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ABSTRACT

ANTI-MOSQUITO BEHAVIOR OF ADULT AND JUVENILE WHITE-FOOTED MICE
( PEROMYSCUS LEUCOPUS)

by

Connie I s a a c s  
U n iv e r s i ty  o f  New Hampshire, May, 1986

Rodents seldom a r e  i d e n t i f i e d  as  h o s ts  f o r  m osquitoes ,  based on 

s e r o l o g i c a l  a n a ly s i s  of bloodm eals . However, due to  l i m i t e d  survey and 

la c k  o f  s e n s i t i v i t y  in  most bloodmeal a n a ly se s ,  h o s t  s p e c ie s  can be 

m is re p re se n te d  or unde tec ted .  Knowledge o f  behav io r  o f  a p o t e n t i a l  

h o s t  s p e c ie s  can complement r e s u l t s  of bloodmeal a n a ly s i s ,  because 

a c t i v e  v e r t e b r a t e s  may p rev en t m osquito  fe e d in g  and th u s  r a r e l y  se rv e  

as  h o s t s .  The o b je c t iv e s  of t h i s  s tudy  were to  c h a r a c t e r i z e  a n t i 

m osquito  b eh av io r  i n  th e  w h i te - f o o te d  mouse ( Peromvscus leucopus 

noveb o racen s is )  and to  examine e f f e c t i v e n e s s  o f  such behav io r  i n  mice 

based on age, p r io r  exposure  to  m osquitoes , and immediate environm ent.

I  used w i ld - s to c k  Aedes t r l s e r i a t u s  m osquitoes ,  r e a re d  i n  la b ,  

i n  ex p e r im e n ts  w i th  fo u r  groups o f  mice: (1) w i ld -c a u g h t  a d u l t  m ales  i n  

a b a r re n  e n c lo su re ;  (2) w i ld -c a u g h t  a d u l t  m ales i n  an e n c lo su re  w i th  

seeds  and n e s t  m a te r i a l  t h a t  could be m an ipu la ted , s im u la t in g  n a tu r a l  

a c t i v i t y ;  (3) a d u l t  m ales  from a la b  colony of j \  le u c o p u s : and 

(4) w i ld - s to c k ,  l a b - r e a r e d  ju v e n i l e s  w i th  or w i th o u t  " p ra c t i c e "  ( p r io r  

exposure  to  m osquitoes). I  used an e l e c t r o n i c  even t r e c o rd e r  to  

m o n ito r  grooming, e x p lo r in g ,  r e s t i n g ,  and a n t i -m o s q u i to  a c t io n s .

I  observed  each mouse w ith o u t  and th en  w i th  m osquitoes. I  then  

a n e s th e t i z e d  each mouse to  v e r i f y  t h a t  la c k  o f  m osquito  fe e d in g  su ccess  

on th e  n o n -a n e s th e t iz e d  ( a c t iv e )  mouse was due to  mouse b ehav io r .

x i



R e s u l t s  in d i c a te d  t h a t  th e  r o l e  o f  p r i o r  exposure  to  m osqu itoes  

was m inim al. Wild a d u l t  mice m a in ta in ed  d e fense  w h i le  h a n d l in g  and 

e a t in g  seeds ,  im p ly in g  t h a t  a n t i -m o s q u i to  behav io r  p robab ly  i s  an 

i n t e g r a l  p a r t  o f  t h e i r  a c t i v i t y  i n  na tu re .  C e r ta in  a c t io n s ,  such as  

e a r - f l i c k ,  o ccu rred  a lm o s t  e x c lu s iv e ly  when m osqu itoes  w ere p re s e n t .  

J u v e n i l e s  u s u a l ly  caught,  k i l l e d ,  and a t e  more m osqu itoes  th an  d id  

a d u l t s .  I n d i v i d u a l i t y  o f  mouse b ehav io r  a f f e c t e d  th e  outcome o f  mouse- 

m osquito  i n t e r a c t i o n s .  A ll mice, excep t one, had h ig h ly  e f f e c t i v e  

d e fen se  a g a i n s t  m osquitoes. T h ere fo re ,  £. leucopus  p robab ly  r a r e l y  

s e rv e s  a s  h o s t  f o r  m osqu itoes  i n  n a tu re  and, th u s ,  a s  h o s t  or 

r e s e r v o i r  f o r  m osqu ito -bo rne  d i s e a s e s .

x i i



FIGURE 1

iW f t  iiirtiiTrtr.il*

FIGURE 2

An a d u l t  mouse r e s t i n g  w ith  a m osquito  
p ro b in g  on to p  o f  h i s  head .

An a d u l t  mouse shak ing  h i s  head , p r e v e n t in g  a 
m osquito  from la n d in g  on th e  mouse. S e v e ra l  
m osq u ito es  which th e  mouse k i l l e d  a r e  ly in g  on 
th e  f l o o r .
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FIGURE 3. An a d u l t  mouse ex ten d in g  toward hov er in g  
m o s q u i to e s .

FIGURE 4 . An a d u l t  mouse c a tc h in g  a m osqu ito .
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INTRODUCTION

P e rs p e c t iv e

As v e c t o r s  o f  d i s e a s e  and as  p e s ts ,  m osqu itoes  have profound 

e f f e c t s  upon human h e a l t h ,  economy, and c u l tu r e ,  and on th e  h e a l th  o f  

l i v e s to c k ,  p e t s ,  and w i l d l i f e ,  in  many p a r t s  o f  th e  w orld. Male 

m osqu itoes  feed  on p l a n t  j u i c e s  and n e c ta r s ,  bu t meal a c q u i s i t i o n  by 

fem a le s  depends on s p e c ie s  and c irc u m stan c es .  Female m osqu itoes  of 

au togenous s p e c ie s  can r e l y  on s to r e d  n u t r i e n t s  from th e  l a r v a l  s ta g e  

fo r  developm ent of eggs i n  the  f i r s t  gono tro p h ic  c y c le ,  but need a 

bloodmeal to  develop  su bsequen t c lu tc h e s  o f  eggs. However, most 

s p e c ie s  a r e  anautogenous, and must o b ta in  a bloodmeal to  com plete  

o o g en es is  (C lem ents , 1963; Wood a t  aL» 1979), a l though  p l a n t s  may 

co n t in u e  to  be used i n t e r m i t t e n t l y  as  a food source  f o r  f l i g h t  energy 

(M a g n a re l l i ,  1 978).

E n tom olog ica l and e p id e m io lo g ic a l  s t u d i e s  have documented the  

b io logy , ecology, and beh av io r  o f  m ajor m osquito  s p e c ie s  (D ip te ra :  

C u lic id a e )  s e rv in g  a s  d i s e a s e  v e c to r s  and p e s ts .  The m osqu ito 's  f e e d in g  

p rocess  can be in f lu e n c e d  by many f a c t o r s ,  such as carbon d io x id e ,  h e a t ,  

and odors  e m i t t e d  by a p o t e n t i a l  h o s t  ( G i l l i e s ,  1980), p h a g o s t im u la n ts  

such as  ADP/ATP, p a r i t y  o f  the  m osquito  ( C r a n s a t . a L >  1976; Klowden and 

Lea, 1980; Mather and D e F o l ia r t ,  1984), th e  m o sq u ito 's  p a s t  f e e d in g  

h i s t o r y  (Buescher and B ick ley ,  1979)» and th e  h a b i t a t  and f l i g h t  pa th  o f  

th e  m osquito  (B id lingm ayer,  1971; McCrae and Boreham, 1976; N asci,

1982). Host s i z e  (Edman and Webber, 1974) and h e a l th  (Day and Edman, 

1983; Day a±. al>» 1983) a l s o  can a f f e c t  m osquito  fe e d in g  success .

1
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However, the  r o l e  o f  th e  p o t e n t i a l  h o s t ’s b e h a v io ra l  re sp o n se  

to  th e  m osquito ’s  h o s t - s e e k in g  and fe e d in g  p ro cess  has been 

l a r g e l y  igno red ,  p a r t i c u l a r l y  i n  mammals. Knowledge o f  t h i s  behav io r  

would c o n t r i b u t e  to  an u n d e rs ta n d in g  o f  th e  ep idem io logy  o f  c e r t a i n  

a r th ro p o d -b o rn e  d i s e a s e s ,  in c lu d in g  a rb o v i ru s e s ,  such as  e n c e p h a l i t id e s .  

For example, v e c to r  p o t e n t i a l  of a m osquito  may be in c re a s e d  i f  

bloodmeal a c q u i s i t i o n  i s  i n t e r r u p te d  by ho s t  behav io r ,  th u s  cau s in g  th e  

m osquito  to  seek  co m p le tio n  of th e  meal on a n o th e r  anim al.

Bloodmeal I d e n t i f i c a t i o n  

Knowledge o f  h o s t  behav io r  a l s o  i s  needed to  complement r e s u l t s  

o f  bloodmeal i d e n t i f i c a t i o n  s tu d ie s ,  which u s u a l ly  a re  based on 

s e r o lo g i c a l  t e s t s  of l i m i t e d  va lue . The most commonly used method, th e  

p r e c i p i t i n  t e s t ,  can be m i s r e p re s e n ta t iv e .  I t  does not a s s u re  

i d e n t i f i c a t i o n  of mammal blood to  th e  s p e c ie s  l e v e l ,  s in c e  c r o s s 

r e a c t io n s  to  serum p r o t e i n s  can occur between c l o s e l y - r e l a t e d  s p e c ie s  

(Tem pelis,  1975; Washino and Tem pelis,  1983). Although t h i s  poses a 

minim al problem i n  l o c a l i t i e s  where only  one s p e c ie s  o f  a g iven  

mammalian f a m i ly  occu rs ,  th e  o ccu rrence  of m u l t ip l e  i n t r a s p e c i f i c  

b loodm eals  s t i l l  would not be d e te c te d .  This  la ck  o f  s e n s i t i v i t y  may 

c o n t r i b u te  to  th e  v a r i a t i o n  in  p e rce n tag es  of m u l t ip l e  b loodm eals  

r e p o r te d  i n  d i f f e r e n t  s tu d ie s .  Because i n t e r -  and i n t r a - s p e c i f i c  

m u l t ip l e  b loo d feed in g  a r e  im p o r ta n t  i n  th e  t r a n s m is s io n  of a r th ro p o d -  

borne d i s e a s e s  (Reeves, 1971; W atts  .e l  a L ,  1972; Klowden and Lea,

1979), in a c c u r a te  d e t e c t i o n  can r e s u l t  i n  in a c c u r a te  e s t i m a t io n  of th e  

v e c to r  p o t e n t i a l  o f  a mosquito s p e c ie s  and the  im p o r tan ce  o f  a 

p o t e n t i a l  h o s t  s p e c ie s  as  a r e s e r v o i r  f o r  d is e a s e .  Also, most w o rk ers
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t e s t  only  f o r  th e  most common, o f t e n  l a r g e ,  mammals i n  a g iven  

l o c a l i t y ,  th u s  p re c lu d in g  d e t e c t i o n  o f  o th e r  bloodmeal sources .  O ther 

problem s a s s o c ia t e d  w i th  bloodmeal i d e n t i f i c a t i o n  by s e r o lo g i c a l  

methods in c lu d e  in a d e q u a te  sam ples  o f  f r e s h ly  b lo o d -fed  fe m a le s  i n  the  

f i e l d  and p o t e n t i a l  b ia s e s  a s s o c ia t e d  w ith  c o l l e c t i n g  methods, such as 

a s p i r a t i o n  and s w e e p -n e t t in g  (B id lingm ayer and Edman, 196 7; Hess .g£. 

a l . . 1 968; Edman, 1971).

More s e n s i t i v e  s e r o lo g i c a l  methods have been co n s id e re d  f o r  use in  

bloodmeal i d e n t i f i c a t i o n  but each has  one or more s e r io u s  d isa d v a n ta g e s  

(Tem pelis,  1975; Washino and Tem pelis , 1983). The FA ( f lu o r e s c e n t  

an t ib o d y )  te ch n iq u e  i s  im p r a c t i c a l  due to  the  need fo r  e l a b o r a te  

equipm ent, and has no t been used e x te n s iv e ly .  The PHI (p a s s iv e  

h e m a g g lu t in a t io n  i n h i b i t i o n )  method has  had very  l i m i t e d  usage, because 

th e  p u r i f i e d  r e a g e n ts  a r e  d i f f i c u l t  to  p repare .  ELISA (enzym e-linked  

immunosorbent assay )  i s  a re c e n t ly -d e v e lo p e d  te ch n iq u e  t h a t  m ight be 

p r a c t i c a l  i n  au tom ated  l a b o r a t o r i e s .  However, l i k e  th e  PHI method, i t  

r e q u i r e s  p r e l im in a ry  s c re e n in g  o f  b loodm eals  by th e  p r e c i p i t i n  t e s t ,  

and i s  r e l i a b l e  on ly  f o r  r e l a t i v e l y  f r e s h  bloodm eals.

In  summary, c u r r e n t  knowledge o f  m osquito bloodmeal so u rces  i s  

in a d e q u a te  and p o s s ib ly  in a c c u r a te ,  due to  l i m i t e d  survey and 

s e n s i t i v i t y  i n  s e r o lo g i c a l  t e s t i n g .  F u tu re  a c q u i s i t i o n  o f  such 

knowledge, even w i th  improved s e r o lo g i c a l  te ch n iq u es ,  w i l l  be l i m i t e d  

by th e  in h e re n t  d i f f i c u l t i e s  i n  u s in g  f i e l d - c o l l e c t e d  m osqu itoes ,  

th e re b y  p o s s ib ly  m is r e p re s e n t in g  th e  r o l e s  of mammalian s p e c ie s  as  

bloodmeal sources .  Because bloodm eal i d e n t i f i c a t i o n  has  many 

l i m i t a t i o n s ,  an ex am in a t io n  o f  h o s t  b ehav io r  may be u s e fu l  fo r  

e l u c id a t in g  m o s q u i to -v e r te b ra te  i n t e r a c t i o n s .  The f o l lo w in g  survey  of



4

s tu d i e s  o f  a n t i -m o s q u i to  beh av io r  i n  b i r d s  and mammals sum m arizes 

c u r r e n t  knowledge o f  such b eh av io r  and p ro v id es  some c o n te x t  f o r  

e v a lu a t in g  th e  d es ig n  and r e s u l t s  o f  my re s e a rc h .

A nti-m osau ito  Behavior I n  Blndfi

B ehav io ra l " s e l f - d e f e n s e "  i s  an im p o r ta n t  f a c t o r  i n  m osquito  fe e d in g  

su ccess  i n  s e v e ra l  s p e c ie s  of b i rd s .  C aptive  c ic o n i i f o rm  (wading) 

b i r d s ,  when exposed to  m osqu itoes ,  in c re a s e d  t h e i r  a c t i v i t y ,  in c lu d in g  

p a r t i c u l a r  a c t io n s  u s u a l ly  a s s o c ia t e d  w i th  normal grooming behav ior  

(Edman and Kale, 1971; Webber and Edman, 1972). In c re a s e d  a c t i v i t y  

r e s u l t e d  i n  d ec re ase d  m osquito  fe e d in g  success .  There were 

i n t e r s p e c i f i c  q u a l i t a t i v e  and q u a n t i t a t i v e  d i f f e r e n c e s  i n  behav ior; 

some s p e c ie s  o f  b i r d s  had more e f f e c t i v e  a n t i -m o s q u i to  behav io r  than  

o th e rs .  O b se rv a tio n s  of c a p t iv e  and w ild  c o n s p e c i f ic  c ic o n i i fo rm  b i r d s  

exposed to  n a tu r a l  p o p u la t io n s  o f  m osquitoes  d em onstra ted  t h a t  each 

s p e c ie s  had c o n s i s t e n t  a n t i -m o s q u i to  behav io r,  but th e re  were 

i n t e r s p e c i f i c  d i f f e r e n c e s  (Maxwell and Kale, 1977). L im ited  f i e l d  

o b s e rv a t io n s  (Edman n i  .alf, 1984) confirm ed  ev idence o b ta in ed  in  

c a p t i v i t y  on a n t i -m o s q u i to  behav io r  o f  two s p e c ie s  of herons. Edman 

f i t  fiL (1972) su g g es ted  t h a t  m osquito  d e n s i ty  may in f lu e n c e  a n t i 

mosquito behavior. C ap tive  b i rd s  responded to  g r e a t ly  in c re a s e d  

m osquito  d e n s i t i e s  w i th  in c re a s e d  a n t i -m o s q u i to  behav io r ,  r e s u l t i n g  in  

decreased  m osquito  fe e d in g  su ccess  and in c re a s e d  p e rce n tag es  of p a r t i a l  

bloodm eals , r e f l e c t i n g  i n t e r r u p t e d  feed ing .

Reeves (1971) and Edman ,&t n l .  (1972) sugges ted  t h a t  th e se  

phenomena a re  im p o r ta n t  because t r a n s m is s io n  o f  a rb o v i ru s e s  hav ing  an 

av ian  r e s e r v o i r  and one prim ary  v e c to r  may be f a c i l i t a t e d  by in c re a s e d  

av ian  a n t i -m o s q u i to  behavior. Such behav io r  could  r e s u l t  in  a
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d iv e r s io n  o f  m osquitoes  to  a b e r r a n t  mammalian h o s ts ,  such as humans. 

Edman .§£ .al. (197*0 s tu d ie d  v a r io u s  p a i re d  com bina tions  o f  b i r d s  and 

mammals, and found t h a t  m osquitoes  had g r e a t e s t  fe e d in g  su c c e s s  i f  h o s t  

a c t i v i t y  was reduced o r  e l im in a te d  by p h y s ic a l  r e s t r a i n t .  M osquitoes 

s h i f t e d  t h e i r  fe e d in g  endeavors  from a d e fe n s iv e ,  u n re s t r a in e d  h o s t  to  

a r e s t r a i n e d  host,  i f  th e  two h o s ts  were r e l a t i v e l y  c lo se  to  each 

o th e r .  When both  h o s ts  were r e s t r a i n e d ,  m osqu itoes  had s i m i l a r  f eed in g  

su ccess  on both  s p e c ie s .  When n e i th e r  h o s t  was r e s t r a i n e d ,  f e e d in g  

o ccu rred  c h i e f ly  on th e  ho s t  e x h i b i t i n g  l e s s  a n t i -m o s q u i to  behavior. 

Exposure of s in g le ,  r e s t r a i n e d  h o s ts  to  m osquitoes  r e s u l t e d  in  

decreased  p e rce n tag es  o f  p a r t i a l  m eals and in c re a s e d  p e rce n tag es  o f  

com plete  m eals, compared to  th e  same h o s ts  under n o n re s t r a in e d  

c o n d i t io n s .

My.=mp.gflPlta g.efatYior. In Mammals

Small mammals, e s p e c i a l l y  ro d e n ts ,  u s u a l ly  a re  common in  most 

t e r r e s t r i a l  h a b i t a t s ,  and m ight o f f e r  a p l e n t i f u l  source o f  blood f o r  

m osquito  f e e d in g  However, r o d e n ts  seldom a re  i d e n t i f i e d  as  common 

so u rces  of b loodm eals  i n  s tu d i e s  u s in g  s e r o lo g i c a l  methods (Downe,

1960; Washino and T em pelis ,  1967; Edman, 1971; M a g n a re l l i ,  1976).

There could  be s e v e ra l  e x p la n a t io n s  f o r  t h i s :  (1) ro d en t bloodm eals 

e x i s t  but a r e  u n d e te c te d ;  (2) ro d e n ts  a r e  not used as  h o s ts ,  due to  a 

"host p re fe re n c e "  by m osquitoes  f o r  o th e r  mammals, a s  i n f e r r e d  by Hess 

f i l  £ l  (1968) and Means (1968); (3) ro d e n ts  a re  no t used a s  bloodmeal 

sou rces ,  due to  u n a v a i l a b i l i t y  d u r in g  peak p e r io d s  o f  m osquito  b i t i n g  

a c t i v i t y .  U n a v a i l a b i l i ty ,  however, could be achieved  by a t  l e a s t  two 

p la u s ib le  ro d en t  b e h a v io ra l  mechanisms: p h y s ic a l  concealm ent (as in  a
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n e s t  or burrow), or unconcealed  p h y s ic a l  p resence  w i th  b e h a v io ra l  s e l f -  

de fense ,  p re v e n t in g  m osqu itoes  from o b ta in in g  a meal.

