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A M a la r i a  S u rv e y  of th e  
DENISON DAM RESERVOIR: 
LAKE TEXOMA
IN T R O D U C T IO N

M a l a r i a  has  long been a f a m i l i a r  d i s ­
e a s e  i n  c e r t a i n  p a r t s  o f  t h e  Lower Red 
R i v e r  V a l l e y .  T h e r e f o r e ,  i n  1944 some 
a n x i e t y  was m a n i f e s t e d  by  s e v e r a l  p u b l i c  
h e a l t h  a g e n c i e s  w i th  r e g a r d  t o  t h e  p o s ­
s i b l e  m a l a r i a  h a z a r d  i n v o l v e d  by t h e  
c r e a t i o n  o f  Lake lexoma.  Co nsequ en t ly ,  a 
p r e l i m i n a r y  A n o p h e l e s  s u r v e y  was made 
i n  a p o r t i o n  o f  th e  Lake Texoma a r e a  in 
September  1944 by t h e  Oklahoma S t a t e  De­
p a r t m e n t  o f  H e a l t h .  The r e s u l t s  of  t h i s  
s u r v e y  f u r t h e r  e m p h a s i z e d  t h e  n eed  f o r  
an i n t e n s i v e  m a l a r i a  s t u d y  o f  the e n t i r e  
r e s e r v o i r  a r e a .

M a l a r i a  C o n t r o l  in  War Areas  a t  t h e  t e r ­
m i n a t i o n  o f  t h e  s t u dy .

L O C A T IO N  AND P U R P O S E S  
OF THE WATER CONTROL P R O J E C T

Denison Dam i s  l o c a t e d  on t h e  Red R i v ­
e r ,  a p p r o x i m a t e l y  l i v e  m i l e s  n o r t h w e s t  
of  Denison,  Texas,  j u s t  be low t h s  c o n f l u ­
enc e  o f  t h e  Red and W as h i t a  r i v e r s .  The 
r e s e r v o i r ,  Lake  Texoma, w i t h  a maximum 
a r e a  of 145,500 ac re s  a t  f l ood pool  e l e v a ­
t i o n  ( 6 4 0 ) , 1 and a t  normal pool e l e v a t i o n  
(617) an a r e a  o f  95 ,000 a c r e s ,  i s  one of  
th e  l a r g e s t  a r t i f i c i a l  l a k e s  in  the  Uni ted

A c o n f e r e n c e  t o  d i s c u s s  the  p o t e n t i a l  
m a l a r i a  h a z a r d  on Lake  Texoma was h e l d  
a t  th e  D i s t r i c t  E n g i n e e r  O f f i c e  i n  D e n i ­
s o n ,  T e x a s ,  on  M a r c h  24 ,  1945 .  R e p r e ­
s e n t a t i v e s  o f  t h e  f o l l o w i n g  a g e n c i e s  
a t t e n d e d  t h i s  m e e t i n g :  t h e  C o r p s  o f
E n g i n e e r s ,  t h e  U. S.  P u b l i c  h e a l t h  S e r ­
v i c e ,  t h e  F i s h  an d W i l d l i f e  S e r v i c e ,  
th e  N a t i o n a l  P a r k  S e r v i c e ,  and the  s t a t e  
h e a l t h  d e p a r t m e n t s  o f  O k l a h o m a  a nd  
T e x a s .

At t h i s  c o n f e r e n c e  t h e  f o l l o w i n g  
d e c i s i o n s  w e r e  r e a c h e d :  ( 1 )  t h a t  t h e  
C o r p s  o f  E n g i n e e r s  w o u l d  r e q u e s t  t h e  
U. S .  P u b l i c  H e a l t h  S e r v i c e ,  o f f i c e  o f  
M a l a r i a  C o n t r o l  i n  War A r e a s ,  t o  u n d e r ­
t a k e  an i n t e n s i v e  m a l a r i a  s u r v e y  o f  t h e  
Lake Texoma a r e a  t o  be f i n a n c e d  j o i n t l y  
by th e  Corps  o f  E n g i n e e r s  and th e  P u b l i c  
H e a l t h  S e r v i c e ,  (2)  t h a t  the  s t a t e  h e a l t h  
d e p a r t m e n t s  o f  Oklahoma and T e x a s ,  and 
t h e  h e a l t h  d e p a r t m e n t s  o f  t h e  c o u n t i e s  
a d j a c e n t  t o  t h e  r e s e r v o i r  would  a s s i s t  
w i t h  t h i s  s u r v e y ;  and  ( 3 )  t h a t  a com­
p l e t e  r e p o r t  wo u ld  be s u b m i t t e d  t o  t h e  
C o r p s  o f  E n g i n e e r s  by  t h e  o f f i c e  o f
1. A l l  el  eva t  ions ar e  r e f e r r e d  to mean sea-  l e v e l  datum.

S t a t e s .  At normal pool  e l e v a t i o n  the  lake  
e x t e n d s  44 m i l e s  up th e  Red R i v e r  and 29 
m i l e s  up the  W a sh i t a  R i v e r .  Lake Texoma 
i s  l o c a t e d  in  Grayson and Cooke c o u n t i e s ,  
Texas ,  and in  Bryan,  M a r s h a l l ,  J o h n s to n ,  
and Love c o u n t i e s ,  Oklahoma.

The C o r p s  o f  E n g i n e e r s  b e g a n  c o n ­
s t r u c t i o n  o f  t h e  p r o j e c t  i n  1938,  and 
r e g u l a t e d  s t o r a g e  was s t a r t e d  on Oct ob er  
31,  1943.  Ihe  p r o j e c t  was  c o m p l e t e d  i n  
1944, and t h e  no rmal  p o o l  e l e v a t i o n  was 
r e a c h e d  i n  March  1945.

The  D e n i s o n  Dam p r o j e c t  h a s  b e e n  
d e v e l o p e d  p r i m a r i l y  f o r  f l o o d  c o n t r o l  
®nd f o r  t h e  p r o d u c t i o n  o f  h y d r o e l e c t r i c  
power .  The r o l l e d - f i l l  e a r t h e n  dam w i t h  
t h e  s p i l l w a y  c r e s t  a t  e l e v a t i o n  640 i s  
a p p r o x i m a t e l y  t h r e e  m i l e s  l o n g .  A c c o rd ­
i n g  t o  t h e  p r e s e n t  p l a n  o f  o p e r a t i o n  
t h e  s t o r a g e  c a p a c i t y  be t wee n  e l e v a t i o n s  
617 a n d  6 40 i s  u s e d  f o r  f l o o d  w a t e r  
a n d  t h e  w a t e r  b e t w e e n  e l e v a t i o n s  617 
a n d  590 i s  s t o r e d  f o r  u s e  i n  h y d r o ­
e l e c t r i c  p r o d u c t i o n .  H o w e v e r ,  i t  i s  
e x p e c t e d  t h a t  t h e  w a t e r  l e v e l  o f  t h e  
r e s e r v o i r  w i l l  be  m a i n t a i n e d  a t  t h e
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(above) Figure 2. Steep shore l i ne  on Texas s ide of r e s e rv o i r .

n o r m a l  p o o l  e l e v a t i o n  o f  617 d u r i n g  
mos t  o f  t h e  y e a r .  Owing to  t h e  u n i f o r m  
d i s t r i b u  t i o n  o f  r a i n f a l l  t h r o u g h o u t  the 
y e a r  i n  t h i s  r e g i o n ,  t h e  volume o f  i n ­
f low i s  c o n s i d e r e d  s u f f i c i e n t  to  pr od uc e  
t h e  n e c e s s a r y  h y d r o e l e c t r i c  po w er  and 
a t  t h e  same t i m e  to  m a i n t a i n  a c o n s t a n t  
w a t e r - l e v e l  a t  a b o u t  6 1 7 .  S e c o n d a r y  
p u r p o s e s  f o r  t h e  r e s e r v o i r  i n c l u d e  t h e  
d e v e l o p m e n t  o f  c e r t a i n  a r e a s  f o r  r e c ­
r e a t i o n  and w i l d l i f e  ( F i g u r e  1) ,  by the  
N a t i o n a l  P a r k  S e r v i c e  and t h e  F i s h  and 
W i l d l i f e  S e r v i c e .
P H Y S I C A L  C H A R A C T E R I S T I C S  OF 
THE REG ION

(cen ter )  Figure 3. Uncleared t imber in Pen­nington Creek.
PHYSIOGRAPHY. Hie s i x  c o u n t i e s  a d j o i n i n g  

the  r e s e r v o i r  a r e  w i th in  the  Texas Coas ta l  
P l a i n s  Reg ion  and mos t  o f  t h e  l a n d  l i e s  
w i th in  a su b d i v i s i o n  known as the  P o s t  Oak 
B e l t .  This  b e l t  i s  c h a r a c t e r i z e d  as a very 
gen t l y - r o l l  m g  p l a i n  t i m b er ed  p r i n c i p a l l y  
w i th  p o s t  oak on th e  u p l a n d s ,  and walnut ,  
peca n ,  and wi l low a l o n g  t h e  s t r e a m s .  The 
sandy s o i l  which p r e d o m i n a t e s  a round  the 
m arg in  o f  the  l a k e  i s  l a c k i n g  m  o r g a n i c  
f e r t i l  l  ty.

The l e n g t h  o f  t h e  s h o r e  l i n e  o f  the  
r e s e r v o i r  a t . . . e l e v a t i o n  640 i s  a p p r o x i ­
m a t e l y  1 , 250 m i l e s .  At  normal po o l  e l e ­
v a t i o n  (617) t h e  s h o r e  may be c o n s i d e r e d  
f o r  t h e  m o s t  p a r t  a s  s l o p i n g  o r  s t e e p  
( F i g u r e  2) and o n l y  a b o u t  20 p e r c e n t  i s  
f l a t .  The c l a s s i f i c a t i o n  o f  t h e  s l o p e  
o f  t h e  s h o r e  a t  e l e v a t i o n  617 i s  as  
f o i l o w s :
S t e e p  276 m i l e s  3 2 .5  p e r c e n t
S l o p i n g  415 m i l e s  4 8 . 7  p e r c e n t
F l a t  160 m i l e s  18 .8  p e r c e n t

P r i o r  t o  i m p o u n d m e n t  m o s t  o f  t h e  
t r e e s  a n d  o t h e r  s t a n d i n g  v e g e t a t i o n  
w e r e  c l e a r e d  f rom t h e  r e s e r v o i r  b a s i n  
up t o  e l e v a t i o n  620,  ho wever ,  u n c l e a r e d  
t i m b e r  i s  s t i l l  l o c a t e d  i n  th e  f o l l o w ­
in g  a r e a s :  Oklahoma — Zone 15 2 (Pennington  
Cree k)  ( F i g u r e  3 ) ,  Texas  -  Zone 21 (R ig  
M i n e r a l  Arm), Zone 26 ( s o u t h  o f  O r l e n a ) , 
and Zone  31 .

The s p r i n g  s u r c h a r g e  i n  1945 s t r a n d e d  
l a r g e  q u a n t i t i e s  o f  f l o t a g e  a l o n g  t h e  
s h o r e .  The g r e a t e s t  d e p o s i t i o n  o f  l o g s
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an d s tu m p s  o c c u r r e d  i n  Z o n e s  7 and 14 
n e a r  T i s h o m i n g o ,  O k la h o m a  ( F i g u r e  4 ) .  
Most  o f  t h i s  f l o t a g e  r e s u l t e d  f rom u n ­
c l e a r e d  a r e a s .

W i l l o w s  a r e  common i n  m o s t  o f  t h e  
i n l e t s  an d  a r e  s p r e a d i n g  r a p i d l y  i n t o  
th e  u p p e r  r e a c h e s  o f  t h e  r e s e r v o i r  where 
l a r g e  a m o u n t s  o f  s i l t  a r e  b e i n g  d e ­
p o s i t e d .

S t a n d s  o f  a q u a t i c  v e g e t a t i o n  f a v o r ­
a b l e  t o  a n o p h e l i n e  b r e e d i n g  w e r e  n o t  
l o c a t e d  i n  th e  r e s e r v o i r  p r o p e r .  However, 
t h r e e  p o n d s  c o n t a i n i n g  A m e r i c a n  l o t u s  
(Nelumbo p e n t a p e t a l a )  we re  found  i n  th e  
f o l l o w i n g  p l a c e s :  O k l a h o m a  -  Z o n e  14 
( S e c t i o n  22 ) ,  Zone 15 ( S e c t i o n  10) ( F i g ­
u r e  17 ) ;  T e x a s -  Zone  28 ( S e c t i o n  3 0 ) .
CLI MATE

The c l i m a t e  o f  t h e  r e g i o n  i s  m i l d .  
Ihe  a v e r a g e  o f  t h e  mean a n n u a l  t e m p e r a ­
t u r e  r e c o r d s  f o r  f i v e  t o w n s 3 i n  t h e  
v i c i n i t y  o f  t h e  l a k e  where  U. S. Weather  
Bureau  S t a t i o n s  a r e  l o c a t e d  i s  6 3 . 6 °  F. 
J a n u a r y ,  w i t h  a mean o f  4 2 . 1 °  F.  , i s  
the  c o l d e s t  month,  w h i l e  J u l y  and Augiist ,  
w i t h  an  a v e r a g e  o f  8 3 . 2 °  F . , a r e  t h e  
h o t t e s t  m on ths .  The maximum t e m p e r a t u r e  
e v e r  r e c o r d e d  i n  t h e  v i c i n i t y  ( G a i n e s ­
v i l l e ,  Texas)  was 114° F . , and the  l o - . e s t  
was - 1 2  F. The d a i l y  t e n p e r a t u r e  r a n g e  
i n  summer  i s  a b o u t  10°  F.

The a v e r a g e  d a t e  o f  t h e  l a s t  k i l l i n g  
f r o s t  i s  M a r c h  2 3 ,  a n d  o f  t h e  f i r s t  
k i l l i n g  f r o s t  N o vem be r  10.  The l e n g t h  
o f  t h e  g r o w i n g  s e a s o n  i s  a p p r o x i m a t e l y  
231 d a y s .

As shown i n  F i g u r e  5, t h e  y e a r  1945 
was c o o l e r  t h a n  n o r m a l .  O n ly  t h e  months
3. Ardmore, Durant,  Tishomingo, G a i n e s v i l l e ,  oherman. '

o f  March and November were above normal .  
The l a s t  k i l l i n g  f r o s t  i n  t h e  s p r i n g  
was on A p r i l  5 and  6,  t h e  f i r s t  k i l l i n g  
f r o s t  i n  t h e  f a l l  o c c u r r e d  d u r i n g  t h e  
p e r i o d  o f  Novem ber  2 1 -2 3 ,  i n c l u s i v e .

The  a v e r a g e  r a i n f a l l  d e r i v e d  f rom 
t h e  a n n u a l  p r e c i p i t a t i o n  r e c o r d s  f o r  
f i v e  to wns  n e a r  t h e  l a k e  i s  a p p r o x i ­
m a t e l y  37 i n c h e s .  N o r m a l l y ,  p r e c i p i t a ­
t i o n  i s  q u i t e  e v e n l y  d i s t r i b u t e d  t h r o u g h ­
o u t  t h e  y e a r  a l t h o u g h  A p r i l  and May a r e  
u s u a l l y  the  w e t t e s t  months .  While f l o o d s  
o c c u r  a t  i r r e g u l a r  i n t e r v a l s ,  the  a v e r ­
age i s  a b o u t  on e  f l o o d  a y e a r .  The e x ­
t r e m e s  v a r y  f r o m  f i v e  f l o o d s  i n  o n e  
y e a r  ( R e d  R i v e r ,  C o l b e r t ,  O k l a h o m a ,  
1941)  t o  no  f l o o d s  d u r i n g  a f o u r - y e a r  
p e r i o d  (Red R i v e r ,  C o l b e r t ,  Oklahoma,  
1 9 0 9 - 1 2 ) .  F l o o d  d a t a  g i v e n  i n  T a b l e  1 
show t h a t  t h e  g r e a t e s t  number  o f  f l o o d s  
ha ve  o c c u r r e d  d u r i n g  t h e  mon ths  o f  May 
and O c t o b e r .

