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Page 3 

(S) The U. 3 .  Army Chemiosl Corps has  been ass igned  the  t a m  of 
providing t h e  Department of Defense wi th  adequate CBR weaponry. C e r t a i n  
entomologioal  veotor-agent  syatems have,  a f t e r  a per iod of l a b o r a t o r y  
demonst ra t ions ,  q u a l i t a t i v e  f i e l d  oxper ienoe,  and t h e o r e t i o a l  evaluat ions ,  
reaohed the q u a n t i t a t i v e  f i e l d  t e a t  e t a g e ,  and Dugway Proving around hsa 
been ass igned the  f i e l d  t e s t i n g  r e s p o n s i b i l i t y .  The p resen t  volume re- 
por t=  5% D u p r y  Proving Ground's f i r a t  independent ly  designed an& oon- 
duoted mosquito f t e l d  t r i a l s .  

( U )  Th i s  dooument oon ta ins  informat ion : ~ f  feo  t i n g  t h e  n a t i o n a l  de- 
f ense  of t h e  United S t a t e s  w i t h i n  t h e  meanir.~: of t h e  Espionage Laws, 
T i t l e  18, U.S.C,, Seo t ions  793 and 794. Tht t r s n s m i a s i o i ~  o r  r e v e l a t i o n  
of its oon ten t s  i n  any manner t o  a n  unauthor ised person is p r o h i b i t e d  
by law. 

* 

(u)  When t h i s  dooument has  served itis purpose,  it should be des t royed ;  
it should not  be re tu rned  t o  t h e  i s s u i n g  o f f i o e .  

XU) Reproduotion of t h i s  dooument, I n  whole o r  i n  p r i ,  is pro- 
h i b i t e d  exoept  w i t h  s p e o i f i o  permission of t h e  i s s u i n g  o f f i o e .  



(c) Tho p r i w r y  ob jeo t ive  of t h i n  t e s t  war t o  a s o e r t r i n  t h e  e f f e o t s  
of m j o r  meteorologloal  parameters on t ha  b i t i n g  pates  of a la rved ,  v i r a i q  
f e m l a  Aeder aegypt l  mosquitoes upon t roogr  i c  t he  c p n .  Other ob j so t i v se  
were ( l w s e e  whether t h i s  moaqulto , a domsatio6tad, house-loving 
t r o p i c  1 mouquito, oould be e f f e o t i v e l y  t e s t o d  Ln ho t ,  open, temperate 
d e s e r t  t e r m i n  and (2) tn a s o e r t r i n  r h s t h e r  t r a p s  oould be usea *u r sp laoe  

(c) A t o t a l  of 58 f i e l d  t r i a l s  were oocduoted between 1 Yeptsmber 
Q oatober  1960. The h a i o  t r f s l  des ign oonsis ted of t h r e e  15-foot 

r r r d i u ~  o i m l e a ,  l o o s t s d  .t/&-mile a p r t  on a oro8swind l i n e .  Ten men 
were looated e q u i d i s t a n t l y  around tha  perimeter of one o i r t l - ,  u:d mithsr  
t e n  guinea p ig  ba i ted  t r a p s  o r  t e n  nonbaited t r a p s  were placed around t h e  
perimetere of t h e  o t h e r  t w l r  o i r o l e s ,  The voluntoars a l l  remained s ~ t s d  
i n  these  t r ials .  One hundred veotara were r e l e a ~ e d  In t h e  cen t e r  of oaoh 
o i r o l e ,  and sampling was oonduoted f o r  30 minutee. A mobile mete0~0log i08  
s t a t i o n  was looated 1/4-mile upwind of t h e  oen t e r  o i r o l e .  

(S j Using uninfeotad,  v i r g i n  female &. a e g p E  mosquitoes I n  Phase A 
of BW 459, t he  r e s u l t s  obtained wit,hin t he  ranges of oondit ione enoompaese 
i n  these  t r ia ls  i nd ioa t s  t h a t :  

I, It i a  f e a s i b l e  t o  t e s t  t h i a  m,oquito under ho t ,  d ry ,  d e s e r t  
oondi t ions ,  a t  l e a a t  f o r  t he  i n i t i a l  primsry t i m  per iod,  and t o  a s s@as  
the e f feo  ts of var ioue meteorolopioal  va r i ab l e s  upon b i t i n g  a o t i v i t y  . 

8 .  Although m n y  of these  t r ia ls  produoed e r r a t i n  and unpre- 
d io t ab l e  r e s u l t s ,  it would appear from t h e  an8lysSa of these date that 
saeh of the  m t e s r o l o q i o a l  va r i ab l e s  e tudisd--r ind speed,  temperatux%, 
r e l a t i v e  humidity, and s o l a r  radia t ion- 'exer t  a s i g r i i i i ~ z ~ t  i n i l t ~ s n a s  03 
the b i t i n g  a o t i v i t y  of t h e  4. asgyp t i  mosquito, and a l l  would Mve t o  be 
oonaidemd as important  peremeters i n  any mods1 desigzed ts prediat  bPtPw 
a o t i v i t y .  However, t h e  e f f e a t e  of the l a t t e r  t h r ee  f ao to ra  were aYrnL- 
f e s t e d  only  i n  terms of Sn t emo t ion  wi th  wind speed and with esoh o t h e r ;  
wind speed a lone  had a d i r e o t  e f f o a t  upon b i t i n g  a o t i v i t y .  Uomover, 
wi th in  t h e  rangsa of oondi t ions  enoornpasaed i n  :hose trials, it appe8ra 
thst r i n d  speed was t h e  moat important f a a t o r  efYeoting b i t i n g  8 0 t i v i t y .  

3. An Inorease of 1 mile per  hour i n  t h e  ambient r i n d  s p e d  was 
assoo ia ted  with 8 dsomaae  of a p p r o x i m t e l y  s i x  b i t e r  i n  a 15-foot mdiua  
o i r o l e  wi th  10 volunteers  over  a 30-minute time i n t e r v a l .  

4. The d a t a  8ugprrt that t h e  previou8ly determined  love^ tempel 
a t u r e  l i m i t  of 59.F f o r  vbotor b i t i n g  a o t i v i t y  of t h e  non-oold r e a i a t a n t  
s t r a i n  Is plaoed t o o  high;  howver ,  a t  theme lower temperatures soma 
o ther  f a o t o r ( s  ) , a t  present unknown, produoe e r r s t i o  m s u l t s  . 



6. Guinea pig-bai ted  t r a p 8  oapturod one and one-half timm 8 0  
mrrny msquitosm 88 d i d  nonbalked tr6pe. 

7. Whereso, on t h e  o v e r - a l l  aver.@, a r i t ~ g l e  morquito i n  4 
biai%sd t t ' p  ran equiva len t  t o  two b i t e s  on 8 h u m ,  exooerive intrrfrial 
v a r i a t i o n  preoludas re plao i n g  human ssmplqrs wi th  tmpu t o  determine 
'.>itin8 rate a o t i v i t y  . 

8. With a vaotor/hoet  r a t i o  of 10:1, i n  only 8 vary few tr ial6 
did  100 per oent  of t h o  vo lun tee rs  r e p o ~ ~ t  b i t e a .  The m a n  perosntrgo Cf 
t e s t  8vb:eots b i t t e n  lay Letreen 60 and 7G par o s n t .  

9 .  The o v e r - a l l  average outdoor b i t i n g  r a t e  f o r  t h i s  veo ta r  warn 
40 b i t e s  per 100 mosquitoes I n  the  time period etudbed. 

10. No evidenoe of o re tusou la r -per iod  b i t i n g  preference was 
obtained I n  t h c *  
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( S )  Arthropod - Sorno d i s e a s e s  of man and h i s  domestio all imals , both 
f e t a l  and d e b i l i t a t i n ~ ,  have axaoted  a n  enormoua t o l l  o f  life and have 
oaused un to ld  misery  th roughou t  reoorded h i a t o r y ,  I n  g e n s r a l ,  t h e s e  
d i s e a s e s  a r e  o h a r a o t e r i s e t l  by epidemic p o t e n t i a l i t y  and e i Jamio  p e r s i n -  
t enay  . The o a . ~ a a t  l v e  d i a a a s e  origaniams , r a n g i n g  i n  n i e e  from nemo todae 
t o  v i r u e a s ,  produoe 3uoh d i e e a s e s  as bubvnio and s y l v a t i o  p l a g w ,  t y p h u s ,  
malaria, ye l low f e v e r ,  f i l a r i a s e s  , v a r i o u s  e n o e p h a l i t i d o a  , s l o e p i n g  s i o k -  
nests, dengue,  s p o t t e d  f e v e r ,  Texas t i o k  f e v e r ,  and m n y  o t h e r s .  The 
a r t h r o p o d  veotorn  involved  ino lude  t i o k s  , l i o e  , f l o s s ,  f l i e s ,  m o s q u i t o e ~  , 
and bugs . 

(9)  The t i o l o g i o a l  s f f e o t i  venesa of  l a b o r a t o r y - r o a r e d  and ' a b o r a t o r y -  
i c f e o t e d  e x t h ~ - ~ p o u d  i n  t r a n s m i t t i n g  d i s e a n a  t o  huann be ings  is  w e l l  
dooumented i n  tk9 l i t e r a t u r e .  Orle hundred and t h i r t y  h u m n  v o l u n t e e r s  
have been f n f e o t s d  w i t h  ye l low f e v e r  and ove r  two hundred w i t h  dengue by 
l a b o m t o r y - r e a r e d  end l a b o r a t o r y - i n f e o t e d  ye l low f e v e r  mosquitoes .  Tioks  
roa red  and i n f e o t e d  i n  t h e  labo,-atory w i t h  Rooky Uovntain s p o t t 9 d  f e v e r ,  
tularemia, and  mhpqiqt f e v e r  have t r a n s m i t t e d  t h e s e  c l l sesees  t o  vo lun tae  
test  s u b j e o t s  ( 1 )  .1 The l i t e r a t u r e  d a a l i n g  w i t h  a c j i h n t a l  and  i n t e n t i o n 8  
l a b o m t o r y  i n f e o t i o n  i n d i o a t o s  that t h e  d e l i b e r e t s  employment of i n f e o t e d  
a r t h r o p o d  veo to ra  a p e i n a t  enemy t a r g e t s  h o l d s  g r e a t  a t r a t e ~ l o  p o t e n t i a l  (2 
and l i m i t e d ,  f e a s i b i l i t y  f i e l d  t e s t s  w i t h  s e v e n 1  ves w-Y ?d.w borne o u t  
t h i s  l m s i b i l i t y  (1, 3 th rough  7 ) .  Conourrent  w i t P  :new f e a s i b i l i t  j- 
demons t r a t ion  f i e l d  t r ia l? ,  ass8 produo t ion  teohnia twn of re, r h g  s e l e o t e d  
- m o t o r s ,  produoing a g o n t  , and i n f e o t i n g  veo t o r s  wi L h  agent !%ye beer. d e -  
veloped ( s e e  1 ) .  

(s) There  a r e  o t n e r  r equ i r emon t s ,  howevor, that o r ~ i n e - * i l y  musi LW 
s a t i s f i e d  i n  a o a e p t i n r  and  s t and f i rd i e ing  a p o t e n t i a l  weapou dystem f o r  
use. 30m r equ i r emen t s  o f  obvious  importarhoe would be r e a l i s t i o  p m -  
diet-ions of t a r g e t  e f f e o t i v e n e n s  and o a s u a l t y  m t e s  upon r h i o h  munition 
e x p e n d i t u r e  o a l o u l a t i o n s  u l t i m a t e l y  would be baaed. These r squ i r emen t s  
a r e ,  o f  o o u r s e ,  fo rmidab le  f o r  any of  t h e  more oonven t iona l  CU o r  BU 
weapons, and t h e  numerous f a o t o r r  that must be o o w i d e r e d  and q u s n t i t a t j v e  
a p p r a i s e d  t o  s a t i s f y  t h e s e  r equ i r emen t s  need n o t  be mentioned he re .  A l -  
though many of  t h e s e  problums would be o o m o n  t o  any weapon s y s t s r ~ ,  t h e r e  
are o th t r r s  a t t e n d a n t  t o  the e v a l u a t i o n  o f  a n  en tomolog ioa l  weapon that 
are i n h e r e n t l y  unique.  A o u r s o r y  rev iew of  t h e  s t a t e  of  t h e  a r t  of a s s e s -  
s i n g  t h e  f i e l d  porforumnoa of  oonven t iona l  C I  and BII weapon sys tems w i l l  
s e r v e  t o  emphasiaa t h e  uniquenesa and  oomplexi ty  of t h e  p r o b l e m  a s a o o i a t e  
w i t h  t h e  asseeament  of  XM weapons sys t ems .  

l r i g u r e a  w i t h i n  p . m n t h c a e s  deno te  r e f e r e n o e s  i n  t h e  LJYERATUfU C I T E D  
s s o t i o n ,  s e e  p r r  S l r  
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o r  b i o l o g i o a l  deoay on t h e  q u r r n t l t a t i v e  d i r t r l b u t l o ~ l  o f  e f f e c t i v e  prt4,1r- 

b t o s ,  t h e a b  d o s a j p  f l e l d a  r r l s r e  e n t i r e l y  as 8 r ~ ; ! l l  t of ~ ~ h y a l c * r l  : '~raeo  
(i . e . ,  mode o f  d l s r e m l r r . t f o n .  b a l l t a t f o  a f e e o t s  on d r o p l e t s ,  and w : t t o r c -  
l o ~ i n a l  d i f  f u e i o n  patamat  ~ r s )  a c  t irln uyutl t ire s i r b u r  ties agorltr; , t 1 t c r : r u  
dosago  f i e ld8  a r e  u s w l P y  d e t e m i n e d  by t h e  w u t i n l s  l a b o r a t o r y  cresa-t o r  
r e g u l a t e d  ntochanloal  aaurpl ing devices t h a t  hnvo been expoand s y s t n . - a t l a a l  ly 
t h r o u g h o u t  t h o  ~ r e e  of i n t a r a n t .  The c o l  l n o t j o n  e f f i o i o n c y  of  t h o  ~ s n r p l i n ~  
d e v i o e s  b e i n g  e i t h e r  known o r  a a a u m d ,  d o s a g o - f i e l d  d a t a  -nn t1,err IN u s e d ,  
i n  o o n j u n o t l o n  w i t h  t h e  a p p r o p r i a t e  dose r o s g o n a e  nurven  t h a t  may bn a v a i l -  
a b l e ,  t o  a r r i v e  st d i r e o t  o r  i n d i r * n E  e s t l c m t s s  oC t h o  af'oata on oxpoeed 
mn. A l t t r o u ~ t i  f a r  f rom porfoo t , es t i a f a o t o r y  oamp 1 I ILK ,in 4 it:qo anti t e c  11- 
n i q u s s  f o r  t h o  a50vo r r a s e s s m n t e  h a v ,  'Jesrr d o v e l o p d  and h8v0 ! J O Q ~  u n r e  
o r  l e s s  a t a t ~ d a r d i z o d  . 

(c)  Fur iEW wsaFor.8, aomparablo  f i o l d  t e s t i n g  t e o h n l q u e  have not, bee11 
Jovo ldpod .  Tfrs rr,p;.t 1:: c s r r l  rill t.n t h n  h m a r i  tn ,  pnt  i b v  the t a r t w t - n o o k i n p  
e n t o m o l o g i c a l  v e c t o r  end consequently l a  r a t h e r  Indopenden t  of the nmteoro-  
l o g i o e l  d i f f u s i o n  p r o o e s a e s  . T h e r e f o r e ,  t h o  disnoml r t a t ion  of  a r t h r o p o d  
v o o t o r a  f rom a n  0 3  m u n i t i o n  t . o s u l t s  in b e h a v i o r  qiritir u n l q u e  f rom othor '  
C d  w e p o n e .  T h i s  u n i q u a n e s s  is b a s i o a  1 :y a s s o o i a t o a  w i t h  t h r v e  broati b u t  
m u t w l l y  d e p e n d e n t  v e o t o r  o h a m c t e r i s t i o e ,  a l l  o f  whioh aro r e l a t a d  t o  t h o  
p o t e n t i a l  t r a n s m i s s i o n  o f  t h o  r ' . isoase a g e t i t  t o  e t a r g e t  p o p u l a t i o n .  Theso  
o h s r a o t e r i s t i u s  a r e  (1) movement ~ n d  d i s t r i b u t i o n ,  (2)  b i t i n g  h e b i t s ,  and 
(3)  s u r v i v a l  o r  p e r s k a t a n o y  o f  e f f o o t .  

