 0 0 0 8 0 0 0 1 0  9 0  
27-Jun 2  0 0  0 0 0 0 0 1 0 0 0 0 0  1  0  

3- 9  0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  
10-16 0 0  0 0 0 0 0 1 0 0 0 0 0 0  10 0  
17-23 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0 
24-30 0 0  0 0 0 0 0 2 1 0 0 0 0 0  2 1 0  

Ju l y  1- 7 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  
8-14 0 0  0 0 0 0 0 I 5 0 0 0 0 0  15 0  

15-21 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  
22-28 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  
29-Aug4 0  0  1 0  0  0  0  0  0  0  0  0  0  1  0 
5-1 1  0 0  9 4 0 0 0 1 8 0 0 0 0 8  39 0  

12-18 0 0  1 0 0 0 0 0 0 0 0 0 0  1 0  
19-25 0 0  O O O O O O O O O O O  0  0  
26-Sep I 0 0  O O O O O I O o o o o  1  0  
2- 8  0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  
9-15 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  

16-22 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  
23-29 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  
30-Oct 6 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  

7- 13 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  
14-20 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  
2  1-27 0 0  0 0 0 0 0 0 0 0 0 0 0  0  0  

To ta l  294 47 
"Und i tched S i te  







Table 18. (Continued) 

S i t e  3 3 Psorophora Other Anopheles Anopheles Anopheles Other Culcx - 
No. s o l l i c i t a n s  taeniorhyn- c o n f i n n i s  m. atropos b r a d l e y i  2nd i n s t a r  Anopheles s ~ l i n ~ r  i u s  

chus - SPP. SPP. 

28 100 N o r t h  R ive r  31 
0 46 Study area 32 100 - 20 93 3 3 100 

62 80 34 
85 57 35 0 

0 54 36 
75 70 3 7 
70 73 38 
5 0 50 3 9 
5 5 30 40 60 100 
3 3 85 41 100 100 

- 50 94 100 42 



 able 19. S u r v i v a l  Sunnlary f o r  Species Taken from Davis  Study S i t e s ,  1972 ( i n  p e l - c m t a n )  

- 

S i t e  Aedes Aedes - Psorophora Other Anopheles Anopheles Anopheles 
NO, S o l l i c i t a n s  taeniorhyn- a t l a n t i c u s  J\eder c o n f i n n i s  Psoro. a t ropos b r a d l e y i  2nd i n s t a r  

chus 
- 

SPP. SPP. 

60 100 100 

W n d i  tched S i t es  







Table 22. Mean Number o f  Adul ts Taken per L i gh t  Trap N igh t  per Weekly I n t e r v a l  a t  the North R iver  
L i gh t  Trap. 1970. 

Date No. o f  Nights Aedes A s  Anopheles Anopheles a Psorophora 
L i gh t  t r a p  wk.  l i g h t  t r ap  i n  s o l l i c i t a n s  taeniorhyn- atropos b rad ley i  s a l i n a r i u s  con f i nn i s  

operat ion chus - 

Aug. 5-11 6 29.0 16.0 912 33 6.0 14 
12-18 5 43.0 90. 0 1306 143 12.0 8 
19-25 2 25.0 35 .O 537 117 34.0 36 
26-Sep 1 1 23.0 40.0 685 127 0.0 9 

2- 8 5 23.0 39.0 680 118 0.0 62 
9-15 3 4.0 10.0 213 66 6.0 4 

16-22 4 38.0 19.0 125 127 8.0 12 
23-29 3 8.0 8.0 50 20 2.0 4 
30-0ct 6 3 22.0 12.0 523 30 3.0 2 

7-13 3 0.7 0.33 36 5 0.0 0 
14-20 3 1 .O 0.33 9 5 0.0 0 
21-27 4 1 .O 0.5 102 10 0.25 0 
~ ~ - N O V  3 I 12.0 1 .0 294 54 I .O o 



Table 23. Total  Number o f  Adu l ts  Taken per Month a t  the North R iver  L i g h t  Trap, 1970. 