The y e a r  1945 was one o f  t h e  w e t t e s t  
on r e c o r d ,  t h e  a v e r a g e  r a i n f a l l  a c c o r d ­
i n g  t o  th e  a n n u a l  p r e c i p i t a t i o n  r e c o r d s  
f o r  f i v e  t o w n s 3 a d j a c e n t  t o  t h e  l a k e  
was 5 5 . 2 3  i n c h e s .  F i g u r e  6 shows t h a t  
t h e  h e a v i e s t  p r e c i p i t a t i o n  i n  1945 o c ­
c u r r e d  d u r i n g  t h e  m o n t h s  o f  F e b r u a r y ,  
M ar ch ,  J u n e ,  and  S e p t e m b e r .

The  e v a p o r a t i o n  r a t e  o f  a b o u t  61 
i n c h e s  a y e a r  i n d i c a t e s  t h a t  the  hum id i ty  
i s  r e l a t i v e l y  l o w .  The a v e r a g e  a n n u a l  
r e l a t i v e  h u m i d i t y  a t  D a l l a s ,  T e x a s ,  i s  
78  p e r c e n t  a t  7 : 0 0  a . m . , a nd  52 p e r ­
c e n t  a t  n o o n .

The a v e r a g e  a n n u a l  w ind  v e l o c i t y  i s  
a b o u t  10 m . p . h .  The v e l o c i t y  i s  s t r i k -
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F i g u r e  7. S to ck  b a r n  as  an example  o f  a N a t u r a l  R e s t i n g  P l a c e .

T a b le  V'
ESTIMATED VALUE OF PRINCIPAL 

AGRICULTURAL ENTERPRISES, 
GRAYSON COUNTY, TEXAS. 1945

FIELD CROPS AND LIVESTOCK 1 VALUE
Small Grain 13,610,000Cot ton 1,650,000Dairy ing 1,560,000Corn 1,394,000Peanuts 604,000Beef 350,000P o u l t r y 124,000Sheep 90,000Grain  Sorghum 60,000Truck and F r u i t 30,000Hogs 20,000

Tot a l 19,492,000

B I O L O G I C A L  FACTORS
GENERAL CONSIDERATIONS. A l t h o u g h  

many s p e c i e s  o f  A n o p h e l e s  m o s q u i t o e s  
a r e  c a p a b l e  o f  t r a n s m i t t i n g  t h e  human 
m a l a r i a  p a r a s i t e s  u n d e r  l a b o r a t o r y  c o n ­
d i t i o n s ,  o n l y  o n e  s p e c i e s ,  A n o p h e l e s  
q u a d r i m a c u l a t  us  S a y ,  i s  r e c o g n i z e d  a s  
t h e  i m p o r t a n t  n a t u r a l  v e c t o r  i n  t h e  
S o u t h e r n  and E a s t e r n  U n i t e d  S t a t e s ,  
t h e r e f o r e ,  i n  t h i s  s u r v e y  p r i m a r y  c on ­
s i d e r a t i o n  was  g i v e n  t o  q u a d r i m a c u -  
l a t  u s .

F ig u r e  8. B a r r e l  as an example o f  an a r ­t i f i c i a l  r e s t i n g  p l a c e .

The main  o b j e c t i v e s  o f  t h e  e n t o m o ­
l o g i c a l  s u r v e y  made  i n  1945  w e r e  t o  
d e t e r m i n e  f i r s t ,  t h e  d e n s i t y  o f  a d u l t  
q u a d r i m a c u l a t u s ,  and s e c o n d ,  t h e  l o c a ­
t i o n  o f  t h e  i m p o r t a n t  b r e e d i n g  f o c i  o f  
t h i s  v e c t o r  i n  t h e  v i c i n i t y  o f  L a k e  
Texoma.  S e c o n d a r y  o b j e c t i v e s  w e r e  t o  
d e t e r m i n e  t h e  p r e v a l e n c e  and s e a s o n a l  
o c c u r r e n c e  o f  a l l  a n o p h e l i n e  s p e c i e s .  
No c o n s i d e r a t i o n  was g i v e n  t o  c u l i c i n e  
m o s q u i t o e s .  The f i e l d  work was i n i t i a t e d  
on  May 1, and was t e r m i n a t e d  on November 
23 ,  1945.

F i g u r e  9. P r i v y - t y p e  ho u se  as  an example  o i  an a r t i f i c i a l  r e s t i n g  p l a c e .
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Table VI
MALARIA MORBIDITY AND MORTALITY BASED ON PHYSICIANS’ REPORTS 

FOR SIX COUNTIES ADJACENT TO LAKE TEXOMA,
OKLAHOMA AND TEXAS, 1 9 3 4  THROUGH 19 43

Rates  P e r  100,000 Pop u la t io n
CO. BRYAN JOHNSTON LOVE MARSHALL OOOKE GRAYSON TOTALPop. * 38, 138 15. 960 11 ,433 12, 384 24, 909 69,499 172.323Year Morb. Mort. Mo rb. Mort. Morb. Mort. Morb. Mort. Morb. Mort. Morb. Mort. Morb.1934 2.6 15.7 43.9 12.5 0 . 0 0 . 0 573.3 16.1 12.0 0 . 0 0 . 0 0 . 0 47 8 5 81935 687.0 18.4 488.7 12.5 8 .7 8 .7 710.6 0 . 0 4 0 0 . 0 335. 3 5.8 3 8 4  7 8 11936 238.6 0 . 0 3 4 4  6 6 .3 0 . 0 17.5 2 3 4  2 24.2 40.1 0 . 0 220.1 4 3 196 1 5 91937 81. 3 7.9 162.9 0 . 0 0 . 0 0 . 0 177.6 0 . 0 216.8 0 . 0 217. 3 0 0 16A fl 1 71938 26.2 2 . 6 | 2 0 0 . 5 12.5 8 .7 0 . 0 16.1 0 . 0 4 0 0 . 0 11.5 0 . 0 31 3 1 71939 31.5 5 .2 382.2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 5.8 0 . 0 44.7 1.21940 10. 5 0 . 0 6 1 4 0 0 . 0 0 . 0 0 . 0 0 . 0 8.1 8.0 0 . 0 3 4  5 1.4 7 4  3 1 21941 2.6 2.6 902.3 6.3 0 . 0 0 . 0 0 . 0 8. 1 0 . 0 0 . 0 21.6 1.4 92 4 2 31942 7.9 7 .9 175.4 0 . 0 8.7 0 . 0 80.7 0 . 0 0 . 0 0 . 0 12.9 0 . 0 29.6 1 71943 0 . 0 2.6 125. 3 0 . 0 0 . 0 0 . 0 8. 1 0 . 0 24.1 0 . 0 80 .6 0 . 0 48.2 0 . 6

* P o p u l a t i o n  b a a e d  on 1940 c e n s u s .

' Ihe a r e a  i n c l u d e d  i n  t h i s  a n o p h e l i n e  
s u r v e y  c o n s i s t e d  o f  Lake  Texoma p r o p e r  
and t h a t  t e r r i t o r y  r a d i a t i n g  f rom t h e  
l a k e  s h o r e  a t  c o n t o u r  620 f o r  a p p r o x i ­
m a t e l y  on e  m i l e .  F o r  c o n v e n i e n c e  t h e  
t e r r i t o r y  was d i v i d e d  i n t o  z o n e s  num­
b e r e d  f rom 1 t o  33 ( F i g u r e  1 0 ) .  T h e s e  
z o n e  n u m b e r s  c o r r e s p o n d  t o  t h e  s h e e t  
numbers as u s e d  on t h e  t o p o g r a p h i c  maps 
o f  t h e  C o r p s  o f  E n g i n e e r s .  B e c a u s e  o f  
t h e  s i z e  o f  t h e  l a k e ,  no  a t t e m p t  was  
made t o  g a t h e r  d e t a i l e d  i n f o r m a t i o n  
a l o n g  t h e  e n t i r e  s h o r e .  R a t h e r ,  t h e  aim 
was t o  o b t a i n  a c l e a r  p i c t u r e  o f  v e c ­
t o r  a b u n d a n c e  i n  r e p r e s e n t a t i v e  a r e a s  
i n  a l l  z o n e s .  C e r t a i n  p l a c e s ,  howe ver ,  
su ch  a s  t h e  p r o p o s e d  r e c r e a t i o n a l  a r e a s  
and p o p u l a t i o n  c e n t e  r s  n e a r  t h e  l a k e ,  
r e c e i v e d  s p e c i a l  c o n s i d e r a t i o n .  The 
e n t o m o l o g i c a l  i n s p e c t o r s  were en co urag ed  
t o  m a i n t a i n  a f l e x i b l e  i n s p e c t i o n  p r o ­
g ram ,  and m o d i f i c a t i o n s  i n  t h e  s t u d y  
were made i n  a c c o r d a n c e  w i t h  t h e i r  f i n d ­
i n g s .  I h u s  a d d i t i o n a l  s t a t i o n s  w e r e  
e s t a b l i s h e d  when i m p o r t a n t  f o c i  w e r e  
d i s c o v e  r e d .

T h i r t e e n  i n s p e c t o r s  and  b o a t  o p e r a ­
t o r s  w e r e  s t a t i o n e d  a t  t h e  f o l l o w i n g  
l o c a t i o n s :  D u r a n t  ( 2 ) ,  T i s h o m i n g o  ( 2 ) ,  
M a d i l 1 ( 4 ) ,  M a r i e t t a  ( 1 ) ,  D en is o n  ( 2 ) ,  
and W h i t e s  bo ro  ( 2 ) .  S e v e n  f o u r - w h e e l -

d n v e  v e h i c l e s  a nd  s i x  b o a t s  e q u i p p e d  
w i t h  5 - h o r s e p o w e r  o u t b o a r d  m o t o r s  were  
u s e d  f o r  t r a n s p o r t a t i o n .  The b o a t  o p e r a ­
t o r s  a s s i s t e d  i n  m a k i n g  i n s p e c t i o n s  on 
l a n d  as  w e l l  a s  i n  t h e  w a t e r .

I n  o r d e r  to  d e t e r m i n e  A n o p h e l e s  mos­
q u i t o  d e n s i t i e s  a d u l t  i n d e x  s t a t i o n s  
which a r e  d e s i g n a t e d  as  N a t u r a l  R e s t i n g  
P l a c e s  (NRP) ( F i g u r e  7) w e r e  s e l e c t e d  
w i t h i n  t h e  a r e a  t o  be s t u d i e d .  T h e s e  
s t a t i o n s  c o n s i s t e d  p r i m a r i l y  o f  b a r n s ,

T a b l e  V I I
MALARIA BLOOD-SMEAR SURVEY TAKEN IN 
CERTAIN SCHOOLS OF SIX COUNTIES IN
THE VICINITY OF LAKE TEXOMA, OKLA­

HOMA AND TEXAS. SEPTEMBER 1 9 45
COUNTY SLIDESEXAMINED POSITIVE SLIDES OF P. vivax

Oklahoma
Bryan 696 0
C a r t e r 671 1
Love 874 2
Marshal1 1* 315 0

Texas
Cooke 253 0
Grayson 888 0

Tota l 4,697 3
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i

p r i v i e s ,  s h e d s ,  c u l v e r t s ,  and b r i d g e s .  
I n  t h e  a b s e n c e  o f  a s u i t a b l e  NRP i n  a 
g i v e n  l o c a l i t y  an a d u l t  i n d e x  s t a t i o n  
was s e t  up c o n s i s t i n g  o f  a l a r g e  b a r r e l  
o r  a s p e c i a l l y  c o n s t r u c t e d ,  p r i v y - t y p e  
ho use  and was d e s i g n a t e d  as  an A r t i f i ­
c i a l  R e s t i n g  P l a c e  (ARP) ( f i g u r e s  8 
and^ 9 ) .  O b s e r v a t i o n s  a t  t h e s e  s t a t i o n s  
w e re  made a t  a p p r o x i m a t e l y  w e e k l y  i n ­
t e r v a l s  and t h e  a d u l t  A n o p h e le s  m osq u i ­
t o e s  p r e s e n t  w e r e  c o u n t e d .  A t o t a l  o f  
676 a d u l t  r e s t i n g  s t a t i o n s  was  c h o s e n ,  
405 o f  w h i c h  w e r e  NRP’ s a nd  271 w e r e  
ARP s .  Of th e  t o t a l  number ,  479 s t a t i o n s  
w e re  i n s p e c t e d  r e g u l a r l y  a t  w e e k l y  i n ­
t e r v a l s .  In  s e t t i n g  up t h e  s t a t i o n s  em­
p h a s i s  was p l a c e d  on t h o s e  l o c a t e d  w i t h i n  
o n e - q u a r t e r  m i l e  o f  t h e  s h o r e  l i n e  o f  
t h e  l a k e ;  t h e s e  w e r e  d e s i g n a t e d  a s  A- 
s t a t i o n s .  O t h e r  s t a t i o n s  were  s e l e c t e d  
a t  o n e - q u a r t e r  m i l e  i n t e r v a l s  w i t h i n  
t h e  o n e - m i l e  zone i m m e d i a t e l y  s u r r o u n d ­
i n g  t h e  l a k e  and wer e  d e s i g n a t e d  as  B- ,  
C - ,  a n d  D - s t a t i o n s ,  r e s p e c t i v e l y .  A

few E - s t a t i o n s  w e re  l o c a t e d  beyond t h e  
l i m i t  o f  t h e  o n e - m i l e  z o n e .  W i th  few 
e x c e p t i o n s ,  a l l  a n o p h e l i n e s  found i n  a 
s t a t i o n  w e r e  a c t u a l l y  c o l l e c t e d  a nd  
c o u n t e d .

To d e t e r m i n e  t h e  a c t u a l  b r e e d i n g  
p l a c e s  o f  q u a d r i m a c u l a t  us ,  l a r v a l  s t a ­
t i o n s  were  s e l e c t e d  i n  t h e  l a k e  p r o p e r  
a nd  i n  t h e  w a t e r e d  a r e a s  w i t h i n  t h e  
o n e - m i l e  zone .  I n s p e c t i o n s  were  made a t  
two-week i n t e r v a l s ,  and a s t a n d a r d  p r o ­
c e d u r e  o f  t a k i n g  t h i r t y  d i p s  a t  e a c h  
s t a t i o n  was f o l l o w e d .

