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i. 

ABSTRACT 

I n  a  f i e l d  survey o f  15 southwestern B r i t i s h  Columbia 

fresh-water h a b i t a t s ,  Notonecta undulata  Say was found t o  l i v e  

and reproduce under a  wide v a r i e t y  of  b i o t i c  and phys ica l  con- 

d i t i o n s .  Backswimmer abundance appears t o  be c o r r e l a t e d  wi th  

the presence and abundance o f  competi tors  and predators.  Water 

hardness  and pH may a f f e c t  t h i s  i n s e c t ' s  h a b i t a t  preferences  

i n d i r e c t l y  by determining t h e  f l o r a  and assoc ia ted  fauna p r e s e n t  

i n  a  h a b i t a t .  

I n  t h e  labora tory ,  t h e  backswimmer s t a g e s  t e s t e d  pre-  

f e r r e d  a  water temperature of  26.2 & 2 . 9 ' ~ .  Adults t o l e r a t e d  

water  a t  3 4 ' ~  f o r  up t o  9 hours .  Beyond 3 4 O ~ ,  m o r t a l i t y  increased 

wi th  temperature.  

A r e a r i n g  method was devised by which 4 genera t ions  of  

backswimmers per  year can be reared  i n  comparison t o  t h e  2 genera- 

t i o n s  pe r  year  occurr ing  n a t u r a l l y .  

I n  t h e  evalua t ion  of  - N. undulata a s  a  mosquito l a r v a l  

p reda to r ,  Aedes aeqypt i  L .  l a r v a e  were suppl ied a s  prey.  The 

e f f e c t s  of predator  s t age ,  prey age and prey d e n s i t y  on p reda t ion  

r a t e  were examined. Second, t h i r d ,  four th  and f i f t h  i n s t a r  

N. undulata  were observed t o  consume more l a r v a e  than e i t h e r  f i r s t  - 
i n s t a r s  o r  a d u l t s .  Although a l l  mosquito l a r v a l  i n s t a r s  were 

a t tacked,  second age group l a rvae  were k i l l e d  most o f t e n .  The 

mean number of  l a r v a e  k i l l e d  pe r  hour increased wi th  inc reas ing  



prey  d e n s i t y .  Water temperature,  over t h e  ranges t e s t e d ,  d i d  

not  have a s i g n i f i c a n t  e f fec t ,  on t h e  predat ion  r a t e  of  a d u l t  

N. undulata .  - 
Starved a d u l t  - N. undulata  requi red  approximately 3 

hours of a c t i v e  feeding (equiva lent  t o  about 30 f o u r t h  i n s t a r  

l a r v a e )  be fo re  they  became s a t i a t e d .  Because a l l  t h e  p reda t ion  

s t u d i e s  involved s ta rved  p reda to r s  t h e  r e s u l t a n t  p reda t ion  r a t e s  
. . 
are probably s l i g h t l y  h igher  than  would occur i n  na tu re .  

Adult backswimmers c o n s i s t e n t l y  s e l e c t e d  mosquito l a r v a e  

and pupae over  6 o t h e r  aqua t i c  prey types .  The backswimmer's 

predatory  behavior,  e luc ida ted  by video-tape recordings  and micro- 

scope observat ions ,  suggests  it i s  we l l  s u i t e d  t o  cap tu r ing  

mosquito l a r v a e  and pupae. 

The response of - N. undulata  t o  environmental f a c t o r s  and 

i t s  r e s u l t a n t  h a b i t a t  preferences  a r e  very s i m i l a r  t o  many spec ies  

of North American mosquitoes. I ts  predatory  behavior,  preference  

f o r  mosquito l a r v a e  and pupae and a b i l i t y  t o  k i l l  a l l  a q u a t i c  

s t a g e s  of mosquitoes a t  some time i n  i t s  l i f e  h i s t o r y  suggest  

t h a t  N. undulata  i s  we l l  adapted a s  a mosquito predator  and t h a t  

it warrants  f u r t h e r  cons idera t ion  a s  a mosquito c o n t r o l  agent .  
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INTRODUCTION 

I n  cons ide r ing  p o s s i b l e  means o f  mosquito c o n t r o l ,  
I 

t h e r e  i s  a  need f o r  d e t a i l e d  s t u d i e s  of t h e  n a t u r a l  p r e d a t o r  

complex. Many a q u a t i c  p r e d a t o r  s p e c i e s  have been q u a l i t a t i v e l y  

eva lua t ed  f o r  t h e i r  p o s s i b l e  u s e  i n  mosquito c o n t r o l  programs 

 inma man 1934; ~ r a h a m  1939; S a i l o r  and Lienk 1954; Baldwin, James 

and Welch 1955; James 1957, 1961; and James and Smith 1958) .  None 

o f  t h e s e  workers,  however, ha s  s t u d i e d  t h e  e f f e c t i v e n e s s  o f  t h e s e  

p r e d a t o r s  a t  d i f f e r e n t  p reda tor -prey  s t a g e s  and d e n s i t i e s  o r  

wate r  c o n d i t i o n s .  

~ o s q u i t o  l a r v a e  and pupae a r e  preyed on by numerous 

p r e d a t o r s .  Hinman (1934) reviewed a  number of  s h o r t  l a b o r a t o r y  

experiments w i t h  v a r i o u s  i n s e c t  p r e d a t o r s  a s  w e l l  a s  f i e l d  observ-  

a t i o n s  by e a r l y  b i o l o g i c a l  c o n t r o l  workers .  The importance o f  f i s h  

as l a r v a l  p r e d a t o r s  was t h e  s u b j e c t  o f  e a r l i e r  reviews (Anonymous 

1924, Cove11 1931) .  Immature newts a r e  a l s o  r e p o r t e d  t o  f eed  on 

mosquito l a r v a e  (S tebbins  (1951) .  

Hinman (1934)  has  r e p o r t e d  t h a t  t h e  followi'ng i n s e c t s  

a r e  mosquito l a r v a l  and pupal  p r e d a t o r s :  ephemerid l a r v a e ,  neuro- 

p t e r a n  l a r v a e ,  v a r i o u s  odona t id  nymphs, n o t o n e c t i d s ,  c o r i x i d s ,  

nep ids ,  be los toma t id s ,  naucor ids ,  v e l i i d s ,  hydrometr ids ,  d y t i s c i d s ,  

g y r i n i d s ,  h y d r o p h i l i d s ,  c i c i n d e l i d s ,  web-building c a d d i s f l y  l a r v a e ,  

predaceous mosquito and midge l a r v a e  and a  few d i p t e r a n  a d u l t s .  

Only t h e  a q u a t i c  f a m i l i e s  of  Hemiptera and Coleoptera  -- 

e s p e c i a l l y  notonectid 's  and d y t i s c i d s  -- seem t o  dese rve  s e r i o u s  



 ons side ration a s  l a r v a l  p reda to r s ,  excluding f i s h   o in man 1934, 

Bates 1965).  Chris tophers  (11960) noted t h a t  Notonecta spp. and 

cor ixa  spp. a c t i v e l y  des t roy  l a r v a e .  Various notonect id  and 
CI-- 

d y t i s c i d  spec ies  a r e  considered e f f e c t i v e  i n  c o n t r o l l i n g  t h e  

mosquito popula t ions  of small water  ho les ,  r i c e - f i e l d s  and 

a r t i f i c i a l  con ta ine r s  (Hamlyn-~ar r i s  1929, Lai rd  1947) .  

The major i ty  of Hinman's (1934) r e fe rences  c o n s i s t  of 

casua l  observat ions ,  made e i t h e r  i n  t h e  f i e l d  o r  i n  t h e  l abora to ry ,  

toge the r  with a  few experiments on one o r  more spec ies .  H e  p o i n t s  

out  t h e  need f o r  ex tens ive  l abora to ry  experiments where an 

abundance of o t h e r  s a t i s f a c t o r y  food i s  a v a i l a b l e  t o  t h e  p reda to r s ,  

i n  a d d i t i o n  t o  t h e  mosquito l a r v a e  and pupae. Unless t h e  predator  

spec ies  shows a  d e f i n i t e  preference  f o r  mosquitoes, he be l i eves  

i t s  va lue  a s  a  b i o l o g i c a l  c o n t r o l  agent should be t r e a t e d  with 

suspic ion .  

I n  one l abora to ry  s tudy,  Eni thares  b e r q r o t h i  Montandon, 

a  notonect id  found on severa l  i s l a n d s  i n  t h e  p a c i f i c  and A u s t r a l i a ,  

destroyed l a r g e  numbers of both c u l i c i n e s  and anophelines (Lai rd  

1947) . Twice a s  many of t h e  former were k i l l e d .  Laird ' s 

explanat ion was t h a t  anophelines,  l y i n g  p a r a l l e l  t o  t h e  water 

su r face ,  a r e  not  a s  r e a d i l y  seen by t h e  backswimmers a s  c u l i c i n e  

l a r v a e  which hang downwards from t h e  su r face .  Few pupae were 

destroyed by t h i s  spec ies .  The New Zealand backswimmer, Anisops 

a s s i m i l i s  White, a l s o  des t roys  mosquito l a r v a e  r e a d i l y  but  only 
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a t t a c k s  pupae i n  t h e  absence of  l a r v a e ,  and then  o n l y  s lowly 

and in smal l  numbers ! ~ r a h a m  1939) .  Dempwolff (1904),  working 
, 

i n  what was then  German New Guinea, observed t h a t  w a t e r s  con- 

~ ~ t o n e c t a  spp.  i n t o  wate r  t a n k s ,  h e  brought about t h e  complete  

d e s t r u c t i o n  of a l l  mosquito l a r v a e  w i t h i n  one week. Bare (1926) ,  

claimed t h a t  a l l  s t a g e s  of Notonecta undula ta  Say f eed  on e i t h e r  

mosqui to  l a r v a e  o r  pupae i n  t h e  sou thern  u n i t e d  S t a t e s  b u t  h e  

gave no d e t a i l s .  

N. undu la t a ,  one of t h e  most common s p e c i e s  o f  Notonecta - 

i n  North America, i s  a  predaceous wate r  bug found i n  many f r e s h -  

wate r  h a b i t a t s  throughout Canada and t h e  un i t ed  S t a t e s  (Bueno 

1905, Brooks and Kelton 1967) .  I t  i s  one o f  t h e  s p e c i e s  con- 

s i d e r e d  by Hinman (1934) t o  be an important  mosquito p r e d a t o r .  

Various a s p e c t s  o f  i t s  l i f e  h i s t o r y ,  ecology and behavior  a r e  

w e l l  known (Essenberg 1915; Hungerford 1917, 1919; Clark and 

Hersh 1939; E l l i s  and Borden 1969a) .  L i t t l e  i s  known, however, 

about  i t s  p reda to ry  h a b i t s .  Adul t s  may be  c o l l e c t e d  throughout  

t h e  y e a r ,  though w i t h  d i f f i c u l t y  d u r i n g  t h e  w i n t e r  months. A l t e r -  

n a t i v e l y ,  t hey  may b e  co lon ized  i n  t h e  l a b o r a t o r y  ( E l l i s  and 

Borden 1969b) .  

I n  r e c e n t  y e a r s ,  many i n v e s t i g a t i o n s  i n t o  preda tor -prey  

complexes have been under taken.  Seve ra l  workers have examined 

t h e  e f f e c t s  of va ry ing  predator-  and prey  d e n s i t i e s  on p r e d a t o r y  



( e . g .  Steinmet2 1961; Morris  1963; Turnbul l  1962, 

1965; chant  and Turnbul l  1966; Ho l l i ng  1366; and Mukerj i  and 

LeRouX 1969) .  Of t h e s e ,  however, on ly  Morris  (1963) ,  ~ o l l i n g  

(1966) and ~ u k e r j i  and LeRoux (1969) cons ide r  i n s e c t  p r e d a t o r s  

and p rey  i n  t h i s  r ega rd  and s e r v e  a s  models f o r  f u t u r e  p r e d a t i o n  

s t u d i e s .  

 he s i x  main o b j e c t i v e s  o f  my s tudy  of  - N. undu la t a  

w e r e  a s  fo l lows:  

1) t o  expand t h e  g e n e r a l  b i o l o g i c a l  knowledge o f  t h i s  s p e c i e s  

by conduct ing a  survey of  i t s  h a b i t a t s  in S .w. B r i t i s h  Columbia; 

2 )  t o  supplement t h i s  w i th  l a b o r a t o r y  obse rva t ions  t o  de te rmine  

i t s  p r e f e r r e d  h a b i t a t ;  3 )  t o  develop a  r e a r i n g  method t h a t  w i l l  

enab le  r e s e a r c h  t o  b e  c a r r i e d  o u t  yea r  round on a l l  i n s t a r s  and 

a d u l t s ;  4 )  t o  de te rmine  t h e  p r e f e r r e d  p rey  o f  g. undu la t a ;  

5 )  t o  de te rmine  t h e  e f f e c t s  o f  p r e d a t o r  s t a g e ,  p r ey  age ,  p rey  

d e n s i t y  and tempera ture  on t h e  p r e d a t i o n  r a t e ;  and 6 )  t o  observe  

p r e d a t i o n  t o  e l u c i d a t e  t h e  p o s s i b l e  behav io ra l  sequences involved .  
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GENERAL METHODS 

Backswimmer ~ e a r i n q  , 

Because of t h e  d i f f i c u l t y  i n  i d e n t i f y i n g  f ie ld-caught  

backswimmer nymphs t o  spec ies  and i n s t a r ,  a l abora to ry  colony 

of N. undulata  was i n i t i a t e d  i n  Apr i l ,  1967, and maintained f o r  

approximately 2 6  months ( E l l i s  and Borden 1969b). Two 15-gallon 

aquaria,  f i l l e d  with ae ra ted  t a p  water ,  were each equipped wi th  

a f i l t e r - a e r a t o r ,  a s tandard aquarium h e a t e r ,  sand and s e v e r a l  

p ieces  of green rubber-mesh s ink matt ing ( ~ i g .  1). Water temp- 

e r a t u r e  was maintained a t  25 f 1•‹c. The pH was 6.5 - 7.0. The 

aquaria were covered wi th  canopies t o  prevent t h e  escape of a d u l t s  

and provided wi th  two 25 wa t t  bulbs  t o  f a c i l i t a t e  p e r i o d i c  i n -  

spect ion.  One of t h e  two aquar ia  was used a s  an o v i p o s i t i o n  tank 

and held up t o  15 a d u l t s  a t  a t ime without s i g n i f i c a n t  cannibalism 

i f  a su rp lus  of f r e s h  food was provided d a i l y .  Almost any small- 

t o  medium-sized i n s e c t  dropped onto t h e  su r face  f i l m  would be 

read i ly  a t t acked .  I • ’  it was impossible t o  provide food d a i l y ,  a 

surplus  of l i v e  prey  was kept  i n  t h e  same aquarium (e .g .  damself ly ,  

mosquito o r  midge l a r v a e ) .  