Species August September October November FourMonth  
T o t e l  

Aedes - s o l I i c i t a n s  46 2 302 78 12 
Aedes 

854 - taen iorhynchus 654 326 39 1 1,020 
Aedes - a t l a n t i c u s  0 0 0 0 0 
Psorophora con f inn is  21 1 379 7 0 
Anopheles atropos 

597 
13.760 4,689 2.109 2 94 20,852 

Anopheles b rad ley i  1,273 1,358 158 54 2,843 
Culex - s a l i n a r i u s  161 55 9 I 226 

To ta l  f o r  Each Month 16.521 7,109 2.400 362 26.392 

R e l a t i v e  Species Abundance X 
Species Temporary Pool Breeders Permanent Pool Breeders 

Aedes and Psorophora Anopheles and 

s o l l i c i t a n s  
taeniorhynchus 

s a l i n a r i u s  

T o t a l  100.0 



Table 24. Mean Number of  Adults Taken per Light Trap Night per Week a t  the North River L ight  Trap, 1971. 

Date N o . o f n i g h t s  - Aedes - Aedes Anopheles Anopheles Pscrrophc~ra 
l i g h t  t r a p  week l i g h t  t rap  i n  ~ o l l i c i t a n s  taeniorhvnchus a t l an t i cus  atropos brad lev i  sa l i na r i us  conf inn is  

ooerat ion 

Feb 25-Har 3 
Mar 4- 10 

11- 17 
18- 24 
25- 31 

A p r  1- 7 
8- 14 

15- 21 
22- 28 
29-May 5 
6- 12 

;;I ;: 
27-Jun 2 
3- 9 

10- 16 
17- 23 
24- 30 

Ju ly  1- 7 
8- 14 

15- 21 
22- 28 
29-Aug 4 
5- I 1  

12- 18 



Table 25. Total  Nunber of  Adu l t  Mosquitoes Taken per Month a t  the North River L ~ g h t  Trap, 1971. 

Species March Apr i I Hay June Ju l y  August S i x  Month 
To ta l  

A+ s o l l i c i t a n s  0 8 66 146 516 95 83 1 
Aedcs taeniorhynchus 0 0 6 - 230 752 221 1.209 
Anopheles a tropos 25 348 865 4,994 13.013 3.484 22.729 
Anopheles brad ley i  45 242 449 1.714 7.518 2,867 12.835 
Culcx sa l i na r i us  0 0 4 58 365 466 893 

Tota l  f o r  Each Month 70 598 1.390 7,142 22,164 7.133 38,497 

Re la t i ve  Species Abundance % 

Species Temporary Pool Breeders Permanent Pool Breeders 
Aedes Anopheles and 

Aedcs - s o l l i c i t a n s  2.2 
A* tacni<~rhynchus 3.1 
Anoohelcs a t t  op3s  59.1 
A n ~ & w l c s  b rad ley i  33.3 
Culcx - salina t  ius 2.3 



Table  26 .  T o t a l  Number o f  Mosquitoes Taken B i t i n g  per  T h i r t y  Minute  I n t e r v a l  a t  N o r t h  
R i v e r  Study Area.  1971. 

Date Time (P .M . )  A& Aedes Anopheles Anopheles P s o r ~  phr l ra  
o f  count s o l l i c i t a n s  taeniorhyn-  atropos b r a d l e y i  s a l i n a r i u s  c o n f i n n i s  

chus - 
June 2 

4 
8 

10 
15 

17 
2 0 

2 2 

2 5 

27 

28 

J u l y  5 

13 

15 

2 1 

23 

2 6 

Aug 2 



Table 27. Total Number o f  Adul t  Mosquitoes Taken per Month During B i t i n g  Counts a t  North Rivel-. 1471 

Spec i es June Ju ly  August Three McmLh Tutal  

A* 
A- 
Anopheles 
Anopheles 
Cu l ex - 

s o l l i c i t a n s  
taemiorhynchus 

Total  f o r  Each Month I. 107 

Species Temporary Pool Breeders Permanent Pool Breeders 
A* Anopheles and 

Aedes 
A* 
Anopheles 
Anophe I es 
Culex - 
Total 

s o l l i c i t a n s  13.9 
taen iorhynchus 15.0 
a t  ropos 41.4 
bradleyi  14.5 
sa l inar ius  15.2 

100.0 



Table 28. Mean Number o f  Adu l ts  Taken per L i g h t  Trap N i g h t  per Week a t  the W i l l i s t o n  L i g h t  Trap. 1970. 