DENSITY OF ADULT ANOPHELES QUADRI- 
MACULATUS.  The g r e a t e s t  d e n s i t i e s  o f  
a d u l  t  q u o d r i n i o c i z l c i t i i s  w e r e  f o u n d  i n  
Z o n e s  1 ,  14,  15 4, 16 ,  2 1 ,  22 ,  a nd  29 
( T a b l e  V I I I  and F ig u r e  10 ) .  I n  t h e  above 
zones  27 s t a t i o n s  y i e l d e d  o v e r  100 quad-  
r i m a c u l a t u s  f o r  a s i n g l e  i n s p e c t i o n  
( T a b l e  IX). I t  s h o u l d  be s t a t e d  t h a t  th e  
o f f i c e  o f  M a l a r i a  C o n t r o l  i n  War A r e a s  
c o n s i d e r s  t h e  d e n s i t y  o f  t e n  f e m a l e

i a D l e  V I I I

28
2931
32
33
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F O ^ J I O H E S ^  WEEKLY SIN G LE-STA TIO N

WEEK

* a-V" V2< V 2 6 /9 ^  ̂  7/?' 7 /2 6 ^  ^  .0 ,6 ,0 . 3  ,0 „ 0  ~  ~ .... 11/17
1 30 11 1
0 00 00 01 1

1 42 26

10
2

28
2
1
5118

15

293
65
24

22
10

10
2

4923

52 175 873 400
- 4 19 19
0 3 45 11
5 5 16 5

10 19 15 5

267 160 77

4
25
19 58 26 21 44

High
S ta .

12 3 5 0 7- 11 29 17 12
* 9 38 21 1695 76 210 180 102 6 3 38 2267 105 121 47 - 2 ­

31 12

"  " * " ’  - 85 15 0 44 12
19 22

2
14

40 10
6 3

43 2418 8
5 10

1 7 1014 45
2 4

40 1040 0
0 30 0

42
1371
7

0
490

13

0
330

51
10

215
3

12

1
6 13 155 291 143 52 65 24 lfl* A7

*{ 6 5!  2J?  2 “  261 154 166 166 1080 0 0 "  ”  “  ” » 2« >|
; S 2 2 i

S5 11 15 12

1 4
54 12 5

17

2331 167
20
00
32
0

14
20
3

1090

4 13 13 13 .2  ,8 3  > 4 , A28 506 7 1 .  1700 m  1892 2750 2306 7 6 .  .027 506 77

HIGHEST SINGLE STATION COUNT

131 233 171 167

<0/1 m0Sq.u i t ° c o n t r ° l  p r o j e c t  was in o p e r a t i o n  a t  Tishomingo, Oklahoma Jul  v ? 19U5. and undoubtedly  red uce d  the quadrimacul atus p o p u l a t i o n  in t h i s  area.
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number  o f  s t a t i o n s  ' 
h a v i n g  h ea v y  d e n s i t i e s  o f  

ANOPHELES QUADRIMACULATUS ADULTS

Table IX

STATE ZONE ADULT
STATIONS

STATIONS HAVING 
OVER 100 QUADS.

T ota l No. No. P ercen t
Oklahoma 1 24 10 4 1 .0
Oklahoma 16 19 7 38 .9
Oklahoma 15 16 4 25.0
Texas 21 21 2 9 .5
Oklahoma 14 24 2 8 .3
Texas 22 15 1 6.6
Oklahoma 29 32 1 3 .1

q u a d r i m a c u l a t u s  p e r  s t a t i o n  f o r  t h r e e  
c o n s e c u t i v e  we eks  a s  t h e  t h r e s h o l d  o f  
s a n i t a r y  s i g n i f i c a n c e .  The h i g h e s t  s i n ­
g l e  s t a t i o n  count** o f  t h e  s u r v e y  was 
2 , 7 5 0  q u a d r i m a c u l a t u s , c o l l e c t e d  i n  
S t a t i o n  16-C  ( F i g u r e  7 ) ,  Zone  16 ,  on 
A u g u s t  31,  1945.

The g r e a t e s t  d e n s i t i e s  o f  quadrimacu-  
l a t u s  w e r e  f o u n d  b e y o n d  t h e , q u a r t e r -  
m i l e  zone a d j o i n i n g  t h e  l a k e  ( T a b l e  X). 
The maximum s t a t i o n  c o u n t s  w i t h i n  t h e  
q u a r t e r - m i l e  z o n e s  f ro m  t h e  l a k e  were  
as  f o l l o w s :  A, 33 3 ,  B, 400;  C, 2 , 7 5 0 ;  
D, 873,  and E, 160. The f i n d i n g  o f  t h e  
h i g h e s t  a d u l t  q u a d r i m a c u l a t u s  d e n s i t i e s  
i n  t h e  C and D q u a r t e r - m i l e  zo n es  (%-l  
m i l e  f ro m  l a k e  s h o r e )  i n d i c a t e s  t h a t  
the p r i n c i p a l  b r e e d i n g  a r e a s  were l o c a t ­
ed  o u t s i d e  t h e  l a k e  p r o p e r .

T a b l e  X
HIGHEST SINGLE STATION COUNTS OF ANOPHELES QUADRIUACULATUS ADULTS 

IN QUARTER-MILES (A,  B,  C. D, E) DISTANCES FROM LAKE TEXOMA 
OKLAHOMA AND TEXAS 1 0 1 ?

* No s t a t i o n  p r e s e n t  

5. A s i n g l e  s t a t i o n  count  r e f e r s  to the number o f  a. a t  i . .f o r  any g iven s t a t i o n  on any one da te .  * nopheles  mosqui toes  co unted  and reco rd ed

From the holdings of the National Archives at Atlanta
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LOCATION OF ANOPHELES QUADRIMACULATUS 

BREEDING FOCI. The l o c a t i o n  o f  th e  most  
i m p o r t a n t  b r e e d i n g  p i  a c e s  f o r  the  l a r v a e  
o f  q u a d r i m a c u l a t u s  i n  zones  h a v i n g  t h e  
h i g h e s t  a d u l t  c o u n t s  we re  as  f o l l o w s :  

Zone 1 - Bryan County,  Oklahoma ( S e c ­
t i o n  2 7 ) .  T h i s  a r e a  w h ic h  i s  l o c a t e d  
a d j a c e n t  to  t h e  D e n i s o n  Dam c o n t a i n s  
a p p r o x i m a t e l y  e i g h t y  a c r e s  o f  p o t e n t i a l  
m o s q u i t o  b r e e d i n g  h a b i t a t  ( F i g u r e  11) .  
Al l  d a t a  g a t h e r e d  i n d i c a t e  t h a t  the  ma­
l a r i a  m o s q u i t o - b r e e d i n g  p r o b l e m  ha s  b e ­
come more a c u t e  i n  t h i s  a r e a  b eca u se  o f  
t h e  p r o x i m i t y  o f  Lake Texoma. A c o n t i n ­
u o u s  w a t e r  s u p p l y  f r0 m one o f  t h e  t o e  
d r a i n s  ( F i g u r e  12) h a s  c r e a t e d  much o f  
t h e  p r o b l e m .  As shown i n  F i g u r e  11 t h e  
w a t e r  f l ow s  s o u t h e a s t w a r d  and e v e n t u a l ­
l y  becomes impounded i n  Swamps C and E. 
Swamp D i s  formed by s e e p a g e  w a t e r .  The 
s e r i e s  o f  t h r e e  swamps i s  s t u d d e d  w i t h  
t i m b e r  s t a n d i n g  i n  w a t e r  r a n g i n g  from 
a f e w  i n c h e s  t o  a b o u t  t h r e e  f e e t  i n  
d e p t h  ( F i g u r e  1 3 ) .  I n a d d i t i o n  t o  t h e  
t i m b e r e d  a r e a s ,  Pond A and Marsh  B a r t  
l o c a t e d  n e a r b y .

Zone 15 - J o h n s t o n  C o u n ty ,  Oklahoma 
( S e c t i o n s  4, 8, 9, 16 ) .  The P e n n i n g t o n  
Creek i n l e t  which c o n t a i n s  ab out  30 a c r e s  
o f  u n c l e a r e d  t imber  i s  an i n p o r t a n t  breed ­i n g  p l a c e .

Zone 16 - J o h n s t o n  C o u n ty ,  Oklahoma 
I S e c t i o n  1 6 ) .  The e x t r e m e l y  h i g h  p r o ­
d u c t i o n  o f  m a l a r i a  m o s q u i t o e s  i n  t h i s  
s e c t i o n  i s  due  to two swamps o f  a b o u t  
BO a c r e s  i n  e x t e n t  ( F i g u r e  1 4 ) .

Zone 21 -  Grayso n C o u n ty ,  Texas .  The 
c h i e f  s o u r c e  o f  b r e e d i n g  i s  300 a c r e s  
o f  u n c l e a r e d  t i m b e r  i n  t h e  B i g  M i n e r a l  
Creek i n l e t .  This  b r e e d i n g  a r e a  i s  w i t h i n  
t h e  Hagerman N a t i o n a l  W i l d l i f e  R e f u g e .

Zone 14 - J o h n s t o n  C o u n ty ,  Oklahoma 
( S e c t i o n s  7 ,  1 2 ) .  The h i g h e s t  l a r v a l  
c o u n t s  i n  t h i s  z o n e  w e r e  f o u n d  i n  t h e  
Rock Cree k  and Sandy C reek  i n l e t s  wh ich  
c o n t a i n e d  a m od er a t e  amount  o f  f l o t a g e .

Zone 22 -  Grayson County,  Texas  ( S e c ­
t i o n s  25,  3 0 ) .  The p r i n c i p a l  b r e e d i n g  
p l a c e s  c o n s i s t  o f  a o n e - a c r e  c a t t a i l  
pond i n  S e c t i o n  30, and a c r e e k  i n l e t  i n  
s e c t i o n  25 which c o n t a i n s  a l a r g e  quan ­
t i t y  o f  f l o t a g e .  T h i s  b r e e d i n g  a r e a  i s

w i t h i n  t h e  Hagerman N a t i o n a l  W i l d l i f e  
e i u g e .

Zone 29 - M a r s h a l l  C o u n ty ,  Oklahoma 
I S e c t i o n  5 ) .  The most  i m p o r t a n t  b r e e d ­
i n g  p l a c e  i s  an i n l e t  ab o u t  % o f  a m i l e  
srouth o f  Lebanon,  Oklahoma, where wi l lows 
and f l o t a g e  a r e  a b u n d a n t .

I t  s h o u l d  be e m p h a s i z e d  t h a t  w h i l e  
a s i g n i f i c a n t  amount o f  qu ad r im a cu l  a t u s  
b r e e d i n g  d i d  o c c u r  i n  c e r t a i n  l i m i t e d  
a r e a s  w i t h i n  t h e  r e s e r v o i r  p r o p e r ,  t h e  
r e s u l t s  o f  t h e  1945 l a r v a l  s u r v e y ,  t o ­
g e t h e r  w i t h  d a t a  from a d u l t  i n d e x  s t a ­
t i o n s ,  d e m o n s t r a t e  t h a t  a r e a s  o u t s i d e  
t h e  l a k e  p r o p e r  c o n s t i t u t e  t h e  p r i m a r y  
s o u r c e  o f  b r e e d i n g ;  a l t h o u g h  in  Zone 1 
t h e  h e a v y  p r o d u c t i o n  was due i n d i r e c t l y  
t o  t h e  p r e s e n c e  o f  the  dam. B r e e d i n g  i n  
t h e  l a k e  d u r i n g  1945 o c c u r r e d  p r i n c i ­
p a l l y  i n  t h e  i n l e t s  c o n t a i n i n g  u n c l e a r ­
ed  t i m b e r  and f l o t a g e ,

PREVALENCE AND SEASONAL DISTRIBUTION
OF ANOPHELES. O f  t h e  89  RD/1t n e  o ? , o u 4  s p e c i m e n s
o f  A n o p h e l e s  a d u l t s  c o l l e c t e d  d u r i n g  
t h e  s u r v e y ,  65.  5 p e r c e n t  w as  q u a d r i -  
m a c u l a t u s ,  3 2 . 4  p e r c e n t  p u n c t  ip e n n i  s , 
a n d  1 . 8  p e r c e n t  p s e u d o p u n c t  i p e n n i s .  
A n o p h e l e s  c r u c i a n s  a n d  b a r b e r i  w e r e  
f o u n d  i n  e x t r e m e l y  s m a l l  n u m b e r s .

A s t u d y  o f  t h e  s e a s o n a l  d i s t r i b u t i o n  
o f  a n o p h e l i n e s  i n  th e  v i c i n i t y  o f  L a k e  
Texoma r e v e a l s  t h a t  p u n c t  i p e n n i s  a p p e a r s  
e a r l i e r  i n  t h e  s p r i n g  and b r e e d s  l a t e r  
m  “ e  f a l l  th an  quadrimacul  a t u s  ( F i g u r e  
1 5 ) .  S i g n i f i c a n t 6 d e n s i t i e s  o f  f e m a l e  
q u a d r i m a c u l a t u s  a d u l t s  we re  found f o r  a 
p e r i o d  o f  s i x  months  ( J u n e  5 - December  

and d e n s i t i e s  o f  o v e r  100 a t  a s i n ­
g l e  s t a t i o n  o b s e r v a t i o n  f o r  a p e r i o d  
o f  f o u r  m o n th s  ( J u l y  5 - Nove m be r  7 ) .  
Q u a d r i m a c u l a t u s  r e a c h e d  t h e  p e a k  o f  i t s  
a b u n d a n c e  d u r i n g  t h e  l a t t e r  p a r t  o f  
A u g u s t  and t h e  f i r s t  p a r t  o f  S ep t em b er .  
P s e u d o p u n c t i p e n n i s  adul t s  we re  no t  f ound

e f o r e  Augu st  4 and became mos t  numerous i n  O c t o b e r .

° i s ! Z ° rion° re Specimens a t  “  ‘ " t i e - s t a t i o n

SPECIAL ENTOMOLOGICAL SURVEYS. En­
t o m o l o g i c a l  s t u d i e s  o f  l e s s e r  e x t e n t  
were made m  t h e  v i c i n i t y  o f  Lake Texoma 
d u r i n g  1944 by the  Oklahoma S t a t e  H e a l t h  
D ep a r t m en t ,  and c o n s t i t u t e  t h e  o n ly  s i g -
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n i f i c a n t  d a t a  on A n o p h e l e s  p r e v a l e n c e  
c o l l e c t e d  p r i o r  t o  1945.

At Pow el l ,  Oklahoma, f i v e  a d u l t  Anoph-  
y e s  m d e x  s t a t i o n s  were v i s i t e d  week ly  
i r o m  May i n t o  O c t o b e r  1944.  At t h e s e  
f i v e  s t a t i o n s ,  t h e  h i g h e s t  s i n g l e - s t a ­
t i o n  c o u n t s  o f  quad, n m a c u l  a t  us  f o r  th e  
s e a s o n  w e r e :  363,  139,  68,  16, a nd  6. 
I n  1945 th e  h i g h e s t  w e e k l y  s i n g l e - s t a ­
t i o n  coun ts  f o r  f i v e  s t a t i o n s  n e a r  Powell  
were :  70 ?, 6, 5, 3, and 3. Whi l e  t h e s e  

a t a  f o r  t h e  two y e a r s  a r e  n o t  c o n s i d ­
e r e d  c o m p a ra b l e ,  i t  i s  f e l t  t h a t  a s i g ­
n i f i c a n t  d i f f e r e n c e  i n  t h e  A n o p h e l e s  
p o p u l a t i o n  i s  i n d i c a t e d .  I t  i s  t o  be 
e m p h a s i z e d  t h a t  t h e  g r e a t e r  A n o p h e l e s  
p o p u l a t i o n  i n  1944 was u n d o u b t e d l y  due 
t o  t h e  h i g h  b r e e d i n g  p o t e n t i a l  o f  t h e  
ake margin  where th e  r i s i n g  w a t e r  l e v e l  

<u r i n g  the 1944 m o sq u i t o  b r e e d i n g  se a so n  
g r a d u a l l y  advanced i n t o  m a rg in a l  v e g e t a ­
t i o n  and a t  t h e  same t i m e  c a r r i e d  l a r g e  
q u a n t i t i e s  o f  f l o t a g e  ( F i g u r e  16) which 
t o g e t h e r  p r o d u c e d  an a l m o s t  i d e a l  m a l a ­
r i a - m o s q u i t o  b r e e d i n g  h a b i t a t .  D u r i n g  
the 1945 season a s p r i n g  s u r c h a r g e  s t r a n d ­
ed  much o f  th e  f l o t a g e  b e f o r e  t h e  mos ­
q u i t o  b r e e d i n g  began and f o l l o w i n g  t h e  
s u b s e q u e n t  r e c e s s i o n  to t h e  normal  pool  
e l e v a t i o n  a c l e a n  s h o r e  l i n e  u n s u i t a b l e  
t o  A n o p h e l e s  p r o d u c t i o n  r e s u l t e d .