A n ti-m o sq u ito  b ehav io r  i n  s m a l l  mammals has re c e iv e d  l i t t l e  

a t t e n t i o n .  Edman a±. (1974) a t t r i b u t e d  a reduced  r a t e  o f  m osquito  

fe e d in g  su ccess  to  d e fe n s iv e  b ehav io r  in  s e v e ra l  s p e c ie s ,  in c lu d in g  the  

c o t to n  mouse (Peromvscus g o ssv p in u s ) . gray s q u i r r e l  ( S c iu ru s  

c a r o l i n e n s i s ) . wood r a t  (Neotoma f l o r i d a n a ) . and c o t to n  r a t  (Slgmodon 

h is o id u s ) . When mammals w ere p h y s ic a l ly  r e s t r a i n e d ,  m osquitoes  fe d  to  

r e p l e t i o n  more f r e q u e n t ly ,  and the  percen tage  of p a r t i a l  b loodm eals  

decreased . For unknown re a s o n s ,  th e  young opossum (D ide lP h is  

v i r e i n la n a )  d id  no t  fo l lo w  th e se  tre n d s .  D ire c t  o b s e rv a t io n s  o f  h o s t  

a c t i v i t y  i n  th e  wood r a t ,  c o t to n  mouse, c o t to n  r a t ,  gray s q u i r r e l ,  and 

marsh r a b b i t  (S v lv i la g u s  p a l u s t r i s )  y ie ld e d  counts  of d i s c r e t e  a c t io n s  

t h a t  in c re a s e d  when m osqu itoes  w ere  p re se n t .  The d a ta  r e p o r te d  d id  not 

d i s t i n g u i s h  between u su a l  grooming a c t io n s  and those  a c t io n s ,  i f  any, 

o c c u r r in g  on ly  i n  th e  p resence  o f  m osquitoes. Mammals appeared  

r e l a t i v e l y  more a c t iv e  th an  b i r d s ,  even when m osquitoes  were a b se n t ,  

and th e  a u th o rs  sugges ted  t h a t  such g en e ra l  a c t i v i t y  m ight augment 

d i r e c t  d e fe n s iv e  behav ior .  In  th e  same s tudy , the  dom estic  c a t  ( F e l i s  

o a t u s ) . raccoon  (Procvon l o t o r ) . a rm a d i l lo  (Dasvpus novem cinctus). and 

a d u l t  opossum y ie ld e d  h igh  r a t e s  (66-88$ o f  m osquitoes  reco v e re d )  o f  

mosquito fe e d in g  su ccess ,  a l th o u g h  th e r e  were no a c t i v i t y  coun ts  to  

de te rm ine  the  l e v e l s  o f  h o s t  behavior.

Day and Edman (1984) observed  g r e a t e r  m osquito fe e d in g  s u c c e ss  on 

r e s t r a i n e d  h o s ts  than  on u n r e s t r a in e d  ones i n  the  house mouse Mus 

musculus ( l a b o ra to ry  and w i ld  v a r i e t i e s ) ,  a l a b  s t r a i n  of golden  

ham ste r  (M eso c r ice tu s  a u r a t u s ) . dom estic  ch icks  (G allu s  g a l l u s ) . and
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w i ld  deer  mice (Peromvscus m a n ic u la tu s ) . In  some cases ,  when 

mammals were u n r e s t r a in e d  but p rovided  w ith  a j a r  f o r  s h e l t e r ,  f e e d in g  

su ccess  and reco v e ry  o f  m osqu itoes  had in t e r m e d ia te  v a lu e s  compared to  

r e s t r a i n e d  or s h e l t e r l e s s  u n r e s t r a in e d  mammals. Chicks w ere no t t e s t e d  

w i th  s h e l t e r s .  Some v a r i a t i o n  i n  d a ta  a p p a re n t ly  was a t t r i b u t a b l e  to  

b e h a v io ra l  d i f f e r e n c e s  i n  th e  f i v e  s p e c ie s  o f  co lo n ized  m osqu itoes  

used. House mice and deer  mice o f t e n  s l e p t  when prov ided  w i th  a j a r  f o r  

s h e l t e r ,  and t h i s  i n a c t i v i t y  probably  a l low ed  m osqu itoes  to  feed  

u n d is tu rb e d .  I n s ta n c e s  o f  v e r t e b r a t e s  c a p tu r in g  and k i l l i n g  m osqu itoes  

o ccu rred ,  and th e  a u th o rs  sugges ted  t h a t  l e a r n in g  m ight p lay  a r o l e  in  

such behav io r  i n  th e  ch icks.

Host h e a l th  can in f lu e n c e  a n t i -m o s q u i to  behav io r  and, 

consequen tly ,  m osquito  fe e d in g  success .  Day and Edman (1983) found 

t h a t  l a b o ra to r y  mice (Mus musculus) were l e t h a r g i c  and d id  not d is p la y  

a n t i -m o s q u i to  behav io r  when in f e c te d  w i th  v a r io u s  m a la r ia s  ( Plasmodium 

spp.). T h is  phenomenon, w ith  an a s s o c ia te d  in c re a s e  i n  m osquito  fe e d in g  

s u c c e s s ,  u s u a l ly  was most e v id e n t  when m a la r ia  gam etocyte i n f e c t i v i t y  to  

m osquitoes  was g r e a t e s t .  Using a n t i - e s t r a d i o l  as  a b loodm arker i n  

t e s t s  w i th  p a ire d  c o n s p e c i f ic s  ( Mus m usculus). Day a l ,  (1983) found 

t h a t  m osqu itoes  had g r e a t e r  feed in g  su ccess  on the  i n f e c te d  member of a 

p a i r  th an  on the  member u n in fe c te d  w i th  e i t h e r  P^ chabaudi or P. 

be rghe i .  As i n  o th e r  work (Day and Edman, 1983), a n t i -m o s q u i to  

behav io r  was reduced  i n  in f e c t e d  mice. D isease - induced  changes i n  h o s t  

behav io r  may be an im p o r ta n t  f a c t o r  i n  t r a n s m is s io n  of a r th ro p o d -b o rn e  

i n f e c t i o n s  (Day and Edman, 1983). F u r th e r  s tudy  i s  needed to  f u l l y  

d e te rm in e  the  e p id e m io lo g ic a l  im portance  of th e se  o b se rv a t io n s .



8

Walker and Edman (1986) s tu d ie d  a n t i -m o s q u i to  b eh av io r  i n  e a s t e r n  

chipmunks (Tamias s t r i a t u s )  and g ray  s q u i r r e l s ,  u s in g  Aedes t r i s e r i a t u s  

m osqu itoes ,  which feed  on th e se  mammals i n  na tu re .  Gray s q u i r r e l s  and 

chipmunks e x h ib i te d  s i m i l a r  a n t i -m o s q u i to  b ehav io r ,  w i th  head shake 

being the  most e f f e c t i v e  ac t io n .  Mosquito fe e d in g  su c c e s s  was g r e a t e r  

on chipmunks th an  on gray s q u i r r e l s ,  p o s s ib ly  because gray s q u i r r e l s  

d isp la y e d  two main d e fe n s iv e  b eh av io rs  (head shake and f o r e f o o t  

s c ra tc h )  more f r e q u e n t ly  th an  d id  chipmunks.

The c i t e d  s tu d ie s  on a n t i -m o s q u i to  behav io r  of b i r d s  and mammals 

p rov ide  b a s ic  b e h a v io ra l  in fo rm a t io n  on v a r io u s  sp e c ie s .  However, no 

one has examined i n  d e t a i l  th e  a n t i -m o s q u i to  behav io r  i n  one s p e c ie s ,  

e v a lu a t in g  th e  e f f e c t iv e n e s s  o f  th e  b ehav io r  under v a r io u s  c o n d i t io n s  

r e l e v a n t  to  the  development and ecology o f  t h a t  s p e c ie s .  I  wanted to  

conduct a d e t a i l e d ,  i n t e g r a t e d  s tudy  o f  a n t i -m o s q u i to  behav io r  i n  one 

s p e c ie s ,  and I  co n s id e re d  s e v e ra l  s p e c ie s  o f  mammals as  p o t e n t i a l  

s u b je c t s .  In  p r e l im in a ry  work d u r in g  1983> I  d e f in e d  and c h a r a c te r i z e d  

a n t i -m o s q u i to  behav io r  i n  fo u r  s p e c ie s  of sm a l l  mammals ( w h i te - fo o te d  

mouse, Peromvscus le u c o p u s ; so u th e rn  f l y i n g  s q u i r r e l ,  Glaucomvs v o la n s : 

meadow v o le ,  M icro tus  pennsv lvan lcus : s h o r t - t a i l e d  shrew, B la r in a  

b rev icau d a) . Mice and f l y i n g  s q u i r r e l s  e x h ib i te d  th e  most d i s t i n c t ,  

e f f e c t i v e ,  and d iv e rs e  a n t i -m o s q u i to  behavior. My subsequen t r e s e a r c h  

e f f o r t s  focused  on th e  a n t i -m o s q u i to  behav io r  o f  P»_ leucopus  exposed 

to  one s p e c ie s  o f  m osquito  (Aedes t r i s e r i a t u s ) .

Peromvscus leucopus N a tu ra l  History

P. leucopus occu rs  i n  f o r e s t e d  and brushy h a b i t a t s ,  th rough  most 

of th e  n o r th e a s t e r n  U.S. and s o u th e rn  O ntario  to  w e s te rn  Montana, 

e a s t e r n  Arizona, and e a s t e r n  Mexico (H all and Kelson, 1959). The
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s u b sp e c ie s  P, leucopus n o vebo racens is  i s  found in  a l l  New England 

s t a t e s  no rth  to  th e  a re a  o f  t r a n s i t i o n  from hardwood to  c o n i fe ro u s  

f o r e s t s  (Godin, 1977). In  some lo c a t io n s ,  the  m o rp h o lo g ica l ly  s i m i l a r  

d ee r  mouse (Peromvscus m a n icu la tu s )  i s  s y m p a tr ic  w i th  P. leucopus. but 

o n ly  P,. leucopus o ccu rs  i n  s o u th e a s te rn  New Hampshire (Choate, 1973)- 

W h ite - fo o te d  mice a re  157-191 mm long and weigh 16-29 g. A dults  of 

both sexes  have a dark  d o r s a l  s t r e a k  on the red d ish -b ro w n  upper p a r t s ,  

w i th  a w h i te  v e n t r a l  a r e a ;  ju v e n i l e s  a re  evenly  d a rk -g ray  (Godin,

1977).

W h ite - fo o te d  mice a re  n o c tu rn a l ,  becoming a c t i v e  soon a f t e r  s u n se t  

w i th  a peak i n  a c t i v i t y  about one hour l a t e r  (Behney, 1936; Kavanau, 

1967). They a re  somewhat a rb o re a l  (Madison, 1977); McShea (1981) 

su g g es ted  t h a t  j u v e n i l e s  may be more a rb o re a l  than  a d u l t s .  J u v e n i l e s  

and a d u l t s  have good v i s u a l  a c u i ty  and fu n c t io n  w e l l  a t  v a r io u s  l i g h t  

l e v e l s  (V e s ta l ,  1973; King and V e s ta l ,  1971*). Auditory  s e n s i t i v i t y  i s  

w e l l -d e v e lo p e d  (R a l ls ,  1967). During th e  day, mice use r e fu g e s  in  

c a v i t i e s  of dead t r e e s ,  under lo g s  and d e b r i s  (W olff and H u r lb u t t ,

1982), and p o s s ib ly  in  s to n e  fen ce s  (Barry and Francq, 1980). Nests 

a re  g lo b u la r ,  made of d r ie d  p la n t  m a t e r i a l s  (Godin, 1977). The d i e t  

in c lu d e s  seeds , mast, l a r v a l  and a d u l t  i n s e c t s  ( in c lu d in g  D ip te ra ) ,  and 

f r u i t s  (H am ilton, 19*11; W hitaker, 1966). L i t t e r s  a re  born between l a t e  

March and l a t e  November (Godin, 1977). J u v e n i l e s  a re  weaned between 

25-30 days a f t e r  b i r t h  (N icholson, 19*11) and le av e  the  n e s t  when they  

a r e  about fo u r  to  s ix  weeks o ld  (Layne, 1968; Goundie and Vessey,

1986).
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Aedes t r i s e r i a t u s  .Natural H is to ry

The m osquito  Aedes t r i s e r i a t u s  (Say) occu rs  i n  deciduous f o r e s t s  

th roughou t th e  United  S t a t e s  e a s t  of the  Rocky M ountains and in  Nova 

S c o t ia ,  O n ta r io ,  Quebec, and New Brunswick (Je n k in s  and C arpen te r ,

1946; D ars ie  and Ward, 1981). I t  b reeds  i n  t r e e - h o l e s ,  which a re  

c a v i t i e s  formed by the  ju n c t io n  of two or more main tru n k s  u s u a l ly  near 

the  base o f  a t r e e ,  f r e q u e n t ly  beech, maple, or oak (Jen k in s  and 

C arpen te r ,  1946; B e ie r  and T rp is ,  1981; Haramis, 1984). I t  a l s o  b reeds  

i n  d is c a rd e d  au tom ob ile  t i r e s  and, o c c a s io n a l ly ,  a r t i f i c i a l  c o n ta in e r s  

such as  cem ete ry  u rn s  (Jen k in s  and C arpen te r ,  1946). I t  o v e rw in te r s  i n  

the  egg s ta g e  and, i n  th e  sou th , o c c a s io n a l ly  as  la rv a e  (Jen k in s  and 

C arpen te r ,  1946; Sims, 1982); th e se  eggs p rov ide  th e  i n i t i a l  brood t h a t  

h a tch es  i n  l a t e  sp r in g .  More eggs h a tc h  th roughou t th e  summer u n t i l  

p h o to p e r io d ic  and th e rm a l  cues induce  egg d iapause  in  th e  autumn 

(Kappus and Venard, 1967; Shroyer and C ra ig ,  1980, 1983).

In  s o u th e a s te rn  New Hampshire, th e  only  o th e r  aed ine  m osquito  

s p e c ie s  b reed in g  in  such c o n ta in e r s  i s  the  uncommon but m o rp h o lo g ic a l ly  

s i m i l a r  Aedes h en d erso n i (C o ck ere ll) .  Fourth  i n s t a r  la rv a e  of th e  two 

s p e c ie s  may be d i s t i n g u i s h e d  c h i e f ly  by c h a r a c t e r i s t i c s  of the  an a l  

g i l l s  and body c o l o r a t io n  (G rim stad j LL. 1974; Wood £i. a l . f 1979). 

Larvae feed  on fu n g i  i n  d e b r i s  (Haramis, 1984) o r  on o th e r  sm a l l  

o rgan ism s such as  r o t i f e r s  and p ro tozoans  ( Jen k in s  and C arp en te r ,  1946) 

be fo re  e n t e r in g  a b r i e f  s ta g e  as  a q u a t ic ,  non -feed in g  pupae.

Because w a te r  t e m p e ra tu re s  o f t e n  a re  h ighe r  i n  t i r e s  th an  in  

t r e e - h o l e s ,  a d u l t  emergence may occur e a r l i e r  in  t i r e s ,  p a r t i c u l a r l y  i f  

they a re  no t shaded. Means .al, (1977) su g g es ted  t h a t  fem a le s  from
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th e  t i r e  h a b i t a t  may d i f f e r  b e h a v io r a l ly  from fem a les  produced from 

t r e e - h o l e  l a rv a e ,  but ev idence  f o r  t h i s  i s  not convincing.

G re a te s t  b i t i n g  a c t i v i t y  near  ground l e v e l  occu rs  i n  the  l a t e  

a f te rn o o n  (Loor and D e F o l ia r t ,  1970). Some fe e d in g  i n  n a tu re  occu rs  

du ring  dusk a t  ground l e v e l  and i n  th e  canopy (S ch o ll  .s£ .al»» 1979;

Novak ££. a l , ,  1981), and fe m a le s  a re  eage r  b i t e r s  i n  c a p t i v i t y  du r in g  

t w i l i g h t .  Like most aed in e  m osquitoes ,  A& t r i s e r i a t u s  i s  b e l iev ed  to  

be a g e n e ra l iz e d  f e e d e r  on mammalian sp e c ie s .  Based on few i d e n t i f i e d  

b loodm eals , i t  i s  known to  feed  i n  n a tu re  on dogs, raccoons ,  muroid and 

s c i u r i d  ro d e n ts  (M a g n a re l l i ,  1976), and ru m in a n ts  (Edman, 1971).

A na lys is  o f  98 A& t r i s e r i a t u s  b loodm eals  (N asci,  1982) in d i c a te d  

t h a t  th e  m osqu itoes  fed  m ain ly  on chipmunks and deer ,  a l though  some 

fe e d in g  o ccu rred  on t r e e  s q u i r r e l s ,  raccoons, r a b b i t s ,  can ines ,  c a t s ,  

and b i rd s ;  t e s t s  w ere no t  done f o r  muroid bloodm eals. Outdoor exposures  

o f  h o s ts  to  n a t u r a l  m osquito  p o p u la t io n s  i n d i c a t e  t h a t  Afi> t r i s e r i a t u s  

w i l l  feed  on gray s q u i r r e l s ,  chipmunks, humans, deer ,  raccoons, 

opossums, and r a b b i t s  (W right and D e F o l ia r t ,  1970); M ag n a re l l i  (1979) 

observed ou tdoo r  fe e d in g  on a n e s th e t iz e d  Peromvscus leucopus and 

raccoons. The f e e d in g  h a b i t s  o f  A& t r i s e r i a t u s .  and b e h a v io ra l  

re sp o n ses  o f  i t s  p o t e n t i a l  h o s ts ,  a r e  e p id e m io lo g ic a l ly  im p o rtan t .

This s p e c ie s  i s  the  c h i e f  v e c to r  o f  LaCrosse v i r u s  o f  th e  C a l i f o r n ia  

group of e n c e p h a l i t id e s  (W atts  .si. _al.> 1972), which can cause 

i l l n e s s  i n  humans and h as  been p re s e n t  i n  the  n o r th c e n t r a l  U.S.

As.- t r i s e r i a t u s  i s  a p o t e n t i a l  v e c to r  o f  dog heartworm (D i r o f i l a r i a  

im m l t l s ) . a l though  th e  m agnitude o f  i t s  r o l e  i n  t r a n s m is s io n  o f  t h i s  

p a r a s i t e  i s  u n c e r t a in  (Ludlam s i  j&L, 1970; F o r t i n  and Slocombe, 1981). 

Under e x p e r im e n ta l  c o n d i t io n s ,  A& t r i s e r i a t u s  t r a n s m i t s  e a s t e r n  equine
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e n c e p h a l i t i s  (EEE) (Cham berlain and Sudia, 1961; W h i t f ie ld  .al*»

1971)» and i s  s u s c e p t ib le  to  some s p e c ie s  o f  a v ian  m a la r ia  (Huff,

1965).

In  a d d i t i o n  to  e p id e m io lo g ic a l  i n t e r e s t  i n  Ag, t r i s e r i a t u s .  

p r a c t i c a l  re a so n s  prompted i t s  use i n  my study. I  wanted to  use a 

s i n g l e  s p e c ie s  d i r e c t l y  from th e  w ild ,  because i n t e r s p e c i f i c  v a r i a t i o n  

i n  fe e d in g  h a b i t s  and a g g re s s iv e n e s s  e x i s t  (Wood .§£ .aL , 1979), and 

m osquitoes  m a in ta in ed  i n  la b  c o lo n ie s  f o r  s e v e ra l  g e n e ra t io n s  may show 

i n t r a s p e c i f i c  v a r i a t i o n .  I  needed a s p e c ie s  w i th  m u l t ip l e  g e n e ra t io n s ,  

so I  cou ld  conduct e x p e r im en ts  d u r in g  most o f  th e  summer u s in g  a d u l t  

m osquitoes  o f  unifo rm  age and fe e d in g  h i s to ry .  Most m osquitoes  i n  

s o u th e a s te rn  New Hampshire have one major g e n e ra t io n  per year. Although 

th e  s a l t  marsh m osqu itoes  M  s o l l i o i t a n s  and Mr c a n t a to r  have s e v e ra l  

broods, they  e x h ib i te d  h igh  l a r v a l  m o r t a l i t y ,  minimal a d u l t  lo n g e v i ty ,  

and in a d eq u a te  fe e d in g  behav io r  when exposed to  sm all  mammals under la b  

c o n d i t io n s  i n  my p re l im in a ry  s tudy. M  t r i s e r i a t u s  proved 

s a t i s f a c t o r y  i n  a l l  r e s p e c t s :  l a rv a e  w ere p l e n t i f u l  and e a s i l y  o b ta in ed  

d u r in g  most o f  th e  summer; a d u l t s  could  be r e a re d  by s im p le ,  a l b e i t  

tim e-consum ing p rocedu res ; and fe e d in g  behav io r  was adequa te  and 

c o n s i s t e n t  i n  c a p t iv i t y .