Date N o . o f  n igh ts  Aedes Anopheles Anopheles Psorophora 
L i g h t  Trap week l i g h t  t r a p  i n  s o l l i c i t a n s  taeniorhyn- at ropos b r a d l e y i  s a l i n a r i u s  c o n f i n n i s  

operat  ion - chus 

Aug. 5-11 8 121 7 4 1 6 3 2 
I 5  162 3 2 4 7 42 3 2 2 

0.3 
12-18 

185 6 
19-25 6 62 17 
26-Sep 1 28 100 27 1 5 3 20 

83 7 2 I 
2- 8 5 20 18 

23 20 7 2 
9-15 6 6 7 

29 10 I 2 
16-22 6 15 7 

10 8 32 2 6 0.8 0.5 
23-29 
30-Oct 6 3 0 0.5 0 2 0 2 

0.5 11 0 0 0 
7-13 2 0 0 0 

4 0.67 14-20 3 I 6 0 0 
35 0.5 2 1-27 1 13 7 

~ E - N O V  3 0 - - - - 



Table 29. To ta l  Number of Adu l ts  Taken per Month From the W i l l i s t o n  L i g h t  Trap. 1970. 

Species August September October Three Month T o t a l  

Ag& s o l  l i c i  tans 920 276 17 
taeniorhynchus 340 222 12 

Psorophora c o n f i n n i s  62 30 0 
Anopheles atropos 3.273 92 1 
Anopheles b rad ley i  

73 
532 228 4 

Culex - s a l i n a r i u s  7 1 60 7 

To ta l  f o r  Each Month 5,198 1.737 113 

R e l a t i v e  Species Abundance % 

Species Temporary Pool Breeders Permanent Pool Breeders 
Aedes and Psorophora - Anopheles and 

Aedes - 
A* 
Psorophora 
Anopheles 
Anopheles 
Culex - 
Total  

s o l l i c i t a n s  
taen iorhynchus 



Table 30. Mean Nurbcr o f  Adul t  Mosquitoes Taken per L igh t  Trap Night  per Week a t  the W i l l i s t o n  
L iqh t  Trap. 1971. 

Oa te No. of  n ights A* A* Anopheles Anopheles % Psorophora 
L iqh t  t rap  week L igh t  t rap i n  s o l l i c i t a n s  taeniorhyn- atropos brad ley i  sa l i na r i us  conf inn is  

operat ion chus - 
- - 

Feb 25-Mar 3 
4-10 

11-17 
18-24 
25-3 1 

Apr 1 -  7 
8-14 

15-21 
22-28 
25-nay 5 
6- 12 

13-19 
20-26 
27-Jun 2 

3- 9 
10-16 
17-23 
24-30 

Ju l  1 -  7 
8- 14 

15-21 
22-28 
29-Aug 4 

5 - 1 1  
12-18 



Table 31. Total Number o f  Adult Mosquitoes Taken per Month froc: W i l l i s t o n  L ight  Trap. 1971. 

Species March Apr i  1 May June Ju ly  August September" Octobec: S i x  Month 
Total  

Aedes so l  1 i c i  tans 0 4 11 68 249 200 532 
Aedes taeniorhynchus 0 0 10 38 235 57 
Aedes 

340 
a t lan t icus  0 0 0 0 0 0 0 

Psorophora conf innis 0 0 5 2 75 24 

Cu l ex - salinar ius  1 8 25 38 594 122 

Total  for  Each Month 3 5 1 321 607 3.195 802 4.979 

Rela t ive  Species Abundance X 

Species Temporary Pool Breeders Permanent Pool Breeders 
Aedes and Pswrophora Anopheles and 

&& s o l l i c i t a n s  10.7 
Aedes - taeniorhynchus 6.8 I\edes at lan t icus  0.0 
Psorophora conf inn is  2.1 19.6 80.4 
Anopheles atropos 34.4 
Anopheles bradleyi  30.2 
Culex - salinar ius  15.8 

Total  100.0 

"Light t rap  not i n  operation during these months 



Table 32. Mean Number o f  Adul t  Mosquitoes Taken per L ight  Trap Night  per Week a t  the Davis 
L ight  Trap. 1972. 