The rubber-mesh sink matt ing provided s u i t a b l e  s i t e s  f o r  

backswimmer o v i p o s i t i o n  (Fig .  2 ) ,  cover and anchorage (Fig .  3 ) .  

Plants ,  such a s  Anacharis canadensis Michx. (McPherson 1966; E l l i s  

and Borden 1969b),  o r  even sodden leaves  (Clark and Hersh 1939) 

can be used wi th  some success  b u t ,  due t o  water temperature and 



Fig. 1 Oviposition aquarium of g. undulata showing pieces of 

rubber-mesh sink matting used for oviposition, cover 

and anchorage. 

~ i g .  2 ~ewly-laid egg of - N. undulata on rubber-mesh sink matting. 

Fig. 3 Adult backswimmer using matting for anchorage. 





; 
3 necessary handl ing,  soon d e t e r i o r a t e .  Often t h i s  occurs  be fo re  

all t h e  eggs ha tch .  The s i n k , m a t t i n g ,  however, keeps i t s  shape 

and l a s t s  i n d e f i n i t e l y .  Af te r  t h e  eggs were l a i d ,  t h e  ma t t ing  

was t r a n s f e r r e d  t o  t h e  second, o r  incubat ion aquarium. ~ o s t  of  

t h e  eggs hatched wi th in  1 - 2 weeks. The matt ing was washed f r e e  

of empty egg capsules  and a lgae ;  it was s t e r i l i z e d  before  be ing  

re turned  t o  t h e  ov ipos i t ion  aquarium. 

F i r s t  i n s t a r s  w e r e  separated wi th in  a day of emergence 

t o  minimize cannibalism. The nymphs a r e  p a r t i c u l a r l y  vu lne rab le  

dur ing  ecdys i s .  Hence, each nymph was reared  i n d i v i d u a l l y  i n  a  

covered, w a t e r - f i l l e d  100 m l  g l a s s  beaker kept  a t  room temperature 

(21 f 1 ' ~ ) .  The nymphs were provided wi th  food d a i l y  ( e .g .  smal l  

mosquito l a r v a e ,  c rus taceans  o r  even f l o u r  b e e t l e s ,  Tribolium s p p . ) .  

After  t h e  f i n a l  moult, t h e  backswimmers were t r a n s f e r r e d  t o  t h e  

ov ipos i t ion  aquarium. Under t h e  above r e a r i n g  cond i t ions ,  4  

genera t ions  pe r  year could be reared  ins tead  of t h e  normal 2 

genera t ions  p e r  year occurr ing  i n  southwestern B r i t i s h  Columbia. 

Mosquito Rearinq 

Aedes aeqypt i  L .  (obtained from t h e  Canada Department o f  

Agr icul ture  Research S t a t i o n ,  B e l l e v i l l e )  was chosen a s  t h e  prey  

spec ies .  Although not  a  spec ies  n a t u r a l l y  occurr ing  i n  t h i s  a r e a  

it has  t h e  advantage of having no diapause.  Standard procedures  

w e r e  followed i n  t h e  l abora to ry  r e a r i n g  of t h i s  spec ies  (Fay 1 9 6 4 ) .  



Because t h e  exact  r e a r i n g  cond i t ions  of t h e  l a r v a e  a f f e c t  t h e  

s i z e ,  an important v a r i a b l e  i n  t h e  experiments, a  note  on t h e s e  

condi t ions fo l lows.  Eggs were hatched i n  demineralized water 

t o  which a  y e a s t  suspension had been added. Af te r  emergence, 

t h e  f i r s t  i n s t a r  l a rvae  were maintained i n  white-enamelled pans 

(41.5 x 25.5 x  6.5 cm) conta in ing  3000 m l  demineralized water 

kept  a t  room temperature,  2 1  & 1•‹c. The water was changed a t  

t h e  f i r s t  s ign  of foul ing .  Larval  r e a r i n g  d e n s i t y  was approx- 

imately 1 l a r v a  p e r  10 m l  water .  Larvae were given a  su rp lus  of  

f i n e l y  ground t r o p i c a l  f i s h  food d a i l y .  Under t h e s e  cond i t ions  

l a r v a l  development was complete i n  14 - 15 days. Larvae used i n  

predat ion  s t u d i e s  were divided i n t o  4 l a r v a l  age groups r a t h e r  

than 4 l a r v a l  i n s t a r s :  i . e . ,  age group I ,  1 - 3 days o l d  (mostly 

f i r s t  i n s t a r s ) ;  age group 11, 4  - 6 days o l d  (mostly second i n s t a r s ) ;  

age group 111, 7 - 9 days o l d  (mostly t h i r d  i n s t a r s ) ;  and age 

group I V ,  10  - 1 2  days o l d  (mostly four th  i n s t a r s ) .  

Predat ion S tud ies  

A l l  p reda t ion  t r i a l s  were made a t  room temperature 

(21 & 1 ' ~ )  i n  small ,  white-enamelled pans (28 x 18 x 5 cm) con- 

t a i n i n g  1000 m l  demineralized water ( ~ i g .  4 ) ,  un less  s t a t e d  

otherwise.  A l l  backswimmers were s t a rved  f o r  a t  l e a s t  2 4  hours 

p r i o r  t o  each t r i a l ,  except those  used i n  t h e  s a t i a t i o n  study 

which were s t a r v e d  f o r  48 hours .  per iodic  c o n t r o l s  were s e t  up 

wi th  pans con ta in ing  only prey;  l e s s  than  1% l a r v a l  m o r t a l i t y  was 

! 
t due t o  handl ing damage. 



~ i g .  4 Predat ion study apparatus used t o  t e s t  2 predator  

s tage:  prey age : prey dens i ty  combinations. I n s e t  

shows an adu l t  backswimmer i n  a 1000 m l  pan with 50 

mosquito la rvae .  
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HABITAT SURVEY 

Methods 

A survey  was made of 15 f resh-water  h a b i t a t s  i n  t h e  

Lower F r a s e r  Val ley ,  B.C. ,  t o  de te rmine  where and under what 

c o n d i t i o n s  N. undu la t a  was most abundant. Determinat ions  o f  - 

, t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  backswimmer h a b i t a t  w e r e  

made i n  t h e  f i e l d .  Each v a l u e  ob ta ined  f o r  t empera ture ,  wate r  

hardness  and pH i s  a  mean of  10  samples t aken  from t h e  immediate 

a r e a  of t h e  h a b i t a t .  The l a t t e r  two c h a r a c t e r i s t i c s  were d e t e r -  

mined w i t h  c o l o r i m e t r i c  i n d i c a t o r s .  conspicuous macrof lora  and 

macrofauna were no ted .  

R e s u l t s  and Discuss ion  

N. undula ta  was observed i n  a  v a r i e t y  o f  f resh-water  - 

h a b i t a t s :  i . e . ,  swimming pool ,  d i t c h ,  excava t ion  poo l ,  c r eek  

poo l s ,  bog ponds and l a k e s  (Table  I ) .  These h a b i t a t s  showed a  

f a i r l y  wide range  of  p h y s i c a l  f a c t o r s :  wate r  t empera ture ,  10.0 

t o  32.5OC; wate r  hardness ,  10  ( v e r y  s o f t )  t o  220 ppm.(very  h a r d ) ;  

and pH, 5.9 t o  7 .l. Water t u r b i d i t y  could n o t  be  p r o p e r l y  

eva lua t ed  because most water  bod ie s  were non- turbid .  Ha tz i c  

Slough wa te r ,  however, where no backswimmers w e r e  found, was ve ry  

t u r b i d .  Water c u r r e n t  a l s o  could n o t  be  p r o p e r l y  eva lua t ed .  

Where backswimmers were p r e s e n t  t h e r e  was u s u a l l y  on ly  a  ve ry  

s l i g h t  c u r r e n t .  
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Macroflora i n  t h e  h a b i t a t s  examined ranged from a 

complete absence of p l a n t s  t o  a  r i c h  and va r i ed  a r ray .  There 
, 

does not  appear t o  be any d i r e c t  c o r r e l a t i o n  between macroflora 

and backswimmer d i s t r i b u t i o n  o r  abundance. 

~ a c r o f a u n a  a l s o  va r i ed  from t h e  presence of a  few 

spec ies  t o  most aqua t i c  i n s e c t  f ami l i e s  and s e v e r a l  v e r t e b r a t e s .  

Macrofaunal d i v e r s i t y  appeared t o  be  d i r e c t l y  c o r r e l a t e d  t o  t h e  

d i v e r s i t y  and abundance of  aquat ic  p l a n t s ,  Although t h e  abundance 

of g. undulata  was genera l ly  g r e a t e r  when f l o r a  and fauna were 

d i v e r s e ,  t h e  d i s t r i b u t i o n  of t h i s  backswimmer showed no d e f i n i t e  

r e l a t i o n  t o  macrofauna. I t  should be noted, however, t h a t  where 

p o t e n t i a l  competi tors  o r  predators  of - N. undulata were p resen t  

i n  high numbers, backswimmer numbers were r e l a t i v e l y  low: e.g.  

Deer L. - Corixidae; Placid L. - Gerridae; Jewel L ,  - m hu id^^, 

Salamanders; S i l v e r  C r .  - Stickleback,  Trout;  and Gwendoline L .  - 

N. k i r b y i  . - 
Mosquito l a r v a e  and pupae were absent  from most back- 

swimmer h a b i t a t s  surveyed. Subsequent t o  t h e  survey, however, 

an occas ional  Culex sp .  l a rvae  was c o l l e c t e d  from Lost Lake and 

t h e  gol f  course  pond. 

Active,  a d u l t  N. undulata a r e  occas ional ly  c o l l e c t e d  

near  t h e  su r face  of ice-covered l akes  ( 4 ' ~ ) ;  t h e  a d u l t s  apparent ly  

o b t a i n  t h e i r  oxygen from air-pockets  between t h e  i c e  and water 

(Hungerford 1919).  More t y p i c a l l y ,  a d u l t s  over-winter i n  bottom - .' 



d e b r i s  (Clark 1928) .  Thus, - N. undulata  i s  a b l e  t o  t o l e r a t e  a 

wide range of water temperatures ( 4  t o  32 . ~ O C ) .  Mating and 
, 

o v i p o s i t i o n  appear r e s t r i c t e d ,  however, t o  a temperature range 

of 1 0  t o  32 .5OC. The a b i l i t y  t o  reproduce over a f a i r l y  wide 

temperature range and t o  withstand occas ional  s h o r t  pe r iods  o f  

h igh  water  temperature (e .g .  excavation pool ,  3 2 . 5 ' ~ )  would enable  

N. undulata  t o  i n h a b i t  small ,  sometimes temporary, water bodies  - 

where t h e  water temperature may rise above t h e  preference  l e v e l  

and f l u c t u a t e  considerably i n  a s h o r t  t ime. 

N. undulata  o f t e n  occurs  i n  t h e  same i n t e r i o r  ~ r i t i s h  - 
Columbia l a k e s  a s  Notonecta k i r b y i  Hungerford which l i v e s  i n  

water wi th  a pH of 7.0 t o  9.2 [Scudder 1965).  - N. k i r b y i  occurred 

i n  h a b i t a t s  wi th  a pH of 6.0 t o  6.6 (Table I ) ;  t h u s , i t s  pH range 

can be extended t o  6.0 t o  9.2. I f  N. undulata  occurs  throughout 

t h e  same pH range a s  - N .  k i r b y i  then  i t 'would appear t h a t  pH, a s  

w e l l  a s  water hardness ,  has  l i t t l e  e f f e c t  on t h e  h a b i t a t  preference  

of  N. - undulata .  These f a c t o r s  may i n d i r e c t l y ,  however, in f luence  

prey  abundance and p r o t e c t i v e  cover by determining t h e  abundance 

and spec ies  composition of shore p l a n t s .  