( c )  l h o r o a s  s s r o s o l s ,  onoe r e l e a s e d ,  are s u b j e o t  sololy + n  t h e  e f f ' o c t ~ :  
o f  t h o  v a r i o u s  uneteorolo?,tcrl parametors, a r t h r o p o d  b e h a v i o r  is  q u i t o  
d i f ' e r e n t .  The v e c t o r s  move a o t i v e l y  i n  a l l  d i r e c t l o ~ s ,  and  t h i s  movonvnt 
is o r m t i o  b o t h  i n  time a n d  space.  Tempora tu re , . .  soldarn i r m l t i n g  I n  
80r0701 work,  have a s h a r p  l ~ w e r  c u t o f  f i n  e n t o r n o l o g i o a l  a p p l i o a t i o n s  a n &  
t h e  b i t i n g  rate Purvos  a h a r p l y  downward 8s t h i s  o u t o f f  is e p p r o s o h u d .  
V e r i a t i o n  i n  t h e  r e l a t i v e  ~ t t r s o t i v c n e s s  o f  d i f t s r o n t  human i n d i v i d u a l s  
t o  m o s q u i t o e s  is  8 r e c o g n i z e d  b u t  l i t t l s  s t u d i e d  prohlern. F u r t h e r ,  a 
d i u r n a l  b i t i n g  o y o l o  is r e p o r t e d  f o r  Aedes e e g y p t i ,  b i t i n g  paaks  o o o u r i n g  
i n  e e r l y  morn ing  o r  even i r lg .  Although t h e y  may b i t e  a t  a n y t i m e ,  e v p e o i a l l y  
if bs.;~ +fn=i o n t r ~  inta la-"- s r n r t * o u .  : i k & b ; i ~ ~  b ~ r i l c i i ~ i ~ s ,  b i i i r ~ g  I I U S  

been  r e p o r t e d  t o  appromch z e r o  d u r i n g  t h e  n l y h t  w i t h  those  m o s q u i t o e s  
t h a t  r emain  o u t s i d e  o f  bv l i ld ings .  A ferns10 s o s q u i t o  may b i t 0  and  probtr 
meny t i m , s s  on  one  o r  mrs i n d i v i d u a l s  i n  o r d e r  t o  g a i n  8 f u l l  blood m e a l ;  
howevor,  onoe she hss  cooompl i shed  t h i s  meal, she  i s  l o s t  t o  t h e  p r i m a r y  
target e f f e a t  u n t i l  she ha8 d e p o s i t e d  h e r  e g g s .  T h i s  i n v o l v o s  a n  avsrego 
of  3 t o  4 d a y s ,  b u t  a f t e r  o v i p o s i t i o n  is  o o m p l e t e d ,  s h e  is a g a i n  r e a d y  t o  
c o n t i n u e  t h e  p r i m a r y  t a r g e t  e f f a c t a  . 



m x e a  meonanmal sampler requirement. iuxnougn o r r t a i n  mscrnanxcal aevxoor 
tlave been used i n  e a r l i e r  t e s t s ,  they have not  pruven t o  be a r t i r f s o t o r ~  
f o r  genera l  purposes wi th  t he  preeent  veo ta r  sgaoien. Aeide from the  rob- 
t i v e  nona t t rao t iveness  of t r a p s  t o  A ,  aoggp t i ,  t h e r e  is  the f u r t h e r  h s t a  
problem o f  translating t r a p  aapture-data t o  humsn b i t i n g  r a t e s .  

( c )  f - ro jeut  BELIBEt'iiREl-I, BW 459, i o  a  pre l iminary a t e p  in evaJwg- 
t i n e  somr, of t he se  problems with  t h e  A .  a mosquito, and b t  l a  &n 
approwh t o  t he  ove r - a l l  prablsm 02 dsveloping f i e l d  arrre-asment t eoh~r iquer  i 
i . e .  techniques wheraby v a l L  da t a  f a r  t h e  devalopnwnt of Llunftsor, Yxpm- 
d t t u r e  Tables  o a ~  even tua l ly  ba obta ined.  The r e a u l t a  of theme triale 
w i l l  also be used i n  des igning subsequent t e s t s  under BIPLUWTHIDR-If where 
some of t he  above c j t e 3  problems, as well  a s  o t h e r s ,  w i l l  be fur ther  i n -  
ve s t i ga tx !  and e luo ide ted .  

(c) The speoif  i o  ob j ao t i ve s  of Projeot  EBLLIIBITHIPR-X, w ing  turinfooted, 
v i r g i n  fsmle Aedes aeuyp t i  moaquitoas, ware:  

1. To determine t h e  f e a s i b i l i t y  of tes+, ing t h i s  mosquito under 
hot, d r y ,  d e s e r t  oondi t ions ;  

2 ,  To determine t h e  r e l a t i v e  s ignidicanae sf tempemturs ,  rela- 
t i v e  kun id i t y ,  wind speed,  and exposure dura t ion  upon veotor  outdoor 
b i t i n g  n o t i v i t y  ; end 

3 .  To determine t h e  r e l a t i v e  value of  guinea pig-btkibed mi3quifio 
t r aps  compared wSt,h human t e s t  sub j ao t s  a s  a s s e :  merit teohnigues ,  

f ~ )  Phasa A crqnristed of 52 f i e l d  t r i a l s  conduoted bsfween 1 Septem- 
ber  and 9 OctoSer 1959. The f i r s t  s i x  t r i a l s  were exp lo r a to ry ,  v a r i a n t  
t r i a l s  used t o  ob t a in  data t o  e s t a b l i s h  a basio dos ign ;  s e v e r a l  o t h e r  
t r i a l s  l a t e r  in the  t e s t  progrem a l s o  var ied  f m m  the  kas io  des ign.  A l l  
v a r i s n t  t r i a l s ,  t oge the r  -2.th t h e i r  dav i e t i ons ,  a r e  I . i s ted  i n  Tabla 1. 
h t o t a l  of  44 5 r j a l s  were conducted on t h e  b s s i o  des ign of e i t h e r  10 men 
o r  10 t r a p s  Tocatad oauicl istan~;ly a long  t h e  perimef r of a 15-foct  ,-ediua 
c i r c l e ,  wi th  130 t e s t  mfnsquitoes re leased  i n  t h e  c e n t e r  of each a i r o l e .  
The t r a p s  were e i t h e r  nsnheited o r  were ba i t ed  wi th  l i v e  guinea p igs .  
Sampling was oonduoted f o r  30 minutes,  wi th  t h e  t v ~ n s  reos rh ing  t o t a l  
captures and t h e  volvntsera  reaording b i t a s  f o r  t h j  1-, 3-, 5-, 7-, 
lo-, 15-. end 30-minute t i n r e  i n t e r v a l s .  

(u )  A r a thr  wide rango of meteorologioel  oondi t ions  were experienaed 
i n  these  tr ials,  v ix :  temperatures of 53.9 t o  9 3 . 7 ' ~ ;  average wind speeds 
o f  1.6 t o  13.5 miles  per  hoiir; and r e l a t i v e  humidi t ies  of 16.2 t o  69.5 p e r  
c en t .  



( U )  A reques t  war l n i t i a t a d  i n  Auguet , 1989, through BU Operatiene 
Div i s ion ,  f o r  30 soreanad,  voluntar  m i l i t a r y  parronnal  t o  ba furnimhed 
f o r  a 6-weak pardod. Thare men war@ ruppl iod by the  48th and 46th  Ohrmi- 
o a l  Oompaniea and t h r  1803.00 Haadqurrtr rr Dotaohmmt , a l l  r t t a a h e u  t o  
Dugway Proving around,  Utah (Dm) . Tha man we- thoreughly  b r i e f a d  on 
whrt waa expcboted of thrm and,  on tha  whole, the i n d i v i d u a l  i n t a r e a t  and 
o o o p o n t i o n  i n  t h e  oonduot of t h e r e  t r ia l r  war r e l a r r b b l y  h igh ,  Thr awn 
were olothed i n  t h e  n tandrrd  Army work uniform, wi th  t r o u r a r a  blouead i n t o  
oombat boota,  and f r t i q u a  a r p r ,  On oold and /o r  windy d a t a ,  f i e l d  Jaok8tr  
ware w o n .  

(U) The mooquLtoes uoed i n  t h e m  t r ia l r  wera revpad a t  B n k r  h b o m -  
t o r y ,  Dm, from egg popere fu rn i rhed  by t h e  Bntomology D i v i r i o l ,  U. 8. 
A m y  Cherniorl Corps B i o l ~ g i o r ? ~  U b r a t o r l e r  ( B f o h b s ) ,  P o r t  De%riok, 
F reds r iok ,  bhryland.  New ba tohm ware reedad ovary 7 daya throu$hout t h e  
t e a t  per iod,  When t h e  l r r v a e  reaohed t h e  pupal  rtage, t h e  f e a s l a s  wera 
s e p m t e d  from the  mrler  by m a n r  of c F o r t  P r i a k  pupul oapalwtor and 
100 femrle  pupae enoh wera p h o e d  i n  1 -qus r t  ,oa oream oer tons  i n  whioh 
t h e  oimlboard *op8 wera replaoad by squnree of  nylon bcbbfne t t e*  %oh 
o a r t o n  was marked with  tho  da ta  of p u p a t i ~ n ,  and t h e  a d u l t s  were f e d  a 
1 molar s a l u t i o n  of suaroae u n t i l  16 t o  84 hours p r i o r  t o  uae. A l l  oar ton8 
of veo to rs  t o  be ueed on a 3 e s t  day were pioked up i n  t h e  morning and 
o a r r i e d  about t h e  f i e l d  i n  t h e  oabs of t h e  vehiolea  u n t i l  uued. The ma- 
c u i t o e s  were hsr7denad f o r  3 o r  more daya before  being used,  exoept  those  
usad i n  T r i a l s  A-3 through A-6  when t h i s  f a o t o r  was over lcoked;2  i n  t h e s e  
f o u r  t r i a l s ,  p r e t r i a l  f i e l d  m o r t a l i t y  was enoountered,  probably because 
of  axoess ive  dehydrat ion through t h e  s o f t  exoskele ton.  

TEST FIXTURE 

(U) The Lest  f b x t u r e s  uned i n  saoh triaL cf Pro jeo t  3ELME'i'HER-I 
were round, 1-quart  oardboard , iue oresm o s r t o n s  suspended s p p r o s i m t e l y  
5 Peot sbove ground l e v e l  between t a o  d r i v e n ,  rooden s t a k e s .  P r i o r  t o  
f i l l i n g ,  t h e  t o p f  of eaoh oa r ton  was pushed o u t  and r e p h o e d  hy s 2quare 
sf nylon bobb ine t t e ;  foul8-s t r ing  harnesses  were a f f i x e d  t o  t h e  t o p  and 
t o  t h e  bottom of each o a r t o n  t o  se rve  as hanging points .  J u s t  befora 
e x h  t r ia l ,  t n e  carcon was bung wi th  t h s  t o p ,  previously  loosened,  a t f i x e d  
t o  one s t a k e ;  t h e  c a r t o n  body was suspended by a 50-foot lanyard running 
throush a hole i n  t h e  seoond s t a k e .  A t  f u n c t i o n  t i m e ,  t h e  a p e r e t o r  pu l l ed  

2"Hardeningqt is t h a t  tam used t o  denate  t h e  d ry ing  of t h e  wings end 
t h e  g e n e r a l  haraening of tk.9 ch i t cncus  exoskele ton after emergenoe from 
t h 3  pupal  oase .  
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Fig.  1.- A typ ioe l  t e s t  f ix tu re  set-up,  
m 459. 

(U)  The t r aps  wed i n  these trials were fabrioeted from 86-gauge 
galvanised s t e e l  sheeting. A 6-foot length of sheet ing,  31 inohes wide, 
aers spot  welded t o  foltrn a tube 19 inohes i n  diameter and 31 inohes long. 
Soreen f u m e l a ,  9 inohee dsep with a &-inoh hole a t  the apex, were solder- 
ed t o  re~lovable r i ngs  t h a t  f i t  over eaoh end o f  the h s i o  tube. I n  the  
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-..rlls)VIIIIU ~ Y I ~ A W ~  -68- YUW - u u A u A w n  R A  li IAAUAII c vw o a w w r n  
two wtrl guidar ooiaplaeod $ho t r a p .  Tha h a i o  dauign Q+' t h e  tmym war 
furnirhcd by B i o h b r ,  Tka r i m  of tho t e a t  veo tor  oal lvd f o r  thr uua of 
Ed-anah soroonine i n  tho  funnol r ,  b u t  tna  n o r u v a i ~ a b i l i f p  of t h i s  m t e r i a ,  
pxwoltided i t 8  u rs  on a l l  but  four  of t l w  t lwpa.  Thoro 16 n m l n i n g  t n p r  
ram f i t t e d  with 18 by 18-morh roraon funne ,a. m i l o  tho t o s t  momquito 
nrn mwtiws eraape through rwh r morh, it war f e l t  that orospor i n  tho  
t i n o  periodr oonridered would be i n a i g n i f i o a n t ,  and u laboratory-typo ex- 
periment supported t h i r  b e l i e f .  

TBST SITB1S AND TBIST PROOIDDUlig 

(v)  Torsible  pe r r i r t enos  of tho  tsrt rpeo i e r  u r rd  i n  t h i s  trst pre- 
oluddd eond~ioting a11 of t h e  trials a t  a s i n g l a  t e a t  r i t e ;  t he r e fo re ,  
r a v a n l  gcsnaral area6 wore u t i l i z e d .  These a r e a s  were t h e  Clay F l a t r  
Wid north of Do6 Arm, t h e  a r e a  rou th  rnd e a s t  of WI-I., t h e  e rne  rou th  
of tho Wort Gate,  and,  eepeo la l ly  a f t e r  ra in r to rms ,  mrioull  h t e r a l a  of 
t h e  Downwind G r i d .  These general  ereell e r e  depioted in F i ~ u r e  8. U a u a l l ~  
all of the  t e a t s  aooompliahed on e s i n g l e  day were aonduoted i n  t h e  saw 
g e ~ e r o l  area-- the  t roops  meroly moving eeveral  milee upwind from t h e  laat 

I 8 
I 

c u r  FI.ATS,'TARGE T 
t 

Fig. 2 . -  Llap showing t he  gene ra l  areas used i n  BELLWETHER-I. BW 459. 
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atako would be d r i m n  i n  tho oen te r  of tho opon a roa  and a 15-foot md iua  
o i r o l e  would be ro r ibed ,  o o m p r r s - l i h ,  with a m a r w e d  ropa o r  w i n .  The 
t a r t  f l x t u n  n a  than i n r t r l l e d ,  and t h e  t m p r  r o m  por i t ionod equ id i r -  
t a n t l y  a long  tho pc b t e r  of t h e  o i r o l e  with t h e i r  long a r e a  a t  r i g h t  
awl@ t o  tho perimeter. The number 1 po r i t i on  i n  a l l  t h roe  o i r o l o r  war 
o r i en t a t ed  t o  t ho  nor th  i n  t h e  f i r r t  t ~ i r l s ,  but  f r o u  T r i a l  A-36 on it 
war or ien ted  i n t o  t h e  r i n d  preva i l ing  a t  t e s t  t im.  S imi l a r  prooedurer 
wsro followed in t he  volunteer  o i r o l e .  

(0) The f i r s t  mix t r ia l r  were l r r g s l y  exploratory i n  na ture :  T r i a l r  
A - 1  through A-4, with 100-veotor r e l e r r e r ,  were oonduoted f o r  60 minuter 
and T r i a l r  A-6 and A-6, r i t h  1000-wotor  r e l e a r e r ,  were oonduoted f o r  10 
m i n u ~ e r  wi th  t h e  voluntaerr  and f o r  60 minuter r i t h  t h e  trrpr.  I n  a11 
but  two of t h e  r e m i n i ~  t r ia l r  ( A 4 8  and A-48), t h s  baslo design of 100 
veo to r r ,  15-foot radium, and 30-minute rampling period was ured,  end t h e  
men i n  t h e  volunteer  o i r o l e s  r e r e  sea ted  and r e m i n e d  ar motionlere as 
poroible  d u r i n ~  t he  trial poriod. I n  T r i a l  A-3P, r a h t i v e l ~  high wind 
apoedr d io t a t ed  that r l imi ted  dawnw1r.d r tudy bo oonduotrd. A umn and 
a t r a p  were looated a t  oaoh of t h e  10 r i n g  po r i t i ons  and 4 men and 5 
t r a p 8  were looated a long  an  rro 100 f e e t  downwind. I n  T r i a l  A-48, t h e  
1088, by exeer r ive  hea t ,  of 800 of t h e  300 a v a i l a b l e  vec tors  resuluu2 
i n  a l l  t h r e e  o i r o l e e  being oombined f o r  a s i n p l e  100-veotor r e l ea se .  I n  
6UU8mn, 44 tr ials were aonduoted on t h e  b r i o  design and 8 were va r i an t s .  
Table 1, oupra, l i a t a  these  va r i an t  trials. 

( U )  S y s t e m t i 0  randomisation of  t h e  t e s t  personnel t o  be used i n  t h e  
vo lun teer  o i r o l a  wau attempted,  but t h e i r  o t h e r  m i l i t s r y  ob l i ga t i ons  pre- 
vented t h i s  system from working. As a oonsequenoe, t h e  Tes t  Of f ioer  m n -  
domly ohnged  t h e  r e l a t i v e  poe i t ions  of tha  amn from t r i a l  t o  t r ia l .  

(U) A t y p i o a l  volunteer  o i r o l e  is  shown i n  Figure 3 and a represec'm- 
t i v e  guinea pig-baited t r a p  o i r o l e  being a e t  up i s  shown i n  Figure 4. 