F u r t h e r  s u b s t a n t i a t i o n  i s  g i v e n  to 
t h e  f o r e g o i n g  d i s c u s s i o n  i n  t h e  f a c t
fc n 3 s p e c l a l  s u r v e y  i n  S e p t ­ember  1944, l a r g e  n u m b e r s  o f  A n o p h e l e s  
a r v a e ,  98. 3 p e r c e n t  o f  which were quad-  

r i mac ul  a t  u s , were  f o u n d  a l o n g  t h e  m a r ­
g i n  o f  t h e  l a k e  b e t w e e n  t h e  dam s i t e  
a nd  t h e  C u m b e r l a n d  O i l  F i e l d  l e v e e s ,  
a d i s t a n c e  o f  a p p r o x i m a t e l y  20 m i l e s , '  
w h i l e  on a s p e c i a l  s u r v e y  o v e r  t h e  same 
a r e a  m  S e p t e m b e r  1945 no  l a r v a e  w e re  I o  ca t e d .

BIOLOGICAL FACTORS AFFECTING a n o p h ­
e l e s  PRODUCTION. At  p r e s e n t  o n l y  a few 
a q u a t i c  p l a n t s  c o n d u c i v e  t o  a n o p h e l i n e  
p r o d u c t i o n  h a v e  become e s t a b l i s h e d  m  
r e l a t i v e l y  s m a l l  a r e a s  w i t h i n  t h e  l a k e  
i t s e l f .  S e v e r a l  i n d i g e n o u s  s p e c i e s  which 
w i l l  p r o b a b l y  become e s t a b l i s h e d  i n  t h e  
r e s e r v o i r  have been found m  the v i c i n i t y  
o f  Lake  Texoma. The f o l l o w i n g  i s  a l i s t
7. T h i s  c o u n t  o f  70 was  made i n  the same
t h V ^ t h  a S / h e  O f  19 44; howeverthe o t h e r  f o u r  s t a t i o n s  in 1945 were n o t  in  the same l o c a t i o n s  as t hose  i n  1944.

s i t be°Vea L a . ig U re  ^  T ° e d r a i " ° U t l e t  < » •-

L illis* :™ -Standingtimber-  —

Zon i°I6 .  FlgUre 14, Swamp near  h i g h e s t  NRP,
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o f  t h o s e  p l a n t s  w h ic h  h a v e  b e e n  n o t e d  
i n  t h e  Lake Texoma r e g i o n :
Stonewort
* C a t t a i l
Arrowhead
Water p l a n t a i n
*Duckweed
’ Willow
’ Smartweed
Water l i l y
Lotus
’ Water pr imrose
’ Water m i l f o i l  
Water  pennywort

Char a
Typha l a t i f o l i a  
S a g i t t a r i a
Al isma p l a n t a g o - a q u a t i c a  
S p i r o d e l a  p o l y r h i z a  
Sa l  i x
Polygonum coccineum  
Nymphaea tubero sa  
hJelumbo p e n t a p e t a l a  
J u s s i a e a  d i f f u s a ,

decurrens
Myriophyllum
Hydroco ty l e  ranunculo ides

* Occur w i t h i n  Lake Texoma

The t o p - m i n n o w ,  G a m b u s i a  a f f i n i s ,  
i s  common i n  t h e  r e g i o n  and h a s  become 
w e l l - e s t a b l i s h e d  w i t h i n  t h e  r e s e r v o i r .  
I t  s h o u l d  be e m p h a s i z e d  t h a t  i n  some 
l o c a t i o n s  where  t h e  top-minnow was v e r y  
a b u n d a n t ,  A n o p h e l e s  l a r v a e  w e r e  a l s o  
t a k e n  i n  l a r g e  n u m b e r s  w h i c h  seems t o  
i n d i c a t e  t h a t  t h e s e  f i s h  i n  some s i t u a ­
t i o n s  a r e  n o t  t o o  i m p o r t a n t  a f a c t o r  
i n  l i m i t i n g  m a l a r i a - m o s q u i t o  l a r v a e  
p r o d u c t i o n .

R E C R EA T IO N  AND W I L D L I F E  AREAS

I n  1941 C o n g r e s s  a u t h o r i z e d  t h e  Na­
t i o n a l  P a r k  S e r v i c e  o f  t h e  D e p a r t m e n t  
o f  t h e  I n t e r i o r  to  make a s u r v e y  o f  th e  
Lake  Texoma a r e a .  As a r e s u l t ,  a r e p o r t  
on t h e  “ R e c r e a t i o n a l  R e s o u r c e s  o f  t h e  
D e n i s o n  Dam and R e s e r v o i r  P r o j e c t ”  was 
p u b l i s h e d .  T h i s  work c o n t a i n s  a d e t a i l e d  
m a s t e r  p l a n  on r e c r e a t i o n a l  d e v e l o p ­
m en t .  A c o n s i d e r a b l e  number  o f  r e c r e a ­
t i o n a l  a r e a s  was p r o p o s e d  ( F i g u r e  1) .  
I n  1946 t h e  N a t i o n a l  P a r k  S e r v i c e  p r e ­
p a r e d  a m o d i f i e d  m a s t e r  p l a n .  I b i s  p l a n  
c a l l s  f o r  t h e  d e v e l o p m e n t  o f  r e c r e a ­
t i o n a l  a r e a s  i n  a p p r o x i m a t e l y  t h e  same 
l o c a t i o n s  a s  o u t l i n e d  i n  t h e  o r i g i n a l  
m a s t e r  p l a n ,  b u t  on  a l e s s  e x t e n s i v e  
s c a l e .  Even t h o u g h  a c o m p l e t e l y  o r g a n ­
i z e d  p r o g r a m  h a s  n o t  become a r e a l i t y ,  
a l r e a d y  t h o u s a n d s  o f  p e o p l e  h a v e  bee n  
a t t r a c t e d  t o  t h e  l a k e  w h e r e  t h e y  h a v e

1 9 4 5 HIGHEST STATION COUNT 
PER INSPECTION

WEEK ENDING: QUAD. PUNCT. PSEUDOP.
May 1 0 20 012 1 31 019 3 32 026 3 56 0
JuAe 2 6 60 09 13 42 016 13 49 023 13 77 030 42 81 ' 0
J u l y  7 183 63 014 544 63 021 428 43 028 596 60 0
Aug. 4 714 74 111 1,700 94 018 1, 451 72 125 1,892 60 7
Sep t .  1 2,750 44 18 2, 306 44 1415 764 70 1422 1,027 86 1629 50 6 92 25
Oct .  6 77 48 3913 78 41 10920 131 27 3227 233 27 17
Nov. 3 171 189 2210 167 97 1717 89 48 12
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p a r t i c i p a t e d  i n  v a r i o u s  t y p e s  o f  o u t ­
d o o r  r e c r e a t i o n ,  i n c l u d i n g  f i s h i n g ,  
h u n t i n g ,  b o a t i n g ,  and p i c n i c k i n g .

In g e n e r a l ,  t h e  m o d i f i e d  m a s t e r  p l a n  
c a l l s  f o r  t h e  f o l l o w i n g  t y p e s  o f  r e c ­
r e a t i o n a l  d e v e l o p m e n t s :  R e c r e a t i o n a l
a r e a s  p r o p e r ,  c o n c e s s i o n  s i t e s  ( w i t h o u t  
o v e r - n i g h t  f a c i l i t i e s ) ,  home s i t e s  ( l a n d  
d e v e l o p e d  and l e a s e d  f o r  u s e  as home 
b u i l d i n g  s i t e s ) ,  and a s i t e  f o r  a Boy 
S c o u t  carrp. I t  i s  c o n s i d e r e d  t h a t  t h e s e  
d e v e l o p m e n t s ,  w i t h  two p o s s i b l e  e x c e p ­
t  i o n s , a r e  s a t i s f a c t o r i l y  l o c a t e d  from 
a m a l a r i a  c o n t r o l  s t a n d p o i n t .  The l o c a ­
t i o n  o f  r e c r e a t i o n a l  s i t e s  n e a r  t h e  
towns o f  Leb an o n  and T i s h o m i n g o ,  O k l a ­
homa, where l a r g e  p o p u l a t i o n s  of  q u ad r i -  
m acu lat us  have been  found,  i s  c o n s i d e r e d  
i n a d v i s a b l e  u n l e s s  th e  n e c e s s a r y  m a l a r i a  
c o n t r o l  m e a s u r e s  a r e  t a k e n .

An i n v e s t i g a t i o n  o f  t h e  Lake Texoma 
a r e a  was made by  t h e  F i s h  and W i l d l i f e  
S e r v i c e  i n  1942, and two s i t e s  were  s e ­
l e c t e d  and have  been d e v e l o p e d  f o r  w i ld ­
l i f e  r e f u g e s .  The H a g e r m a n  N a t i o n a l  
W i l d l i f e  R e f u g e  c o n s i s t s  o f  a 1 0 , 5 0 0 -  
a c r e  r e s e r v e  on t h e  B i g  M i n e r a l  Arm in

T e x a s ,  w h i l e  th e  1 3 , 5 0 0 - a c r e  Tishomingo 
N a t i o n a l  W i l d l i f e  R e fug e  i s  l o c a t e d  in 
O k l a h o m a .  The l o c a t i o n  o f  t h e s e  two 
r e f u g e s  a p p e a r s  s a t i s f a c t o r y  f ro m  a 
m a l a r i a  c o n t r o l  s t a n d p o i n t .  A l t h o u g h  
t h e  w e s t e r n  l i m i t  o f  t h e  Oklahoma r e f ­
u g e  l i e s  w i t h i n  one  m i l e  o f  t h e  town 
o f  T i s h o m i n g o ,  t h e  p r e s e n t  p o t e n t i a l  
m a l a r i a - m o s q u i t o  b r e e d i n g  a r e a s  a r e  
l o c a t e d  a t  a s a f e  d i s t a n c e  f ro m  t h e  
to w n .

P R E D I C T I O N  OF MALARIA HAZARD
A c o n c l u s i o n  r e g a r d i n g  t h e  m a l a r i a  

h a z a r d  i n  t h e  Lake  Texoma a r e a  m us t  be 
b a s e d  up on  s u c h  f i n d i n g s  a s  a r e  d i s ­
c u s s e d  i n  the  f o r e g o i n g  s e c t i o n s  o f  t h i s  
r e p o r t .  T h e s e  f i n d i n g s  may be b r i e f l y  
s u m m a r i z e d  as  f o l l o w s :

1. M o s t  o f  t h e  l a k e  s h o r e  i s  n o t  
f a v o r a b l e  f o r  m a l a r i a  m o s q u i t o  p r o ­
d u c t i o n .  U n c l e a r e d  i n l e t s  p r e s e n t  t h e  
g r e a t e s t  p r o b l e m .

2. A q u a t i c  p l a n t s ,  w i th  the e x c e p t i o n  
o f  w i l l o w s ,  h a v e  n o t  i n v a d e d  t h e  l a k e  
t o  any c o n s i d e r a b l e  e x t e n t .

Figure 16. Flotage in Lake Texoma pr ior  to High Surcharge in 1945.
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3. The p r e s e n t  w a t e r - l e v e l  o p e r a t i o n  
o f  the r e s e r v o i r ,  p a r t i c u l a r l y  the s p r i n g  
s u r c h a r g e ,  w i l l  t e n d  t o  k e e p  m o s q u i t o  
b r e e d i n g  and a q u a t i c  p l a n t  g r o w t h  i n  
th e  r e s e r v o i r  t o  a minimum. Should  t h e r e  
b e  a r i s e  i n  t h e  w a t e r - l e v e l  i n  t h e  
summer  t h a t  p u t s  t h e  w a t e r  i n t o  t h e  
m a r g i n a l  v e g e t a t i o n ,  t h e  w a t e r  s h o u l d  
be l o w e r e d  f rom th e  v e g e t a t i o n  i n  l e s s  
t h a n  two w e e k s .

4. The human p o p u l a t i o n  w i t h i n  m a l a r i a  
m o s q u i t o  f l i g h t - r a n g e  o f  t h e  r e s e r v o i r  
i s  s p a r s e .  T i s h o m i n g o ,  O k l a h o m a ,  i s  
t h e  p r i n c i p a l  town on t h e  l a k e  s h o r e .

5. E p i d e m i o l o g i c a l  i n f o r m a t i o n  ba se d  
on r e c e n t  su r v e y s  i n d i c a t e s  t h a t  m a l a r i a  
i s  p r e s e n t  in  t h e  Lake Texoma a r e a  b u t  
i t  i s  o f  low e n d e m i c i t y .

6. R e c e n t  e n t o m o l o g i c a l  d a t a  demon­
s t r a t e  t h a t  A n o p h e l e s  q u a d r i m a c u l a t u s , 
t h e  p r i n c i p a l  v e c t o r  o f  m a l a r i a  i n  th e  
S o u th ,  i s  common a r o u n d  th e  e n t i r e  m ar ­
g i n  o f  t h e  l a k e ,  and  e x t r e m e l y  h e a v y  
p o p u l a t i o n s  a r e  found i n  a few l o c a l i z e d  
a r e a s ,  e s p e c i a l l y  i n  swampy a r e a s  a d ­
j a c e n t  t o  t h e  l a k e  l o c a t e d  i n  Z o n e s  
1 and 16 .

7.  The two most  i m p o r t a n t  a r e a s  from 
a m a l a r i a  s t a n d p o i n t ,  i .  e . ,  where heavy 
d e n s i t i e s  o f  m a l a r i a  m o s q u i t o e s  o c c u r  
n e a r  l a r g e  human p o p u l a t i o n s ,  a r e  t h e  
dam s i t e ,  where a l a r g e  number of  f i s h e r ­
men g a t h e r ,  and th e  town o f  Tishomingo,
Ok 1 a h o m a .

I t  i s  c o n c l u d e d  f ro m  t h e  f o r e g o i n g  
f a c t s  t h a t  a l t h o u g h  o n l y  a m i n o r  ma­
l a r i a  h a z a r d  i s  p r e s e n t  a t  t h i s  t i m e  
a h i g h  p o t e n t i a l  m a l a r i a  h a z a r d  d o e s  
e x i s t  i n  t h e  Lake  Texoma r e g i o n .  The  
f i n a l  s e c t i o n  o f  t h i s  r e p o r t  c o n t a i n s  
r e c o m m e n d a t io n s  c o n c e r n i n g  t h e  m a l a r i a  
c o n t r o l  m e a s u r e s  c o n s i d e r e d  n e c e s s a r y  
t o  p r e v e n t  a s e r i o u s  m a l a r i a  p r o b l e m  
f  r  om a r i s i n g .

recommendations
FOR MALARIA CONTROL

These recommendat ions  a r e  d e s i g n e d  to  
p r o v i d e  m a l a r i a  c o n t r o l  i n  t h e  t e r r i t o r y  
a d j a c e n t  to  a l l  s i g n i f i c a n t  c e n t e r s  o f

p o p u l a t i o n  and p l a n n e d  dev el o pm en t s  wi th  
h o u s i n g  f a c i l i t i e s ,  t h e  p r o p o s e d  p r o ­
gram i s  n o t  d e v i s e d  t o  p r o v i d e  c o m p l e t e  
mosqui to c o n t r o l  on  Lake  Texoma. A c a r e ­
f u l  s t u d y  o f  t h e  e n t o m o l o g i c a l  r e c o r d s  
i n  r e l a t i o n  to  human p o p u l a t i o n  c e n t e r s  
formed the  b a s i s  f o r  a l l  recommendat ions .