Overview o f  O b je c t iv e s  and Methods

The o b je c t iv e s  o f  my study were to  q u a n t i f y  a n t i -m o s q u i to  b ehav io r  

in  £. le u co p u s . and to  d e te rm in e  i t s  e f f e c t iv e n e s s  i n  d e c re a s in g  

m osquito  fe e d in g  su c c e ss  under v a r io u s  c o n d i t io n a  I  a t te m p te d  to  answ er 

s e v e ra l  q u e s t io n s  about t h i s  behav io r :  (1) Were th e r e  d i f f e r e n c e s  i n

a n t i -m o s q u i to  behav io r  between w ild -c a u g h t  and l a b - r e a r e d  a d u l t  mice?

(2) Did ju v e n i l e s  e x h i b i t  a n t i -m o s q u i to  behav io r  and, i f  so, was exposure
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to  m osquitoes  a f a c t o r  i n  i t s  development? (3) Could a d u l t  mice 

m a in ta in  s u c c e s s fu l  d e fe n s iv e  behav io r  w h i le  engaged i n  o rd in a ry  

n a t u r a l  a c t i v i t i e s ,  such as h a n d l in g  food and n e s t i n g  m a te r i a l ?

I  conducted fo u r  s e r i e s  o f  ex p e r im en ts ,  u s in g  fo u r  groups o f  mice. 

The f i r s t  and second s e r i e s  used w i ld -c a u g h t  mice. In  th e  f i r s t  

s e r i e s ,  mice w ere i n  p la in  e n c lo su re s ;  however, i n  the  second s e r i e s ,  

mice had o p p o r tu n i ty  to  m an ip u la te  food and n e s t in g  m a te r i a l  d u r in g  th e  

o b s e rv a t io n  period . In  th e  t h i r d  s e r i e s ,  I  examined a n t i -m o s q u i to  

behav ior  i n  l a b - r e a r e d  a d u l t  mice, f o r  com parison w i th  w i ld -c a u g h t  

mice. In  a l l  a d u l t  s e r i e s ,  as  a c o n t ro l ,  I  f i r s t  observed  each mouse 

in  an e n c lo su re  w i th o u t  m osqu itoes ,  t o  d e te rm in e  normal l e v e l s  o f  non

agg rava ted  behavior. On a subsequen t evening, I  observed  each mouse in  

th e  e n c lo su re  w i th  m osquitoes. On the  f i n a l  evening, I  a n e s th e t iz e d  

each mouse and p laced  i t  i n  th e  e n c lo su re  w i th  m osquitoes. This f i n a l  

c o n t ro l  v e r i f i e d  th e  f a c t  t h a t  a la c k  o f  fe e d in g  su c c e ss  i n  the  second 

t e s t  was due to  th e  mouse's a n t i -m o s q u i to  behav io r ,  and not to  a la c k  

of a t t r a c t i o n  by m osqu itoes  to  the  p o t e n t i a l  host.

The fo rm at of th e  ju v e n i l e  s e r i e s  d i f f e r e d  s l i g h t l y  from t h a t  of 

the  a d u l t  s e r i e s .  Each ju v e n i l e  was observed i n i t i a l l y  w i th o u t  

m osquitoes. In  th e  second t e s t ,  some ju v e n i l e s  had a " p r a c t ic e  

se ss io n "  w i th  m osqu itoes ,  w hereas t h e i r  s i b l i n g s  d id  not ex p e r ie n c e  

m osquitoes then. A ll  ju v e n i l e s  ex perienced  m osqu itoes  i n  th e  t h i r d  

t e s t ,  and w ere a n e s th e t i z e d  f o r  exposure to  m osquitoes  i n  the  f i n a l  

t e s t .



MATERIALS AND METHODS

F a c i l i t i e s

Because m osqu itoes  and mice a r e  s e n s i t i v e  to  en v iro n m en ta l  f a c t o r s  

such as te m p e ra tu re ,  hum id ity ,  and l i g h t ,  a l l  an im a ls  were m a in ta in ed ,  

and o b s e rv a t io n s  conducted, i n  th e  an im al behav io r  l a b o ra to r y  o f  

Spau ld ing  L i f e  Sc ience  B u ild ing .  S ep a ra te  rooms were used f o r  keeping 

mice, r e a r i n g  m osqu itoes ,  and conduc ting  o b s e rv a t io n s .  Each room was 

ap p ro x im a te ly  2 x 3 m, w i th  overhead f lu o r e s c e n t  l i g h t i n g  and one a i r  

vent. Each room co n ta in ed  a p o r ta b le  h u m id i f ie r  (West Bend Co.), and 

a i r  flow from the  v e n t  was minim ized. Room te m p e ra tu re  was kept a t  21- 

24°C w i th  70-75$ RH, gauged d a i ly  by a s l i n g  psychrom eter. Small lamps 

w i th  4 0 -w a tt  in c a n d e s c e n t  bu lbs  and a u to m a tic  t im e r s  provided  two 2-hour 

c re p u s c u la r  (0.35 fo o t -c a n d le )  p e r io d s  d a i ly ,  app ro x im atin g  dawn and 

t w i l i g h t  c o n d i t io n s .  The t im in g  o f  th e se  p e r io d s  was a d ju s te d  every 

10—14 days to  c lo s e ly  s im u la te  the  n a tu ra l  environm ent.

A c q u is i t io n  and M aintenance siL Mice 

I  used m ales  i n  a l l  t e s t s  in v o lv in g  a d u l t  £, leucopus. to  avoid  

p o t e n t i a l  c o m p l ic a t io n s  due to  b e h a v io ra l  d i f f e r e n c e s  (and, p o s s ib ly ,  

s c e n t  d i f f e r e n c e s  t h a t  m ight a f f e c t  m osquito  feed in g )  a s s o c ia t e d  w i th  

the  roden t e s t r o u s  cyc le .  During June and J u ly ,  1984, I  trap p ed  w i ld ,  

a d u l t  male mice i n  a deciduous w oodlo t on Kingman Farm, 5.6 km from UNH, 

us ing  Sherman l i v e  t r a p s  (8 x 23 x 9 cm) p laced  ap p ro x im a te ly  1.5 m 

above ground on t r e e  trunks .  I  b a i t e d  t r a p s  w i th  su n f lo w er  seeds  and 

o c c a s io n a l ly  ap p le ,  and su p p l ie d  them w i th  two c o t to n  n e s t l e t s  (Ancare 

C orp .,  M a n h a s s e t ,  N. Y.). I  s e t  t r a p s  a t  5 :0 0 -8 :0 0  p.m. and c h ec k ed  them

14
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w i th i n  15 hours. I  kep t mice i n  c a p t i v i t y  f o r  5-7  days b e fo re  u s in g  

them in  o b s e rv a t io n s .  A f te r  co m p le tio n  o f  t e s t i n g ,  each mouse was e a r -  

punched f o r  i d e n t i f i c a t i o n ,  and l a t e r  r e l e a s e d  a t  the  s i t e  o f  cap tu re .

I  o b ta in ed  l a b - r e a r e d  a d u l t  male mice 8-10 months o ld  from the  

£ .  leucopus colony in  th e  an im al beh av io r  la b  i n  June , 1984. The la b  

colony was e s t a b l i s h e d  i n  1981 w ith  l o c a l l y  w i ld -c a u g h t  mice. A ll mice 

were kep t i n d i v i d u a l l y  i n  31 x 38 x 1? cm po lypropylene  cages w i th  w i r e -  

g r id  l i d s ,  and p rov ided  w i th  wood shav ings  and n e s t l e t s .  Lab chow 

(Agway Rat-M ouse-Hamster 2000) and w a te r  were s u p p l ie d  ad l i b i t u m , and 

sm a l l  amounts of su n f lo w er  seed o r  app le  were g iven  every o th e r  day.

In  May, 1985, I  t rap p e d  and m a in ta in ed  p regnant £. leucopus  fem a les  

u s in g  th e  same p ro ced u res  a s  f o r  th e  w i ld -c a u g h t  m ales. I  noted b i r t h s  

o f  l i t t e r s  bu t,  o th e r  than  ea r -p u n ch in g  mice a t  th r e e  weeks o f  age, I  

handled j u v e n i l e s  only  f o r  r o u t in e  cage changing. From s ix  l i t t e r s ,  I  

used e ig h t  p a i r s  ( s ix  male, two fem ale)  o f  s i b l i n g s  f o r  t e s t i n g .  Each 

ju v e n i l e  was 26-30 days o ld  a t  th e  t im e  o f  i t s  f i r s t  t e s t .  All 

j u v e n i l e s  rem ained  housed w ith  t h e i r  m others  u n t i l  a f t e r  com ple tion  o f  

t e s t i n g ,  and th e n  w ere  re le a se d .

A c q u is i t io n  .and. M aintenance n l  Mgsqyiitceg

In  June , 1983, I  p laced  tw e n ty - s ix  d is c a rd e d  au tom ob ile  t i r e s  i n  

deciduous woods on E as t Foss Farm, 1.6 km from UNH. I  prim ed them w i th  

d i s t i l l e d  w a te r ,  t r e e - h o l e  w a te r ,  and o rg a n ic  l e a f  l i t t e r ,  and 

m a in ta ined  th e  w a te r  l e v e l  du r in g  th e  summer by th e  a d d i t io n  of 

d i s t i l l e d  w a te r  whenever r a i n  was i n s u f f i c i e n t .  Although Culex spp. 

bred abundan tly  in  th e  t i r e s  d u r in g  1983, th e  t i r e s  co n ta in ed  Ae. 

t r i s e r i a t u s  a lm os t e x c lu s iv e ly  d u r in g  1984 and 1985. In  May, 1985, f o r  

s e c u r i t y  rea so n s ,  I  moved 19 of th e  t i r e s  to  th e  deciduous w oodlo t where



16

mice w ere t ra p p e d  on Kingman Farm. During 1984 and 1985, I  o b ta in e d  

t h i r d -  and f o u r t h - i n s t a r  l a rv a e  o f  Ae. t r i s e r i a t u s  from th e  w oodlo t 

t i r e s ,  from s i m i l a r  t i r e s  through th e  c o u r te sy  o f  Dr. John Burger, and 

from t r e e - h o l e s  on E as t Foss Farm and Kingman Farm. I  c o l l e c t e d  n e a r ly  

equal numbers of l a rv a e  from t i r e s  and t r e e - h o l e s  th roughou t both 

summers, but d id  no t m a in ta in  them s e p a r a t e ly  i n  lab .

I  p laced  la rv a e  i n  d i s t i l l e d  w a te r  i n  29 x 36 x 15 cm w h ite  

p o ly e th y len e  t r a y s  and fed  them brew er’s y e a s t  d a i l y ,  w i th  o c c a s io n a l  

supp lem ents  of c rushed  la b  chow. P e r io d ic  v i s u a l  ex am in a t io n  a l low ed  

d e t e c t i o n  and removal o f  th e  uncommon Ae. hen d erso n i la rv a e .  I  

c o l l e c t e d  pupae from t r a y s  d a i ly  and p laced  them in  d i s t i l l e d  w a te r  i n  

28 x 17 x 5 cm po lypropy lene  t r a y s  w i th i n  30 x 30 x 31 cm sc re e n  cages 

w i th  c lo th  s le e v e s .  Most o f  the  male pupae, d i s t in g u i s h e d  by sm a l l  body 

s iz e ,  were removed. Newly-emerged a d u l t s  were c o l l e c t e d  d a l ly  by 

a s p i r a t i o a  I  p laced  fe m a le s  i n  l o t s  o f  a p p ro x im a te ly  60 i n  22 x 22 x 

21 cm s c re e n  cages w i th  c lo th  s le e v e s ,  and r e l e a s e d  the  males.

Adult fe m a le s  were fed  d a i ly  on a n e s t l e t  soaked in  a 10? s u c ro se  

s o lu t io n .  I  used fe m a le s  between 7-10 days of age fo r  t e s t i n g .  

A pproxim ately  26-28 hours  p r io r  to  a t e s t ,  I  a s p i r a t e d  55 fe m a le s  i n t o  

a 30 x 30 x 31 cm s c re e n  e n c lo su re  m o d if ied  w i th  a wooden f l o o r ,  wooden 

back, and g l a s s  f r o n t ,  i n  a d d i t io n  to  the  c lo th  s le e v e  which was 

p o s i t io n e d  a t  th e  top. The sucrose  pad was r e p la c e d  by a d i s t i l l e d  

w a te r-so ak ed  pad 22-24 hours  p r io r  to  a t e 3 t ;  the  w a te r  pad was removed 

8-9 hours b e fo re  th e  t e s t .  One to  two hours b e fo re  the  t e s t ,  I  removed 

any dead m osqu itoes ,  p lu s  some a l iv e  ones i f  n ece ssa ry ,  so t h a t  th e r e  

were 50 m osquitoes  i n  th e  enc lo su re .  A f te r  th e  t e s t ,  I  p laced  th e  

e n c lo su re  i n  a c h i l l e d  (13°C) room f o r  30-45 m inu tes ,  th u s  f a c i l i t a t i n g
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c o l l e c t i o n  o f  m osqu itoes  by a s p i r a t i o n .  I  reco rd ed  th e  number o f  dead 

o r  s e v e re ly  m u t i l a t e d  m osqu itoes ,  and f ro z e  a l l  o th e r s  f o r  36-48 hours. 

I  examined f ro z e n  m osqu itoes  under a d i s s e c t i n g  m icroscope to  d e te rm in e  

p e rc e n ta g e s  o f  unfed (no blood ap p a re n t  i n  abdomen), p a r t l y  fed  

( i n s u f f i c i e n t  blood to  expand th e  abdomen), and c o m p le te ly  fed  (abdomen 

expanded w i th  blood) m osqu itoes ,  based on th e  number reco v e re d  a f t e r  

t h e  t e s t .

Components qL _£££ Serls.3. SiL T es ts  

Table ■* sum m arizes components o f  the  t e s t  s e r i e s ;  d e t a i l e d  

d e s c r i p t i o n s  o f  t e s t i n g  p ro to c o l  fo llow .

Wild P la in  (WP) S e r ie s

I  observed  w i ld - c a u g h t ,  a d u l t  male mice i n  p l a in  e n c lo s u re s ,  i . e . ,  

w i th o u t  m a n ip u la ta b le  m a te r i a l .

WPA (c o n t ro l ) .  A f te r  a 5 -m in u te  p e r io d  f o r  f a m i l i a r i z a t i o n  w i th  

th e  e n c lo s u re ,  I  m on ito red  th e  behav io r  o f  each mouse f o r  45 m inu tes ,  

w i th o u t  m osquitoes . I  reco rd ed  d i s c r e t e  a c t io n s  i n d i v id u a l ly ,  bu t 

reco rd ed  only  d u r a t io n  f o r  the  r e l a t i v e l y  n o n - d is c r e t e  a c t io n s  of 

w alk ing  and r e s t i n g .

WPB ( t r e a tm e n t) .  I  p laced  each mouse i n  th e  e n c lo su re  w i th  

m osquitoes. I  m on ito red  behav io r  a s  in  WPA, a f t e r  the  i n i t i a l  5 -m in u te  

f a m i l i a r i z a t i o n  period .

WPC ( c o n t r o l ) .  I  p laced  each a n e s th e t iz e d  mouse i n  the  e n c lo su re  

w i th  m osqu itoes  f o r  50 m inutes.

Lafe P la in  (LP.) S e r ie s

I  observed  l a b - r e a r e d ,  a d u l t  male mice i n  p l a in  e n c lo su re s ,  u s in g  

the  same p ro to c o l  a s  i n  the  w i ld  p la in  s e r i e s .  The t e s t s  i n  t h i s  

s e r i e s  were LPA ( c o n t r o l ) ,  LPB ( t r e a tm e n t ) ,  and LPC ( c o n t r o l ) .
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TABLE 1

Components o f  S e r ie s  o f  T e s ts

Adult S er ies . J u v e n i l e  S e r ie s

Type o f  T est
Wild Lab Wild

P la in  P la in  M anipu la ting

A ctive  mouse,
no m osquitoes  WPA LPA WMA

A ctive  mouse,
no m osquitoes  ----- ----  ----

A ctive  mouse,
w ith  m osquitoes  WPB LPB WMB

A ctive mouse,
w ith  m osquitoes  ----- ----  ----

A n es th e tized  mouse,
w ith  m osquitoes WPC LPC WMC

No With
Pr.ac-tlce___Prac.t.lg-g

JNA

JNB

JNC

JND

JPA

JPB

JPC

JPD
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M ild. M an ip u la t in g  (WM) S e r ie s

I  observed  w i ld - c a u g h t ,  a d u l t  male mice i n  e n c lo su re s  c o n ta in in g  

n e s t  m a te r i a l  and food t h a t  could be m an ipu la ted  by th e  mice.

WMA (c o n t ro l ) .  I  p laced  each mouse i n  th e  e n c lo su re  c o n ta in in g  two 

n e s t l e t s  to r n  i n  q u a r t e r s ,  50cc o f  wood shav ings ,  50 su n f lo w e r  seeds ,  

and fo u r  s m a l l  p ie c e s  o f  a p p le  s c a t t e r e d  on th e  f lo o r .  I  reco rd ed  

beh av io r  as  i n  WPA, w i th  the  a d d i t io n  o f  one a c t io n ,  "m an ipu la t ion" ,  

reco rd ed  as  d u ra t io n .

WMB ( t r e a tm e n t) .  I  p laced  each mouse in  th e  e n c lo su re  w i th  

m osqu itoes  and w i th  food and n e s t in g  m a t e r i a l s  on the  f lo o r .  I 

m on ito red  b ehav io r  a s  i n  WPB, plu3 th e  "m an ip u la t io n "  ac t io n .

WMC (c o n t r o l ) .  I  p laced  each a n e s th e t i z e d  mouse in  th e  e n c lo s u re  

w ith  m osqu itoes  f o r  50 m inu tes ,  w i th o u t  food and n e s t in g  m a te r i a l s .  

J u v e n i l e  S e r ie s

This  c o n s i s te d  o f  two s u b s e r i e s  o f  t e s t s .  One group o f  j u v e n i l e s  

had a " p ra c t i c e "  s e s s io n  w i th  m osquitoes ,  w hereas t h e i r  s i b l i n g s ,  i n  

the  co rresp o n d in g  s u b s e r i e s  o f  t e s t s ,  had l e s s  ex p e r ien ce  w i th  

m osquitoes .

J u v e n i l e s  w itt l  P r a c t i c e  LJPJ s u b s e r ie s .

JPA ( c o n t ro l ) .  I  p laced  each ju v e n i l e  i n  a p la in  e n c lo su re  

w i th o u t  m osquitoes ,  and m onito red  b ehav io r  as  i n  WPA.

JPB ( t re a tm e n t) .  I  p laced  each ju v e n i l e  i n  the  e n c lo su re  

w ith  m osquitoes; t h i s  was th e  j u v e n i l e ' s  " p r a c t i c e "  s e s s io n ,  and I  

m onitored behav io r  as  i n  WPB.

JPC ( t r e a tm e n t ) .  I  p laced  each ju v e n i l e  i n  th e  e n c lo su re  

w ith  m osquitoes a g a in ,  and m onitored behav io r  as  i n  WPB.
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JPD (c o n t ro l ) .  I  p laced  each a n e s th e t i z e d  ju v e n i l e  i n  th e  

e n c lo s u re  w ith  m osquitoes  f o r  50 m inu tes .

J u v e n i l e s  w i th  Nq. P r a c t i c e  (JN) S u b s e r ie s .