Clark (1928) summarized t h e  c h a r a c t e r i s t i c s  of an 

optimum h a b i t a t  f o r  g. undulata  i n  t h e  Winnipeg region:  a pool 

teeming with aqua t i c  l i f e ,  vegeta t ion ,  no c u r r e n t ,  ample s u n l i g h t  

and a c e r t a i n  amount of water  not covered by a lgae .  Lost Lake 

(Coquitlam, B.C.), which f i t s  t h i s  d e s c r i p t i o n  very w e l l ,  supported 



k- 

the l a r g e s t  populat ion of - N. undulata  i n  t h e  survey, y e t  t h e  

excavat ion pool  had almost a s  dense a  populat ion but  wi th  very 

l i t t l e  vege ta t ion .  Also, g. undulata  was sca rce  i n  P lac id  Lake 

(Haney, B.C. ) ,  a  l a k e  t h a t  would be c l a s sed ,  according t o  C l a r k ' s  

(1928) summary, a s  opt imal .  Competition o r  p reda t ion  by o t h e r  

a q u a t i c  p r e d a t o r s  may be of more importance than  those  f a c t o r s  

evaluated by Clark (1928).  

Mosquito l a rvae  a r e  s i m i l a r  t o  backswimmers i n  t h a t  they  

a l s o  a r e  a b l e  t o  t o l e r a t e  a  wide range o f  water  cond i t ions  (Bates  

1965).  Happold (1965) s t a t e s  t h a t  p r e v a i l i n g  temperature,  pH and 

oxygen concent ra t ion  do not  appear t o  have any l i m i t i n g  e f f e c t  on 

mosquito populat ion l e v e l s  i n  c e n t r a l  Alber ta .  Neither does t h e r e  

seem t o  be any c o r r e l a t i o n  between mosquito spec ies  and water 

cond i t ions .  Temperature a f f e c t e d  h i s  study popula t ions  only  by 

determining t h e  t imes of hatching and -khe r a t e s  of  l a r v a l  development 

The  d i s t r i b u t i o n  of mosquito populat ions depends, r a t h e r ,  on t h e  

- - 
response of t h e  a d u l t  female t o  vege ta t ion ,  shade and h a b i t a t  

p o s i t i o n  (Happold 1965).  S i g n i f i c a n t l y ,  - N. undulata  i s  a b l e  t o  

occupy many h a b i t a t s  (e .g . ,  bogs, marshes, ponds, l a k e s )  o f t e n  

used by mosquitoes a s  breeding a r e a s ,  p a r t i c u l a r l y  when t h e s e  

bodies  of  water have shallow, weedy margins which p r o t e c t  mosquito 

l a r v a e  from wave ac t ion  (Jenkins  1948, James and Smith 1958, 

Happold 1965) .  However, many o t h e r  mosquito l a r v a l  h a b i t a t s  

(e .g . ,  a r t i f i c i a l  con ta ine r s ,  t r e e h o l e s ,  r a i n  and snow pools ,  



swimmer occupat ion (Hintz 1951, Bates 1965, C u r t i s  1967) .  I n t r o -  

duc t ion  of  Notonecta sp. i n t o  severa l  small l a r v a l  breeding pools  

gave no p r a c t i c a l  r e s u l t s  because o f  t h e i r  r ap id  dry ing  (Hinman 

1934). It i s  u n l i k e l y  t h a t  N. undulata  e x e r t s  any in f luence  on 

the mosquito popula t ions  i n  such h a b i t a t s .  A s  backswimmers do 

occur  wideiy i n  l a r g e r  semi-permanent and permanent water bodies  

(Table I ) ,  t h e i r  in f luence  on t h e  mosquito popula t ions  of t h e s e  

a r e a s  may be s i g n i f i c a n t .  However, u n t i l  t h e  ex ten t  t o  which t h e  

h a b i t a t s  of both  organisms do a c t u a l l y  over lap  and u n t i l  t h e i r  

o v e r a l l  popula t ion  dynamics, inc luding  backswimmer-mosquito 

i n t e r a c t i o n s ,  a r e  determined, it i s  unwise t o  p r e d i c t  how sign-  

- i f i c a n t  backswimmers could be i n  p r a c t i c a l  mosquito c o n t r o l .  



TEMPERATURE PREFERENCE, TOLERANCE AND EFFECT 
OF TEMPERATURE ON PREDATION RATE 

Methods , 

To determine t h e  temperature  preferences  o f  f i r s t  and 

f i f t h  i n s t a r  and a d u l t  - N. undula ta ,  a simple temperature  g r a d i e n t  

appa ra tus ,  s i m i l a r  t o  t h a t  used by Omardeen (1957) f o r  A. aeqyp t i ,  

was set up ( F i g .  5 ) .  An aluminum trough f i l l e d  wi th  w e t  sand was 

p laced  w i t h  one end on a h o t - p l a t e ,  t h e  temperature of  which could 

be c o n t r o l l e d ,  and t h e  o t h e r  end i n  an ice-ba th ,  An aluminum- 

based g l a s s  t rough (15 x 15  x 60 cm) was placed on t o p  o f  t h e  

sand and f i l l e d  t o  1.5 c m  w i t h  demineralized water .  Water temp- 

e r a t u r e  was measured by 9 thermometers suspended a t  equa l  i n t e r v a l s  

i n  t h e  g l a s s  t rough.  The temperature  ranges f o r  t h e  n i n e  thermometer 

p o s i t i o n s  w e r e  a s  follows: 1) 19.5 t o  20.5; 2 )  20.5 t o  22.0; 

3 )  22.0 t o  23.5; 4 )  23.5 t o  24.5; 5 )  24.5 t o  26.5; 6 )  26.0 t o  

28.0; 7 )  27.5 t o  29.0; 8 )  28.5 t o  30.0; and 9 )  29.5 t o  3 0 . 5 ' ~ .  

One i n s e c t  was introduced s i n g l y  i n t o  t h e  c e n t e r  o f  t h e  water 

g r a d i e n t  and l e f t  undis turbed  f o r  5 minutes, a f t e r  which t i m e  i t s  

p o s i t i o n  i n  t h e  g r a d i e n t  was recorded.  I t  was them rep laced  by 

another  i n d i v i d u a l  and t h e  process  was repea ted .  F i f t y  d i f f e r e n t  

i n s e c t s  w e r e  used f o r  each age group. 

The t o l e r a n c e  of a d u l t  g. undulata  t o  h igh  water  temp- 

e r a t u r e  was determined by in t roduc ing  t h e  i n s e c t s  i n t o  l a r g e ,  

covered g l a s s  beakers  which contained 3000 m l  o f  gent ly-aera ted  

water  hea ted  by s tandard  aquarium h e a t e r s  ( ~ i g .  6 ) .  Temperatures 



~ i g .  5 Temperature g r a d i e n t  appara tus  used t o  determine t h e  

mean p r e f e r r e d  temperature  of  - N. undula ta .  





~ i g .  6 L e t h a l  t empe ra tu r e  a p p a r a t u s  used t o  de t e rmine  t h e  

upper  t e m p e r a t u r e  t o l e r a n c e  of  N. u n d u l a t a .  





and numbers o f  a d u l t s  t e s t e d  w e r e  34, 35, 36, 37, 38, 39, and 

40•‹c  and 6 ,  22, 13 ,  2 1 ,  17 ,  20 and 19,  r e s p e c t i v e l y .  The number 
, 

of  s u r v i v o r s  a t  each tempera ture  was noted hour ly ,  f o r  n i n e  hour s .  

Death was v e r i f i e d  by r e t u r n i n g  an i n s e c t  t o  2 5 ' ~  t o  check f o r  

r e v i v a l .  

TO de te rmine  t h e  e f f e c t  o f  wate r  t empera ture  on t h e  

p r e d a t i o n  r a t e  of  a d u l t  backswimmers, a  p l e x i g l a s s  t rough  (120 x  

30 x 7 cm) was c o n s t r u c t e d  w i t h  a  through-flow, t a p  wate r  system. 

Water b a t h  tempera ture  was r e g u l a t e d  by a d j u s t i n g  t h e  mixed h o t  

and c o l d  wa te r  f low t o  t h e  d e s i r e d  l e v e l .  S i x  p r e d a t i o n  s tudy  

pans ,  each c o n t a i n i n g  1 s t a r v e d  a d u l t  and 50 t h i r d  age group l a r v a e ,  

cou ld  be  p l aced  i n  t h e  b a t h  a t  once.  The 10 tempera ture  ranges  and 

number o f  backswimmers t e s t e d  a t  each. range  were 13.0  & 1, 15 .5  + 1, 

18.0 + 1, 20.5 + 1, 23.0 + 1, 25.5 & 1 ,  28.0 + 1, 30.5 + 1, 33.0 + 1, 

and 35.5 + 1•‹c and 81, 27; 36, 41, 26, 25, 28, 25, 26 and 33, 

r e s p e c t i v e l y .  The number o f  l a r v a e  k i l l e d  was noted a f t e r  one hour .  

R e s u l t s  and Discuss ion  

The mean p r e f e r r e d  tempera tures  o f  f i r s t  and f i f t h  i n s t a r s  

and a d u l t s  w e r e  25.7 -1: 2.8, 25.9 + 3.1 and 26.9 ; 2 . ~ O C ,  r e s p e c t -  

i v e l y  ( F i g .  7 ) .  There was no s i g n i f i c a n t  d i f f e r e n c e  ( F  - t e s t ,  

P = .05) between t h e  3 mean tempera tures .  Thus, t h e  o v e r a l l  mean 

p r e f e r r e d  tempera ture  f o r  t h e  3  s t a g e s  t e s t e d  was 26.2 + 2.9 O C .  

None of  t h e  s t a g e s  e x h i b i t e d  a b e r r a n t  swimming behavior  i n  t h e  

tempera ture  g r a d i e n t .  The p r e f e r r e d  tempera ture  of N .  undu la t a  i s  - 



F i g .  7 Mean p r e f e r r e d  t empe ra tu r e  of f i r s t  and f i f t h  i n s t a r  

and a d u l t  g. u n d u l a t a  ( ~ = 5 0 )  i n  a t empe ra tu r e  g r a d i e n t .  



-
 

-
-
 
-
-
 

Fi
rs

t 
ln

st
ar

s 
(m

e
a

n
~

2
5

.7
k

2
.8

~
~

) 
F

ift
h 

ln
st

ar
s 

(m
ea

n=
25

.9
+3

.1
•‹C

) 

PR
EF

ER
R

ED
 T

EM
PE

R
AT

U
R

ES
 e
)
 



-24- 

s i g n i f i c a n t  i n  t h a t  it i s  s i m i l a r  t o  t h a t  of many mosquito spec ies  

(Omardeen 1957,  B a t e s  1965) .  No c o r r e l a t i o n  with h a b i t a t  survey 
I 

temperatures  (Table I )  can be made s i n c e  t h e s e  were ' s p o t '  va lues  

which may be  s u b j e c t  t o  f requent  and wide v a r i a t i o n .  

Adults,  t e s t e d  f o r  t h e i r  to l e rance  t o  high water temp- 

e r a t u r e ,  exh ib i t ed  no permanent, i l l - e f f e c t s  a t  3 4 ' ~ ,  t h e  lowest 

temperature t e s t e d  (Fig .  8 ) .  The number of backswimmers surv iv ing  

f o r  9 hours  a t  w a t e r  temperatures g r e a t e r  than 3 4 ' ~ ,  slowly 

decreased u n t i l ,  a t  40•‹c,  t h e r e  were no surv ivors .  Also, t h e  

i n t e r v a l  between backswimmer in t roduc t ion  and i n i t i a l  m o r t a l i t y  

diminished wi th  inc reas ing  temperature.  A t  9 hours,  percent  

m o r t a l i t y  v a r i e d  almost d i r e c t l y  wi th  water temperature over 32OC. 

A t  a l l  temperatures t e s t e d ,  t h e  a d u l t s  exhib i ted  behavior 

which i s  u s u a l l y  prepara tory  t o  f l i g h t ;  

t h e  su r face ,  swam dorsal-side-up on t h e  

t h e  water  v i a  t h e  tygon a i r - l i n e .  ~ i g h  

i n t e r f e r e  wi th  t h e i r  normal r e s p i r a t o r y  

they swam exc i t ed ly  below 

sur face  and climbed ou t  of  

temperatures appeared t o  

processes .  They spent  

much time a t tempt ing  t o  remove gas bubbles from t h e i r  v e n t e r s .  

A t  temperatures  above a c r i t i c a l  range of 32 t o  3 4 ' ~  

f o r  Notonecta sp .  (Beament 1961) and 30 t o  3 5 ' ~  f o r  Cenocorixa 

exp le ta  Hungerford (Oloffs  and Scudder 1966),  t h e r e  i s  a sharp 

i n c r e a s e  i n  water  evaporat ion.  This  i s  bel ieved t o  r e s u l t  from 

t h e  d i s o r i e n t a t i o n  of t h e  c u t i c u l a r  l i p i d  monolayer (Beament 1961) 

and, i n  na tu re ,  would r e s u l t  i n  l e t h a l  water uptake or  l o s s .  



~ i g .  8 E f f e c t  o f  exposure  t o  h i g h  t empe ra tu r e  on t h e  s u r v i v a l  

of a d u l t  g. u n d u l a t a .  Temperatures  and number o f  a d u l t s  

t e s t e d  w e r e  34,  35,  36, 37, 38, 3 9  and 4 0 • ‹ c  and 6 ,  22, 

1 3 ,  21,  17 ,  2 0  and 1 9  r e s p e c t i v e l y .  



3 5 7 

EXPOSURE DURATION (HR.)  



-26- 

Surviva l  a t  water temperatures up t o  34 C'C sugges ts  t h a t  

i r r e v e r s i b l e  breakdown of t h e  water-proofing mechanism of 

N. undulata  does no t  occur u n t i l  water temperature exceeds 3 4 ' ~ .  - 
Unlike a d u l t  N. undulata ,  t h e  f l i g h t l e s s  nymphs a r e  unable t o  - 
emigrate  and thus  would be more vulnerable  t o  damage. They can 

o n l y  move t o  a  coo le r  a r e a  of water .  I n  t h e  temperature p r e f e r -  

e n c e  appara tus  ( ~ i g .  5 ) ,  N. undulata  nymphs moved i n  response t o  - 

changes i n  t h e  temperature g rad ien t ,  almost i n v a r i a b l y  remaining 

c l o s e  t o  t h e i r  p r e f e r r e d  temperature.  