TRIAL ASSESSUIWC 

('u'j The vsiunteera  kept a w r i t t e n  rqeoord of a l l  kites receivad dur ing  
eaoh t r ia l  cn a reoord form furnished them. The number of b i t e s  reoeived 
were reoorded f o r  esoh of t h e  fol lowing time per iods:  0-1, 1-3, 3-5, 5-7,  
7-10. 10-15, and 15-30 minutes. A medioal entomologist  f r equen t ly  oheoked 
t h e  repor ted  b i t e s  a g a i n s t  ove r t  physioal  evidenoes of b i t e s  a t  t he  end 
of t h e  t r i a l .  

(U) A t  t h e  ooaolusion of eaoh t r a p  t r i a l ,  t h e  guinea pigs  were r e -  
moved t o  a holding box, and the  t r a p s  were brought t o  a o e n t r a l  pos i t i on  
f o r  assessment. The number of entrapped mosquitoes were oounted by look- 
ing through t h e  t r a p  toward a c l e a r  a r e a  of sky !see Fig.  5 ) .  Mosquitoes 
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Fig .  21.- A t y p l o a i  volunteer oirobr,  a 489. 

(WNCLBSSIFIBD) 

Fig. 4 .-  A typioal guinea pig-baited t r . p  o i ro l e  being 
set  up, BW 459. 
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br 0bP tw@a*  A'E XkQ '2%- WW rnr ri -u-a  u~ v n r r r s r r  ..--.. ,-.- --,- - -  

rrnt w e  of th uhloroform and t h e  p b r t i o  o w a r r  a v r i U b l e  f a r  ruoh a n  
event.  I h a m w r  the  oount war 10 o r  mom, i t  was v a r i f i s d  br one o r  mfr 
of tb o t h e r  t a r t  p r r t i o l g l n % r ,  Any of f  oolor  o r  na%iva ~ w r q u i t d o r  n r o  
re fe r red  t o  the  mrdior l  anbomolo#irt f o r  i d e n t i f l o a t i o n .  The dark  &. 

were quit#  airoinoP xrgm i b i  i 3= ,  l i g h t  oolorod mB1wm anooun%ereb. 
ramearnwont war oomplete, one of t h e  funnel ondr .*r removed from 

@&oh $ o @ i C i ~ e  t n p  a d  tb ooouprn9r n r o  re lea rod ,  o r  k i l l a d  i f  poroible ,  

Fig. 5,- Determining t h e  number of entrapped mosqui- 
t o s s  i n  a t r a p ,  BW 459. 

ECOLOGY AND BIPIDEMIOWY BRANCH PARTICIPATION 

(U)  The Ioology and lpidemiology Branoh, BW Operations Divis ion,  DW, 
furnished one medioal entomologist  who pe r t i o ipa t ed  as en observer  i n  
every t r i a l .  Thie  man helped asmess the  number of b i t e s  on t he  vo lun tee r  

s r sonne l  and a s a i s t e d  i n  tmp assessment and m t i v e  mosquito i d e n t i f i -  
a a t i on .  I n  a d d i t i o n ,  h i s  judgment was followed i n  determining t h e  t m v e l  
Cfstanoe requ i red  before s e t t i n g  up new t r i a l  s i t e s  i n  t h e  saw genera l  
sme of a pmvioua t r i a l ,  



(u) Meteoro log ios l  s o v o r a g l  war f u r n i r h o d  by a r i n g l e  mobile mr teoro-  
l o l i o a l  r t a t i o n  i n r M l l r d  i n  a J m p - p u l l o d  t r e i l o r .  A i t o r  a r r i v i n g  r t  
t h e  r o l o o t e d  mito p o u i t i o n ,  t h e  own would r o t  up a n  aimbna o i r o l o  and 
mount t h e  anamomstor and wind r p o r d  h e r d r .  T h e m  wore oonneotod t o  
Ir tmrl ino-Anglsr  o h a r t  r o l l  r a o o r d o r r  mountod i n  t h o  t n i l o r .  A t  a d i o -  
t an00 o f  rpp rox i r a r to ly  100 f e e t ,  r r t r o l  p o r t  war drivmn i n t o  t h o  around 
and r L.%tory  a r p i r a t o d  p r y n h r o w t e r  r a o  m o u n t d  ihereon .  Mind ayead and 
d i n o t l o n  d a t e  b e r e  raoordod o o n t i n u o u a l y ,  and tompor r tu re  and m l a t i v e  
humidi ty r ead ing8  r e r e  t a k e n  @ w r y  10 minuter  th roughout  eaoh t r i a l ,  I n  
a d d i t i o n ,  r i n o e  t h e  D3g Arqe pyroheiiome t.er war i n o p o n t i v e  throughout  
t h e  t o r t  p r r i o d ,  inoomieg molar r a d i a t i o n  va lue  reading8 were t a k e n  e v e r y  
iO minuter  I n  t h e  f i e l d  w i t h  a G e n e r a l  D l e o t r i o  r a d i a t i o n  wter  ( ~ o d e l  
BDQI4OY16) . U @ h t  va lue  rmadings wore ob ta ined  w i t h  a s t a n d a r d  photographic 
l i g h t  ras te r .  A t y p i o a l  ~ t e o r o l o g i o a l  s t a t i o n  Is shorn  i n  Figure 6 ,  

Fig.  6 .  - A t y p i c a l  me t e o r o l o g i o a l  s t a t i o n  
usod in BW 455 .  



(u)  The upwind l o o r t i o n  of t h e  mingle m t e o r o l o g i o a l  r t v t i o n  n- 
r u l t e d  i n  th. rooord ing  of r v e r a q  v a l u e r  a p p l i o a b l e  t o  t h @  t h r e e  temt 
r i t e r ,  bu t  r o i f i o  v a l u e r  r p p l i o a b l e  o n l y  t o  t h r  ~ ~ o t o o r o l o g i o a l  l o o a t i o n .  
T h e m i o m ,  =%- rat e r  t h a n  p u b l i r h  t h e  mpooif io mo teo ro log ioa l  d a t a ,  am i r  
t h e  wwl prooedum i n  DPC) t e o h n i o c l  n p o r t r ,  a a w r y  of  t h r  a v e r a w  
o o n d l t i o n s  e x i s t i n g  d u r i n g  eeoh t r i a l  i a  p n r e n t s d  r r  Tab la  8. Oomplete 
me teo ro log ioa l  d a t a  a n  on f i l e  a t  Bill Branoh, T e r t  Qorien and A n a l y s i r  
O f f i o e ,  Dm. The 8-minute minimum and uaximum r i n d  rpoedr  and r i n d  d l -  
reot ionrr  were f u r t h e r  averaged  ( a w r e g e  r ange )  t o  clmooth o u t  t h s  ex t remor  
end t o  g i v e  a b e t t e r  p i o t u m  of t h r  o v e r - a l l  m e t e o r o l o g f o ~ l  o o n d i t i o n 8  
e x t a n t  during t h e  t r ia l r ,  

( u )  A eurrmsry of t h e  b i t i n 8  and t r a p  o s p t u r e  d a t a  from t h e s e  t r i a l s  
is  1 weentad  i n  Tab le  3. Complete t r i a l  d a t a  a r e  o n  f i l e  a t  t h e  B31 Branoh, 
T e s t  Design and Ana lys i s  O f f i o e ,  Dm. R e l a t i v e  t o  t h e  b i t i n g  d a t a ,  s e v e r a l  
reasons  o o n t r i b u t a d  t o  e q u a t i n g  a probe w i t h  9 b i t e  i n  t h e s e  t r i a l s .  One 
reason  was t h e  d i f f i o u l t y  f o r  i nexpe r i enoed  t r o o p s  t o  distinguish between 
t h e  two, and a n o t h e r  aaa t h e  f a o t  t h a t  i n  dbaease  t m n e m i s s i o n  s t u d i e s  
one probe was e q u i m l e n t  t o  one b i t e  ( ~ r .  Dale J e n k i n s ,  BioLabs, F o r t  
D e t r l o k ,  Maryland, i n  ~ o a v e r s a t i o n ) .  

SWAT TRIALS 

(c)  A s  t h e  t e s t  p rogreeeed ,  it be, am a p p a r e n t  that aeoond o r  t h i r d  
b i t i n b  by t h e  v e a t o r s  would preolude  any d i r e o t  oompbrison between human 
b i t i n g  r a t e s  and t r a p  o a p t u m s ,  a i n o e  a t r a p  o a p t u r e  e f f e o t i v e l y  removed 
t h e  mosquito from t h e  t e s t  wheraae a v e o t o r  hav ing  b i t t e n  onoe oou ld  r e -  
t u r n  o r  go e l sewhere  f o r  a d d i t i o n e l  b i t e s .  Henoe, two "ewat" t r ia l s ,  
T r 3 l s  A - 5 1  and A-52,  ware aonduoted.  I n  t h e s e  t r i a l s ,  t h e  men i n  t h e  
vo lun tee -  r i n g s  a t h m p t e d  t o  swat and  k i l l  e v e r y  mosquito t h a t  a o t u a l l y  
probed o r  b i t  them, and  t h e i r  r e p o r t e d  s w a t t i n g  e f f e o t i v e n e s s  ranged from 
ahou t  30  t o  100 per o e n t .  The a t t e m p t  f a i l e d  beoause it developed t h a t  
the men aouid not  e f i ea t  n iGG y.f.r asnt kiii of the biiing vwotoro. Tho 
approximhte e f f i o i e n o y  of k i l l i n g  appea red  t o  be i n  t h e  neighborhood of 
60 pe r  o e n t .  

(c )  The t o t a l  number 9f r e p o r t e d  v e c f o r  k i l l s  i n  T r i a l  A-51 exoeeded 
t h e  number r e l e a s e d ;  t h i s  oan o n l y  be e x p l a i n e d  by t h e  men b e l i e v i n g  t h e y  
were k i l l i n g  more t h a n  t h e y  a o t u a l l y  were by a f s o t n r  of a t  l e a s t  40  p e r  
oen t  , T h i s  a p p e a r s  t o  be most p robab le  a t  P o s i t i o n s  3 ,  5, 7 ,  and  8 i n  
T r i a l  A - 5 1  where 91 ,  60 ,  22, and  1 9  b i t o s  (and k i l l s ) ,  r e spec f  i v e l y ,  
were reoorded i n  t h e  30-rnimte p e r i o d .  Although t h e s e  t r ials f a i l e d  i n  

SECRET 



(9) I n  @very t r ia l  whom 1000 veo to r r  were r e l e a r e d ,  a l l  t n - 1  men 
wen b i t t a n ,  In tho  r e a u l r r  t r ialr  u b e r e i n  100 veo3orr were r a ~ e a r m d ,  a 
vrrying n u b a r  o f  tho mon mro b i t t e n .  The poroeatmp of pwn b i t t e n  i n -  
ororred with e n  laoreare i n  th t o t a l  n w k r  of b i t e r ,  but  t h e  tr ial  wi th  
the  h i g h e r t  number of b i t e r  (Swat T r i a l  A-dl ,  PO6 ropor ted  b i t e r )  raw 
only 80 p r r  o e n t  of t h e  m n  b i t t e n ,  Hieher wind rpeedr tended t o  mdvoe 
tha  peraentarp  but l 13 mph mind war a r r o o i r t e d  wi th  a n  60 pas of n t  b i t i n 8  
aoourronua i n  T r i a l  A-16. Ap r e n t l y  , t h a  in te rmot ion  of wind #peed, wind 
d l n o t i o n  ( v a r i a b l e  o r  rteadyYf and tempen t u r e  i~ oont r ibu to r ,  t o  t h e  
p e t w e n t a p  ' t t e n .  The median p e r o e n t a p  of men b i t t e n  i n  a l l  non-mro 
b i t e  t r lalr  w a r  about 70 per o e n t .  I n  a o t w l  o p o n t i o n r ,  however, t h i a  
peraentalc, would be @water beoaure t h o r e  morquttoea b l o m  from t h e  r i n a  
would r t i l l  be ef fea t ivm a t  o t h e r  a l t e r  dormwind. The prroentaga of t m p r  
n o o r d i n $  o r p t u r e r  Ln a t r i a l  o load ly  p a m l l e l s d  t h e  perosntage of human8 
r e p o r t i n g  b i t e r  

(a)  I n  T r i a l  A-42, i n  wb3qh a l l  10 t e s t  subJeots  an? 20 traps were 
plaoed on a s i n g l e  28-for5  m d i u  o i r o l s ,  t h e  m n  provdd t o  be muoh more 
a t % w o t b v s  t h a n  the  t r a p u ,  wi th  27 b i t e a  and only 1 t r a p  o a p t u r s  being 
r e ~ o r t e d .  

(u)  Xn 9 f i n a l  b r i e f i n g  wi th  t h e  t r o o p s  a t  t h e  end of t h e  t e a t  
a e r i e r  , s e v e r a l  i n t e r e s t i n g  observat ione  were repor ted .  Although fheae  
are c i t r i o t l p  q u a l i t a t i v e  i n  n a t u r e ,  t h e y  are inoludsd hero b u t h  f o r  t h e  
m k e  of ooqple teneas  and f o r  the i t*  i n t r i n a i o  i n t e r e s t .  

(u)  It was brought ou t  t h a t  a d i f f e r e n t i a l  a r e l l i r q $  r e a o t i o n  was 
ann~untcrsd by a t  Isaat one- th i rd  o +  t h e  t e s t  pereonnal .  One day they 
would s u f f e r  a pronounoed s w e l l i n g  under e m r y  bite and on o t h e r  day8 
they would experienoe no r e a o t i o n  whatnoever. No o v e r t  o o r r e l a t i o n  of 
t h i a  inflammstory r e a o t i o n  wan noted w i t h  any obvtoua p r a m t e r .  

( u )  On h o t ,  sunny days ,  it was obaervod that mast of t h e  ve3tora 
moved onto  t h e  shady s i d e  of t h e  person t o  hover ,  l e n d ,  o r  b i t e ,  On 
windy days ,  t h e y  w ~ s d  t o  t h e  lee a i d e  and on ooo le r  d a y s ,  they were 
obsarveR t o  move up ina ide  of t h e  o leeves  before b i t i n g ,  
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o r m t  ion.  

- 
Rai - 

min - 
079 
106 
25 0 
243 
289 
271 
3C6 
180 
1-8Q 
197 
206 
.34s 
178 
l'T6 
i86 
174 
213 
281 
237 
213 
254 
289 
304 
275 
250 
243 
-- 

- 
min - 
0.8 
4 .O 
4 .O 
1 .8  
2.5 
2.3 
0 .5  
0.5 
0.5 
0.5 
0.5 
3 ,O 
1 .o 
0 .5  
0.5 
0e5 
0.5 
4.3 

min - 
122 
127 
aes 
259 
306 
301 
082 
194 
193 
20; 1 
276 
013 
191 
196 
804 
201 
232 
318 
264 
312 
232 
302 
325 
288 
143 
281 
-- 
aperst 

mar min 

15.0 3.6 
11.8 4.2 
11.0 4.6 

8.6 3.4 
7.6 3.2 
8.6 3.4 
7.3 0.9 

10.6 1 .0  
8.6 0.6 

13.0 2.1 
20.4 3.3 
13.1 4.0 
3.5 2.0 
8.5 1.4 

15,O 1 5.0 

7.2 

9,5 1 5;5 1 15.6 7.2 11.4 
0.51 7 ,6  0.C 
8.7l)lS.O / 6.1 I 1::; I 

ve; general date: t a b c  f r m  ihg Area i r  



T A B U  3:  8-ry 09 Reoordrd Bft.0 and Trap Captura Data, BII 469 (COWJBRNTIAL) 

TRAl 
I- 

Totrl 
- 
30 
37 
20 
83 
50 
40 
27 
24 
4 
20 
19 
l a  
24 
18 
4 

28 
23 
34 
0 
7 
8 

22 
10 
7 
4 
15 
- 

a a m m  
9-- 

Number 
of Tosi- 

t i v s  Trap8 

10 
8 
8 
8 
10 

9 
9 
7 
3 
7 
7 
6 
9 
8 
a 
7 
6 
5 
0 
6 
3 
10 
6 
5 
3 
7 

TRAl - 
Total 

6 
13 
58 
4 

180 
78 
26 

6 
6 
10 
;GS 
19 

3, 
4 
2 
10 
29 
44 
0 
24 
7 
16 
18 
9 
4 
3 
- 

CAPPURBS - 
Nmbar 

of Porf - 
t i v e  Traps 

ND* 
6 
10 
3 
10 

Vl 
1 

6 
5 
2 
6 
6 
G 
B 
3 
2 
3 
7 
8 
0 
9 
7 
5 
8 
4 
4 
3 

H U Y U l V  

Totrl 

4tmmmu 
'EiGF- 
of Men 
Bitten 

10 
8 
7 

ND 
10 
10 
8 
4 
2 
5 
9 
10 

0 
9 
10 

8 
10 
6 
0 
4 
3 
9 
5 
0 
3 
7 

bnt inue! 