JNA ( c o n t ro l ) .  I  p laced  each j u v e n i l e  in  th e  p l a i n  e n c lo su re  

w i th  m osqu itoes ,  and re c o rd e d  behav io r  as  i n  WPA.

JNB ( c o n t ro l ) .  I  p laced  each ju v e n i l e  i n  th e  e n c lo su re  w i th o u t  

m osquitoes  a g a in ,  and m onito red  behav io r  as  i n  WPA.

JNC ( t r e a tm e n t ) .  I  p laced  each ju v e n i l e  in  th e  e n c lo su re  w i th  

m osqu itoes ,  and m onitored  behav io r  a s  i n  WPB.

JND ( c o n t r o l ) . I  p laced  each a n e s th e t i z e d  ju v e n i l e  in  th e  

e n c lo su re  w ith  m osquitoes  f o r  50 m inutes .

B locking

I  d id  a l l  b e h a v io ra l  t e s t i n g  d u r in g  th e  t w i l i g h t  p e r io d ,  w i th  only 

one o r  two t e s t s  per day, o c c u r r in g  d u r in g  e i t h e r  th e  e a r ly  o r  l a t e  h a l f  o f  

th e  per iod .  I  t e s t e d  each mouse on a l t e r n a t e  even ings, c o n s i s t e n t l y  i n  

e i t h e r  th e  e a r l y  o r  l a t e  period . W ith in  each a d u l t  mouse s e r i e s ,  I  

blocked t e s t s  so t h a t  equal numbers o f  mice were t e s t e d  d u r in g  th e  

e a r l y  and l a t e  segments. In  th e  ju v e n i l e  s e r i e s ,  t h i s  was not 

co m p le te ly  c o m p a tib le  w i th  the  sch ed u lin g  re q u ire m e n ts  based on th e  

ages o f  the  mice. Among th e  j u v e n i l e s  w i th  p r a c t i c e ,  I  t e s t e d  th r e e  

e a r l y  and f i v e  l a t e ;  i n  th e  JN s u b s e r ie s ,  I  t e s t e d  f i v e  e a r l y  and th r e e  

l a t e .  W ith in  the  e ig h t  p a i r s  o f  ju v e n i l e  s i b l i n g s ,  I  a rran g ed  t e s t s  so 

t h a t  members o f  each p a i r  were t e s t e d  on th e  same even ings, to  en su re  

t h a t  b e h a v io ra l  v a r i a t i o n  w i th in  a p a i r  was no t due to  p o s s ib le  age-  

r e l a t e d  f a c t o r s .
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A nesthes ia

I  used a n e s t h e t i c s  (K e ta se t  and Rompun i n  com bination ) t o  

e l im i n a t e  each mouse's b ehav io r  d u r in g  i t s  f i n a l  c o n t ro l  t e s t .  S tu d ie s  

w i th  l a b o ra to r y  an im a ls  have shown t h a t  K e ta se t  a c t s  m ain ly  a s  a 

d i s s o c i a t i v e ,  a n a lg e s ic  a n e s th e t i c ,  a f f e c t i n g  th e  c e n t r a l  nervous system  

w ith  some d e p re s s io n  o f  r e s p i r a t i o n  and p o s s ib le  c a r d io v a s c u la r  s t i m u l a t i o n  

(H arkness and Wagner, 1977; W right, 1982). When used a lone i n  mice du r in g  

p r e l im in a ry  work (pers . obs.) ,  K e ta se t  d id  no t keep P». leucopus 

a n e s th e t i z e d  lo n g  enough, and did  no t e l im i n a t e  to n i c  movements o f  th e  

lim bs . The a d d i t io n  o f  Rompun, which a c t s  a s  a s e d a t iv e ,  a n a lg e s ic ,  

and m uscle  r e l a x a n t  (Mulder and Mulder, 1979)» e l im in a te d  to n ic  

movements i n  a l l  mice, and provided  adequa te  d u ra t io n  of a n e s th e s i a  i n  

th e  a d u l t  mice. D ura tion  o f  a n e s th e s i a  i n  j u v e n i l e s  v a r ie d  from 25-50 

m inu tes ;  however, i t  was no t f e a s i b l e  to  ex tend  i t  by in c r e a s in g  th e  

dosage, s in c e  r e s p i r a t o r y  problem s and some m o r t a l i t y  o ccu rred  d u r in g  

p re l im in a ry  work in  e s t a b l i s h i n g  th e  j u v e n i l e  dosage. Because most 

m osquito  fe e d in g  o ccu rred  i n  the  f i r s t  20 m inu tes  on a n e s th e t i z e d  mice, 

t e s t  r e s u l t s  p robably  w ere no t s i g n i f i c a n t l y  a f f e c t e d  by the  j u v e n i l e s '  

a c t i v i t y  and rem oval from th e  e n c lo su re  p r io r  to  the  end o f  th e  50- 

minute p e r io d .

The a n e s th e s i a  m ix tu re  con ta in ed  0.95 ml K e ta se t  (ketam ine 

h y d ro c h lo r id e ,  100 mg/ral, B r i s t o l  L a b o ra to r ie s ) ,  3*55 ml Rompun 

(x y la z in e ,  20 mg/ml, M ile s  L a b o ra to r ie s ) ,  and 1.9 ml s t e r i l e  R inge r 's  

s o lu t io n .  For th e  a d u l t  mice, I  used a dosage o f  ap p ro x im a te ly  74 mg 

K e ta se t  p lu s  55 mg Rompun per kg body w eight. J u v e n i l e  mice r e c e iv e d  a 

dosage o f  ap p ro x im a te ly  26 mg K e ta se t  p lu s  20 mg Rompun per kg body 

w eight. I  i n j e c t e d  th e  s o lu t i o n  w i th  a d is p o s a b le  1cc tu b e r c u l in
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s y r in g e  w i th  a 25G 5/8" needle . I  b r i e f l y  exposed each mouse to  e t h e r  

and, w h i le  i t  was i n  th e  r e s u l t a n t  subdued c o n d i t io n ,  swabbed th e  

l a t e r a l  p o r t i o n  o f  th e  r i g h t  th ig h  w i th  75? e th a n o l ,  and then  i n s e r t e d  

th e  n eed le  in t r a m u s c u la r ly .  I  i n j e c t e d  th e  drugs as  th e  mouse began to  

re c o v e r  from the  e th e r .  Although the drugs u s u a l ly  took  e f f e c t  

c o m p le te ly  w i th i n  one m inu te ,  I  observed th e  mouse f o r  3-4 m inu tes  f o r  

any s ig n  o f  r e s p i r a t o r y  i r r e g u l a r i t y .  Because th e  eyes rem ained  open,

I  a p p l ie d  so f te n e d  pe tro leum  j e l l y  to  p re s e rv e  t h e i r  m o is t  c o n d i t io n .  

Each mouse was p la ced  in  the  e n c lo su re  ly in g  on i t s  l e f t  s id e ,  w i th  

c h e s t  and head s l i g h t l y  e le v a te d  by two n e s t l e t s ,  to  h e lp  m a in ta in  

normal d ra in a g e  o f  s a l i v a .

Monliorlflg JJis. Behavior 

During t e s t i n g ,  each  mouse was i n  a 30 x 30 x 31 cm s c re e n  

e n c lo s u re  w i th  a g l a s s  f r o n t ,  wooden f l o o r  and back, and c l o th  s le e v e  

c e i l i n &  As th e  o b s e rv e r ,  I  was s e p a ra te d  from th e  e n c lo su re  by a 

wooden room p a r t i t i o n  c o n ta in in g  a 7 x 3 cm g la s s  window, to  m in im ize  

th e  e f f e c t  o f  my p resen ce  on th e  mouse and m osquitoes . I  used an 

E s te r l in e -A n g u s  20-pen  e l e c t r o n i c  even t r e c o rd e r  to  m on ito r  behav io r .  

The r e c o r d e r  was w ired  to  a keyboard made o f  14 d o o rb e l l  b u t to n s  

mounted on a 29 x 16 cm board, so t h a t ,  when I  observed  an  a c t io n ,  I  

could  p re s s  th e  a p p r o p r ia te  b u t to n  and cause the  co r resp o n d in g  pen on 

th e  r e c o rd e r  to  mark th e  c h a r t  paper,  moving 7.6 cm /m inute. An 

a d d i t i o n a l  d o o rb e l l  b u t to n  was a r ran g ed  on a 23 x 14 cm board p laced  on 

th e  f l o o r  and f o o t - a c t i v a t e d ,  f o r  re c o rd in g  r e s t i n g  behav io r .  The 

r e c o rd e r  was e n c lo se d  w i th i n  a sem i-soundproof box, to  subdue the  

s l i g h t  t i c k i n g  n o is e  o f  th e  mechanism.
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B ehav io ra l  M  Mosquito Feeding  Success CateftOTleg 

Mosquito fe e d in g  s u c c e ss  on n o n -a n e s th e t iz e d  and a n e s th e t i z e d  mice 

was e v a lu a te d  and reco rd ed  a f t e r  t e s t s  (Table 2). Based on 

p r e l im in a r y ,  q u a l i t a t i v e  o b s e rv a t io n s  of a d u l t  mice in  1983 and ju v 

e n i l e s  i n  1984, I  m on ito red  f i f t e e n  a c t io n s  (Table 3; F ig u re s  1-4). 

These a c t io n s  a re  a r ran g ed  in  th e  same b e h a v io ra l  c a t e g o r ie s  used in  

d a ta  a n a ly s i s .  I  reco rd ed  w alk ing , r e s t i n g ,  and m a n ip u la t in g  a c t io n s  

by d u r a t i o n  on ly , and reco rd ed  a l l  o th e r  a c t io n s  as  d i s c r e t e  even ts .  

Grooming Behavior

Although I  observed  grooming a c t i o n s  when m osqu itoes  w ere  p re s e n t ,  

and o f t e n  t h e i r  o ccu rren c e  c l e a r l y  p reven ted  m osqu itoes  from s e t t l i n g  

o r  fe e d in g  on an a re a  of th e  body, they a l s o  o ccu rred  a s  p a r t  of 

o rd in a ry  b o d ily  m ain tenance  when m osqu itoes  w ere ab sen t .  These 

a c t io n s ,  th e r e f o r e ,  a r e  no t in c lu d ed  i n  a n t i -m o s q u i to  behav io r  i n  my 

d a ta  a n a ly s i s .  Because a  grooming a c t io n  o f te n  in c lu d ed  c l u s t e r s  o f  

movements of very  s h o r t  d u ra t io n  t h a t  could  not be s e p a ra te d  by the  

o b s e rv e r  and by th e  r e c o r d e r  a t  th e  s e t  c h a r t  pace, I  m o d if ied  the  

d e f i n i t i o n s  of th e  grooming a c t io n s .  For example, face  grooming o f t e n  

o c c u rre d  as  a s e r i e s  o f  r a p id  h a n d - l i c k in g  movements fo l lo w ed  by a 

c o n t r a s t i n g  movement such as  p u l l in g  th e  hands fo rw ard  over th e  face .

By o b se rv in g  the sm all  b reaks  which occu rred  when s w i tc h in g  between 

components of th e  major a c t io n  (face  grooming), I  cou ld  r e c o rd  behav io r  

a s  4 face-groom s r a t h e r  than  a t te m p t  to  d i s t i n g u i s h  and re c o rd  28 hand- 

n ib b l e s  and 8 f a c e - ru b s  w i th i n  9 seconds.

Groom f a c e / e a r ( s ) . The mouse i n t e r s p e r s e d  b r i e f  e p iso d e s  o f  

chewing a n d /o r  l i c k i n g  th e  hand(s) o r  a h in d fo o t  between s in g le  or 

m u l t i p l e  a c t io n s  such a s  rubb ing  th e  s id e s  o f  th e  fa c e ,  p u l l i n g  the
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TABLE 2

C a te g o r ie s  o f  m osquito  fe e d in g  s u c c e ss  on a d u l t  and j u v e n i l e  mice.

M osquitoes on M osquitoes on
N o n -a n e s th e t iz e d  Mice A n e s th e t iz e d  Mice.

% Recovered3 % Recovered3
% K i l l e d 15 -----------

% E a ten 0 -----------

% Deadd % Deadd
% Unfede % Unfede
% Completely fe d e % Completely fe d e
% P a r t l y  fe d e % P a r t l y  f e d e

— —  — % Disturbed**

(Number o f  dead and a l i v e  m osquitoes  reco v e red  a f t e r  t e s t )  x 2. 
(Number o f  m osquitoes  e a te n  + number of dead ones re c o v e re d )  x 2. 

c (Number o f  m osquitoes  no t  reco v e re d  a f t e r  t e s t )  x 2. 
d (Number o f  dead m osquitoes re c o v e re d )  x 2. 
e Based on number o f  m osquitoes reco v e re d  a f t e r  t e s t ,  
f  (Number o b se rv e r  d i s tu r b e d  a t  end o f  t e s t  o f  a n e s th e t i z e d  mouse) x



TABLE 3

B ehav io rs  m onito red  i n  a d u l t  and j u v e n i l e  mice.

B e h a v io ra l  C ategory 

Grooming

*
E x p lo ra to ry

A n ti-m osqu ito

C a t c h - k i l l

Rest

M anipu la te

Chew/tug**

In d iv id u a l  A ctions i n  Category----------

Groom f a c e / e a r ( s )
Groom h a n d (s ) /a rm (s )
Groom body 
Groom h in d fo o t
Groom h i n d q u a r t e r s / g e n i t a l  a r e a / t a i l

Extend
Jump
Walk ( s . )

E a r - f l i c k
H eadshake/tw itch
L unge/w hirl

C a t c h - k i l l  mosquito

Rest ( s . )

M anipu la te  s e e d s /n e s t  m a te r i a l  ( s . )  

Chew/tug on e n c lo su re

( s . )  = seconds

•  E xp lo re  = Extend + Jump + (W a lk (s . ) /6 )

** Not in c lu d e d  i n  d a ta  a n a ly s i s
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hands fo rw ard  over one o r  bo th  e a r s ,  o r  s c r a tc h in g  th e  base o f  an e a r  o r  

th e  s id e  o f  th e  face  w i th  a h in d fo o t .

Groom hand (s ) /a rm (s) .  U sua lly  th e  mouse l i c k e d  o r  chewed th e se  

a r e a s ,  a l though  o c c a s io n a l ly  the  mouse used one hand to  s c r a t c h  th e  o th e r  

arm.

Groom body. The mouse chewed, l i c k e d ,  a n d /o r  s c r a tc h e d  th e  

c h e s t ,  b e l l y ,  s id e ,  o r  back a r e a s .

Groom h in d fo o t .  The mouse groomed th e  p a r t  of th e  h in d le g  below the  

knee by l i c k i n g  o r  chewing i t ,  o f t e n  u s in g  one o r  both  hands to  

maneuver th e  l e g  as  i t  was ex tended  forw ard .

Groom h i n d q u a r t e r s / g e n i t a l  a r e a / t a i l .  The mouse groomed th e se  by 

chewing a n d /o r  l i c k i n g  th e  a re a (s ) ,  a s  w e l l  a s  s c r a tc h in g  o r  p ic k in g  

th rough  th e  f u r  w i th  the  hands. The mouse u s u a l l y  h e ld  th e  t a i l  i n  th e  

hands w h i le  grooming i t ,  o f t e n  beg inn ing  a t  th e  base and p roceed ing  to  

t h e  t i p .

E x p lo ra to ry  Behavior

These a c t io n s  se rv ed  p r im a r i ly  to  h e lp  f a m i l i a r i z e  th e  mouse w i th  

i t s  su rro u n d in g s .  They occu rred  i n  th e  absence a s  w e l l  a s  the  p resence  

o f  m osquitoes . To i n t e g r a t e  v a lu e s  f o r  d i s c r e t e  a c t io n s  (ex tend , jump) 

and a d u ra t io n -b a s e d  a c t i o n  (walk), I  de f in ed  one "u n it"  o f  w a lk in g  as  

be ing  equa l to  s ix  seconds o f  w alk ing , and made th e  fo l lo w in g  

c a l c u l a t i o n :  E xplore  = Extend + Jump + (W alk(s.)/6).

Extend. The mouse s t r e t c h e d  fo rw ard  (o c c a s io n a l ly  w i th  one f r o n t  

le g  r a i s e d  o f f  th e  f lo o r )  o r  upward ( r e s t i n g  one or both hands on the  

s id e  o f  th e  e n c lo su re ) .
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Jump. The mouse jumped from the  f l o o r  onto  the  s id e  o f  th e  

e n c lo s u re ,  or v ic e  v e r s a ;  o c c a s io n a l ly  a mouse jumped from th e  f l o o r  

d i r e c t l y  to  th e  c l o th  c e l l i n g ,  o r  from th e  c e i l i n g  to  th e  f l o o r  or s id e  

o f  th e  en c lo su re .

Walk. This occu rred  on th e  f l o o r ,  s c re e n  s id e s ,  and c e i l i n g  o f  th e  

e n c lo s u re ;  i t  a l s o  in c lu d ed  b r i e f  b u r s t s  o f  runn ing  o r  s e m i - s a l t a t o r i a l  

loco m o tio n  on th e  f lo o r .

A n ti-m o sq u ito  Behavior

Among th e  a d u l t  mice, a n t i -m o s q u i to  a c t io n s  occu rred  a lm o s t  

e x c lu s iv e ly  i n  th e  p resence  o f  m osqu itoes ,  u s u a l ly  in  re sp o n se  to  

t a c t i l e  s t i m u l a t i o n  by th e  m osquitoes. Although th e se  a c t io n s  occu rred  

in f r e q u e n t ly  among ju v e n i l e  mice i n  the  absence o f  m osquitoes ,  I  

c a te g o r iz e d  them as  a n t i -m o s q u i to  b ehav io r  i n  th e  c o l l e c t i o n  and 

a n a l y s i s  o f  th e  d a ta ,  due to  t h e i r  g r e a t  in c re a s e  i n  f requency  in  the  

p resence  o f  m osquitoes .

E a r - f l i c k . The mouse r a p id l y  f l i c k e d  one o r  both e a r s  forw ard . 

H ead sh ak e / tw itch . The mouse shook th e  head from s id e  to  s id e ,  or 

tw i tc h e d  i t  in  a v e r t i c a l  a n d /o r  s l i g h t l y  backward d i r e c t io n .

L un ae /w h ir l .  The mouse lunged fo rw ard  o r  s l i g h t l y  s idew ays, 

o c c a s io n a l ly  s t r i k i n g  ou t w i th  one hand; o r ,  i t  w h i r le d  around r a p id ly ,  

r e v e r s in g  i t s  w a lk in g  o r  r e s t i n g  d i r e c t io n .  These a c t io n s  a p p a re n t ly  

were i n  re sp o n se  to  v i s u a l ,  t a c t i l e ,  o r  perhaps a u d i to ry  s t i m u l a t i o n  by 

th e  i n s e c t s .

C a tc h /K i l l  Mosquito

The mouse caught th e  m osquito  i n  i t s  hands, b rought th e  mosquito 

to  i t s  mouth, and appeared  to  k i l l  i t  by n ib b l in g .  The mouse then  

e i t h e r  a t e  th e  m osquito , f r e q u e n t ly  dropping  le g s  as  crumbs, or p laced



28

th e  unea ten  m osquito  on th e  f l o o r  and su b se q u en tly  pa id  l i t t l e  o r  no 

a t t e n t i o n  to  i t .  C atch ing  and k i l l i n g  m osqu itoes  c e r t a i n l y  i s  

d e fe n s iv e  b ehav io r ,  bu t f o r  s t a t i s t i c a l  purposes  i t  was no t in c lu d e d  i n  

th e  a n t i -m o s q u i to  c a teg o ry ,  because I  wanted to  compare l e v e l s  o f  a n t i 

m osquito  behav io r  between t e s t s  i n  which m osqu itoes  were a b se n t  and 

t e s t s  i n  which they  were p re s e n t .  By d e f i n i t i o n ,  c a t c h i n g / k i l l i n g  

could  no t occur i n  t e s t s  when m osquitoes  were absen t.

Rest

U sua lly  th e  mouse huddled q u i e t l y ,  w h ile  rem a in in g  awake; 

o c c a s io n a l ly  a mouse would go to  s le e p ,  o f t e n  w i th  th e  head tucked 

down, r e s t i n g  on o r  betw een th e  arms.

