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V 

RECOMMENDATIONS 

Mosquito popu la t i ons  i n  Hawaii Volcanoes Nat ional  Park a r e  

d i r e c t l y  r e l a t e d  t o  t h e  numJer  of  breeding s i t e s  a v a i l a b l e .  

Whi le  i t  would be i m p r a c t i c a l  tbi even cons ide r  t r ea tmen t  of t h e  

dominant n a t u r a l  breeding s i t e s  ( t r e e - h o l e s ,  e t c . ) ,  i t  i s  pos- 

s i b l e  t o  reduce t h e  number o f  a r t i f i c i a l  breeding s i t e s  a v a i l -  

a b l e .  The fol lowing measures should be taken:  

1. Reduce t h e  number of  open c o n t a i n e r s  which pre-  

s e n t l y  a c t  a s  breeding a r e a s  i n  t h e  f o r e s t s  of t h e  

Park ( e . g . ,  r a i n  b a r r e l s ,  water t r oughs ,  d i s ca rded  

b o t t l e s  and c a n s ) .  

2.  Proper ly  s c r e e n  a l l  water s t o r a g e  a r e a s  (wa te r  

t anks )  t o  p reven t  e n t r y  of  mosquitoes.  

3 .  Make Park Se rv i ce  personne l  aware of t h i s  problem 

s o  when they come upon s tand ing  wate r ,  i t  can 

e i t h e r  be e l imina t ed  o r  repor ted  t o  t he  resource  

manager f o r  proper a c t i o n .  
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4 .  During c o n s t r u c t i o n  a c t i v i t y  b r e e d i n g  si tes a r e  

f r e q u e n t l y  c r e a t e d .  One of t h e  c o n t r a c t u a l  o b l i -  

g a t i o n s  s h o u l d  be t h a t  a l l  s t a n d i n g  water be e l i -  

mina ted .  The c o n s t r u c t i o n  a rea  s h o u l d  be mon i to red  

by t h e  r e s o u r c e  manager f o r  compl i ance .  

T r e a t m e n t  i n v o l v i n g  t o x i c  a g e n t s  i s  n o t  recommended a t  t h i s  time 

and it is d o u b t f u l  t h a t  p o p u l a t i o n s  o f  m o s q u i t o e s  w i l l  reach 

l e v e l s  a t  w h i c h  s u c h  t r e a t m e n t  w i l l  be i n d i c a t e d .  
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I N T R O D U C T I O N  

There have been four spec ies  of blood-feeding mosquitoes 
introduced i n t o  t h e  Hawaiian Is lands .  Two of these ,  Aedes 
aegypti  (Linnaeus,  1 7 6 2 )  and - A.  a lbop ic tus  (Skuse,  1 8 9 5 ) ,  a r e  
day- bi te rs ;  the  o ther  two, A. vexans nocturnus (Theobald, 1 9 0 3 )  
and Culex guinquefasc ia tus  Say, 1823 ,  a r e  n igh t- b i t e r s .  Four 
add i t iona l  predatory spec ies  have been introduced f o r  b io log ica l  
con t ro l  (Hardy 1 9 6 0 ) ;  Toxorhynchites amboinensis (Dolescha l l ) ;  

b rev i  a1 u s  Theobald; T .  inornatus  (Walker);  and - T. theobaldi  
fiya- O f  these f o u r  p reda to r s ,  o n l y  T.  amboinensis 
appears t o  have become well  e s t ab l i shed  ( S t e f f a n  1 9 6 8 ) .  

- Culex p i n  ue fasc ia tus  has been implicated i n  the  t rans-  
m i s s i o n  of f ik-nucherer  i a  bancrof t i )  , dog hear tworm 
( D i r o f i l a r i a  i m m i t i s ) ,  avian malar ia ,  and fowl pox and may 
poss ib ly  be i m m a t e d  i n  t ransmission of severa l  v i r a l  agents 
including Japanese B-type e n c e p h a l i t i s  (Hardy 1 9 6 0 ) .  Aedes albo- 
p i c t u ?  is a vector  of dengue f e v e r ,  dog heartworm, a n - p s e  
B-type e n c e p h a l i t i s  (Hardy 1 9 6 0 )  and is l i s t e d  a s  a minor vector  
o f  avian malar ia  (Plasmodium s p . )  by Boyd ( 1 9 4 9 ) .  Aedes a e g e  
is  the  major vector  o f  yellow fever  a s  well a s  transmittimg 
dengue and avian malar ia  (Boyd 1 9 4 9 ;  Hardy 1 9 6 0 ) .  - Aedes vexans 
nocturnus i s  a vector  for  dog heartworm, fowl pox (exper i -  
m e n t a m ,  and various encephalides (Joyce 6 Nakagawa 1 9 6 3 ) .  The 
Vector p o t e n t i a l s  l i s t e d  above have resu l t ed  i n  a su rve i l l ance  o f  
these  spec ies  i n  a reas  around human h a b i t a t i o n  by the  Vector 
Control Branch, Hawaii S t a t e  Department of Health. Their d i s t r i -  
bution i n  unpopulated a reas  of  Hawai'i i s  l a r g e l y  unknown, w i t h  
the  exception of  work by Warner ( 1 9 6 8 )  concerning - C .  Yuinque- 
f a s c i a t u s  on the  i s land  of Kaua' i .  