Water temperature,  over t h e  ranges t e s t e d ,  d i d  not  

s i g n i f i c a n t l y  (P = - 0 5 )  a f f e c t  t h e  predat ion  r a t e  of a d u l t  
- 

N. undulata  (x = 2 .2  l a r v a e  pe r  h o u r ) .  Extremes of temperature - 
d i d ,  however, in f luence  both predator  and prey behavior .  Although 

t h e  mosquito l a r v a e  were s luggish  and probably more s u s c e p t i b l e  

t o  p reda t ion  a t  t h e  lowest temperature range, fewer than  expected 

w e r e  k i l l e d ,  probably because t h e  backswimmers were a l s o  somewhat 

l e t h a r g i c  and spent  more t ime r e s t i n g  a t  t h e  su r face  than  normally. 

A t  t h e  h ighes t  temperature range, t h e  l a r v a e  again were s luggish ,  

s t ay ing  a t  t h e  s u r f a c e  and moving only when d i s t u r b e d .  I t  appeared 

t h a t  t h e  dea th  of  seve ra l  l a r v a e  may have been due t o  t h e  e f f e c t s  

of excessive h e a t  r a t h e r  than t h e  backswimmers. The p r e d a t o r s ,  a t  

t h i s  temperature range, were q u i t e  a c t i v e  and occas iona l ly  

attempted t o  escape from t h e  study pans.  

The backswimmer's a b i l i t y  t o  k i l l  mosquito l a r v a e  over 



such a wide tempera ture  range  may b e  cons idered  t o  be  f u r t h e r  

gv$dence of i t s  t o l e r a n c e  of a  wide range  ofl water  c o n d i t i o n s .  
, 



EFFECT O F  PREDATOR STAGE, PREY AGE AND PREY D E N S I T Y  
ON BACKSWIMMER PREDATION RATE 

1 

Methods 

To determine what e f f e c t s  predator  s t a g e ,  prey age and 

prey  d e n s i t y  have on t h e  r a t e  of  predat ion ,  6 predator  s t a g e s  

( 5  nymphal i n s t a r s  p l u s  a d u l t s )  were t e s t e d  aga ins t  4  mosquito 

l a r v a l  age groups a t  t h r e e  d e n s i t i e s  (1 predator  - v s  5,  10 and 

50 prey  per  1000 m l  w a t e r ) .  The t o t a l  number of combinations of 

p reda to r  s tage :prey  age group:prey d e n s i t y  was 7 2 .  S ix  r e p l i c a t e s  

of each combination were made. The number of l a r v a e  k i l l e d  by 

t h e  s t a rved  backswimmers was noted a f t e r  1 hour.  S t a t i s t i c a l  

a n a l y s i s  ( a n a l y s i s  of var iance ,  t - t e s t s )  of t h e  r e s u l t i n g  d a t a  

was done by computer (IBM-360 S e r i e s  5 0 ) .  

Resu l t s  and Discussion 

The mean predat ion  r a t e s  of t h e  va r ious  combinations 

of p reda to r  s t a g e ,  prey age group and prey d e n s i t y  (F igs .  9-14),  

suggest  t h e  fol lowing aspec t s  of backswimmer predat ion:  1) F i r s t  

i n s t a r  and a d u l t  - N. undulata  k i l l  fewer l a r v a e  than do e i t h e r  

second, t h i r d ,  four th  o r  f i f t h  i n s t a r s ,  whereas four th  and f i f t h  

i n s t a r s  k i l l  more l a r v a e  than do second o r  t h i r d  i n s t a r s ;  2 )  

F i r s t  and second age group mosquito l a r v a e  appear t o  be k i l l e d  

s l i g h t l y  more o f t e n  than do t h i r d  and four th  age group l a r v a e ,  

a t  l e a s t  by t h e  second t o  f i f t h  i n s t a r  p reda to r s ;  and 3 )  More 

l a r v a e  a r e  k i l l e d  a t  t h e  h ighes t  prey dens i ty  than  a t  t h e  lowest .  



~ i g s ,  9-14 Ef fec t  of predator  s t age ,  prey  age and prey  d e n s i t y  

on t h e  p reda t ion  r a t e  of - N. undulata  on - A. aeqypt i  

l a r v a e .  Each ba r  r e p r e s e n t s  t h e  mean number of 

l a r v a e  k i l l e d  i n  one hour by 6 backswimmers. Cor- 

responding s tandard d e v i a t i o n s  a r e  shown. 



I 
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These a s p e c t s  were examined s t a t i s t i c a l l y .  

Data process ing  involved an a n a l y s i s  of  va r i ance  

(S.F.U. Computer Center FrogramAVAR23)which determined t h a t  

d i f f e r e n c e s  i n  t h e  p reda t ion  r a t e  were due t o  d i f f e r e n c e s  i n  

p reda to r  s t a g e s ,  i n  prey  age groups and i n  prey d e n s i t y .  There 

w e r e  s i g n i f i c a n t  d i f f e r e n c e s  ( P  = .01) f o r  each o f  t h e s e  3 

v a r i a b l e s .  I n  addi t ion ,  t h e  t e s t  revealed d i f f e r e n c e s  due t o  

i n t e r a c t i o n s  between predator  s t a g e  and prey age group ( P  = .01) ,  

between p reda to r  s t a g e  and prey d e n s i t y  ( P  = . 0 5 ) ,  and between 

a l l  3 independent v a r i a b l e s  (P =. . 05 ) .  

The a n a l y s i s  of  var iance  a l s o  generated an o v e r a l l  

p i c t u r e  of t h e  3 f a c t o r s  a f f e c t i n g  t h e  p reda t ion  r a t e  of - N .  undulata  

on 3. aeqypt i  l a r v a e  [F igs .  15-17, l i n e  graph i n s e r t s ) .  The 

mean va lues  f o r  each f a c t o r  were der ived by b locking  o u t  t h e  

i n t e r a c t i o n s  of t h e  othe? 2 f a c t o r s .  

Each l i n e  graph i n s e r t  provides an o v e r a l l  summary of  

t h e  r e l a t i o n s h i p  of each f a c t o r  t o  predat ion  r a t e .  The o l d e r  

p reda to r s  (except  a d u l t s )  k i l l  more l a rvae  than  do t h e  younger 

p reda to r s  (F ig .  15,  i n s e r t ) ,  while  t h e  a d u l t  p r e d a t i o n  r a t e  i s  

comparable t o  t h a t  of t h e  f i r s t  i n s t a r s .  In  r ega rd  t o  t h e  over- 

a l l  e f f e c t  of prey age group on predat ion  r a t e  ( F i g .  16,  i n s e r t ) ,  

t h e  mean p reda t ion  r a t e s  on t h e  f i r s t ,  t h i r d  and f o u r t h  prey age 

groups a r e  f a i r l y  s i m i l a r ,  whereas s l i g h t l y  more second age group 

l a r v a e  were k i l l e d .  When prey d e n s i t y  l e v e l s  a r e  compared 



F i g s .  15-17 Analys i s  o f  p r e d a t i o n  by - N. undula ta  on A. a e q y p t i  

l a r v a e  showing t h e  e f f e c t  o f  d i f f e r e n c e s  i n  p r e d a t o r  

s t a g e  ( F i g .  I S ) ,  p rey  age ( F i g .  1 6 )  and p rey  d e n s i t y  

( ~ i g .  1 7 )  on p r e d a t i o n  r a t e .  For any comparison of  

2 f a c t o r s  (shown below each g r i d ,  e . g .  ' A 1 : A 2 ' )  t h e  

s i g n i f i c a n c e  l e v e l  i s  shown by a  shaded square  ( s e e  

'key t o  s i g n i f i c a n t  d i f f e r e n c e s ' ) .  L ine  graph in -  

serts i n  each f i g u r e  r e p r e s e n t  t h e  mean p r e d a t i o n  

r a t e s  when t h e  i n t e r a c t i o n s  of each o f  t h e  2 o t h e r  

f a c t o r s  a r e  blocked.  Symbols a r e  a s  fo l lows:  A 1  

t o  A6 r e p r e s e n t  t h e  5 nymphal i n s t a r s  ( A 1  t o  A5) and 

a d u l t s  (A6) of  - N .  undula ta ;  B 1  t o  B4 r e p r e s e n t  t h e  

4 l a r v a l  age groups of  A. aeqyp t i  (1 - 3, 4  - 6 ,  7 - 9 ,  

and 10 - 1 2  days  o l d ,  r e s p e c t i v e l y ) ;  and C 1  t o  C 3  

r e p r e s e n t  t h e  3 prey  d e n s i t i e s  ( 5 ,  10 and 50 l a r v a e  

p e r  1000 m l ,  r e s p e c t i v e l y ) .  
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( F i g .  17 ,  i n s e r t ) ,  t h e  g r e a t e r  t h e  d e n s i t y  t h e  h ighe r  i s  t h e  

p r e d a t i o n  r a t e .  The p r e d a t i o n  r a t e ,  however, i s  no t  d i r e c t l y  
I 

p r o p o r t i o n a l  t o  p rey  d e n s i t y :  i . e . ,  t h e  e f f e c t  on t h e  p r e d a t i o n  

ra te  d imin i shes  w i t h  i n c r e a s i n g  prey d e n s i t y .  

A t - m a t r i x  (S.F.U. Computer Center  Program ( TSTAT) 

was genera ted  t o  determine which p r e d a t o r  s tage :prey  age:prey d e n s i t y  

combinations s p e c i f i c a l l y  d i f f e r e d  from each o t h e r .  The r e s u l t s  

a r e  shown g r a p h i c a l l y  ( F i g s .  15-17, g r i d s ) .  D e t a i l e d  d i s c u s s i o n  

o f  t h i s  s t a t i s t i c a l  a n a l y s i s  fo l lows .  

A.  E f f e c t  o f  Preda tor  S tage  on Preda t ion  Rate .  

(1) Preda to r  S t age  1 vs. Preda tor  S tages  2 t o  6 

Comparing t h e  p reda t ion  r a t e s  of  f i r s t  and second i n s t a r  

N.  undu la t a  ( F i g .  15 ;  A l : A 2 ) ,  s t r o n g  d i f f e r e n c e s  a r e  observed - 

w i t h  most p rey  age groups and a t  most d e n s i t i e s .  S ince  t h e  

p r e d a t i o n  r a t e s  o f  t h e  second i n s t a r s  a r e  c o n s i s t e n t l y  h ighe r  t han  

t h o s e  o f  t h e  f i r s t  i n s t a r s  ' F ig s .  9 ,  l o ) ,  t h e  comparisons sugges t  

t h a t  t h e  second i n s t a r s  a r e  b e t t e r  adapted f o r  c a t c h i n g  and k i l l -  

i n g  t h e  v a r i o u s  mosquito l a r v a l  age groups a t  a l l  3 l a r v a l  d e n s i t i e s .  

The a n a l y s i s  a l s o  sugges t s  t h a t  t h e  second i n s t a r s  may show a  

s t r o n g e r  p r e f e r e n c e  f o r  mosquito l a r v a e  than  t h e  f i r s t  i n s t a r s .  

Another a l t e r n a t i v e  i s  t h a t  fewer prey a r e  r e q u i r e d  t o  s a t i a t e  

f i r s t  i n s t a r s .  

A comparison of f i r s t  and t h i r d  i n s t a r  p r e d a t i o n  r a t e s  

( F i g .  15 ;  Al:A3), r e v e a l s  t h a t  d i f f e r e n c e s  a r e  g r e a t e r  between 
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t h e s e  2 i n s t a r s  than between f i r s t  and second ( ~ i g .  15; ~ 1 : ~ 2 ) .  

~ h i r d  i n s t a r s  fed  a t  a  s i g n i f i c a n t l y  higher  r a t e  than f i r s t  
I 

i n s t a r s  on a l l  prey age groups and a t  a l l  but  1 d e n s i t y  l e v e l  

(F igs .  9 ,  11). 

A comparison of f i r s t  and four th  i n s t a r  p reda t ion  r a t e s  

(F ig .  15; Al:A4), r e v e a l s  t h a t  t h e  f o u r t h  i n s t a r s  fed  a t  a  sign- 

i f i c a n t l y  h igher  r a t e  than d i d  f i r s t  i n s t a r s  on a l l  prey age 

groups and a t  a l l  prey d e n s i t i e s  (F igs .  9, 1 2 ) .  

A comparison of t h e  p reda t ion  r a t e s  of  f i r s t  and f i f t h  

i n s t a r s  (F ig .  15; Al:A5), r e v e a l s  t h a t  they a l s o  d i f f e r  sign- 

i f i c a n t l y  i n  t h e  major i ty  of combinations. On o l d e r  prey  age 

groups and a t  higher  prey d e n s i t i e s ,  t h e  number of s i g n i f i c a n t  

d i f f e r e n c e s  inc reases .  I n  a l l  c a s e s ,  t h e  predat ion  r a t e s  of t h e  

f i r s t  i n s t a r s  a r e  lower than those  of t h e  f i f t h  i n s t a r s  ( F i g s .  