M anipulate

The mouse used th e  hand(s) a n d /o r  mouth to  examine, c a r ry ,  e a t ,  

sh red , o r  a r ra n g e  e i t h e r  food i te m s  o r  n e s t in g  m a te r i a l .

Chew/tug

The mouse used th e  hands a n d /o r  mouth to  g ra sp  and p u l l  on the  

s c re e n  o r  c lo th  o f  th e  e n c lo s u re ,  som etim es chewing. I  d id  no t  in c lu d e  

t h i s  a c t io n  i n  th e  d a ta  a n a ly s i s ,  because i t  was not c l e a r l y  f o r  

grooming, e x p lo r in g ,  or de fense  a g a i n s t  i n s e c t s ,  and i t  d id  no t  occur 

i n  a l l  mice.

S t a t i s t i c a l  A nalysis

As i n  many b e h a v io ra l  s tu d ie s ,  assum ptions  of normal d i s t r i b u t i o n  

and homogeneous v a r i a t i o n  of d a ta ,  u n d e r ly in g  p a ra m e tr ic  s t a t i s t i c s ,  

were no t cons idered  re a so n a b ly  v a l id .  I  used n o n -p a ra m e tr ic  s t a t i s t i c s  

(S ie g e l ,  1956; P r a t t  and Gibbons, 1981) to  compare p a ra m e te rs  i n  

t e s t i n g  hypotheses. These t e s t s  could be a p p l ie d  to  th e  sm all  sample
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s i z e s  (n = 8) i n  each o f  th e  a d u l t  s e r i e s  and j u v e n i l e  s u b s e r ie s .  One

s id e d  t e s t s  w ere used, w i th  a lp h a  = 0.05.

I  used th e  Wilcoxon M atched -P a irs  Signed-Ranks t e s t  t o  compare 

r e l a t e d  sam ples , such as  th e  b ehav io r  o f  one mouse under d i f f e r e n t  

c o n d i t io n s  ( i . e . ,  w i th o u t  and w i th  m osqu itoes) ;  t i e s  had n e g l ig ib l e  

e f f e c t  and w ere  no t  c o r re c te d .  I  used th e  Mann-Whitney U t e s t  f o r  

independen t sam ples, such a s  comparing one p a ram e te r  f o r  l a b - r e a r e d  vs. 

w i ld  p l a in  mice, JP  vs. JN ju v e n i l e s ,  and a d u l t  vs. j u v e n i l e  mice. 

C o r re c t io n s  f o r  t i e s  were made acc o rd in g  to  S ie g e l  (1956) i n  e lev en  

com parisons in v o lv in g  l a r g e  p ro p o r t io n s  o f  t i e s  when th e  u n c o r re c te d  p 

v a lu e  was c lo se  to  0 .05 .



RESULTS 

Behavior qL Adult Mlsfi.

A ll  t h r e e  groups o f  a d u l t  mice in c re a s e d  a n t i -m o s q u i to  

b eh av io r  and d ecreased  r e s t i n g  b ehav io r  when m osqu itoes  w ere p re s e n t  

(Table 4). A ll mice showed a n t i -m o s q u i to  behav io r  i n  th e  f i r s t  n ine  

m in u te s  o f  the  t e s t ;  e a r - f l i c k  was the  predom inant a n t i -m o s q u i to  

a c t io n .  A ll  mice, excep t one WP mouse, caught and u s u a l ly  k i l l e d  

m osqu itoes ,  bu t no t every  mouse a t e  m osquitoes. Only two LP mice, and 

no WP o r  WM mice, e x h ib i te d  any a n t i -m o s q u i to  a c t io n s  ( e a r - f l i c k ,  

h e a d s h a k e / tw i tc h ,  lu n g e /w h i r l )  when m osqu itoes  w ere absen t.  WP and WM 

mice groomed more when m osqu itoes  w ere p re s e n t  th a n  when they  were 

ab sen t .  One LP mouse had a huge d ec rease  in  grooming; t h i s  v a lu e  

caused a l a c k  o f  s t a t i s t i c a l  s i g n i f i c a n c e  f o r  th e  in c re a s e  i n  grooming 

i n  LP mice. Face grooming was th e  predom inant grooming a c t io n  in  

n e a r ly  every  mouse, when m osqu itoes  were ab sen t  o r  p re se n t .  E x p lo ra to ry  

behav io r  in c re a s e d  among WP mice when m osqu itoes  were p re se n t .  WM mice 

m an ip u la ted  su n f lo w er  seeds  and n e s t in g  m a te r i a l  l e s s  when m osqu itoes  

were p re s e n t ,  bu t d id  no t have a s i g n i f i c a n t  change i n  number o f  u n ea ten  

seeds  compared to  when m osqu itoes  were ab sen t .

There were few s i g n i f i c a n t  d i f f e r e n c e s  in  behav io r  between th e  

g roups o f  mice. WM mice r e s t e d  l e s s  th an  WP mice when m osqu itoes  w ere 

a b s e n t ,  and l e s s  than  LP mice when m osquitoes were p re s e n t .

g,eha.Ylar SL J u v e n i l e  Mice 

J u v e n i l e  behav io r  was so v a r i a b l e  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  

betw een th e  two groups o f  ju v e n i l e s ,  and w i th in  the  groups under
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TABLE 4

Behavior o f  a d u l t  mice* w ith o u t  and w ith  mosquitoes**

Without M osauitoes With M osauitoes

Behavior WPA WMA LPA WPB ..............WMB LPB
Category a b . C d e f

Groom 2 5 5 .1 (8 6 .2)d 2 1 8 .4 (9 9 .8 )e 272 .5 (155 .0 ) 4 8 7 .6 (1 4 8 .8 )a 3 9 9 .8 (1 6 4 .3)b 349 .9 (155 .9 )

Explore 8 8 .8 ( 9 3 .5)d 140 .1(95 .5 ) 129 .2(107 .6) 134 .7( 9 5 .3)a 144 .3( 93.8) 109 .7( 62 .6 )

A nti-m osquito 0 .0 (  0 . 0)d 0 .0 (  0 . 0)e 0 . 9( 2 . 1 ) f 1 01 .0( 7 4 .7 )a 142.1( 5 0 .6)b 119 .6( 57 .6)  c

C a t c h /k i l l ---- ---- ----- 1 8 .9( 20 .7) 2 5 .8( 21 .5) 10 . 4 ( 10.1)

r, .**Rest 2 5 .3 (1 2 .8)bd 1 1 .5( 9 . 8)ae 1 8 .8( 1 2 .2 ) f 1 0 .5( 9 . 0)a 5 . 1( 7 . 8 )b f 1 2 .3( 8 . 0)ce
>•

M anipulate ---- 1 0 .5( 5 .4 )e ----- ----- 8 . 3( 5 . 3)b -----

Seeds uneaten ----- 3 4 .5 (1 4 .3 ) ----- ----- 3 6 .0( 8 .6 ) -----

*WP = Wild P la in ,  WM = Wild M anipu la ting , LP = L ab-reared  P la in  a d u l t s

Table v a lu es  a re  means; s tan d a rd  d e v ia t io n s  a re  i n  p a ren th eses .  W ithin  each behav io r  ca teg o ry ,  
means fo llow ed by l e t t e r ( s )  a r e  s i g n i f i c a n t l y  d i f f e r e n t  (p<0.05) from means i n  th e  columns headed 
by those  l e t t e r s .  Comparisons were made f o r  a l l  com binations w i th in  the  two groups (w ithou t and 
w ith  m osquitoes) and fo r  co rrespond ing  a d u l t  ty p e s  (WP, WM, LP) between th e  two groups. V alues 
fo r  r e s t  and m an ipu la te  a re  in  m inutes.
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d i f f e r e n t  c o n d i t io n s ,  w ere r a r e  (Table 5). Every mouse, excep t one i n  

each  group, d is p la y e d  some a n t i -m o s q u i to  a c t io n s  when m osqu itoes  w ere 

a b s e n t .  Every ju v e n i l e  in c re a s e d  a n t i -m o s q u i to  behav io r  i n  th e  f i r s t  

n in e  m inu tes  o f  th e  t e s t  when i t  f i r s t  experienced  m osqu itoes ; however, 

i n  the  JP  group, every  mouse, ex ce p t one, decreased  a n t i -m o s q u i to  behav

i o r  when m osqu itoes  w ere p r e s e n t  f o r  th e  second tim e. Every mouse caught 

and k i l l e d  m osqu itoes ,  and, excep t f o r  two JN mice, every  ju v e n i l e  a t e  

m osquitoes .  E a r - f l i c k  was th e  p redom inant a n t i -m o s q u i to  ac t io n .  Face 

grooming was the  most common grooming a c t io n  in  a l l  m ice, w i th  or 

w i th o u t  m osquitoes . JN mice r e s t e d  l e s s  when m osqu itoes  w ere p r e s e n t  

th a n  i n  t h e i r  f i r s t  and second t e s t s  (when m osquitoes were a b s e n t ) .

B ehav ior £ £  Adal-ta iSa. JvLYsniles

JP  ju v e n i l e s  had more grooming, e x p lo r in g ,  and a n t i -m o s q u i to  

b eh av io r  i n  th e  absence o f  m osqu itoes  than  WP, WM, and LP mice, and 

r e s t e d  l e s s  than  WP and LP mice (Table 6). JN ju v e n i l e s ,  i n  t h e i r  f i r s t  

and second t e s t s  w i th o u t  m osqu itoes ,  had more a n t i -m o s q u i to  behav io r  

th a n  WP, WM, and LP mice and ex p lo red  more than  WP and LP mice. JN mice 

groomed and ex p lo re d  more in  t h e i r  second t e s t  w i th o u t  m osqu itoes  th an  

WM mice had in  t h e i r  f i r s t  (only) t e s t  w i th o u t  m osqu itoes ,  and groomed 

more th an  WP mice.

A ll com parisons of a d u l t s  vs. ju v e n i l e s  showed t h a t  ju v e n i l e s  had 

more e x p lo ra to ry  b ehav io r  when m osqu itoes  were p re s e n t  (Table 7). WP 

a d u l t s  groomed more th an  JP  mice groomed i n  t h e i r  f i r s t  t e s t  w i th  

m osquitoes . There w ere no s i g n i f i c a n t  d i f f e r e n c e s  i n  a n t i -m o s q u i to  

b eh av io r  between j u v e n i l e s  and a d u l t s .  The c a t c h - k i l l  a c t io n  occu rred  

more i n  the  JP  j u v e n i l e s '  f i r s t  t e s t  than  i n  any o f  the  a d u l t  groups, 

and more in  t h e i r  second t e s t  th a n  in  WP o r LP a d u l t s .  J u v e n i l e s  tended



TABLE 5

Behavior o f  ju v e n i l e  mice* w ith o u t  and w i th  mosquitoes**

Without M osauitoes With M osauitoes

Behavior JPA JNA JNB JPB JPC JNC
Cateaorv a b c d e f

Groom 363-3(71 .1 ) 316.0(149 .3) 321 .6 (116 .2 ) 337 .9( 86.9) 369 .8 (133 .9 ) 442 .8 (268 .8 )

Explore 3 00 .0 (75 .4 ) 252 .2 (117 .7 ) 246 .7 (102 .9 ) 373 .0 (156 .9 ) 341 .4 (192 .4 ) 2 96 .4 (137 .7 )

A nti-m osquito 9 .5 (  4 . 9)de 6 .1 (  4 . 9 ) f 8 .4 (  6 . 6 ) f 154.1( 4 3 .6 )ae 114.0( 3 7 .9 ) ad 133-9( 4 6 .7 )bc

C a t c h /k i l l ----- ---- ----- 4 8 .0( 9 .4 ) 4 2 .8( 13.4) 3 2 .8( 25 .5 )

Rest (m in .) 6 .6 (  4 .1 ) 12.1( 11.4 ) f 10.6( 9 . 9 ) f 3-9( 5 .1 ) 5 .1 (  4 .4 ) 2 . 3( 3 . 1 )bc

*JP = J u v e n i l e s  w i th  P ra c t i c e ,  JN = J u v e n i l e s  w ith  No P ra c t i c e

Table v a lu e s ,  in d i c a t i o n s  of s ig n i f i c a n c e ,  and comparisons as i n  Table 4.
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TABLE 6

Comparison o f  beh av io r  o f  a d u l t  v s .  j u v e n i l e  mice, w ith o u t  m osquitoes*

Behavior
Catescorv

A dults J u v e n i l e s

WPA WMA LPA JPA JNA JNB
a b c d e f  . __

Groom 2 5 5 .1df 2 1 8 .4df 2 7 2 .5d 3 6 3 .3abc 316.0 3 2 1 .6ab

Explore C
D 00 • 00 a a> 140.1 d 129 .2def 300.0abc 252 .2ac 246.7abc

A nti-m osqu ito O.Odef O.Odef 0 . 9def 9 .5abc 6 . 1abc 8 .4abc

R est (m in . ) 2 5 . 3def 11.5 1 8 .8d 6 . 6ac 12.1a 10.6a

ft
Table v a lu e s  and in d i c a t i o n s  o f  s ig n i f i c a n c e  as  i n  Table 4. 

Comparisons were made f o r  a l l  com binations  between th e  two groups 
( a d u l t s  and j u v e n i l e s ) ;  t a b l e  does no t r e f l e c t  com parisons w i th in  the  
two groups.

TABLE 7

Comparison of behav io r o f  a d u l t v s .  j u v e n i l e  mice, w ith  m osquitoes*

Adults J u v e n i l e s

Behavior WPB WMB LPB JPB JPC JNC
C ateeorv a b c d e f

Groom 4 8 7 .6d 399.8 349.9 337.9a 369.8 442.8

Explore 134.7def 144 .3def 109 .7def 373.0abc 3 4 1 .1abc 296 . 4abc

A nti-m osqu ito 101.0 142.1 119-6 154.1 114.0 133.9

C a t c h / k i l l 1 8 .9de 28. 5d 1 0 .4de 48.0abc 42 .8ac 32.8

Rest (m in . ) 1 0 .5 f 5.1 1 2 .3def 3 .9 c 5. 1c 2 .3 a c

*Table v a lu e s  and in d i c a t i o n s  of s ig n i f i c a n c e  a s  i n  Table 4. Compar
i s o n s  as  i n  Table 6.
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to  r e s t  l e s s  th a n  a d u l t s ,  bu t no t  a l l  d i f f e r e n c e s  were s t a t i s t i c a l l y  

s i g n i f i c a n t .

M osauito  Feeding Success £& Adult Mlae.

In  a l l  g roups o f  a d u l t  mice, the  p e rcen tag e  o f  unfed m osqu itoes  

d ec re ase d  and th e  p e rc e n ta g e  o f  com ple te ly  fed  m osqu itoes  in c re a s e d  

when mice w ere a n e s th e t i z e d  (Table 8). N o n -an es th e t ized  LP mice had a 

h ig h e r  p e rce n tag e  o f  unfed m osqu itoes  and a low er p e rce n tag e  of dead 

m osquitoes  th an  WM m ice; a n e s th e t iz e d  LP mice had a h ig h e r  p e rcen tag e  of 

com ple te ly  fed  and a lo w er  p e rcen tag e  of unfed m osqu itoes  th an  WM mice. 

Most m osqu itoes  fed  on a n e s th e t i z e d  a d u l t  mice w i th i n  the  f i r s t  tw enty  

m inu tes  o f  th e  t e s t .

M.psq,ylto Feeding Success sm J u v e n i l e  Mlg.e 

Trends betw een JN and JP  ju v e n i l e s  were s i m i l a r  (Table 9). 

P e rcen tag es  o f  reco v e re d  and c o m p le te ly  fed  m osqu itoes  in c re a s e d  when 

mice were a n e s th e t i z e d ,  compared to  when they  w ere not. The p ercen tage  

o f  p a r t l y  fed  m osq u ito es  i n  a n e s th e t iz e d  JP  mice d id  not in c re a s e  

compared to  t h e i r  f i r s t  t e s t  w i th  m osquitoes , bu t d id  in c re a s e  compared 

to  t h e i r  second exposure  to  m osquitoes. The p e rcen tag e  of p a r t l y  fed  

m osqu itoes  in c re a s e d  i n  a n e s th e t i z e d  JN ju v e n i le s .  Most m osqu itoes  fed  

on a n e s th e t i z e d  j u v e n i l e s  w i th i n  th e  f i r s t  tw enty  m inu tes  o f  th e  t e s t .

There w ere no s i g n i f i c a n t  d i f f e r e n c e s  between the  groups o f  ju v 

e n i l e s  under th e  same c o n d i t io n s .  One JN mouse k i l l e d  and a t e  a l l  50 

m osquitoes . I  b e l ie v e  no m osquitoes  fed  on t h a t  mouse p r io r  to  being 

k i l l e d ,  bu t,  because t h i s  was not c e r t a i n ,  I  e l im in a te d  th e  d a ta  fo r  

t h a t  mouse i n  th e  unfed , com ple te ly  fed , and p a r t l y  fed  c a te g o r ie s .

The JP  s i b l i n g  o f  t h a t  mouse k i l l e d  and a t e  47 m osqu itoes ; only  one 

o th e r  JP  mouse a t e  more (49) m osquitoes.



TABLE 8

Mosquito feed in g  su ccess  on n o n -a n e s th e t iz e d  and a n e s th e t iz e d  a d u l t  mice*

M osauitoes

N on-anes the tized A nesthe tized

WPB WMB LPB WPC . WMC LPC
a b C d e f

% Recovered 8 0 .3 (3 2 .7 ) 97.8( 3 .1 ) 9 3 .8 (6 .8 ) 9 9 .3 (1 .5 ) 9 9 .8 (0 .7 ) 9 9 .5 (0 .9 )

% K illed** 2 5 .3 (31 .4 ) 2 2 .3 (2 0 .4 ) 1 0 .3 (7 .0 ) ----- ----- -----

% Eaten 1 9 .8 (32 .7 ) 2. 3( 3 .1 ) 6 .8 (6 .8 ) ----- ----- -----

% Dead*** 7 .6 (  8 .7 ) 2 0 .4 (20 .4  )c 3 .6 (2 .5 )b 0 .5 (0 .9 ) 0 .3 (0 .7 ) 0 .0 (0 .0 )

% Unfed*** 8 1 .6 (2 2 .2)d 78. 4 ( 1 9 .9)ce 9 4 .4 ( 6 .0 )b f 1 6 .1 ( 9 .5)a 1 8 .8 ( 5 .0 )b f 1 2 .0 ( 6 .0)ce

% Completely fed*** 7 .5 (1 9 .6 )d 0 . 5( 0 .7 )e 0 . 9 ( 1. 8 ) f 8 2 . 6 ( 8 . 2)a 7 9 .5 ( 5 .6 )b f 8 7 .3 ( 6 .1 )ce

% P a r t l y  fed*** 3 . 3( 4 .1 ) 0 .8 (  0 .9 ) 0 .9 (1 .8 ) 0 .8 (1 .5 ) 1 .5 (1 .4 ) 0 .8 (1 .5 )

% D is tu rbed ---- ----- ----- 2 .5 (3 .0 ) 1 .8 (1 .3 ) 2 .8 (2 .1 )

•Table v a lu e s ,  s tan d a rd  d e v ia t io n s ,  and in d i c a t i o n s  o f  s ig n i f i c a n c e  as  i n  Table 4. Comparisons 
were made fo r  a l l  com binations w i th in  th e  two groups (n o n -a n e s th e t iz e d  and a n e s th e t iz e d )  and 
fo r  co rrespond ing  a d u l t  types  (WP, WM, LP) between th e  two groups.