Five spec ies  o f  mosquitoes a r e  known from the i s land  of  
Hawai'i. Of  the four blood-feeding spec ies ,  th ree  a r e  c u r r e n t l y  
reported : A. a lbop ic tus ,  A. -ti, and C .  gu inquefasc ia tus .  
However, no specimens of-A. aeqypti  were-recovered during the 
c u r r e n t  s t u d y .  The four th  srjecies,  A .  vexans nocturnus,  f i r s t  
reported i n  the  Hawaiian Islands-  i n  1 9 6 2 ,  h a s  n o t  ye t  been 
recovered on Hawai' i. The predatory Toxorhynchites amboinensis 
has been reported from Hawai'i b u t  was not  recorded during the 
present  s tudy;  

MATERIALS AND METHODS 
t 

Twenty-one sample s t a t i o n s  were e s t ab l i shed  ( F i g .  1) ranging 
from sea  l e v e l  to  6 0 0 0  f e e t  ( 2 0 0 0  m ) .  They a r e  p a r t  of two t ran-  
s e c t s  along an e l e v a t i o n a l  g rad ien t .  One t r a n s e c t  i n  r a i n  f o r e s t  
environments (sample s t a t i o n s  1 - 1 0 )  runs from H i l o  t o  the  Krlauea 
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H A W A I I  

FIGURE 1. Loca t ions  of sample s t a t i o n s  on east  f l a n k  of 
flauna Loa volcano.  Numbers refer t o  Table 2 .  
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. C  

Fores t  R e s e r v e ;  t h e  o t h e r  i n  d r y  s e a s o n a l  f o r e s t  ( s a m p l e  s t a t i o n s  
1 1- 2 1 )  r u n s  f rom Ka lapana  t o  t h e  t o p  o f  t h e  Mauna Loa S t r i p  Road. 
Sampl ing  was d o n e  a t  mon th ly  i n t e r v a l s  from November 1977  t h r o u g h  
March 1979.  

A r t i f i c i a l  o v i p o s i t i o n  s i t e s  c o n s i s t i n g  of  t h r e e  e a c h  o f  
c o c o n u t s ,  # 1 0  metal c a n s ,  and S ty ro foam c o n t a i n e r s  were  p r o v i d e d  
a t  e a c h  s t a t i o n .  C o n t a i n e r s  were  checked  f o r  e g g s ,  l a r v a e ,  and 
pupae e a c h  month,  and t h e  c o n t e n t s  o f  o n e  o f  e a c h  t y p e  c o n t a i n e r  
removed f o r  e x a m i n a t i o n  i n  t h e  l a b o r a t o r y .  P o t e n t i a l  n a t u r a l  
o v i p o s i t i o n  s i t e s  ( g r o u n d  p o o l s ,  hZpu 'u  s t u m p s ,  t r e e - h o l e s ,  l e a f  
a x i l s ,  e c t . )  were l o c a t e d  a t  e a c h  s t a t i o n  and checked  mon th ly  f o r  
l a r v a l  a c t i v i t y .  