TABU 3: Sumnary of Reoorded Bits and Trap Captun b t a ,  B11 459 (Oonaludid) 

TRIAL 
NuimR 

DATED 
(SOP 
1959) - 
17 
18 
18 
81 
81 
21 
22 
28 
22 
23 
23 
23 
24 
24 
24 
84 
2R 
28 
29 
,Q ".\ 

30 
(Oot 
196 3) 
1 
1 
2 

9 
9 

-- 

m!! 
Numb 
o i  u 
B i t t  - 

6 
B 
3 
1 
8 
0 
9 
8 
7 
6 
e 
8 
C 
€ 
€ 
ti 
1 
c' 
t 
Z 
t 

NI 

I 
I 

- 



(U) The vol.unteors t h a t  had fu!,~ot.ioned thb Lest f i x t u r s s  obrrervad 
that tho vec tors  wera a t t m o t e d  by uovement--the movement involvrad i n  
r e l ea s ing  t h e  veators  r e su l t ed  i n  many mosquitoes moving t o  that man. 
Other personnel observed t h a t  t h e  veotors  appeared t o  be a t t r a o t e d  by 
sound--the more gsrruloua men gb t t fng  more b i t e s .  

(u) It was observed t h a t  nmny of t h e  mosquhtoss oould not  be f e l t  
while they were probing o r  t ak ing  blood meals. It is not known what 
peroentage t h e  repor ted b i t e s  represen t  of t h e  t o t a l  number, but it i s  
l2kely  t h a t  it i s  l e s s .  For a s i n g l e  example, e a r l y  i a  t h e  t r i a l  s e r i e s ,  
one man reported 15  b i t e s  a t  t h e  t e s t  s i t e .  I a t a r  t h a t  n igh t  he oounted 
the  a r e l l i n g s  end found 31. Other similar d i s p a r i t i e s  be t r seu  repor ted 
and a o t u a l  b i t e s  undoubtedly ooourred . However, t h e  repor ted o v e r - g i l l  
sf Swat T r i a l  A-51 leaves  t h i s  point  somewhat i n  doubt. 

(u) Several  of t h e  men notioed t h a t  some nf t h e  vea tors  would beoome 
s o  engorged with blood t h a t  they apparen t ly  oould not f l y ,  but  i n s t ead  
droppeb t o  t h e  ground and orawled away. 

(U) One f u r t h e r  ina iden t  appears  noteworthy. Eaoh aan i n  t h e  volrm- 
t e e r  o i r o l e  was provided with  a ol ipboard,  and a l l  of t he  ol ipboards  wero 
t ranspor ted  t o  t h e  f i e l d  i n  a wooden box. This  box, wi th  opon sPaYted  
s i d e s ,  was used a t  t imes i n  t h e  f i r s t  few tr ials by d i f f e r e n t  men t o  s i t  
on (see Figure a ) ,  but they  never d id  it twioe. It appeared as i f  t h e  
mosquitoes, i n  numbers, went i n s i d e  t h e  box, ventur ing f o r t h  t o  b i t e  t he  
s i t t e r ,  and then  r e tu rn ing  t o  t h e  box. 

PERSISTZNCY AND SPRIBA3 

(c) When t h i s  t e s t  was designed,  it was f e l t  that moving t he  t e s t  
s i t e s  a t  l e a s t  1 mile upwind would a l l e v i a t e  any e f f e o t s  of veotors  per- 
s i s t i n g  t o  a f f s o t  a seoond t r ial  i n  t h e  same genera l  are t  . Apwrent ly ,  
t h i s  was t r u e ,  s i nce  no t e s t  veotors  were repor ted p r i o r  t o  r e l e a s e  i n  
any t r i a l .  One o the rwbe  observed pers is tenuy of a s i n g l e  A. a e m p t i  
was notad i n  t h e  Clay F l a t s  a r e a  on 8 September 1959. The last previous 
t r i ~ l  oonducted i n  t h i s  genera l  a r e a  had been on 4 September; t h e ~ e f o r e ,  
t h i s  one veo ta r  had pe r s i s t ed  f o r  4 days. 

(c) I n  s e v e r a l  of t he  first few t r i a l s  t h e  vehioles  used t o  t r anspo r t  
the  volunteers  were l e f t  approximetely 150 t o  200 yards away f ro m t h e  % e s t  
c i r o l e .  It was soon found, however, that t h i s  d i s tanoe  was t oo  s h o r t ,  
end t h a t  some of t h e  mosquitoes had immediately n?oved t o  t h e  t ruoks .  Ia 
the  ensuing t r ia l s ,  a l l  v sh io l e s  a e r e  d r iven  t o  t h e  meteorologioal  s t a t i o n .  
It was not ioed,  moreover, t h a t  dur ing t h e  time that t h e  men o r  t r a p s  r e r e  
being pioked up a f t e r  a t r i a l  s e v e r a l  mo~qui. toes o f t e n  en te red  t h e  t r uoks ;  
a t tempts  a e r e  made t o  dea t r sy  a l l  of t he se  veotors  before moving t o  a 
new t e a t  s i t e .  



(u) Outlines of the mothoda w e d  end the r e s u l t s  of the r t a t i r t i o a l  
analyaem performed on the  Bb 469 data  a r e  given below; more de ta i led  pro- 
senta t ion  of severs1 m j o r  anpeots of t h i s  analymis oen bm found i n  the  
Appendix. I n  the  l a r p ,  there amlysea  were per iorwd by Messrs. R. F. 
Whim and S. J. Amter  of the  Osnerrrl Analysis Corporation. O e n e ~ r l  
Analyuis Oor!toration is undmr oontmot  with Dugway Proving Oround t o  
asrirt i n  tha s t a t i s t i o a l  design and evaluat ion of CBR f i e l d  t e r t r  and 
laboratory rssearoh. 

ACCUYULATION QF Bl!IW IN TIUE (YODIKUD RAO =HOD) 

(u) Fc r eaoh t r i a l ,  the b i t i n g  data  st the  h w n  o i ro le  ooneisted 
of the  aooumulated number of probes and b i t e s  reoeived by individuale up 
t o  1, 3,  5 ,  7, 10,  16, and 30 minutes following t h e  re lease  of the  m08-  
quit008 

(u) I f  the data  from a t r ia l  a r e  plot ted a s  aooumulsted b i t e s  vemus 
time, a nondeoreasing funotion is observed. An analys is  of these data  
depends i n i t i a l l y  on some desoript ion of t h i s  funotion. There a r e  sevem 
m y s  of desoribing i t ;  however, the  one ohosen waa tho following modifi- 
oat ion of a method given by Rao (8) : 

where, 

i n  the  i - t h  t r i a l ;  
bi = avera,a rate of inorease of the funotion 

(A ,li4 = t o t a l  number of moapuito b i t e s  obtainad 
In the i - t h  trial  during the "-th time interval 
where, 

i = 1, 2 ,  . . .n (39 t r i a l s  i n  t h i s  oase) ; 

j = 1, 2, . , .m (7 in t e rva l s  i n  a l l  t r i a l s )  ; 

mosquito b i t e s  obtained i n  a l l  trials during the j-th time in t e rva l .  



0l0g i08 l  oondi t ions  present  dur ing  t h e  t r i a l  on t h e  rate of inoreare  of 
t o t a l  b i t e s  i n  tiam and i r  g r e a t e r  o r  l e s s  than  u n i t y  uooordingly a8 a 
t r i a l  hed a g r e a t e r  o r  hsmr inomaee  than  * a w m g e w .  Themfore ,  i n  
o rder  t o  a s o e r t a i n  t he  ex t en t  of t he  d f e o t  of eaoh atmerured ae t eo ro log ioa l  
va r i ab l e ,  t h e  t r icr la  were oempared on t h e  h 3 i 8  of Gwhese values  (b ims )  by 
rsanm of a n  a n a l y s i s  of vwianoe  . 

(U) To aooomplish t h i r  , fhe  39 tr ials (8-7 add A-19 through 4-47) 
were f i r s t  o l a s s i i i e d  on a "highn o r  nlowN basis f o r  t h e  four m e t e o r o l o g i o ~ l  
o r i t e r i a  : r i n d  speed,  t empe r r two ,  r e l a t i v e  humlditf , and s o l a r  r a d i a t i o n .  
For eeoh of these  o r i t e r i a ,  t h e  39 t r i a l s  were ordered from l o r  t o  high. 
The 20-th oalue i n  suoh a n  order ing i a  t h e  mrdian and t h e  tr ials whioh 
r e r e  below the   media^ were o a l l e d  t h e  "lowH t r i a l a  ( f o r  that meteorologio8l 
o r i t e r i o n )  and those  above were o a l l e d  t h e  @@highw trials. For wind sp8ed, 
temperature,  and r e l a t i v e  humidity, t h e  median (20th)  t r i a l  war a r b i t r a r i l y  
plaoed i n  t n s  high group, but  f o r  s o l a r  r a d i a t i o n  t h e  17 th .  18 th ,  19th .  find 
20th   trial,^ were V i e d t t  wi th  s o l a r  r a d i a t i o n  equa l  t o  1.06 g ~ m - o a l o r i e s /  
o&/minute so  that it was neoenaary t o  plaoe t h e  median (80th) t r i a l  i n  

i t h e  l o w  group. The r e s u l t s  of t h e m  o b s s i f i o a t i o n a  are given i n  Table 4 ,  

1 
T A B U  4:  Summsry of General  Qroup C laaa i f i oa t i on  Data f o r  39 Hwmn Ci ro l e  

Hind speed (mph) 
Temperature (OF) 
Re l a  t ive  

humidity ($1 
So la r  r a d i a t i o n  
(gtn-oel/om2/min) 

?!!he rmgt ia 
L ~ v e s t  value i n  t 

(U) Although it would be possible, a l b e i t  t ed ious ,  t o  perform a n  
a n a l y s i s  of ~ r i a n o d  of these  39 trials based on a four - ray  o l a s a i f i -  
oa t i on  oreated by these  f o u r  p a r t i t i o n s ,  not  a l l  of t h e  ques t ions  answer- 
ed by auoh an a n a l y s i s  would be of umjor i n t e r e e t .  Therefore ,  s e v e r a l  
analyses  of varianoe were performed, based on t h e  fol lowing three-way 
o l a s s i f  i o a t i o n s  : 

MEDIAN 
OF ALL 
TRIAU 

5 .i 
64.1 

42.5 
1.05 

h i s  a m l y s i a  l a  the d i f f ersnae  between t h e  h ighes t  and t h e  
9 grOUF.  

HIGH QROW LX)I OROUP 
Ntlmbe r 
f T r u  

20 
20 

20 
19  

a n  

7.38 
73.0 

53.4 
1.19 

Trials 

19  
1 9  

1 9  
20 

Range* 

8.4 
22.8 

27.0 
0.30 

Mean 

3.18 
58.1 

30.0 
0.73 

Ftange* 

3.4 
10.8 

25.3 
1.00 



8 ,  By r i n d  a p e d ,  t iempentwe, and molar m d i e t i o n ;  end 

3. By r i n d  rpeed, relative humidity, and r o l a r  rediatSon* 

Sinoe it was o l e a r  f r o m  a viuual examination of the  d a b  that r i n d  speed 
had a m J o r  e f f e o t  on b i t i n g  a o t i v i t y ,  wind speed r ae  inoluded i n  a11 
analyrem. 

(U) A three-ray t ab le  of mane  (of bi values) was oomputed f o r  
eaoh of the three  amlyse8 .  Them am given i n  Tables 8 ,  6,  and 7. 

TABIBl 5 :  Three-ray Table of Mean8 f o r  l i n d  S p e d ,  Temperatburr, end 
Relative Humidity Analyrea (COIWIISNTUL) 

TABLE 6 : Three -va y Table of Means f o r  l i n d  Speed, Tempemture , and Solar  
Radiation Analyses ( c o ~ ~ I A L )  

hr Tern- 
perat=e 
High Tern- 
peraturn 

C A m R Y  

- - 
Lor Tern- 

TAR Irn S P ~ n  
Ltow Solar  i High Solar  

HD[)H f '  SPmD IXll HIND SPWD 

I hr Solar  I High Solar  

Low R e l a t i w  
Humidity 

Radiation 1 F k i t i o n  
I number number 

*Missing oornbination (high wind speed, 108 tempemturn, and low 
r e l a t i v e  humidity). 

High R e h t i v o  
Humidity - 

"7701 1 - 0 .3654  10  

w a n  

4 

9 

br Relative 
Humidity 

percrture 0.7562 I High Tern- 

Radiation 

m a n  

0.5190 1.1780 0 3443 

number 
of 

trial8 
mean 

High Relative 
Humidity 

perature 

mean 

Rsdiat ion 

number 
of 

4 

number 
of 

t r i a l a  
mean 

1.8848 

number 
o f 

tr ials 
mean 

number 
of 

t riels 

number 
of 

t r i a l s  



So la r  R a d i a t i ~ n  Anmlyees (CONIIDENXAL) 
- Lm W I N D  SPmD 

Low So la r  / High So l a r  

OATBQORY tJy=-- number 

Lor 
Re le t  ive  
Humidity 

High 
Re l a t i ve  
Humid it y 

of 
t r ia ls  

t ion  
number 

of 
t r i a l s  

HIOH W I N D  sm- 
Lnw solar 1 High 
Radia t ion 1 Radio 

7 

-- 

3oler  
t i on  --- 
i l~mbe r 

of 
trials 

( U )  Analysis  of mr ianoe  of three-way o l a s s i f i o a t i o n n  v i t l .  unequal 
numbsrs i n  t he  o e l l s  is  qot  8 simple mat ter .  It does no t  a r i s e  f r equen t l y  
i n  exper imenta l  d a t a  where t h e  oon t ro l  of t h e  f a o t o r e  enables  t h e  e x p e ~ i -  
msnter t o  keep t he  o e l l  numbers e q w l ,  but is  q u i t e  l i k e l y  t o  a r i n e  ic 
o b S e r ~ t i o n 8 1  da t a  where t h e  f a o t o r s ,  suoh as msteorologioal  o o n d i t i o m ,  
a r e  r e l a t i v e l y  uncontrol led .  The l e a s t  oomplex and perhaps most ~~~n 
oase is t he  one he r e ,  where eeoh of t h e  t h r e e  f a o t o r s  is a t  two leve l@.  
Furthermore t h e r e  were no trials a t  high wind apeed, low temperature,  and 
l o r  r e l a t i v e  humidity as oan be seen by no t ing  t he  missing 0.11 i n  t h e  
f i r s t  a n a l y s i s  (Table 5) . Thi s  is  not  s e r i o u s ,  a l though it means thrt 
t h e  t h r ee - f ao to r  i n t e r s o t i o n  of r i n d  speed,  temperature ,  and relcrt ive 
humidity dannot be es t imated.  A f u l l  expos i t i on  of t h e  analyses p a r f o m d  
on t he se  d a t a  is given i n  t h e  Appendix and t he  r e s u l t s  of these  ana lyses  
a r e  presented i n  Tables 8, 9 ,  and l0. 

(c) If t h e  t h r e e  ana lyses  a r e  oonnidered t oge the r  it is o l e a r  the% 
high wind speed was assoo ia ted  wi th  s i g n i f i o a n t l y  lower b i t i n g  a o t i v i t y .  
The ef i e o t  of i e m p e r e t u r ~  is aarnevhat obsoured by the tampai-*t-ui=-rele- 
t i v e  humidity (T x H) i n t e m o t i o n  (Table 8) whioh is s i g n i f i o e n t l y  
negat ive .  Th is  may be a r e s u l t  of t h e  f a o t  t h a t  H ( r e l a t i v e  humiditg) 
is  no t  a n  independent va r i ab l e  but  is i n t r i n s i o a l l y  r e l a t e d  t o  T (+em- 
pera tu re )  . High temperature was saaoo ia ted  wi th  h igher  b i t i n g  u o t i v i t y  
t han  was low temperature (Tables 8 and 9 ) ,  e s p e a i s l l y  when s o l a r  rcrdfa- 
t i o n  was r e l a t i v e l y  oonstant  and humidity we8 va r i ab l e  (Table 9).  But 
t h e  s i g n i f i o e n t l y  negat ive  T x H i n t e m o t i o n  i n  t h e  first an6Pysis 
 a able 8)  i nd ioa t e s  t h a t  h igh  temperature was assoo ia tbd  wi th  6 smal le r  
inorease  i n  b i t i n g  a o t i v i t y  a t  high humidity t han  a t  l o r .  Data i n  t h e  
first of the t h r ee  t a b l e s  of mean8 ( ~ a b l e s  5 ,  6 ,  and 7) .  show t h a t  h igh 



Rind a p e d ,  W 
Temperature, 1 
Re la t ive 

Humidit$, H 
U x T  
H x H  
T x H  
BDrror 
I- 

*Not aignif ioant .  

TABLE 9 :  Srrtmrrrrg of the Results of the A n a l g a b  by Wind Speed, Temperature, 
and S o l a r  b d i s t  ion  (cOWTDIWKUL) 

STANDARD 
ERROR GF 
mm"P 
0 .a189 
0.8163 
0.8189 

*Not s i gn i f  iosnt  

  TIM^ 
m~ 

-0.7 ~ 8 7  
0.4961 

0 .  $848 
negative 
n e w t i v e  
negative 
pos i - t  ive  

APPROXIBUL!rR 
PROBABILITY 

4 1 
( 8  

( ao 
NS* 
( 1  
NS 
NS 

P-WLLm 

13,116 
5.168 

B .a01 

W ; T x V  
Blrror 0.4561 

- 
SQUARI 

8.9816 
8.3843 

1,0041 

t 

SOURClP 
t 

Wind s p e d ,  I 
Temperstupe , T 
S o l a r  

Radiation, v 

DBQRmS 

PmmM 

1 
1 

1. 