**% K il le d  = (number o f  m osquitoes e a te n  + number o f  dead m osquitoes recovered )  x 2.

***Based on number o f  m osquitoes recove red .



TABLE 9

Mosquito feed in g  su ccess  on n o n -a n e s th e t iz e d  and a n e s th e t iz e d  ju v e n i l e  mice*

Mosquitoes

N on-anes the t ized A n e s th e t i z e d -------

JPB JPC JNC JPD JND
a b c d e

% Recovered 4 5 .5 (1 6 .3)d 3 8 .0 (2 7 .8 )d 5 1 .8 (3 9 .9 )6 9 9 .8( 0 .7 )a b 9 9 .5 (0 .9 )c

% K illed** 5 8 .0 (1 0 .7 ) 6 3 .8 (2 5 .3 ) 6 0 .3 (3 6 .9 ) ----- -----

% Eaten 54 .5 (1 6 .3 ) 6 2 .8 (2 6 .7 ) 4 8 .3 (3 9 .9 ) ----- -----

% Dead*** 4 .6 (1 1 .9 ) 1.5( 3-2) 1 .1( 2 .3 ) 0 . 3( 0 .7 ) 0 .0 (0 .0 )

56 Unfed*** 9 4 .9 (1 1 .8)d 98.1 ( 3 . 6)d 98. 9( 2 . 3)e+ 1 6 .3 (1 1 .5)ab 1 6 .8 (6 .7)c

56 Completely fed*** 0 .0 (  0 .0 )d 0 .4 (  1 .1 )d 0 .0 (  0 .0 )e + 8 1 .8 (1 1 .8 )ab 8 1 .5 ( 6 .8 ) c

% P a r t l y  fed*** 0 . 5( 1 .4) 0 . 0( 0 . 0)d 0 .0 (  0 .0 ) e + 1 . 8( 1 .7 )b 1 . 8 ( 1 . 3)o

56 D istu rbed ---- ---- ----- 2 .5 (  1.8) 3 .3 (2 .4 )

•Table v a lu e s ,  s tan d a rd  d e v ia t io n s ,  and in d i c a t i o n s  of s ig n i f i c a n c e  as  i n  Table 4. 
Comparisons as  i n  Table 8.

**56Killed = (number of m osquitoes e a te n  + number o f  dead m osquitoes recovered )  x 2. 

• ••B ased  on number o f  m osquitoes recovered .
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M oamltQ Feed ing  Success £11 Adultg £3*. Jdvenile .9  

JP  j u v e n i l e s ,  i n  t h e i r  f i r s t  and second t e s t s  w i th  m osqu itoes ,  had 

low er p e rce n tag es  o f  m osqu itoes  reco v e re d  and h ig h e r  p e rce n tag es  of 

k i l l e d  m osqu itoes  th an  a l l  a d u l t  groups (Table 10). They had h ig h e r  

p e rc e n ta g e s  o f  e a te n  m osqu itoes  th an  WM and LP a d u l t s  and o f  unfed 

m osquitoes  th an  WP and WM mice, and low er p e rc e n ta g e s  o f  dead ones th an  

WM mice and of p a r t l y  fed  ones than  WP mice. JP  j u v e n i l e s  i n  t h e i r  

f i r s t  t e s t  w i th  m osqu itoes  had a h ig h e r  p e rcen tag e  o f  dead i n s e c t s  th a n  

LP mice. In  t h e i r  second t e s t  w i th  m osqu itoes ,  JP  mice had a low er 

pe rcen tag e  o f  dead m osqu itoes  th an  WP and LP a d u l t s ,  and a t e  a h ig h e r  

pe rce n tag e  o f  m osquitoes  than  d id  WP mice.

N o n -a n e s th e t iz e d  JN ju v e n i l e s  had a h ig h e r  p e rce n tag e  o f  unfed 

m osqu itoes  than  a l l  a d u l t  groups (Table 10). They had h ig h e r  p e rce n tag es  

o f  e a te n  m osqu itoes  th an  LP and WM mice and o f  k i l l e d  m osqu itoes  th a n  LP 

mice. They had lo w er  p e rce n tag es  o f  m osquitoes  reco v e re d  th an  LP mice, 

o f  dead m osqu itoes  th an  WM and LP mice, and o f  co m p le te ly  fed  and p a r t l y  

fed  m osquitoes than  WP mice.

A n es th e t iz e d  JN ju v e n i l e s  had a h ig h e r  pe rcen tage  of p a r t l y  fed  

m osquitoes  than  WM a d u l t s  (Table 11). There were no o th e r  s i g n i f i c a n t  

d i f f e r e n c e s  between th e  a n e s th e t iz e d  a d u l t  and ju v e n i l e  groups.
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TABLE 10

Com parison  o f  m osquito  f e e d in g  s u c c e s s  on n o n - a n e s th e t i z e d  a d u l t  vs.
ju v e n i l e  mice*

Adults Juveniles

. W,p». . W MB ......LEB__ JPB JPC __JN.P__
M osauitoes a b c d e f

% Recovered 80. 3de 97.8de 93-8def 4 5 .5abc 38. Oabc 51.8c

% K illed** 2 5 .3de 22. 3de 10. 3def 5 8 .Oabc 63. 8abc 60 .3c

% Eaten 19 .8e 2 . 3def 6 . 8de f 5 4 .5bc 62 .8abc 4 8 . 3bc

% Dead*** 7 .6 e 20. 4def 3. 6def 4 .6bc 1. 5abc 1. 1bc

% Unfed*** 81.6 d e f 78. 4def 94.4 f 9 4 .9ab 98. 1ab 9 8 .9+abc

% Completely fed*** 7 .5 d f 0 .5 0.9 0 . 0a 0.4 0 . 0+a

% P a r t l y  fed*** 3 -3 d e f 0 .8 0 .9 0 .5 a 0 . 0a 0 . 0+a

•T ab le  v a lu e s  and i n d i c a t i o n s  o f  s ig n i f i c a n c e  as  i n  Table 4. 
Comparisons were made f o r  a l l  com binations  between th e  two groups 
( a d u l t s  and j u v e n i l e s ) ;  t a b l e  does no t r e f l e c t  com parisons w i th in  th e  
two groups.

«** K i l l e d  = (number o f  m osquitoes  e a te n  + number o f  dead m osquitoes  
re c o v e re d )  x 2 .

•••B ased  on number o f  m osquitoes  recove red .

+n = 7.



TABLE 11

Comparison of mosquito fe e d in g  su c c e s s  on
a n e s th e t i z e d  a d u l t  vs . ju v e n i l e  mice*

M osauitoes

A dults J u v e n i l e s

WPC WMC LPC JPD -JND
a b c d e

% Recovered 99.3 99.5 99.8 99.8 99.5

% Dead** 0.5 0 .0 0 .3 0 .3 0 .0

% Unfed** 16.1 12.0 18.8 16.3 16.8

% Completely fed** 82.6 87.3 79 .5 81.8 81.5

f  P a r t l y  fed** 0.8 0. 8e 1.5 1.8 1. 8b

$ D is tu rb ed 2.5 2 .8 1.8 2 .5 3 .3

•T ab le  v a lu e s  and in d i c a t i o n s  o f  s i g n i f i c a n c e  a s  i n  
Table 4. Comparisons as  i n  Table 10.

••Based on number o f  m osquitoes  re c o v e re d .



DISCUSSION

E f f e c t iv e n e s s  D efensive  BehaylflE

The m ajor o b j e c t iv e  o f  my r e s e a r c h  was to  p rov ide  b e h a v io ra l  

in f o r m a t io n  u s e fu l  t o  e s t i m a t e  the  r o l e  o f  Peromvscus leucopus  as  a 

p o t e n t i a l  h o s t  f o r  m osquitoes . The d e fe n s iv e  behav io r  o f  JP. leucopus 

was so e f f e c t i v e  t h a t  I  b e l ie v e  t h i s  s p e c ie s  r a r e l y  i s  a h o s t  f o r  

m osqu itoes  having  a l e v e l  o f  a g g re s s iv e n e s s  com parable to  Aedes 

t r i s e r i a t u s .  A ll mice, ex cep t one a d u l t ,  e x h ib i te d  such e f f e c t i v e  

b eh av io r  t h a t  m osqu itoes  r a r e l y  fed  s u c c e s s fu l ly .  The s u c c e s s fu l  d e fense  

o f  WM mice s u g g e s ts  t h a t  s i m i l a r  d e fen se  e x h ib i te d  by WP and LP mice 

was no t s im ply  a r e s u l t  o f  be ing  i n  an e n c lo su re  w i th  no th in g  to  do but 

f i g h t  m osquitoes. Because the  a b i l i t y  of WM mice t o  hand le  and e a t  

seed s  was not d im in ish e d  w h i le  mice s u c c e s s f u l ly  defended th em se lv es

a g a i n s t  m osqu itoes ,  mice p robab ly  can conduct t h e i r  u su a l  fo ra g in g  and,

presum ably, o th e r  a c t i v i t i e s  i n  n a tu re  w h ile  m a in ta in in g  defense . 

D efensive  behav io r  need not occur a t  the  expense o f  o th e r  b eh av io rs ;  i t

can be an i n t e g r a l  p a r t  o f  mouse a c t i v i t y .

These r e s u l t s  a r e  d i f f i c u l t  t o  c o r r e l a t e  w i th  l i t e r a t u r e ,  because 

t h e r e  a re  no p u b lish ed  s tu d i e s  of £. leucopus  a n t i -m o s q u i to  behav io r ,  

and bloodmeal i d e n t i f i c a t i o n  s tu d i e s  r a r e l y  in c lu d e  t e s t s  f o r  mice.

Edman (1971,1979) t e s t e d  f o r  b loodm eals  from mice, but .P. leucopus  does 

no t occu r  i n  F lo r id a  where he d id  the  s tu d ie s .  Although blood o f  the  

fa m i ly  C r ic e t id a e  ( in c lu d in g  Peromvscus spp.) may be d i s t i n g u i s h e d  

s e r o l o g i c a l l y  from blood o f  the  fam ily  Muridae (Old World r a t s  and 

mice, in c lu d in g  h o u s e / la b  mice) (Edman a L ,  1974), some r e p o r t s  do

41
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no t i n d i c a t e  th e  mouse s p e c ie s  used i n  p re p a r in g  a n t i s e r a  f o r  bloodm eal 

a n a ly s i s .  Burkot and D e F o l ia r t  (1982) r e p o r te d  f i v e  m o u se -p o s i t iv e  

b loodm eals  (out o f  1245 bloodm eals  t e s t e d )  i n  W isconsin , u s in g  "deer 

mice" a n t i s e r a .  Because .P. leucopus  and R, m a n lo u la tu s  both  occur in  

t h a t  r e g io n ,  such bloodm eal a n a l y s i s  p re c lu d e s  making in f e r e n c e s  about 

th e  a n t i -m o s q u i to  b eh av io r  of e i t h e r  s p e c ie s .  G e n e ra l ly ,  due to  la c k  

o f  s p e c i f i c i t y  i n  bloodm eal a n a ly s i s ,  a m o u s e -p o s i t iv e  t e s t  can 

i n d i c a t e  any one o f  s e v e ra l  s p e c ie s  i n  an a r e a  o r ,  p o s s ib ly ,  a mixed 

bloodmeal taken  from d i f f e r e n t  s p e c ie s  o f  mice. The r e s u l t s  o f  my 

b e h a v io ra l  r e s e a r c h  on _P. leucopus  p rov ide  ev idence  u n o b ta in a b le  from 

r e p o r t s  o f  s p a r s e ,  o f te n  ambiguous bloodm eal a n a ly s i s .

No one has t r i e d  to  d e te rm in e  w hether  a mammalian p o t e n t i a l  

h o s t  can m a in ta in  d e fen se  w h i le  pe rfo rm in g  e c o l o g i c a l ly  r e l e v a n t  

a c t i v i t i e s  (excep t perhaps  Day and Edman, 1984, as  d is c u s s e d  l a t e r ) .  

Comparisons o f  f r e e  and c a p t iv e  wading b i r d s  (Maxwell and Kale,

1977; Edman sX. . a i . , 1984) showed t h a t  each s p e c ie s  had c o n s i s t e n t  a n t i 

m osquito  behav ior .  F ree  and c a p t iv e  b i r d s  fo rag ed  in  th e  p resence  of 

m osqu itoes ,  bu t th e  d a ta  r e p o r te d  d id  no t i n d i c a t e  w hether  fo ra g in g  

a c t i v i t y  was a f f e c t e d  by d e fen s iv e  behav io r ,  and o f  cou rse  m osquito  

fe e d in g  su ccess  on f r e e  b i r d s  cou ld  not be measured. C u rre n t ly ,  

e x t r a p o la t i o n  o f  b e h a v io ra l  r e s u l t s  from la b  to  n a tu re  must be done 

c a u t io u s ly ,  based on s u g g e s t iv e  but no t e x te n s iv e  s t u d i e s  of v a r io u s  

s p e c ie s .

A ctions  Eaploy.eri I n  PefenslY e -Behaylax

2, leucopus  employed v a r io u s  a c t io n s  to  p rev en t m osqu itoes  from 

feed ing . Grooming and e x p lo ra to ry  behav io r  d id  no t in c re a s e  in  every  

group o f  mice when m osqu itoes  w ere p re s e n t ,  bu t th o se  a c t io n s
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d isco u rag ed  m osqu itoes  from la n d in g  and fe e d in g  on mice. & leucopus  i s  

a r e l a t i v e l y  a c t iv e  s p e c ie s  o f  s m a l l  mammal, and i t  i s  p l a u s i b l e  t h a t  an 

o r d i n a r i l y  h igh  l e v e l  o f  a c t i v i t y  complements a c t io n s  d i r e c te d  

p a r t i c u l a r l y  a g a in s t  m osquitoes . Webber and Edman (1972) and Waage and 

Nondo (1982) s i m i l a r l y  su g g es ted  t h a t  o rd in a ry  beh av io r ,  e s p e c i a l l y  

grooming, c o n t r i b u te d  to  s u c c e s s fu l  defense  i n  c ic o n i i fo rm  b i r d s  and 

l a b o ra to r y  r a b b i t s ,  r e s p e c t iv e l y .

Grooming a c t io n s  o f t e n  o b v io u s ly  a f f e c t e d  th e  outcome o f  a 

m o sq u ito 's  a t t e m p t  t o  o b ta in  a bloodmeal from _P. leucopus. When a 

mouse groomed, a m osquito could  only  hover n ea r  th e  moving body p a r t ;  

no la n d in g  o ccu rred  on t h a t  a rea .  One grooming a c t io n  som etim es 

p r o te c te d  th e  a r e a  being  groomed p lu s  o th e r  body a re a s .  For example, 

when l i c k i n g  a h in d le g ,  a mouse u s u a l ly  moved th e  head up and down 

v ig o ro u s ly  w h i le  u s in g  both  hands to  maneuver th e  leg . This  e f f e c t i v e l y  

p r o te c te d  th e  head, arm s, and most o f  the  b e l ly ,  p lu s  the  h in d leg .  When 

a m osquito  landed  on a r e s t i n g  mouse, the  mouse u s u a l ly  began to  groom 

t h a t  a r e a  w i th i n  a few seconds, and th e  m osquito  flew  away. The r a r i t y  

o f  p a r t i a l  b loodm eals  (based on t o t a l  number of m osqu itoes  recove red )  

a s s o c ia t e d  w i th  a l l  groups o f  mice may a t t e s t  to  the  r a p i d i t y  o f  

b e h a v io ra l  re sp o n se s  to  m osquitoes . However, because p e rc e n ta g e s  of 

p a r t i a l  b loodm eals  u s u a l ly  were not s i g n i f i c a n t l y  d i f f e r e n t  on 

a n e s th e t i z e d  mice, i t  i s  p o s s ib le  t h a t ,  under th e  t e s t i n g  c o n d i t io n s ,  

Aedes t r l s e r i a t u s  was not in c l in e d  to  o b ta in  p a r t i a l  bloodm eals.

Because th e  t e s t s  of a c t iv e  a s  w e l l  as  a n e s th e t iz e d  mice o f t e n  r e s u l t e d  

i n  no p a r t i a l  b loodm eals , th e re  u s u a l ly  was no d i f f e r e n c e  in  p e rce n tag e  

o f  p a r t i a l  b loodm eals  (based on number o f  a l l  b loodm eals) between 

a c t i v e  and a n e s th e t i z e d  mice. (The c a l c u l a t i o n  o f  pe rcen tage  o f
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p a r t i a l  b loodm eals  based on number o f  a l l  b loodm eals  r e p r e s e n t s  a n o th e r  

a n a l y t i c a l  approach , but i s  no t in c lu d ed  i n  my d a t a . )

E a r - f l i c k  was the  most common o f  the  th r e e  a c t io n s  o c c u r r in g  

a lm o s t  e x c lu s iv e ly  when m o sq u ito es  w ere p re s e n t .  M osquitoes u s u a l ly  

focused  t h e i r  la n d in g  a t t e m p t s  on th e  l a rg e ,  h ig h ly  v a s c u la r iz e d ,  

t h i n l y - f u r r e d  e a r s ,  and e a r - f l i c k  was a qu ick , v igo rous  re sp o n se ,  o f te n  

o c c u r r in g  s e v e ra l  t im e s  i n  r a p id  s u c c e s s io n  when one m osquito  hovered 

near  an e a r  or when s e v e ra l  m osqu itoes  w ere n ea r  th e  upper p a r t  o f  th e  

head. Because i t  r e q u i r e d  no head or l im b  movement, e a r - f l i c k  was 

e a s i l y  done w h i le  mice w ere h an d lin g  seed s ,  w a lk ing , grooming, or 

r e s t i n g .  I t  may be a r e f l e x  re sp o n se  to  t a c t i l e  s t i m u l a t i o n  o f  the  

v u ln e ra b le  e a r  a re a ,  but f u r t h e r  s tudy  i s  needed to  a s c e r t a i n  t h i s .  

Waage and Nondo (1982) d e s c r ib e d  an e a r - f l i c k  a c t io n  o c c u r r in g  i n  

l a b o ra to r y  r a b b i t s ;  Walker and Edman (1986) observed  a s i m i l a r  a c t io n  

("ear  tw itc h " )  i n  gray s q u i r r e l s  and chipmunks.

The o th e r  a n t i -m o s q u i to  a c t io n s ,  h e a d s h a k e / tw itc h  and lu n g e /w h i r l ,  

probably  a r e  v o lu n ta ry .  Head movement a p p a re n t ly  o ccu rred  i n  re sp o n se  

to  touch. Lunging d i r e c t l y  a t  a mosquito , w i th o u t  a t t e m p t in g  to  c a tc h  

i t ,  occu rred  when a m osquito  hovered i n  f r o n t  o f  a mouse and probably  

was a re sponse  to  v i s u a l  s t im u la t io n .  Mice w h ir le d  around r a p id l y  when 

m osquitoes  e i t h e r  landed on the  d o r s a l  a r e a  ( t a c t i l e  s t im u la t i o n )  or 

hovered near th e  nape o f  th e  neck (p o s s ib ly  a u d i to ry  s t im u la t io n ) .

These v ig o ro u s  a c t io n s  r e p e l l e d  m osqu itoes  but w ere r e l a t i v e l y  

in f r e q u e n t ,  perhaps because they  r e q u i r e  more energy to  perform  and 

g e n e ra l ly  d i s r u p t  any o th e r  a c t i v i t y .

.P. leucopus  i s  no t unusual among v e r t e b r a t e s  i n  em ploying v a r io u s  

a c t io n s  to  p r o te c t  the  head a re a ,  where f u r  o r  f e a t h e r s  a re  m inim al and
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s k in  i s  te n d e r  and h ig h ly  v a s c u la r iz e d .  Chipmunks and gray s q u i r r e l s  

(Walker and Edman, 1986), l a b o ra to ry  r a b b i t s  (Waage and Nondo, 1982), 

c o t to n  mice, c o t to n  r a t s ,  and marsh r a b b i t s  (Edman j h  .&L, 1974), and 

c ic o n i i fo rm  b i r d s  (Edman and Kale, 1971; Webber and Edman, 1972) fo llow  

t h i s  tren d .  The wading b i rd s  a l so  use  v a r io u s  a c t io n s  and spend a 

l a r g e r  p ro p o r t io n  o f  t im e  p r o te c t in g  t h e i r  long , exposed le g s  th an  do 

sm a l l  mammals, whose le g s  a re  f a i r l y  w e l l  fu r re d .  G eneral 

e f f e c t i v e n e s s  of a n t i -m o s q u i to  behav io r  i n  v a r io u s  s p e c ie s  was c i t e d  i n  

th e  i n t r o d u c t io n ,  but I  want to  re -em p h as ize  the  phenomenon, n o t in g  

t h a t  my r e s u l t s  f o r  £. leucopus  augment ev idence f o r  i t .