M o n i t o r i n g  o f  a d u l t  p o p u l a t i o n s  o f  Culex  g u i n q u e f  asc i a t u s  
f o r  t h e  i s l a n d  o f  Hawai ' i  is  c a r r i e d  o u t  on  a c o n t i n u i n g  b a s i s  by 
t h e  Vector C o n t r o l  Branch ,  Hawaii S t a t e  Depa r tmen t  o f  H e a l t h ,  
u s i n g  a s e r i e s  o f  30 l i g h t  t r ap s  o p e r a t e d  24 h o u r s  p e r  d a y .  
Coun t s  from t h e s e  t r a p s  were made a v a i l a b l e  f o r  t h i s  s t u d y .  
S u p p l e m e n t a l  t r a p p i n g  a t  each o f  t h e  2 1  s t a t i o n s  was d o n e  on  a 
mon th ly  b a s i s  from November 1977  t o  March 1 9 7 8 ,  u s i n g  s t a n d a r d  
N e w  J e r s e y  Mosqui to  L i g h t  Traps ,  b o t h  u n b a i t e d  and w i t h  a COO 
a t t r a c t a n t .  Due t o  poo r  r e s u l t s  and l o s s  o f  t r a p s ,  t h i s  s ampl ing  
method was d i s c o n t i n u e d  i n  Apr i l  1978 .  B i t i n g - c o l l e c t i o n s  d e r e  
made on  a m o n t h l y  b a s i s  f o r  b o t h  C.  g u i n q u e f a s c i a t u s  and A2des 
a l b o p i c t u s .  A d d i t i o n a l  b i t i n g  c o T l e c t i o n s  f o r  C .  u inque-  
f a s c i a t u s  were made by v o l u n t e e r s  d u r i n g  J u l y  and Eecem9ber 1978  
and F e b r u a r y  1979 .  

RESULTS 

L a r v a e  and Pupae 

L a r v a e  and pupae  of Cu lex  g u i n q u e f a s c i a t u s  were r e c o v e r e d  
from a r t i f i c i a l  o v i p o s i t i o n  s i t e s  a t  s t a t i o n s  f rom sea l e v e l  
t o  5000  f e e t  ( 1 6 5 0  m )  ( T a b l e s  1 & 2 ) .  B reed ing  p o p u l a t i o n s  
were p r e s e n t  a t  S t a t i o n  1 ( s ea  l e v e l ) ,  S t a t i o n  7 a t  3500 Eeet 
(1200  m ) ,  and S t a t i o n  1 8  a t  4 0 0 0  f e e t  ( 1 3 5 0  m )  d u r i n g  t h e  e n z i r e  
s t u d y  p e r i o d .  

S t a t i o n  9 a t  4500  f e e t  ( 1500  m ) ,  l o c a t e d  on  Keauhou R a i c h ,  
had a b r e e d i n g  p o p u l a t i o n  p r e s e n t  d u r i n g  a l l  months  f o r  w i i c h  
d a t a  was a v a i l a b l e .  Dur ing  t h e  months  f rom F e b r u a r y  t h r o u g h  May 
and  J u l y  1 9 7 8 ,  t h e  a r t i f i c i a l  o v i p o s i t i o n  s i t e s  a t  t h i s  l o c a t i o n  
were d e s t r o y e d  by a c t i v i t i e s  o f  c a t t l e  and p i g s .  Sampl ing  o f  
n a t u r a l  o v i p o s i t i o n  s i t e s  a t  S t a t i o n  9 r e v e a l e d  l a r v a e  p r e s e n c  i n  
a t r e e - h o l e  d u r i n g  March,  A p r i l ,  and J u l y .  Thus ,  l a r v a e  were  n o t  
o b s e r v e d  a t  S t a t i o n  9 f o r  o n l y  two sample p e r i o d s ,  F e b r u a r y  and 
May. 
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S t a t i o n s  5 and 1 5  a t  2700  f e e t  ( 9 0 0  m )  showed l a r v a l  a c t i v -  
i t y ,  b u t  n o t  on  a c o n t i n u o u s  bas i s .  The r e l a t i v e l y  c o n s t a n t  
s t r o n g  winds ,  r e l a t i v e l y  low r a i n f a l l ,  and f e w  n a t u r a l  o v i p o s i -  
t i o n  s i tes a v a i l a b l e  a t  S t a t i o n  1 5  t e n d  t o  l i m i t  mosqu i to  a c t i v -  
i t y .  La rvae  were c o l l e c t e d  h e r e  d u r i n g  t h e  months  o f  J a n u a r y  
t h r o u g h  March, c o r r e s p o n d i n g  w i t h  t h e  a n n u a l  p e r i o d  of  i n c r e a s e d  
r a i n f a l l  (December t h r o u g h  A p r i l ) .  V e g e t a t i o n  a t  S t a t i o n  1 5  
c o n s i s t e d  p r i m a r i l y  o f  g r a s s e s ,  s c a t t e r e d  s h r u b s ,  and  t r e e s  
( ' C h i l a  and k o a ) .  Lava s u b s t r a t e  a t  t h i s  s t a t i o n  was t o o  p o r o u s  
t o  m a i n t a i n  ground p o o l s  s u f f i c i e n t  f o r  l a r v a l  deve lopmen t .  
Ground p o o l s  were o b s e r v e d  a t  tiiis s t a t i o n  o n l y  d u r i n g  t h e  p e r i o d  
December 1978 t h r o u g h  F e b r u a r y  1979 ,  when t h e r e  was u n u s u a l l y  
heavy r a i n f a l l  r e s u l t i n g  i n  f l o o d i n g  o v e r  a ma jo r  p o r t i o n  of  
t h e  i s l a n d .  P o t e n t i a l  n a t u r a l  o v i p o s i t i o n  s i t e s  c o u l d  n o t  be 
l o c a t e d  a t  S t a t i o n  15 .  

