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ABSTRACT 
" " 

v 
* 

li 1 

S e l a c b i v e  p r e d a t i o n  ( i - e m ,  no.-r&adom feed ing )  m s  

s t h d i e d  i n ' i -  l a b o r a t o r y  sys tem t h a t  al-lowed i n d i v i d u u l  

, l y c o 4 4  spiders, 
. m, t o  feed on prey 

p q p u l a t i o d s  one  or. tro k i n d s  o'f i n s e c t s -  * 

I a , r i o a s  c o r r b i m t i o n s  o f  male and female f r a i t  flies 
. 

, . ' (- ..1..oQ.OtQT), asmall@ and @ l a r g e e  b e e t l e  l a r v a e  
. . 

m) were ased  a s  prey- SpidQrs of bo th  s e x e s  and t u o  

age classes Here .used as  p reda to r s ,  I n  14. expe  imeats, t h e  

s p i d e r s  showed s t r o n g  s e l e c t i o n  i n  s i x ,  moderate t o  weak 

e e l e c t i o n  i n  f i ve .  and ve ry  weak o r  no .selection' i n  &ee. 

Genera l ly ,  f r u i t  f l i e s  were s a l e c t e d  by t h e  s p i d e q s  o v e r  

mealuorms o r  milkweed bugs, ;nd @small@ mealuorms over  

' l a r g e '  ones. Very weak o r  no ' s e l e c t i o n  occurred between male 

and female flies and between beetle l a r v a e  and milkweed bugs- 
V r 

S o b a d u l t  and a d u l t  s p i d e r s  a lways  sho red  similar s e l e c t i v e  

t e n d e n c i e s -  P r i o r  f e e d i n g  e x p e r i e n c e s  d i d  no t ,  a l ter  f e e d i n g '  

s e l e c t i o n s ,  b u t  changes  ia t h e  p h p s i u l  complex i ty  of  t h e  

environment d i d -  Thus, by: adbing  tree l e a v e s  t o  t h e  cages ,  

t h e  a ~ m b e r  of f l ies  e a t e n  by t h e  s p i d e r s  dec reased  

s i g ~ i f i c a n t i y .  ' . 
C 

P o t e n t i a l  b e n e f i t s  t o  t h e  s p i d e r s  which were m a s u r e d  

i n c l u d e d  p e r c e n t  maturing. per&nt  qurviving.  rate% weight  

iii 



gain.' size gqin. and ,  p r o d d c t i o q  of false egg%acs. I n  p r e y  
f 

a c o m b i n a t i o n s  . t h a t  prodoc& modera te  t o  o t r o n g  p d e c t i o n ,  7 
L '  *. 

out,  gf 28 benefit m e a s u r h i t n  ts s t a t i s t i c a l l y  f a v o r e d .  . t h e  

s p i e r s .  'p rey  c o m b i n a t i o n s  t h a t  o p r o d d e d  w&k i q e l e c t i o n  - t e n d e n c i e s  gave no b e n e f i t  measurements  (H' = 26) t h a t  . 
. * I  

s t a t i s t i c a l l y  f a v o r e d  t h e  s p i d e r s -  S p i d e r s  f e d  t h a  less- 
r 

s e l e c t e d  p rey  e x h i b i t e d  no b e n e f i t s  t h a t  were s u p = r i o r  to , . 
t h o s e  f e d  t h e  &re-selected prey. S p i d e r s  f e d  t h e  .om- . % 

s e l e c t e d  p r e y  d i d  j u s t  a s  w e l l  a s  s p i d e r s  f e d  b o t h  p rey ,  I t  

is h y p o t h e s i z e d  t h a t  t h i s  p a r t i c u l a r  s e l e c t i v e  p r e d a t i o n  - 0 

process i n v o l v e s  p r e y  sampl ing ,  memory of p r e y  a t t r i b u t e s ,  
* 3  

a n d  selection ?S p r e y  t h a t  possess c e r t a i n  a t t r i b a t e s -  
r 

S e l e c t e d  p rey  seem t o  c o n f e r  c e r t a i n  b e n c i f i t s  t o  t h e  

p r e d a t o r -  A s  most beaef its were a s s o c i a t e d  w i t h  i d c r e a h d  

biomass y i t h i n  time l i m i t s ,  g- t e n d s  t o  be more a n  

e n e r g y  maxiaizer t h a n r  a time, min imize r ,  
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1, G e n e r a l  ~ n t r o d u c t i o n  

~efore '  we caa p r e d i c t  p o p u l a t i o n  c h a n g e s  a c c u r a t e l y  o r  . - 

l e a r n  how t o  manage p o p u l a t i o n s  e f f i c i e n t l y ,  u e  m t l s t  f i rs t  

u n d e r s t a n d  which  p r o c e s s e s  r e g u l a t e  them.  The a c t u a l  c a u s e s  

of n a t u r a l  p o p u l a t i o n  c h a n g e s  have  been v i g o r o u s l y  d e b a t e d  A 

s i n c e  the b e g i n n i n g  of t h i s  c e n t a r y .  Though most e c o l o g i s t s  

now a g r e e  t h a t  many e n v i r o n m e n t a l  f a c t o r s  i n f l u e n c e  t h e  

number o f  o r g a n i s m s  t h a t  e x i s t  a t  any  g i v e n  time or  p l a c e ,  

t h e y  c o n c l u d e  t h a t ,  f o r  an imals ,  f o o d  r e l a t i o n s  a r e  an 

i m p o r t a n t  p a r t  o f  , t h i s  p rocess .  Some e c o l o g i s t s  g o  f u r t h e r  

a n d  claim t h a t  o n l y  t h e  c o n s t a n t l y  c h a n g i n g  b a l a n c e  bet3ieen 

f o o d  a n d  f e e d e r s  p r o v i d e s  t h e  n e c e s s a r y  f e e d b a c k  , 

r e l a t i o n s h i p s  t h a t  m a i n t a i n  t h e  p e c u l i a r  c o m b i n a t i o n  of 

s t a b i l i t y  a n d  v a r i a b i l i t y  ' t h a t  is c h a r a c t e r i s t i c  of a n i m a l  

p o p u l a t i o n s ,  

I n  o r d e r  t o  l i v e ,  all a n i m a l s  must f e e d  o n  o r g a n i c  

m o l e c u l e s  which are o b t a i n e d  from o t h e r  o rgan i sms ,  Animals  

h a v e  t h u s  been  c l a s s i f i e d  a s  t o  what t h e y  ea t  (e-g., 

c a r n i v o r e s ,  h e r b i v o r e s ,  i n s e c t i v o r e s ,  omni v o r e s )  , where t h e y  

eat (e-g,,  e n d o p a r a s i t e s ,  e c t o p a r a s i t e s ,  a r b o r e a l  f e e d e r s ) ,  

and how t h e y  eat (el g, , filter-f e e d e r s ,  g r a z e r s ,  p r e d a t o r s ) .  . 

Animals  c a n  also be c l  s s i f i e d  a c c o r d i n g  t o  t h e i r  r a n g e  J 
of a c c e p t a b l e  food items, *$h i s  r a n g e  v a r i e s  c o n s i d e r a b l y .  

e a 



Z 

d. 

2 

Some a n i m a l s  f e e d  o n l y  on  o n e  s p e c i e s  ( i - e . ,  moqophagy) or  a 

v e r y  l i m i t e d  number o f  s p e c i e s  (i. e., o l i g o p h a g y )  ; most ' f e e d  

on many s p e c i e s  (i-e, , polyphagy) , 
0 

w h i l e  a n  a n ~ ~ a l  may o b t a i n  food f r o m  a number o f  9 

s g u r c e s ,  some a c c e p t a b l e  sources a r e  used  more f r e q u e n t l y  

thhD o t h e r s .  T h i s  non-random f e e d i n g  p r o c e s s s  i s  c a l l e d  

s e l e c t i v e  f e e d i n g ,  Though s e l e c t i v e  f e e d i n g  is o f t e n  c a l l e d  
I 

f o o d  p r g f e r e n c e  o r  f o o d  c h o i c e ,  it may n o t  be clear  whe the r  

a c t i v e  p r e f e r e n c e  05 c h o i c e  is a c t u a l l y  b e i n g  c a r r i e d  out .  

Observed d i f f e r e n c e s  i n  f e e d i n g  f r e q u e n c i e s  may s imply  

reflect d i f f e r e n c e s ,  i n  t h e  number o f  e n c o u n t e r s  b e t v e e a  t h e  

f o o d  a n d  t h e  f e e d e r s  or t h e  a b i l i t y  o'f t h e  f e e d e r s  t o  o b t a i n  

a n d  i n g e s t  t h e  f o o d ,  Fur the rmore ,  

a  f e e d e r  a c t i v e l y  selects - c e r t a i n  

a r i s e s  as  t o  why i t  selects t h e s e  

even i f  it i s  proven t h a t  

foods ,  t h e  q u e s t i o n  still 
1 

f o o d s  and n o t  o t h e r s ,  

T h i s  t h e s i s  is -coocerned  w i t h  (a) whether  a polyphagous  

p r e d a t o r  (a p r e d a t o r  is d e f i n e d  h e r e  a s  an  a n i m a l  t h a t  k i l l s  

and e a t s  o t h e r  animals - - its p r e y )  i s  c a p a b l e  of c e r t a i n  

forms of  s e l e c t i v e  f e e d i n g  and (b) whether  t h e  s e l e c t i v e  

f e e d i n g  b e n e f i t $  t h e  p r e d a t o r  i n  terms o f  its s u r v i v a l  and 

r e p t o d u c t  ion ,  

T h e  p r e d a t o r  used i n  t h i s  r e s e a r c h  was t h e  wolf s p i d e r  . 

Pardasa (Bmerton),  The method o f  d e t e c t i n g  

s e l e c t i v e  p r e d a t i o n  compared t h e  numbers of e a c h  k i n d  of 

p r e y  e a t e n  i n  e n v i r o n m e n t s  where o n l y  o n e  k i n d  of prey  u a s  



was a v a i l a b l e  v i t h  t h o s e  e a t e n  i n  e n v i r o n m e n t s  
6 

two k i n d s  o f  prey. . .  
V 

3 

c o n t a i n i n g  

2. S i g n i f i c a n c e  of S e l e c t i v e  P r e d a t i o n  t o  B io logy  ' 

S e l e c t i v e  p r e d a t i o n  is  i m p o r t a n t  t o  a  number of 

t h e o r e t i c a l  a s p e c t s  of e c ~ l o g y ,  behavi .or  a n d  e v o l u t i o n ,  a s  
</ w e l l  as t o  t h e  a p p l i e d  a r e a s  of p o p u l a t i o n  management aqd 

- b i o l o g i ' c a l  c o n t r  01. 
I 

I n  t h e  a r e a  o f  e c o l o g y ,  o b s e r v a t i o n s  t h a t  a n i m a l s  do 

n o t  .use  a l l  o f  t h e  p o t e n t i a l  foods i n  t h e i r  e n r i r o n a e n t s  

h a v e  l e d  to: 

% ( a )  t h e  c o n c e p t  of the t r o p h i c  n i c h e  ( ~ l t o n  1 9 2 7 ) ;  

(b)  much of c o m p e t i t i o n  t h e o r y  i n c l u d $ n g  t h e  c o m p e t i t i v e  . 

d i s p l a c e i e n t  p r i n c i p l e  (De Bach 1966) ; 

resources (Rmien 1966) ; 



t h e  idea t h a t  t h e s e  p r o c e s s e s  c a n  b e  used t o  d i s c o v e r  

hou  e n e r g y  is p a r t i t i o n e d  w i t h i n  food  webs (0@Uei11 

1 9 6 9 ) ;  a n d  

t h e ,  c o n c e p t  t h a t  uhen t h e  r e l a t i v e  abundance  of  p r e y  

s p e c i e s  changes ,  t h e  p r e d a t o r s  w i l l  # s w i t c h t  from 
s 

f e e d i n g  on  c e r t a i n  p r e y  t o  f e e d i n g  o n  o t h e r  p r e y  and  $D 

m a i n t a i n  s t a b i l i t y  of p r e y  p o p u l a t i o n s  ( E l t o n  1927, 

Hurdoch 1969, Murdoch and Oaten  1973) . 
It s h o u l d  a l s o  be n o t e d  t h a t ,  i n  m a t h e m a t i c a l  ,modeling 

of p r e d a t o r - p r e y  s y s t e m s ,  t h e  numer ica l ,  f u n c t i o n a l  and 

d e v e l o p m e n t a l  r e s p o n s e s '  of  p c e d a t o r s  t o  t h e i r  p r e p  ( E o l l i n g  

1965) a n d  t h e  o p t i m i z a t i o n  of e n e r g y  r e s o u r c e s  (Cody 1974) 

w i l l  be a f f e c t e d  uhen more t h a n  o n e  k i n d  of p r e y  is 

a v a i l a b l e  t o  a p r e d a t o r .  

I n  t h e  a r e a  of b e h a v i o r ,  s e l e c t i v e  p r e d a t i o n  s u p p o s e d l y  

h a s  l e d  t o  c e r t a i n  methods of p r e y  r e c o g n i t i o n  (T inbergen  
I . , 

1960) a s  well as t o  c e r t a i n  h u n t i n g  and e s c a p e  tactics. . 

( E o l l i n g  1966). 
e s 

Though a l l  of t h e  a b o v e  p o i n t s  relate d i r e c t l y  or 
' 

.t 
i n d i r e c t l y  t o  e v o l u t i o n ,  u o r k e r s  i n  t h i s  area of b i o l o g y  are 

e s p e c i a l l y  c e n c e r n e d  w i t h  hou s e l e c t i v e  p r e d a t i o n  affectS 

c h a r a c t e r  d i s p l a c e m n t  a n d  s y m p p t r i c  s p e c i a t i s n  (Broun and  

U i l s o n  1956). t h e  e x i s t e n c e  of m i m i c s  of u n p a l a t a b l e  species 



s t r o c t u r e s  and mechanisms ( l i s n e r  and  l e i n u a l d  1966)?. 

V a r i o u s  i n d i v i d u a l s  and i n s t i t ' u t i o n s  associated w i t h  

L.. a g r i c u l t u r e ,  f i s h e r i e s ,  i o r e s t r y ' ,  h u n t i n g  a n d  medic ine  a r e  

also c o n c e r n e d  i n  one way o r  a n o t h e r  w i t h  s e l e c t i v e  
b 

. 
p r e d a t i o n .   hey have t o  deal  w i t h  such  q u e s t i o n s  as: 

(a)  a r e  c o y o t e s  g o i n g  t o  c o n t i n u e  t~ f e e d  upon s m a l l  

\ 
r o d e n t s  when s h e e p  are a v a i l a b l e ? ,  

\ 

\f we i n t r o d u c e  t r o u t  i n t o  a  stream, r i l l  t h e r e  b e  
. . 

enough s u i t a b l e  i n s e c t s  f o r  them t o  eat?, 

w i l l  n a t i v e  b i r d s  t u r n  from t h e i r  normal  d i e t s  t o  t h o s e  

t h a t  i n c l u d e  l a r g e  numbers o f  a n  i n t r o d u c e d  f o r e s t  
k 

p e s t ? ,  

do  wolves kill more 'd'dn-trophy' t h a n  ( t r o p h y '  moose?, 

a n d  \ . 

d o e s  t h e  m o s q u i t o - f i s h  r e a l l y  f e e d  on d i s e a s e - c a r r y i n g  

m o s q u i t o e s  and  n o t  on harmless c r u s t a c e a n s ?  

S e l e c t i v e  p r e d a t i o n  is a l s o  i m p o r t a n t  i n  t h e  a r e a  of . 
' U  Y 

b i o l o g . i c a 1  c o n t r o l .  Before a p r e d a t o r  is r e l e a s e d  t o  c o n t r o l  
$ 

a p e s t ,  ~ ~ r k  m a s t  be done  t o  e n s u r e  t h a t  t h e  p r e d a t o r  d o e s  

. i n  fact, f e e d  o n  t h e  p e s t  'and n o t  on .  a b e n e f i c i a l  s p e c i e s ,  

t h a t  it can  s u r v i v e  on a l t e r n a t i v e  p r e y  when t h e  p e s t  

7 p o p u l a t i o n  is low, a n d  t h a t  i t  c a n  compete ' w i t h  n a t i v e  . 
\ 

p r e d a t o r s -  R a i s i n g  p r e d a t o r y  a n i m a l s  f o r  b i o l o g i c a l  c o n t r o l  'f 
p u r p o s e s  may a l s o  c a u s e  pro&dt.s. For  example  t h e  food t h a t  

t h e  p r e d a t o r s  i n i t i a l l y  e a t  i n  c a p t i v i t y  (Lee .  ' p re-  



- b e d i n g ' )  m y  

when t h e y  are 

3, Components 

af fect  t h e  p r e d a  sg l a t e r  f e e d i n g  b e h a v i o r  'T 
c o n f r o n t e d  w i t h  o t h e r  k i n d s  of prey .  

o f  S e l e c t i v e  P r e d a t i o n  

H u t c h i n s o n  (1959) s t a t e d  "It h a s  l o n g  been  . r e a l i z e d  

t h a t  t h e  p r e s e n c e  of two s p e c i e s  a t  pny [ t r o p h i c  ] l e v e l ,  

e i t h e r  of which can be e a t e n  by a p r e d a t o r  a t  a e v e 1  above, '3 
b u t  which  may d i f f e r  i n  p a l a t a b i l i t y ,  e a s e  of c a p t u r e  or 

s e a s o n a l  and local  abundance ,  may p r o v i d e  a l t e r n a t i v e  f o o d s  

f o r  t h e  p r e d a t o r m u  T h i s  q u o t e  summarizes  t h e  m a j o r  f a c t o r s  

- that a f f e c t  s e l e c t i v e  p r e d a t i o n ,  I n  most s t u d i e s  o f  t h i s  

p r o c e s s ,  h o v e r e r ,  t h e  fac tors  a r e  n o t  c l e a r l y  d e f i n e d ,  T h i s  

h a s  l e d  t o  some c o n f u s i o n  a b o u t  t h e  meanings of snch  words 

as  s e l e c t i o n ,  p r e f e r e n c e  a n d  p a l a t a b i l i t y .  , 

is h e r e  d e f i n e d - a s  o c c u r r i n g  when a  

predates t h a t  is exposed  to a  m i x t u r e  of p o s s i b l e  prey  f e d d s  

on c e r t a i n  k i n d s  of p r e 1  more f r e q u e n t l y  t h a n  u o u l d  be . . 
4 

e x p e c t e d  from t h e  r e l a t i v e  abundance  of e a c h  p r e y  kind,  I n  
0 A 

o t h e r  words, s e l e c t i v e  p r e d a t i o n  means non-random f e e d i n g  ; 

p r e y  a r e  selected on some basis  o t h e r  t h a n  t h e  c h a n c e s  o f .  
Q 

p r e d a t o r - p r e y  e n c o u n t e r s .  ~ h e c t i v e  p r e d a t i o n  c a n  be 

p roduced  by a n b e r  of f a c t o r s , " i n c l a d i n g  s u c h  t h i - s  a s  

ar a i l a b i l i t y ,  c a t c h a b i l i t y  and p r e f e r e n c e ,  These  factors are 

c o n s i d e r e d  below. 



a. A v a i l a b i l i t y  F a c t o r s  

The f a c t o r s  t h a t  i n f l u e n c e  p rey  a v a i l a b i l i t y  t o  

, p r e d a t o r s  f a l l  i n t o  t h r e e  groups:  (i) c o e x i s t e n c e  in time 
\ 

\ a n d  s p a c e ,  (ii) d e n s i t y  and (iii) d i s t r i b u t i o n .  