Wind Speed, I 1 
Re l c t ive  

r iu r id i ty ,  H 
3 o h r  

Ebdi&tion,  V 
W x H  1 
w x v  1 
N s V  1 

U x H x V  

- 
*Not s i g n i f i d a n t  

3.4061 
nsg . t iva  
negat ive  
p o a l t i v e  
nega t ive  

temperature no:ually res a s s o c j a t e d  wi th  a deareaes  i n  b i t i n g  aot . ivf ty  
a t  h ieh  humidity .3  E t  ipyeara  t h a t  b i t i n g  a o % i v i t y  l a  h,ghest on wgm, 
dry  days ; horever  , s h o e  t o a t  oond i t  ions  never inoluded oolnoident  high 
tsmpelpturee -- and high humidi ty ,  t h i s  l a n t  f i ~ d i n g  should not  be oonvtrued 
t o  mwn t h a t  b i t i n g  ra tef t  would be less on warm, moist days t h a n  on ram, 
dry days. APthaugh i n v e s t i g e f o r s  have oons ie tonf ly  l i s t e d  r e l a t i v e  hu- 
midi ty  as an important  faotor  i n  the s u r v i v a l  of A .  a e g y y t i ,  l i t t l e  men- 
t i o n  has b e ~ n  mde of i ts  effeot on veo to r  a o t i v i t y  f o r  t h e  f i r s t  day 
fo l lowing r e l e a s e .  

(C!; Aside from t h e  deorease in b i t i n g  a a t i v i t y  a s s o o i a t e d  wi th  h igh 
wind apead,  t n e  moat s t a t i s t i o a l l y  s i g n i f i o a n t  r e s u l t  was t h e  negat ive  
i n t e r n o t i o n  of r i n d  speed and s o l a r  r a d i a t i o n  ( W  x V i n  t h e  sesond and 
t h i r d  s n a l y y e s ,  Tables 9 and 10). Sinoe r l n d  speed is o e r t a i n l y  n e ~ a t i v e  

.- --- 
*his po in t  p e r b p s  needs f u r t h e r  ~ l a r i f  i o a t i o n .  Whereas absolute hu- 

midi ty  is' a n  indspendunt8 m t e a r o i s g i o s l  v a r i a b l e ,  m l a t l v e  humidity is  
&+pendant 50 a l a r g e  e x t e n t  upon tempemturo.  S h o e  Dugmy Provina Ground 
l i e n  i n  a o o n t i n e n t a i ,  high I a t i t u d e  d e s e r t ,  t h e  oombination of h igh t en-  
peraturc; & high humidity is ran, and r a s  n o t  enoauntered i n  t b i e  $eat. 
As a r a s u l t ,  tho  g r o u p h g  of "highn tempemture  tr ials  able 4) i n  o r d e r  
of i n o r e a s i n g  tampsrat\we is  a s ~ o o f a t e d ,  i n  g s n e r a l ,  w i t h  dea reas ing  "highn 
r e l a t i v e  humidities, Thus, t h e  s t a temsn t  m d e  above tht *high tempera- 
t u r e  a o t u a l l y  was aseoo ia ted  with  a deoreass  i n  b i t i n g  a o t i v i t y  a t  high 
humidity (over  that snoountered a t  low humidity)" r e a l l y  meam t h a t  lower 
b i t i n g  a o t i u i t y  arsrs reoordsd a t  h igh  humidity beosuse the temperature was 
lower end n o t  beoause t h e  humidity was higher .  



a t - h i a h  -atha,- that at  low s o l a r  r r . d i a t i o u .  Thub t h e  idea of nlg.? s o l a r  
m d i a t i o n  a o t i n g  8s a c t i u n t e r r a t a n t  t o  a w i ~ ~ d o h i l l  f a o t o r  ( 9 ) .  suoh that 
h i ~ h  rolar r a d i a t i o n  would . tend t o  n u l l i f y  t h e  a o o l i n g  e f f e o t  cf the wind, 
doem n o t  r p p a v r  t r m b l e .  W l f h a ~ t  S u r t h n r  i n t a r p r o t a t i o n ,  a l l  t h a t  o r n  be 
s a i d  h e r e  is that b i t i n g  a o t i v l t y  is h i ~ h e a ' t  on  days af" ' 0 7  w i r d  s p e d  
and h igh  s o l a r  r a d i a t i o n .  

ACCUMULATION OF ET'l'IPS TN TIMI (~ti1'!W*S UG~'HOD~) 

(u) h o ' a  6 r A l g ~ k ~  doaa n o t  g i v e  a o o a p l e t s  d e r c r i p t l o n  a6 tt 
f u n o t i o n a l  r e  'stionship betwean t i a e  and t o t a l  bite8 . Therefore,  he 
f o l lowlng  modr)l was d e r i v e d  :6 

where, 
X i j  - t h e  t o t 3 1  aaoumulsted number of b i t e a  obtcrlnod i n  t h e  i - t h  

trio1 by t h e  j - t h  t ime ,  r h e r e  i = 1, 2 ,  .,.n and j - 1, 3, ... m; 

ni = t h e  nunbsr  of mosquf.toea r e l e a n e d  i n  t h e  i - t h  t r i a l ;  

t i j  = the  j - t h  tilate i n  t h e  1 - t h  t r i a l ;  

(u) The hman  o i r o l e  d a t a  from 28 t r i a l a  (A-1C) th rough  18, 2Q th rough 
23, 25 t f ? ~ ~ ~ g h  27, 9 ,  31 34 through 3'Y 40 t h r o u ~ h  41, 43, find 45 through 
47; were f i t t e d  t o  t h i s  model and v a l u e s  o f o ( i ,  1, and 5 rum datar-  
mined by t h e  method of  minimum o h i - s q w r e ,  

-- 
4por  a oomplete d e s o r i p t i o n  of  t h i s  model,  s e e  t h e  Appendix, 
%%is w d e l ,  aa used, ie a rneth3c'. of  e s t i m a t i n g  t he  i n i t i a l ,  prl&ry 

e f f e o t s  f o l l o w i n g  t h e  ro l tmae  of s t a r v e d  veo to ra  i n  t h e  n e a r  ; i o i n i t y  of 
human s u b j e o t s .  A s  u t a t s l  e a r l i e r ,  t h e  pr imary e f f e o t s  must t a k e  
i n t p  o o n s i d e r a t i o n  tb.9 a , i t i t e  l i f e  span  of t h e  r e l e a s e d  v e a t o r  and, 
t h e r e f o r e ,  a r a  beyond t h o  soope of t h i s  modal, 
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o r i t m r i a  : wind speed,  t m a y a m t u t e  , r e l a t i v e  humid i ty ,  find s o l a r  i a d i a t l o n .  
Tho 2d trihls were ordored  from "lorM t o  "h ighN f o r  t h e  f i ra t ,  t h m e  o r  
t h s a a  o r i t s r i a ;  t h e  1 4  l o w r  t r t a l a  wero a a l l e d  t h e  low t r i a l a  and  t h a  14 
h i g h e r  trials were o a l l e d  t h e  h igh   trial^. The 1 2 t h .  13th, 14th. and 1 5 t h  
t r i a l s  had oq-1 u o l a r  r a d i a t i o n  eo t h e  lower 15 tr ie ls  were o a l l e d  low 
s o l a r  r a d i a t i o n  and the upper 13, h igh .  The r e a v l t s  of C h e a ~  o l a a r t i f i -  
o a t j a n s  am g i v e n  i n  Tabla  11, 

TABU 11: Sunxmry c f  O s n e m l  Group C l s s a i f i c a b i o n  
Mtri f o r  28 T r . \ a l s ,  BW 4159 ( G O N F I D W S A L )  

Wind Speod (mph) ' 2.93 ( 3 , l  
Temperature ( 'F) 

R e l a t i v e  Humidity ($) 

(L1- 
T h e  range  i n  t h i s  a n a l y s i a  is  t h e  d i i f g r e n o e  be- 

t r e e n  t h e  higaleat and t h e  lowes t  va lue  i n  t h e  group.  

(U) h o  a n a l y s e s  of a r i a n o s ,  similar t n  thoee  d i s o u s s e d  i n  t h e  
a m l y e l a  of the bi v a l u e s  ( m o ~ i f i a d  Rao method) were perfor*msd on t h e  
y i M ~ U ~ E I .  Tha two a m l y e e s  were by wind s p e e d ,  t empora tu rn ,  and 
r s l a t i c e  humidi ty  ; and by wind s p e e d ,  ternpew+-ure , end s o l a r  r a d i a t i o n .  
The t a b l e s  of  m a n s  f o r  the  F i ts  a r e  p r e s e n t e d  i n  Tah1 .e~  1 2  and 13. 

TABIgl i2 : Tab le  of geana f o r  Find Speed,  Teupex8ature,  snd  R n l a t i v e  Humidi ty,  

-- -- - - - - - 

i /  ow h l a t i v o  j ~ i g h  R e l a t i v e  

I I --:~------ 
"Lliseing oombinab ,~n  h i a h  w i t d  speed,  l o  

humid i ty ) .  

HIGH WIND S P ~ D  
. -- 

Low R e l s t f  ve I High R e l a t i v e  
- Humidity Hwnid it 

number n z b ~  
mean of  mean o f  

t r ia ls  tr ials 

I I I 

t ampera tu re  , and  low r e l a t i v e  



TABMI 13 : Tsbke aP Weans f 2r Wind Speed, Fernperaturn. and Solar Radiation,  

.---- -- LOR VGLMD SPmD 
-- 

-- HIGH WIND 2PI@!1) 
Lowt' o la r l a w  Solar High Solar ' 

SI'adlation Ynl.ue Rsdistioa-Value Radiation W --- -.,--- 
ntmbo r mum1 

mean s f mean o i 
$rials +,ria - 

I 

( U )  ?he racrdor shoul,d i n t e ~ p r e t  these mean values as being estimates 
of  t o t e l  >dr;es per mosquito if the time of exposurs were extsnded lorlfi 
anouqh& The r e s u l t c  3f 'the ana lyses  are given i n  Tables 14 and 15. 

TAR- 1.4: C,umary of Results of Analysis by Wind Speed, Teuperrm- 
ture , 8r.d Raltrt5.ve Husidity , BW 459 (SONFIDEN!?IAL) 

SOURCE 

p o s i t i v o  
p o s i t i v e  
p o s i t i v e  I 1 

I fi"p&iive I 

SECRET 



TbBIIfl 18: Swmrj ~f Reau1.t~ of A n a l p i 8  by Wind Spee6, Tempera- 
t u r e  , an4 S o u r  Radiat ion ( C S l b a k U 9 ~ 1 ~ L )  

Wind Speed, I 
Teaperaturs  , T 
Scriar 

%d ia t i on ,  V 
W x T  
I x V  
T x Y  

I r T x V  
l r r o r  

nega t ive  
pos i t ivo  

pos i t ive  
pae i t ivo  
negat ive  
negat ive  
pos i t i ve  

(C)  As i n  t he  a n a l y s i s  of the b i  va lues ,  it i s  c l e a r  t h a t  h igher  
wind speed is a s soo i a t ed  a i t h  8, lower b i t i n g  a o t i v i t y ,  and t h a t  b igher  
temperature is  assoc ia ted  wi th  a g r e a t e r  inorease  i n  b i t i n g  a c t i v i t y  
when t ha  r e l a t i v e  hl,miditp is 10-3 t han  when the  humidity is  high (see 
t h e  negat ive  T x H e f f e o t  i n  Table 14 and t he  preoedmg ciisoussion on 
page 52 ) - Again, t h e  V x V hwlitmcztion (Table 15 )  Is s i g n f f  i o a n t l y  
negs t ive ,  i n d i c a t i n g  thcrt ihe  e f f e o t v  of r i n d  speed and s o l a r  r a d i a t i o n  
are o:,phrsed i n  tln sense  that highor  wind apesd is assoo ia ted  a i t h  8 

g r e a t e r  deoreese i n  h i t i n g  aot.ivf:y when s o l a r  r a d i a t i o n  is high than  
it is  when s o l a r  r a d i a t i o n  is low, Tn is  apparent  paradox ass unax- 
pected and ,  as of t h i s  time, remains u e x p l a i n e d .  

(U) The same t.ro ana lyses  of variangs were performed on t he  values 
of log  t i c *  ( the  time a t  which t h e  b i t i n g  prooees would efid), but t h e  
r e s u l t s  rsre iuaonolus ive .  This  is f u r t h e r  oomplioated by t h e  h o t  that 
a large t i** tm y be in te ldgre ted  as representiag a long b i t i n g  period s iSt ;  
nxiaratu n r  low b i t i n g  a o t i v i t y .  A s tudy of t h e  ti** valuoa would k v e  
i n t r i n s i o  fundamental I n t e r e s t ,  but t h e  i nhe ren t  v a r i a b i l i t y  of t he se  
q u a n t i t i e s  i s  suoh dsi t o  r e ~ u i r e  wore da t a  than  a r e  p r e sen t l y  a v a i l a b l e  
f o r  meaningful oonaluuions t o  be reaohed. A possibility f o r  f u t u r e  i n -  
ve s t i ga t i on  is t o  examine t h e  quan t i t y  $' i i t i**.  

(U) No a?\a lysfs  o: t h e  value$ ~f log  ti* ( t he  time st wliioh t h e  
b i t i n g  praoess would b b g h )  was performed. 
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have & i n  o b t a b d  h.dAthe mampltng pa;iod bean eriendnd i a  oompletion 
( i n  t h e  i n i t , f a l  p r i m r y  bit.iilg period!, it rea found t h a t  the  t o t a l  
number of b i t e a  observed i n  t h e  30-minute sampling period averasggad 81 
por oent with  a range extending from 44 t o  97 per s e n t .  (One t r i a l ,  
4-22, whioh obviously d i d  no t  f i t ,  was t,xolr\csd fxbom th sa  arr ;sot .) 
Themfore ,  s inoe 81 per 0s 4, of t h e  expwted  b i t oa  were m o e i  cad i n  t h e  
30-minute sampling i n t e r v a l ,  it appears t h a t  t e s t  periods of t l ~ i s  lr ~ g t h  
should provide adequate data + n  future f i e l d  t e s t i n g .  Thia is important 
s h o e  p a r t h i p a n t  i n t e r e s t  o m  be mindLained a t  a m t t i ~ r  h ~ g h  m t e  f o r  
30 minutes ( a s  observed on t he se  t r i a l s )  whi.ie t h : - i r  i n f e r e s t  and aoouraoy 
would tend 30 deol ine  i n  1 rngsr perkods . 

(u) The t r a p 8  i n  t h e  t r a p  o i m l e e  were q u i t e  ahiny and t he r e fo re  
bypaasen t h e  know11 a t t r ~ o t i o n  of A. aegypt i  t o  dark ob jeo t s .  How ver ,  
t h e  t r a p s  d id  a f fo rd  s e v e r a l  o they a t t r a o t i o n  i a o t o r s .  There inoluded: 

1. BLllk. The t r a p s  oons t i t u t ad  r e l a t i v e l y  l a rge  bodies on t h e  
f let d e s e r t  f l o o r ,  e speo i a l l y  i n  $he sparse ly  vef;atated areas pioked f o r  
these  t r ials .  

2. She l t e r .  Tho t r a p s  afforded pro tz3 t ton  bath  %ram d i r e c t  
sun l i gh t  and frcm wind, This  f a o t a r  o m  be f u r t h e r  separated i n t o  shade 
and windbreak. 

3. Bait. Guinea pigs  were supymted  i n  t he  oen te r  of eaoh 
ba i ted  t r e p .  They furnished moisture and oarbon dioxide g r ad i en t s ,  
o l f ao to ry  s t i m u l i ,  end visual s t i m u l i  ( they oould be semi and they 
moved somewhat, a l though t h e i r  range of movement was l im i t ed ) .  

(u) A t o t a l  of 35 tr ials (A-7 through A-13, A-15 through A-31, 
A-33 through A-41, and A-51 through A-52) were used i n  t h i s  a ~ l g s i s .  
Each t r i a l  oonsis ted of clbservations sf two rings-.-one wi th  ba i ted  
t r a p s  and t h e  o the r  wi th  unbaited t r a p s .  One hundred mosquitoes were 
ralaasad from t he  ~ e n t e s  of a given r ing  ci 1 d  t r a p s  and a f t e r  50 min- 
u te s  t h e  number of entrapped mosquitoes were oounted. If ri i s  t h e  
otiserved t o t a l  number of trapped m ~ s q u i t ~ o e s  hc t h e  i t h  t r i a l  &nd n i  
f Y t h e  number re leased ,  then  p i ,  t h e  propor t ion entrapped i n  t h e  i t h  
t r i a l ,  is: 

This  p i  was then transformed t o  

whioh has oonstant  varianoe.  Howe-ser, t he r e  would ba b i a s  i n  t h i s  y i  



vmrw; mrrmxom, t o  o o r m o t  f o r  t h i s  b i a 6 ,  p i  n a  f i r a t  modified t o  

The resulting y i  values w e n  then  subjec ted t o  an  a n r l p s i a  of varianoe. 