A s i t u a t i o n  s imilar  t o  t h a t  a t  S t a t i o n  1 5  was e n c o u n t e r e d  
w i t h  r e g a r d  t o  r a i n f a l l ,  v e g e t a t i o n ,  and n a t u r a l  o v i p o s i t i o n  
s i tes  a t  S t a t i o n  1 4  (600  m ) .  Here C.  g u i n q u e f a s c i a t u s  l a r v a e  
were t a k e n  o n l y  i n  F e b r u a r y  and March-1978. 

S t a t i o n  5 was l o c a t e d  i n  a r a i n  f o r e s t  w i t h  a n  abundance  of 
p o t e n t i a l  n a t u r a l  o v i p o s i t i o n  s i t e s ,  i n c l u d i n g  ground p o o l s ,  
h z p u ' u  s t u m p s ,  and t r e e - h o l e s .  However, C .  g u i n q u e f a s c i a t u s  
l a r v a e  were r e c o v e r e d  from t h i s  s t a t i o n  o n l y  T u r i n g  September  and 
Oc tobe r  1978 .  

Culex  g u i n q u e f a s c i a t u s  l a r v a e  were r e c o v e r e d  on a n  i r r e g u l a r  
basis- a r t i f i c i a l  o v i p o s i t i o n  s i t e s  a t  s t a t i o n s  from 4 5 0  f e e t  
t o  1800 f e e t  ( 1 5 0  m-500 m ) ,  b u t  were o b s e r v e d  r e g u l a r l y  i n  
n a t u r a l  o v i p o s i t i o n  s i tes  a t  a l l  s t a t i o n s  e x c e p t  S t a t i o n  1 4 ,  a s  
p r e v i o u s l y  n o t e d .  

A l though  C .  g u i n q u e f a s c i a t u s  l a r v a e  were r e c o r d e d  o n l y  o n c e  
i n  t h e  a r t i f i c i a l  o v i p o s i t l o n  s i t e s  p r o v i d e d  a t  S t a t i o n  1 0  a t  
5000 f e e t  (1650  m ) ,  o t h e r  r e c o r d s  a r e  a v a i l a b l e  from h i g h e r  
e l e v a t i o n s  on t h e  i s l a n d  o f  Hawai ' i .  Swezey and Will iams ( 1 9 3 2 )  
r e p o r t e d  egg r a f t s  from a r a i n  b a r r e l  a t  5500 f e e t  (1850  m )  on 
M t .  H u a l a l a i  and l a r v a e  i n  a p o o l  a t  6 0 0 0  f e e t  ( 2 0 0 0  m )  a t  N a u h i ,  
Mauna Kea. Komatsu ( 1 9 6 6 )  r e p o r t e d  b o t h  egg r a f t s  and l a r v a e  
from c o n c r e t e  p o o l s  a t  t h e  PEhakuloa NFnG Farm a t  6 0 0 0  f e e t  
( 2 0 0 0  m ) .  While  t hese  r e c o r d s  d o  n o t  i n d i c a t e  a permanent  breed-  
i n g  p o p u l a t i o n  o f  C. g u i n q u e f a s c i a t u s ,  r e s u l t s  o f  l a r v a l  s a m p l e s  
i n  t h e  c u r r e n t  s t u r y  l n d i c a t e  a permanent  p o p u l a t i o n  a t  4500 f e e t  
(1500  m ) .  