9 ,  1 3 ) .  I t  appears t h a t  f i r s t  and f i f t h  i n s t a r s  d i f f e r e n t i a t e  

s t rong ly  between only t h e  2 o l d e r  l a r v a l  age groups. They may 

e x h i b i t  a  lack of d i f f e r e n t i a t i o n  with t h e  younger prey f o r  

d i f f e r e n t  reasons:  e . g . , f i r s t  i n s t a r  backswimmers may be t o o  small 

t o  k i l l  s u f f i c i e n t  l a r v a e  t o  have a  d e f i n i t e  e f f e c t  whereas f i f t h  

i n s t a r s  may not be a b l e  t o  manipulate t h e  small prey,  thus  lower- 

ing  t h e i r  predat ion  r a t e s  on t h e s e  prey groups. 

A comparison of f i r s t  i n s t a r  and a d u l t  - N. undulata  

(F ig .  15; A 1 : ~ 5 ) ,  r e v e a l s  t h a t  they a r e  s i m i l a r  i n  t h e i r  feeding 

r a t e s  on a l l  age groups, d i f f e r i n g  only s l i g h t l y  a t  t h e  second 

prey  d e n s i t y .  



cons ider ing  t h e s e  p reda to r  s t a g e  comparisons, it i s  evident 
1 

t h e r e  i s  l i t t l e  d i f f e r e n c e  between t h e  second and t h i r d  i n s t a r s  

(F ig .  15; A2:A3), some d i f f e r e n c e s  between t h e  second and f o u r t h  

i n s t a r s  (Fig.  15; A2:A4), on t h e  middle 2 prey age groups ( ~ 2 ,  B3), 

some d i f f e r e n c e s  between t h e  second and f i f t h  i n s t a r s  (F ig .  15;  

A2:A5) on o l d e r  prey (B3, B4), and some d i f f e r e n c e s  between t h e  

second i n s t a r s  and a d u l t s  (F ig .  15; A2:A6) on t h e  younger prey  ( B l ,  

~ 3 )  a t  lower d e n s i t i e s .  A s  expected, t h e  younger predator  k i l l e d  

more younger prey  than  t h e  o l d e r  predator  (F igs .  9 ,  1 4 ) .  

( 3 )  Predator  Stage 3 - v s .  Predator  Stages 4 t o  6 

The p reda t ion  r a t e s  of  t h i r d  and f o u r t h  i n s t a r s  a r e  

s i m i l a r  except wi th  o l d e r  prey  (B3, B4) a t  low d e n s i t i e s  ( ~ i g .  15; 

A3:A4). This may be r e l a t e d  t o  t h e  a b i l i t y  of  t h e  r e s p e c t i v e  i n s t a r s  

t o  k i l l  o l d e r  l a rvae ;  i.e.., f o u r t h  i n s t a r s  k i l l e d  more o l d e r  prey 

than  d i d  t h i r d  i n s t a r s  (F igs .  11, 1 2 ) .  

A s  expected,,  t h e r e  were g r e a t e r  d i f f e r e n c e s  between t h e  

t h i r d  and f i f t h  i n s t a r s  and between t h e  t h i r d  i n s t a r s  and t h e  a d u l t s  

(F ig .  15; A3:A5, A3:A6) than between t h e  t h i r d  and f o u r t h  i n s t a r s .  

F i f t h  i n s t a r s  k i l l e d  more o l d e r  prey ( B s ,  B4) a t  a l l  d e n s i t i e s  

than  d i d  t h i r d  i n s t a r s  (F igs .  11 ,  1 3 ) ,  whereas t h i r d  i n s t a r s  k i l l e d  

more prey of  a l l  age groups a t  lower d e n s i t i e s  than d i d  t h e  a d u l t s  

(F igs .  11, 1 4 ) .  Also a s  expected, t h e  a d u l t s  k i l l e d  very few f i r s t  

age group l a r v a e  i n  comparison t o  t h e  t h i r d  i n s t a r s  which, because 

of t h e i r  a b i l i t y  t o  handle small  prey,  had t h e  predatory  advantage. 



( 4 )  Predator  Stage 4  vs .  Predator  Stages 5 and 6 - 
There was e s s e n t i a l l y  no d i f f e r e n c e  between 

1 

t h e  predat ion  

r a t e s  of f o u r t h  and f i f t h  i n s t a r s  (F ig .  15; A4:A5); where t h e r e  

was a  s l i g h t  d i f f e r e n c e  (P = . l o ) ,  f i f t h  i n s t a r s  k i l l e d  more 

l a r v a e  than  d i d  four th  i n s t a r s  ( ~ i g s .  1 2 ,  1 3 ) .  

Comparing t h e  f o u r t h  i n s t a r s  and a d u l t s  (F ig .  15; A4:A5), 

o n e  observes t h a t  t h e i r  p reda t ion  r a t e s  were d i f f e r e n t  on a l l  

prey  s t a g e s  except t h e  second ( ~ 2 ) .  The four th  i n s t a r s  k i l l e d  

more l a r v a e  of t h e  f i r s t ,  t h i r d  and f o u r t h  prey age groups than  

d i d  t h e  a d u l t s  (F igs .  1 2 ,  1 4 ) .  

( 5 )  Predator  Stage 5 x. Predator  Stage 6 

The a n a l y s i s  of  f i f t h  i n s t a r s  versus  a d u l t s  ( F i g .  15; 

A5:A6) was comparable t o  t h a t  of four th  i n s t a r s  versus  a d u l t s .  

One might have expected t h e  a d u l t s  t o  have a t  l e a s t  preyed on t h e  

o l d e r  prey  a t  a  h igher  rate than  t h e  f i r s t  i n s t a r s  (F igs .  9 ,  1 4 ) .  

The discrepancy may be due t o  one o r  more of seve ra l  f a c t o r s .  

For example, t h e  p reda to r s  may be too  l a r g e  f o r  t h e  prey.  The 

prey p re fe rence  study (below),  however, showed t h a t  t h e  a d u l t s  

p r e f e r  o lde r  mosquito l a r v a e  over l a r g e r  prey types  o f f e r e d  ( ~ i g .  19)  

Another f a c t o r  i s  t h a t  a d u l t  behavior o t h e r  than feeding was 

dominant dur ing  t h e  experiments. Some a d u l t s ,  when confined i n  

t h e  predat ion  study pans, f r equen t ly  attempted t o  escape; nymphs 

never attempted t o  leave  t h e  pans.  i his would r e s u l t  i n  a  lower 

o v e r a l l  a d u l t  predat ion  r a t e .  I n  add i t ion ,  t h e  sex and reproduct ive 



age of  t h e  t e s t  a d u l t s  may have inf luenced t h e  p reda t ion  r a t e .  

B. E f fec t  of  Prey ~ ~ e ' ~ r o u ~  on Predat ion Rate 

(1) Prey Age Group 1 vs .  - Prey Age Group 2 t o  4 

Comparing t h e  predat ion  r a t e s  on f i r s t  and second l a r v a l  

age groups (F ig .  16: B 1 : B 2 ) ,  more second than  t h i r d  age group 

l a r v a e  were k i l l e d  by t h i r d  and f o u r t h  i n s t a r  p reda to r s  ( ~ i g .  11, 

12). F i r s t ,  second and f i f t h  i n s t a r  and a d u l t  N. undulata  do not  

appear t o  d i f f e r e n t i a t e  s t rong ly  between t h e s e  prey groups. 

Dif ferences  occur among t h e  predat ion  r a t e s  of  a l l  

predator  s t a g e s  b u t  t h e  f i r s t ,  on f i r s t  and t h i r d  prey age groups 

(Fig .  16: Bl:B3). The r a t e  of  predat ion  by o l d e r  p reda to r s  

(F igs .  12-14) was g r e a t e r  on t h e  t h i r d  age group than  on t h e  

f i r s t  bu t  v i c e  v e r s a  with t h e  younger p reda to r s  (F igs .  9-11). 

Comparing f i r s t  and f o u r t h  prey age groups (F ig .  16; 

Bl:B4). one sees  t h a t  a l l  predator  i n s t a r s  but  t h e  f i r s t  d i f f e r -  

e n t i a t e  between t h e s e  2 prey age groups. The second and t h i r d  

i n s t a r  p reda to r s  k i l l  more younger prey than o lde r  prey where 

t h e r e  a r e  d i f f e r e n c e s  i n  t h e  r a t e s  of predat ion  (F igs .  1 0 , l l ) .  

On t h e  o t h e r  hand, t h e  3 o l d e r  predator  s t a g e s  k i l l  more o l d e r  

than  younger l a r v a e  (F igs .  12-14). 

( 2 )  Prey Age Group 2 vs .  Prey Age Groups 3 and 4 

Comparing t h e  predat ion  r a t e s  on second and t h i r d  

prey age groups (F ig .  16; ~ 2 :  ~ 3 ) .  one observes t h a t  t h e r e  a r e  

only  a  few d i f f e r e n c e s .  Second i n s t a r  p reda to r s  k i l l  s l i g h t l y  
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more t h i r d  t han  second age group l a r v a e  a t  one d e n s i t y  l e v e l .  

On t h e  o t h e r  hand, t h i r d  i n s t a r  p r e d a t o r s  and a d u l t s  k i l l  more 
I 

second than  t h i r d  age group l a r v a e  a t  2  and 1 d e n s i t y  l e v e l s  

r e s p e c t i v e l y .  F i r s t ,  f o u r t h  and f i f t h  i n s t a r  p r e d a t o r s  d i d  no t  

d i f f e r e n t i a t e  between t h e s e  2 p rey  s t a g e s .  

There i s  a  s c a t t e r i n g  of  s i g n i f i c a n t  d i f f e r e n c e s  among 

p r e d a t o r  and d e n s i t y  l e v e l s  between t h e  second and f o u r t h  age  

group l a r v a e  ( F i g .  15 ;  B 2 : ~ 4 ) .  I n  a l l  c a s e s ,  second age  group 

l a r v a e  were t aken  most o f t e n  ( ~ i g s .  9-14).  H e r e  one f i n d s  t h e  

f i r s t  and on ly  i n s t a n c e  where f i r s t  i n s t a r  p r e d a t o r s  d i f f e r e n t i a t e d  

between 2  p rey  age  groups:  t hey  took more second t h a n  f o u r t h  age  

group l a r v a e  ( ~ i g .  9 ) .  Four th  i n s t a r  p r e d a t o r s  d i d  no t  t a k e  

s i g n i f i c a n t l y  more o f  any one age group than  another  ( ~ i g .  1 2 ) .  

( 3 )  Prey Age Group 3  s. Prey Age Group 4  

Between t h e  t h i r d  and f o u r t h  age group l a r v a e  ( F i g .  

16 ;  B3:B4), none of  t h e  p r e d a t o r  s t a g e s  took more of  one age group 

t h a n  another  ( P  = . 0 5 ) .  Second i n s t a r s  took s l i g h t l y  more t h i r d  

t han  f o u r t h  age group p rey  a t  t h e  2 h igher  d e n s i t i e s ' ( F i g .  1 0 )  

whereas a d u l t s  took s l i g h t l y  more f o u r t h  than  t h i r d  age group 

prey  a t  t h e  second d e n s i t y  l e v e l  ( F i g .  1 4 ) .  

C .  E f f e c t  of  Prey Dens i ty  on Preda t ion  Rate 

(1) Densi ty  1 E. Dens i ty  2  

Comparing t h e  f i r s t  and second d e n s i t i e s  ( F i g .  17 ;  

C l : C 2 ) ,  t h e r e  a r e  s l i g h t l y  more d i f f e r e n c e s  a s  one proceeds  
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upwards i n  t h e  predator  s t a g e s  u n t i l  reaching t h e  a d u l t s  which, 

a s  t h e  f i r s t  i n s t a r s ,  do not  appear t o  d i f f e r e n t i a t e  between t h e  

2 d e n s i t y  l e v e l s .  Also, t h e  e f f e c t  becomes more apparent with 

o l d e r  prey age groups. I n  a l l  cases  where a  s i g n i f i c a n t  d i f f e r e n c e  

occurred,  t h e  predat ion  r a t e  was lower a t  t h e  lower d e n s i t y  than 

a t  t h e  h igher  d e n s i t y  (F'igs. 9-14). 

( 2 )  Density 2 - v s .  ~ e n s i t y  3 

When one compares t h e  second and t h i r d  d e n s i t y  l e v e l s  

(F ig .  1 7 ;  C2:C3), t h e  t r end  observed i n  C l : C 2  i s  not  a t  a l l  apparent .  

Each predator  s t a g e  d i f f e r e n t i a t e d  between t h e  2 d e n s i t i e s  a t  one 

prey  age group l e v e l .  Most of t h e  d i f f e r e n c e s  occur when t h e  

p r e d a t o r s  a r e  feeding on second and t h i r d  age group l a r v a e .  In  

each case ,  t h e  predat ion  r a t e  was lower a t  t h e  lower d e n s i t y  

( F i g s .  9-14). 

( 3 )  Density 1 E. Density 3  

The g r e a t e s t  d i f f e r e n c e  occurs  between t h e  f i r s t  and 

t h i r d  d e n s i t y  l e v e l s  (F ig .  17; Cl:C3). Proceeding from second t o  

f i f t h  i n s t a r s  it i s  apparent t h a t  t h e r e  a r e  a  g r e a t e r  number of 

d i f f e r e n c e s  occurr ing  i n  t h e  predat ion  r a t e s  a t  t h e s e  2 d e n s i t y  

l e v e l s .  I n  each case ,  more l a r v a e  were k i l l e d  a t  t h e  high d e n s i t y  

l e v e l  than  a t  t h e  low. Prey dens i ty  has  a  l e s s  p o s i t i v e  e f f e c t  

f o r  both e a r l y  i n s t a r s  and a d u l t s  ( ~ i g s .  9-14). 