The proposed program in c lude s ;  (1) c l e a r ­
in g ,  (2 )  d r a i n a g e ,  (3 )  w a t e r - l e v e l  man­
a g e m e n t ,  ( 4 )  l a r v i c  i d i n g ,  ( 5 )  r e m o v a l  
o f  s e c o n d a r y  g r o w t h  ( w i l l o w s ,  e t c . ) ,  
(6) f l o t a g e  and d r i f t  removal ,  (7) a q u a t i c  
p l a n t  c o n t r o l ,  (8)  l o c a t i o n  and d e v e l o p ­
m e n t  o f  w i l d l i f e ,  r e c r e a t i o n a l ,  and  
l e a s e d  a r e a s ,  and (9 )  t h e  e s t a b l i s h m e n t  
o f  a m a l a r i a  c o n t r o l  u n i t .

CLEARING. I t  has  l o n g  been r e c o g n i z e d  
t h a t  t h e  c l e a r i n g  o f  t h e  s i t e  o f  an 
a r t i f i c i a l  l a k e  i s  o f  p a r a m o u n t  i m p o r ­
ta nce  in  p r e v e n t i n g  Anoph eles  p r o d u c t i o n .  

A l l  t i m b e r  a n d  u n d e r b r u s h  s h o u l d  be 
r e m o v e d  up t o  e l e v a t i o n  620 ( t a k i n g  
i n t o  a c c o u n t  t h e  e f f e c t s  o f  t h e  b a c k ­
w a t e r  c u r v e )  i n  t h e  f o l l o w i n g  a r e a s ;  
(1 )  i n  t h e  P e n n i n g t o n  C r e e k  i n l e t  n e a r  

Tishomingo, Oklahoma (Figure 17),  (2) w i t h ­
i n  m a l a r i a  m o s q u i t o  f l i g h t - r a n g e  o f  
t h e  town o f  L e b a n o n ,  O k la h o m a .  I t  i s  
f u r t h e r  recommended t h a t  i n  t h e s e  two 
a r e a s  t h e  t r e e s  and u n d e r b r u s h  be c u t  
a t  l e a s t  s i x  i n c h e s  b e l o w  t h e  w a t e r  
s u r f a c e  a t  t h e  n o rm a l  summer o p e r a t i n g  
l e v e l  o f  t h e  r e s e r v o i r .  The work s h o u l d  
a l s o  i n c l u d e  t h e  r e m o v a l  and d i s p o s a l  
o f  a l l  l o g s ,  b r u s h ,  and  o t h e r  d e b r i s  
a l r e a d y  f e l l e d  and i n  t h e  w a t e r  be tween  
t h e  l o w - w a t e r  e l e v a t i o n  a nd  e l e v a t i o n  
620.  T imber  a l o n g  t h e  l a k e  s h o r e  which  
i s  k i l l e d  due t o  i n t e r m i t t e n t  i n u n d a t i o n  
s h o u l d  be remo ved p e r i o d i c a l l y .

I n  t h e  p a s t ,  h e a v y  p r o d u c t i o n  o f  
q u a d r i m a c u l a t u s  m o s q u i t o e s  ha s  u s u a l l y  
o c c u r r e d  on a r t i f i c i a l  l a k e s  w h e re  th e  
t i m b e r  and u n de rb rush  were n o t  c o m p le te ly  
r em ove d .  I t  i s ,  t h e r e f o r e ,  recommended 
t h a t  developments  w i t h  hous in g  f a c i l i t i e s  
be l o ca te d  beyond m a la r i a  mosqui to f l i g h t -  
r a n g e  o f  u n c l e a r e d  t i m b e r  a r e a s  on Lake 
T exo m a .  I f  i t  a p p e a r s  d e s i r a b l e  f rom 
o t h e r  s t a n d p o i n t s  t o  l o c a t e  h o u s i n g
s i t e s  w i t h i n  m a l a r i a  m o s q u i t o  f l i g h t -

the d Z r 7uyr in agdea T id d ly  l l ^ o d ”  I ' a n y ^ f  ° th lt  e Z ’e w l e T  ^  g“ t hered a t . t h* f i s h i n g  s i t e  belowwhen the malar i a  mosqui to  becomes a / t i v e .  P P p r e s e n t  d u r i n g  the eveni ng,  a t ime
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ra nge  o f  u n c l e a r e d  t i m b e r e d  a r e a s ,  t h e n  
t h e  t i m b e r  a nd  u n d e r b r u s h  s h o u l d  be  
r e m o v e d .

T h e s e  r e c o m m e n d a t i o n s  i n c l u d e  t h e  
removal  o f  35 a c r e s  o f  s t a n d i n g  t i m b e r  
a t  an e s t i m a t e d  c o s t  o f  $300 p e r  a c r e ,  
a t o t a l  o f  $10,500. T h i s  o p e r a t i o n  sho u ld  
be c a r r i e d  o u t  as soon a s  p o s s i b l e  s i n c e  
t h e  r em o va l  o f  t h e  t i m b e r  w i l l  r e d u c e  
t h e  c o s t  a nd  i n c r e a s e  t h e  e f f i c i e n c y  
o f  l a r v i c i d a l  o p e r a t i o n s .

DRAINAGE. I t  i s  recommended t h a t  t h e  
f o l l o w i n g  b r e e d i n g  p l a c e s  be p e r m a n e n t ly  
e l i m i n a t e d  by d r a i n a g e :  ( 1 )  t h e  p o n d  
and s e r i e s  o f  swamps w h i c h  l i e  im m e­
d i a t e l y  e a s t  o f  t h e  dam (Zone 1 - S e c ­
t i o n  27, Oklahoma). Thi s  i m p o r t a n t  breed-  
m g  f o c u s  s h o u l d  be d r a i n e d  as  soo n as 
p o s s i b l e .  On p r o j e c t s  2, 3, 4, a n d  5 
( F i g u r e  13),  i t  may be n e c e s s a r y  to con­
s t r u c t  a s e r i e s  o f  s m a l l  d i t c h e s  l e a d ­
i n g  i n t o  t h e  main o u t l e t  d i t c h ;  (2)  th e  
sma l l  pond on the  P r e s t o n  Bend P e n i n s u l a  
(Zone 9 - S e c t i o n  2, Texas)  ( F i g u r e  18).

Any r e s i d u a l  p o o l s  i n  t h e  zo ne  o f  
t h e  f l o o d - c o n t r o l  p o o l  ( 6 1 7  t o  64 0 )  
which l i e  w i t h i n  m a l a r i a  m os qui to  f l i g h t -  
r a n g e  o f  T i s h o m in g o  and L e b a n o n ,  O k l a ­
homa, o r  any p l a n n e d  a r e a s  w i t h  h o u s i n g  
f a c i l i t i e s ,  s h o u l d  be d r a i n e d  i f  s u c h  
p o o l s  a r e  l o c a t e d .

T h e s e  r e c o m m e n d a t i o n s  i n c l u d e  t h e  
r em o va l  o f  3, 500 c u b i c  y a r d s  o f  e a r t h  
a t  an e s t i m a t e d  c o s t  o f  $ 1 . 2 5  p e r  y a r d ,  
a t o t a l  c o s t  o f  $ 4 ,3 7 5 .

WATER-LEVEL MANAGEMENT. P r o p e r  w a t e r -  
l e v e l  m anagement  i s  r e c o g n i z e d  a s  o n e  
o f  t h e  m o s t  s u c c e s s f u l  and  e f f i c i e n t  
m e t h o d s  o f  m o s q u i t o  and p l a n t  c o n t r o l  
on a r t i f i c i a l  l a k e s .  I n  v i e w  o f  t h e  
f a c t  t h a t  on Lake  Texoma t h e  p r o p o s e d  
o p e r a t i o n  o f  the r e s e r v o i r  n e c e s s i t a t e s  
a c o n s t a n t - l e v e l  pool  a t  e l e v a t i o n  617 
t h r o u g h o u t  m os t  o f  t h e  y e a r ,  e x c e p t  a t  
t i m e s  o f  f l o o d  when t h e  s t o r a g e  volume 
b e t w e e n  e l e v a t i o n s  617 a n d  64 0  w i l l  
be u s e d ,  t h e  f o l l o w i n g  r e c o m m e n d a t i o n s  
a r e  made: ( 1 )  a h i g h  s u r c h a r g e  ( a b o v e
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Figure 18. Stock pond, P r e s t o n  Bend P e n i n ­s u l a ,  Zone 9.

e l e v a t i o n  620)  s h o u l d  be o b t a i n e d  i n  
t h e  s p r i n g  i n  o r d e r  t o  s t r a n d  f l o t a g e  
a t  as h i gh  an e l e v a t i o n  as  p o s s i b l e  and 
t o  i n s u r e  a c l e a n  s h o r e  l i n e  d u r i n g  
t h e  m a l a r i a - m o s q u i t o  b r e e d i n g  s e a s o n ,
( 2 )  a s h a r p  drop  i n  w a t e r - l e v e l  s h o u l d  
f o l l o w  th e  s u r c h a r g e  t o  s t r a n d  f l o t a g e ,
( 3 )  t h e  w a t e r  l e v e l  s h o u l d  be  h e l d  as  
n e a r  e l e v a t i o n  6 2 0 . 0  m  t h e  s p r i n g  as  
p o s s i b l e  t o  i n h i b i t  m a r g i n a l  g r o w t h .  
The  w a t e r  l e v e l  s h o u l d  be d r o p p e d  t o  
e l e v a t i o n  618.0  a t  t h e  b e g i n n i n g  o f  t h e  
m a l a r i a  m o s q u i t o  b r e e d i n g  s e a s o n ,  to 
b e  f o l l o w e d  by a g r a d u a l  r e c e s s i o n  
d u r i n g  t h e  s e a s o n ;  (4 )  f o l l o w i n g  summer 
f l o o d s  t h e  w a t e r  e l e v a t i o n  s h o u l d  be 
b r o u g h t  back  to an e l e v a t i o n  which p r e ­
s e n t s  a c l e a n  s h o r e  as  soo n as  p o s s i b l e  
a f t e r  t h e  f l o o d  c r e s t  h a s  been  r e a c h e d .

A q u a t i c  p l a n t  g r o w t h  may be a p r o b ­
l e m  i n  L a k e  Texoma; h o w e v e r  t h e  s m a l l  
amount  o f  w a t e r  f l u c t u a t i o n  w h ic h  w i l l  
i n e v i t a b l y  o c c u r  ( F i g u r e  19)  d u r i n g  
t h e  summer  m o n t h s  may b e  s u f f i c i e n t  
t o  i n h i b i t  p l a n t  g r o w t h .

A s t u d y  o f  t h e  1945 p o o l  e l e v a t i o n s  
( F i g u r e  19) sho ws t h a t  p e a k s  o c c u r r e d  
d u r i n g  A p r i l ,  J u n e ,  and  O c t o b e r .  T h e s e  
c o r r e s p o n d  w i t h  t h e  p e r i o d s  o f  h e a v y  
p r e c i p i t a t i o n  ( F i g u r e  6 ) ,  The  h i g h e s t  
e l e v a t i o n  r e c o r d e d  was  6 2 9 . 0 4  on A p r i l  
18,  1945.  D u r i n g  1946 t h e  w a t e r  l e v e l  
o f  the  r e s e r v o i r  p r e s e n t e d  a more normal 
p i c t u r e  t h a n  m  1945 ( F i g u r e  19) m  t h a t  
p r e c i p i t a t i o n  was  more  n o r m a l  and  t h e  
p o o l  e l e v a t i o n s  f l u c t u a t e d  a r o u n d  617.

LARVICIDING. Even t h o u g h  an a r t i f i ­
c i a l  l a k e  i s  w e l l - p r e p a r e d  and m a i n t a i n ­
e d ,  i t  i s  g e n e r a l l y  n e c e s s a r y  to  c o n ­
t r o l  m o s q u i t o e s  on c e r t a i n  s e c t i o n s  o f  
t h e  impoundage by the  u s e  o f  l a r v i c i d e s .  
The p r o p o s e d  l a r v i c i d a l  o p e r a t i o n s  f o r  
Lake  Texoma a r e  r e s t r i c t e d  t o  q u a d r i -  
m a c u l a t u s  b r e e d i n g  a r e a s  w i t h i n  mos­
q u i t o  f l i g h t - r a n g e  o f  t o w n s ,  c e n t e r s  
o f  p o p u l a t i o n s ,  and  r e c r e a t i o n a l  o r  
l e a s e d  a r e a s  w i t h  h o u s i n g  f a c i l i t i e s .  
L a r v i c i d m g  o f  t h e  f o l l o w i n g  a r e a s  i s  
recommended: (1)  w i t h i n  one m i l e  o f  t h e  
town o f  J i shomingo,  Oklahoma, and Murray 
C o l l e g e ,  i t  b e i n g  u n d e r s t o o d  t h a t  t h e  
Corps  o f  E n g i n e e r s  w i l l  n o t  be e x p e c t e d  
t o  l a r v i c i d e  t h o s e  b r e e d i n g  a r e a s  n e a r  
Tishomingo n o t  on F e d e r a l  p r o p e r t y  ( F i g ­
u r e  1 7 ) ,  ( 2 )  w i t h i n  o n e  m i l e  o f  t h e
town o f  L e b a n o n ,  Ok lahoma,  ( 3 )  i t  w i l l  
be  n e c e s s a r y  to c o n t r o l  m o s q u i t o  b r e e d ­
i n g  i n  t h e  t e r r i t o r y  i m m e d i a t e l y  e a s t  
o f  t h e  dam (Zone  1 - S e c t i o n  27, O k l a ­
homa)  by t h e  u s e  o f  l a r v i c i d e s  u n t i l  
m o r e  p e r m a n e n t  c o n t r o l  i s  e f f e c t e d ,
(4)  i n  the  e v e n t  i t  i s  found i m p r a c t i c a l  
to  e l i m i n a t e  t h e  s t o c k  pond on th e  P r e s ­
t o n  Bend P e n i n s u l a  ( Z o n e  9 - S e c t i o n  
2) ,  m o sq u i t o  b r e e d i n g  s h o u l d  be c o n t r o l ­
l e d  by t h e  u s e  o f  l a r v i c i d e s .

Even though the e n t o m o l o g i c a l  r e c o r d s  
f o r  1945 do n o t  i n d i c a t e  t h e  n e e d  f o r  
e x t e n s i v e  l a r v i c i d a l  o p e r a t i o n s ,  f u t u r e  
e n t o m o l o g i c a l  s t u d i e s  s h o u l d  be made 
t o  d e t e r m i n e  w h e t h e r  l a r v i c i d i n g  s h o u l d  
be e x t e n d e d  to  c o n t r o l  m o s q u i t o  b r e e d ­
i n g  n e a r  r e c r e a t i o n a l  and l e a s e d  a r e a s  
w i t h  h o u s i n g  f a c i l i t i e s .