L a r v a e  and pupae  o f  Aedes a l b o p i c t u s  were r e c o v e r e d  from 
a r t i f i c i a l  o v i p o s i t i o n  s l t es  and i n  " n a t u r a l "  o v i p o s i t i o n  s i t e s ,  
p r i m a r i l y  d i s c a r d e d  c a n s ,  t i r e s ,  and human r e f u s e ,  up t o  9 0 0  f e e t  
( 3 0 0  m )  f o r  a l l  months  o f  t h e  s t u d y .  Recovery o f  A .  a l b o p i c t u s  
l a r v a e  a t  S t a t i o n  4 a t  1800 f e e t  ( 6 0 0  m )  and S t a F i o n  5 a t  2 7 0 0  
f e e t  ( 9 0 0  m )  was a s s o c i a t e d  w i t h  a reas  o f  human a c t i v i t y  ( con-  
s t r u c t i o n  e q u i p m e n t ) .  La rvae  were p r e s e n t  a t  t hese  e l e v a t i o n s  
o n l y  f o r  t h e  p e r i o d  o f  t h e  a c t i v i t y  and were n o t  r e c o v e r e d  from 

L .  
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a r t i f i c i a l  o v i p o s i t i o n  s i t e s  d u r i n g  sampl ing  e i t h e r  p r i o r  t o  o r  
f o l l o w i n g  s u c h  a c t i v i i t y .  No A .  a l b o p i c t u s  l a r v a e  were r e c o v e r e d  
a t  s t a t i o n s  above  2 7 0 0  f e e t  ( 9 5 0  m ) .  

Eggs 

Egg r a f t s  w e r e- c o l l e c t e d  from 5 0- g a l l o n  w a t e r  drums l o c a t e d  
a t  S t a t i o n  18  (Kipuka  K i )  from November 1977 t h r o u g h  October  
1978 ,  a t  which p o i n t  t h e  drums were removed by t h e  N a t i o n a l  P a r k  
S e r v i c e .  - C u l e x  g u i n q u e f a s c i a t u s  was t h e  o n l y  m o s q u i t o  s p e c i e s  
o v i p o s i t i n g  a t  t h i s  s t a t i o n .  During t h i s  p e r i o d  46 egg r a f t s  
were removed from t h e  drums.  A mean o f  1 7 1  e g g s / r a f t  was c a l-  
c u l a t e d  w i t h  a r a n g e  o f  9 1  t o  273 e g g s / r a f t .  No a n n u a l  v a r i a t i o n  
i n  numbers o f  e g g s  p e r  r a f t  was o b s e r v e d  and mon th ly  mean v a l u e s  
ranged  from 1 4 6  t o  1 9 3  e g g s / r a f t .  

Four C.  g u i n q u e f a s c i a t u s  egg r a f t s  werg removed from a r t i -  
f i c i a l  o v y p o s i t i o n  s i t e s  a t  S t a t i o n  1 5  (Kipuka  Ngng) i n  J a n u a r y  
1978. A mean o f  177 e g g s / r a f t  was c a l c u l a t e d  f o r  t h i s  c o l l e c t i o n  
w i t h  a r a n g e  o f  130 t o  213 e g g s / r a f t .  

Egg r a f t s  were c o l l e c t e d  from g round  p o o l s  n e a r  sea l e v e l  
from November 1 9 7 7  t h r o u g h  Oc tobe r  1978 .  During t h i s  p e r i o d  5 2  
egg  r a f t s  were c o l l e c t e d .  A mean o f  179 e g g s / r a f t  was c a l c u l a t e d  
f o r  t h i s  c o l l e c t i o n  w i t h  a r a n g e  o f  1 2 0  t o  260 e g g s / r a f t .  

Thus t h e r e  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  numbers o f  e g g s  
p e r  r a f t  w i t h  e l e v a t i o n  from sea l e v e l  t o  4 0 0 0  f e e t  (1350  m) i n  
t h e  p r e s e n t  s t u d y  ( t  = 1 . 6 7 ;  d f  = 96;  P > 0 . 0 5 ) .  No egg r a f t s  
were r e c o v e r e d  a t  s t a t i o n s  above  4 0 0 0  f e e t  i n  t h e  c u r r e n t  s t u d y .  

Eggs o f  Aedes a l b o p i c t u s  were n o t  sampled d u r i n g  t h e  p r e s e n t  
s t u d y .  