Before a n y  ' p r e d a t o r - p r e y  c o n t a c t s  a r e  p o s s i b l e ,  b o t h  

a n i m a l s  must c o e x i s t  i n  time and s p a c e -  I f  t h i s  c o n d i t i o n  is 

n o t  met, t h e  a v a i l a b i l i t y  of t h e  p r e y  is zero .  C o e x i s t e n c e  
8 

i n  time relates t o ,  . i g r a t i o n ,  b o t h  s e a s o n a l  and d a i l y ,  and 

t o  l i f e  c y c l e  s t r a t e g i e s ,  C o e x i s t e n c e  i n  s p a c e  i n v 6 l v e s  s u c h  
& '  

a b i o t i c  f a c t o r s  as t e m p e r a t u r e ,  l i g h t ,  moisture and 

s u b s t r a t e ,  It  is a l s o  r e l a t e d  t o  t h e  t o l e r a n c e  limits o f  t h e  

a n i m a l s  and t h b ' r o l e  t h e s e  f a c t o r s  p l a y  i n  d e t e r m i n i n g  
t 

micro- a n d  m a c r o h a b i t a t s -  
I 

I f -  t h e  a b o v e  c o n d i t i o n s  o f  c o e - x i s t e n c e  are met, t h e n  

t h e  d e g r e e  of a v a i l a b i l i t y  may depend upon t h e  d e n s i t y  o f  

b o t h  p r e y  and p r e d a t o r s .  ~ o r & l y ,  a s  p rey  d e n s i t y  

i n c r e a s e s ,  t h e  number of c o n t a c t s  between p r e y  a n d  p r e d a t o r s  

a lso  i n c r e a s e s .  T h i s  i n  t u r n  r e s u l t s  i n  i n c r e a s e d  p r e d a t i o n .  

The amount of p r e d a t i o n  c o n t i n u e s  t o  i n c r e a s e  w i t h  i n c r e a s e s  

$n p r e y  d e n s i t y  u n t i l  a p o i n t  is r e a c h e d  where p r e d a t i o n  

rates t e n d  t o  be c o n s t a n t ,  even i r e y  d e n s i t y  i n c r e a s e s  

f u r t h e r .  T h i s  r e l a t i o n s h i p  u a s  c a l l e d  a  f u n c t i o n a l  r e s p o n s e  

l o t e  that if t h e  r e l a t i v e  f r e q u e n c y  of e n c o u n t e r s  is 

. 
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th o n l y  f a c t o r  a f f e c t i n g  t h e  n p i b e r  o f  p r e y  c a p t u r e d ,  t h e n '  

p r e  t i o n  is n o n - s e l e c t i v e .  S e l e c t i o n  e x i s t s ,  houever ,  i f  a 
t h e r e  i s - a  p r e p  d e n s i t y  be106 u h i c h  p r e y  a r e  n o t  e a t e n  e v e n  

though p r e d a t o r - p r e y  . c o n t a c t s  do occur ,  o'r i f  t b e , r e  -is a 

p r e y  d e n s i t y  above  r h i e h  p r e y  are e a t e n  a t  a h i g h e r  rate 
b .  ' 

t h a n  would be e x p e c t e d  from their ' r e l a t i v e  d e a s i u .  

Solomon (1949) a l so  d e s c r i b e &  a  n u m e r i c a l  r e s p o n s e  t h a t  
, 

is r e l a t e d  t o  p r e d a t o r  d e n s i t y .  Bumer ica l  r e s p o n s e  6 i n c l u d e s  

&he l o n g  ter m c o n s e q u e n c e s  o f  f u n c t i o n a l  r e s p o n s e  y h i c h  
L- 

a affect  t h e  s u r v i v a l ,  r e p r o d u c t i o n  and  m i g r a t i o n  p a t t e r n s  o f  
I 

t h e  p r e d a t o r s .  P u r t h e r ,  it s h o u l d  be remembered t h a t  

i n c r e a s e s  i n  p*reda t o r  d e n s i t y  u s u a l l y  c a u s e  i n c r e a s e s  i n  .- 
c o m p e t i t i o n  f o r  prey.  An e x c e p t i o n  is kound i n  s o c i a l  46, 

p r e d a t o r s  where a  minimum number o f  a n i n a l ' s  is n e c e s s a r y  f o r  
4 

t h e  b e n e f i t s  o f  c o o p e r a t i v e  hun t ing .  

With r e s p e c t  t o  d i s t r i b u t i o n ,  o r g a n i s m s  are  c l a p i f i e d  

aq b e i n g  d i s t r i b u t e d  i n  a  random, uni form or clumped manner. 

The a v a i l a b i l i t y  of a  p r e y  t o  a p r e d a t o r  w i l l  depend o n  t h e  
3 c o n f o r m i t y  of t h e  p r e d a t o r ' s  s e a r c h i n g  b e h a v i o r  u t h  t h e  

d i s t r i b u t i o n  of t h e  prey. For a randomly d i s p e r s e d  prey,  t h e  

b e s t  s e a r c h  p a t t e r n  f o r  a p r e d a t o r .  is a random t r a v e r s e  of 

t h e  e n v i r o n m e n t ;  f o r  a n  e v e n l y  d i s p e r s e d  prey ,  a s y s t e m a t i c  

t r a v e r s e ;  and for  a clamped prey ,  a randoll  t r a v e r s e  u n t i l  a 

p r e y  is d e t e c t e d ,  t h e n  a s y s t e m a t i c  s e a r c h  i n  t h e  . , i i c i n i t y  

of t h a t  prey. 
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b. ~ a t c h a b i l i t y  Pactors 

G w r  a term used  by  Rappor t  a n d  T u r n e r  ( 1970), 

refers mainly t o  t h e  a s p e c t s  of morphology and b e h a v i o r  of 

b o t h  p r e d a t o r s  a n d  bray t h a t  are i n v o l v e d  when a  p r e d a t o r  

s t a l k s ,  c a p t u r e s  a n d  consumes a  p rey .  M ( 

P r e y  p o s s e s s  a  v i d e  v a r i e t y  o f ' d e f e n s i v e  s t r u c t u r e s  and , 
- 

mechanisms f o r  use a g a i n s t  p r e d a t o r s .  These  i n c l u d e :  s p i n e s ,  

armor p l a t i o g ,  t e e t h  and  c l a v s ;  u r t i c a t i h g  h a i r s ,  s t i n g e r e  . . 
a n d  ob-hoxious odors a n d  t a s t e s ;  c r y p t i o  forms,  col.ors and .- 

b e h a v i o r s ;  au to tomy;  r a p i d  e s c a p e  movements, s c h o o l i n g  

b e h a v i o v f f l a s h  a l a r m  d i s p l a y s  and  warning c o l o r s ;  and 

f o r m ,  c o l o r s  a n d  b e h a v i o r  t h a t  aimic d a n g e r o u s  an imals .  A 1 1  
Y 4 

p r e y  h a v e  some of t h e s e  d e v i c e s ,  b u t  ao prey h a s  theb a l l .  

On t h e  o t h e r  hand, ~ r e d a t o r s  have an  eqnhlly d i v e r s e  
. . 

a r r a y  of s t r u c t u r e s  and  mechanisms u s e f u l  f o r  c a p t u r i n g  

prey: s h a r p  t e e t h  o r  mandib les ;  g r a s p i n g  l e g s ;  claws; 

p r o t e c t i v e  i n t e g  aments;  venoms; s i l k  s n a r e s ;  c r y p t i c  c o l o r s  

a n d  for,-'; ambush and p u r s u i t  tactics; and r a p i d  a t t a c k  a n d  

c a p t u r e  moreaents .  A s  w i t h  t h e  p rey ,  all. p r e d a t o r s  h a r e  some. \ 
' 

of t h e s e  d e v i c e s ,  bu no p r e d a t o r  b s  them a l l .  A s  a r e s u l t  r 4 

of these a d a p a t i o n s , '  a  p r e d a t o r  may overcome some of t h e  
4 

p r e y  d e f e n c e s  som of t h e  ti=, b u t  n o t  a l l  of t h e  d e f e n s e s  
-. .- - 

a l l  of t b e  time. 

S i z e  is a l s o  i m p o r t a n t  i n  d e t e r m i d i n g  w h e t h e r  a 



p r e d a t o r  does  o r  d o e s  n o t  c a p t a r e  a certain prey-  Prey t h a t  

are too s m l l  o r  too l a r g e  r a y  be ph&al ly  u n a v a i l a b l e  t o  . 

a  p r e d a t o r  because  of the n a t u r e  and s ize  of its tood ,  j 

-. 
a c q u i s i t i o n  appa ra tus .  Also, f o r  any g iven  p r e d a t o r ,  t h e r e  

is an o p t i n l  size of prey. A s  p r ey  d e p a r t  from t h e  o p t i a a l  

s ine ,  t h e y  become less and l e s s ' c a t c h a b l e  (Ho l l i ng  1965, - 
Brooks and Dodson 1965, 1ClcArthur 1972, Hay 1974, Schoener . 
1974, OeBrien e t  a l ,  1976, Hall e t  a l .  1976, Goss-Custard 

. 1977). A s  p rey  become less c a t c h a b l e ,  t h e y  r ay  r e q u i r e  t o o  

much of t h e   predator*^ t i m  and e n e r g y  p e r  u n i t  -of  p rey  
\' Z 

o b t a i n e d  t o  bb r o ~ t h  e a t i n g . .  4 

~ i n a l i y ,  t h e '  s t a t e  of h e h l t h  k.e., t h e  anoun t  of 
0' 

p h y s i c a l  i n j u r y ,  d i s e a s e ,  p a r a s i t i s m ,  p e s t i c i d e  po ison ing  

and m a l n u t r i t i o n )  of bo th  t h e  p r e d a t o r s  and prey a f f e c t s  t h e  

\ 
f 

c a t c h a b i l i t y  o f  any prey, 

c, P r e f e r e n c e  &?actors I 

m 3 
. J 
* P r e f e r e n c e e  is o f t e n  used a s  a c a t c h - a l l  term to  

i n c l u d e  t h e  f a c t o r s  i nvo lved  i n  a v a i l a b i l i t ~ a n d  - 
psychologica2  faktors t h a t  i n f l u e n c e  a p r e d a t o r ' s  d e c i s i o n  

- 
to eat o r  reject a n  a v a i l a b l e  and catchable prey-  Rere. 

is d e f i n e d  as the i n n a t e  or l e a r d  a t t r f h u t . ~  of . 
. . a  - 

an uual that. .p red ispose  it t o  expand r e l a t i v . G o r e  .time -. 
J 

and  e n e r g y  t q  lacate and  i n g e s t  c e r t a i n  food i tew t h a n  i t  



woald expend on o t h e r  a v a i l a b l e  and  c a t c h a b l e  food  items, 

-  refa at eke c a n  'be d e t e c t e d  i n  p r e d a t o r s  t h a t  t a k e  more o$ 

c e r t a i n  k i n d s  of prey-when a number o f  o t h e r  p r e y  i t q m s  are 

bo th  a v a i l a b l e  and  c a t c h a b l e .  It is  p o s s i b l e  . t h a t  p r e f e r e n c e  . L 

4 

is expres sed  o n l y  a s u r p l u s  o f  food  is a ra i l ab l* .  
f - 

is d e f i n e d  h e r e  as t h e  e x t e n t  t o  which a 

food  #em is g a g t e e a b l e @ ,  i n  terms of i ts taste,  odor  and 
t 

t e x t u r e ,  t o  a feeder .  It is n o t  e q u i v a l e n t  t o  b a t  is a p a r t  

3 
7 

of ,  p r e f e r e n c e ,  p a l a t a b i l i t y  is i n f l u e n c e d  by t h e  k i n d s  of 

' s h o r t  range@'  s e n s e  r a c e b t o r s  on t h e  i n g e s t i o n  o rgans  df  t h e  
\ 

f e e d e r  as u e l l ' a s  by t h e  s t r u c t u r a l  and chemica l  

~ h a r a c  teristics of  b o t h  the e x t e r n a l  and i n t e f n a l  f e a t u r e s  

o f  the food. What is p a l a t a b l e  t o  one f e e d e r  may or ma.y n o t  

be p a l a t a b l e  t o  ano the r ,  Pha t  is p a l a t a b l e  t o  a f e e d e r  . a t  
1 

one time may ora  my n o t  be p a l a t a b l e  t o  t h e  same f e e d e r  a t  

a n o t h e r  t i m e  (Boiling 1965). 

The d i g e s t i v e  c a p a b i l i t y  of  p r e d a t o r s  is a f a c t o r  o f  

p r e f e r e n c e  t h a t  does n o t  come i n t o  p l ay  u p t i l  e t e r  
/ *  i n g e s t i o n .  It act a s  a d e l a  d p a l g t a b i l i t y  f a c t o r  ' i n  

organisms,  s u c h  a s  b i rds - ,  t h a t  do  not' h a r e  v e r y  s e ~ s i t i ~ e  

odor  a n d  taste receptors (Brouer e t  a l .  1968)- 

It m o s t  be reaembered t h a t :  - . . 

(a) h i g h  p a l a t a b i l i t y  is n o t  n e c e s s a r i l y  a s s o c i a t e d  w i t h  a 
-I 



.@good' b u t  m y  n o t  be p r e f e r r e d  o r  it may be p r e f e r r e d  % 

b u t  tastes @ b a d a ) ,  and 
, 

(b) h i g h  p a l a t a b i l i t y  i s  n o t  n e c e s s a r i l y  a s s o c i a t e d  w i t h  a 

h i g h l y  n u t r i t i o u s  f o o d  (i.e., i t  m'ay tas te  'good' b u t  
b .  

may p r o v i d e  l i t t l e  o r  no f o o d  v a l u e  t o  t h e  f e e d e r )  .. 

Bunget .  is a major factor a f f e c t i n g  p r e f e r e n c e ,  A s  

hunger i n c r e a s e s ;  p r e d a t o r s  s t a r t  t o  f e e d -  on p r e y  which were 
1 

p r e v i o u s l y  n o t  e x t e n s i v e l y  used f o r  food  (Young 1945; I v l e v  

,1961; H o l l i n g  1965, 1966; P r i t c h a r d  1964; Emlen 1966) . 
The p h y s i o l o g i c a l  a g e s  of  b o t h  t h e  p r e h a t o r s  and t h e  

p r e y  a r e  i m p o r t a n t  i n  p r e f e r e n c e ,  A t  d i f f e r e n t  times i n  i t s  

l i f e  c y c l e ,  a p r e d a t o r  may r e q u i r e  d i f f e r e n t  k i n d s  o f  foods .  

F o r  example, it myl r e q u i r e  a  diet h i g h  i n  p r o t e i n  o n l l  a t  

times o f  egg l a y i n g .  Another  p o i n t  is t h a t  t h e  u s e f u l n e s s  of  
'J 

a prey-  t o  a pkedator may c h a n g e  a s  t h e  p r e y  a g e s  and t h e  

relat ire  p r o p o r t i o n s  of - p o t e n t i a l  n u t r i e n t s  change.  . . 
t 

'\ 

I n  s u m a e ,  t h e  m o s t  p r e f e r r e d  p r e y  is n o t  n e c e s s a 2 i l y  

e a t e n  most o f t e n  by  a p r e d a t o r .  P r e f e c e n a e  a s  a c r i t e r i o n  of 

food s e l e c t i o n  is a l w a y s  compromised by t h e  Lfactors  of 
I 

a v a i l a b i l i t y  a n d  c a t c h a b i l i t y ,  I f  t h e  d e n s i t y  of t h e  8ost 

p r e f e r r e d  p r e y  is low, or t h e  p r e y  is v e r y  d i f f i c u l t  t o  

- c a t c h ,  t h e  p r e d a t o r  may n o t  e v e n  a t t e m p t  t o  s e a r c h  for  it. 



4, P a s t  S t u d i e s  o f  S e l e c t i v e  P r e d a t i o n  \ 
. 

- < 

The close r e l a t i o n s h i p s  between t h e  p o p u l a t i o n s  of a 
' 

4 

p r e d a t o r  and its p r e y  have  l o n g  i n t r i g u e d  b o t h  b i o l o g i s t s  

a n d  m a t h e m a t i c i a n s .  S i n c e  t h e  1920s,  many m a t h e m a t i c a l  

models  have  b e e x  p r o d u c e d  (see Royaaa 1971,  Hassel 1976) 

which t r y  t o  p r e d i c t ,  a t  a n y  moment i n  time, t h e  number o f  

, t h e  p r e y  (which is c o n s t a n t l y  r e d u c e d  by  p r e d a t i o n )  a n d  t h e  

number of t h e  p r e d a t o r s  (which i s  r e s t r i c t e d  b y  t h e  number 

of p r e y ) ,  / 
L! 

Though t h e s e  models h a v e  formed t h e  b a s i s  of  many o f  

o u r  p r e s e n t  c o n c e p t s  a b o u t  p o p u l a t i o n  r e g u l a t i o n  by  

p r e d a t i o n ,  t h e y  have  a number o f  d e f i c i e n c i e s .  A s  t h e y  are 

l a r g e l y  d e d u c t i v e  rod& a s e d  o n  a  few s i m p l e  a s s u m p t i o n s  P 
t h a t  c a n  be r e a d i l y  f i t t k d  i n t o  s i m p l e  m a t h e m a t i c a l  

e q u a t i o n s ,  t 4 a q  f a l l  s h o r t  o f  d e s c r i b i n g  t h e  o b s e r v e d  

b e h a v i o r  o f  a n i m a l s ,  Host of t h e s e  mode l s  a lso assume t h a t  

t h e  f r e q u e n c y  o f  p r e d a t i o n  is b a s e d  o n  random e n c o u n t e r s  

be tween p r e d a t o r s .  and p r e y  and t h a t  p r e d a t o r s  a r e  s t r i c t l y  

monophagous. I f  there is more t h a n  o n e  k i n d  of  p r e p  

a r a i l a ~ l e ,  t h e n  it is t a c i t l y  assumed t h a t  t h e  o n l y  

d i f f e r e n c e  b e t v e  them is t h e i r  f r e q u e n c y  o f  o c c u r r e n c e .  Y' 
l o n e  o f  t h e  p r e y  s p e c i e s  s u p p l i e s  .or& worth t o  t h e  p r e d a t o r  

t h a n  a n y  o t h e r ,  a n d  cos t s  of c a p t a r i n G  a p r e y  a re  t h e  Y 
same. T h e s e  a s s u m p t i o n s  s e v e r e l y  l i m i t  t h e  u s e f u l n e s s  of t h e  

m a t h e m a t i c a l  mode l s  s o  f a r  produced. A r e c e n t  e x c e h o n  t o  ' 



t h i s  is a  model produced by Krebs et  a l .  (19j7)  Chat  

i n c o r p o r a t e s  p r e f  with d i f f e r e n t  e n e r g y  va lues .  

E l t o n  (1927) ,  when s p e c u l a t i n g  p a  t h e ' r e a s o n  p r e d a t o r s  
I b 

seldom o v e r - e x p l o i t  t h e i r  prey ,  c o n c l u d e d  t h a t  *-. . most  

c a r n i v o r e s  d o  n o t  c o n f i n e  t h e m s e l v e s  r i d l y  t o  one  k i n d  of 

p r e y ;  s o  t h a t  when t h e i r  f o o d  of  t h e  moment becomes s c a r c e r  

t h a n  a  c e r t a i n  amount, t h e  enemy n o  l o n g e r  f i n d s  it 

u o r t h w h i l e  t o  p u r s u e  t h i s  p a r t i c u l a r  p r e y  and t u r n s  i t s  
. 

a t t e n t i o n  t o  some o t h e r  s p e c i e s  i n s t e a d , "  Though t h i s  i d e a  

h a s  been around  fo r  50 y e a r s ,  v e r y  l i i t l e  h a s  been ddded t o  , - 

it (Hurdoch 1969). 