O i l  ( D i e s e l  No.  2) o r  p a r i s  g r e e n  
a r e  t h e  two l a r v i c i d e s  g e n e r a l l y  em­
p l o y e d  on  a r t i f i c i a l  l a k e s .  O i l ,  a l ­
t h o u g h  m ore  c o s t l y ,  i s  a l s o  e f f e c t i v e  
a g a i n s t  many s p e c i e s  o f  c u l i c m e  m o s ­
q u i t o e s .  Where p o s s i b l e ,  i t  i s  r e c o m ­
mended t h a t  o i l  be em ployed  and t h a t  i t  
be a p p l i e d  by a w a t e r - o i l  u n i t  o p e r a t i n g  
f rom  a s h a l 1o w - d r a f t  b o a t .  T h i s  t y p e  
o f  equ ipment  i s  f a v o r e d  f o r  u s e  on a r t i ­
f i c i a l  l a k e s  b e c a u s e  a h e a v y  s t r e a m  o f  
o i l  and w a t e r  i s  p a r t i c u l a r l y  e f f e c t i v e  
m  b r e a k i n g  up m at s  o f  f l o t a g e  commonly 
found on i n p o u n d a g e s ,  t h e r e b y  r e s u l t i n g
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i s  more  e f f i c i e n t  c o n t r o l .  W a t e r - o i l  
1 a r v i c i d i n g  i s  n o t  f e a s i b l e  f o r  l a r «  
a c r e a g e s  o f  s h a l l o w  b r e e d i n g  p l a c e s ,  
e s p e c i a l l y  u n c l e a r e d  a r e a s ,  t h e s e  r e q u i r e  
o t h e r  l a r v i c i d a l  m e t h o d s ,  s u c h  a s  a i r ­
p l a n e  d u s t i n g  w i t h  p a r i s  g r e e n .

In v iew o f  t h e  c o n s i d e r a b l e  s a v i n g s  
w h i c h  may be  e f f e c t e d  by  t h e  u s e  o f  
.  l a r v i c i d e s ,  e s p e c i a l l y  as  com pared  
to  o i l ,  c o n s i d e r a t i o n  o f  i t s  u s e ,  w i th  
adeq ua t e  p r e c a u t i o n s  a g a i n s t  o v e r d o s i n g  
i s  recommended.  Whi le  t h e  econ om ic  ad­
v a n t a g e  o f  DDT l a r v i c i d e s  o v e r  p a n s  
g r e e n  l a r v i c i d e s  may n o t  be  c o n s i d e r ­
a b l e ,  i t  s h o u l d  be p o i n t e d  o u t  t h a t  the  
ormer k i l l s  a l l  types  o f  mosquito l a r v a e ,  

w h e r e a s  p a n s  g r e e n  k i l l s  e s s e n t i a l l y  
o n l y  a n o p h e l m e  l a r v a e .

A v a i l a b l e  e n t o m o l o g i c a l  d a t a  f o r  th e  
Lake Texoma ar ea  r e v e a l  t h a t  the  m a l a r i a -  
m o s q u i t o  b r e e d i n g  s e a s o n  e x t e n d s  f rom 
May t o  O c t o b e r .  I t  w i l l ,  t h e r e f o r e ,
, n e c e s s a r y  t o  make a p p r o x i m a t e l y  20 
l a r v i c i d a l  t r e a t m e n t s  e a c h  y e a r .  I f  i t  
be co m es  n e c e s s a r y  i n  t h e  i n t e r e s t  o f  
H o o d  c o n t r o l  t o  r a i s e  a n d  h o l d  t h e  
w a t e r  a t  e l e v a t i o n s  a b o v e  620 d u r i n g  
t h e  mosqui t o  b r e e d i n g  s e a s o n ,  l a r v i c i d a l  
o p e r a t i o n s  s h o u l d  be  e x t e n d e d  i n t o  tem­
p o r a r i l y  c r i t i c a l  a r e a s  a s  d e t e r m in e d  by 
e n t o m o l o g i c a l  d a t a .

I t  i s  e s t i m a t e d  t h a t  a b o u t  90 a c r e s  
w i l l  r e q u i r e  t r e a t m e n t  by p o w e r  e q u i p ­
m e n t  and  a b o u t  70 a c r e s  by  h a n d .  The 
a n n u a l  c o s t  o f  t h e  l a r v i c i d a l  o p e r a ­
t i o n s  w i l l  be a p p r o x i m a t e l y  1 1 2 , 7 5 0 .

d e s c r i b e d  a b o v e  a t  $50 p e r  a c r e  w i l l  
oe  a p p r o x i m a t e l y  $ 1 , 5 0 0 .

FLOTAGE AND DRIFT REMOVAL. F l o t a g e  
g e n e r a l l y  found a t  t h e  e d g e s  o f  newly-  
formed a r t i f i c i a l  l a k e s  t e n d s  to  c r e a t e  
i a v o r a b l e  h a b i t a t s  f o r  q u a d r i m a c u l a t u s  
m o s q u i t o e s .  I n  o r d e r  t o  d e c r e a s e  f u t u r e  
m a l a n a  c o n t r o l  c o s t s  i t  i s  recommended 

h a t :  (1)  a h i g h  s u r c h a r g e  be p r o v i d e d  
i n  th e  s p r i n g  to  s t r a n d  t h i s  o b j e c t i o n ­
a b l e  m a t e r i a l  ( t h i s  o p e r a t i o n  i s  by f a r

e i . e j S^ e S t | ' q u i c k e s t ,  a n d  c h e a p e s t  m e th o d  f o r  r e m o v i n g  f l o t a g e ) ,  ( 2 )  an 
i n s p e c t i o n  be made o f  t h e  s p e c i a l  c o n ­
t r o l  a r e a s  n e a r  t h e  towns  o f  Tishoming o 
and L e b a n o n ,  Oklahoma,  t o  d e t e r m i n e  i f  
i t  w i l l  be n e c e s s a r y  t o  remo ve d r i f t ­
wood by  m a n u a l  o r  m e c h a n i c a l  m e t h o d s  
m  o r d e r  t o  f a c i l i t a t e  l a r v i c i d a l  o p e r a ­
t i o n s ,  (3)  an i n s p e c t i o n  be made where  
l a r g e  c o n c e n t r a t i o n s  o f  d r i f t w o o d  o c c u r  
on  t h e  s h o r e .  I t  i s  b e l i e v e d  t h a t  many 
s u c h  a c c u m u l a t i o n s  can  be b u r n e d  a t  a 
sma 1 c o s t ,  a n d  t h e r e b y  o b v i a t e  t h e  
p o s s i b l e  s h i f t i n g  o f  t h e  d r i f t w o o d  by 
h i g h  w a t e r  and wind i n t o  c o n t r o l  a r e a s ,  
t h u s  n e c e s s i t a t i n g  i t s  r e m o v a l  a t  a 
g r e a t e r  e x p e n s e .

The e s t i m a t e d  c o s t  o f  t h i s  o p e r a t i o n  
w i l l  be a p p r o x i m a t e l y  $ 1 , 0 0 0 .

REMOVAL OF SECONDARY GROWTH. Although 
t h e r e  i s  a l a r g e  a c r e a g e  on Lake  Texoma 
c o v e r e d  w i t h  w i l l o w s  a n d  u n d e r b r u s h ,  
th e  amount o f  m o sq u i t o  b r e e d i n g  i n  t h e s e  
a r e a s  m  1945 was n o t  l a r g e .  I t  i s  r e c ­
om m en ded ,  h o w e v e r ,  t h a t  w i l l o w s  a n d  
u n d e r b r u s h  be removed i n  t h e  f o l l o w i n g  
a r e a s :  ( 1 )  i n t h e v i c i n i t y  o f  T i s h o ­
mingo, Oklahoma, (2)  n e a r  Lebanon,  O k la ­
homa, (3)  n e a r  t h e  dam s i t e .  I t  may be 
P o s s i b l e  t o  mow t h e s e  a r e a s  o r  e v e n  

u r n  them o f f .  These methods  have  p ro v en  
p r a c t i c a l  and e c o n o m i c a l  and  s h o u l d  be 
d o n e  i n  t h e  f a l l .

The e s t i m a t e d  c o s t  o f  removing t h i r t y  
a c r e s  o f  s e c o n d a r y  g r o w t h  i n  t h e  a r e a s

AQUATIC PLANT CONTROL. P l a n t s  wh ich  
a r e  u n d e s i r a b l e  f rom a m a l a r i a  c o n t r o l  
s t a n d p o i n t  should  be c o n t r o l l e d  w i th in  the 
r e s e r v o i r .  The e a r l y  d e t e r m i n a t i o n  o f  the 
p r e s e n c e  o f  such  p l a n t s  and the  i n s t i t u t ­
i n g  o f  s t e p s  t o w a r d  t h e i r  c o n t r o l  w i l l  
g r e a t l y  r e d u c e  t h e  c o s t  o f  r e m o v a l ,  as 
w e l l  as  t h e  c o s t  o f  m o s q u i t o  c o n t r o l .

Ther e  i s  a good p o s s i b i l i t y  t h a t  th e  
more r e c e n t l y  d e v e l o p e d  methods  f o r  th e  
ch em ica l  c o n t r o l  o f  p l a n t s  w i l l  be u s e ­
fu l  on Lake  Texoma and i t  i s  s u g g e s t e d ,  
i n  v i e w  o f  e c o n o m y ,  t h a t  t h e  u s e  o f  
t h e s e  m e th o d s  be i n v e s t i g a t e d .

A m e r i c a n  l o t u s  h a s  b e e n  l o c a t e d  i npo nd s  l n  Zone 15 ( S e c t i o n  1Q) ^
14 ( A c t i o n  22) i n  Oklahoma, and i n  Zone 
28 ( S e c t i o n  30) i n  T e x a s .  I t  i s  recom­
mended t h a t  t h e s e  p l a n t s  be c o n t r o l l e d  
as soo n a s  p o s s i b l e  t o  a i d  i n  p r e v e n t ­
i n g  t h e i r  i n t r o d u c t i o n  i n t o  t h e  l a k e .
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The c o s t  o f  r e m o v i n g  t h i s  a q u a t i c  

p l a n t  from t h r e e  a c r e s  c o m p r i s i n g  t h e s e  
p o n d s  w i l l  be a b o u t . $300 .

DEVELOPMENT OF RECREATIONAL AND LEASED 
AREAS. I t  i s  h i g h l y  d e s i r a b l e  t h a t  a 
c a r e f u l  s t u d y  be made o f  t h e  t e r r a i n  
and o f  a v a i l a b l e  e n t o m o l o g i c a l  r e c o r d s  
b e f o r e  l o c a t i n g  any h o u s i n g  f a c i l i t i e s  
on  t h e  m a r g in  o f  t h e  l a k e .

I f  t h e  f o l l o w i n g  p r o c e d u r e s  a r e  c a r ­
r i e d  o u t ,  i t  i s  b e l i e v e d  t h a t  s u i t a b l e  
r e c r e a t i o n a l  a r e a s  c a n  be  s e l e c t e d  a t  
min imum d i s e a s e  h a z a r d  a n d  m o s q u i t o  
c o n t r o l  c o s t .

1. A l l  r e c r e a t i o n a l  and l e a s e d  a r e a s  
w i t h  h o u s i n g  f a c i l i t i e s  s h o u l d  be l o c a t ­
ed m o r e  t h a n  two m i l e s  f ro m  W i l d l i f e  
R e f u g e s  w h ich  p r o v i d e  f a v o r a b l e  b r e e d ­
i n g  h a b i t a t s  f o r  t h e  q u a d r i m a c u l a t u s  
m o s q u i  t o e s .

2. No r e c r e a t i o n a l  o r  l e a s e d  a r e a  
w i t h  h o u s i n g  f a c i l i t i e s  s h o u l d  be l o c a t ­
ed  s o u t h e a s t  o f  R a v i a ,  O k l a h o m a ,  i n  
Zone 16, b e c a u s e  o f  t h e  h a z a r d o u s  popu­
l a t i o n  o f  q u a d r i m a c u l a t u s  m o s q u i t o e s  
found t h e r e .  These  a r e a s  sh o u l d  be l o c a t ­
ed w h e r e  m o s q u i t o  b r e e d i n g  h a s  p r o v e n  
l i g h t ,  o r  w h e r e  t h e  p o t e n t i a l i t y  f o r  
b r e e d i n g  i s  1 ow.

3. The u s e  o f  t h e s e  a r e a s  w i l l  be 
i n c r e a s e d  by p r o v i s i o n  o f  w a t e r  s u p p l y  
and sewage f a c i l i t i e s  i n s t a l l e d  i n  a c ­
c o r d a n c e  w i t h  t h e  s t a n d a r d s  o f  r e s p e c ­
t i v e  s t a t e  h e a l t h  d e p a r t m e n t s  and  by 
c o n s t r u c t i o n  o f  a l l - w e a t h e r  r o a d s  l e a d ­
i n g  i n t o  e a c h  a r e a ;  and w i l l  be s e l e c t ­
ed f o r  t h e i r  n a t u r a l  a t t r a c t i v e n e s s .

W h i l e  t h e  c o s t  o f  p r o p e r  p l a n n i n g  
w i l l  be n e g l i g i b l e ,  t i m e  s p e n t  on t h i s  
p h a s e  o f  t h e  p r o g r a m  w i l l  g r e a t l y  i n ­
c r e a s e  t h e  u s e f u l n e s s  o f  t h e  l a k e  f rom 
many s t a n d p o i n t s  a n d  w i l l  r e s u l t  i n  
l o w e r i n g  a n n u a l  m o s q u i t o  c o n t r o l  c o s t s .

RESTRICTION ON USE OF LAND. I n  t h e  
t . e r r i t o  r y  ^ad j  a ce  n t  t o  w i l d l i f e  a r e a s  
and s e c t i o n s  o f  t h e  s h o r e  l i n e  w h e r e  
h e a v y  m o s q u i t o  p r o d u c t i o n  i s  t a k i n g  
p l a c e  a nd  w h e r e  i t  i s  p l a n n e d  n o t  t o  
recommend t h e  c o n t r o l  o f  m o s q u i t o e s ,  
i t  i s  r e c o m m e n d e d  t h a t  c o n s i d e r a t i o n  
be g i v e n  t o  p e r m i t t i n g  t h e  o w n e r  o r  
l e s s e e  t h e  n o r m a l  u s e  o f  t h e  l a n d  f o r  
t i m b e r i n g ,  f a r m i n g ,  g r a z i n g ,  o r  o t h e r  
no rm al  u s e s  d u r i n g  t h e  m o s q u i t o  b r e e d ­
i n g  s e a s o n .  The r e s t r i c t i o n  i n c l u d e d  
i n  t h i s  r e c o m m e n d a t i o n  s h o u l d  p r o h i b i t  
t h e  n i g h t  o c c u p a n c y  o f  e x i s t i n g  d w e l l ­
i n g s  o r  t h e  c o n s t r u c t i o n  o f  new d w e l l -

T a b l e  XI
LOCATION AND EXTENT OF PROPOSED MALARIA CONTROL PROGRAM 

ON LAKE TEXOMA, 1 9 46

OKLAHOMA TEXAS
MISC. TOTALS

TISHOMINGO LEBANON BELOW DAM PRESTON BEND ZONE 28
Q e a r i n g 32 ac re s 3 ac r e s — . . . . . . — 35 ac r e s
Drainage

Power 30 ac res 5 acres
2,500 cu. yd. 200 cu.yd.

_i _  ̂
800 cu. yd. 