(c) The 35 t r ial6 ( e m h  o o m i ~ t i n g  of a pair of t m p  r inge)  were 
o l a s s i f i e d  on the  b u i ;  of two meteorologio81 u r i t s r i a :  r i n d  speed and 
s o l a r  r ad i a t i on .  These were s e l eo t ed  s i r  l e  the  a n e l p s i s  of t he  b i t i n g  
r a t e  on humans had indioated t h a t  these  two o r i t s r i a  would prabably 
a f f e o t  t rapping reoover ies  t h e  moat. The 36 t r i a l s  were ranked from 
alowN t o  "high," and t he  tr ials  below t ? e  median were o a l l e d  1c o and 
those above were o a l l e d  high,  f o r  t h e  given o r i t e r t o n .  $or r i n d  speed, 
t h e  median +,rial was a r b i t r a r i l y  plaoed i n  - ie low group, but f o r  s o l a r  
r a d i a t i o n  a " t i e n  m d e  it neoeasary t o  plaoe the median t r i a l  i n  t he  
high group. The m a u l t s  of t h e m  o l a s s i f  i o e t i o n s  a r e  given i n  Table 16. 

TABLE 16:  C l a s s i f i o a t i o n  C r i t e r i a  f o r  Baited- Versua Noc- 
baited-Trap Data (UNCLASSIF'UW) 

I 1 I I I I 
*Range as used i n  t h i s  a n a l y s i s  is the  d i f fe renoe  be- 

tween t he  highest  and t he  lowest value i n  the group. 

CRITBRION 
r 

(U) For  eaoh trial, both t h e  s;;m of and t he  d i f fe renoe  between t h e  
two yl  -values (baited-nonbaited) were computed. The meana of these 
values ,  o l e s s i f i e d  by meteorologioal  oondi t iona,  are presented i n  Table 17. 

TABLE 17: Keans of Sums and of Differenoes  i n  Bsited- Versua Nonbsited-Trap 
Data (UNCLASSIFIED) 

MEDIAN OF 
ALL TRIAIS 

BAITED + NONBAITIOD (BAI~TBID - NONBAITED 
Low Vind Speed High Win: Speed Low Wind Speed High Win: Speed 

numbe r z~umbe r number 
man o f mean of mean of 

trials trials tr ials t r ia ls  

1.2996 7 1.2038 8 0.1269 . 7 0.0797 8 
Hiph 1.2894 11 1.1796 0.2192 11 0.1278 9 1 

. UlW GROUP I HIGH GROUP 
Mean I Range* 1 Mean I Range* 

I 1 1 
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di f fe ranoea  wore  p o s i t i v e ,  i nd ioa t i ng  that ba i t ed  t m p s  08ptured more 
mosquitoes then  d i d  nonbaited. The d i f fe renoa  is more pronounoed a t  
high s o l a r  r a d i a t i o n  than  a t  low and i u  leas pronounaed a t  high wind 
speed8 t han  a t  low. Deta i led  ana lyses  of these  and o t h e r  f ao to s s  a s r e  
then  performed t o  examino t h e i r  aignifiosrnoe. 

(u )  F i r s t ,  a s t ra igh t fo rward  a n a l y s i s  of varianoe of t he  70 yi 
values  was performed. The r e s u l t s  a r e  given i n  Table 38. 

TABLB 18: Standard Analysis of Varianue of k i t e d -  Versus Nonbaited-Trap 

Yeteorologioal  groups,  U 
T r i a l s  w i th in  meteorolo- 

g i o a l  groups, T 
Baited versus  nonbaited 

t m p s ,  B 
B x M  
B x T  

T o t a l  
I I 

*Not s i g n i f i o a s t .  

( U )  The e r r o r  term f o r  M is T. The e r r o r  term f o r  the o the r  souroe: 
i s  B x T. It is i n t e r e s t i n g  t o  note t h e  s i g n i f  i o a n t  F-value f o r  T (3.00: 
t h i s  i nd ioa t e s  t h a t  day-to-day v a r i a b i l i t y  w i th in  ereteorologioai  groups 
is s i g n i f i a a n t l y  g r e a t e r  t han  t h e  r i ng - to - r i ng  v8r iabi l : I ty  wi th in  days. 
Therefore  it is important not  t o  pool T and B  x T i n t o  a s i n g l e  e r r o r  
term, b u t  r a t h e r  t o  use T as t h e  e r r o r  term f o r  oomponents of M and t o  
-.-A 

Uaw B r T as the sr=.s=. t e x  f'cr 30th R end thcr nomponents of B x Y. The 
P-value f o r  B  (5 .92 )  i n d i c a t e s  t h a t  t h e  previously  s t a t e d  h igher  trappin1 
r a t e  f o r  ba i t ed  t r a p s  is s i g n i f  ioant.. 

(u)  The a n a l y s i s  of m r i a n o e  shown i n  Table 1 8  was extended, by 
~;ubdiviaPons  sf U end B x  M aomponents, t o  provide f u r t h e r  information.  
Components of M give e s t ima t e s  of t h e  a s s o o i a t i o n  of  wind speed and 
s o l a r  r a d i s t i o n  wi th  t r app ing  r a t e s  f o r  ba i t ed  and nonbeited t r a p s  t o -  
ge ther .  Components of B x M give  estimertes of t he  s s s o a i s t i o n  of the  
inorease  of t r spg ing  r a t e  of ba i t ed  over  nonbaited traps with  these  two 
metearologfoal  oondi t ions .  The r e s u l t s  of t h i s  extended a n a l y s i s  e r e  
given i n  Table 19. 



hit6 d-  Versus Nonbaited-Trap 
Data (WL~SSIFIIRD) 

- 
DIw£mEs 

SC W E  Or F-VALUE SQUARE F r n D O M  

w x v  
I r r ~ r  (a) 

Baited versua non- 
ba i t ed  t r a y s ,  B 

~ X R  

b x V  
B x l l l x V  
Er ro r  (b )  

( C )  E r r o r  ( a )  is the  appropr ia te  e r r o r  term f o r  I, V ,  and 1R x V; 
e r r o r  (b)  i s  the appropr ia te  e r r o r  ~ d r m  f o r  B,  B x W, B x V ,  and 
B x W x V. It is ~ n t e r e f i t i n g  t o  note t h a t  1 and W x V a r e  not  s i g n i f i -  
oan t ,  oon t r s ry  t o  t he  f i nd ings  on b i t i n g  a o t i v i t y  wi th  human vo lun tee rs .  
Thus wind speed and i t s  i n t e r a o t i o n  wi lh  solar r a d i a t i o n  a r e  apparen t ly  
no t  assoo ia ted  with t r app ing  r a t e s ,  e l thouah  t h e y  a r e  s s s o o i a t ~ d .  wi th  
S i t i n g  m t i v i t y .  Again, a l though B i s  a i g n i f  i oan t  (trapp! ng r a t e s  a r e  
h igher  wi th  ba i tdd  than  wi th  nonbsited t r a p s ) ,  t h e r e  i s  no evidenoe of 
i n t e r a o t i o n  of B wi th  wind speed and s o l a r  r ad i a t i on .  

( U )  The ba i t ed  t r a p s  aaptured s i g n i f i o a n t l y  Lore mosqu~ tae s  t han  
d i d  t h e  n ~ n b a i ~ e d .  koreover,  it seems l o g i o a l  t c  a s o r j  be t h e  bas ic  
value ol any t r a p  t o  bulk and s h e l t e r ,  and t h e  d i f f e r e l m  between non- 
ba i t ed  and h i k e d  t o  t h e  s p e o i f i c  a t t m o t i o n  sf t h e  b a i t .  Thus, the 
a d d i t i o n  of b a i t  does not seam t o  be of paramount importanoe,part iou- 
l a r l y  s i no r  +,ha e f f a o t  of b i t i n g  38s m t  f 0 ~ 4  %O be af2eate3 33 d n d  
speed and r 2lar r a d i a t i o n .  These r e s u l t s  s u b s t a n t i a t e  and enlarge  t h e  
obse7vation t h a t  A. aegypt i  w i l l  first sebk ou t  bu i l d ings ,  veh io l e s ,  
and o the r  bulky o<jeots on t h e i r  v i s u a l  h o r i z m .  

(C) S i  ~cca higher  wind speeds were oonsis  t .m t ly  e s soo i a t ed  a i t h  
lowere' b i t ~ n g  a o t i v f t p ,  the e f f e o t  of wind d i r e o t i a n  wi th  regard  t o  
sp t i c i f  i o  r i n g  l ooa t i ons  was i n ~ e s t i g s t ~ r d .  I n  T r i a l s  A - 1  through A-31, 
t h e  number one pos i t i ons  were t h e  northernmost p o s i t i o n s ;  from T r i a l  
A--32 on ( t o  f a o i l i t a t e  a n a l y s i s )  t h e  number one y o s i t i c n s  were l oca t ed  
a t  the  f a r t h e s t  point  upwind. It must be kapt  i n  mind that t h e  wind 
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f o r  t h e  gene ra l  arsr and oould have been d i f f e r e n t  a +  t h e  t h r e e  o i r o l e e .  
Furthermore, t h e  r i n d  d i r o o t i o n  a t  t he  beginning of t e s t i n g  was no t  ne- 
o a s s a r i l y  tho  same e i t h e r  dur ing  t he  in te rven ing  period o r  a t  the  end 
of t h e  Test .  However, these  d a t a  ahould average ou t  we l l  enough t o  
show the  e f i e o t  of wind d i r e o t i o n  on b i t i n g  and tmp oap tures .  It 
should be f u r t h e r  borne i n  mind t h a t  h igher  wind speeds would tend t o  
be more oonshant i n  d i r s o t i o a  t h n  t he  l o o a l  vagar ies  of low ve loof ty  
winds. 

(US The oounts f o r  t he  t h r ee  upi ind r i n g  pos i t i ons  were segregated 
from t h e  oounts f o r  the  t h r e e  downwind poo i t ions  f o r  eaoh t r ia l .  That  
i s ,  eaoh r i n g  of traps yie lded two values : t h e  number of mosquitoes 
entrapped upwind and t h e  number entrapped downwind (eaoh value based 
on 3 t r a p s  f o r  30 minutes). -oh r i n g  of humans a ? e o  yie lded two values :  
t h e  number of  b i t e s  u p i n d  and t he  number of b i t e s  downwind (eaoh value 
based on 3 humsn sub j eo t s  i n  30 minutes) .  The l a t e r a l  r i n g  pos i t i ons  
were no t  oonsidered.  

B i t e s  on Human Subjeots  

(u) I n  t h i s  a n a l y s i s ,  t h e  d i f f e r enoe  (downwind - upwind b i t e s )  was 
d ~ v i d e d  by t h e  sum (downwind F upwind b i t e s ) ,  This  was done f o r  35 
tr ials ( the  same tr ials  used i n  t he  modified Rso method l e s s  four--  
T r i a l s  A-19, 24, 32, and 39;  i n  these  l a t t e r  f o u r  tr ials,  t h e  sum, 
downzind + upwind b i t e s ,  was zero  and t he  r a t i o  oould no t  be oomputed.) . 
The t a b l e  of means of these  r a t i o s  is  presented a s  Table 20. 

TABU 20: Table of Means of Ra t ios  of ~ i f f e r enoes /Sums  of 
Upwind Versus Downwind B i t i ng  An t iv i t y  
(C ONFIDENTIAL) 

Low S o l a r  R d i a t i o n  1 0.3673 / 1: 1 0.4498 1 
High S o l a r  Radier+don 0  .4096 0.5058 

(c )  Since t he se  means a r e  p o s i t i v e ,  they i n d i c e t e  a n  ap  a r s n t  yro- 
pensi ty  of mosquitoes f o r  downwind l oaa t i ons .  Whether o r  not  t h i s  pro- 
pens i ty  was s i g n i f i c a n t  o r  whether it was a f f eo t ed  by wind speed and 
s o l a r  r a d i a t i o n  was t h en  oonaidured by sub jeo t ing  t h e  d a t a  t o  an  a m l y -  
sis of var ianoe.  The r e s u l t s  a r e  g iven i n  Table 21. 

HIGH WIND SPEED_- 
Numb e r I o f  T r i a l s  - - - - - - 

I I I I I 

LX3W ' 'IND SPEED -- 
Uumbe r 

Me'n 1 of Trial .  



TABUP a l :  Analysis  of Varianae of Ratio8 o r  U l r X b r w n ~ a a , ~ ~ -  

of Downwind Versus Upwind B i t i ng  Aot ivi ty  
( C O W I D ~ I A L )  

FJ-. 1 I 
*Not s i g n i f  i o a n t  . 

r 

SOURCE 

Direot ion,  D 
D x l l  
D x V 

D x W x V  
B r r s r  

(0) The F-value of 12.495 is  s i g n i f i o a n t  a t  t h e  0.01 l e v e l  of probs- 
b i l i t y  and ind ion tes  that t h e m  were s i g n i f i o a n t l y  more b i t e s  a t  t h e  
d w n r i n d  then a t  t h e  upwind loan t ions  and tht t h i s  war not  a f f e o t e d  by 
e i t h e r  r i n d  apeed, s o l a r  r a d i a t i o n ,  o r  t h e i r  i n t e r ao t i on .  

F r n D O U ,  

1 4.50St 12.495 pos i t i ve  
1 0.0696 <1 #S porritive 
1 0,0208 11 NS pos i t i ve  
1 0.0004 (1 NS poe i t ivc  

3 1  0.3606 

( U )  To i nves t i ga t e  t h e  a s soo i a t i on  of r i n d  d i r e o t i o n  wi th  t r a p  
oap tures ,  t h e  ba i ted  t r a p  oaptures  from 35 t r i a l s ,  T r i a l s  A-7 through 
A - 1 3 ,  A-15 through A-31, A-33 through A-41, A-51, and A-52 ( the  same 
tr ials as .In t h e  s eo t i on  e n t i t l e d  BALTBlD VERSUS NONBAITED TRAPS) were 
oonsidered. For saoh r i n g  of ba i ted  t r a p s ,  t h e  t h r e e  30-minute upwind 
t r a p  oaptures  wen, t o t a l e d ,  as were t h e  t h r e e  downwind t r a p  oapturas .  
A  square roo t  t ransformet ion was t h e r  msde of eaoh am, and f o r  aaoh 
t r i a l  t h e  d i f f e r enoe ,  d ,  was oomputed, v i z . :  

--- 
d  -1/Downwind t o t a l  - f i pa ind  t o t a l  

( G )  These Jii?fai=aneas %ere enslymd i n  t h e  same way as were t h e  
analogous q u a n t i t i e s  f o r  t h e  humsn-baited r i ngs .  It i s  n o t  na6aasaZ-r to 
give t h e  r e s u l t s  i n  g r e a t  d e t a i l ,  exoept t o  s ay  t h a t  wind d i r e o t i o n ,  D ,  
was highly  e i g n i f i o a n t  ( a t  t h e  0 . O 1  p robab i l i ty  l e v e l )  but  D x R,  D x V, 
and D x  I x V were n o t ;  t h i s  i nd ioa t e s  t h a t  mosquitoes p r e f e r  downwind 
ba i ted  t r a p  t a r g e t s  ( a s  i n  tho osse f o r  human targets) end t h a t  t h i s  
propensity is  unaffeoted by e i t h e r  wind speed,  s o l a r  r a d i a t i o n ,  o r  t h e i r  
i n t e r a ~ ~ t i o n .  

(u) It may be we l l  t o  point  out  t h a t  t h e  va r i sb l e s  oonoerned here 
d e a l  with t h e  r e l a t i v e  a t t r a o t i v e n e s s  of v i s u a l  versus o l f ao to ry  fuo tore .  
A 1 1  of the  m n  and t r a p s  o f fe red  v i sua l  a t t r a o t i o n  (bulk ,  o o n t m a t ,  
shadow), b u t  t o  t he  mosquitoes re leased i n  the oen te r  of t h e  r i n g ,  only  
t h e  upwind pus i t i ons  o f fe red  o l f ao to ry  s t i m u l i .  Therefore ,  it a p p ~ u m  



REMESSION ANALYSIS OF TOTAL BITES 

Regress ion  on  Lle teoro logioa l  Cvnd i t l ona  - 
(c)  The reoorded  b i t i n g  d a t a  from 39 t r ia l s ,  T r l a l a  A-7 and A - 1 0  

t h rough  A-47, r a r e  ana lyzed  by a m u l t i p l e  r e g r e s s i o n  a n a l y s i s .  Thb 
mode 1 

was f i t t e d  where : 
y = t o t a l  number of b i t e s ,  

H = r e l a t i v e  humidi ty  I%), 

T = t empera tu re  (OF), 

W = wind speed  (rnph) , 

V = s o l a r  r a d i a t i o n  (g ram-oa lo r i e s  p e r  om2 
p e r  minuts  ) , and 

a ,  b ,  o ,  d ,  and e  are partial r e g r o s s i o n  o o e f f i -  
o e n t s  de te rmined  by t h e  method of l e a s t  s q u a r e s .  The r e s u l t s  were: 

d = -5.387, d / sd  = -2.77, and 

The r igh t -hand  o o l u m  immediately above g i v e s  t h e  r e s u l t s  of  d i v i d i n g  t t  
o o e f f i o i e n t s  by t h e i r  s t a n d a r d  e r r o r e  and i t  i n d i o a t e s  that  t e m p e r a t u r e ,  
wind a w e d ,  and s o l a r  r a d i a t i o n  a r e  b e t t e r  " p r e d i o t o r s "  of t o t a l  b i t e s  
t h a n  is  r e l a t i v e  humidi ty .  Beoause of  t h i s ,  a t t e n t i o n  was t h e n  oonoen- 
t r a t e d  on  t h o s e  t h r e e  r e w i n i n g  me teo ro log ioa l  v a r i a b l e s .  