Date No.of n ights  Aedes A+ A+ Anopheles Anopheles Culex Psorophora 
L ight  t rap  L igh t  t rap  i n  s o l l i c i t a n s  taeniorhyn- a t l an t i cus  atropos brad ley i  sa l i na r i us  conf inn is  

-- - 

week operat ion - chus 

Feb. 25-Mar 3 
4-10 

11-17 
18-24 
25-3 1 

Apr. 1 - 7  
8-14 

15-21 
22-28 
29-Hay 5 
6-12 

13-19 
20-26 
27-Jun 2 
3- 9 

10-16 
17-23 
24-30 

Ju ly  1 - 7  
8-14 

15-21 
22-28 
29-Aug 4 
5-11 

12-18 
19-25 
26-Sep I 





Table 3 3 .  Tota l  Number o f  Adu l t  Mosquitoes Taken per Month a t  the Davis L i g h t  Trap. 1972. 

Species March A p r i l  May June Ju ly  August September October E i g h t  Tots Month l 

340 167 646 445 76 1.692 Aedes - s o l l i c i t a n s  0 3 15 
Aedes taeniorhynchus 0 0 3 
Aedes a t l a n t i c u s  0 0 0 
Psorophora con f inn is  0 0 0 
Anopheles atropos 6 2 12 
Anopheles b rad ley i  9 12 34  
Culex - s a l i n a r i u s  I I 27 55 

T o t a l  f o r  Each Month 26 44 119 

R e l a t i v e  Species Abundance % 

Species Temporary Pool Breeders Permanent Pool Breeders 
Aedes and Psorophora - Anopheles and 

Aedes 

Psorophora 
Anopheles 
Anopheles 
Culex - 

s o l l i c i t a n s  
taen iorhynchus 
a t l a n t i c u s  
c o n f i n n i s  
at ropos 
b rad ley i  
s a l  i n a r i u s  

To ta l  100.0 



Table 34. T o t a l  Number o f  A d u l t  Mosqui toes Taken per  T h i r t y  M i n u t e  I n t e r v a l  D u r i n g  B i t i n g  
Counts a t  Dav is ,  1972. 

Date Time (P.M.) Aedes & Anopheles Anopheles Psoro.  
o f c o u n t  s o l l i c i t a n s  taen io rhyn-  a t l a n t i c u s  a t o p  b r a d l e y i  a, con. 

chus - 
June 2 8:oo- 8:30 

8:30- 9:OO 
9:OO- 9:30 
9:30-1O:OO 

June 5 8:00- 8:30 
8:30- 9:OO 
9:OO- 9:30 
9:30-10:OO 

June 9 8:oo- 8:30 
8:30- 9:OO 

June 12 8:00-  8:30 
8:30-  9:OO 
9:OO- 9:30 
9:30-l0:OO 

June 16 8:00-  8:30 
8:30- 9:OO 
9:OO- 9:30 
9:30-i0:OO 

June 20 8:00- 8:30 
8:30- 9:OO 
9:OO- 9:30 
9:30-1O:OO 

June 28 8:oo- 8:30 
8:30- 9:OO 
9:OO- 9:30 
9:30-1O:OO 

J u l y  3 8:00- 8:30 
8:30-  9:OO 
9:OO- 9:30 
9:30-10:OO 

J u l y  7 8:00-  8:30 
8:30-  9:OO 
9:OO- 9:30 
9:30-1O:OO 

J u l y  10 8:00- 8:30 
8:30- 9:OO 
9:OO- 9:30 
9:30-1O:OO 

J u l y  17 8:Oo- 8:30 
8:30- 9:OO 



Table 34. (Continued) 