45 acr es
3, 500 cu. yd, 

80 a c r e s
L a r v i c i d in g

Hand 5 acr es 5 ac res 10 acr es . . . ^ • 50 acres 70 a c r e s
Willow Con­

t r o l 15 ac res 4 ac res 11 acr es __ _ — ' . . . 30 acr es
Dri ftwood

Removal 11 mi les ■B • « — — _ . . . 11 mi le s
Aqua t ic  P la n t  

Control 2 acr es -  — — --- • 1 acre ' -- 3 ac r e s
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i n g s  f o r  human o c c u p a n c y  w i t h i n  t h e  
m o s q u i t o  f l i g h t - r a n g e  z o n e .  T h e  r e ­
s t r i c t i o n  on  t h e  u s e  o f  the'  l a n d  s h o u l d  
p r o h i b i  t  t h e  u s e  o f  t e n t s  f o r  n i g h t  
o c c u p a n t s  d u r i n g  t h e  m o s q u i t o  b r e e d ­
i n g  s e a s o n .

ESTABLISHMENT OF A MALARIA CONTROL 
UNIT. The s u c c e s s  o f  t h e  p r o p o s e d  ma­
l a r i a  c o n t r o l  p r o g r a m  f o r  L a k e  Texoma 
w i l l  d e p e n d  l a r g e l y  o n  t h e  s e l e c t i o n  
o f  w e l l - q u a l i f i e d  p e r s o n n e l  t o  d i r e c t  
t h e  o p e r a t i o n a l  and e n t o m o l o g i c a l  p h a s e s  
o f  t h e  p r o g r a m .

I t  i s  recommended t h a t  a s m a l l ,  f u l l ­
t ime m a l a r i a  u n i t  be o r g a n i z e d  to  s u p e r ­
v i s e  a l l  m a l a r i a  c o n t r o l  o p e r a t i o n s  on 
t h e  r e s e r v o i r .

The ke y  p r o f e s s i o n a l  p e r s o n n e l  would  
c o n s i s t  o f  an e n g i n e e r  and an e n t o m o l o ­
g i s t  who, t o g e t h e r  w i t h  t h e  n e c e s s a r y  
s u b - p r o f e s s i o n a l  p e r s o n n e l ,  would  c a r r y  
on t h e  c o n t r o l  p r o g r a m .  T h e  p r i m a r y  
d u t i e s  o f  th e  e n g i n e e r  would  be t o  p l a n  
and d i r e c t  c o n t r o l  o p e r a t i o n s ,  p u r c h a s e  
e q u i p m e n t  and s u p p l i e s ,  and  employ and 
and t r a i n  th e  n e c e s s a r y  o p e r a t i o n a l  p e r -

T a b l e  X I I
COST ESTIMATE OF MALARIA CONTROL ON LAKE TEXOMA, 19 46

ITEM UNITS UNIT
COSTS

ESTIMATED
COST TOTALS

Non R e c u r r e n t  C o s t s
C l e a r i n g 35 a c r e s $ 3 0 0 . 0 0 $ 1 0 , 5 0 0 . 0 0
D r a i n a g e 3,  500 cu .  yd . 1 . 2 5 4 , 3 7 5 . 0 0
D r i f t w o o d  Re m ov al 11 m i l e s 9 0 . 0 0 9 9 0 . 0 0

$ 1 5 , 8 6 5 . 0 0
E qu ip m en  t

W a t e r - o i l  U n i t 1 $ 6 0 0 . 0 0 $ 6 0 0 . 0 0
Hand S p r a y e r s 12 1 5 .0 0 1 8 0 . 0 0
Hip  B o o t s 19 6 . 0 0 1 1 4 . 0 0
5 0 - g a l .  Drums 15 4. 50 6 7 . 5 0

$ 9 6 1 . 5 0
R e c u r r e n t  C o s t s  ( P e r  Annum) $ 1 6 , 8 2 6 . 5 0

L a r v i c i d i n g  (20  a p p l i c a -
t i o n s )

P o w e r 80 a c r e s 3 . 0 0 $ 1 2 , 1 5 0 . 0 0
Hand 70 a c r e s 5. 25
W i l l o w  c o n t r o l 30 a c r e s 5 0 .0 0 1, 5 0 0 . 0 0
A q u a t i c  p l a n t  c o n t r o l 3 a c r e s 1 0 0 . 0 0 3 0 0 . 0 0

$ 1 3 , 9 5 0 . 0 0
S u p e r v i s i o n

E n g i n e e r 1 3 , 4 0 0 . 0 0 $ 3 ,  4 0 0 . 0 0
E n t o m o l o g i s t 1 3,  4 0 0 . 0 0 3 , 4 0 0 . 0 0
I n s p e  c t o  r s 2 2 ,  4 0 0 . 0 0 4 , 8 0 0 . 0 0

C o n t i n g e n c y  Fund 7 0 0 . 0 0
$ 1 2 , 3  0 0 .0 0 $ 2 6 , 2 5 0 . 0 0

T o t a l  E s t i m a t e d  C o s t
( F i r s t  Y e a r ) $ 4 3 , 0 7 6 . 5 0
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s o n n e l .  The e n t o m o l o g i s t  would  p l a n  th e  
i n s p e c t i o n  p r o g r a m ,  d e t e r m i n e  t h e  n e e d  
f o r  co n t r o l  i n  the  v i c i m , t y  o f  a l l  hous ing  
d e v e lo p m e n t s  and c e n t e r s  o f  p o p u l a t i o n ,  
and c h e c k  on  t h e  e f f i c i e n c y  o f  c o n t r o l  
o p e r a t i o n s .  I n  a d d i t i o n  he would employ, 
t r a i n ,  and s u p e r v i s e  a l l  e n t o m o l o g i c a l  
i n s p e c t o r s  t o  a s s i s t  i n  t h i s  work .

B e f o r e  t h e  c o n t r o l  p r o g r a m  i s  i n a u ­
g u r a t e d ,  two e n t o m o l o g i c a l  i n s p e c t o r s  
s h o u l d  be e m p l o y e d ,  t o g e t h e r  w i t h  one  
f o r e m a n  a nd  f i v e  l a b o r e r s ,  f o r  1 a r -  
v i  c i  da  1 o p e r a t i o n s .  The  s t a t e  h e a l t h  
d e p a r t m e n t s  c a n  a s s i s t  i n  t h e  t r a i n i n g  
o f  t h e  p r o f e s s i o n a l  p e r s o n n e l .

By c a r e f u l l y  p l a n n i n g  both  t h e  entomo­
l o g i c a l  i n s p e c t i o n  and o p e r a t i o n a l  phases  
o f  t h e  p r o g r a m  t h e  s m a l l  c r ew  c o u l d  be 
en,ployed to  a d v a n t a g e  on  a f u l l - t i m e  b a ­
s i s .  F o r  exa m ple ,  t h e  e n t o m o l o g i c a l  i n ­
s p e c t o r s  and t h e  l a r v i c i d a l  foreman and 
c rew  c a n  be em ployed  d u r i n g  t h e  w i n t e r  
se a so n  t o  remove d r i f t w o o d  and s e c o n d a r y  
growth,  and to  d r a i n  r e s i d u a l  p o o l s .  T h i s  
more per m an en t  work w i l l  be r e f l e c t e d  i n  
reduced l a r v i c i d a l  c o s t s  i n  f u t u r e  y e a r s .

MODIFICATION OF RECOMMENDATIONS. The 
re co m m en dat io ns  i n c l u d e d  i n  t h i s  r e p o r t  
a r e  ba sed  p r i m a r i l y  on  t h e  e n t o m o l o g i c a l  
d a t a  f o r  1945, t o g e t h e r  w i th  o t h e r  a v a i l a ­
b l e  d a t a  and  on t h e  a s s u m p t i o n  t h a t  a 
w a t e r  l e v e l  s c h e d u l e  f a v o r a b l e  f o r  m a l a ­
r i a  c o n t r o l  w i l l  be m a i n t a i n e d .  I t  i s  a 
wel l -known f a c t  t h a t  th e  i n c i d e n c e  o f  ma­
l a r i a  and t h e  p r e v a l e n c e  o f  m o s q u i t o e s  
v a r y  from y e a r  to  y e a r  and i t  i s  t h e r e ­
f o r e  d a n g e r o u s  to  draw c o n c l u s i o n s  from 
one y e a r ’ s s tu d y .  Among th e  f a c t o r s  h a v ­
i n g  a d i r e c t  i n f l u e n c e  on  t h e  m o s q u i t o  
p o p u l a t i o n  a r e :  (1)  c l i m a t o l o g i c a l  con­
d i t i o n s ,  (2)  m o d i f i c a t i o n s  i n  o p e r a t i n g  
s c h e d u l e s ,  and (3)  th e  e f f e c t s  c au sed  by 
t h e  f a l l i n g  o f  d e a d  t i m b e r  i n  t h e  r e s ­
e r v o i r .  I t  i s  c e r t a i n  t h a t  a m o d i f i c a ­
t i o n  o f  t h e s e  r e c o m m e n d a t i o n s  w i l l  be 
n e c e s s a r y  i n  t h e  l i g h t  o f  more c o m p le t e  
in fo rm at io n  on the above mentioned f a c t o r s .
SUMMARY OF CO ST E S T I M A T E S

A summary ( T a b le s  XI - XI I )  shows t h e  
l o c a t i o n ,  e x t e n t ,  and c o s t  o f  t h e  p r o ­
p o s e d  m a l a r i a  c o n t r o l  p r o g r a m .
9.  I n d i c a t e s  t he  a p p e a r a n c e  o f  t he  f i r s t  b r o o d  f o r  t he  s e a s o n .

MALARIA CONTROL ON LAKE TEXOMA 
D U R IN G  1 9 4 6

WINTER AND SPRING ACTIVITIES BY THE 
U. S. PUBLIC HEALTH SERVICE. The U. S. 
P u b l i c  H e a l t h  S e r v i c e  c o n t i n u e d  w i t h  
t h e  e n t o m o l o g i c a l  s t u d i e s  i n  t h e  r e g i o n  
o f  Lake  Texoma u n t i l  t h e  Co rps  o f  E n g i ­
n e e r s  i n i t i a t e d  a m a l a r i a  c o n t r o l  p r o ­
gram i n  J u n e  19 46.  The p r i m a r y  p u r p o s e  
o f  the en tom olog ic a l  s t u d i e s  made between 
J a n u a r y  and J u n e  1946 was t o  d e t e r m i n e  
q u a d r i m a c u l a t  us  d e n s i t i e s  d u r i n g  t h e  
w i n t e r  a nd  s p r i n g  i n  t h e  v i c i n i t y  o f  
t h e  l a k e .  F o r  t h i s  s p e c i a l  i n v e s t i g a ­
t i o n ,  w e e k l y  i n s p e c t i o n s  w e re  made i n  
t h e  a r e a  e a s t  o f  t h e  dam s i t e  (Zone 1 - 
S e c t i o n  27 ,  B r y a n  C o u n t y ,  O k l a h o m a ) .  
Qu a d r i ma c u l a t u s  f e m a l e s  wer e  found d u r ­
i n g  e a c h  w e e k l y  i n s p e c t i o n ,  e x c e p t  m  
f o u r  i n s t a n c e s  b e t w e e n  J a n u a r y  1 and 
A p r i l  1; t h e  h i g h e s t  s i  n gl  e - s t  a t  i o n  
o b s e r v a t i o n  f o r  t h e  p e r i o d  was  f i v e  
q u ad r irn ac ul  a t  u s w h i c h  w e r e  f o u n d  on 
J a n u a r y  5, 19 46 .

The b e g i n n i n g  o f  th e  q u a d r i m a c u l a t u s  
b r e e d i n g  sea son  i n  the  Lake Texoma r e g io n  
was v e r y  e a r l y  m  1946. The f i r s t  quad-  
r i m a c u l a t u s  l a r v a e  wer e  f o u n d  on  March 
27,  and th e  f i r s t  quadr i macul  a t u s  m a l e s 9 
on  March  29. A s i g n i f i c a n t  d e n s i t y  o f  
t h e  v e c t o r  (10 o r  more s p e c i m e n s  i n  a 
s i n g l e  s t a t i o n )  was f o u n d  i n  a s t a t i o n  
on  A p r i l  1, o v e r  100 w e re  f o u n d  on Nay 
6, and o v e r  1,000 on J u n e  19, 1946. These 
r e c o r d s  show t h a t  t h e  q u a d r i m a c u l a t u s  
b r e e d i n g  s e a s o n  was  a b o u t  two m o n th s  
e a r l i e r  t h a n  i n  1945 ( F i g u r e  2 0 ) .  Co r ­
r e l a t e d  w i t h  t h i s ,  e a r l y  b r e e d i n g  s e a s o n ,  
t h e  1946 mean t e m p e r a t u r e s  f o r  t h e  f i r s t  
f o u r  m on th s  o f  t h e  y e a r  wer e  above n o r ­
mal and  w e re  h i g h e r  t h a n  t h e  19 45 tem­
p e r a t u r e s  f o r  t h e  c o r r e s p o n d i n g  p e r i o d  
( F i g u r e  2 1 ) .  A t e m p e r a t u r e  o f  9 0 °  F. 
was r e c o r d e d  m  l o c a l i t i e s  a r o u n d  Lake  
Texoma on M ar ch  3 0 - 3 1 .

MALARIA CONTROL PROGRAM BY THE CORPS 
OF ENGINEERS. P u r s u a n t  t o  r ec om m en da­
t i o n s  made by t h e  U. S.  P u b l i c  H e a l t h  
S e r v i c e ,  t h e  Corps  o f  E n g i n e e r s  o r g a n i z ­
ed  a m a l a r i a  c o n t r o l  u n i t  on  Lake Texoma 
d u r i n g  t h e  summer o f  1946. The u n i t  was
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c o m p r i s e d  o f  t h e  f o l l o w i n g  p e r s o n n e l :  
an  e n g i n e e r ,  an e n t o m o l o g i s t ,  two e n ­
t o m o l o g i c a l  i n s p e c t o r s ,  two f o r e m e n ,  
a n d  f o u r  l a b o r e r s  ( t h e  e n g i n e e r ,  one  
f o r e m a n ,  and  two o f  t h e  l a b o r e r s  w e r e  
p a r t - t i m e  e m p l o y e e s  o n  t h e  p r o g r a m ; .  
The 1946 program c o n s i s t e d  o f  two ph a s e s ,  
v i z . ,  e n t o m o l o g i c a l  and e n g i n e e r i n g .

E n t o m o l o g i c a l  I n s p e c t i o n .  The o b ­
j e c t i v e s  o f  t h e  e n t o m o l o g i c a l  p r o g r a m  
w e r e  t o  d e t e r m i n e  (1 )  q u a d r i m a c u l a t u s  
d e n s i t i e s  and  to  l o c a t e  b r e e d i n g  p l a c e s  
o f  t h e  v e c t o r  i n  t h e  v i c i n i t y  o f  human 
p o p u l a t i o n  c e n t e r s  and p r o p o s e d  d e v e lo p ­
m e n t s  on  L a k e  Texoma, and  ( 2 )  t h e  e f ­
f e c t i v e n e s s  o f  t h e  m a l a r i a  c o n t r  o l  
o p e r a t i o n s .