T o  s t a t e  E l t o n ' s  i d e a  a  l i t t l e  more p r e c i s e l y  - h e  
J 

propos'ed two ( o r  'more) k i n d s  of p r e y  p o p u l a t i o n s ,  s a y  ~ r k y  1  

a n d  P r e y  2, a n d  one  k i n d  of p r e d a t o r  p o p u l a t i o n  t h a t  
b 

i n i t i a l l y  f e e d s  a l m o s t  e x c l u s i v e l y  on Prey  1, t h e  more 

a b u n d a n t  prey. P a r t l y  b e c a u p e  of p r e d a t i o n ,  P r e y  1 declihes 

i n  numbers t o  t h e  p o i n t  where the p r e d a t o r  n o  l o n g e r  o b t a i n s  

enough food from it. I n s t e a d  of t h e  p r e d a t o r  d e c l i ~ i i o g  i n  

numbers b e c a u s e  of s t a r v a t i o n .  as is u s u a l l y  p roposed  i n  

m a t h e m a t i c a l  models ,  t h e  p r e d a t o r  s t o p s  f e e d i n g  on P r e p  1 

and  ' s w i t c h e s r  t o  a n o t h e r  p r e y  s u c h  a s  P r e y  2- T h i s  

i n d i c a t e s  t h a t  Pre.1 2 is a n  a c c e p t a b l e  food source and  
3- 

raises t h e  q u e s t i o n  of u h i  P r e y  2 was n o t  part of t h e  

p r e d a t o r ' s  d i e t  p r e v i o u s l y .  T h e r e  are s e v e r a l  a n s w e r s  t o  

t h i s  q u e s t i  , 2 



U 

One &suer  is s u p p l i e d  -by T i n b e r g e n  (1960). H e  

s u g g e s t e d  t h a t  a p r e d a t o r  * n o r m a l l y  w i l l  form a  ' s e a r c h  

image1 for  a p a r t i c u l a r  p r e y  and w i l l  c o n f i n e  much o f  its 

f e e d i n g  t a  t h a t  p r e y  a s  l o n g  a s  t h e  p r e y  r e m a i n s  above a 

c e r t a i n  ' t h r e s h o l d  d e n s i t y ,  T h i s  t h e o r y  i m p l i e s  t h a t  t h e r e  is 
d 

an a d v a n t a g e  t o  t h e  p r e d a t o r  o f  c o n f i n i n g  its s e a r c b  a n d  

+ c a p t u r e  a k t i r i t i e s  t o  a 1 mi ted  number of p r e y  t ~ p e s  a t  any  t 
o n e  t h e ,  I f  s w i t c h i n g  to  o t h e r  p r e y  i n  itself - r e q u i r e s  

e x p e n d i t u r e  of resources, t h e n  s w i t c h i n g  s h o u l d  b e  I 

minimiz'ed, Thus i n  t h e  above example,  t h e  p r e d a t o r  had a 

search image for  P r e y  1 and would n o t  f e e d  on  P r e y  2 u n t i l  

P r e y  1 f a i l e d  t o  n e a t  t h e  f o o d  r e q u i r e m e n t s .  

A second p o s s i b l e  answer  is t h a t  p r e d a t o r s  have  

p s e f e r e n c e s  f o r  c e r t a i n  k i n d s  of  p r e j  a n d  u i l l  select t h e  

p r e f e r r e d  p r e y  a s  l o n g  a s  >hey are a v a i l a b l e .  T h i s  mechanism 4 
i n p l i e s  t h a t  p r e f e r r e d  psey g i v e  more b e n e f i t s  t o  t h e  

p r e d a t o r  t h a n  n o n - p r e f e r r e d  p r e y -  I n  t h e  E l t o n  mbdel, t h e  

p r e d a t o r  p r e f e r r e d  P r e y  1 and  c o n t i n j e d  t o  e a t  i t  u n t i l  i t  

was u n a v a i l a b l e ,  Then t h e  p r e d a t o r  s u i t c b a  t o  f e e d i n g  on 

a t h e  less p r e f e r r e d  P r e y  2. 

H o l l i n g  (1965) h a s  b r o u g h t  t h e s e  t w o  e x p l a n a t i o n s  

t o g e t h e r  ,in v e r t e b r a t e  p r e d a t o r s  by e x p l a i n i n g  T i n b e r g e n ' s  
. - 

. s e a r c h  image i n  terms 'of ' l e a r n e d  p r e f e r e n c e s '  based  o n  the 

' p a l a t a b i l i t y '  of t h e  p r e y -  Be progosed  Wmt a t  .a h i g h  l e v e l  

of hunger ,  a p r e d a t o r  w i l l  s ample  - any p o t e n t i a l  p r e y  i tem. 



, 
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4 
When a n y  p r e y  is  e a t e n ,  i t s  d e g r e e  of p a l a t a b i l i t y -  

u n p a l a t a b i l i t y  w i l l  be associated u i t 3  some r e c o g n i z a b l e  

f e a t u r e  of t h e  p r e y  and w i l l  b e  r e m e m b e r m o r  a  c e r t a i n  

l e n g t h  of time, As l o n g  a s  e n c o u n t e r s  wi th  known p a l a t a b l e  

p r e y  a r e  f r e q u e n t  eno&h (i.e., h i g h  p r e y  d e n s i t y )  t o  k e e p  

t h e  h u n g e r  l e v e l  low, t h e  p r e d a t o r  forms a s e a r c h  i a a g e  a n d  

p r e d o r i n a n t l p  f e e d s  on known p a l a t a b l e  prey .  Houever,  when 

e n c o u n t e r s  are i n f r e q u e n t  (i-e., low p r e y  d e n s i t y ) ,  t h e  

p a l a t a b i l i t y  of the p r e v i o u s l y  p r e f e r r e d  p r e p  is f o r g o t t e n ,  

the p r e y  i s  dropped  f rom t h e  p r e d a t o r ' s  d i e t ,  and  as h u n g e r  

i n c r e a s e s ,  t h e  p r e d a t o r  becomes more polyphagous .  T h i s  

c o n t i n u e s  u n t i l  t h e  p r e d a t o r  d i s c o v e r s  a new k i n d  of  

p a l a t a b l e  p r e j  and b e g i n s  c o n c e n t r , a t e d  f e e d i n g  on it- 
- .  ' 

T h i s  outcome is s i m i l a r  t o  Emlen's (1966). model i n  

which h e  assumed t h a t  p r e d a t q r s -  oPabt to a d a p t  a  f e e d i n g  

s t r a t e g y  tbat g i v e s  a maximum amount o f  e n e r g y  p e r  u n i t  o f  

time, Emlen a r g u e d  t h a t  when p r e y  are abundan t ,  t h e  - b e s t  

s t r a t e g y  is t o  select o n l y  ' p r e f a r r e d *  p rey ,  b u t  when p r e y  
4- 
I 

are-rce. the best s t r a t e g y  is t o  e x p l o i t  a l l  a v a i l a b l e  

Uurdoch (1969) h a s  a l s o  e x a u n e d  t h e  p r o c e s s  o f  

s e l e c t i v e  p r e d a t i o n  from t h e  a s p e c t  of p r e a a t o r s  (i-e,. 

snails) s w i t c h i n g  from o n e  p r e y  t o  a n o t h e r .  H e  c o n c l u d e d  

t ha t  s w i t c h i n g  occars r a r e l y  and o n l y  u n d e r  c e r t a i n  

c i r c u d t a n c e s .  These c i r c a m s t 8 z i c e s  o c c u r  when the d e g r e e  of 

" 
a 

2- 



s e l e c t i v e  is ueak o r  a b s e n t  or whenb the p r e d a t o r s  

f e e d  on o n l y  o n e  k i n d  of p r e y  f o r  a  ,time before o t h e r  p t e y  

become a v a i l a b l e  t b  ther. One o f  t h e  d i f f i c u l t i e s  with b 

Murdoch 8 s  e x p e r i m e n t s  is t h a t  t h e  p r e d a t o r s ,  when r e l e a s e d  

from s t a r v a t i o n  c o n d i t i o n s ,  a t e  &g& t h a n  p r e d a t o r s  that. 

were f e d  r e g u l a r l y .  T h i s  r a i s e s  t h e  f o l l o w i n g  p r o b l e r .  If d - 
t h e  s n a i l s  were n o t  s t i m u l a t e d  t o  f e e d  e v e n  d f t e r  a  month 

w i t h o u t  food, t h e r e  would n o t  be any (hunger  i n d u c e d )  r e a s o n  

f o r  t h e  p r e d a t o r s  t o  s w i t c h  from t h e  * p r e f e r r e d m  t o  less 

'prefeqredm p r e y  when t h e  ' p r g f e r r e d 8  p r e y  were still 

a v a i l a b l e  a t  low d e p s i t i e s ,  Remember t h a t  E l t o n ' s  model 

r e q u i r e s  a s h o r t a g e  of 8 p r e f e r r e d *  p t e y  t o  s t i m u l a t e  f e e d i n g  

on a l t e r n a t i v e  p r e y  and  $ h a  B o l l i n g m s  model r e q u i r e s  a n  

i n c r e a s e  i n  hunger  c a u s e d  by a s h o r t a g e  of @ p r e f e r r e d 1  p r e y  - 
to  s t i m u l a t e  a t t a c k s  o n  a l t e r n a t i v e  prep.  

5. Economic Models 

B e c e n t l y ,  economic  models  have  been used  t o  d e  Fibe 
b i o l o g i c a l  phenomena, i n c l u d i n g  p r e d a t o r - p r e y  r e l a t i o n s h i p s  

(Schoener  1971, Cody 1974, Cowich 1976, R a p p o r t  and T u r n e r  

1977) . I n  g e n e r a l ,  models  c o n c e r n e d  w i t h  p r e d a t i o n  a t t e m p t  

t o  p r e d i c t  hou p r e d a t o r s  a l locate  t h e i r  resources (e-g, ,  

t i n e ,  e n e r g y )  t o  o b t a i n  c e r t a i n  a a o u n t s  a n d  k i n d s  of  p rey-  

. ? These  e c o n o m i c - e c o l o g i c a l  models  f a l l  i n t o  t h r e e  c a t e g o r i e s :  

consumpt ion models, p r o d u c t i o n  models  and p roducer -  
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d e f i n i t e  a n a l o g l e & ,  a n d  p e r h a p s  e v e n  h o a p l o g i e s ,  betrees 

t h e s e  economic  aodels and  s e l e c t i v e  p r e d a t i o n ,  I h a r e  $, 

6 
I 

b r i e f l y  o u t l i n e d  t h e i r  similarities and d i f f e r e n c e s  below. 

a. Consumption Models 

I n  e c e n o i i c s ,  t h e  g o a l  of a n  o p t i m a l  consumer is t o  

maximize u t i l i t y  w i t h i n  b u d g e t  o r  income c d n s t r a i n t s ,  

S c h o e n e r  (1971) d e s c r i b e d  a n  e c o l o g i c a k  model t o  d e t e r m i n e  
/--- 

t h e  u t i l i t y  of maximizing e n e r g y  i n t a k e  p e r  ~ h i t  time v e r s u s .  - 
t h e  u t i l i t y  of min imiz ing  time needed t o  o b t a i n  a  s p e c i f i c  

a 

amount of e n e r g y  - a l l  w i t h i n  t h e  c o n s t r a i n t s  of s u c h  t h i n g s  
0 

as t h e  time a n d  e n e r g y  a v a i l a b l e  t o  a f o r a g i n g  animal .  

Cody (1974) p r e s e n t e d  a model f o r  maximizing t h e  
b I 

; u t i l i t y  of c e r t a i n  measures  of b i o l o g i c a l  f i t n e s s  (e. g., 

r e p r o d u c t i o n )  m i t h i n  t h e  r e s t r a i n t s  of  time and  e n e r g y  

expended in s e a r c h i n g  f o r  f o o d ,  H e  *eluded t h a t  when p r e y  

t y p e s  are a v a i l a b l e  t h a t  c a n  r e s u l t  i n  maximum f i t n e s s ,  a 

p r e d a t o r  w i l l  feed o n l y  on t h o s e  p r e y ,  t h a t  is, t h e  f i e d a t o r  

. acts a s  a  s p e c i a l i s t .  A s  t h e  number of t h e s e  ' p r e f e r r e d '  

p r e y  d e c l i n e s ,  i t  becomes more e c o n o m i c a l  f o r  t h e  p r e d a t o r  

t o  be a g e n e r a n s t  ( c f .  Emlen 1966).  

.- 
b. P r o d u c t i o n  E o d e l s  

rn - 7 
. . 

I n  the-&mutlwtion area. &e e c o n o m i s t  is  c o n c e r n e d  w i t h  * .  

t h e  amounts a n d  costs of i n p u t s  s a c h  a s  c a p i t a l ,  l a b o r ' a n d  



l a n d  a n d  b e  amounts  a d r e v e n u e s  or o u t p u t s  s u c h  a s  -2) 
. , 

a n d  s e r v i c e s ,  The e c o l o g i s t  i s  c o n c e r n e d  w i t h  t h e  amounts  . 

a n d  costs  of  time a n d  e n e r g y  t h a t  are expended t o  p roduce  

o f f s p r i n g  vh ich ,  i n  t u r n ,  v a r y  i n  'numbers and v i a b i l i t y .  

I teprod&tion,  i n  p r e d a t o r s ,  can  o c c u r  o n l y  when t h e  costs of 
4 .  

o b t a i n i n g  t h e  p r e y  are  less t h a n  t h e  b e n e f i t s  d e r i v e d  from 

4 t h e  p r e y -  I n  t h e  economi ,c t8s  terms, the '  r e v e n u e  must b e  

g r e a t e r  t h a n  t h e  c o s t -  The amount of b e n e f i t s  d e r i v e d  and - 

t h e  ra te  a t  v h i c h  t h e y  are d e r i v e d -  h e l p  d e t e r m i n e  whe the r  

t h e  o rgan i sm p r o d u c e s  many s m a l l  b a t c h e s  o r  o n e  b i g  b a t c h  o f  

o f f s p r i n g  ( 6 a d g i l  and a . Bossert 1'970) , 

., 
c- Producer  a n d  Consumer Models 

T h i s  is t h e  realm of s u p p l y  and demand c u r v e s ,  The 
* 5  

e c o n o m i s t  d e a l s  v i$h  s u c h  t h i n g s  a s  t h e  amounts  and  costs of  

goods  and  s e r v i c e s  a v a i l a b l e  t o  t h e  consumer ( L e o ,  s u p p l y )  
L, 

a s  opposed t o  t h o s e  p u r c h a s e d  by t h e  consumer  &em,  

maad), The e c o l o g i s t  d e a l s  w i t h  such  t h i n g s  a s  t h e  amounts  
'I p r e y  a v a i l a b l e  t o  p ~ e d a t o r s  a t  c e r t a i n  times a s  opposed 

t o  t h e  r a t e s  a t  which t h e  p r e y  a r e  e a t e n ,  These  fac tors  l e a d  

to  f e e d b a c k  g e l a t i o n s h i p s -  I n  economics ,  i n c r e a s e d  

consumpt ion  stimulates f u r t h e r  p r o d u c t i o n .  I n  eco logy ,  

consumpt ion f i r s t  leads t o  a loss  i n  t h e  number of p r e y  

c a p a b l e  of r e p r o d u c t i o n ,  Eouere r ,  in t h e  l d n g  r a n ,  i n c r e a s e d  

p r e d a t i o n  my promote i n c r e a s e s  i n  t h e  number of young 

produced by t h e  p r e y  b e c a u s e  of t h e  r e d u c t i o n  of  



i n t r a s p e c i f i c  c o m p e t i t i o n  w i t h i n  t h e  p r e y  p o p u l a t i o n .  Also, 

i n  e v o l u t i o n a r y  ti- scales. b o t h  the p r e d a t o r s  a'nd tbe~ p r e y ' .  

t e n d  t o  e v o l v e  s t r u c t u r e s  and/or  mechan'isms t o V i n c r e a s e ,  

r e s p e c t i v e l y ,  t h e  f a c i l i t i e s  t o  h u n t  and  t o  e s c a p e ,  

Another  example  o f  an a t t r i b u t e  of s u p p l y ,  and demand 
3 

c a r v e s  t h a t  d o e s  n o t  ( a t  f i r s t )  seem t o  a p p l y  t o  p r e d a t o r -  
4 .  

p r e y  s y s t e m s  is t h e  a r e a  of "brand l o y a l t p w .  It is well . 
known t h a t  humans w i l l  o f t e n  c o n t i n u e  buy ing  a c e r t a i n  t r a d e  

\ t 
name o f  w c b a n d i s e  e v e n  if t h e y  a r e  p r o v i d e d  w i t h  e v i d e n c e  

t h a t  o t h e r  b r a n d s  are c h e a p e r  and have  -t#e same o r  e v e n  more C 

u t i l i t y .  T h i s  s i t u a t i o n  may be s i m i l a r  t o  p r e d a t o r s  t h a t  d o  r 
n p  s w i t c h  t o  a l t e r n a t i v e  p r e y  when i t  seems t o  hunan 

o b s e r v e r s  t h a t  i t  is t o  t h e i r  b e n e f i t  t o  d o  so, 

 here are d i f f e r e n c e s ,  houever ,  between economics  and 

e c o l o g y  wi th  r e s p e c t  t o  t h e s e  models. I n  economics ,  

p r o d u c e r s  n o r r a l l y  compete t o  have  t h e i r  p r o d u c t s  consumed- 

Obvioos ly ,  p r e y  d o  n o t  n o r m a l l y  compete  t o  be consumed.1 

Another  d i f f e r e n c e  is t h e  mechanism fo r  measur ing  r e v e n u e s  

a n d  costs, I n  economics ,  money, which h a s  no i n t r i n s i c  v a l u e  
C 

in i t se l f ,  is u s u a l l y  used  t o  p roduce  e q u i v a l e n t  u n i t s .  I n  

e c o l o g y ,  ene rgy ,  which is of use t o  t h e  o r g a n i s m s  concerned.  

is t h e  u s u a l  s t a n d a r d  of measurement,  

1 P o s s i b l e  e x c e p t i o n s  t o  t h i s  are b i r d s  t h a t  ( a d v e r t i s e g  
t h e m s e l v e s  a s  p o t e n t i a l  prey b y  c a l l i n g  and feigning b r o k e n  
wings when p r e d a t o r s  come too close to. t h e i r  n e s t s ,  - 



One common problem w i t h  e c o n o m i c b l - e c o l o 4 i c a l  models - - 
t h a t  a r e  c o n c e r n e d  w i t h  s u p p l y  dbd demand c u t t e s ~  i s  t h e  

a s s u m p t i o n  t h a t  t h e  consumer h a s  c o m p l e t e  i n f o r m a t i o n  about 

t h e  s e l e c t i o n  s i t u a t i o n ,  T h i s  is, o f  c o u r s e ,  n o t  t h e  case- A 

. p r e d a t o r  a b o u t  t o  p u r s u e  a  p r e y  d o e s  n o t  h a v e  knowledge 
1 

a b o u t  t h e  q u a n t i t y  o r  q u a l i t y  o f  t h e  n e x t  p r e y  t h a t  mayor 

may n o t  be j u s t  "coming @ r o u n d  t h e  c o r n e r n .  lOor d o e s  i t = . k n o u  

the e x a c t  p r o b a b i l i t y  cf t h e  p r e y  e s c a p i n g  or t h e  p o t e n t i a l  

of the p r e y  t o  i n f l i c t  p h y s i c a l  i n j u r y -  The p r e d a t o r  c a n  
- ,  

o n l y  d e a l  w i t h  t h e  l i m i t e d  p i e c e s  of i n f o r m t i o n  t h a t  i t  h a s  

- a b o u t  p a s t  a n d  p r e s e n t  e v e n t s -  Rowever, it is u s u a l l y  

assued t h a t  t h e  n e t  r e s u l t  of a number of s e l e c t i o n  

s i t u a t i o n s  is  t h e  same a s  i f  e a c h  p r e d a t o r  had c o m p l e t e  

i n f  arma t i o n  a b o u t  e a c h  s i t u a t i o n ,  

6 ,  U t i l i t l  o f  t h e  Prey  S e l e c t i o n  P r o c e s s  t o  P r e d a t o r s  
1 

A 1 1  models  c o n c e r n e d  w i t h  f o o d  s e l e c t i o n  p r o c e s s e s  

assume t h a t  t h e  r e s u l t  of s e l e c t i o n  is a s s p c i a t e d  w i t h  f o o d  

q u a l i t y ,  I n  o t h e r  uords ,  a n i m a l s  @ l i k e @  t h o s e  f o o d s  t h a t  are 

'good@ for  them a n d  ' d i s l i k e '  t h o s e  f o o d s  t h a t  are less r f . 
n u t r i t i o u s  o r  h a r m f u l -  T h i s  a s sumvt ion  f o f l o u s  f rom \ - 

P. 
c o n v e n t i o n a l  e v o l u t i o n a r y  t h e o r y -  Tha t  is, most of t h e  

t r a i t s  a s s o c i a t e d  w i t h .  c a t c h a b i l i t y  and p r e f  e c e n c e  arey -2 
g e n e t i c a l l y  c o n t r o l l e d  a n d  a r e  selected for a c c o r d i n g  t o  t h e  

d e g r e e  of r e p r o d u c t i v e  a d v a n t a g e  t h e  t ra i t s  s u p p l y  t o  t h e  



i n d i v i d u d  uho p o s s e s s  them, ~ h u s , - t h e  t r a i t s  t h a t  l e a d  t o  

a c q u i s i t i o n  of s u p e r i o r  f o o d s  a r e  r e t a i n e d  i n  t h e  p o p u l a t i o n  . 
and  t h e  traits t h a t  l e a d  t o  i n f e r i o r  f o o d s  are e l i m i n a t e d ,  

. F i g u r e  1 is a model of t h e  f a c t o r s  t h a t  a f fec t  a  

p r e d a t o r ' s  ' d e c i s i o n '  t o  e a t  or n o t  t o  ea t  a c e r t a i n  prey.  
\ 

The .ode1 c e n t e r s  a round  a u t i l i t y  f o h c t i o n  t h a t  is 

i n f l u e n c e d  by t h e  f a c t o r s  6f a v a i l a b i l i t y ,  c a t c h a b i l i t y  and  

p r e f e r e n c e  (as d i s c u s s e d  i n  t h e  l a s t  s e c t i o n )  a s  well as 

s u c h  f a c t o r s  a s  t h e  p r e d a t o r ' s  ' f i t n e s s  s t r a t e g y  . 