Date Time (P. M . )  Aedes Aedes Aedes Anopheles Anopheles Culex PSOrO. 
s o  i a t e n i o h y  a t  a n t i  u s  a t p s  b r a d l e ~  i s. 522. 

chus - 
Aug 25 8:00- 8:30 3 60 8 1 2 

8:30- 9:OO 45 1 
9:OO- 9:30 2 7 3 
9:30-1O:OO 15 2 2 4 

Aug 30 8:OO- 8:30 25 54 1 1 
8:30- 9:OO 4 I 7  9 I 
9:OO- 9:30 10 6 2 
9:30-1O:OO 1 4 3 

Sep 8 7:30- 8:oo 4 
8:00- 8:30 4 2 I 
8:30- 9:OO 1 

Sep 12 7:30- 8:00 26 33 1 
8:00- 8:30 7 20 
8:30- 9:OO 8 7 5 

Sep 2 6  7:OO- 7:30 7 3 l 
7:30- 8:00 3 22 
8:OO- 8:30 1 8 



Tab le  35. To ta l  Number o f  A d u l t  Mosquitoes Taken per Month Dur ing B i t i n g  Counts a t  Davis, 1972. 

Species June J u l y  August September Four Month To ta l  

A- s o l l i c i t a n s  26 55 I37  
Aedes taen iorhynchus 30 74 379 
Aedcs a t l a n t i c u s  45 9 13 
Psorophora c o n f i n n i s  3 5 4 
Anopheles a tropos 13 12 42 
Anopheles b r a d l e y i  5 1 8 54 
Cu l e x  s a l i n a r i u s  I 2 I 

T o t a l  f o r  Each Month 169 165 630 

R e l a t i v e  Species Abundance L 

Species Temporary Pool Breeders Permanent Pool Breeders 
+ and Psorophora Anopheles and 

Acdes s o l l i c i t a n s  - 
/\cdes taeniorhynchus 
Acdcs a t l a n t i c u s  
Psor t~phora conf i nn i s 
Ant~phe Ics  at ropos 
Antq~heles b rad ley  i 
Culcx - s a l i n a r i u s  

T o t a l  



Tablc 36. Mean Nun:ber o f  Adu l t  Mosquitoes Taken per  L i g h t  Trap N i g h t  per Week From the Newport 
R ive r  L i g h t  Trap, 1972. 

-- - 

Date Nu. o f  n i g h t s  Aedes Anopheles Anopheles C- 
L i g h t  t r a p  week L i g h t  t r a p  i n  a t l a n t i c u s  a t r o ~ o s  b r a d l e y i  s a l  i n a r i u s  

opera t ion  

Feb. 25-Mar 3 
4- 10 

11-17 
18-24 
25-31 

Apr . 1- 7 
8-14 

15-21 
22-28 
29-Hay 5 
6- I 2  

13-15 
20-26 
27-Jun 2 

3-  5 
10-16 
17-23 
24-30 

J u l y  1 -  7 
8-14 

15-21 
22-28 
29-Auy 4 

5 -1  I 
12-18 
19-25 
26-Scu I 



Table  36. (Continued) 

De te  No. o f  n i g h t s  A+ Anopheles Anopheles Culex 
L igh t  t r a p  week L i g h t  t r a p  i n  a t l a n t i c u s  atropos b r a d l c y i  s a l i n a ~  ius  

opera t  ion  

Sep 2- 8 6 
9-15 

16-22 
23-29 
30-0ct 6 

7- 13 
14-20 
21-27 
~ ~ - N O V  3 



Table 37. Total  Number o f  Adul t  Mosquitoes Taken per Month From the Newport River L ight  Trap. 1972. 