A d u l t s  

R e s u l t s  o f  l i g h t  t r a p s  o p e r a t e d  by t h e  V e c t o r  C o n t r o l  
Branch ,  Hawaii S t a t e  Depar tment  o f  H e a l t h ,  a t  l o c a l i t i e s  i n d i -  
c a t e d  i n  F i g u r e  2 ,  a r e  g i v e n  i n  T a b l e  3 .  T h e s e  t r a p s  were p r i -  
m a r i l y  o p e r a t e d  i n  a reas  o f  human a c t i v i t y  and a t  e l e v a t i o n s  
below 2700 f e e t  (900  m ) .  These  r e s u l t s  show a p o p u l a t i o n  of - Culex  p i  a s c i a t u s  p r e s e n t  i n  a l l  l o c a l i t i e s  sampled on a 
y e a r  round s ,  a l t h o u g h  more numerous from A p r i l  t h r o u g h  
September .  
t r a p s .  

As e x p e c t e d ,  species  o f  - Aedes were n o t  t a k e n  i n  l i g h t  

I n  t h i s  s t u d y ,  s t a n d a r d  N e w  J e r s e y  Mosqui to  L i g h t  T r a p s  were 
used a l o n g  t h e  Mauna Loa t r a n s e c t s  ( F i g .  1) and sampled month ly  
from November 1 9 7 7  t h r o u g h  A p r i l  1978 .  R e s u l t s  from t h e s e  t r a p s  
were n e g a t i v e  when used e i t h e r  w i t h  a C 0 2  a t t r a c t a n t  o r  w i t h o u t  
an a t t r a c t a n t .  

Culex  g u i n q u e f a s c i a t u s  a d u l t s  were f r e q u e n t l y  o b s e r v e d  a t  
l o w e r e l e v a t i o n  s t a t i o n s ,  and  e g g s ,  l a r v a e ,  and pupae were 
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FIGURE 2. Loca t ions  of  l i g h t  t r a p s  ope ra t ed  by Vector 
Cont ro l  Branch, Hawaii S t a t e  Department of 
Heal th .  Numbers r e f e r  t o  Table  2 .  



2 1  

sampled.  Both male and female C.  q u i n q u e f a s c i a t u s  were o b s e r v e d  
r e g u l a r l y  a t  S t a t i o n  1 8  (Kipuka  K i ,  1350 m )  i n  t h e  v i c i n i t y  o f  
o v i p o s i t i o n  s i t e s .  

B i t i n g  c o l l e c t i o n s  a t  a l l  s t a t i o n s  d u r i n g  t h i s  same p e r i o d  
were n e g a t i v e  f o r  C. g u i n q u e f a s c i a t u s .  B i t i n g  c o l l e c t i o n s  o f  
A.  a l b o  i c t u s  were m<de i n  e a r l y  morning and w i t h  p o s i t i v e  
y e s e a t i o n s  up t o  9 0 0  f e e t  ( 3 0 0  m ) .  B i t e s  r anged  from 1 5  
t o  30 i n  a 10-minute  p e r i o d  w i t h  no s i g n i f i c a n t  v a r i a t i o n  ob- 
s e r v e d  f o r  t h e  s t u d y  p e r i o d  a l t h o u g h  h i g h e r  numbers  tended t o  
o c c u r  i n  t h e  warmer summer months .  

A d u l t  f e m a l e s  o f  A. a l b o p i c t u s  were o b s e r v e d  b i t i n g  i n  
December 1277 and J a n u z r y  T978 a t  S t a t i o n  18  (Kipuka  K i )  and one  
female a t  Kilauea F o r e s t  Rese rve  i n  A p r i l  1978 .  