D .  Impl ica t ions  

These r e s u l t s  suggest t h e  p o t e n t i a l  importance of 



N. undulata  i n  t h e  n a t u r a l  o r  b i o l o g i c a l  c o n t r o l  of mosquitoes. - 

Ind iv idua l  backswimmers becarpe inc reas ing ly  e f f i c i e n t  a s  they  

developed from f i r s t  t o  f i f t h  i n s t a r  i n  regard t o  t h e  number 

of  prey they  k i l l e d  i n  a given per iod  of t ime. Furthermore, 

e a r l y  age group l a r v a e  ( B 2 ,  B3) were usua l ly  taken more o f t e n  

than  l a t e r  age group l a r v a e  ( ~ 4 ) ;  t h u s ,  g r e a t e r  numbers of  small  

l a r v a e  were requi red  t o  s a t i a t e  t h e  backswimmer. In  e f f e c t ,  by 

concen t ra t ing  t h e i r  feeding on t h e  e a r l i e r  l a r v a l  s t a g e s ,  t h e  

backswimmers al low fewer mosquitoes t o  reach reproduct ive  

ma tu r i ty .  

A t  somet ime i n  i t s  l i f e  h i s t o r y ,  - N .  undulata  feeds  on 

both l a r v a e  and pupae of A .  - aeqypt i .  Bare (1926) ,  al though he  

does not  r evea l  t h e  prey spec ies ,  s t a t e s  t h a t  a l l  s t a g e s  of 

N.  undulata  feed on a l l  s t a g e s  of mosquito l a r v a e  and on pupae. - 

Lee (1967) found t h a t  both a d u l t s  and nymphs (of  unspeci f ied  

i n s t a r )  of g. undulata  and Notonecta s h o o t e r i i  Uhler were a b l e  t o  

c a t c h  some f i r s t  i n s t a r  C u l i s e t a  inc idens  Thomson l a rvae ,  but  

t h e  r a t e  of cap tu re  increased when o l d e r  i n s t a r s  of mosquito 

l a r v a e  were a v a i l a b l e .  Although I have observed t h a t  f i r s t  i n s t a r  

and a d u l t  - N .  undulata  do not  r e a d i l y  feed on pupae and f i r s t  

i n s t a r  - A. aeqyp t i ,  r e s p e c t i v e l y ,  they probably would feed on 

mosquito spec ies  having e i t h e r  smaller  o r  l a r g e r  f i r s t  i n s t a r  s 

than A. aeqypt i ,  assuming s i z e  i s  t h e  dec id ing  f a c t o r  involved 

f o r  a l l  predator  s t ages .  



A s  a  mosquito l a r v a l  p reda to r ,  t h e  backswimmer might 

be r e j e c t e d  on t h e  b a s i s  of i t s  a d u l t  performance. The nymphal 
I 

i n s t a r s ,  however, g r e a t l y  outweigh t h e  a d u l t  de f i c i ency .  The 

need t o  i n v e s t i g a t e  t h e  e f f e c t  of  a l l  predator  s t a g e s  on a l l  

prey s t a g e s  i s  t h u s  c l e a r l y  demonstrated. ~ u k e r j i  and LeRoux 

(1969),  s tudying t h e  e f f e c t  of predator  age on t h e  f u n c t i o n a l  

response of t h e  predator  t o  prey s i z e ,  a l s o  included t h e  sex of 

each p reda to r .  

I n  na tu re ,  mosquito l a r v a e  would normally spend much 

of t h e i r  t ime browsing i n  t h e  shallows c l o s e  t o  shore (Happold 

1965) and, hence, would be afforded some p r o t e c t i o n  from predat ion  

due t o  p l a n t  cover and camouflage. I n  t h e  white-enamelled pans 

of t h i s  s tudy,  n e i t h e r  t h e  backswimmer's v i s i o n  nor maneuver- 

a b i l i t y  was impaired; hence, predat ion  r a t e s  were probably s l i g h t l y  

h igher  than  i n  na tu re .  The r a t e s  of predat ion  may a l s o  have been 

h igh  due t o  t h e  lack of mutual i n t e r f e r e n c e  (Lee 1967) between 

p r e d a t o r s  i n  t h e i r  prey-catching a c t i v i t i e s .  ~ e h a v i o r a l  observa- 

t i o n s  of a d u l t s  i n  my r e a r i n g  aquar ia  a l s o  suggest t h a t  mutual 

aggression may be a  f a c t o r  i n ' t h e  n a t u r a l  s i t u a t i o n .  

An extens ive  f i e l d  s tudy might e l u c i d a t e  t h e  temporal 

and s p a t i a l  coordina t ion  (Turnbull  1960) of t h e  developmental 

s t a g e s  of both predator  and prey  spec ies .  A study of t h e  i n t e r -  

a c t i o n s  between backswimmer and mosquito populat ions could be 

made by a r t i f i c i a l l y  in t roducing  t h e  p e s t  spec ies  and t h e  predator  

spec ies  t o  one t e s t  p l o t  and t h e  p e s t  spec ies  t o  a ' s i m i l a r  c o n t r o l  



p l o t  f r e e  from predat ion  and then fol lowing t h e  subsequent 

predator-prey i n t e r a c t i o n s  f o r  seve ra l  seasons (DeBach et  a l .  

1951) .  Huffaker and Knight (1956)  used t h i s  type  of approach 

s u c c e s s f u l l y  i n  t h e i r  s tudy of t h e  e f f e c t s  of predat ion  on 

cyclamen m i t e s  i n  s t rawberry f i e l d s .  A s i m i l a r  study wi th  

N. undulata  might determine t h e  backswimmer's e f f e c t i v e n e s s  i n  - 
a f i e l d  s i t u a t i o n .  I f  t h e  predator  i s  a t  ' X '  s t a g e  i n  i t s  

development when t h e  prey i s  a t  ' Y '  s t a g e ,  l abora to ry  d a t a  such 

as those  of t h i s  study should enable  t h e  f i e l d  i n v e s t i g a t o r  t o  

make some r e l i a b l e  p r e d i c t i o n s  a s  t o  t h e  p r e d a t o r ' s  e f f e c t  on 

t h e  prey  populat ion.  I f ,  f o r  example, t h e  major i ty  of  mosquitoes 

were 2 t o  5 days o l d  when most of t h e  backswimmers were f i f t h  

i n s t a r s  one would expect ,  from t h e  predator  s tage :  prey  age: 

p r e y  d e n s i t y  d a t a ,  t h e  backswimmers t o  des t roy  many l a r v a e ,  o the r  

t h i n g s  being equal .  I f ,  on t h e  o t h e r  hand, t h e  prey populat ion 

were mostly composed of  pupae when most of t h e  backswimmers were 

f i r s t  i n s t a r s ,  one would expect t h e  p reda to r s  t o  have l i t t l e  

e f f e c t  on t h e  mosquito popula t ion .  



EFFECT O F  SATIATION ON PREDATION RATE 

Methods , 

To determine t h e  number o f  mosquito l a r v a e  and t h e  t ime 

requ i red  t o  s a t i a t e  t h e  p reda to r ,  10 s t a rved  (48  hours )  a d u l t  

N. undulata  were o f fe red  50 f o u r t h  age group l a r v a e ,  hour ly ,  f o r  - 
1 0  hours .  The number of l a r v a e  k i l l e d  by each p reda to r  was 

recorded f o r  each hour.  

Resu l t s  and  isc cuss ion 

The p reda t ion  r a t e  was h ighes t  i n  t h e  f i r s t  hour,  and 

t h e r e a f t e r  dec l ined  r a p i d l y  u n t i l  reaching a  p la t eau  , a f t e r  t h e  

f o u r t h  hour (F ig .  1 8 ) .  I n  t h e  f i r s t  hour, t h e  p reda t ion  r a t e  

was s i g n i f i c a n t l y  d i f f e r e n t  ( t  t e s t s ,  P = .05) from t h e  remaining 

9.  The p reda t ion  r a t e  of hour 2 was d i f f e r e n t  from a l l  bu t  t h a t  

of hour 3 .  The predat ion  r a t e s  of t h e  remaining 7 hours were 

d i f f e r e n t  from those  of hours 1 and 2 but  not  from each o t h e r .  

This  a n a l y s i s  suggests  t h a t  t h e  s ta rved  a d u l t s  became s a t i a t e d  

i n  approximately 3 hours (equiva lent  t o  about 30 four th  age group 

l a r v a e  pe r  p r e d a t o r )  and t h a t ,  subsequent t o  t h e  f i r s t  3 hours ,  

t h e  a d u l t s  fed  a t  a  mean r a t e  of 4 l a r v a e  per  hour.  

These r e s u l t s  i n d i c a t e  t h a t  due t o  t h e  e f f e c t s  of 

s t a r v a t i o n ,  t h e  p reda t ion  r a t e s  obtained i n  t h e  predator  s t age :  

prey age:prey d e n s i t y  t r i a l s  a r e ,  a t  l e a s t  f o r  t h e  a d u l t s ,  

probably s l i g h t l y  higher  than  would occur n a t u r a l l y .  Since t h e  

p reda to r s  i n  those  t r i a l s  were s ta rved  f o r  only 24 ,hours ,  however, 



Fig. 18 Mean hour ly  r a t e s  o f  p reda t ion  over 10 hours  by 

a d u l t  N. undula ta  which w e r e  s t a rved  f o r  48 hours  

p r i o r  t o  be ing  o f f e r e d ,  50 f o u r t h  age group A .  aeqyp t i  - 

l a r v a e  hour ly .  V e r t i c a l  b a r s  a r e  s tandard d e v i a t i o n s .  



TIME (HR) 



' t h e  e f f e c t  might no t  be  s o  pronounced. 

The p r e c i p i t o u s  d e c l i n e  over t h e  f i r s t  4 hour s  and 

I 

subsequent l e v e l i n g  o f f  o f  t h e  p r e d a t i o n  r a t e  of t h e  s t a r v e d  

a d u l t s  i s  t y p i c a l  of many p r e d a t o r s .  I n  a  s i m i l a r  s tudy ,  

s t i c k l e b a c k  e x h i b i t e d  changes i n  t h e  p r e d a t i o n  r a t e  t h a t  w e r e  

bo th  s h o r t  t e r m  and c y c l i c  (~eukema  1968) .  H o l l i n g  (1966) 

observed t h a t ,  a s  f l i e s  were k i l l e d  by mant ids ,  t h e r e  was a  

r e s u l t i n g  d e c r e a s e  i n  mantid hunger which, i n  t u r n ,  caused a 

d e c l i n e  i n  t h e  number of f l i e s  a t t acked  p e r  hour u n t i l  hunger 

s t a b i l i z e d .  

There was no evidence t h a t  l e a r n i n g  (~eukema  1968) 

played a  r o l e  i n  t h e  s a t i a t i o n  of  - N.  undula ta .  Response decre -  

ment, a  d e c r e a s e  i n  respons iveness  when r e p e a t e d l y  p re sen ted  

w i t h  a  s t imu lus ,  may, however, t end  t o  reduce t h e  

p r e d a t i o n  r a t e  o f  N. undula ta  a s  i n  Notonecta q lauca  L .  (Wolda 

1961) .  Although response decrement was no t  examined i n  t h i s  

s tudy  of  s a t i a t i o n  (even though t h e  e f f e c t s  of  response  decre -  

ment and s a t i a t i o n  on backswimmer p reda t ion  r a t e  a r e  s i m i l a r ) ,  

t h e  p r e d a t o r  s t age :p rey  age:prey d e n s i t y  t r i a l s  i n d i r e c t l y  

s u b s t a n t i a t e  Wolda's  (1961) f i n d i n g s .  The p r e d a t i o n  r a t e  a t  

h i g h  d e n s i t i e s  i s  less than  one would expect  from t h e  r a t e s  a t  

lower d e n s i t i e s .  Thus, g. undula ta  may be  less r e spons ive  i f  

it r e p e a t e d l y  encounte rs  p rey .  

Any mathematical  model i nvo lv ing  backswimmer p r e d a t i o n  



s h o u l d  a c c o u n t  f o r  t h e  e f fects  o f  such  v a r i a b l e s  a s  s a t i a t i o n  

and r e s p o n s e  decrement  on  t h e  f e e d i n g  r a t e  ( e . g .  H o l l i n g  1966,  

Beukema 1 9 6 8 ) .  I t  shou ld  n o t ,  a s  i n  some i n s t a n c e s  ( e . g .  

Nicho l son  1933,  L a r k i n  1 9 6 6 ) ,  assume N. u n d u l a t a  t o  be a n  i n -  

s a t i a b l e  o r  random s e a r c h e r .  
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PREY PREFERENCE 

Methods 
1 

To test  3. undulata f o r  i t s  prey p re fe rences ,  labora tory-  

r e a r e d  a d u l t s  (N = 20) were o f f e r e d  t h e  fol lowing prey types ,  

one of each t o  a  backswimmer: - A. aeqypti  l a r v a e  and pupae, Chaoborus 

nyblae i  Z e t t o r s f e d t  l a r v a e  and pupae, small  ephermerid nymphs, 

l a r g e  ephemerid nymphs, bloodworm l a r v a e  (Chironomidae) and small  

c o r i x i d  nymphs. Care was taken t h a t  only organisms (except  

A .  aeqyp t i )  from backswimmer h a b i t a t s  were o f f e r e d  i n  p re fe rence  - 
tests because Thompson (1951) has  argued t h a t  c a p t i v e  predaceous 

i n s e c t s  w i l l  o f t e n  e a t  organisms t h a t  they  would seldom come 

ac ross  i n  n a t u r e .  The pans were examined every 30 minutes and 

t h e  dead prey ,  i f  any, were removed and recorded a s  t o  whether 

they  w e r e  k i l l e d  f i r s t ,  second, e t c .  Usually, a l l  prey were 

k i l l e d  wi th in  7 t o  10 hdurs .  Controls  were s e t  up without  t h e  

backswimmers because C. nyblae i  l a r v a e  a r e  known t o  prey on 

mosquito l a r v a e  (James 1950) bu t  i n  no ins tance  were any c o n t r o l  

l a r v a e  k i l l e d .  7heA.aeqypti l a r v a e  were a l l  f o u r t h  i n s t a r  and, 

t h e r e f o r e ,  may have been too  l a r g e  f o r  t h e  midge l a r v a e  t o  i n g e s t .  