To t h e  p r e d a t o r ,  the u t i l i t y  of any  p r e y  is t h e  

d i f f e r e n c e , b e t w e e n  t h e  ' r e v e n u e s 8  and 'costs* a s s o c i a t e d  
1 

- 
w i t h  c a p t u r i n g ,  i n g e s t i n g  and d i g e s t i n g  t h a t  prey. T h a t  is, 

r e v e n u e s  - cos t s  = u t i l i t y ,  Revenues i n c l u d e  t h e  i n c r e a s e s  

of e n e r g y  and n u t r i e n t s  tha;  t h e  p r e y  u i b  c o n f e r  t o  t h e  

p r e d a t o r ,  C o s t s  i n c l u d e  the losses of time, e n e r g y . a n d  

n u t r i e n t s  a s s o c i a t e d  w i t h  t h e  act  of p r e d a t i o n ,  E n c o u n t e r s  

w i t h  n o x i o u s  c h e m i c a l s  and  p h y s i c a l  i n j u r y  r e s a l t i n g  from . .  . 
c a p t u r e  are two examp-les of costs, 

I f  t h e  abdve e q u a t i o n  r e s u l t s  i n  a  &sitire u t i l i t y  

(i,a, b e n e f i t ) ,  m o t i v a t i o n a l  d r i v e s  i n  t h e  p r e d a t o r ,  s a c h  

\ as hunger ,  are reduced .  The resources g a i n e d  are u s u a l l y  w I 
first  used i n  m a i n t a i n i n g  body f a n c t i o n s  for  sa r r iml  w h i l e  - 

d 

t h e  rest ' go f o r  m a t u r a t i o n  (i, e, , growth and development)  , 
r e p r o d u c t  ion (i. e. , gamete  p r o d u c t i o n ,  mating,  care of 

I L 



. . 

Abiotic Environment. Biotic Environment 
- temperature, light, - attiibutes of 

substrate, etc 
)I 

potentid prey and LI 
, 

competitors 

I I 

'Decision' to 
eat or not 

Physiological Status . 
- energy and nutrient reserves . 

(hunger) 
- age 

Memory 
- palatability of 

previous .prey 

Preference Instincts 
-- tastes, odors, colors, 4 

sizes, ep. 

Fitness Strategies 
- energy maximizers 
- time minimizers 

Jre 1. factors that .affect 
does not eat a certain prey. 

P 

the 'decision* about whether a padator dpet or 



of f s p r i n p )  a n d  - d i s p e r s a l  (Le., e x p l o i t a t i o n  of mu osi 
I 

-under-exploi ted  h a b i t a t s ) .  * 
@ ,J , 

. 
Zhe u t i l i t y ,  f u n c t i o n  c a n  also r e s u l t  i n  a  n e g a t i v e  - - 

a t i l i t y  (i.e., loss). F o r  example, t h i s  may happen uhen a 
'-4 

p r e d a t o r  e n c o u n t e r s  a n  u n f a m i l i a r  p r e y  o r  uhen a  p r e d a t d r  . , '  

ea ts  a p r e y  t h a t  is  h i g h l y  p a l a t a b l e  b a t  n o n - n u t r i t i o u s ,  
/ 

' However, if t h e  p r e d a t o ~  p e r s i s t s ' i n  t h i s  liw of a c t i v i t y ,  

it w i l l  e v e n t u a l l y  d i e  of s t a r v a t i o p .  

B o u  an o r g a n i s m  a-pporkioas the u s e  of its b e n e f i t s  fqom 
\ . . 

f e e d i n g  between s u r r i r a l ,  m a t u r a t i o n ,  r e p r o d o c t i o n  and ; . - 

d i s p e r s a l  is o f t e n  c a l l e d  i t s  f i t n e s s  . s t r a t e g y .  It .is 

g e n e r a l l y  assumed t h a t  o r g a n i s m s  t e n d  t o  i n c r e a s e  f i t n e s s  b y  

m a x b i z i ~ g  p o t e n t i a l  b e n e i t s ,  

- 7.1 
, S c h o e n e r  (1 97 1) d e s c r i b e d  two e x t r e m e s  of  -fi tness 5 * 

s t r a t e g i e s .  The  e n e r g y  maximizers  are o n e  ext reme.  "The& . 

ca f 

are a n i m a l s  whose f i t n e s s  i s  maximized when e t  e n e r g y  is 
d - ,  

m a x i ~ i z e d  for  a g i v e n  time s p e n t  f e e d i n g o w  ~ n i m a l s  f o l l o u i . n g  

this s t ra tegl  e x h i b i t  a s e l a t i v e l y  f i x e d  a g b  of , m a t u n t i o n . .  
< .  

flouever,  the number of o f f s p r i n g  t h a t  t h e y  p r o d u c e  v a r i e s  

d i r e c t l y .  w i t h  the amount of e n e r g y  t h a t  t h e y  h a v e  

a c c u a u l a t e d  d u r i n g  a f i x e d  time i n t e r i a l .  j6r example, - e 

p a s s e r i n e  b i r d s  t e n d  t o  a a t u m  a t  t h e  same time b u t  t b i r  
r 

c l u t c h  sizes vaGI w i t h  t h e i r  n u t r i t i o n a l  h i s t o r i e s .  The ti- 

m i n i m i z e r S & e  t h e  s e c o n d  extreme.  V h e s e  are a n i m a l s  whose 

f i tness i s  l a x i m i z e d  when t b e  s p e n t  f e e d i n g  t o  gather a 
. . 
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g i v e n  4 is Scboener  g o e s  on 

\ - t o  sap, a,,bno r e p r o d u c t i ~ e  o u t p u t  is a c h i e v e d  u n t i l  

e n e r g y  -uni& a& g a t h e r e d .  and e n e r g y  beyond 4 g a t h e r e d  
* 

d o r i n g  1-e p e r i o d  ] g d o e s  no t  f u r t h e r  i n c r e a s e '  e x p e c t e d  

r e p r o d u s t i r e  output. .  . T h i s  s t r a t e g y  t e n d s  t o  minimize 

development  time a n d  may l e a d  t o  i n c r e a s e s  i n  t h e  number of 

g e n e r a t i o n s  p roduced  p e r  segson.  It is a d v a n t a g e o u s  t o  t h o s e  

a n i m a l s  t h a t  p r o d u c e  a f i x e d  number o f  o f f s p r i n g  p e r  c l u t c h ,  

h a v e  a  ' v a r i a b l e  number o f  c l u t c h e s  p e r  y e a r ,  a r e  . 
' p a r t h e n o g e n i c ,  o r  db n o t  ne6d s y n c h r o n o u s  m a t u r a t i o n  o f  t h e  

two s e x e s .  'i 

S c h o e n e r ' s  uork  l e a d s  t o  a number of cr i ter ia  fo r  
C 

d e s c r i b i n g  p r e d a t o r s ,  which select , p r e y  from a  number o f  

a l t e t n a t i v e s  a v a i l a b l e  t o  them, a s  e i t h e r  e n e r g y  maximizers  

/ or time minimizers .  Energy maximize r s  s h o u l d  h a v e  the 

f o l l o w i n g  c h a r a c t e r i s t i c s :  

( a )  s p n c h s o n o u s  m a t u r a t i o n  of l o c a l  p o p u l a t i o n s ,  

(b) i n c r e a s e 9 i n  body size and/or  w e i g h t  of a d u l t s  is 
- -. 

correlated wL-th i n c r e a s e s  i n  number and /o r  v i g o r  of :--.. 

d f  f s p r i h g  produced,  a n d  

(c) s u v i r a l  of young i n c r e a s e s  w i t h  i n c r e a s e s  i n  p a r e n t a l  
% 

care. 

\ 
r i v i m i z e r s ,  i n  o r d e r  'C) t o  f u l l y  e x p l o i t  a v a i l a b l e  



ene rgy  s u p p l i e s ,  s h o u l d  have  t h e  f o l l o w i n g  characteristics: 

(a)  v a r i a b l e  a g e  o f  ma tu r a t i on ,  

(b) v a r i a b l e  r a t e  o f  growth,  and 
\ 

( c )  m a t u r a t i o n  after a c h i e v i n g  a  t h r e s h o l d  we igh t  o r  s i z e ,  

If the a d u l t s  of time min imize r s  are c a p a b l e  o f  r e p r o d u c t i o n  - .  
a f t e r  t h e  first c l u t c h  o f  eggs:ls produced,  there are two 

more c h a r a c t e r i s t i c s  t h a t  c a n  be measured, These a r e :  

t 
(i) a v a r y i n g  d u r a t i o n  of a d u l t  s u r v i v a l  a f t e r  m a t u r i t y ,  

a n d  

' ( i i )  a  v a r y i n g  number of  c l u t c h e s  produced a f t e r  matur i ty .  

7. O b j e c t i v e s ,  Approach, and  L i m i t a t i o n s  o f  P r e s e n t  S tudy  

The first major o b j e c t i v e  o f  t h i s  s t u d y  u a s  t o  

d e t e r m i n e  whe ther  a  common t y p e  o f  p o l  yphagous i n v e r t e b r a t e  

p r e d a t o r ,  a  wolf  s p i d e r ,  was c a p a b l e  o f  s e l e c t i v e   reda at ion 

when t h e  f a c t o r s  of a v a i l a b i l i t y  and  c a t c h a b i l i t g  were 

g r e a t l y  reduced ,  The second  .a jor ob  j e c t i v e ,  p r o v i d i n g  t h a t  

t h e  p r e d a t o r  u a s  f ound t o  be c a p a b l e  o f  s e l e c t i o n ,  was t o  

d e t e r m i n e  whe ther  t h e  p rey  s e l e c t e d  b e n e f i t e d  t h e  p r e d a t o r  
L 

i n  terms of improv ing  its c h a n c e s  of ma tu r ing  and 

r ep roduc ing ,  

Though n a t u r a l i s t s  h a t e  l o n g  r e c o g n i z e d  t h e  c o n c e p t  of 
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s e l e c t i v e  p r e d a t i o n ,  i t  h a s  o n l y  r e c e n t l y  been s t u d i e d  i n  a 

q u a a t i t a t i r e  uay. Hanly e t  a l .  (1972) rev iewed  f o u r  basic 

a p p r o a c h e s  t o  t h e  measurement of s e l e c t i v e  p r e d a t i o n .  The 

first method compares  t h e  number o f  p r e y  *sampled f rom a n  
# 

env i ronment  by a  p r e d a t o r  w i t h  t h e  number of p r e y  sampled 

from t h e  same e n v i r o n m e n t  by  a n  i n v e s t i g a t o r -  T h e  second  

method a n a l y z e s  d i f f e r e n t i a l  p r e d a t i o n  by t h e  u s e  of mark 

and r e c a p t u r e  t e c h n i q u e s .  T h e  t h i r d  method r e p e a t e d l y  o f f e r s  

p r e y  i n  a l t e r n a t i v e  p a i r s  and  t h e  f r e q u e n c y  o f  e a c h  p r e y  

e a t e n  is compared , u i t h  t h e  f r e q u e n c y  w i t h  which t h e y  were 

, p r e s e n t e d .  I n  t h e  f o u r t h  method, sample  p o p u l a t i o n s  of  two 

test  p r e y  are p r e s e n t e d  t o  p r e d a t o r s  and a f t e r  a  c e r t a i n  

f r a c t i o n  of t h e  t o t a l  number of p r e y  is e a t e n ,  t h e  

e x p e r i m e n t  is stopped and  t h e  numbers of e a c h  p r e y  e a t e n  a r e  

compared. - 
. 

The f irst  two  methods a r e  s u i t a b l e  f o r  est i . ; t ing 

s e l e c t i v e  p r e d a t i o n  of n a t u r a l  o r  f i e l d  p o p u l a t i o n s .  

Eouever ,  t h e s e  n e t  hods  have  major  d i f  f i c u l t i e s  a s s o c i a t e d  

w i t h  o b t a i n i n g  a c c u r a t e  estimates of :  t h e  r e l a t i v e ,  abundance  

of e a c h  p r e y  s p e c i e s ,  t h e  numbers o f  pcey e a t e n ,  e m i g r a t i o n  

\ a n d  i m m i g r a t i o n ,  a n d  non-preda to r  m o r t a l i t y  o f  prey. The 

l a s t  t uo methods are s u i t a b l e  f o r  l a b o r a t o r y  e x p e r i n e n t a t i o n  

b a t  p o s s e s s  d i f f i c u l t i e s  i n  p r e s e n t i n g  p r e y  i n  ways t h a t  d o  
-.. 

n o t  p r e j u d i c e  t h e  c h o i c e s  made by t h e  p r e d a t o r s ,  and. i n  

d e a l i n g  w i t h  c h a n g i n g  p ~ o p o r t i o n s  and d e n s i t i e s  of the p r e y  

s p e c i e s  as  p r e d a t i o n  d e p l e t e s  t h e i r  numbers- Both  methods 



I 28 

a r e  s u i t a b l e  o n l y  for s h o r t  term e x p e r i m e n t s  a n d  t h u s  as; of 

l i t t l e  v a l u e  i n  e s t i m a t i n g  any b e n e f i t s  t h a t  might  d c c r u e  to  

t h e  p r e d a t o r s  from t h e  s e l e c t i o n s  made. 
) 

T h o u g M a c h . m e t h o d  h a s  i ts o v a  a d v a n t a g e s  and a .- 

d i s a d v a n t a g e s ,  a l l  have  a common problem. A H  a r e ,  based  on I 

the a s s u m p t i o n  t h a t  i f  t h e  p r o p o r t i o n s  o f  t h e  v a r i o u s  k i n d s  

o f  p r e y  e a t e n  by t h e  p r e d a t o r s  d i f f e r s  "f rom t h e  r e l a t i v e  

d e n s i t y  of e a c h  k i n d  o f  p r e y  i n  t h e  env i ronment ,  t h e  
d 

p r e d a t o r  is d i s c r i m i n a t i n g  between t h e  p r e y  t y p e s .  T h a t  is, 

. t h e  p r e d a t o r  ' p r e f e r s m  c e r t a i n  p r e y  o v e r  o the r s . '  It is my 

view t h a t  t h i s  a s s u m p t i o n  i s  n o t  n e c e s s a r i l y  j u s t i f i e d  

b e c a u s e  of t h e  p o s s i b l e ,  b u t  g e t h a p s  unknown, d i f f e r e n c e s  i n  

the a v a i l a b i l i t y  and  c a t c h a b i l i t y  of v a r i o u s  p r e y  t h a t  may 

g r e a t 1  y  exceed  t h e  d i f f e r e n c e s  p e l a t e d  t o  p r e f e r e n c e .  

T3 

Rappor t  a n d  T u r n e r  (1970) p roposed  a method o f  

a s s e s s i n g  s e l e c t i v e  p r e d a t i o n  t h a t  a t t e m p t s  t o  overcome most . . 

of t h e  c o m p l i c a t i n g  i s s u e s  o f  a v a i l a b i l i t y  a n d  c a t c h a b i l i t y .  

B a s i c a l l y ,  t h e i r  method estimates t h e  f e e d i n g  rateshot 

p r e d a t o r s  i n  s i t u a t i o n s  where o n l y  one  p r e y  t y p e  is . 
a v a i l a b l e  t o  s i t u a t i o n s  where many p r e y  t y p e s  are a v a i l a b l e  

a t  o n e  time. T h i s  method v a s  used  i n  t h e  p r e s e n t  s t u d y  and  
* 

is d e s c r i b e d  i n  deta i l  i n  t h e  n e x t  s e c t i o n .  

A s  s t a t e d  above,  t h e  term ' b e n e f i t s *  refers t o  a n y  

f e a t u r e  of g rowth  and/or  development  t h a t  r e s u l t s  in  a g a i n  

of usable e n e r g y ,  tire and /o r  n u t r i e n t s .  These g a i n s  are 



a s s u e d  to  i n c r e a s e  t h e  chances  of s u r  v i v a 1  and r e p r o d u c t i o n  

of.'the feeder. It is d i f f i c u l t  t o  p r e d i c t  on a n  q PCiQEi 

b a s i s  what c o n s t i t u t e s  a b e n e f i t '  t o  wm. However, 

k e e p i n g  Schoene r ' s  (1971) i d e a s  o,n ene rgy  maximizers a n d  

time m i n i m i z e r s  i n  mind, t h e  f o l l o w i n g  a r e  t e n t a t i v e l y  

as p o s s i b l e  b e n e f i t s :  
* 

(a) a n y t h i n g  t h a t  i n c r e a s e s  t h e  p r o b a b i l i t y  o f  t h e  p r e d a t o r  

s u r v i v i n g  t o  t h e  r e p r o d u c t i v e  s t a g e ;  Ti 

(b) a n y t h i n g  t h a t  r e d u c e s  t h e  time r e q u i r e d  by t h e  p r e d a t o r  

t o  r e a c h  s e x u a l  m a t u r i t y ;  

(c) a n y t h i n g  t h a  i n c r e a s e s  t h e  s i z e  and  v i g o r  o f  the  a d u l t  \5. 
p r e d a t o r ;  and 

rr (a) a n y t h i n g  t h a t  i n c r e a s e s  t h e  number and v i a b i l i t y  of  t h e  
e 

- o f f s p r i n g .  

The a&tual c h a r a c t e r i s t i c s  t h d e r e  measured are - 
d e s c r i b e d  more f u l l y  i n  t h e  n e x t  s e c t i o n .  



1, P r e d a t o r  - . 