D I S C U S S I O N  

Based on s t u d i e s  c o n d u c t e d  on K a u a ' i ,  Warner ( 1 9 6 8 )  i n d i -  
c a t e d  t h a t  d i s t r i b u t i o n  of  -L11.-r Culex  g u i n q u e f a s c i a t u s  i s  r e s t r i c t e d  
t o  e l e v a t i o n s  below 2100 f e e t  ( 7 0 0  m ) .  R e s u l t s  o f  t h e  c u r r e n t  
s t u d y  on Hawail i p r e s e n t  a c o n s i d e r a b l y  d i f f e r e n t  p i c t u r e .  
C o l l e c t i o n s  o f  e g g s ,  l a r v a e ,  a n d  pupae  i n d i c a t e  b r e e d i n g  popula-  
t i o n s  of  C. g u i n q u e f a s c i a t u s  p r e s e n t  f o r  t h e  e n t i r e  y e a r  a t  
e l e v a t i o n s  up t o  4500 f e e t  (1500  m ) .  A d u l t s  o f  C .  u inque-  
f a sc i a tu s  were  o b s e r v e d  mon th ly  a t  S t a t i o n  1 8  (Kipuk; K i ) g w i t h  a n  
e l e v a t i o n  o f  4 0 0 0  f e e t  (1350  m ) .  D i s t r i b u t i o n  o f  C.  u inque-  
f a s c i a t u s  was, however ,  un i fo rm t h r o u g h o u t  i t s  a l t i f u d i n z l  r a n g e  
but v a r i e d  c o r r e s p o n d i n g  t o  d e g r e e  o f  v o l c a n i c  a c t i v i t y  i n  t h e  
s t u d y  area  o n  t h e  e a s t  f l a n k  o f  Mauna Loa v o l c a n o .  S t a t i o n s  i n  
t h e  p r e s e n t  s t u d y  below 3300 f e e t  ( 1 1 0 0  m )  were l o c a t e d  i n  a r e a s  
w i t h  a r e l a t i v e l y  un i fo rm v e g e t a t i o n  c o v e r  and w i t h  many a v a i l -  
able  o v i p o s i t i o n  s i tes.  Above t h i s  e l e v a t i o n ,  i r r e g u l a r i t i e s  i n  
p a t t e r n s  o f  l a v a  f l o w s  from r e c e n t  e r u p t i o n s  have  r e s u l t e d  i n  t h e  
f o r m a t i o n  o f  k r p u k a s  ( p o c k e t s  o f  u n d i s t u r b e d  v e g e t a t i o n -  s u r -  
rounded by r e l a t i v e l y  bar ren  l a v a  f l o w s ) .  W i t h i n  t h e  k i p u k a ,  
t h e r e  a re  o v i p o s i t i o n  s i t e s  f o r  m o s q u i t o e s  and v e g e t a t i o n  p ro-  
v i d i n g  b o t h  food and r o o s t i n g  s i t e s  f o r  b i r d  and mammal h o s t s .  
P r e d i c t a b l y ,  C.  s u i n q u e f a s c i a t u s  a c t i v i t y  o b s e r v e d  i n  t h i s  s t u d y  
was c o n c e n t r a T e d  i n  t h e s e  k i p u k a s .  

T h i s  phenomenon i s  well  i l l u s t r a t e d  by t h e  l a r v a l  col-lec- 
t i o n s  a t  S t a t i o n s  1 8  and 1 8 a .  S t a t i o n  1 8  was l o c a t e d  i n  Kipuka 
K i  a t  a n  e l e v a t i o n  o f  4 0 0 0  f e e t  (1350  m ) .  V e g e t a t i o n  c o v e r  con-  
s i s t e d  o f  koa and ' E h i ' a  t r e e s  w i t h  a n  u n d e r s t o r y  o f  pzkiawe and 
g r a s s e s .  C .  g u i n q u e f a s c i a t u s  were r e c o r d e d  from t h i s  s t a t i o n  i n  
e x p e r i m e n t x l  o v i p o s i t i o n  s i tes  a s  wel l  a s  n a t u r a l  s i t e s ,  i n c l u d -  
i n g  ha'pu'u stumps, t r e e - h o l e s ,  and ground p o o l s .  The ma jo r  
b r e e d i n g  s i t e s  a t  t h i s  s t a t i o n  were t r e e - h o l e s .  S t a t i o n  1 8 a  was 
l o c a t e d  on exposed  l a v a  w i t h  g r a s s e s  and low koa t r e e s  some 
150 f e e t  ( 5 0  m )  o u t s i d e  o f  Kipuka K i .  A s  shown i n  T a b l e  1, no 
l a r v a e  were r e c o v e r e d  from a r t i f i c i a l  o v i p o s i t i o n  s i t e s  p r o v i d e d .  
A d d i t i o n a l l y ,  no n a t u r a l  b r e e d i n g  s i t e s  c o u l d  be  l o c a t e d  i n  t h e  



22 

immediate v i c i n i t y  o f  S t a t i o n  18a and the re  was minimal indica-  
t i o n s  of  any hos t  a c t i v i t y  although 150  f e e t  ( 5 0  m )  d i s t a n t  a t  
S t a t i o n  18 t h e r e  was a s t a b l e  breeding population of  - C.  guinyue- 
f a s c i a t u s  and considerable  hos t  concentrat ion.  