A s  a  check a g a i n s t  condi t ioning  f o r  mosquitoes i n  t h e  labora tory-  

r ea red  backswimmers, s i x  a d d i t i o n a l  r e p l i c a t e s  under i d e n t i c a l  

cond i t ions  were s e t  up us ing  only  freshly-caught - N. undulata  

a d u l t s -  A l l  backswimmers were s t a rved  f o r  approximately 24 hours  

p r i o r  t o  a l l  t r i a l s .  



Resu l t s  and Discussion 

The a d u l t s  exh ib i t ed  a  d e f i n i t e  preference  f o r  - A .  aeqypti  

l a r v a e  and pupae ( ~ i g .  1 9 ) .  - A.  aeqypt i  l a r v a e  were taken f i r s t  

by 55% of t h e  backswimmers, second by 35% and t h i r d  by lo0/,. Over- 

a l l ,  second choice  were - A. aeqypt i  pupae which were ea ten  f i r s t  

by 25%, second by 25%, t h i r d  by 5%, f o u r t h  by 20% and seventh 

by 5%. ~ o r i x i d  nymphs appeared t o  be t h i r d  choice ,  o v e r a l l ,  and 

were followed by C. nyblae i  pupae, - C. nyblae i  l a r v a e ,  l a r g e  and 

small  mayfly nymphs and bloodworm la rvae .  - N. undulata  exhib i ted  

no marked p re fe rence  between small  and l a r g e  mayfly nymphs. The 

l a s t  i n  t h e  o rde r  of preference  were bloodworm la rvae .  They 

were taken l a s t  35% of t h e  t ime and seventh 20% of  t h e  t ime. 

Freshly-caught backswimmers, s t a rved  f o r  24 hours and o f f e r e d  

t h e  same prey types ,  produced almost i d e n t i c a l  r e s u l t s .  Thus, 

t h e r e  appeared t o  be no condi t ioning  of t h e  laboratory-reared 

backswimmers f o r  mosquito l a r v a e  and pupae. Although 

N. undulata  feeds  on a  v a r i e t y  of  t e r r e s t r i a l  and aqua t i c  i n v e r t -  - 

b r a t e s  and even some v e r t e b r a t e s  (Essenberg 1915),  i t s  preference  

f o r  aedine l a r v a e  and pupae over o t h e r  types  of aqua t i c  i n s e c t s  

o f f e r e d  sugges ts  t h a t  t h e  backswimmer i s  not a s  genera l  a  feeder  

a s  i s  commonly assumed. 

Observations on t h e  behavior of t h e  prey types  may 

e l u c i d a t e  backswimmer prey s e l e c t i o n .  - A .  aeqypt i  l a r v a e ,  i n  

white-enamelled pans,  normally r e s t  a t  t h e  su r face  o r  on t h e  



Fig. 19 Prey p re fe rence  of a d u l t  N. undulata  ( N  = 2 0 )  when 

o f f e r e d  a  choice  of  8 a q u a t i c  i n s e c t  t y p e s .  Percent  

k i l l e d  r e f e r s  t o  t h e  frequency wi th  which a  prey  t y p e  

was k i l l e d  f i r s t ,  second . . . . . seventh o r  e i g h t h .  
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bottom, While on t h e  bottom they  u s u a l l y  browse f o r  p a r t i c u l a t e  

food. They must s u r f a c e  every few minutes f o r  a i r .  When d i s t u r b e d  
, 

by a  backswimmer swimming nearby they  i n v a r i a b l y  wiggle  away a s  

f a s t  a s  p o s s i b l e .  I f  a t  t h e  s u r f a c e  when d i s t u r b e d  t h e y  move 

downwards i n  t h e  water column. Pupae rest a t  t h e  s u r f a c e  most 

of t h e  t i m e .  When d i s t u r b e d  they  s w i m  r a p i d l y  downwards and away 

from t h e  source of d i s tu rbance ,  moving s l i g h t l y  f a s t e r  t h a n  t h e  

l a r v a e .  

C. n y b l a e i  l a r v a e  a r e  l a r g e r  than  mosquito l a r v a e .  They - 

normally rest about midway i n  t h e  water  column and do no t  s u r f a c e  

f o r  t h e i r  a i r .  This  s p e c i e s  i s  almost t r a n s p a r e n t  and t h u s  

d i f f i c u l t  t o  see un les s  it i s  moving. The l a r v a e  move ve ry  f a s t  

when d i s t u r b e d .  Pupae a r e  l a r g e r  than  mosquito pupae and, aga in ,  

normally rest a t  t h e  s u r f a c e  swimming downwards on ly  when d i s t u r b e d .  

They do no t  appear t o  be ' a s  f a s t  a s  mosquito pupae. 

Cor ix ids  rest e i t h e r  a t  t h e  s u r f a c e  o r  a t  t h e  bottom of 

t h e  pan.  They must s u r f a c e  f o r  a i r  every  few minutes  t h u s  exposing 

themselves more o f t e n  than  t h e  C. n y b l a e i  l a r v a e  by t h e i r  f r equen t  

movements up and down t h e  water  column. They a r e  reasonably  f a s t  

s w i m m e r s  bu t  s l i g h t l y  awkward i n  comparison t o  t h e  backswimmers. 

Mayfly nymphs spend n e a r l y  a l l  t h e i r  t i m e  on o r  nea r  

t h e  bottom of t h e i r  c o n t a i n e r .  They browse a long  t h e  bottom 

slowly and i n t e r m i t t e n t l y .  When d i s t u r b e d  by a  backswimmer they  

rush  away along t h e  bottom. The s m a l l e r  nymphs a r e  n o t  a s  f a s t  
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nor do they  usua l ly  move a s  f a r  away when d i s tu rbed ,  

The bloodworm la rvae  which were approximately t h e  same 

s i z e  a s  t h e  mosquito l a r v a e  spent most of t h e i r  time r e s t i n g  on 

the bottom of t h e  pan, su r fac ing  only occas ional ly  t o  r e p l e n i s h  

t h e i r  oxygen supply.  Their  swimming behavior a s  they  move 

v e r t i c a l l y  i n  t h e  water column i s  snake-l ike i n  appearance. 

Several  f a c t o r s  a r e  involved i n  prey s e l e c t i o n ,  i . e . ,  

prey s i z e ,  mobi l i ty ,  defence o r  avoidance behavior,  p a l a t a b i l i t y ,  

abundance and t h e  ex ten t  t o  which t h e  predator  and prey h a b i t a t s  

ove r l ap .  A s  Turnbull  (1960) and Young (1967) po in t  o u t ,  each c f  

t h e s e  i s  p a r t  of a  complex and t h e  degree t o  which t h e  predator  

responds t o  t h i s  complex w i l l  determine t h e  p re fe r red  prey.  Prey 

abundance was cons tant  i n  t h e  prey preference  s tudy,  one of each 

prey type  t o  each p reda to r .  I t  i s  assumed t h a t  a l l  prey spec ies  

were p a l a t a b l e  s i n c e  a l l  were k i l l e d .  

S i z e  i s  o f t e n  considered of major importance i n  prey 

s e l e c t i o n .  S o l i t a r y  wasps prey most o f t e n  on smaller  s i zed  spec ies  

and smaller  i n d i v i d u a l s  of l a r g e r  s ized  spec ies  of bumble-bees 

(Mason 1965) .  S ize  may determine t h e  frequency with which a  prey 

organism becomes ensnarled i n  a  s p i d e r ' s  web sp urn bull 1960) .  

Young (1967) suggested t h a t  t h e  s u s c e p t i b i l i t y  of aqua t i c  prey 

t o  t h e  l a r v a e  of Dytiscus marqina l i s  L .  may involve such f a c t o r s  

a s  width of t h e  prey i n  r e l a t i o n  t o  t h e  d i s t a n c e  between t h e  

mandiblesof t h e  l a rvae ,  and t h e  r e l a t i v e  m o t i l i t y  of p reda to r s  

- 
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and prey.  The prey  captured by mantids i s  p a r t l y  determined by 

t h e  handl ing  capac i ty  of t h e  predator  s grasping f o r e l e g s  (Hol l ing  
L 

1966). However, when two prey types  of almost equal  s i z e  (A. aeqypti  

l a r v a e  and bloodworm l a r v a e )  were o f fe red  t o  - N. undulata  a d u l t s ,  

one was f i r s t  choice  and t h e  o the r  was l a s t .  S i z e  may be more 

important i n t r a s p e c i f i c a l l y  t o  g. undulata ,  The prey  k i l l e d  i n  

n a t u r e  w i l l  depend on which i n s t a r s  of both prey  and p reda to r  occur 

s imultaneously i n  t h e  same h a b i t a t .  

Prey mobi l i ty  ( s p a t i a l  movements r e l a t e d  t o  searching ,  

feeding,  e t c . )  and m o t i l i t y  (speed a t t a i n a b l e  t o  avoid c a p t u r e )  

appeared t o  be  important i n  t h e  s e l e c t i o n  of  prey by N. undula ta .  

For example, although mayfly nymphs a r e  normally slow moving whi le  

browsing f o r  food and, t h u s ,  l e s s  l i k e l y  t o  a t t r a c t  a  p reda to r  

they  w i l l  sw im away r a p i d l y  when d is turbed  by a  backswimmer. 

A. aeqyp t i  l a r v a e ,  on t h e  o t h e r  hand, normally a r e  a c t i v e  browsers; - 
when d i s t u r b e d ,  however, they  cannot s w i m  away a s  f a s t  a s  t h e  

mayfly nymphs. Thus, because t h e  mosquito l a r v a e  a r e  exposed 

more o f t e n  t o  backswimmer predat ion  than mayfly nymphs and cannot 

escape a s  r e a d i l y ,  they a r e  t h e  ' p r e f e r r e d '  prey.  Turnbull  (1960) 

found a  somewhat s i m i l a r  s i t u a t i o n  i n  t h e  s e l e c t i o n  of prey by 

s p i d e r s .  An i d e a l  prey was one which among o t h e r  th ings ,  was 

h igh ly  mobile but  not  a  s t rong  o r  a d r o i t  f l y e r .  This increased  

i t s  chances of becoming ensnarled i n  t h e  sp ide r  web. 

Perhaps even more important i n  prey s e l e c t i o n  by 



N. undulata  i s  t o  what degree do t h e  predator  and prey sha re  t h e  - 
same micro-habi tat .  Since - N. undulata spends much of  i t s  t ime 

a t  t h e  s u r f a c e  f i l m ,  it comes i n t o  con tac t  most o f t e n  w i t h  

organisms r e g u l a r l y  found a t  t h a t  l e v e l  i n  t h e  water column, such 

a s  mosquito l a r v a e  which f requen t ly  su r face  t o  r e p l e n i s h  t h e i r  

oxygen supply. Turnbull (1960) observed a s i m i l a r  phenomenon i n  

h i s  s tudy of s p i d e r  prey; t h e  normal a c t i v i t i e s  of  t h e  prey  spec ies  

must b r i n g  it i n t o  those  p a r t s  of t h e  community occupied by t h e  

s p i d e r s '  webs f o r  it t o  be a v a i l a b l e  i n  s i g n i f i c a n t  numbers. 

Although - N.  undulata exhib i ted  a marked prey preference ,  

it w i l l  a l s o  feed  on a wide range of o t h e r  common aqua t i c  i n s e c t s .  

Therefore it possesses  one of t h e  fundamental c h a r a c t e r i s i t c s  of 

a b i o l o g i c a l  c o n t r o l  agent,  i .e. ,  an agent of c o n t r o l  must have, 

f i r s t ,  a p r e d i l e c t i o n  f o r  t h e  prey spec ies  and, second, be  a b l e  

t o  s u b s i s t  on o t h e r  prey when t h e  p e s t  spec ies  i s  sca rce  (Beirne 

1962).  Huffaker and Knight (1956) observed a s i m i l a r  s i t u a t i o n  i n  

t h e i r  s tudy of predaceous mi tes  which could surv ive  on o t h e r  

organisms when t h e i r  r egu la r  prey were a t  very  low d e n s i t i e s .  

The backswimmer's preference  f o r  mosquitoes may expla in  

why mosquito l a r v a e  and pupae were only r a r e l y  found. i n  t h e  back- 

swimmer h a b i t a t  survey. 



Methods 

PREDATORY BEEIAVIOR 

To s tudy t h e  predatory  behavior of  g. undulata  two 

approaches were taken. The f i r s t  was with an Ampex VR 5000 

video-tape recorder  and a t e l e v i s i o n  camera equipped with a 25 mm 

l e n s .  The backswimmer and i t s  prey were confined t o  a perspex 

observat ion  c e l l  which was narrow enough t o  minimize depth of  

f i e l d  problems y e t  wide enough t o  allow f r e e  movement of t h e  

backswimmers and t h e i r  prey.  This arrangement allowed immediate 

re-play of  t h e  video-tape t o  determine whether o r  not  t h e  d e s i r e d  

information was recorded. Video-taping predatory  behavior was of 

l i m i t e d  va lue .  Its main drawback was of a t e c h n i c a l  na ture :  t h e  

backswimmer ' s r a p i d  movements could not  be  photographed close-up 

without  r e s t r i c t i n g  normal swimming behavior.  Nevertheless ,  t h e  

video-tape d i d  show some important a spec t s .  of t h e  backswimmer ' s 

gross  predatory  behavior p a t t e r n s .  