Weekly i n s p e c t i o n s  wer e  made i n  t h e  
two c o n t r o l  z o n e s ,  v i z . ,  t h e  d a m - s i t e  
a r e a  (Zone 1) ,  and T is h o m in g o ,  Oklahoma 
(Zone 15). Semi-monthly  i n s p e c t i o n s  were 
made n e a r  o t h e r  c e n t e r s  o f  human p o p u l a ­
t i o n  and p rop osed  development  a r e a s  which 
i n c l u d e d :  (1)  H o m e -s i t e  a r e a s ,  (2)  c on ­
c e s s i o n  s i t e s ,  (3)  Hoy S c o u t  camp, (4)  
p r i v a t e  camps ,  (5)  sma l l  towns  n e a r  t h e

1946 1945
WEEKENDING HIGHEST STA. COUNT ( Q u a d . )

WEEKENDING HIGHEST STA. COUNT ( Q u a d . )

Jan.  5 5 May 5 0
12 1 12 1
19 0 19 3
26 1 26 3

Feb. 2 1 June 2 6
9 1 9 13

16 0 16 13
23 0 23 13

30 42
Mar. 2 1

9 1
16 0
23 1
30 4

Apr. 6 39
13 40
20 16
27 8

May 4 75
11 183
18 59
25 197

June 1 74
8 380

15 400
22 1,048
29 1,046

1 a k e  s h o r e ,  ( 6 )  r e c r e a t i o n a l  a r e a s ,  
and  ( 7 )  w i l d l i f e  r e f u g e s .

The r e s u l t s  o f  t h e  1946 e n t o m o l o g i c a l  
s t u d y  s u p p o r t  t h e  1945 f i n d i n g s  i n  t h a t  
the  h e a v i e s t  d e n s i t i e s  o f  t h e  v e c t o r  were 
found in  Zones 1, 15, and 16 (Table  X I I I ) .  
S i g n i f i c a n t  d e n s i t i e s  o f  quadrimacul  a tu s  
were found a l s o  i n  Zones 3, 7,  8, 9,  21, 
22 ,  and 29. Of  t h e  l a t t e r ,  Zones  3, 9, 
and 29 a r e  o f  p a r t i c u l a r  i n t e r e s t  from a 
m a la r i a  s t a n d p o i n t  because o f  the p r e s e n c e  
o f  t h e  San,d P o i n t  Home S i t e  i n  Zone 3,  
C o n c e s s io n  S i t e  No. 2 i n  Zone 9 ,  and t h e  
town o f  Leb an on ,  Oklahoma, i n  Zone 29.

I m p o r t a n t  b r e e d i n g  p l a c e s  d i s c o v e r e d  
i n  1946 i n c lu d e d  an o l d  s t o c k  pond l o c a t e d
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on G o v e r n m e n t  p r o p e r t y  on  t h e  P r e s t o n  
Bend P e n i n s u l a ,  Zone  9 ,  and  some p o n d s  
i n  B o r r o w  A r e a  D an d D i s p o s a l  A r e a  I 
n e a r  t h e  dam s i t e  i n  Zone  1.

M a l a r i a  C o n t r o l  O p e r a t i o n s .  D a m - s i t e  
a r e a  - I t  s h o u l d  be  s t r e s s e d  t h a t  e x ­
t r e m e l y  h i g h  p r o d u c t i o n  o f  q u a d r i m a c u -  
l a t u s  o c c u r r e d  i n  t h e  a r e a  b e l o w  t h e  
dam b e f o r e  c o n t r o l  o p e r a t i o n s  were s t a r t ­
ed .  F o r  e x a m p le ,  on J u l y  19, 1946,  s i x  
c o l l e c t i n g  s t a t i o n s  l o c a t e d  a r o u n d  t h e  
m arg in  o f  Swamp E ( F i g u r e  11) c o n t a i n e d  
an a v e r a g e  o f  1 ,025 q u ad r i ma c u l  a t u s  p e r  
s t a t i o n ,  w i t h  a s i n g l e - s t a t i o n  c o u n t  
o f  2, 220.

A d r a i n a g e  p r o j e c t  was  s t a r t e d  i n  
t h e  d a m - s i t e  a r e a  ( S e c t i o n  27) on J u l y  
22 and was t e r m i n a t e d  on August  12, 1946. 
D u r i n g  t h i s  p e r i o d  a p p r o x i m a t e l y  80 
a c r e s  o f  p o t e n t i a l  b r e e d i n g  p l a c e s  wer e  
e l i m i n a t e d  by e x c a v a t i n g  f i v e  d i t c h e s  
( F i g u r e  1 1 ) .  The  e f f e c t i v e n e s s  o f  t h e  
d r a i n a g e  p r o j e c t  i s  r e v e a l e d  by a s t u d y  
o f  t h e  q u a d r i m a c u l  a t u s  p o p u l a t i o n s  i n  
t h e  a r e a  d u r i n g  t h e  summer months  ( F i g ­
u r e  22).  I t  w i l l  be n o t e d  t h a t  a s t r i k i n g  
r e d u c t i o n  o f  t h e  v e c t o r  o c c u r r e d  f o l l o w ­
i n g  t h e  week e n d i n g  Augu st  17. A l t h o u g h  
t h e  d r a i n a g e  p r o j e c t  when c o m p le t e d  was 
very  s a t i s f a c t o r y ,  s i l t i n g  i n  t h e  d i t c h e s  
l a t e r  c a u s e d  i n c o m p l e t e  d r a i n a g e .  A 
l i m i t e d  a m o u n t  o f  m o s q u i t o  b r e e d i n g  
o c c u r r e d  i n  Swanp D a f t e r  c o m p l e t i o n  
o f  t h e  p r o j e c t ;  t h i s  b r e e d i n g  c a n  be  
r e m e d ie d  by l o w e r i n g  d r a i n a g e  d i t c h  No. 
5 a b o u t  o n e  f o o t .  A l s o ,  d r a i n a g e  d i t c h  
No. 2 s h o u l d  be  d e e p e n e d  t o  e l i m i n a t e

s t a n d i n g  w a t e r  i n  t h e  d i t c h  i t s e l f .  
P ond A and an a d j a c e n t  m ar shy a r e a  were 
n o t  c o m p l e t e l y  d r a i n e d  by d r a i n a g e  d i t c h  
No. 1, .  b u t  s u b s e q u e n t l y  t h e s e  m o s q u i t o  
b r e e d i n g  h a b i t a t s  were p a r t i a l l y  e l i m i ­
n a t e d  by f i l l i n g .  A more e x t e n s i v e  d r a i n ­
ag e  s y s t e m  h e r e ,  o r  c o m p l e t i o n  o f  t h e  
f i l l i n g  o p e r a t i o n s  w i l l  c o m p le t e l y  e l i m i ­
n a t e  t h i s  b r e e d i n g  a r e a .

L a t e  i n  t h e  s e a s o n  q u a d r i m a c u l a t u s  
l a r v a e  w e re  fou n d  i n  v a r i o u s  h a b i t a t s ,  
s u c h  a s  d i t c h e s ,  p o n d s ,  e t c . ,  w i t h i n  
o n e - h a l  f  m i l e  o f  t h e  D e n i s o n  Dam. The 
f i n d i n g  o f  t h e s e  l a r v a e  p r o m p t e d  t h e  
i n a u g u r a t i o n  o f  a l a r v i c i d m g  p r o g r a m ,  
w h i c h  was  c o n t i n u e d  f rom S e p t e m b e r  10 
u n t i l  O c t o b e r  22.  Weekly  a p p l i c a t i o n s  
o f  o i l  ( D i e s e l  No. 2) by h a n d  s p r a y e r s  
on  a b o u t  f o u r  a c r e s  o f  p o t e n t i a l  mos ­
q u i t o  b r e e d i n g  p l a c e s  k e p t  t h e  v e c t o r  
u n d e r  con  t r o l .

T i s h o m i n g o ,  O k l a h o m a  - B e f o r e  t h e  
c o n t r o l  p r o g r a m  was s t a r t e d  i n  Zone 15, 
q u a d r i m a c u l a t u s  was b r e e d i n g  i n  m od e r ­
a t e  t o  h e a v y  n u m b e r s .  On J u l y  15, o v e r  
100 q u a d r i m a c u l a t u s  ( 6 3  f e m a l e s )  were 
f o u n d  i n  a s i n g l e  s t a t i o n .

MONTHLY TEMPERATURE RECORDS 
FOR DURANT, OKLAHOMA, 1945  AND 1 9 4 6

MONTH
1 9 45 19 46

NORMAL
MEAN MEAN

' Jan. 42.8 43 .4 42.3
Feb. 45.9 50.3 45.5
Mar. 58 .4 58.8 54.8
Apr. 61.5 66.9 63.0
May 69.0 67.9 70.4
June 77.0 75.6 79 .0
J u l y 78.8 82.5 83.1
Aug. 78.5 82.3 83.3
Sept . 74 .4 76.6
Oct. 61 .4 65.1
Nov. 59.5 53.4
Dec. 40.5 44.1
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T a b le  X III

DENSITY OF ANOPHELES QUADHIMACUL ATUS ADULTS BY ZONES 
BASED ON HIGHEST WEEKLY SINGLE-STATION OBSERVATIONS, 

LAKE TEXOMA, OKLAHOMA AND TEXAS, 1946

ZONE WEEK ENDING HIGH
6/22 6/29 7/6 7/13 7/20 7/27 6/3 8/10 8/1 8/24 8/31 9/7 9/14 9/21 9/20 10/5 10/12 10/19 10/26 11/2 11/9 COUNT

1 1,048 1,046 1,037 1,707 2,220 2 ,1 3 4 1,446 1,091 358 90 76 35 52 73 66 94 41 11 52 106 IS 2.2203 1 11 3 14 17 4 0 17!4 1 0 1 2 2 6 4 4 65 0 0 0 2 8 1 3 3 fi6 1 3 0 1 ? 1 1 0 37 20 11 10 9 16 8 3 6 208 3 3 2 3 22 3 7 11 229 17 21 3 4 1 12 4 9 28 2810 0 0 0 0 1 3 3 i 2 311 2 0 0 0 2 4 0 0 412 0 0 0 0 015 9 8 23 30 119 39 37 23 16 15 12 15 11 30 22 18 15 18 -11 18 6 11916 874 735 87418 1 2 6 6 0 0 0 1 4 3 621 47 27 21 8 4722 73 35 24 16 7323 5 1 0 0 0 1 3 0 3 1 2 5 0 524 0 ] 0 0 7 n 725 0 0 4 1 0 428 1 1 1 0 4 3 4 429 00 21 46 22 37 23 9 8 6 9 2 3 1 4633 0 1 0: 0. 0 2 0 2
HIGH
STA. 1,048 1,046 1,037 1,707 2,220 2 ,134 1,446 1,091 358 90 76 35 73 735 66 94 41 18 52 106 15 2,220
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The c o n t r o l  p r o g r a m  was s t a r t e d  on 
J u l y  29 and was t e r m in a t e d  on November 1. 
A p prox im a te ly  28 a c r e s  15 by power  and 
13 by hand - were t r e a t e d  each  week w i th  
o i l .  The power s p r a y i n g  was done by means 
o f  a w a t e r - o i l  u n i t  w h ic h  o p e r a t e d  i n  
t h e  P e n n i n g t o n  Creek  i n l e t .  Pon ds  l o c a t ­
e d  on  G o v e r n m e n t  p r o p e r t y  an d i n  t h e  
v i c i n i t y  o f  t h e  town o f  T ishom ingo were  
t r e a t e d  by means  o f  h a n d  s p r a y e r s .

The  r e s u l t s  o f  t h e  l a r v i c i d i n g  a t  
T i s h o m i n g o  w e r e  q u i t e  s a t i s f a c t o r y .  
The e n t o m o l o g i c a l  r e c o r d s  r e v e a l  t h a t  
a t  no  t i m e  a f t e r  c o n t r o l  was s t a r t e d  
were more t h a n  10 female  q u a d r im a c u l a tu s  
f o u n d  i n  any r e s t i n g  p l a c e  i n  Zone  15 
f o r  a p e r i o d  o f  t h r e e  c o n s e c u t i v e  weeks.

A sum mary ( T a b l e  XIV) s h o w i n g  t h e  
c o s t  o f  t h e  m a l a r i a  c o n t r o l  p r o g r a m  on 
L a k e  Texoma f o r  1946 f o l l o w s :

T a b le  XIV
COST OF MALARIA CONTROL ON LAKE TEXOMA,

OKLAHOMA AND TEXAS, 1 9 4 6 , CORPS OF ENGINEERS

ITEM U N ITS UNIT
COSTS TOTALS

Drainage 2,447 cu. yd. $ 0.29 $ 708.44
F i l l in g 5g 400 cu. yd. 0.09 463.00
L arv ic id ing

(14 ap p lica tio ns)
Power 15 acres 3.76 789.60
Hand 13 acres 5.14 935.48

Supervision
Engineer (1 month) i 377.00 377.00
Entomologist

(4 months) i 283.00 1,132.00
In specto rs  (5 months) 2 200.00 2,000.00

T otal Cost 16,405.52

A P P E N D I X
A c k n o w l e d g m e n t  i s  h e r e b y  made to 

t h e  f o l l o w i n g  p a r t i a l  l i s t  o f  i n d i v i d ­
u a l s  and  p u b l i c  a g e n c i e s  f o r  t h e i r  a s ­
s i s t a n c e  and c o o p e r a t i o n  i n  m a k i n g  t h e  
s u r v e y  and p r e p a r a t i o n  o f  t h i s  r e p o r t .
Da rc ey ,  Mr. H. J . ,  S t a t e  S a n i t a r y  E n g i ­

n e e r ,  Oklahoma
E h l e r s ,  Mr. V. M. , S t a t e  S a n i t a r y  Eng i ­

n e e r ,  T e x a s  S t a t e  B o a rd  o f  H e a l t h  
G r i f f i t h ,  D r .  M e l v i n  E . ,  S.  A. S a n i ­

WEEK ENDING QUADRIMACULATUS (Ave. of  6 S ta t ions)
June 8 159

15 202
22 583
29 688

J u l y  6 377
13 1,012
20 1,025
27 768

Aug. 3 368
10 463
17 169
24 38
31 22

Sept  .7 15
14 24
21 30
28 29

Oct .  5 46
12 12
19 3
26 22

Nov. 2 47

t a r i a n  (R) ,  Oklahoma S t a t e  Depar tment  
o f  H e a l t h ,  USPHS

H a a s ,  Dr .  V i c t o r  H . , S e n i o r  S u r g e o n ,  
USPHS

J o h n s o n ,  Mr. A r t h u r  H . ,  E n g i n e e r  ( R ) ,  
USPHS, O k la hom a

J o h n s o n ,  Mr. H en ry  A. ,  S e n i o r  S a n i t a r y  
E n g i n e e r ,  USPHS

Lyman,  Dr .  F. E a r l e ,  S. A. S a n i t a r i a n  
(R) USPHS

P o r t e r ,  Mr. Don W., A s s o c i a t e  E n g i n e e r ,  
USPHS .

R e c t o r ,  N e l son  H . , S e n i o r  S a n i t a r y  Eng i ­
n e e r ,  USPHS

R e i d e r ,  D r .  R. F. , S u r g e o n  (R) , USPHS
Rowe, Dr. John A.,  S a n i t a r i a n  (R) , USPHS
S h a n n o n ,  Mr .  Asa V . ,  P r i n c i p a l  E n g i ­

n e e r ,  U. S. E n g i n e e r i n g  D e p a r t m e n t
U. S. E n g i n e e r  O f f i c e ,  D e n i s o n ,  T e x a s
C o u n ty  H e a l t h  D e p a r t m e n t s  

Cooke C o u n t y ,  T e x a s  
G r a y s o n  C o u n t y ,  T e x a s  
B r y a n  C o u n t y ,  O k la h om a  
C a r t e r  C o u n t y ,  Ok la h om a 
M a r s h a l l  C o u n t y ,  Oklahoma
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