A d u l t  a n d  s u b a d o l t  wolf s p i d e r s ,  Pgrdosa paecpuPeri 

(Emertoa) (Lycos idae )  , were used a s  p r e d a t o r s ,  a T h i s  s p i d 3 r  
, 

s p e c i e s  is commonly found  n e a r  o r  on s h o r t  h e r b a c e o u s  

r e g e t a t  i o n  i n  open  a r e a s  o f  forests 'of c o a s t a l  B r i t i s h  

Columbia, Uash ing ton  a n d  Oregon. It d o e s  n o t  s p i n  uebs,  b u t  

d o e s  p r o d u c e  d r a g - l i n e  s i l k .  It c a p t u r e s  p r e y  by a  

c o m b i n a t i o n  of ambush and s t a l k i n g ,  Because  s p i d e r s  i n g e s t  

o n l y  l i q u i d  , f o o d ,  t h e y  p r o d u c e  f o o d  b a l l s  or  q r e j e c t a m e n t a q  

made of  unconsumed r e r a i n s  o f  t h e i r  p r e y ,  The r e j e c t a m e n t a  

were u s e d  t o  h e l p  estimate t h e  number o f  p r e y  e a t e i ,  

Ern naacoureri h a s  a o n e  fear l i f e  c y c l e ,  ' The immatures  

o v e r v i n t e r  and mota l t  i n t o  a d u l t s  i n  t h e  s p r i n g . *  Immature 

s p i d e r s  t h a t  were s u i t a b l e  f o r  e x p e r i n e n t a t i o n  v e r e  - 

a v a i l a b l e  be tween September  and  flay and t h e  a d u l t s  be tween 

flay and J U ~ Y .  ?or most s e l e c t i v e  p r e d a t i o n  e x p e r i m e n t s ,  

i a a a t u r e s  v e r e  c o l l e c t e d  i n  September o r  Oc tober ,  : 

Spec imens  were c o l l e c t e d  w i t h  m e c h a n i c a l  a s p i r a t o r s  

1 See Vogel (1970) for  taxonomic  c h a r a c t e r i s t i c s ,  
a For  e x a m p l e s  of t h e  l ife h i s t o r i e s  of other l y c o s i d  . 
s p i d e r s ,  refer t o  B n g l e h a r d t  (1964). Eason and Whitcomb 
(1965), V l i j m  and Kessler6eschiere (1967),  Bason (1969) , 
Mgar (1971). Van Dyke and L o r t i e  (1975) a n d  Eumphrepa 
(1 976)' i 



(Husbands 1958) f rom c l e a r e d  a r e a s  i n  a second  growth fores t4  

on t h e  s o u t h  s l o p e  of Burnaby Bounta in ,  B r i t i s h  Columbia 

( l a t i t u d e  49O 16'1, l o n g i t u d e  1220 5S9E), The c l e a r e d  areas 

c o n t a i n e d  p a t c h e s  o f  bare ground and  c lumps  of  p i o n e e r i n g  

p l a n t s .  S p i d e r s  were e i t h e r  used i m m e d i a t e l y  or, more 

u s u a l l y ,  s t o r e d  i n  i n d i v i d u a l  c o n t a i n e r s  a t  caw 2 OC u n t i l  

r e q u i r e d ,  The s t o r a g e  c o n t a i n e r s  were 36 m 1  g l a s s  s h e l l  

v i a l s  s t o p p e r e d  wi th  c o t t o n .  Uater was s u p p l i e d  b y  means o f  

c e l l u l o s e  s p o n g e s  o r  d e n t a l  r o l l s .  

r 

2. P rey  

F o r  t h e s e  e x p e r i m e n t s '  t h e  i d e a l  p r e y  s h o u l d  have  t h e  

f o l l o w i n g  c h a r a c t e r i s t i c s :  1) a c c e p t a b l e  t o  t h e  p r e d a t o r ,  2) 

e a s y  t o  r e a r  a n d  h a n d l e  i n  l a r g e  numbers, 3) n o t  

c a n n i b a l i s t ) i c ,  4)  n o t  p r e d a c i o u s  on n o r  d e t r i m e n t a l  t o  o t h e r  

prey ,  and  5) able  t o  s u r r i f e  w i t h o u t  f o o d  fo r  a t  least t u o  

d a y s  i n  t h e  e x p e r i m e n t a l  cages .  It was d e s i r a b l e  t o  k e e p  

p r e y  w i t h o u t  f o o d  d u r i n g  t h e  s p i d e r  f e e d i n g  e x p e r i m n t s  

b e c a u s e  s p i d e r s  c a n  i n g e s t  n o n - l i v i n g  food, t h a t  is, f o o d  

meant f o r  t h e  p r e y  (Peck a n d  uhitcomb 1968). 

I *- 

F i r e  t y p  s of test p r e p  were used: mle a n d  female \ 
f r u i t  f l i e s ,  two s izes  of beetle l a r v a e ,  a-nd o n e  s ize  of 

nymphal bug. Though n o t  all of t h e s e  p r e y  c o m p l e t e l y  

f u l f i l l e d  t h e  a b o v e  criteria- (see p a r t  1 gf t h e  Besalts 
8 

s e c t i o n ) ,  t h e y  w e r e  s a t i s f a c t o r y  f my purposes .  The 

- 
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, . 

r e a r i n g ,  s e p a r a t i o n  and hand l ing  methods o f  t h e  tea prey  

/ are o u t l i n e d  'be lou  ' 

Adul t  male and female ves t ig i a l -w inged  f r u i t  f l i e - s ,  

-u Heig, (Dro roph i l i dae ) ,  s e rved  a s  two 

t y p e s  o f  prey. F l i e s  were r e a r e d  46 t h e  l a b o r a t o r y  i n  
1 

s t e r i l i z e d  500 m 1  Brlenmeyer f l a s k s  s t o p p e r e d  wi th  c o t t o n  

a n d  c h e e s e c l o t h  plugs,  The aedium c o n s i s t e d  of c a -  30 g 

Caroliaa I n s t a n t  RrQsQEbila Mdium lo, 67-5002 (Ca ro l ina  

B i o l o g i c a l  Supply Co,) , cam', 23 r g  d r y  y e a s t  and 75 m 1  t a p  

water, Ten female and 10 male f l i e s  were added t o  s t a r t  new 

c u l t u r e s ,  The f i r s t  g e n e r a t i o n  s t a r t e d  t o  emerge a f t e r  14 t o  

15 days  under l a b o r a t o r y  c o n d i t i o n s ,  Each c u l t u r e  produced 

abou t  1000 f ies w i t h i n  20 days, 'S tandard '  f l ies were I 
a d a l t s  t h a t  had emetged f rcm c u l t u r e s  t h a t  were 14 t o  21 

\ 

d a y s  old .  .On11 s t a n d a r d '  f l ies '  rere used for test prey and to 

s t a r t  neu col tures, nuon-standard' flies (i,e,, a d a l t s  from 

c u l t u r e s  t h a t  we&e older t h a n  21 days) ver o c c a s i o n a l l y  'L 
used t o  feed s p i d e r s  p r i o r  t o  t h e  actual exper iments .  

Two sizes of ~ealworur, larval  -,- Lo 

(Tenebr ion idae) ,  a l s o  s e r v e d  a s  prey. The beetles were 

r e a r e d  i n  10 1 p l a s t i c  b u c k e t s  k e p t  a t  2 0  t o  25  OC. Bran, 



n 
o c c a s i o n a l l y  supplemented '  wi th  f r e s h  slices of app le ,  was 

1 

used as food, The l a r v a e  were s i z e d  by a l l o w i n g  them t o  

c r awl  down th rough  a series of  f o u r  s i e v e s ,  Phe openings  
3 

were 1-52  x 1-64 m m  fo r  t h e  f i r s t  s i e v e ,  1 -08  x 1-36 m m  f o r  

t h e  s e c o w . 8 8  x 0.96 mm fo r  t h e  t h i r d .  and 0.31 x 0-32 mm 

f o r  t h e  fou r th ,  After one t o  t r o  hours,  ' l a r g e *  l a r v a e  were 
f 

removed from t h e  second  ' s i e v e  and 'small' l a r v a e  from t h e  

f o u r t h .  Larvae n o t  e a t e n  by s p i d e r s  w i th in  two d a y s  were p u t  

i n  h o l d i n g  c o n t a i n e r s  with bran u n t i l  needed a g a i n -  These 

l a r v a e  were a l lowed  t o  f e e d  a t  l e a s t  one day b e f o r e  be ing  

re -a ieved  and re-used, Because t h e  s t r e n g t h  of  t h e  c u t i c l e  1 

of rolitor may h a r e  been an  impor t an t  f a c t o r  i n  t h e i r  

c a t c h a b i l l t y  by a t h e  s p i d e r s ,  o n l y  l a r v a e  wi th  f u l l y  

s c l e r o t i z e d  and  pigmented cuticles were used- 

mymphal milkweed bugs, (Dal las )  

-4Lygaeidae) 8 s e r v e d  a s  t h e  fifth prey  type-  The bugs were 

r e a r e d  i n  the l a b o r a t o r y  i n  3.5 1 g l a s s  jars, Cracked s e e d s  ' 

of sunf  l o v e r ,  BeUaPfbPs aoapps I,,, were used a s  food. 

Dental  r o ~ s .  b a r t i a l ~ ~  i n s e r t e d  i n t o  125 m 1  Erlenmeyer 

f l a s k s ,  a c t e d  as wicks t o  supp ly  water t o  t h e  bugs- Cot ton  

ba l l s  s e r v e d  for o v i p o a i t i o n  sites. Iymphs rere s i z e d  by t h e  

same s i e v e s  used f o r  x, b u t  t h e  sequence of s i z e s  

was r e v e r s e d  a s  the nymphs tended  t o  more upwards. Sunf lower  

seeds and v e t  sponges,  p l aced  on t h e  t o p  s i eve& s t i m u l a t e d  ' 





were 5.5 x 7.6 x 7.6 cm (Hichol l s ,  1970)- Unless otherwise 

noted,  p l a s t i c  c a g e s  were used i n  t h e  , e x p e r i m n t s , l  The 

wooden cages  were m i n l y  used i n  ' p r e - f e d i n g 8  s p i d e r s  

(i, e., f e e d i n g  &he s p i d e r s  i n  t h e  l a b o r a t o r g  w i t h  prey 

before t h e  a c t u a l  pxperim8nts) .  ' 

T e a p e r a t u s e  was r e g u l a t e d  i n  t h e  l a b o r a t o r y  by a 

t h e r n o s - t a t i c a l l y  c o n t r o l l e d  g a s  f u r n a c e  and a n  a i r  . 

cond i t i one r .  The mean t empera tu re  was ca ,  23 OC. 

C 

Belati.re humidi ty  o u t s i d e  o f  t h e . a g e s  ranged  between 

33% and 68% Water was s u p p l i e d  i? t h e  cages>ith 8 c.3 

p i e c e s  of c e l l u l o s e  sponge e a c h  o f  which h e l d  5 to ' 7 .5  m l .  

The sponges  were re-wet ted eve ry  second day. f t h n  s p i d e r s  
5 

were k e p t  f o r  a week o r  more b e f o r e  or a f t e r  exper iments ,  

water was s u p p l i e d  i n  20 .1 g l a s s  r i a l s  s t o p p e r e d  o i t h  

co t ton .  

40st  i l l a d n a t i o n  came from t u o  banks of f o u r  40  U cool 

whi te  f l u o r e s c e n t  lamps suspended above t h e  cages ,  These 

uere t u r n e d  6n for  16 h r  d a i l y  (,08:00 t o  24:OO local t ime)  

and prov ided  a minimu8 of 200 W a maximam o f  1200 l a x  

i n s i d e  the p l a s t i c  c a g e s  and a minimum o f  10 t o  a raximum of 

600 l u x  i n s i d e  the wooden cages. L i g h t  i n t e n s i t y  v a r i e d  dye  

to  t h e  p o s i t i o n  of t h e  c a g e s  wi th  respect t o  t h e  la8p8, . . 
Supplemental  l i g h t  was p e r i o d i c a l l y  p rov ided  d u r i n g  morking 

1 Experiment 6 ( s e e  R e s u l t s  s e c t i o n )  used  wooden cage& 



hour s  by similar c e i l i n g  lamps covered  w i t h  f r o s t e d  p l a s t i c ,  
* 

They i n c r e a s e d  t h e  l i g h t  i n t g n s i t y  by abou t  20%. Battlral and 
4- 

o t h e r  e x t e r n a l  l i g h t  u a s  exc luded  by c o v e r i n g  t h e  l a b o r a t o r y  

windows with a ~ l i b u m  f ~ i l .  

4, Genera l  I n f o r m a t i o n  on  t h e  Var ious  P r e d a t o r  and Prey 
/ 

C l a s s e s  
7 

A 1 1  l i n e a r  miasu regen t s  of p r e d a t o r s  and p rey  were done 
. ' 

wi th  a d i s s e c t i n g  microscope f i t t e d  wi th  a n  o c u l a r  

- .icrometer, Measurements were recorded  i n  e y e p l e c e  scale- 
r 

&if8 under 61 t o  SOX magnif icat ic ins ,  a i d  la ter  conve r t ed  tq  
t' 

. t he  n e a r e s t  0;01 mm, The l e n g t h ,  width and h e i g h t  of t h e  
. . 

. . prey  were measured a t  t h e  l a r g e s t  p a r t  of t h e i r  b o d i e s  b u t  

exc luded  t h e  l e n g t h s  of t h e i r  antennae,  l e g s  and  uings.  
0 

Mature s p i d e r s  have f pill developed p a l p s b  epigyna-  

Immature s t a d i a  were de te rmined  by measuring t h e  width of  . 

the c e p h a l o t h o r a x  with a a i c r o s c o p e  and a s S m p l i f i e d  v e r s i o n  

of S e l i g y  's h o l d i n g  a p p a r a t u s  (Se l igy  1970). The a p p a r a t u s  

c o n s i s t e d  of  a p l a s t i c  c y l i n d e r ,  2 5  am i n  diameter and 30 u 

- tall, t h a t  w q  c l o s e d  on one end by a circular g l a s s  . 

c o v e r s l i p  cemented on wi th  h o t  p a r a f f i n -  A p i s t o n  of p l a s t i c  

foam was used t o  h o l d ' t h e  s p i d e r  i n  pl-e a g a i n s t  the 

c o v e t s l i p .  A p a i r e d  t-test performed on d a t a  d e r i v e d  from 
1 

. m p U c a t e d  c e p b r l o t h o r u  measuementB of a d u l t  f&le 'go 

showed no rdgnificaat between 



4- 

r e p e a t e d  measurements (P = 0.76, t = 0-31, d f  f 36). S p i d e r s  

t h a t  u e r e  c o n s i d e r e d  t o  be p r e p e n u l t i m a t e s  (i- e,, -two moglts . 
from m a t u r i t y )  and  t h a t  moulted once, were l a b e l e d  a s  

@ s a b a d u l t s ~ ,  S u b a d u l t  'males c o u l d  be  d i s t i n g u i s h e d  from 

s n b a d u l t  females by t h e i r  expand b u t  n o t  f u l l y  developed,  

- .  -. palps .  The s e x e s  o f  s p i d e r s  t h a n  t h e  s u b a d u l t  s t a g e  

cou ld  n o t  be d i s t i n g u i s h e d  c o n s i s t e n t l y ,  

i @wet@ u e i g h i n g s  u e r e  done on  l i v e  o r  f r e s h l y  k i l l e d '  

(wi th  s o l i d  c a r b o n  d i o x i d e )  animals. @Dryg  weigh ings  were 

done a f t e r  more t h a n  t h r e e  d a y s  o f  d r y i n g  a t  6 0  OC. A 

Mettler B20T b a l a n c e  (Hettler A n a l y t i c a l  and  P r e c i s i o n  

Ba lances ,  'Zu r i ch ,  S w i t z e r l a n d )  was used for samplesa  weighing 

more t h a n  10 mg; and  a Cahn G r a m  E l e c t r o b a l a n c e  (Ventron 
, 

Y I n s t r u m e n t s  Corp., ~ a r a m o u n t .  C a l i f o r n i a )  f o r  safiles 

weighing less t h a n  10 mg. 

,- 

Some g e n e r a l  b e h a v i o r a l  o b s e r v a t i o n s  uere made on t h e  
I 

7 p r e d a t o r s  and  p r e y  i n  the c a g e s  t o  d e t e r m i n e  t h e  
* * 
sr a r a i l a b i l i t ~  of the v a r i o u s  p rey  t o  t h e  p r e d a t o r s  and any 

d i f f i c u l t y  o x p y i e n c e d  *by t h g  p r e d a t o r s  i n  c a p l o r i n g  a 

p a f t i ~ u l a r  p r e y  krpem P r i o r  t o  t h e  s e l e c t i v e  

expe r imen t s ,  t h e  test p rey  u e r e  checked f o r  t h e  amount of . 
\ 

m o r t a l i t y  not c a u s e d  by  s p i d e r s  and, t o  a  limited e x t e n t ,  

f o r  c o m p a t a b i l i t y  w i t h  o t h e r  prey ,  ~ e h b v i o n l  d a t a  on- t h e  

p r e y  a n d  - p r e d a t o r s  uere o b t a i n e d  by o b ~ t i . g  the .mm, 

a n i m a l s  o n c e  a day o v e r  a period of a nu .be r  of 'Uays. A 
. . 



of o b s e r v a t i o n s  made on oae cage, .which c o n t a i n e d  one or 

more animals.  is c a l l e d  a n  a observation-&axa.  l o r  - example.. 3 

. . o b s e r v a t i o n s  made f o r  20 d a y s  on 10 c a g e s  wi th  f ire r. 
0 I .  lQLLtPf i n  e a c h  gave 200 observat ion-days .  ~ e k a i l s  of the 

measurements, w e i g h t s  and b e h a v i o r a l  i n f  0 r u t i 0 n  O n t h e  

v a r i o u s  p r e d a t o r  apd  prey  t y p e s  are g iven  i n  T a b l e s  A-I t o  ' 

A-V of Appendix I. 

, 5. . ~ e s t  for skeet ire P r e d a t i o n  

The g e n e r a l  e x p e r i m e n t a l  d e s i g n  used t o  tes t  f o r  

s e 4 g t i v e  p r e d a t i o n  was a m o d i f i c a t i o n  of t h a t  proposed by 

Rapport  and Turder (1970). I n  essence.  Rapport  end  T o r n e r m s  

a t h o d  compares thg numbers of e a c h  k ind  o f  p r e y  e a t e n  i n  
b 

e i v i r 0 n m - M  c o n t a i r f n g  o n l y  one prey  k ind  w i t h  t h e  numbers 
L .  . . e a t e n  i n  envi ronments  * c o n t a i n i n g  m i x t u r e s  of t h e s e  same 

k i n d s  o f  Prer .  P o t  i n s t a n c e .  if a p r e d a t o r  eats  t h r e e  of 
I 

Prey 1 p e t  day f+o; a n  environment  containing omly PI.J 1, ' 

and f i f e  Ore1 2  per day  from a n  e n r \ r o n m m t  c o n t a i n i n g  - o.Ly 
\ 

Prey 2. t h m ,  i f  t h e  p m d a t o s  doem dot d l c r i m i n a t e .  b a t m a  
5 -. 

fie two k i n d .  of p rey  on any b a s i s  and i f  a11 o t h e r  factoz 

are k e p t  f6ns t an t .  t h e  i l a $ p o r t - ~ u r n e r  method a s s o m  t L L .  
L I 

&an ' e n r i r o n r n t  c o a t a h i n k  both p r e y  1 a n d  h e y  2. the rat io 

of -the numbers of p r e y . 1  and  2 e a t e n  d e v i a t e s  d g i i i i c u t l ~  
8 

.- 
from the upected ratio, it in t a k e n  a s  .+idenco that  khq 

. 
- I 

p r e d a t o r  differentiatea betwean t h e  v a r i o u s  bids of pr.1- 

- 
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-J 

The method used t o  test  for  s e l e c t i v e  p r e d a t i o n  i n  t h i s  

work d i f f e r e d  from , t h a t  r e p o r t e d  by Rapport  and Turner  

(1970) and Rapport et a l .  (1972) i q t b e  f o l l o w i n g  poihts :  1) 
1 

D e n s i t i e s  of e a c h  prey i n  t h e  two prey t r e a t m e n t s  rere t h e  

same, r a t h e r  t b a n  one-half t h e  d e n s i t i e s  o f  t h e  s i n g l e  p rey  

t r e a t m e n t s ,  T h i s  meant t h a t ,  a s  l ong  as t h e r e  were no 
4--- 

overcrowding effects, t h e  amount e a t e n  would be more 

comparable  i n  a l l  t r ea tmen t s .  2) The mean f e e d i n g  rates of  

A i n d i v i d u a l  p ~ e d a t o r s , ~  f a t h e r  t han  t h e  r e l a t i v e  

d i s c r i m i n a t i o n  c o e f f i c i e n t s  (see Equat ion  6 below),  were 

used t o  c a l c u l a t e  t h e  p r o b a b i l i t y  t h a t  s e l e c t i v e  p r e d a t i o n  

occu r red ,  T h i s  was done because of t h e  uneven and l i m i t e d  

number of r e p l i c a t e s ,  Also, Rapport  and Turner  d i s t i n g u i s h e d  

between c a t c h a b i l i t y  of prey and p r e f e r e n c e  f o r  prey,  and 

c la imed that t h e i r  method can  d i s c r i m i n a t e  between t h e s e  t u o  

p r e d a t i o n  process ,  It is my view 

t h a t  it o t  a a k e  t h i s  d i s t i n c t i o n  comple t e ly ,  b a t  t h a t  it 

whether o r  n o t  s e l e c t i v e  

is elaborate& upon i n  the 

I n  tbe e x p e r i . e a 9 s  d e s c r i b e d  here, prey  t y p e s  vere 

t e s t e d  b d i v i d a a l l y  and .in p a i r s  t o  ie t e rmine  u L e t L e T A  

p r e d a t o r s  d i f fe ren t ia l l1  s e l e c t e d  for  e i t h e r .  one of 2 p a i r  

of prey. ?or each' pair of- prey  t e s t e d ,  ghree t r e a t - n t s  uere 

app l i ed .  -me predatot  group  w ) s  m p p l i e d  P r e y  1 alone a t  a 



d e n s i t y  of D l ,  ( i-e.,  Treatment  1) a second  pr$dator. grotip 

u a s  s u p p l i e d  wi th  Prey 2 a l o n e  a t  d e n s i t y  D2, (i',s., 

Trea tment  2) and a t h i r d  p r e d a t o r  group was s u p p l i e d  a 

mixtuxe of P rey  1 a t  d e n s i t y  Dl p l u s  'Prey 2 a t  d e n s i t y  D2 

(i-e-, Treatment  3). Dens i ty  D l  d i d  no t  n e c e s s a r i l y  e q u a l  

D e n s i t i e s  D l  and D 2  were set a t  l e v e l s  such  t h a t  a t  a l l  
w 7 

times more p r e y  uere a v a i l a b l e  t h a n  t h e  p r e d a t o r s  could  

c a t c h  i n  the time i n t e r v a l  a l lowed,  b u t  below l e v e l s  where 

i n h i b i t i o n  of f eed ing ,  because  o f  svercjrouding,  occur red-  

P rev ious ly ,  t h e s e  d e n s i t i e s  were found t o  be 10 p e r  cage  p e r  

day o f  male and  female Q. .elanoaaster and Q. and 

5 per c a g e  p e r  day for smll  aad l a r g e  To It had 

also been dete rmined  t h a t  t h e  p r e d a t o r s  c o u l d  c a p t u r e  each  
C, 

of t h e s e  k i n d s  o f  e x p e r i m e n t a l  prey. 