I n  t h e  second approach, adu l t  backswimmer s, s t a rved  f o r  

a t  l e a s t  24 hours ,  were placed i n  a 50 ml prepara t ion  d i s h .  Fourth 

age group l a r v a e  and pupae of  - A .  aeqypt i ,  were o f f e r e d  one a t  a 

t i m e ,  and t h e  predatory  behavior was observed through a d i s s e c t i n g  

microscope. 

Resul t s  and Discussion 

There were four  general  s i t u a t i o n s  i n  which t h e  back- 

swimmer ca tches  prey ,  each depending p r imar i ly  on t h e  l o c a t i o n  of 
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t h e  prey.  I n  t h e  f i r s t  s i t u a t i o n ,  t h e  backswimmer ca tches  prey 

whi le  swimming along t h e  bottom, I t  o f t e n  f lushes  ou t  prey 

animals which a r e  browsing on bottom sediments o r  jus t  r e s t i n g  

on t h e  bottom. The prey animals r e a c t  t o  t h e  backswimmer's 

presence by swimming away a s  f a s t  a s  p o s s i b l e .  Their  movement 

a l e r t s  t h e  backswimmer which then  at tempts  t o  s e i z e  them. Often 

t h e  backswimmer i s  unsuccessful  i n  t h i s  form of a t t a c k .  

I n  t h e  second s i t u a t i o n ,  prey organisms a r e  a t tacked 

whi le  moving somewhere i n  t h e  water column. They a r e  e i t h e r  

su r fac ing  f o r  a i r  o r  d iv ing  t o  browse on t h e  substratum ( e . g .  

Aedes l a r v a e ) .  I n  t h i s  s i t u a t i o n ,  t h e  backswimmer o f t e n  e x h i b i t s  

a ' semi-s ta lk ing '  behavior .  I•’ it i s  r e s t i n g  a t  t h e  su r face  o r  

slowly buoying t o  t h e  su r face  a f t e r  d iv ing  and d e t e c t s  a prey 

moving i n  t h e  water  column it may pursue and ca tch  t h e  prey.  ,The 

p reda to r  appears t o  be success fu l  more o f t e n  i n  t h i s  s i t u a t i o n  

than  t h e  former one. 

I n  t h e  t h i r d  genera l  s i t u a t i o n ,  t h e  backswimmer e x h i b i t s  

a d e f i n i t e  s t a l k i n g  behavior and seldom misses ca tch ing  t h e  prey 

organism. The prey i s  e i t h e r  r e s t i n g  ( e . g .  Aedes pupa) o r  obta in-  

i n g  i t s  a i r  supply (e .g .  Aedes l a r v a )  a t  t h e  su r face .  I f  t h e  

backswimmer i s  r e s t i n g  nearby and t h e  prey makes any movement t h e  

backswimmer w i l l  a l i g n  i t s e l f  t o  t h e  source of t h e  v i b r a t i o n s  

and slowly move towards it  u n t i l  it i s  wi th in  s t r i k i n g  d i s t a n c e .  

I f  t h e  prey i n  t u r n  d e t e c t s  t h e  backswimmer it w i l l  immediately 



begin t o  swim away, usua l ly  downwards. The backswimer , wi th  

one o r  two s t r o k e s  of  i t s  swimming l e g s ,  s w i m s  downwards and 

towards t h e  prey where t h e  prey  i s  almost i n v a r i a b l y  grasped 

i n  i t s  f o r e -  and middle l e g s .  

The f o u r t h  s i t u a t i o n  i s  s i m i l a r  t o  t h e  t h i r d .  H e r e  t h e  

p rey  h a s  been caught i n  t h e  su r face  f i l m  and whi le  s t r u g g l i n g  t o  

f r e e  i t s e l f  a t t r a c t s  t h e  backswimmer. I ts  s t r u g g l e s  ( e .g .  an 

a d u l t  mosquito emerging from i t s  pupal s k i n )  b r i n g  t h e  backswimrner 

w i t h i n  s t r i k i n g  d i s t a n c e  and it i s  quickly  se ized .  Only if t h e  

prey  i s  much l a r g e r  than t h e  backswimmer can it escape and even 

then  t h e  escape i s  usua l ly  only  temporary. Even l a r g e  organisms 

weaken i n  t i m e  and w i l l  be  grasped i n  t h e  backswimmer's f o r e l e g s  

t o  be pu l l ed  beneath t h e  su r face  and k i l l e d .  

Events occurr ing  immediately a f t e r  an a d u l t  backswimmer 

captured  a  mosquito l a r v a  were followed i n  d e t a i l  under a  low power 

d i s s e c t i n g  microscope. Observations were easy t o  make because 

t h e  backswirnmer, a f t e r  cap tu r ing  i t s  prey,  buoys t o  t h e  s u r f a c e  

wi th  t h e  prey  h e l d  between i t s  f o r e l e g s  and aga ins t  i t s  v e n t e r ,  

which i s  uppermost i n  t h e  f i e l d  of view. 

N. undulata  nymphs and a d u l t s  have r a p t o r i a l  o r  grasping  - 

fo re -  and middle l e g s .  The femur and t i b i a  a r e  equipped wi th  a  

series of sp ines  and ' t e e t h '  and t h e  t a r s i  each wi th  two te rminal  

claws (Bare 1929) t h a t  a i d  i n  s e i z i n g  and manipulating s t r u g g l i n g  

prey  
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~ f t e r  cap tu re  of a prey  organism, t h e  backswimmer 

manipulates it wi th  i t s  f o r e l e g s  and probes i t  with its beak. 

Whether t h e  backswimmer i s  searching f o r  a  vulnerable  ent rance  

p o i n t  o r  simply making s e v e r a l  prel iminary i n j e c t i o n s  of a 

para lyz ing-diges t ive  f l u i d  i s  not  c l e a r .  Within 3  o r  4 seconds 

t h e  s t y l e t s  begin p i e r c i n g  deeply a t  one spot  i n t o  t h e  p r e y ' s  

body, A d i g e s t i v e  f l u i d  i s  probably i n j e c t e d  a s  t h e  s t y l e t s  

probe deeper s i n c e  t h e  body immediately begins t o  t u r n  a  milky 

whi te  c o l o r .  Probing usua l ly  begins i n  one of t h r e e  genera l  

reg ions :  t h e  thorax-head a rea ,  t h e  mid-abdominal a rea  o r  t h e  

posterior-abdominal a rea .  From t h e s e  probing c e n t e r s ,  t h e  s t y l e t s  

move a n t e r i o r l y  o r  p o s t e r i o r l y  wi th in  t h e  p r e y ' s  body c a v i t y ,  

When they  a r e  c l o s e  t o  t h e  body su r face ,  t h e  s t y l e t s  can be 

c l e a r l y  viewed a s  they move upon each o t h e r .  The a c t i o n  o f  t h e  

s t y l e t s  has  been previous ly  descr ibed (Snodgrass 1935) .  Occas ional l l  

t h e  s t y l e t s  break through t h e  oppos i t e  body wal l ;  they  a r e  

immediately r e t r a c t e d  i n t o  t h e  prey  before  they  begin t o  probe i n  

a  d i f f e r e n t  d i r e c t i o n .  

The p r e y ' s  body i s  repos i t ioned about every 30 seconds 

a s  t h e  probing cont inues .  A s  one region  i s  probed it gradua l ly  

sh r inks  i n  s i z e  and l o s e s  i t s  normal shape. When a l l  r eg ions  

have been probed and body f l u i d s  removed t h e  corpse  i s  r e l e a s e d  

and pushed away. Soon a f t e r  a  prey i s  re l eased  and pushed 

a s i d e  it begins t o  blacken i n  co lo r  and, l a t e r ,  s inks  t o  t h e  
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bottom, The former i s  probably due t o  t h e  a c t i o n  of r e s i d u a l  1 
d i g e s t i v e  f l u i d  on t h e  remaining t i s s u e s .  

I 

The l eng th  of t ime which t h e  backswimmer feeds  on a 

s i n g l e  prey  organism appears t o  depend on t h e  backswimmer's hunger I 
l e v e l  and/or t h e  inf luence  of nearby d is turbances  ( e .g .  o t h e r  

mosquito l a r v a e ) .  Response decrement (Wolda 1961) may have been 

another  f a c t o r .  Less and l e s s  t ime i s  spent handl ing success ive  

prey  a s  t h e  backswimmer becomes s a t i a t e d  o r  a s  i t s  response t o  

the  presence of prey decreases .  The handling t i m e s  of  one previous ly  

s t a r v e d  backswimmer were 567, 470, 280, 230, 213, and 120 seconds. 

This  study of t h e  backswimmer's predatory  behavior 

- ind ica tes  t h a t  - N .  undulata i s  we l l  adapted f o r  t h e  percept ion ,  

l o c a t i o n  and cap tu re  of small  aqua t i c  organisms ( p a r t i c u l a r l y  

mosquito l a r v a e ) ,  whether they  be benth ic  (browsing l a r v a e ) ,  

nec tonic  (swimming l a r v a e  o r  pupae) o r  hyponeustonic ( r e s t i n g  

l a r v a e  o r  pupae) .  ~ o r p h o l o g i c a l l y ,  t h e  backswimmer i s  we l l  equipped 

t o  manipulate and quickly subdue s t r u g g l i n g  prey .  



-- -- -- 

-58- 

CONCLUSIONS 

N. undula ta  occurs  i? s e v e r a l  types  of  semi-permanent - 
and permanent h a b i t a t s  under a  v a r i e t y  of phys ica l  and b i o t i c  

c o n d i t i o n s  (Table I ) .  The backswimmer's response t o  environmental 

f a c t o r s  ( e - g .  temperature,  F igs .  7 ,  8 )  and i t s  r e l a t e d  h a b i t a t  

p r e f e r e n c e s  a r e  s i m i l a r  t o  t h o s e  of  many North American mosquito 

s p e c i e s  (Bates  1965, Happold 1965).  The f a c t  t h a t  aqua t i c  s t a g e s  

o f  mosquitoes were seldom found i n  backswimmer h a b i t a t s  sugges ts  

t h a t  - N. undula ta  may be more important a s  a  p reda to r  of  mosquitoes 

t h a n  p rev ious ly  considered.  

Observations of predatory  behavior,  suggest ing t h a t  

N. undula ta  i s  w e l l  s u i t e d  f o r  t h e  cap tu re  of t h e  aqua t i c  s t a g e s  - 
of mosquitoes, a r e  supported by preference  t r i a l s  i n  which t h e  

backswimmer c o n s i s t e n t l y  chose mosquito l a r v a e  and pupae over 6 

o t h e r  prey  types  ( ~ i g .  1 9 ) .  Its a b i l i t y  t o  surv ive  on o t h e r  

organisms i n  t h e  absence of mosquito l a r v a e  f u r t h e r  suppor ts  t h e  

conclusion t h a t  g. undulata  may be h igh ly  adaptable  t o  l o c a l  

mosquito popula t ion  cond i t ions .  

Severa l  a spec t s  of  backswimmer predat ion  on mosquito 

l a r v a e  w e r e  e luc ida ted  by t h e  predator  s tage :  prey age:prey 

d e n s i t y  experiments.  With t h e  exception of t h e  f i r s t  i n s t a r ,  

t h e  nymphs k i l l e d  more l a r v a e  than d i d  t h e  a d u l t s  (F igs .  9 -14) .  

Thus, l a r v a l  mosquitoes and nymphal backswimmers must be  p resen t  

a t  t h e  same time f o r  - N .  undulata  t o  be most e f f e c t i v e  i n  c o n t r o l l i n g  



mosquito popula t ions .  Since t h e  backswimmers k i l l e d  more younger 

t h a n  o l d e r  l a r v a e ,  they must k i l l  more ind iv idua l  prey t o  o b t a i n  

s u f f i c i e n t  food. Therefore,  they  may have a  more de t r imenta l  

1 
I 

e f f e c t  on a d u l t  mosquito populat ion l e v e l s  than  p reda to r s  which 
I 

, feed  predominantly on e i t h e r  pupae o r  a d u l t s .  However, because 

t h e  e f f e c t  of inc reas ing  prey d e n s i t y  on t h e  backswimmer's predat ion  

r a t e  diminishes i n  magnitude from low t o  high d e n s i t y ,  - N .  undulata  

may n o t ,  i n  na tu re ,  be a b l e  t o  r e p r e s s  a  r ap id  i n c r e a s e  i n  l a r v a l  

numbers. Moreover, because mosquito l a r v a e  develop f a s t e r  than  

backswimmers (Bates  1965),  a  l a r g e  l a r v a l  populat ion could con- 

ce ivab ly  no t  be g r e a t l y  suppressed by backswimmer predat ion .  

This s tudy suggests  t h a t ,  o v e r a l l ,  g. undulata  i s  very 

favorably  adapted a s  a  predator  of t h e  aqua t i c  s t a g e s  of  mosquitoes 
I 

and t h a t  it warrants  d e t a i l e d  i n v e s t i g a t i o n  i n  a  n a t u r a l  s i t u a t i o n  

t o  f u r t h e r  e l u c i d a t e  i t s  r o l e  i n  t h e  e x i s t i n g  mosquito p reda to r  

complex. 
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