(u)  I n  t h e  f o l l o w i n g  s e o t i o n ,  t h e  r e g r e s s i o n  on t h e  number of oap- 
t u r e s  i n  b a i t e d  t r a p s  is  o a n s i d e r e d .  Only 32 t r ia l s ,  T r i a l s  A-7, A-10 
th rough  A - 3 1 ,  and A-33 t h rough  A-41, were judged t o  have s u i t a b l e  



A . A , V U I V b  r r  , U A V J  a ~ r u  bur.. w y*e--r.rru r r  rry r r .  rr-.. 

on t h e  svms day. There fo re ,  i n  t h e  ramnindsr of  t h e  p m s a n t  r e o t i o n ,  
a t t e n t i o n  :a o o n f i c  d t o  t h e s e  trials. 

(c) O r  these  32 t r i a l s ,  the r e g r e s s i o n ,  

I ~ = a + b W + ~ i '  
I 

where y is t h e  t o t a l  number A wequi"oe oapiured ir. ba i t ed  t r a p s ,  -8 
* P i t t e t  and mve: 

a = -46.57, 
t 

t 

o = +1,90, an? 

d2@ = +32'i7.56 (29 dbgrses  o i  fmoaom). 

The q u a n t i t y  92, js t he  su:: of sqwros of deviat!ona d iv lded  by t h e  
degrees  of freedom. 

( C )  A p l n ,  on t h e s e  32 t r i a l a ,  the  r e g r e s s i o n  

y - a i  b a + o V  t 

wherein r i n d  s p e d  and s o l a r  m d i s t i o n  were oonsidered,  @. cte : 

a = +47.132, 

b = -5.474, 

o L +27.639, and 

Regmarions  Inaluding Bai ted  Trap  Oapture T o t a l 2  - 
( C )  Using t h e  32 tr ials l i s t e d  above, t h e  m g r e a ~ i o o  

wao f i t t e d ,  where y i a  t h e  t o t a l  number of b i t e a  and B i n  ths t o t a l  
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Tho r e g r e s s i o n  

dB o +84l .34 (29 degrane  of f r e a d o u  1. 

wherein vilL speed and t s i t e d  t r a p  oaptures  were oonaldsreii ,  e v e :  

o = +1.855, and 

s2g - +64O. 11 (29 d e e r m a  of f reedomj . 
( C )  The oomparison o f  t h e s e  eZe quenf i t i e s  (640.11 and 841.34) 

shows that t v y r s t u r e ,  when ' o a i t d d - t r a y  oag tu reu  were uons idnred ,  
was n o t  as sood a p r e d i o t o r  as wind speed .  I n  f e o t ,  t h e  m g m s a i o n  

y :- s + bl + oV + dB, 

wherein r i n d  s p e e d ,  s o l a r  r a d i a t i o n ,  and a i t r s d  t r a p  aargtures were oon- 
s i d e r e d ,  gave: 

see = 659.18 (28 degreee  of  f reedom).  

The comparison of t h o s e  s2, q u a n t i t i e s  (659.18 and  643.11) ahows that 
s o l a r  m d i a t i u c ,  even  when r i n d  speed  sad b a i t e d - t r a p  o a ~ t u r e s  ere oon- 
s i d e r e d ,  had no u t i l i t y  as a p r e d i o f o r  of t c h ~ l  b i t e s .  
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where in  t n e  number of tltos and b u ' t e d  trsp oap tu reo  aiontr wore oon- 
n i d e m d ,  gave: 

(C) Any l i n e a r  r e g r o s s i o n  a n a l y s i a  must be i n t e r p r e t e d  w i t h  o a u t i o n .  
Booauoe " t r u e w  r e l e t i o n s n i p s  a r e  s s l d o ~  l i n e a r ,  p r n d i o t i o n s  beeed on 
auoh r a g r e a a i ~ n s  are l i k o l y  t o  b6 lmpreoise  o r  even l n a o a u m t e .  Wwever,  
th roughout  t h e s e  s m l y s e s ,  it was senn t h a t  t h e  o o e f f i o i e n t s  of  W (wind 
speed )  were oondhe ten t ly  i n  t h e  range of from -5 t o  -7. T h i s  s u g g e s t s  
that a n  i n o r e a e e  of  1 mi la  pe r  hour  i n  r i n d  speod ( i n  t '  a n g e  of apeeds  
o s n s i d e r e d  i n  t h e s e  t r l a l s )  he a s s o o i a t e d  r f f h  a n  appro .  ; e dea rease  
of s i x  b l t e s  i n  a  10-msn r i n g  of 30 - foo t  d i a m s t a t  and w i ,  a n  exposure 
t ime of 30 minu te s ,  

(C) B i t i n g  a o t i v i t y  seems t o  be f a i r l y  wel l  a o r r e l a t e d  w i t h  wind 
speed and s o l a r  r a d i a t i o ~ r ,  d e a r e a s i n g  w i t h  a n  i n o r e a s e  i n  t h e  formnr and 
i n a r s a a i z g  w i t h  an  i n o r e a s e  in t h e  l a t t e r .  Moreover,  b i t i n g  a o t i v i t y  
is p o s i t i v e l y  l ~ o r r e l a t e d  w i t h  b a i t e d - t r a p  t o t a l s ,  espsa la1 , ly  when r i n d  
speed is  t a k e n  i n t o  aoooun t .  F i n a l l y ,  under  t h e  o o n d l t i o n s  of t h e m  
t r i a l s  and i n  t h e  tim, per iod  invo lved ,  a s i n g l e  mosquito i n  a b a i t e d  
t r e p  sppcrnm t o  be e q u i v a l e n t  t o  ebolrt  two b i t e s  on a human subgeot  
( i n  t h e  s e n s e  t h a t  t h e  o o e f f i c i e n t s  of  B i n  t h e  obove a r s l . y s e s  mngsd  
abou t  t h e  M l u e  2.0). The t r a p  o a p t u r s  and b i t e s - r e o e l v e d  d a t a  were 
than exdminad t o  a a o e r t a i n  whether  traps aou ld  be used t o  r e p l a o e  humans 
i n  f u t u r e  f i e l d  t r i a l s .  F o r  o o n s f s t e n a y ,  t h e  same 35 t r i a l s  used i n  
t h e  pravioun t r a p  m a l y s s s  wsm s t u d i e d .  Tho a p p e r t a i n i n g  d a t a ,  sum- 
mnrized from Table  3, are presen ted  i n  Tarole 22. 

( C )  T h i s  t a b l e  s h o r e  t h a t  t h e  ave rage  number of b i t e s  r eoe ived  was 
o v ~ r .  t h r e e  t imes  t h e  a v e r a g e  b a i t e d  t r s p  o a p t u r e s  and o v e r  f o u r  t imes  
t h e  ave rage  nonbai ted  t r a p  o a p t u r e s .  However, t h e  v a r i a t i o n  between 
I A f v i c u a l  trial- is  a x c t s s i v e  , and t h e  l a o k  of any  oczrisistent r e l a t i o n -  
s1.L r, i n  q u i t e  e v i d e n t .  It i e  a l e ~ r  that t h e  number of b i t e s  r eoe ived  
i n  6ny one t r ia l  oould  tnrd ly  be p r e d i a t e d  from t h e  trcrp reoovery  d a t a ,  
and t k  p r e s e n t  t r a p s  dra n o t  be used t o  r e p b o e  humans 11 t h o  f i e l d  
a s se s smen t  of - A.  a e g y p t i  behavior .  
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EG) BW 433 was oonducted t o  detomind whetliar o r  not  Aedea c r e w ,  
a d o m s t i o  , house-loving,  t r o g i o s l  mosquito, oould be f i e l d  -tested undsr 
t h a  a l i m t i o  oondhtAons of cr h o t ,  d r y  d e s e r t  errvironment. Hesu3ta show 
t h u t  t h e  x n i t i s l  b i t i n g  i n a t i n o t s  of t h i s  mosquito a r o  not  impaired or 
apprec iab ly  modified by r e l e a s e  i n t o  a d r y  o l ims te .  It is f u r t h e r  svi-  
dent t h a t  t h i s  v e c t o t  oan be used f o r  i n i t i a l ,  p r i m r y  e f f e o t s  agahnat  
t roops  i n  the open i n  d e s e r t  araaa. The a o r o l l a r y  e f f e c t  of the d e a e r t  
environment upon mosquito 1on;;evity was tot i n k ~ s t f g a t e d  i n  th i s  phase,  
and it is suapeoted thet longev i ty  u w l d  be g r e a t l y  shor tened.  Howsvar, 
f o r  primary target e f f e o t s , ,  t h i s  is not  of g r e a t  s t g n i f i a a n o e  and may 
even be a n  adwmtage i n  c e r t a i n  s i t u a t i o n s .  

( C )  The lower f;ompemture l i m i t  f o r  v e c t o r  a o t i v f t y  i n  t h e  non- 
c o l d  r e s i s t a n t  s t r a i n  af A. s e g y p t i  has been repor ted  t o  be 59*F (1). 
However, b i t e s  were reoorxed i n  11 of t h e  14 trials aonduotsd a t  temper- 
a t u r e s  below 59'~; t h e r e f a r e ,  it would appear  t h a t  t h i s  lower licit 
is set too  high.  These t r i a l s  are t abu la te ;  i n  Table 23. 

TABU, 23: Sunmsery of R f t i n ~  Data f o r  Trials Conducted a t  
~ e m ~ e r r % % u r a s  h a s  then 5 9 ' ~ ,  13W 459 

TRIAL 

A -23 
A-25 
8-30 
A-33 
51-36 
A-39 
3 A T  A-*u 

j A-44 
A-45 
A-46 
A -47 
A-48 
A- 9 
A -50  

AVERAGE 
wm 

-- ts--f _L i s l d  equipment meli 

from Dog Area station. 
*No da5s - -p ta r r tu re  mwLtion function, .  



a t  h igher  tep?porm-cura~ L w  ---. . - 

is opera t ive  st these low tc~; : - tures  thet is not  ev iden t  i n  t h e  
w t e o r o l o g i o s l  a m t e r s  ll8i.n~ measured (o f .  T r i a l s  A-21, A-24, anc 
A-25) .  Ground temperature and u l t i ~ - ~ d  o l e t  r a d i a t i o n  d a t a  w i l l  be i n -  
ve s t i ga t ed  i n  FiELIHEMER-11. 

ti has been oons i e t en t l y  c i t e d  i n  t he  l i t e r s t u s e  ae a 
o r e ~ ~ s o u l a r  =? b i t e r  v i a .  dawn and dusk b i t e r )  i n  n a t u r e ;  however, t he  
tr ials of BW 459 were, as a r u l e ,  oonduoted dur ing  t he  gene ra l  midday 
per iod,  This  f a o t  d i d  not  seem t o  impair  t h e i r  b i t i n g  propensi ty  b u t ,  
i n  view of t h e  probable d e s i r a b i l i t y  of nightt ime d e l i v e r y ,  f u r t h e r  
f i s l d  t.*ials mu : be oonduoted t o  s s o e r t a i n  whether o r  not  t h s  b i t i n g  
r a t e  i s  inareased by e a r l y  morning o r  l a t e  evening r e l ea se .  I n  the  
a r e sen t  t e s t ,  one t r i a l ,  A-15, was oonduoted j u s t  a t  sunse t  on t h e  same 
A .. \ "rt T r i a l s  A - 1 3  and A-14 ware aooomplished. Only 53 b i t e s  were re- 
c a y ,  ,:t ?,n t h e  sunse t  t r ia l  a g a i n s t  104 and 138, r e sgeo t i ve ly ,  i n  t h e  

-5 F 'ltgding trials. 

(S)  Prel iminary indoor l i t i n g  r a t e s  have been determined by t h e  
U. S, Army Chemical Corps Bio log iua l  b b o r a t o r i e v  ( 4 ) .  They found a n  
o v e r - a l l  meen of  2.40 b i t e s  per  vec to r  i n  trials involving 100- t o  
400-square f o o t  rooms, 15-minute exposure du ra t i on ,  a d  varying r a t i o s  
of veotor /host  dens i ty .  These indoor r a t e s  were n c t  approached i n  t he  
BW 459 outdoor s t u d i e s .  The h igher  indoor b i t i n g  r a t e s  osn be a s c r i b e d ,  
i n  p a r t  st l e s s t ,  t o  t h e  confinement of t h e  veotors  and t o  t h e  complete 
absenco of wind. I n  tho  39 t r ia ls  used i n  t he  a m l y s e s  of va r iance ,  8 
t o t a l  of 1555 b!tes were repor ted  f o r  a n  averago outdoor b i t i n g  r a t e  of 
0.40 ' ~ i t e s  per  veo tor  i n  t h e  30-minute time period a i t h  a 10/1  veotor  
hos t  r a t i o .  

CONCLUSIONS 

(S Using uninfec ted ,  v i r g i n  female Aedes ae- nosqui toes  ia 
Phase A of BW 459, b\e r e s u l t s  obta ined wi th in  t h e  ranges of cond i t ions  
encompassed i n  t he se  tria's i ~ , d i c e t s  t h a t :  

1. It is f e a s . b l e  t o  test t h i s  mcsqultn under h t ,  iry, 4396~f. 
cond i t i ons ,  a t  l ea r : t  f o r  t he  i n i t i a l  p r i m r y  time per iod,  and t o  assess 
the  e f f e c t s  of va r ious  meteorclogioel  va r i ab l e s  u p o ~  b i t i n g  a c t i v i t y .  

2. Although msny of t he se  t r ia ls  produced e r - a t i c  and unpre- 
aic%able r e s u l t s ,  it would appear  Zrom t h e  a n e l y s i s  of these  da t a  that 
s a c  h of t he  metes ro log ioa l  va r i ab l e s  s tud ied- -  wand speed,  hmpers tu re  , 
r e l a t i v e  humidity,  and s o l a r  r ad i a t i oc - - exe r t  a s i g n i f i o a n t  3nfluenc;a 
on tho b i t i n g  a o t i v i t g  of t b 3  A ,  a e a y p t i  ' ~ o s q u i t o ,  8nd a l l  would h8ve t c  
be  considered, as i apo r t an t  parbmeters i n  any model designed t o  p r ed i c t  



mnn~ree~,uu u u r y  A I L  r w r -  h..r-.-r ----- - -  --. 
o t h e r ;  wind speed a lone  h8d a d i r s o t  e f f e o t  upon b i t i n g  a o t i v i t y .  Yore- 
over ,  w i th in  t h e  ranges of oondi t lons  enoomp~seed i n  t he se  t r i a l a ,  it 
appears  t h a t  wind apeed waa t he  most important  f a o t o r  a f f e o t i n g  b i t i n g  
a o t  i v i t y  . 

3.  An inorease  of 1 mile per hour i n  t h e  ambient wind speed 
was s s s ao i a t ed  wi th  a deorease of a p p r o x i m t e l y  s i x  b i t e s  i n  a 15-foot  
rad ius  o i r o l e  wi th  10 vo lun tee rs  over a 30-minute time i n t e r v a l .  

4. The da t a  sugges t  t h a t  t he  previously  determined lower tem- 
pemtu re  l i m i t  of 5 9 * ~  f o r  veotor  b i t i n g  a o t i v i t y  of t h  non-cold re- 
s i s t a n t  s t r a i n  i s  plaoed t o o  h igh ;  however, st t h e m  lower tempersturea 
sum o t h e r  f s a t o r ( s )  , a t  prrssont uknown, produoe e r r a t i o  r e s u l t s .  

5 .  A 30-minute sampling period is s u f f i o i e n t  t v  snoompaas a n  
average of 80 per a en t  of t h e  expeoted i n i t i a l  pr imtry  b i t i n g  a a t i v i t y  . 

6. Guinea pig-bai ted  t r a p s  captured one and one-half t imes  as 
m n y  mosquitoes as did  noxlbaited t r a p s .  

7. Whereas, on t h e  o v a r - a l l  average,  a s i n g l e  mosquito i n  6 
ba i t ed  t r a p  was equ!valent t o  two b i t e s  on a human, exoessive i n t e r t r i a l  
v a r i a t i o n  precludes m p l a a i n g  humarn samplers wi th  t r a p s  t o  determine 
b i t i n g  r a t e  a o t i v i t y .  

e.  With a veotor-host  r a t i o  of 10:1, i n  only a very few trials 
d i d  100 per o m t  of t ho  v o l u n t e e ~ ~  r epo r t  b i t e s .  The msan perosntags of 
t e s t  sub j eo t s  b i t t e n  l e y  between 60 and 70 p s r  oewL. 