The three t r e a t m e n t s  g a t e  f o u r  f e e d i n g  rates ( i m e o ,  t h e  

number of p r e y  e a t e n  p e r  s p i d e r  p e r  day) :  u, fo r  Pxey 1 - 
alone, % for  P rey  2 alone, o*, fo r  P r e y  1 when both p rey  

uere p r e s e n t ,  and  for  Prey 2 when two prey  u e r e  

present- 

I n  t h e  a b s e n c e  of s e l e c t i o n ,  t h e  number o f  p rey  e a t e n  

in the two prey s i t u a t i o n  (a,,,) s h o a l d  e q u a l  one-half t h e  
L 

number eatem i n  t h e  two single p r e y  s i t u a t i o n s .  Tha t  is: 



E q u a t i o n s  (2) a n d  (3) s e r v e  a s  t h e  n u l l  h y p o t h e s e s  f o r  
+. 

t h e  s e l e c t i o n  tests. I f  s e l e c t i o n  o c c u r s ,  e q u a t i o n s  (2) and  

(3) a r e  n o t  t r u e .  

I t  is c o n v e n i e n t  t o  e x p r e s s  t h e  r e l a t i v e  d e g r e e  o f  

s e l e c t i o n  i n  terms of a s i n g l e  number. I. h a v e  called it t h e  

' r e l a t i v e  d i s c r i m i n a t i o n  c o e f f i c i e n t  ' (cf. R a p p o r t  and 

T u r n e r  1970, FtapPort e t  a l .  1972). It is c a l c u l a t e d  a s  

f o l l o w s :  

The symhol CJ i s  associated w i t h  t h e  amount of 

s e l e c t i o n  for  P r e y  1; a n d  %# f o r  Prey  2. The r e l a t i v e  

d i s c r i m i n a t i o n  c o e f f i c i e n t ,  c , , ~  , is t h e  d i f f e r e n c e  be tween 

C, and C1. 

T h e o r e t i c a l l y ,  t h e  c o e f f i c i e n t  yar ies  b e t u e e n  -2 and +2 

vr c o m p l e t e  s e l e c t i o n  f o r  P r e y  2  and P r e y  1, r e s p e c t i v e l y .  

9 t&e a b s e n c e  of s e l e c t i o n ,  t h e  c o e f f i c i e n t  e g u a l s  0. 



a 

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

e x p e r i m e n t s  i n c l u d e d  a t  l eas t  one of t h e  f o l l o w i n g  types :  1) 

a d u l t  females, 2) a d u l t  males, 3) s u b a d n l t  females, 4) 

s n b a d u l t  males, These  f o u r  r a i n  t y p e s  were f a t h e r  

s u b d i v i d e d  i n t o  'pre- fed '  s p i d e r s  &em, s p i d e r s  t h a t  were 

f e d  f l i e s  i n  t h e  l a b o r a t o r y  b e f o r e  t h e  a c t u a l  expe r imen t s )  

and  ' f i e l d '  s p i d e r s  &em, , C p i d e r s  n o t  p re - fed  i n  t h e  

l a b o r a t o r y )  a s  v e l l  as  i n t o  t y p e s  based  on t h e i r  s u b a d u l t  
0 

moul t i ng  histories, If t h e  d a t e  when t h e  s p i d e r s  moulted t o  

t h e  s u b a d u l t  s t a g e  was known, t h e y  v e r e  p l a c e d  i n  one  group;  

i f  this d a t e  was unknown, t h e y  u e r e  p l a c e d  i n  a n o t h e r  group-  

I n  o r d e r  t o  o b s e r v e  f e e d i n g  from t h e  b e g i n n i n g  of  t h e  

s a b a d u l t  s t a g e ,  t h e  f o l l o v i n g  p rocedu re  was f o l l o w e d  f o r  

most o f  t he  expe r imen t s ,  Immature, s p i d e r s  were c o l l e c t e d ,  

i d e n t i f i e d  and measured. Only t h o s e  t h a t  v e r e  judged t o  be 

i n  t h e  p r e p e n u l t i m a t e  s t a g e  u e r e  r e t a i n e d ,  These  ' s p i d e r s  

were t h e n  fed 9th ( u s u a l l y  non- s t a n d a r d )  f l i es  f o r  up t o  

two weeks. The t h a t  m h t e d l  w i t h i n  t h i s  p e r i o d  v e r e  

t h e n  rardi-y a s a i g n d d  t o  one  of t h e  t h r e e  t r e a t m e n t  
I 

r e g b e s .  . w c h  s p i d e  i n  e a c h  t r e a t m e n t  was t h e n  obse rved  
. . 

d a i l p  u n t U *  ma 4 r e d  or u n t i l  70 d a y s  had e l a p s e d  s i n c e  it 

Lad r e a c h e d  ;%m s & A  s t a g e .  Even though  f e e d i n g  data . 

were o b t a i n e d  f o r  up t o  70 day. on  '.ach. s u b a d u l t  s p i d e r ,  

1 These  s p i d e r s  rere a b o m e d  t o  h a r e  moulted i n t o  the 
p e n u l t i m a t e  s t a g e  b u t  are l a b e l e d  bere a s  subadu l t a .  



o n l y  t h e  first 20 d a y s  u e r e  used t o  estibate t h e  man b 

f e e d i n g  rates, Hos t  of t h e  s p i d e r s  which matured  w i t h i n  t h i s  

70 day .per iod were t h e n  obse rved  f o r  a n  a d d i t i o n a l  20 days.  
B 

Thus, u n l e s s  o t h e r w i s e  i n d i c a t e d ,  s e l e c t i v e  p r e d a t i o n  d a t a  

on a d u l t  s p i d e r s  were d e r i v e d  from s p i d e r s  t h a t  had  been f e d  

t h e  same d i e t  as  b o t h  s u b a d u l t s  and adults,l 

It s h o u l d  a l s o  be n o t e d  t h a t  i n  o r d e r  t o  r e d a c e  t h e  

number o f  s p i d e r s  t h a t  had t o  be collected and mainta ined.  

two s e l e c t i v e  p r e d a t i o n  G e x p e r i n e n t s  uere o f t e n  r u n  
\ * 

c o n c u r r e n t l y ,  T h i s  i n v o l v e d  f i v e  t r e a t m e n t s  w i t h  one s i n g l e -  

p r ey  t r e a t m e n t  b e i n g  u sed  f o r  bo th  expe r imen t s .  F o r  example, 

i n  t h e  c a s e  of t e s t i n g  female Qm w i t h  small x. 
and female Q, w i t h  Q. fm, t h e  

fire t r e a t m e n t s  u e r e  as f o l l o v s :  # $  Q. r e l a n m  a l o n e ,  
4 

2 Zm rolitor a l o n e ,  #3  bo th  Q- .- a n d  rplitalc, 

#4 Q. fasciatga a l o n e ,  and  # S  bo th  Q. and Q. 

g- I n  t h i s  case, t r e a t m e n t  81 was used  a s  t h e  s i n g l e  

p r e y  t r e a t m e n t  f o r  b o t h  the' Q, - -2. rolitor and 

'the p, - Q, fascia.fop tests. However, even  w i t h  

u s i a g  t h i s  .e thod of r e d u c i n g  t h e  r e q u i r e d  number o f  

s p i d e r s ,  n& a l l  p o s s i b l e  comb ina t i ons  o f  f i v e  type. o f  p r e y  ' 
i 

uere t r e a t e d  because-  of t h e  d i f f i c u l t y  i n  o b t a i n i n g  enough 

--- - 

. 1 Though 20 a n d  70 d a y s  are a r b i t r a r y  c u t o f f  p o i n t s ,  most 
s u b a d u l t  feetding t o o k  p l a c o  w i t h i a  t h e  first 20 d a y s  after 
moul t ing ,  most s o b a d u l t s  moultad i n t o  a d u l t s  a f t e r  20 d a y s  
b u t  before 70 days ,  a n d  mst  a d u l t s  produced a n  egg-sac 
someuhera  between 10 and  20 d a y s  a f t e r  r e a c h i n g  matur i ty .  



s p i d e r s  of t h e  p r o p e r  s t a g e  and sex. For  example, if 100 ' 

immature  spiders w e r e  c o l l e c t e d ,  a b o u t  30 would be too young 

( smal l )  o r  t o o  o l d  ( l a r g e ) ,  a b o u t  20 would n o t  moul t  . w i t h i n  

t h e  d e f i n e d  p e r i o d  i n t o  t h e  r e q u i r e d  s t a g e ,  and h a l f  would 

be o f  o n e  sex .  Thus, o n l y  a b o u t  25 s p i d e r s  of one  p r e d a t o r  

t y p e  c o u l d  be o b t a i n e d  for e v e r y  100 c o l l e c t e d -  Coupled w i t h  - 

. t h i s  problem were t h e  d i f f i c u l t i e s  of r e a r i n g  l a r g e  enough 

numbers o f  p r e y  t o  f e e d  much more t h a n  100 s p i d e r s  per day-  

The f o l l o w i n g  v a r i a b l e s  were r eco rded  d a i l y  fo r  e a c h  

cage: d a t e ;  time; number of l i i e ,  dead and r e j e c t a r e n t a  o f  

e a c h  p r e y  t y p e ;  and  p r e s e n c e  o f  s p i d e r  e x u v i a e  and  egg-sacs -  

P e t  w e i g h t s  a n d  c e p h a l o t h o e a x  measurements of s p i d e r s  were 

r e c o r d e d  p e r i o d i c a l l y .  

iihen t h e  a b o v e  i n f o r m a t i o n  u a s  r e c o r d e d ,  a l l  

re jec tamenta ,  dead  prey,  and e x u v i a e  were removed- u n l e s s  

a t h e r u i s e  no ted ,  p r e y  were comple t e iy  r e p l a c e d  w i t h  fresh 

p r e y  every s e c o n d  day (i.e., @ r e n e u a l @  days)  a n d  enough 

fresh p r e y  were added on a l t e r n a t i v e  d a y s  {i-e., 

@ r e p l e n i s b . e n t  d a y s l )  t o  restore t h e  k e y  d e n s i t i e s  to t h e  
\ 

i n i t i a l  l e v e l a l  O n  r e n e w a l  d a y s  t h e  s p o n g e s  were also re- 

1 Though prey were u s u a l l y  r e n e l e d  e v e r y  two days ,  an e a r l y  - 
a t t e m p t  uas  aade t o  run the e x p e r i m e n t s  on a meekly tqsis, 
Leo w i t h  thee r e n e w a l ' a a d  foaz r e p l e m h m e n t  d a y s  e a c h  
reek. Jhuever ,  because of h i g h  m o r t a l i t y  rates @ f a r  two 
days, t h i s  u a s -  s t opped .  The obrrratioas a f t c t e d  by this 
p r o c e d u r e  are B x p e c i m n t s  8 and 9 In T a b l e  V a n d  the 
e x p e r i m e n t s  r e l a C e d  t o  T a b l e  A-Vo 



ad ,  Host o b s e r v a t i o n s  mere made between 14:OO and 17:OO 

hours ,  t h e  time of  l e a s t  day t ime  f e e d i n g  a c t i v i t y  fo r  2, - 

I n  a l l  s e l e c t i v e  p r e d a t i o n  expe r imen t s ,  o n e  s p i d e r  

f e e d i n g  f o r  0 c o n s e c u t i v e  d a y s  e q u a l e d  one  r e p l i c a t e  (e, g. , P *. . 

10 c a g e s  wi th  o n e  s p i d e r  e a c h  obse rved  o v e r  20 d a y s  gave  10 

r e p l i c a t e s ) .  About 10 s u b a d u l t  s p i d e r s  were a s e d  p e r  

t r e a t m e n t ,  b u t  b e c a u s e  so- of t h e  s p i d e r s  f a i l e d  t o  m a t a r e  

and others died, t h e  number of s p i d e r s  i n v o l v e d  i n  t h e  a d u l t  

c a l c u l a t i o n s  were f e v e r  t h a n  t h e  number of s n b a d a l t  spiders, 

Two e x p e r i m e n t s  were done  t o  d e t e r m i n e  whe ther  p re -  

' f e e d i n g  c a u s e d  a change  in s e l e c t i o n  o f  prey.  Each 

e x p e r i m e n t  i n c l u d e d  t h r e e  t r e a t m e n t s .  The f irst  g roup  o f  

s p i d e r s  was f e d  w i t h  Q. alone., * t h e  second w i t h  

small f. m o l i t o ~  a l o n e ,  and t h e  t h i r d  w i th  both .  prey. A f t e r  . 
abou t  o n e  week (see R e s u l t s  f o r  e x a c t  times), s p i d e r s  i n  a l l  

t h r e e  t r e a t m e n t s  were . f e d  b o t h  prey.  

One e x p e r i m e n t  was performed t o  test  whet h e r  i n c r e a s i n g  

t h e  p h y s i c a l  c o m p l e x i t y  $.em, ' s p a t i a l  h e t e r o g e n e i t y 8 )  of 

t h e  c a g e s  voald affect & e l e c t i o n .  T h i s  u a s  done  v i t h  t u o  

t r e a t m e n t s ,  b o t h  u s i n g  s o b a d u l t  female s p i d e r s  s u p p l i e d  v i t h  . 
female p .  and small 3. rolitQr. One treatment 

r 
had t h r e e  f l a t t e k d  red a l d e r  Bong.) leaves 

added. The l e a v e s  i n c r e a s e d  the s u r f a c e  area within &e 

cages b j  62% (Le., from 385 to 624 cmi per cage) u d  
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c r e a t e d  a number o u g i a  f o r  t h e  p rey  and p r e d a t o r s .  The 

second t r e a t a e n t ,  t h a t ' i s  t h e  c o n t r o l ,  had no a b a i t i o n a J  * 

6- U t i l i t y  of t h e  Prey t o  t h e  P r e d a t o r s  

Up t o  12 factors that H e r e  p o t e n t i a l l y  b e n e f i c i a l  t o  

the s p i d e r s  were moni tored i n  most o f  t h e  s e l e c t i v e  

p r e d a t i o n  exper iments ,  These c h a r a c t e r i s t i c s  were: 

1) H a t u r a t i o n  I* 
/ 

a) Percen tage  o f  s u b a d u l t  s p i d e r s  which r eached  - 
m a t u r i t y  w i t h i n  70 d a y s  from t h e  time t h e y  moulted i n t o  

t h e  s u b a d a l t  s t a g e ,  

b) Mean time (days) f o r  t h e  s u b a d o l t  s p i d e r s  t o  r e a c h  

m a t u r i t y ,  

c )  Percen tage  o f  s p i d e r s  t h a t  produced , @ e x t r a @  (i-e-, 

more than  one)  exuwiae before r e a c h i n g  ma tu r i t y  o r  

w i t h i n  70 d a y s  from t h e  s t a r t  of t h e  experiment. 

2) E o r t a l i t y  
* 

a) Percentage o f  s u b a d u l t s  t h a t  d i e d  b e f o r e  r each ing  

m a t u r i t y  or before the 70 d a l  l i m i t .  

b) Pe rcen tage  of a d u l t s  t h a t  d i e d  w i t h i n  t h e  20 day 

period t h a t  a d u l t  s p i d e r s  mere obsetred. 

3) Ueight  and S i z e  ,Gain 

a) lean u e i g h t  g a b  (excluding exorla) betreen sobadult 
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- 
w e i g h t  a n d  a d u l t  we igh t  (= s u b a d u l t  w e i g h t  g a i n ) .  

b) dean w e i g h t  g a i n  between t i r e  o f  m o u l t i n g  i n t o  a n  

a d u l t  (day  ' 0 ' )  and t e n  d a y s  l a t e r  (day '+  10' ) -  

c) Mean rate of we igh t  g a i n  b e t w e e n a i n i t i a l  s u b a d u b t  

and adult w e i g h t s -  B a t e  of we igh t  g a i n  = S u b a d n l t  

u e i h t  g a i n  d i v i d e d  by t i m i n  d a y s )  . 
d) Mean size i n c r e a s e  o f  c e p h a l o t h o r a x  w i d t h  between 

s u b a d u l t  aad a d u l t  s t a g e s .  

4) P o t e n t i a l  Humber of O f f s p r i n g  

a) P e r c e n t a g e  of m a t u r e  s p i d e r s  t h a t  p roduced  a ' f a l se  

egg-sac8 1 w i t h i n  20 d a y s  of r e a c h i n g  m a t u r i t y .  

b)  Mean t i n e  (days)  f o r  t h e  p s o d u c t i o  2 of t h e  first 

f a l s e  egg-sac.  

C) MeaP- dry w e i g h t  of f a l s e  egg-sacs ,  

One e x p e r i m e n t  was done  t o  d e t e r m i n e  i f  s u b a d u l t  

. . - f e e d i n g  a f f e c t e d  t h e  b e n e f i t s  t h a t  were m o n i t o r e h  i n  t h e  
-, 

*' 2 a d u l t  s p i d e r s ,  Two g r o u p s  o f  s u b a d n l t  f e m a l e  s p i d e r s  were 

used. The first g r o u p  u a s  f e d  female Q. -, and 

t h e  s e c o n d  was fed l a r g e  g. a, When t h e  s p i d e r s  

m a t u r e d ,  all were f e d  l a r g e  3- w. 

1 The t e m  ' false egg-sac '  is u s e d  because the females 
produced  abnormal  egg-sacs t h a t  c o n t a i n e d  *a mass of yolk 
r a t h e r  t h a n  s e p a r a t e  eggs, Probablr t h i s  was t h e  result of 
the s p i d e r s  not being mated or f e r t i l i z e d .  I f o u n d  it 
i m p o s s i b l e  t o  h a r e  t h e  s p i d e r s  mate i n  c a p t i v i t y .  



7. S t a t i s t i c a l  A n a l y s i s  

The d a t a  were reco rded  on cod ing  s h e e t s  and t h e n  

t r a n s f e r r e d  t o  computer punch c a r d s  f o r  s t a t i q t i c a l  
L 

a n a l y s i s .  

The number of p rey  e a t e n  cou ld  n o t  be e s t i m a t e d  by 

s imply  c o u n t i n g  ' t h e  number of  -re jectamenta  because  (a) t h e r e  

was n o t  a s i m p l e  one-to-one r e l a t i o n s h i p  of prey e a t e n  and m 

k j e c t a m e n t a  produced and (b) t h e  t .  o ~ c a s i o n a l l ~  

f e d  on both .re jec tamenta  and dead prey (see P a r t  I of t h e  

B e s u l t s  s e c t i o n ) .  For t h e s e  ' reasons ,  t h e  f o l l o w i n g  two 

e q u a t i o n s  were used t o  c a l c u l a t e  t h e  number of p rey  e a t e n  

per s p i d e r  p s  day. If t h a r e  were no r e j e c t a m e n t a  -of prey  

s p e c i e s  I. t h e  ' ss t imatmd number of. Pray 1 e a t e n  (Ep,) was 
.. , zero. 