Species March Apri 1 Hay June July August September October Eight T c ~ r a l  Month 

A* 
A* 
A* 
Psorophora 
Anopheles 
Anophe 1 es 
CAUl 

so l  1 i c i  tans 
taeniorhynchus 
a t l an t i cus  

- . - - . - . 

sa l inar ius  - 
Total  f o r  Each Month 16 40 15 19 0 0 4 4 98 

Relat ive Species Abundance % 

Species Temporary Pool Breeders Permanent Pool Breeders 
A& and Psorophora Anopheles and *x 

A* 
A* 
A* 
Psorophora 
Anopheles 
Anopheles 
C& 

s o l l i c i t a n s  
taen iorhynchus 
a t lan t icus  
conf inn is  
atropos 
bradleyi  
sa l i na r i us  

Total  100.0 



Table 3 8 .  Total Number o f  Adult Mosquitoes Taken per Thirty Minute Interval During Biting 
Counts at Newport River, 1972. 

Date T i m e  (P.M.) Aedes AedeS Anopheles Anopheles C u  l c x  P s o ~ . o .  
o f  count sollicitans taeniorhyn- atlanticus atropos bradleyi &. z. 

Junc I I 

Junc 6 

Junc 12 

Junc 15 

July 8 

July 18 

July 31 

Aug 3 

A u g  12 

Aug 24 

Stsp 2 

s c p  I I 

Scp 26 





Table 40. Mean Number of Adult  Mosquitoes Taken per L ight  Trap Night per Week a t  A t l a n t i c  Beach. 
N. C., 1972. 

Date No. o f  nights Aedes Pledes Anopheles Anopheles Psorophora 
L ight  t rap week L igh t  trap i n  s o l l i c i t a n s  taeniorhyn- atropos bradley i  sa l ina r ius  conf inn is  

operation & 

Feb 25-Mar 3 
Mar 4-10 

11-17 
18-24 
25-31 

Apr 1 - 7  
8-14 

15-21 
22-28 
29-Hay 5 
6-12 

13-19 
20-26 
27-Jun 2 
3- 9 

10-16 
17-23 
24-30 

Jul 1- 7 
8-14 

15-21 
22-28 
29-Aug 4 
5-1 1 

12-18 
19-25 
26-Scp I 



Table 40. (Continued) 

Date No. o f  n i g h t s  Aedes @ Anopheles Anopheles Psot-c,pho~-a 
L i g h t  t r a p  week L i g h t  t r a p  i n  so l  l i c i  tans taeniorhyn-  at ropos b r a d l e y i  s a l  i n a r  ius  conf  i n n i 5  

opera t ion  chus 

Sep 2- 8 7 1.1 0.28 1.3 0.14 0.14 
9-15 7 0.7 0.14 1.8 1 .4  

16-22 7 0.14 0.43 0.28 0.14 
23-29 7 0.14 0.14 
30-Oct 6 7 

7-13 7 
14-20 7 
2 1-27 7 
28-Nov 3 7 
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T a b l e  4 2 .  P r e d i c t e d  /. R e l a t i v e  Abundance Values f o r  Anuphelcs - 
and Aedes - Psorophore Species a t  R e p r e s e n t a t i v e  HS, F F .  S .  I  
Values ( D i t c h e d  S i t e s ) .  

HS (mean s l o p e )  FF ( f requency o f  S .  I .  Anopheles Aedes and - 
f l o o d i n g )  ( S u i t .  Index) a n d t u l e x  Psorophora 



Table 42 (Con t i nusd) 

MS (mean slope) FF (frequency S .  I .  Anopheles A&s and 
o f  flooding) and Psorophora 





T a b l e  414. 

lU C I DENCE OF CRABMOLE BREED l NG 

NORTH RIVER STUDY SITE,  CARTERET C O . ,  N. C .  

S i t e  No. of  ho les  T o t a l  N o .  Larvae & Pupae T o t a l  
Aedes - Anopheles 
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BACCHARIS HAL IIMIFBLIA 
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BORRlCHlA FRUTESCENS 
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CLADIUM JAMAICENSE 



FIG. 4 



FIG. 5 

IVA IMBRICATA 
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JUNCUS ROEMERIANUS 
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PlNUS TAEDA 
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FIG. 11 

SPARTINA ALTERNIFLORA 



FIG. 12 

SPARTINA PATENS 