I  a t te m p te d  to  expand my a n a ly s i s  o f  d a ta ,  bu t was unab le  to  

d e te rm in e ,  by Spearman's rank  c o r r e l a t i o n  c o e f f i c i e n t  t e s t  (S ie g e l ,  1956), 

which in d iv id u a l  a c t io n s  c o n t r ib u te d  most to  s u c c e s s fu l  defense . Because 

m osquitoes  s im ply  could not feed  on n o n -a n e s th e t iz e d  mice, I  found no

s i g n i f i c a n t  c o r r e l a t i o n s  between p a r t i c u l a r  a c t io n s  and la c k  of

m osquito  fe e d in g  success .  Walker and Edman (1986) found some ev idence 

f o r  such c o r r e l a t i o n s  i n  gray s q u i r r e l s  and chipmunks, because i n  t h e i r  

s tudy  m osquito  fe e d in g  su ccess  on a c t iv e  mammals v a r ie d  more th an  i n  my

s tudy , i .e .  , i t  was not such an a l l - o r - n o n e  phenomenon as  i n  

£ .  le u c o p u s .

E f f e c t s  _q£ Absence D efensive Behavior 

A d ec re ase  i n  mouse a c t i v i t y  o f te n  occu rred  d u r in g  the  f i n a l  10-20 

m inu tes  of t e s t s ,  w i th  o r  w i th o u t  m osquitoes. When m osqu itoes  w ere 

a b se n t ,  t h i s  d ec re ase  p robably  happened because mice were f i n i s h e d  w i th  

e x p lo ra to ry  and grooming behavior. I f  boredom e x i s t s  among sm a l l  

mammals, i t  may have o ccu rred  then, p a r t i c u l a r l y  among mice w i th o u t  

seeds  to  ea t .  Mice o f t e n  s e t t l e d  down and r e s t e d  f o r  s e v e ra l  m inu tes



46

a t  a tim e. Such behav io r  was not s u r p r i s i n g  i n  the  r e l a t i v e l y  b a r re n  

env ironm en t of th e  e n c lo su re .  When m osqu itoes  w ere p re s e n t ,  however, I  

expec ted  t h a t  s t i m u l a t i o n  p rov ided  by the  m osquitoes  would p reven t mice 

from s e t t l i n g  down. However, n e a r ly  a l l  m osquitoes  a l s o  w ere  i n a c t i v e  

d u r in g  th e se  i n t e r v a l s  o f  mouse r e s t i n g  behav io r ;  such m osquito  

i n a c t i v i t y  probably  cannot be a t t r i b u t e d  j u s t  to  th e  t im e  o f  t e s t i n g ,  

because th e  t re n d  o ccu rred  d u r in g  e a r l y  and l a t e  t e s t s .

I  b e l ie v e  th e  phenomenon o f  b i t i n g  p e r s i s t e n c e  (Walker and Edman, 

1985b) p la y s  a m ajor r o l e  i n  t h i s  p a t t e r n  o f  r e s t i n g  Aedes 

t r i s e r i a t u s .  l i k e  most m osquito  s p e c ie s ,  w i l l  co n t in u e  a t te m p t in g  to  

feed  on a p o t e n t i a l  h o s t  on ly  f o r  a l i m i t e d  t im e; i f  an an im al i s  

d e fe n s iv e ,  making a bloodmeal d i f f i c u l t  o r  im p o ss ib le  to  o b ta in ,  i t  i s  

t o  th e  m o sq u ito 's  advan tage  to  "give up" and go away from th a t  an im al. 

This  d e c re a se s  th e  r i s k  o f  i n j u r y  or d ea th  o f  th e  m osquito  due to  

d e fe n s iv e  behav io r  o f  one an im al,  and l e t s  the  m osquito  seek  a meal 

e lsew here .  In  my o b s e rv a t io n s ,  mice and m osquitoes  c o n t r ib u te d  

b e h a v io ra l ly  to  a m utual r e s t i n g  period . As more m osquitoes  gave up on 

a mouse and r e s t e d  (u s u a l ly  on th e  s c re e n  w a l l s ) ,  th e  mouse r e c e iv e d  

l e s s  a g g ra v a t io n  and could  s e t t l e  down. Fu rtherm ore , when the  mouse 

was r e s t i n g ,  i t  p rovided  l e s s  s t i m u l a t i o n  ( in c lu d in g  v i s u a l  cues and 

v i b r a t i o n  due to  movement) to  a c t i v a t e  th e  m osquitoes. This t r e n d  was 

broken, however, i f  any m osqu itoes  ceased  r e s t i n g  and approached th e  

mouse, e l i c i t i n g  d e fe n s iv e  behavior.

One WP a d u l t  mouse rem ained  a lm o s t  com ple te ly  i n a c t i v e  f o r  the  

f i r s t  18 m inu tes  o f  i t s  exposure  to  m osquitoes. During th a t  tim e, 

m osquitoes  fed  f r e e l y ;  28 fed  co m p le te ly  and s ix  fed  p a r t i a l l y .  I  cannot 

e x p la in  why th e  mouse was so p a s s iv e ,  because he appeared  h e a l th y  and
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a l e r t  and, d u r in g  the  rem a in d e r  o f  th e  o b s e rv a t io n ,  capably  defended 

h im s e l f  u s in g  a c t i o n s  s i m i l a r  to  o th e r  mice i n  type and r e l a t i v e  

frequency . This  i s o l a t e d  example r e i n f o r c e s  the  concept t h a t  the  

beh av io r  o f  a d e fe n s iv e  h o s t  p re v e n ts  m o sq u ito es  from feed ing . In  

e f f e c t ,  t h i s  mouse a c te d  a s  h i s  own c o n t ro l  d u r in g  th e  f i r s t  p a r t  o f  the  

t e s t  by e l im in a t in g  h i s  b eh av io r .

Aside from such i r r e g u l a r  in s ta n c e s  o f  mouse r e s t i n g  b eh av io r  when 

m osqu itoes  w ere p re s e n t ,  th e  e f f e c t i v e n e s s  of d e fe n s iv e  b ehav io r  i n  

leucopus  i s  suppo rted  by th e  f a c t  t h a t ,  when beh av io r  was e l im in a te d  by 

a n e s th e s i a ,  m osqu itoes  fed  s u c c e s s f u l ly  on a l l  mice. This c o n t ro l  

s u b s t a n t i a t e s  th e  concept t h a t  l a c k  o f  fe e d in g  su ccess  on non- 

a n e s th e t i z e d  mice was due p r im a r i ly  to  t h e i r  b ehav io r ,  no t a la c k  o f  

a t t r a c t i o n  to  mice by m osquitoes. O ther s tu d i e s  o f  d e fe n s iv e  behav io r  

i n  mammals and b i r d s ,  c i t e d  i n  th e  i n t r o d u c t io n ,  had s i m i l a r  

r e s u l t s ,  a l th o u g h  p h y s ic a l  r e s t r a i n t  i n  a nylon s to c k in g  o r  hardw are-  

c lo th  c y l in d e r  g e n e r a l ly  was used in s te a d  o f  a n e s th e s ia .  P h y s ic a l  

r e s t r a i n t  f o r  t h i s  c o n t ro l  has t h r e e  draw backs: ( 1) r e s t r a i n t  i s  uneven, 

a l lo w in g  an im a ls  to  squirm  o r  move some p a r t s  o f  the  body; (2 ) the  

p h y s ic a l  b a r r i e r ,  a l th o u g h  o f  a mesh type ,  may deny o r  l i m i t  m osquito  

a c c e s s  to  some a r e a s  of an  an im al;  and ( 3) due to  s t r e s s  of confinem ent 

(and perhaps d is c o m fo r t ) ,  an a n im a l 's  e f f o r t s  a g a in s t  r e s t r a i n t  may 

in c re a s e  l e v e l s  o f  known m osquito  a t t r a c t a n t s ,  such as  CO2 and warmth. 

A n es th es ia  has none o f  th e se  d isa d v a n ta g e s .

Maga.ul.to Feeding s ite s

Fur type  and r e l a t i v e  abundance may play  a minor r o l e  i n  la c k  of 

fe e d in g  su c c e ss  on n o n -a n e s th e t iz e d  JJ. leucopus. M osquitoes r a r e l y  

landed  on th e  d o r s a l  body a re a  of n o n -a n e s th e t iz e d  mice. When mice were
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a n e s th e t i z e d ,  m osqu itoes  landed  and w alked on t h i s  a re a  more o f te n ,  bu t 

I  d id  not observe  m osqu itoes  fe e d in g  th e re .  They c o n c e n tra te d  fe e d in g  

a t te m p t s  on th e  head, p a r t i c u l a r l y  e a r s ,  bu t  a l s o  fed  f r e e l y  on o th e r  

a r e a s  ( l im b s ,  f e e t ,  b e l ly ,  h in d q u a r t e r s ,  t a i l )  o f  every  a n e s th e t i z e d  

mouse. The f u r  on th e  back a r e a  o f  .P. leucopus  i s  long , th i c k ,  and 

ten d s  to  l i e  down w i th  h a i r s  o v e r la p p in g  from f r o n t  to  back. B e l ly  fu r  

i s  f a i r l y  t h i c k  but s h o r t ,  and does no t tend  to  l i e  down. Fur i s  s h o r t  

and sp a rse  i n  o th e r  a r e a s ,  and n e a r ly  a b s e n t  on th e  f e e t .  These 

o b s e rv a t io n s  on f u r  and m osquito  fe e d in g  s i t e s  were i n c i d e n t a l  to  my 

s tudy  and w ere  no t q u a n t i f i e d .  Walker and Edman (1985a) s tu d ie d  th e  

r o l e  o f  f u r  i n  f e e d i n g - s i t e  s e l e c t i o n  by A& t r i s e r i a t u s  on chipmunks 

and gray s q u i r r e l s ,  and su g g es ted  s i m i l a r  conc lu s ions .

lb s Role sL Experience

My r e s e a r c h  was d es igned  to  compare groups o f  mice having v a r io u s  

l e v e l s  o f  e x p e r ie n c e  w i th  m osquitoes . The e f f e c t  o f  e x p e r ie n c e  could  be 

observed , a l th o u g h  d e t a i l s  o f  th e  ex p e r ie n c e  i t s e l f ,  such a s  p a r t i c u l a r  

l e a r n in g  mechanisms, could no t be de term ined . G en era l ly ,  the  r o l e  o f  

ex p e r ien ce  i n  d e fe n s iv e  behav io r  seems m inim al i n  .P. le u c o p u s . because 

th e r e  were few m ajor d i f f e r e n c e s  between groups of mice. A ll a d u l t s ,  

excep t one, and a l l  j u v e n i l e s  d is p la y e d  e f f e c t i v e  d e fe n s iv e  behav io r  

from th e  s t a r t  o f  a t e s t  pe r io d  ( in c lu d in g  the  f iv e -m in u te  f a m i l i a r i z a t i o n  

t im e ,  a l th o u g h  beh av io r  was no t reco rd ed  d u r in g  t h a t  i n t e r v a l ) .  The 

in d iv id u a l  a c t io n s  were f a i r l y  c o n s i s t e n t  i n  appearance and r a t e  of 

occu rrence  among a l l  mice, excep t p o s s ib ly  e a r - f l i c k .  J u v e n i l e  mice 

o c c a s io n a l ly  e x h ib i t e d  a  r e l a t i v e l y  slow e a r - f l i c k ,  l i k e  p in n in g  an e a r  

fo rw ard  b r i e f l y .  This  s l i g h t  v a r i a t i o n  d id  not d im in ish  th e  

e f f e c t i v e n e s s  o f  th e  movement. E a r - f l i c k  may be a r e f l e x  i n  re sponse
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to  t a c t i l e  s t im u la t io n ,  r e l a t i v e l y  u n a f fe c te d  by e x p e r ie n c e  a f t e r  a 

mouse a t t a i n s  an ad equa te  l e v e l  o f  n e u ro lo g ic a l  developm ent and motor 

a b i l i t y .  The o th e r  a c t i o n s  i n  grooming, e x p lo r in g ,  and a n t i -m o s q u i to  

behav io r  m ight depend on ex p e r ien ce  f o r  p e r f e c t i o n  o f  c o o rd in a t io n ,  bu t 

t h e i r  employment a s  d e fe n s iv e  a c t io n s  a g a i n s t  m osquitoes  does no t seem 

l in k e d  to  th e  e x p e r ie n c e  o f  e n c o u n te r in g  m osquitoes.

Grooming and e x p lo r in g  a c t io n s  a re  i n t e g r a l  p a r t s  o f  o rd in a ry ,  

n o n -m o s q u i to - re la te d ,  a c t i v i t y .  The th r e e  a c t io n s  d e s ig n a te d  a s  " a n t i -  

m osqu ito11 seemed dependent in  a d u l t  mice on the  p resence  o f  m osqu itoes ,  

bu t a l s o  occu rred  a t  very  low r a t e s  in  ju v e n i l e s  when m osqu itoes  were 

absen t.  Because th e  a c t i o n s  do not have any c l e a r  purpose i n  th e  

absence o f  m osqu itoes ,  perhaps some type o f  b e h a v io ra l  " f in e - tu n in g "  

occu rs  as  mice m a tu re ,  and the  a c t io n s  become l i m i t e d  to  s i t u a t i o n s  

where they a re  u s e f u l  re s p o n s e s  to  c e r t a i n  s t im u l i .

The c a t c h / k i l l  a c t i o n  i s  more d i f f i c u l t  to  i n t e r p r e t .  Because i t  

was l in k e d  d i r e c t l y  and e x c lu s iv e ly  to  the  p resence  o f  m osqu itoes ,  I  

ex pec ted  t h a t  i t  would be in f lu e n c e d  by experience .  However, th e re  was 

no s i g n i f i c a n t  d i f f e r e n c e  i n  c a t c h / k i l l  between j u v e n i l e s  w i th  and 

w ith o u t  p r a c t ic e .  T h is  s u g g e s ts  t h a t  e i t h e r  the  a c t io n  i s  no t a f f e c t e d  

by ex p e r ien ce ,  o r ,  i f  i t  i s ,  d i f f e r e n t  or more p r e c i s e  c r i t e r i a  a re  

needed to  e l u c id a t e  the  r e l a t i o n s h i p .  I n t e r p r e t a t i o n  i s  even more 

c h a l le n g in g  because JP  mice, in  both  t e s t s  w i th  m osqu itoes ,  g e n e r a l ly  

had more c a t c h / k i l l  th a n  a l l  groups o f  a d u l t  mice, bu t th e  JN mice d id  

not. Thus, th e r e  may be a tendency f o r  th e  c a t c h / k i l l  a c t i o n  to  

d ec rease  a s  mice m ature. This  t r e n d  g e n e ra l ly  a g re e s  w i th  the  tendency  

f o r  j u v e n i l e s  to  k i l l  and e a t  more m osquitoes than  th e  a d u l t s .
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I  can on ly  s p e c u la te  on p o s s ib le  f a c t o r s  t h a t  could  in f lu e n c e  

th e se  t r e n d s .  J u v e n i l e s  may p o sse ss  more b e h a v io ra l  p l a s t i c i t y  th a n  

a d u l t s ,  be ing  p red isp o sed  to  e x p e r ie n c e  new f e a t u r e s  o f  h a b i t a t ,  d i e t ,  

and c o n s p e c i f ic  enco u n te rs .  J u v e n i l e s  i n  my ex p e r im en ts  were o f  the  

age when mice commonly d i s p e r s e  from the  n a ta l  nes t .  B ehav io ra l  

p l a s t i c i t y  may peak near  t h a t  age, d im in is h in g  as  mice m ature  and l e a r n  

w hat works b e s t  to  promote s u rv iv a l .  The a c t io n s  of c a tch in g ,  k i l l i n g ,  

and e a t i n g  m osq u ito es  may be p r a c t i c e  f o r  p red a t io n .  P, leucopus does 

e a t  l a r v a l  and a d u l t  i n s e c t s ,  bu t the  r e l a t i v e  c o n t r ib u t io n  of i n s e c t s  

t o  d i e t  i s  v a r i a b l e  (Hamilton, 19*11; W hitaker, 1966), and any 

d i f f e r e n c e s  i n  th e  h a b i t  between age groups a re  no t known. I f  ju v e n i l e s  

a r e  more a r b o r e a l  th a n  a d u l t s  (McShea, 1981), a d u l t  i n s e c t s  such as  

m osqu itoes  may c o n t r i b u t e  r e l a t i v e l y  more to  th e  ju v e n i l e  d i e t ,  and 

th u s  j u v e n i l e s  may be more p red isp o sed  th a n  a d u l t  mice to  ca tch  and e a t  

in s e c t s .  F in a l ly ,  th e  ju v e n i l e  a t t a c k s  on m osqu itoes  may be a type of 

p lay  behav io r ,  a s s o c ia t e d  w i th  a tendency to  be more a c t iv e  than  a d u l t s  

and hav ing  a nebulous purpose. Although t r a p p in g  s tu d ie s  can r e v e a l  

p a t t e r n s  of d i s p e r s a l ,  very  l i t t l e  i s  known about the  a c t io n s  of 

j u v e n i l e  w i ld  s m a l l  mammals; th u s ,  i t  i s  hard  to  r e l a t e  c e r t a i n  a c t io n s  

to  th e  b e h a v io ra l  r e p e r t o i r e .

E x t r a p o la t io n  R esu l t?  .Ma.t.UX£

Given t h a t ,  i n  th e  la b o ra to ry ,  a d u l t  and ju v e n i l e  £, leucopus 

e x h ib i te d  e f f e c t i v e  d e fe n s iv e  behav io r  a g a in s t  A&.- t r i s e r i a t u s .  and 

w i ld  a d u l t s  m a in ta in e d  t h i s  defense  w ith  und im in ished  fo ra g in g  

b eh av io r ,  one may c a u t io u s ly  e x t r a p o la t e  r e s u l t s  to  th e  w ild .  This 

le a d s  to  f u r t h e r  q u e s t i o n s  about the  u n i v e r s a l i t y  of such behav io r  i n  

£ . leu co p u s . For in s ta n c e ,  i s  d e fe n s iv e  behav io r  adequa te  a g a in s t
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m osquito  s p e c ie s  (or p o s s ib ly  o th e r  s p e c ie s  o f  b i t i n g  f l i e s )  more 

a g g re s s iv e  than  .As.. t r i s e r i a t u 3? This q u e s t i o n  i s  p e r t i n e n t  when 

r e s t r i c t e d  to  s p e c ie s  £, leucopus  i s  l i k e l y  to  en co u n te r ,  based on 

known b i t i n g  h a b i t s ,  a c t i v i t y  t im es ,  and h a b i t a t s  of th e  a d u l t  f l i e s .

Are th e re  n a tu r a l  s i t u a t i o n s  when a n t i -m o s q u i to  b ehav io r  a g a i n s t  

m odera te ly  a g g re s s iv e  s p e c ie s  i s  in a d e q u a te  o r  ab se n t?  I  b e l ie v e  o th e r  

b e h a v io ra l  f e a t u r e s  o f  .E, leucopus  m inim ize the  chance o f  a n t i -m o s q u i to  

b ehav io r  being  i n e f f e c t i v e .  When mice s le e p ,  they a re  enc lo sed  i n  a 

g lo b u la r  n e s t  w i th in  some type o f  re fu g e ,  such as  a p i l e  of d e b r i s  o r  

th e  base o f  a t r e e ,  and a r e  not exposed to  m osquitoes. Day and Edman 

(1984) r e p o r te d  in s t a n c e s  o f  m osqu itoes  fe e d in g  on _E. m a n ic u la tu s  when 

th e  mice w ere p rov ided  w i th  j a r s  f o r  re fu g e ,  and a t t r i b u t e d  t h i s  

f e e d in g  su ccess  to  the  f a c t  t h a t  the  mice s l e p t  i n  th e  j a r s .  However, 

mice d id  not have o p p o r tu n i ty  to  c o n s t ru c t  more n a t u r a l ,  f u l l y - e n c lo s in g  

n e s t s  w i th in  th e  J a r s .