, . 

 hat is, ~ p ,  = 0 V '  (7) 
1 

I .  

If r e j e c t a m e n t a  were p r e s e n t .  Bp,- = IXp, - (L~, '~ .+ Dp, ) 1 (8) . 

where Ip ,  = i n i t i a l  npmber of Prey 1, Lp, = number of ~ r ' . y  1 

a l i v e .  and Dq = number of P r i y  1 dead from c a u s e s  o t h e r ,  , 

t h a n  s p i d e r  p reda t ion .  

It u a s  assumed t h a t  efrors asSOCiK€=dd wi th  c a l c u l a t i r r g  

t h e  number of p rey  e a t e n  were minimized by  t b e  use of t h e s e  
4' 

two equa t ions .  T h e  dead prey i n  e q u a t i o n  8 ..re r e a d i l y  

= p a r a b l e  from p r e y  killed 
* 

by s p i d e r s  (i-e.. . those t h a t  uue . 
formed i n t o  re jectamenta)  . . . 

5 8 
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P e e d i n g  rates were c a l c u l a t e d  f o r  e a c h  p r e y  t y p e  f o r  

e a c h  s p i d e r  f o r  e ach  day o v e r  a c e r t a i n  p e r i o d  o f  ti- 
. -. 

( u s u a l l y  20 days )  and used t o  c a l c u l a t e  a mean number 

p r e y  e a t e n  p e r  s p i d e r .  These  means e r e  t h e n  compared 

s t a t i s t i @ l l y  (see belou) . 
i 

I 

2 

. ' B e f o r e  any  v a r i a b l e s  were s t a t i s t i c a l l y  pna lyzed .  the 
"* i r e p l i c a t e s  (i, t h e  c a g e s )  u i  e a c h  . t r e a t m e n t  were first - 

checked f o r  i n d e d n d e n c e  o f  po 'effects by a  r u n s  
L 

test.1 Note: l o  t r e a t m e a t s  showed t r e n d s  (i.e. non- 

randomness)^. a 

f 

Secondly.  t h e  d a t a  u e r a -  t e S t e d  a s  t o  whe ther  o r  n o t  

t h e y  were no rma l ly  d i s t r i b u t e d ,  n his' was done by. means of  

the Kolmogorov-Snirnov test (D-maximum test), a s  d e s c r i b e d  i n  

Soka l  and  Bohlf  (1969) b u t  w i t h  tables  g i v e n  by l i l l i ; e ' f o r s  

I f  t h e  d a t a  were no rma l ly  d i s t r i b u t e d  or c o u l d  be ., 

tra&formed t o  t h e  normal  (sei below). t h e  f o l l o w i n g  

p r o c e d u r e s  were performed before compar iog means. . a 

~ o m o g k i t y .  of var iabcd;  was checked.  w i t h  Ehrtlett8s test  or 
P 

t h e  I maximum-test. 1f t h e  v a r i a n c e s  were n o t  h e t e r o g e n e o u s  , 

(i-e., h o e e n o u s )  . t-tests o r  sne-way a n a l y s e s  of v a r i a n c e  ' 

were, pdrgormed. If t h e  v a r i a n c e s  were heteroge~oas,  a n  

1 U&SS. o t h e r w i s e  indidated ' ,  a k a 1  u d  ghlf (1969) and 
their associated tables-' (Bob-lf a n d  Sokal , '  1969) rere a.ed . I  I 

for  t h e  statistical tests. ' y . 
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=proximate  test o f  e q u a l i t y  of  means o r  a n  apprax imate  t- 

If t h e  ' d a t a  

parametx ic  tests 

- 
d i d  n o t  meet t h e  r equ i r emen t s  f o r  

(e. g.. n o t  t r a n s f o r m a b l e  ' t o  t h e  normal 

d i s t r i b u t i o n ) ,  t h e  f o l l o v i n g  non-parametric tests were used , 

t o  compare means: t h e  n o w p a i r e d  ilanniidhitney 0 - t e s t  f o r  two 

t r e a t m e n t s  ( a sed  t o  test f o r  s e l e c t i v e  p r e d a t i o n ) ,  t h e  

Uilcoxon two sample  test wheqN > 20, t h e  Kruskal-Wall is  

test for  more than two t r e a t m e n t s  (= Ij;on-parametric s i n g l e  . 
a n a l y s i s  of v a r i a n c e ) ,  and a n  p s imul taneous- .  test 

procedure.  F i s h e r a s  e x a c t  test was ased  t o  test whether two 

p e r c e n t a g e s  were equa l .  

Phe r e s u l t s  of observa t ion-days  were n o t  independent  

because  they  i n v o l v e h t h e  u s e  of t h e  same o r g a n i s m  f o r  more ' 

' t h an  o n e  day in s u c c e s s i d l .  Thus. t hey  cou ld  n o t *  be t e s t e d  a 

e u s u a l  p a r a m e t r i c  tests. I n  a l l  cases 

t h e s e \ r e s o l t s  are s i m d  exp re s sed  a s  percen tages .  - 

T& means of normal ly  o r  n*ar no rma l ly ' d i e t r i . bo t ed  - 

d v a = b  1.. .re t o l l o u e d  by t h e i r  s t a n d a . h  (>I).. Maas 

1 -  of v a r i a b l e s  t h a t  v e r e  t r ans fo rmed  are fo l lo r red ,  y t h e  l o v e r  

&d uppe r  95% c o n f i d e n c e  ' l i m i t s .  With a11 t h r e e  v a l u e s  
* 

chaoged back t o  t h e  o r i g i n a l  scale, The number of 

- o b - v a t i o u  (I) 'tha.t "err. used t o  ea$ate-j\sb is ' . 

also l i s t e d ,  
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s 

Except f o r  t h e  Kroskal-Wall is  test and the test ?f 

e q u a l i t 1  of means wi th  he te rogeneous  p a r i a n c e s ,  a l l  

p r o b a b i l i t i e s  g iven  are tuo - t a i l ed .  Though a l l  p r o b a b i l i t i e s  

a r e  s t a t e d ,  p r o b a b i l i t i e s  -between 0.05 and 0.01 a r e  r ega rded  

a s  @ s t a t i s t i c a f l l y ,  s i g n i f i c a n t '  am3 a r e  nprked wi th  one 

a s t e r i s k  (*) . P r o b a b i l i t i e s  less t h a n  0.01 are rega fded  a s  
7 

@ h i g h l y  s t a t i s t i c a l l y  s i g n i f i c a n t (  and are  marAed w i t h  two 

a s t e r i s k s  (**) . 
. S t a t i s t i c a l  a n a l y s e s  were done on a I B D  370 model 155 

computer u s ing  programs l i s t e d  i n  Sokal  a n d  Rohlf (1969) and 

v e r a i o n  '5.0 o f  t h e  S t a t i s t i c a l  package  for  t h e  S o c i a l  -. 
S c i e n c e s  (Yie e t  a l .  1970, l i e  and Hull 1973)- \A 



- 
1 

BBSOLTS 

1. Gene ra l  on  C a l c u l a t i n g  Feieding Bates . . 
L* 

Consider t h e  fo l lowing  s i t aa" t ion .  An e g p e r i m n t e r  
'.&. 

p l a s e s  a & g l e . p r e d a t o r  i n  a cage " i t h  t e n  s p e k i u n s  - x 2  . - 
- - 

p o k t i a l  p rey  s p e c i e s *  fle t h e n  l e a v e s  f o r  a p e r i o d  of t i m e .  

~ h e h  h e  comes back. he o b s e r v e s  t h a t  f i re  prey are kill . .- 
, two are d u d  and  s o m e y m y  remains  are s t r e w n  a b o u t '  

4 

e cage. If he c o n c l u d e s  t h a t  t h e  p r e d a t o r  ld'lled f i v e ' p r e l  

and a te  t h r e e  of them, h e  c o u l d  e a s i l y  be. wrong. It is 
. . - - 

-ble t h a t  t h e  b r e d a t o r  k i l l e d  nothing,  t h a t  t h e  dead 
' f '  .. r 

were t h e  r e s u l t  of m t u r a l  m o r t a l i t y ,  and t h a t  t h e  . 

. 
/ 

miss ing  prey were +e r e s u l t  of c a n n i b a l i ~ m ,  e s c a p e  or . 

4 s i m p l e  c o u n t i n g  errors. r h i s '  examp, e v i n  though 

h y p o t h e t i c a l ,  h e l p s  t o  i l l u s t r a t e  t h a t  i n  any  preda tor -prey  
3 .. \ 

- s i t u a t i o n  i n v o l v i n g  n o r c o n t i n o t m s  observa-kb ,  t h e  . - p r e d a t o r  I . ,! 

and p r e y  themse lves  m y  eonf  o0nd t h e  e v i d e n c e  r e h t i n g  t o  , . 
-the number of p rey  e a t e n  by the preda to r .  1t 4.s t h e m f o r e  ' . 

b .  A 

h p o r t a n t  that, b e f o r e  p t iesea t ing  t h e  main rrqolt8:'of the 
t 

the+, I summarize here SOH-1 i h f o r n a t i o n  on t h e  + - + .  

I 

p r o b l e w  invo lved  ia calcalatiw f&diag  r d t u .  and heam i n  . . ;  

P i s s t  of a l l ,  e u n  i n  t h e  abseace of-apidecs. -. *ra v u *  . 
.b 

s o m r p r e y  m t t a l l t y .  TLL +ate* of m a - p r e d a t o r  . *. . 
.. 



l a r g e  f. M&&& 

0.35; - - 
0.4.2, and 

male p. -0.75 dead a n i m l s  per  

cage  per day. 1 ?Lo mortalit1 was r e l a t i v e l y ,  low in Q. 

f..d.t.;, h i g h  in mle a. .rluoanrfer and moderate i n  t h e  

remaining prey.  1 

The r e l a t i v e  importance of t h e  factors t h a t  caused non- 

. predator  m o r t a l i t y  a r e  i n d i c a t e d  b d o u  ( 1  = l e a s t  important, 

G 3 = ~ o s t  important):  

Factor  ----------- Prey affected------------- 
- * . Y PIimsimu Qa- T,asU&Q& 

S t a r v a t  i o n  2 
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Secondly,  t h e r e  were i n t e r a c t i o n s  between t h e  v a r i o u s .  . 
kinds of pe; t h a t  a f f e c t e d  the c a l c u l a t i o n  of f e e d i n g  . 

w 
rates, These were mainly c o n f i n e d  t b  r- because it - 
h a s  c h e r i n q  mouth por t s .  d. does n o t  h a t e  mouth 

parts t h a t  are  c a p a b l e  of k i l l i n g  or comple t e ly  i p g e s t i n g  

t h e  dead  or r e j e c t a m e n t a  of any o f  t h e  p rey  types ,  Q, 

ha. p i a c i n g  and sucking  mouth p a r t s  t h a t  f a, 
used t o  f e e d  on body f l u i d s  of o t h e r  an imals ,  Though t h e r e  

was no ev idence  t h a t  0. f..ci.tos harmed p. o r  

r. -, it d id  k i l l  members o f  its own s p e c i e s  when t h e y  

were in t h e  p r o c e s s  of moulting. These c o r p s e s  were e a s i l y  

d i s t i n g u i s h e d  from t h o s e  produced by 2. m. 
_ I -  /- 

By s u p p l y i n g  2. v i t h  l i v e ,  dead and s p i d e r  

re j e c t a m n t a  of p- -, it uas  found,  t h a t  t h e  
- 

beetle l a rvae :  

(a) d i d  g& f e e d  on J i v e  f l ies:  

(b) d i d  f a a d  on d a d  flies; aad  

(c) d i d  f e e d  on t h e  s e j e c t a i e n t a  produced by sp ide r s .  1 

Prom t h e s e  

f a d  on t h e  dead  

om t h e  dead aad 
/' 

resalts, it mas assumed t h a t  r. also 
\ 

a d  s e j e c t a m e n t a  of 9. as r n l l  as 

r e j a c t a m e n t a  o f  o t h e t  b e e t l e  l a r v a e ,  



Thi rd ly ,  t h e  s p i d e r s  themse lves  c o n t s i b u t e d  t o  t h e  

p r o b l e a  of e s t i m a t i n g  how much t h e y  ate. One 'problem was 

p rey  c o n s o l i d a t i o n ,  Usaal ly ,  P. k i l l e d  one r e y  Q 
and f e d  upon it u n t i l  on ly  a b a l l  o f  c h i t i n o u s  remains  was 

l e f t  (Leo, .one  prey,  one rejectamentam),.  Hoverer; uhen t h e  
k 

s p i d e r  u a s  v e r y  hungry (as uhen i t  was j u s t  b rought  i n  from 9 

t h e  f i e l d  or j u s t  a f t e r  moul t ing) ,  i t  o f t e n  f e d  on mere than 

one  p r e y  a t  a time arid so produced on ly  one re jectamentum - - .  1 

t h a t  consisted of t u o  o r  more prey-  "Pis phenomenon occu r red  

wi th  Q. fasciatPs and Q. b u t  ' n o t  wi th  r- 
- m. A second  problem a g r e n t a t i o n  of 

I 

r e j e c t a n e n t a .  That  is, one prey could  be f o r m d  i n t o  more 

' than one  re jec tamenta-  T h i s  was f a s  more common w i t h  z. 
I 

t han  with  any o t h e r  s p e c i e s  o f  prey. The re  was no 

e r i b n a e  t o  i n d i c a t e  t h a t  t h e  s p i d e r s  k i l & e d  any prey on 
& 

which t h e y  d i d  n o t  feed- 

* D 

? o r  t h e  r e a s o n s  g iven  above, e q u a t i o n s  (7) and (8) (see ** 
P a r t  7 o f  t h e  Materials and Bathods s e c t i o n )  were used t o  

estimate t h e  number. of p rey  e a t e n  by t h e  s p i d e r s .  !The kind. 

d i r e c t i o n  and size of t h e  errors i n h e r e n t  i n  u s i n g  t h e s e  

' e q u a t i o n s  are o u t l i n e d  below: 
, 



Errors 
-. 

Prey a f f e c t e d  

( i n  order. of  

increas ing  

importance 

from .left 

to r i g h t )  a . 

f 

Direct ion Estimate 

o f  error of r e l a t i v e  

size of 

error 

Counting l i r e  prey 

Counting dead prep 

Counting r e j e c t a  

Cannibalism 

Prey escape  from cage 

' T.B. burrowing in&o . 
sponge 

Consolidation of 

re jectam-ta 

Fragmentation of 

re jec taeenta  

Tom. e a t i n g  d a d  prey 

To m. e a t i n g  re jecta- 

mota 

Small Tomo A +  



Counting e r r o r s  were judged t o  be small .and, .being both 
. 

p o s i t i v e  and negat ive ,  tended t o  cancel eacb  iitber out. 

Cannibalism uas a very minor f a c t o r w s  A s  .ent%oo above, 3 *- 

canniba l i sm i n  Q. usua l ly  occurred  when an 

i n d i v i d u a l  moulted b a t  t h e  r e s u l t s  could be  e a s i l y  

d i s t i n g u i s h e d  from 'the re jec tamenta  formed by P. m. 
4 

Cannibalism i n  rw was a l s o  r a r e  and could  be 
C ' d i s t i n g u i s h e d  from s p i d e r  predation. Escape of Q. 

and Q. from t h e  cages  and t h e  burrowing of  

smal l  r .  i n t o  sponges, which  s u p p l i e d  water t o  t h e  

animals, ve re  g r e a t e r  problems. Ho'uerer, excep t  i n  t h e  case 
r 1 

of Q. fasci.ttls, these errors were small. Estimates of t h d  
C 

s i z e  o f  escape  e r r o r s  f o r  t h e  t a r i o u s  prey classes were as  

f o l l o u s :  

female Q. 0.1911, 
\ 

both male and female 

' ' Qm coa-ed 0-51%, / 

t 

s883.I g. 2.93%. and 

errors rere minimized by the use of the 

t u o  prep  mthod of c a l c u l a t i n g  selm+ivo > - 

1 ' P o r  d e t a i l s ,  see Table A-x i n  Appendix I. 



p r e d a t i o n ,  It u a s  assumed t h a t  e q u a l  p r o p o r t i o n s  of p rey  , 

escaped  i n  b o t h  s i n g l e  and two p rey  t r e a t m e n t s ;  t h u s  t h e  
J 

r a t i o s  of t h e  numbers of  e a c h  k ind  of p rey  i n  e a c h  t r e a t m e n t  
C 

were o n l y  minimal ly  a f f e c t e d ,  C o n s o l i d a t i o n  a n d  

f r agmen ta t ion  of r e j e c t a m e n t a  had l i t t l e  effect on t h e  

e s t i m a t e s  of t h e  number of p rey  e a t e n  because  t h e  
C 

r e j e c t a n e n t a  were scored o n l y  a s  be ing  p r e s e n t  o r  absen t ,  

There  were no problems i n  d i f f e r e n t i a t i n g  between t h e  

r e j e c t a m e n t a  o f  each p rey  s p e c i e s ,  Eouever, it was n o t  

poslPible t o  d i s t i n g u i s h  between r e j e c t a m e n t a  o f  male and 

female 0, -, Final ly , .  t h e  problem of r. rolitor 
J 

e a t i n g  dead prey  (+ error) and r e j e c t a m e n t a  (- e r r o r )  a l s o  

tended t o  c a n c e l  each  o t h e r  out ,  Thus, even  though t h e  

method f o r  e s t i a a t i n g  t h e  number of p r e y  e q t e n  was judged t o  

g i v e  r e s u l t s  s l i g h t l y h i g h e r  t h a n  t h e  a c t u a l  amount. i t  was 

c o n s i d e r e d  s a t i s f a c t o r y -  

2. S e l e c t i v e  P r e d a t i o n  B ~ p e r i m e n t s  

S e l e c t i v e  p r e d a t i o n  was t e s t e d  by comparing t h e  n m k r s  

of p rey  t aken  uhen o n l y  one  k ind  of p rey  rua p r e s e n t  w i th  

the numbers t a k e n  when two k i n d s  o f  p rey  were presen t -  I n  

total .  14 e x p e r i m e n t s  were done. The resalts are g i v e n  below 

i n  P i g a r e s  2 t h t o o g h  5 amd i n  T a b l e  1. 

tig=*. 3. r and 5 i l lastrate t h e  f d d i . 9  n t r s  of 

the s e l e c t i v e  pr . iea t ion e x p e t i . e n t 8  that i n v o l v e d  subadolt  



' Figure 2. Feeding rates of subadutt male spiders in one and tm, pry trss-. 
\ 

Eqhmiorr in text. 
. 





Experiment 5a 

" 
2.31 

Female 
D. m. 

Female 0.f. 
D.m. 

Female Small Femele S w i l  
D. m. T.m. - D.m. T.m. , 

e 

Experiment 3a 
. z 

Experiment 6 

Large 
T.m. 

Small ~ a r &  
T.m. T.m. 

Small 
1.m. 

Experiment 100 

~ i g u n  4. Feeding fates of nub.duh knu* si~dom in.- and t*a p.v W 8 8 p m W &  
C 

Explawtkm in text. k b 
* " 

-v,* - .  - - .  



Experiment 3b Experiment 2b 

Small Large Small ~ a r g e  
T.m. ' T.m. T.m. T.m. 

F e m k  0.f. Female 0.f. 

Experiment 10b . Experiment 5b 



male. a d u l t  male. m b a d u l t  female and a d u l t  fe - 4 

r e s p e c t i v e l y .  -The @ a @  and @ b @  p a r t s  .of t h e  

l i n k  t h e  expe r imen t s  'that v e r e  done with  t h e  same s p i d e r s .  