9. The o v e r - a l l  average outdoor b i t i n g  r a t e  f o r  t h i s  v e o t w  was 
40 b i t e s  per 100 mosquit-es i n  t he  time period s t ud i ed .  

19. No evidenoe of crepusoulsr -per iod b i t i n g  ?ref  erenoe was 
obtainod in these  trials. 
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APPENDIX 

EXPOS~'J!ION OF STATISTICAL METHODS 



THWEBI-FACTCR ANALYSIS OF VARIANHI WITH UMPQUAL OBSERVATXONS PBR C E U  

(c )  The mbthod f o r  t h e  3 - fao tor  a n a l y s i s  of varianoe with unequal 
obse rv i t i an s  per o e l l  iel  g iven below. Tablss  5 ,  6 ,  and 7 i n  t he  t e x t ,  
where t h e  unequal obeerua+,ions per o e l l  ooourred, a r e  repeated here ,  
f o r  oonvenienoe , @a Tables  1, 8 ,  and 3. 

TABIH: 1: Three-my Table of  Meana f o r  Wind Speed, Tempertiture , and 
Re la t  i v e  Humidity Analyses (CONFIDENTIAL) 

TABm 2: Three-way Table of Moans for Win3 Speed, Temperature, eand S a U r  
Fad i s t i on  Analyses (C(~NYIDENTIAL) 

- 
LOW WIND S F ~ D  KU3-l WIND SPEED 

Low So la r  I Low S o l a r  1 High Solar 

LOW WIND SPEED 

t 

""a CATEGORY .- 

*Missing o o ~ b i n a t i o n  (high wind speed,  low tempomture  , and low 
r e l a t i v e  humidity), 

Low Rolat ive  

CATEGORY Humidity 
number 

HIM.  IICINE SPHlED 

I man 

-----t--- 

High Rela t ive  
Humidity 

n u b e  r 

Low Rela t ive  
Humidity 

t ion  
number 

of  
t r i s l c  -- 

5 

4 

-- 

mean 

, + 

1.1780 

.I__. 

High Re lc t iva  
Humidity 

pezature  Low I 0.4488 

t i o n  
number 

of 
Srisls  -- 

4 

6 

number 
of  

t r ia ls  

0 

6 

mean 

0.3654 

0.3443 

mean 

High Tam- 
pera tu re  

Radia 

mean 

number 
of  

t r ia ls  - 
10  

4 

- 

Low Tern- 
pe rs tu re  
Mgh Tern- 
pe ra tu re  
I 

1.3407 
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of 
trials 

5 

1 

0.7562 

1.8848 

of mean 
tr ials  

4 

9 

1, .2770 

0.5190 



(U] Table 2 w i l l  be smlysad  f i r s t .  A simple a n a l y s i s  of vsr ianoe 
of the 39 trials i s  performed, and t h e  r e s u l t s  a r e  shorn  i n  Table 4. 

TABLE 4: Analysis of Varisnoe of Deta i n  
Table 2  (UNCLASSIFIED) 

-_IIU 

LOU UE-U 

C B T m R Y  

HICIH W I N D  SPIlPD 

I 

(c) The 7  dagraes of freedom among c e l l s  is then subdivided i n t o  
thrse w i n  ef  f o o t s ,  three 2-faotor i a t e m a t i o n e ,  and one 3- faa tor  
Xi;temcr%f~n. This subdivisior: osr"-,n@i be orti:ugoi-&I, tee~use cf ths 
i n a q u i l t y  of a e l l  numbers. It is d0r.e as fol lows : 

h w  So la r  
b d i a t  Con 

Low Solar  
Ftadirtion 

SUU OF 
1 

MEAN 
SQUARES SQUARE 

I------ I SOUFLCI 

I 
I Among 0811s 

Within 0011s 
T o t a l  

(1) W i n  e f f a o t s .  Esoh of t h e  three main e f f e o t s  is esssp-  
t i a l l y  aa eatinoat6 of the expeohd  value of t h e  d i f f e r e m s  between t r i a l  
a t  the uppar :Level of the o  or r~sponding m e t e o r o l o ~ i o a l  oondi t ion and 
%ria18 at +.he 1.0~87 l e v e l .  
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Then the aatimstc of the effeot af wind ape9d i a  

the  m a n  square f o r  wind specti ,  w i t h  1 degrotr of freedom, is 

the standard error of the estimste of the  - in  e f f e o t  
(-0,792731) IS 

where 0.466083 i s  the a i th in-oe l l  mean square from the 
above preliminery analysifl of mrfenoe.  

jb) Temperature 
1 

Then the e s t i m t e  of the  effeot  of temperature is 
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tho s tandard e r r o r  of the es t imate  of the  main of f so  t is  

where 0.67535 =YO .456083 has been oornpuzsd oa 6bovm. 

( 0 )  So la r  Radiation 

Then the e s t i m t e  of s o l a r  r ad i a t i on  a f f e o t  is 

the  m a n  square f o r  s o l a r  r a d i a t i o u  o f fgo t  is 

(~324794)'(3.091517) = 1,0041 , and 

the  s tandard e r r o r  of the  es t imate  is 

12) Two-faotor i n t e t - ~ o t i o n s .  -.. I f  two fcrotors, A and B, are 
a a n ~ i d e r e d  : and 

HH denotes t r i a l s  a t  upper l e v e l  of A ,  upper 1 1  ve l  of 0 ,  
HL dentoes triels a t  upper l e v e l  of A ,  lowur l e  re1 of B, 
LH denotos t r i a l s  a t  lower l e v e l  of A ,  upper l ev31  of B,  and 
LL denotes t r ia ls  a t  lower l e v e l  of A ,  lower l e v e l  of B, 

then the  oorresponding 2 - f ao to r  i n t e r a o t i a n  es t imates  a r e  as 
f ollows : 
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( 0 )  Temperature x s o l a r  r a d i a t i o n  

2.-'200 - 1.3407 - 1.7915 + 3.448 + 0.6032 - 1.0033 - 0.2516 + 0.4732 -- 
1 1 1 1  1 1 1 1  6 ' + s + x + s  - + - + - + -  

4 6 5 5  

- ) \ o f f s o t  o f  B a t  upper level o f  A - e f f e o t  of B a t  l o v e r  
l a v e  o f  A 1. Them es t imstea  and their standard errors  r i l l  
no t  be oomputed, ae was done f o r  Lhe uuin s f f u o t a ,  beoause i t  
shell e u f f i o e  t o  merely note the ir  s i g n s ,  wnethor p o s i t i v e  o r  
n e g a t i v e ,  and t o  oompute the mean squares f o r  purpoees of  t e a t -  
i n 8  s i g n i f  ioanoe . 

(a) Wind s p e d  x t e q m r e t u r e  

n -0.3678 + - 0.1261 = -0.3049 ( n e g a t i v e )  , and 
0.8167 0.8667 

The mean square is  

( b )  Wind speed x s o l a r  wdlntiom 

1*0764 = -3.1390 (negative) , and 
= - 0.8334 

a - - d .  6634 - 0*1695 =-0.9727 (negative) , and 
0.667 0.817 
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The mean aqmre is 

(3) ' "  ~ h ~ e e - f s o t o r  - i n t e r n o t i o n .  A 3 - f a c t o r  i n t e r s o t i o n  is - 
d i f f i o u l t  t o  i n t e r p r s t  beosuse i t  Ls the re., ~ l t  o f  8 ohange in +,he 
i n t e r a o t i o n  of Q a o t o r e  A and R Tram one l e v e l  of f s a t o r  C t o  another. 
That is, i t  e e t i m s t o u  

4 (HHH - HHL - HIH + H U  - UM c LSiL + LlLH - UL) 
'1 - E [i (HHH - Hw - m + LLH) - ~ ( H I I L  - H u  - u L , +  LLL) J 
-J 

a &(-(A I B ~ n t e r a c t i o n  a t  u p p e r  l e v e l  of C )  

- ( A  x B i n t e r a o t i o n  nt lower  l o v e 1  of c)7 . 
Wind speed x tempctr'otwe x solar r e d i s t i o r .  

- 0'4939 = 0.2934 ( p o s i t i v e )  . - 1.6834 
The mean squa re  is 

T h i s  o o n - : ~ ! ~  a s  t h e  oomputat ions of the a n a l y s i s  o f  Table  2. 

(11 The a n a l y s i s  of  Table  3 is s i m i l a r * ,  s u b s t i t u t i n g  r e l a t i v e  
humidity f o r  t empera tu re .  T h i s  i s  t h e  oommonest t,vp3 of ana , lyn i s  of 
S-fsntcr -lassif i~ntinns ; e s a h  fact Q? 1s at. twn 1gve ls  nnd 8 1  1 night 

0611s a r e  p r e s e n t .  

( U )  The f i r s t  o f  t h e  t h r e e  t a b l e s   able 1) i s  s p e c i a l  becsuse ,  
b e s i d e s  having  unequal  o b s a r v a t i o n s  pe r  o e l l ,  m e  of t h e  o e l l s  is  uissing. 
T h i s  a n a l y s i s  a l l 1  be deso r ibed  i n  some d e t a i l .  

(U) F i r s t ,  a s imp le  a n a l y s i s  of  va r i anoe  i s  performed ( ~ e b l e  5 ) ,  
d i v i d i n g  t h e  38 d e g r s e s  of f r o e d m  i n t o  those  "among 0 6 l l b "  (6  d e g r e e s  
o f  freodom) and t h o s e  w i t h i n  o e l l s  (22 deg rees  of f reedom) .  Note t h a t  
t h o  t o t a l  3um of s q u a m s  is t h e  same f o r  e l l  t h r e e  a n a l y s e s .  
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----- - . *ma.-- #"-"  "* .". *I.."" V J  "L.." ."I.,. ) 

Tempera ture ,  and R e l a t i v e  H u m i d i t y  
( '  NCLASSIFIED ) 

(C) The n e x t  s t e p  i s  t o  subd iv ide  (non-o r thogona l ly )  t h e  6 deg rees  
o f  freedom among c e l l s  i n t o  t h r e e  main e f f e o t s  and t h r e e  2 - f a o t o r  i n t e r -  
e o t i o n s .  The f a o t  t h a t  a o e l l  is m i s s i n g  means that  t h e  3 - f a o t o r  i n t e r -  
a o t i o n  oennot  be a s s e s s e d ,  as has  been s t a t e d .  The meening of main 
e f  f e o t s  and 2 - f e o t o r  i n t e r s o t i o n s  is  t h e  same as p r e v i o u s l y  d i s c u s s e d ,  

Among o e l l s  
Wi th in  0011s 

T o t a l  

(1) b i n  e f f e o t s  

j a )  Wind speed  

6 

32 - 
38 

The e s t i m a t e  of e f f e o t  of wind speed  i s  

t h e  s t a n d a r d  e r r o r  of e f f e o t  is 

13.837825 
15.810085 
29.647310 

t h e  mean s q u a r e  is  

0.494065 
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The es t imate  of e f f e o x  of  temper8ture i s  

the  standard e r r o r  of e f f e o t  i s  

m5-- 0.2765 , and 
6 4605 

the  mean squsre is  

( a )  Re la t ive  humidity 

The e s t imete  o f  e f f e o t  o f  r e l a t i v e  humidity i s  

the  standard e r r o r  o f  e f f ~ c t  is 

t h e  moan square is  

(0.3758)  (2 .0713)  = 0.7772 . 



Wind spsod x ~tempomture 

0.3443 - 0,3654 - 0 . 5 1 9 0 + 1 . 2 ? 7 0 r  0.7369 ( p o s i t i v n )  , 

, and 

t h e  m e n  equare is  

The f a o t  t h a t  no oat imate  cf t,llls i n t e r e a t i o n  is  avai1,sble 
from low r e l a t i v e  h -mid i ty  t r i a l s  should be noted.  

(b )  Wind apeed x r e l a t i v e  humidity 

0.3443 - 1.1780 - 0.5190 + 1.8848 = 0,5321 ( ~ o s i t i v e )  , 

t h e  mean square  is  

(0 ,5321)~ /1 .528  = 0.1853 . 
o  Temperatur_e_.x-relative humidity 

0.5190 - 1.6848 - 1.2770 + 0.7562 = -1.8866 (negative) , 

, and 

t h e  mean square is 

(:.9~66)~/1.561 = 2.2801 . 
The results of ilia t h r e e  a n a l y a a ~  ai-6 z . z z ~ r i z c d  i n  Tables  6 ,  7 ,  and 8. 
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TABU 7:  Summary of the Results of the Analysis by Wind Speed, Temperature, 
and solar Radiation (CONFIDENTIAL) 

SOURCE 
- 72:; - _  

Wind speed, W 
Tenperature , T 
Solar 

radis t ion ,  V 
W x T  
W x V  
T x V  

W x T x V  
Error 

*Not s i g n i f i o a n t .  

s QUA RE 

4.2340 
0.9172 

0.7772 
0.3503 
0.1853 
6.2801 
0.4941 

r ~ d  speed,  W 

I 
.rsture,  'I' 

I 
I ' I t ~ r ,  H 

arror 

- - 

MEAN 
SQUARE 

5.9816 
2.3543 

1.0041 
0 .G33l 
4.1463 
0.3980 
0.1449 
0.4561 

1 
1 

1 
1 
1 
.L 
32 

2 ,201 (20 0.3848 
11 NS r ~ s  p?. i 

9.091 < 1 negative 
(1 NS negative 
<: NS pos i t ive  

APPROXIMATE gSTIUaTD F-VALW 1 PRORARTLTTY OF NFFmF 

8.569 
1.855 0.5768 i 0.2766 

1.573 NS * -0.3752 0 -2998 

STANDARD 
ICRROR OF 

IOrnCT 

0.2189 
0.2183 

0.2189 
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poait ive  
posi t ivo 
negative 

(1 
( 1  

4.618 

NS 
NS 

< - 



H ~ m i d i t ~ y ,  and  S o l a r  h d i 6 t i o n  (Cc'WIDBIKIaIAL) 

Wind s p e e d ,  W 
Relnt  i v e  

humid i ty ,  H 
S o l a r  

r a d i a t i o n  , I T  

J Q x H  
H x v 
H x V  

W x H x V  
E r r o r  

I 

*Not e i g n i f  i o a n t  , 

0.40G1 0.2083 
nega t  f vo 
new? ; ve 
p o a i t  i v e  
n e g a t i v e  

ACCUMULATION OF BITES VERSUS TIME (WHITE'S METHOD) 

(c) Suppose,  i n  t h e  i - t h  t r i a l ,  n, ~ o s q u i t o e s  o r e  r e l e s s a d  and 
1 xt2  aooumulstsd t o t a l  mosGuito b i t e s  a r e  observed by t h e  
1" t e s  s u b j ; k '  i n  t h e  h-n o i r o l e  st t i m e s  til Under 
the assumptions t h a t  t h e  s u o o e s s l v ~  d i i f o r s n o e s  of 

= x - x ) a r e  
t he  probab&ty i'requenop of d i j  i s  

where %j is  6 f u n u t i o n  of t i j .  The e x p e o t a t i o n  

- Y 

of tile r e l a t i o h h i p  b&een + 2nd t. 
the  ibt o f  x j q  is ni% 3 ;  t h e  p l o t  of  x+  1 v e r s u s  

(u )  A f t e r  d e t a i l e d  o o n s i d e r a t i o n  of  t h e  data i"c  was found t h a t  t h e  
mode 1 

where c*. i ,  p i ,  a n d d l  a r e  p e n m e t e r s  t o  be e s t i m a t e d ,  would reusormbly f i , t .  
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where 

2x1  j 
y i j  - a r o s i n  ( 7- -1)  , 

"i i 
h A A 

(U) B s t i m t o s  o f 4 i  and /? i mi be ~ u o h  t h a t  4 i + t i l o g  l a  
l e a n  t h a n  , T o r  g r e e t e r  t h a n  T h e s e f c r e ,  t h e  model r o e  qadi Led 80 

Z A 
t h a t ,  rp . r t  from e r r ~ r ,  whon p i l o g  t i j  was l e s s  t h a n  ':\ t h e n  - 

A z 
x i j  ma de f ined  a s  s e r o ,  and when& + 2 s l o g  tij was g r e a t e r  t h a n  TI, t h e n  

8 

(c)  Forbposi t  v a l u e s  sf Bi t  X ~ J  a t t a i n s  i t s  crximurn v a l u e ,  
1iyi, + t i ,  = +D. - 

I 2 
Henoe, i n  t h e  I - t h  t r i a l ,  8' is  tho  maximum number of  b i t e s  p e r  mosquito 
(if t h e  t r i a l  were extended iong  enoughj  and  ti^**, where 

is t h r  tlme it wokld taks t o  aoh ieve  this ntmber o f  b i t e s .  A l so ,  x i j  has 
i t s  minimum v a l u e ,  0 ,  when 

Hanix , ti , whom 

is t h e  time t a k e n  a f t e r  r e l e a s e  f o r  t h e  b i t i n g  prooess  t o  begin .  
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