A s imi la r  s i t u a t i o n  was observed fo r  o ther  klpukas i n  t h e  
s t u d y  a rea .  Dis t r ibu t ion  of C.  gu inquefasc ia tus  a t  e l evg t ions  
above 3300 f e e t  ( 1 1 0 0  m )  coincidTd w i t h  the  presence of  kipukas 
caused by volcanic  a c t i v i t y .  T h i s  d i s t r i b u t i o n ,  combined w i t h  
the  increased b i rd  and mammal a c t i v i t i e s  associated w i t h  the 
kipuka, would appear t o  increase  the  vector  p o t e n t i a l  o f  even a 
small population o f  - C. quinquefasciatus .  

Taylor and Maffi ( 1 9 7 8 )  i nd ica te  t h a t  ground pools ,  d i t c h e s ,  
and l a r g e  a r t i f i c i a l  con ta ine r s  were the  p r i n c i p a l  breeding s i t e s  
f o r  C.  gu inquefasc ia tus  i n  the  South P a c i f i c .  I n  c o n t r a s t ,  the  
main-natural breeding s i t e s  fo r  C .  su inquefasc ia tus  a t  S t a t i o n  18  
were t ree- holes .  T h i s  was obserTed a l s o  a t  o ther  s t a t i o n s .  Lack 
of permanent ground pools due t o  the  porous na ture  of the lava  
s u b s t r a t e  precludes t h i s  a s  a breeding s i t e  a t  most  of the  s t a-  
t i o n s  above 3300 f e e t  ( 1 1 0 0  m ) .  Standing water i n  t ree- holes  and 
hZpu'u stumps a t  s t a t i o n s  loca ted  i n  kipukas is abundant and 
se rves  here a s  the  main na tu ra l  breeding s i t e s .  Additional 

and water troughs placed i n  the  kipukas by the  National Park 
Service.  

breeding of guinguefasciatus was observed i n  l a r g e  o i l  drums 

Aedes albo l c t u s  on the e a s t  f lank  of Mauna Loa volcano was 
prima- w i t h  human a c t i v i t i e s  and r e s t r i c t e d  t o  
e l eva t ions  below 9 0 0  f e e t  ( 3 0 0  m). Although the re  were th ree  
females observed b i t i n g  a t  e l e v a t i o n s  o f  4 0 0 0  f e e t  (1350 m )  and 
5000 f e e t  (1650 m ) ,  no permanent populat ions appeared t o  ex i s t  
and these  inc iden t s  were i n  a reas  associa ted  w i t h  human a c t i v i t y .  

T h u s ,  p a t t e r n s  of d i s t r i b u t i o n  fo r  C .  gu inquefasc ia tus  given 
by Warner ( 1 9 6 8 )  for  Kaua'i do not appeaF on Hawai'i. The cur- 
r e n t  s t u d y  suggests  t h a t  the  "mosquito- free sanctuary" above 1 8 0 0  
f e e t  ( 6 0 0  m )  fo r  Hawaiian b i r d s  does not  e x i s t  on the  e a s t  f lank 
o$ Mauna Loa. I n  f a c t ,  due t o  the  concentrat ing mechanism of  the 
kipuka a t  e l e v a t i o n s  above 3300 f e e t  ( 1 1 0 0  m ) ,  the  b i r d s  and 
mosquitoes l i v e  i n  c lose  a s soc ia t ion  providing an idea l  s i t u a t i o n  
fo r  transmission o f  avian malar ia  and other  such d i s e a s e s  among 
t h e  endemic and introduced b i rds .  
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TABLE 1. Collect ion record of msqUito larvae frm the sampling s t a t i o n s  along the two transects on the east flank of m~na 
h a  volcano (A = _ _ _ .  ~edes albopictus larvae; C = Culex quinquefasciatus larvae; * = m i p o s i t i o n  sites disturbed, m 
data; 1 =. Sta t ion  not y e t  established). 
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' l ? ~ L E  2- Collection record of mosquito larvae by elevation on the east flank of Mauna 
ma volcano ( A  = Aedes albopictus larvae; C = C U k X  - quinquefasciatus larvae; 
* = Oviposition sites disturbed, no data;  - = No larvae present),  

Elev , 1977 1978 1979 
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WLE 3. mtal nunher of adult Culex quinquefasciatus collected per mnth fran light traps on the island of Hawai'i 
(* = trap mlfunction), 

I 1977 1978 1979 
May June J u l y  Aug. Sep. Oct. Nov. Dec. Jan. I 

&P 
Number  Wality I Nov. Dec. Jan. Feb. Mar. Apr. 
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1977 1978 1979 
Number bcal i t y  Nov. Dec, Jan. Feb, Mar. Apr. May June J u l y  Aug. Sep. Oct. Nov. Dee .  Jan. 
b P  
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~~ 
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