M osquitoes m ight fe e d  on leucopus  i f  a mouse was so i l l  t h a t  i t  

was l e t h a r g i c ,  w i th  reduced  d e fen s iv e  behav ior .  A s i m i l a r  s i t u a t i o n  

o ccu rred  i n  ex p e r im en ts  w i th  la b  mice (Mus musculus) in f e c t e d  w i th  m a la r ia  

(Day s i .  al.. , 1983). Although e x p e r im e n ta l  ev idence  i s  la c k in g ,  I  doubt 

t h a t  a s e r io u s ly  i l l  .P. leucopus  would be exposed to  m osqu itoes  f o r  an 

ex tended  period . An i l l  mouse probably  would s ta y  i n  i t s  n e s t ,  

m in im iz ing  r i s k  o f  p re d a t io n ;  i f  i t  l e f t  th e  n e s t ,  i t s  l e t h a r g i c  

c o n d i t io n  would g r e a t ly  in c r e a s e  th e  chance o f  i t s  be ing  preyed upon, 

and i t  p robab ly  would soon be k i l l e d  and ea ten .  There i s  a s l im  chance 

th a t  a mouse could d ie  i n  an  exposed s i t e ,  no t be e a te n  im m ed ia te ly  by a 

p re d a to r ,  and se rv e  b r i e f l y  as  a h o s t  fo r  m osqu itoes ,  u n t i l  i t s  body 

cooled s u b s t a n t i a l l y  and m osqu itoes  were not a t t r a c t e d  or could  not feed
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on the  a l t e r e d  blood supply . When one ju v e n i l e  mouse (no t in c lu d e d  i n  

my d a ta )  d ied  o f  an overdose o f  a n e s th e t i c s ,  m osqu itoes  fe d  s u c c e s s f u l l y  

on the  body d u r in g  th e  e n t i r e  t e s t  pe r io d ,  a l though  most o f  them fed  

d u r in g  th e  f i r s t  15 m inu tes .  A s i m i l a r  s i t u a t i o n  occu rred  w i th  a dead 

shrew d u r in g  my p re l im in a ry  s tudy .

M ather and D e F o l ia r t  ( 198 1̂) su g g es ted  t h a t  r e l a t i v e l y  h igh  r a t e s  o f  

s u c c e s s f u l  m osquito  fe e d in g  on p a i re d  chipmunks m ight have been 

in f lu e n c e d  by th e  ro d e n ts '  aw areness  and p reo cc u p a tio n  w i th  th e  p o s i t i o n  

o f  each o th e r ,  accompanied by reduced  a n t i -m o s q u i to  behavior. £  

leucopus  a d u l t s  a re  m od e ra te ly  s o c ia b le ;  i n t r a s p e c i f i c  i n t e r a c t i o n s  

m ight in f lu e n c e  the  e f f e c t i v e n e s s  o f  a n t i -m o s q u i to  behav io r ,  bu t the  

e x t e n t  ( i f  any) o f  t h i s  f a c t o r  i s  hard  to  e s t im a te .

E p id em io lo g ica l  S lg n l f l s a j ig s

Many f a c t o r s ,  p o s s ib ly  v a ry in g  g e o g ra p h ic a l ly  i n  r e l a t i v e  

im p o rtan ce ,  a f f e c t  th e  ep idem io logy  o f  a g iven  d is e a s e .  C o n tr ib u t io n s  

from r e s e a r c h  i n  many d i s c i p l i n e s ,  such a s  entomology, immunology, and 

b e h a v io ra l  ecology, a r e  needed to  p rov ide  i n s i g h t  i n t o  complex 

i n t e r r e l a t i o n s h i p s  betw een s p e c ie s  in v o lv ed  as  v e c to r s ,  pathogens, 

p rim ary  h o s ts ,  and r e s e r v o i r  h o s ts .  T ran sm iss io n  of d i s e a s e  

by a v e c to r ,  and a c q u i s i t i o n  of d is e a s e  by a h o s t ,  can be d i r e c t l y  

a f f e c t e d  by behav io r  o f  th e  p o t e n t i a l  h o s t  sp e c ie s .  An ex a m in a t io n  o f  

a n t i -m o s q u i to  behav io r  i n  one p o t e n t i a l  h o s t  s p e c ie s  may prov ide  

In fo rm a t io n  r e l e v a n t  to  m u l t i p l e  s p e c ie s  o f  m osqu itoes  and m u l t i p l e  

d is e a s e s .  The r e s u l t s  o f  my s tudy  sugges t t h a t ,  due to  i t s  e f f e c t i v e  

d e fe n s iv e  behav io r ,  .£. leucopus  i s  a minor h o s t  f o r  m osquitoes
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and th u s  i s  u n im p o r tan t  as  e i t h e r  a p r im ary  h o s t  or r e s e r v o i r  f o r  m osqu ito -  

borne d i s e a s e s  ( in c lu d in g  many of th e  more th a n  200 a rb o v i r u s e s ) .

R e la t i v e ly  l i t t l e  i s  known abou t w hich m osqu ito -bo rne  d i s e a s e s ,  i f  

any, can be c a r r i e d  by P.. leucopus. I f ,  as  i n  JP. m a n icu la tu s  w i th  

r e s p e c t  to  s e v e ra l  v i r u s e s  (N asci,  1982; F a i r b r o t h e r  and Y u i l l ,  1984),

J£. leucopus  i s  no t l i k e l y  to  s u s t a i n  some v i r a l  i n f e c t i o n s ,  one 

may r e l a t e  the  f a c t  to  a n t i - m o s q u i to  b eh av io r  and s p e c u la te  on 

co -ad a p ted n ess  o f  £ . le u c o p u s . m osqu itoes ,  and v i ru s e s .  I t  shou ld  

be advantageous to  a v i r u s  to  have a h igh  l i k e l i h o o d  o f  t r a n s m is s io n  

to  a f a v o ra b le  h o s t .  S im i l a r l y ,  i t  shou ld  be to  a m osqu ito 's  advantage 

t o  c o n c e n tra te  fe e d in g  a t t e m p t s  on p o t e n t i a l  h o s t s  l i k e l y  to  p rov ide  a 

bloodmeal w i th o u t  cau s in g  ex ce ss  energy e x p e n d i tu re  or r i s k  o f  in ju r y  

to  the  m osquito. Thus, a n t i - m o s q u i to  b eh av io r  may encourage e f f i c i e n c y  

i n  m osqu itoes  and t h e i r  a s s o c ia t e d  v i r u s e s .  However, i f  .P. leu co p u s  i s  

a b le  to  s u s t a i n  any v i r u s e s ,  one must c o n s id e r  the  p o t e n t i a l  r e s u l t s  o f  

th e  c a t c h / k i l l  b ehav io r  i n  mice w hich e a t  m osquitoes . Even though 

m osqu itoes  would no t t r a n s m i t  a v i r u s  to  a mouse v ia  b lood feed ing  (due 

to  e f f e c t i v e  a n t i -m o s q u i to  b eh av io r) ,  th e  v i r u s  m ight e n t e r  a mouse v ia  

in g e s t io n  o f  the  k i l l e d  mosquito . More s tudy  i s  needed to  d e te rm in e  

w hether t h i s  s i t u a t i o n  i s  im p o r ta n t  e p id e m io lo g ic a l ly .

V/hat advan tage(s)  does .P. leucopus  g a in  from no t s e rv in g  as  a 

h o s t?  I f  th e r e  a re  m osqu ito -bo rne  d i s e a s e s  s y m p to m a tic a l ly  a f f e c t i n g  

£. leucopus. avoidance o f  i n f e c t i o n  i s  a p o s s ib le  b e n e f i t  f o r  £, 

leucopus. This i s  no t n e c e s s a r i l y  d isad v an tag eo u s  to  th e  v i r u s ,  

i f  i t  can be p e rp e tu a te d  in  o th e r  v e r t e b r a t e  s p e c ie s .  Any advantage 

to  H, leucopus  in  av o id in g  asym ptom atic  i n f e c t i o n s  i s  more obscure.

Another p o s s ib le  b e n e f i t  to  P, leucopus  i s  p re v e n t io n  of blood lo s s .
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The e x t e n t  of p o t e n t i a l  blood l o s s  p robably  i s  r e l a t e d  to  f a c t o r s  o f  

m osquito  d e n s i ty  and th e  a v a i l a b i l i t y  of o th e r ,  l e s s  d e fe n s iv e  h o s t s  i n  

a g iven  area . Mice d id  no t seem a d v e rse ly  a f f e c t e d  by th e  l o s s  o f  

b lood to  40 m osqu itoes  i n  one hour i n  my s tudy ; however, i t  i s  p o s s ib le  

t h a t  p re v e n t io n  of blood l o s s  i s  w o r th w h ile  i n  an an im al as  sm a ll  a s  P, 

leucopus. S evera l hundred b i t e s  per n ig h t ,  ave rag in g ,  fo r  example, 7*6 

j a l / b i t e  (Klowden and Lea, 1979), m ight cause p h y s io lo g ic a l  s t r e s s  and 

adverse  b e h a v io ra l  e f f e c t s  i n  a mouse, r e s u l t i n g  from blood l o s s  p lu s  

th e  e f f e c t s  o f  to x in s  i n  m osquito  s a l iv a .

I t  i s  im p o r ta n t  to  p lace  th e  r e s u l t s  of many s tu d i e s  ( in c lu d in g  mine) 

on a n t i -m o s q u i to  behav io r  i n  p e rs p e c t iv e .  One may ex ecu te  e x te n s iv e  

l a b o ra to r y  and f i e l d  ex p e r im e n ts ,  p o s tu la te  t r e n d s  i n  m o s q u i to - v e r te b r a te  

i n t e r r e l a t i o n s h i p s ,  and s p e c u la te  on type  and m agnitude o f  cause and 

e f f e c t .  However, i t  i s  c r u c i a l  to  r e a l i z e  t h a t  in d iv id u a l  v e r t e b r a t e s  can 

r e a c t  to  s i t u a t i o n s  i n  unique ways. This  i s  p a r t i c u l a r l y  t r u e  f o r  

mammals t h a t  have h ig h ly -d ev e lo p e d  sensory  and l e a r n in g  c a p a b i l i t i e s .

Thus, no m a t te r  how e x te n s iv e  and d e t a i l e d  the  r e s e a r c h  on a s p e c ie s  

may be, i t  i s  no t p o s s ib le  to  p r e d ic t  how every  member o f  th e  s p e c ie s  

w i l l  behave i n  a g iven  s i t u a t i o n  in v o lv in g  m osquitoes .

Such i n d i v i d u a l i t y  o f  behav io r  has s e v e ra l  e p id e m io lo g ic a l  

im p l i c a t io n s .  Knowledge of d e fe n s iv e  behav io r  o f  a s p e c ie s  a l lo w s  one 

to  e s t i m a t e  th e  s p e c ie s '  r o l e  as  ho s t  o r  r e s e r v o i r  f o r  d i s e a s e  as  

m in im al, but one cannot exc lude  the  s p e c ie s  from any invo lvem ent i n  the  

ep idem io logy  of a g iven  d is e a se .  F u rtherm ore , any bloodmeal su rvey , 

even i f  i t  in c lu d e s  com prehensive and s e n s i t i v e  a n a ly s i s ,  can i n d i c a t e  

m osquito  fe e d in g  p a t t e r n s  only  f o r  th e  l o c a l i t y  and t im e  of i t s  

execu tio n .  A s e r i e s  o f  such bloodmeal su rveys ,  u s in g  d a ta  g a th e red
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th roughou t the  m osquito  season  d u r in g  s e v e r a l  y e a r s  i n  one a re a ,  would 

p rov ide  a f a i r l y  r e l i a b l e  p r o f i l e  o f  m osquito  fe e d in g  p a t t e r n s ,  bu t 

e x c e p t io n s  i n  th e  p a t t e r n s  can and probab ly  w i l l  occur,  due to  

i n d i v i d u a l i t y  o f  v e r t e b r a t e  behav io r .  Since any p r o f i l e  w i l l  be 

v u ln e ra b le  to  e x c e p t io n s ,  th e  most a c c u r a te  u n d e rs ta n d in g  o f  m osquito  

fe e d in g  p a t t e r n s  w i l l  be p rovided  by i n t e g r a t i n g  knowledge ga ined  from 

com prehensive bloodmeal su rv ey s  and from s tu d ie s  o f  behav io r  o f  

p o t e n t i a l  h o s ts .

Summary

(1) L ab -rea red  and w i ld -c a u g h t  a d u l t  and l a b - r e a r e d ,  w i ld - s to c k  

ju v e n i l e  Peromvscus leucopus  e x h i b i t  e f f e c t i v e  d e fe n s iv e  behav io r  

tow ard  Aedes t r i s e r i a t u s .  In c re a se d  l e v e l s  o f  grooming and e x p lo r in g  

a c t io n s ,  p lu s  p a r t i c u l a r  a n t i -m o s q u i to  a c t io n s  ( e a r - f l i c k ,  

h e a d sh a k e / tw i tc h ,  and lu n g e /w h i r l ) ,  may occur.

(2) M aintenance o f  s u c c e s s fu l  d e fense  a g a in s t  m osqu itoes  does no t 

d im in ish  fo r a g in g  a b i l i t y  i n  w i ld -c a u g h t  £ .  leucopus  a d u l t s .

(3) Experience p la y s  a m inimal r o l e  i n  development o f  t h i s  d e fe n s iv e  

behav io r  i n  jj. leucopus. C a t c h in g / k i l l i n g  and e a t in g  m osqu itoes  may 

d ec rease  w ith  m a tu r i ty .

(4) Aedes t r i s e r i a t u s  i s  w i l l i n g  and a b le  to  feed  on £. leucopus  when 

mouse d e fen s iv e  b ehav io r  i s  a b sen t .

(5) P.. leucopus  p robab ly  p lay s  a m inim al r o l e  as  h o s t  f o r  m od e ra te ly  

a g g re s s iv e  m osquitoes  and, th u s ,  a s  p r im ary  h o s t  o r  r e s e r v o i r  f o r  

many m osquito -borne d i s e a s e s .
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TABLE 12

S t a t i s t i c a l l y  s i g n i f i c a n t  (p<0.05) compar
I s o n s  o f  b ehav io r  o f  a d u l t  and j u v e n i l e
mice.

ComDarison Behavior

A dults

d v a lue

WMB > WMA Groom 0 . 0 0 4
WPB > WPA ft 0 . 0 0 4
WPB > WPA Explore 0 . 0 0 8
WMB > WMA A nti-m osqu ito 0 . 0 0 4
WPB > WPA ff 0 . 0 0 4
LPB > LPA ft 0 . 0 0 4
WMA > WMB Rest 0 . 0 2 0
WPA > WPB n 0 . 0 0 4
LPA > LPB n 0 . 0 1 2
WPA > WMA n 0 . 0 3 2
LPB > WMB n 0 . 0 1 4
WMA > WMB M anipula te 0 . 0 2 7

J u v e n i l e s
JPB > JPA A nti-m osqu ito 0 . 0 0 4
JPC > JPA ft 0 . 0 0 4
JPC > JPB tt 0 . 0 2 7
JNC > JNB ft 0 . 0 0 4
JNB > JNC Rest 0 . 0 0 8
JNA JNC n 0 . 0 0 4
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TABLE 13

S t a t i s t i c a l l y  s i g n i f i c a n t  (p<0.05) compar
is o n s  o f  b eh av io r  o f  a d u l t  v s .  j u v e n i l e  mice.

ComDarison £.eJiayi<?r. p. y a lu s

JPA > WPA Groom 0.010
WPB > JPB If 0.019
JPA > WMA tv 0.003
JNB > WPA tv 0.032
JNB > WMA n 0.010
JPA > LPA tv 0.032
JPA > WPA Explore 0 . 0 0 0
JNA > WPA tt 0.003
JPB > WPB n 0.002
JNC > WPB tv 0.014
JPA > WMA tv 0.005
JPB > WMB n 0.002
JNC > WMB tv 0.010
JNB > WPA A nti-m osqu ito 0.002
JPC > WPB n 0.005
JNB > LPA vv 0.032
JPC > LPB IV 0.001
JNB > WMA tv 0.041
JPC > WMB rv 0.010
JPA > LPA vv 0.001
JNA > LPA n 0.041
JPB > LPB vv 0 . 0 0 0
JNC > LPB tv 0.003
JPA > WPA n 0.005
JPA > WMA tv 0.001
JNA > WPA n 0.005
JNA > WMA n 0 . 0 0 0
JNB > WPA tv 0.001
JNB > LPA tv 0.003
JNB > WMA tv 0.001
JPA > LPA tv 0.007
JNA > LPA If 0.019
JPB > WPB C a tc h -K i l l 0 .005
JPB > WMB tv 0.041
JPC > WPB tv 0.014
JPC > LPB tv 0 . 0 0 0
JPB > LPB IV 0 . 0 0 0
WPA > JPA Rest 0.001
WPA > JNA n 0.025
WPB > JNC tv 0.014
WPA > JNB it 0.014
LPB > JPC IV 0.025
LPA > JPA n 0.014
LPB > JPB tt 0.014
LPB > JNC tv 0.001



TABLE 14

S t a t i s t i c a l l y  s i g n i f i c a n t  (p<0.05) compar
i s o n s  o f  m osquito  f e e d in g  su c c e s s  on a d u l t
and ju v e n i l e  mice.

Comparison M osauitoes

A dults

d v a lu e

WMB > LPB % Dead 0.001
WMB > WMC % Unfed 0.004
WPB > WPC If 0.004
LPB > LPC n 0.004
LPB > WMB n 0.005
LPC > WMC n 0.003
WMC > WMB % Com pletely fed 0.004
WPC > WPB IT 0.004
LPC > LPB It 0.004
WMC > LPC If 0.007

Jyy .en lleg.
JPD > JPC % Recovered 0.004
JND > JNC II 0.016
JPD > JPB tt 0.004
JPC > JPD % Unfed 0.004
JNC > JND it 0.008
JPB > JPD n 0.004
JPD > JPC % Com pletely fed 0.004
JND > JNC n 0.008
JPD > JPB n 0.004
JPD > JPC % P a r t l y  fed 0.031
JND > JNC II ____ JLS31
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TABLE 15

S t a t i s t i c a l l y  s i g n i f i c a n t  (p<0.05) compar
i s o n s  o f  m osquito  fe e d in g  su c c e s s  on a d u l t
V3. j u v e n i l e  mice.

Comparison M osquitoes P...YalM&

WPB > J P B % Recovered 0.032
WPB > J P C ff 0 . 0 1 4
WMB > J P C tv 0 . 0 0 0
WMB > J P B tv 0 . 0 0 0
LPB > JNC VV 0 . 0 4 1
LPB > J P B tv 0 . 0 0 0
LPB > J P C tv 0 . 0 0 0
J P C > WPB % K i l l e d 0 . 0 1 4
J P C > WMB tt 0 . 0 0 2
J P B > WPB tv 0 . 0 3 2
J P B > WMB n 0 . 0 0 3
J P B > LPB tv 0 . 0 0 0
JNC > LPB vv 0 . 0 1 9
J P C > WPB tv 0 . 0 1 4
J P C > WMB ft 0 . 0 0 2
J P C > LPB tt 0 . 0 0 0
JNC > LPB ft 0 . 0 3 2
J P B > LPB It 0 . 0 0 0
J P C > LPB ft 0 . 0 0 0
J P C > WPB % Eaten 0 . 0 1 4
J P C > WMB tt 0 . 0 0 0
J P B > WMB tv 0 . 0 0 0
JNC > WMB tv 0 . 0 1 9
JNC > LPB tt 0 . 0 4 0
JP B > LPB ft 0 . 0 0 0
J P C > LPB tv 0 . 0 0 0
WPB > J P C % Dead 0 . 0 4 1
WMB > J P C tv 0 . 0 0 0
WMB > J P B f l 0 . 0 0 3
WMB > JNC tv 0 . 0 0 1
LPB > JNC f f 0 . 0 1 4
LPB > J P B I f 0 . 0 2 5
LPB > J P C tv 0 . 0 2 5
J P B > WPB % Unfed 0 . 0 1 0
JNC > WPB n 0 . 0 2 0
WPB > J P C II 0 . 0 1 4
J P C > WMB n 0 . 0 0 1
J P B > WMB it 0 . 0 0 3
JNC > WMB vv 0 . 0 0 1
JNC > LPB tv 0 . 0 1 4
WPB > J P B % Completely fed 0 . 0 3 2
WPB > JNC tv 0 . 0 1 9
WPB > J P B % P a r t l y  fed 0 . 0 4 1
WPB > JNC tv 0 . 0 2 0
JND > WMC tt 0 . 0 4 7
WPB > JP C tv 0 . 0 1 9
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