For  example, i n  Bxperiment 2a of ~ i g u r e  4, I used  the 

s p i d e r s  t h a t  m t u r e d  f rom ~ x ~ e r i m e n t  2b of F i g u r e  5. l o r  
v 

. .  
e a c h  exper iment ,  t h e  first .bar  i n d i c a t e s  t h e  mean number of . 
Prep 1 e a t e n  p e r  s p i d e r  p e r  day (i.e., n, ) . T h e  second bar 

i n d i c a t e s  t h e  mean n u d e r  of Prey 2 e a t e n '  p e r  s p i d e r  p e r  day 

( e  ud.  he t h i r d  bar i n d i c a t e s  t h e  f e e d i n g  rate on Prey 

1 ahen bo th  p rey  v e r e  p r e s e n t  (i-e., a*, ) and t h e  f o u r t h  

bar. u * ~ .  The letter B on t h e  t h i r d  and f o u r t h  bars  are t&e 

e s t i m a t e d  f e e d i n g  rates - assuming t h e r e  was no s e l e c t i o n  

(i-e., t h e  f irst B e q u a l s  one  .ha l f  of  u, and t h e  second E 
- 

e q u a l s  one h a l f  of u ~ ) .  Por 'example ,  i n  Bxpetiment 7 o f  

- F i g u r e  -2. u, = 7.64 male Q, p e r  s p i d e r  p e r  day,' 

t h e  observed  u*, *= 6.42. and  t h e  expec t ed  a*, ( o r  L) - 3.8?. 
Mote t h a t  t h e  b a r s  ate ar+angod so t h a t ' t h ~  . o r e - s e l e c t e d  

2 

pray  is i l l u s t r a t e d  ont- t h a  left. .and t h e  less-lwiected prey  

on t h e  t i g h t .  Feeding rates are n o t  n & e s a a r i l y  comparable a 

-- 

b e t r e e n  expe r imen t s  because of d i f f e r e a c e s  i n  procdores.' 

?or example. i n  Bxperiwanto 7 and 8 (F igu re  2) .the feeding 
-, 

. - 
htes for  s o b a d u l t  male s p i d e r s  f e e d i n g  on ma+ p. 

are 7.61 and 3.13 flies p e r  s p i d e r  p e r  day, 

r r s p e c t i r e l y .  T h i s  is due  t o  d i f f e r e n c e s  iri pre- feed ing  and 

, l e n g t h  of obsdrratiod per iods ,  ?or i n f o r m a t i o n  on 

except ions .  rephcatu. I . p r o b a b i l i t i e s ,  etc., see belou. 



Table I s u m m f i z e s  t h e  p a r t s  of t h e  r e s u l t s  of t h e  

s e l e c t i v e  p r e d a t i o n  expe r imen t s  n o t  p r e s e n t e d  i n  P i g o r e s  2 

th rough  5. The f i r s t ~ c o l u m d  of t h e  t ab l e  u s e s  t h e  sdme 

labels for t h e  e x p e r i m e n t s  as d e s c r i b e d  above, The second, 

t h i r d  ahd fourth columns refer, r e s p e c t i v e l y ,  t o  t h e  s t a g e ,  

sex ,  a n d  numbers o f  s p i d e r s  used i n  each  exper iment ,  I n  the 

. f o u r t h  column, there are t h r e e  numbers r e l a t e d  t o  the 

e x p e r h e a t '  d e s c r i b e d  i n  tha t  rou. O f  t h e s e  three numbers, 

t h e  first refers t o  t h e  number o f  s p i d e r s  t h a t  were f e d  t h e  

so re - se l ec t ed  prey ,  t h e  secopa  t o  t h e  number of s p i d e r s  f e d  
1 

bo th  prey,  ahd tbe t h i r d  t o  thia number of s p i d e r s  fed t h e  

less-selected prey,  Por example, i p  Experiment 2a, t h e r e A  . .. 
C I. I 

't 

rere 8 s u b a d u l t  female s p i d e r s  f e d  o n l y  f e ~ l e  Q- * 

A, 10 f e d  b o t h  fe&e Q. a# Q,\ 

m, and 1 2  f e d  on ly  9. fasciatrrl. ?be. more-selected 

prey  is p laced  f i r s t  f o r  t h e  convenience  of having  a l i  t h e  - 
r e l a t i v e  d i s c r i m i n a t i o n  c o e f f i c i e n t s  coma out pos&t ive-  

Zhe p r o b a b i l i t y  t h a t  no s e l e c t i o n  ~cctirred is g iven  i n  

c o l w  s o w .  The p r o b a b i l i t i e s  are usually stated a8 l e u  

than a c e r t a i n  figare because  the method .of c a l c u l a t i n g  

s e l e c t i o n  ~ t o a ~ l y  invo l?ed  two p r o b a b f i i t i e s ,  one comparing 

r a n  numbers of &?re? 1 e a t e n  i n  , s i n g l e  am3 tro ptSy 
+ 

. treatmerts, +ad the o t h e r  compariarg mean numbers of Prey 2 
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e a t e n  i n  s i n g l e  and t u o  prey treatmats.1 Only i n  s i x  of t h e  
I 

14 expe r imen t s  w e r e  t h e  p r o b a b i l i t i e s  t h e  same. I n  this 

table, t h e  h i g h e r  of t h e s e  tuo p ~ o b a b i l i t i e s  i s  presen ted .  

?or example, i n  Bxpetiment 3a t h e  p r o b a b i l i t y  of '<0,10@ is 

reco rded  i n  t h i s  table, b u t  t h e  t h a t  more small 

g. a were e a t e n  i n  t h e  two was a c t u a l l y  

between 0,002 and 0.01, and t h e  probab l i t y  t h a t  fewer t x. UZlitQE were e a t e n  was between 0.05 a 0.10. note t h a t  

t h e  f i r s t  set of p r o b a b i l i t i e s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  

wh i l e , t he  second set are not.  R e s u l t s  t h a t  were 

s t a t i s t i c a l l y  s i g n i f i c a n t  wi th  one  prey and n o t  wi th  t h e  , 
' o ther ,  a l s o  o c c u r r e d  i n  Bxperiments 7 and 8. The 

p r o b a b i l i t i e s  g iven  i n  Tabke I a r e  t h e r e f o r e  v e r y  

conse rva t ive .  , . . 

Co1u.n 8 g i v e s  t h e  r e l a t i v e  d i s c r i m i n a t i o n  c o e f f i c i e n t  

a s s o c i a t e d  w i t h  each  oxperimqnt. The r e s u l t s  are o rde red  so 

t h e  e x b e r i k n t s  t h a t  showed t h e  s t r o n g e s t  selectire 

tende;c iee  are l h t e d  first. The otp;r iments-  are f o r t h e r  - 

c a b g o r i z e d  by g r o i ~ p i n g  the. i n t o  t h o s e  t h a t  showed s t r o n g  

s e l e c t i o n  (i. e., w i t h  a r e l a t i v e  d i s c r i m i n a t i o n '  c o e f f i c i e n t  
1 - 

above 1.5). moderate  sele&on (i.0.. l'-0 & 1.5) , weak 

s e l e c t i o n  (i.e., 0.5 t o  1.0) a n d  v e q  "eak or no w l k t i o n  



P r q ~ ,  the d e s u l t s  i n  Table  I, one can  r a k e  . s e v e r a l  k 
# 

- .  

g e n e r a l i z a t i o n s .  lirst. some e x p e r u e n t s  s h o r e d  t h a t  p. 

may o r  m y  n o t  be  h i g h l y  s e l e c t i v e  i n  what i t  

eats, depending on t h e  c i r d u i s t a n c e s .  Second-, s u b a d o l t  and 
* - 

a d u l t  s p i d e r s  t e n d e d - t o  seiiect t h e  same k i n d s  of  prey (i-e., 

Exper iments  2a  and 2b, 3a and 3b, 5a and 5b). Third,  t h e  

d e g r e e  o f  select ion i n  s u b a d u l t s  and a d u l t s  was no\ 

c o n s i s t e n t .  F o r  example, i n  Experiments 2a and 2b, t h e  \ 
* '  d i .-. I 

r e l a t i v e  d i s c r i m i n a t i o n  & e f f i c i e n t  was 2.17 f o r  s u b a d u l t s  
I 

and t o  1.62 f o r  a d u l t s ,  whi le  i n  3a and 3b ,  t h e  

. c o e f f i c i e n t  was ;F 38 and t o  2.08 f o r  
3 r -  , 

a d u l t s .  ~ o u r t h ,  there t h a t  male and f e a a l e  

s p i d e r s  s e l e c t e d , f  o r  p r e i  .. (iie., Exper iments  4 ' and 
1 

9. 8 and 9). P i f t h .  as ( t h e  r e i a t i v e  d i s c r i m i n a t i o n  
I . . 

c o e f f i c i e n t  , .  dec rease& '  t(e p r o b a b i l i t y  increased .t&at 

s e l e c t i o n  d i d  n o t  ocbot.  s i x t h ,  t h e  r e l a t i v e  d i s c r i m i n a t i o n  . 
- e f f i c i e n t  sometimes e ~ ~ e e d e d  t h e  t h e o r e t i c a l  l i m i t  of 2. . 

. 
I 

f h e r e  was l i t t l e  o r  no ev idence  t h &  p r c f e e d i n g  t h e  

spiders for s e v e n  t o  titight d a y s ' w i t h  om. p rey  species 2 
0 

i n f l a c n c e d  t h e i r  eub8ego&t s e l e c t i o n  o f  p rey  when t h e y  were . 
given  access t o  .both t h e  me-feh prey  and a n o t h e r  prey. The 

resalts of t h e  e x p e r i ~ e n t s  des igned  t o  test for  t h e  

. W l a e n c e  of p re - f eed ing  arb pi? ia T a b l e  U. 4 th first; 
9 

e s p e r i p e a t ,  female s p i d e d i  were p r c f e d  with  e i t h e r  female 
r . - L 

. - or swll i. + or  both. After e i g h t  - . . 
days, t h e  s p i d e r s  wke a l l  fed both p r e y  for a n o t h e r  e i g h t  . 

4 
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r i 2 
i /' 

days. A K r u s k a l - Y a l l i s  test  s o  s i g n i f i c a n t  

d i f f e r e n c e s  (0, 50<P<0. 90, H = 0, 1 7 ) -  I n  t h e  s e c o n d  i' 
e x p e r i m e n t , , h s i n g  male s p i d e r s ,  'a K r u s k a l - U a l l i s  test was 

s i g n i f i c a n t  (O1O1<P<O. O25*,  H = 7. 744) b u t  a  s u b s e q u e n t  test  
rl 

( e  t h e  e s i m u l t a n e o u s  tes t  p r o c e d u r e )  t o  

d e t e r m i n e  u h i c h  of t h e  three t r e a t m e n t s  were s t a t i s t i c a l l y  

d i f f e r e n t  was n o t  s i g n i f i c a n t  (P>>0.05). I n  g e n e r a l ,  t h e  
+ 

tests i n d i c a t e d  t h a t  t h e  s e l e c t i o n  i n  f a v o r  of Q. 

was n o t  changed by p r e - f e e d i n g  v i t h  e i t h e r  p r e y  

s p e c i e s ,  o r  a m i x t u r e  of  t h e  two. 

!Cable 111 u a s  b a s e d  on  s u b a d u l t  f e m a l e  2. lancouv& 

f e e d i n g  f o r  s i x  d a y s  i n  a  t u o  p r e y  s y s t e m  o f  female Q. 

M o w  and s ~ l l  z. we By i n c r e a s i n g  t h e  

p h y s i c a l  c o m p l e x i t y  of t h e  c a g e s  (i-e., by a d d i n g  t h r e e  tree \ 
b 

l e a v e s ) ,  t h e  number o f  Q. relaPaaasfnE e a t e n  d e c r e a s e d  . . 

s i g n i f i c a n t l y .  Though t h e  number o f  s. e a t e n  

i n c r e a s e d  in t h e  t r e a t m e n t s  wi th  l e a v e s ,  it u a s  n o t  

s t a t i s t i c a l l y  d i f f e r e n t  f r o m  t h e  c o n t r o l s .  w a s  c o n e l u d e d  , 

t h a t  c h a n g i n g  t h e  p h y s i c a l  ~ o m ~ p l e x i t y  of t h e  cages d i d  

a f f e c t  t h e  r e l a t i v e  amounts  of p r e y  e a t e n  by t h e  s p i d e r s .  

- 3. U t i l i t y  o f  t h e  Prey  t o  t h e  P r e d a t b r s  

Uhen t h e  n u l l  h y p o t h e s i s ,  t h a t  s p i d e r s  fe& t h e  less- 

s e l e c t e d  prey  d i d  j u s t  as u e l l  as t h o s e  f e d  t h e  aore- 
I.. - .  

' s e l e c t e d  prey ,  was t e s t e d ,  s e p e f  oat  o f  59 tests r(i.e., 13%) 
- .. b 



a - m  



d i d  n o t  u p h o l d  t h i s  h y p o t h e s i s  (i-e., P < 0.05) . I n  t h e s e  

c a s e s  ( s e e  T a b l e  I V )  t h e  d i f f e r e n c e s  be tween  t h e  s p i d e r s  
/ - ,  

a l w a y s  b e n e f i t e d  ( i .  e. , g r e a t e r  a n d  f a s t e r  u e i g h t  g a i n s ,  
\ 

less m o r t a l i t y ,  faster p r o d u c t i o n  o f  a n d  h e a v i e r  f a l &  egg-  

sacs) t h o s e  t h a t  f e d  on t h e  more f r e q u e n t l y  s e l e c t e d  p r e y ,  

I n  a l l  o t h e r  cases (i-e., 87%) n o  s i g n i f i c a n t l y  d i f f e r e n t  

b e n e f i t s  were a c h i e v e d  f r o m  e i t h e r  o f  t h e  prey .  Bu t  i n  n o  

case d i d  t h e  l e s s - s e l e c t e d  p r e y  p r o v i d e  a n y  s i g n i f i c a n t  

benef it-1 

Uhen t h e  n u l l  h y p o t h e s i s ,  t h a t  s p i d e r s  f e d  t h e  more- 

s e l e c t e d  prey d i d  j u s t  a s  well a s  t h o s e  f e d  b o t h  prey,  was 

t e s t e d ,  o n l y  two of t h e  62 tests ( e .  , 3, 2%) d i d  not 

s u b s t a n t i a t e  this h y p o t h e s i s  ( i - e . ,  P < 0.05) . I n  o t h e r  

uo rds ,  i n  97% of t h e  tests where s p i d e r s  were s u p p l i e d  w i t h  

o n l y  t h e  more f r e q u e n t l y  s e l e c t e d  p rey ,  t h e  s p i d e r s  f a r e d  pf, 

a s  t h e  s p i d e r s  p r o v i d e d  w i t h  two p r e y  s p e c i e s ,  

I n  one  o f  the t u o  e x c e p t i o n a l   case^, s o b a d u l t  f e m a l e  s p i d e r s  

f e d  only smll  2. m a t u r e d  s o o n e r  t h a n  s p i d e r s  f e d  

b o t h  small a n d  l a r g e  x, ( i -e . ,  28.8 d a y s  rs. 48-0  

d a y s ,  P = 0.040*), I n  t h e  seco &'- o f  t h e  two cases, a d u l t  

female s p i d e r s  f e d  Q. \ 
g a i n e d  less w e i g h t  t h a n  

t h o s e  f e d  b o t h  Q. and s m a l l  z. Iplitu ( L e a ,  5.81 

4 

1 F o r  d e t a i l s ,  see Column A=C i n  T a b l e s  A-XI1 t o  A - X I 1 1  o f  
Appendix  111. 
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T a b l e  V s u m r a r i z e s  t h e  b e n e f i t  cri teria examined i n  

E x p e r i m e n t s  2,  3. 5, 8, 9 and 10, It e x c l u d e s  Exper iments  1, 

4, 6 a n d  7 b e c a u s e  i n  t h e s e  e x p e r i m e n t s  t h e  s p i d e r s  v e r e  n o t  

o b s e r v e d  from t h e  b e g i n n i n g  o f  t h e  s u b a d u l t  s t a g e .  T h i s  

t a b l e  shows v h i c h  p r e y  c o m b i n a t i o n s  t h a t  p roduced  r e l a t i v e  

d i s c r i r i n a - t i o n  c o e f f i c i e n t s  of a b o u t  1.4 t o  1.9 (i.e-, 

modera te  t o  s t r o n g  s e l e c t i o n )  gave  a  r e l a t i v e l y  h i g h  
/ 

p r o p o r t i o n  of b e n e f i t  c r i t e r i a  ( i-e, ,  25% o f  2 8  tests) t h a t  

f a v o r e d  t h e  p r e d a t o r s ,  On t h e  o t h e r  'hand,  t h o s e  c o m b i n a t i o n s  

t h a t  g a v e  a  c o e f f i c i e n t  of a b o u t  0 - 1  t o  0.6 ( i-el ,  weak 

s e l e c t i o n )  s h o v e d  no d i f f e r e n c e s  i n  t h e  b e n e f i t  c r i t e r i a  

th.?t v e r e  measured ( i - e - ,  O X  o f  26 tests) - 
4 

T a b l e  VI i n d i c a t e s  t h a t  a g r o a p  o f  s p i d e r s  s u p p l i e d  

v i t h  p r e y  t h a t  were more -se lec ted  (i.e,, f e m a l e  2- 

rela4q4aSter) fag.ed- b e t t e r  i n  t h e  s u b a d u l t  s t a g e ,  i n  term 

of f o u r  o u t  o f  s e v e n  b e n e f i t  c r i t e r i a ,  t h a n  a n o t h e r  g r o u p  of 

s p i d e r s  s u p p l i e d  v i t h  p r e y  t h a t  were l e s s - s e l e c t e d  ( i - e . ,  
- 

l a r g e  z. -). But when t h e  a d u l t s  produced by t h e s e  two 

f e e d i n g  t r e a t m e n t s  were a l l  s u p p l i e d  w i t h  a  common p r e y  

( i - e -  , l a r g e  x. w) , no d i f f e r e n c e s  i n  t h e  a d u l t  

b e n e f i t  cri teria c o a l d  b e  d e t e c t e d .  I n  o t h e r  u o r d s ,  b e n e f i t s  

'. a c c r u i n g  i n  t h e  s u b - a d u l t  s t a g e  from a  p r e y  t h a t  was more- 

2 For d e t a i l s ,  see Co1u.m A=B in T a b l e s  A - X I 1  t o  A - X V I I  o f  
Appendix 111. 

.- 



Tab le  V. P e r c e n t a g e  o f  b e n e f i t  c r i t e r i a  t h a t  f a v o r e d  t h e  more- 
s e l e c t e d  prey. 1 -- 

2a,b female D. r, 0. f ,  1.9 12 25 

3a.b S ~ l l  T o m -  Large  Tom. 1.7 4 2  25  

5a.b Female Dl r, Smal l  Tom. 1.4 12 25 ( 
7 

8 Female D. m. Male D.D. 0.6 7 3 0 

9 Female &,r. Hale D-m,  0.4 7 0  
/ 

10a,b 0.f. Smal l  T.B. 0. 1 12 0 

1 Only t h o s e  criteria t h a t  had a p r o b a b i l i t y  g r e a t e r  t h a n  
0.95 t h a n  the more-se lec ted  p rey  gave  g r e a t e r  weight  and  
s i z e  g a i n s ,  h i g h e r  m a t u r a t i o n  rates, o r  less m o r t a l i t y  t h a n  
l e s s - s e l e c t e d  p r e y  are  inc luded .  

2 S u b a d u l t  s p i d e r s  d i d  n o t  mature on l a r g e  T. .olitor so 
some s u b a d u l t  and  a l l  adult b e n e f i t  criteria c o u l d  not  be 
measured. \ 

\ 
3 Male s p i d e r s .  Adult d a t a  n o t  c o l l e c t e d .  

4 Adult d a t a  n o t  c o l l e c t e d -  



Tab l e  VI. B e n e f i t  c r i t e r i a  f o r  f e m a l e  9. naPconPeEl i n  one  
p r e y  s y s t e m s  i n v o l v i n g  l a r g e  2. --. Results are 
e x p r e s s e d  a s  means (SE,  I) per  s p i d e r  o r  a s  p e r c e n t a g e s  
o f  a l l  s p i d e r s ,  

S u b a d u l t  S p i d e r s  

S o b a d u l t  t o  a d u l t  14.81 
weight  gain(mg) (0,910,15) 

S u b a d u l t  t o  a d u l t  0.55 
r a t e  o f  weight  g a i n  (O.OU9, IS) 
(m s/da Y) 

S u b a d u l t  t o  a d u l t  0. 35  
s i z e  i n c r e a s e  ( m m )  (O.027,lS) 

Days f o r  30. 1  
m a t u r a t i o n  (3.17, 15) 

E a t u r a t i o n  94% 
w i t h i n  70 d a y s  (16) 

H o r t a l i t y  b e f o r e  0% 
m a t n r i t y  o r  70 d a y s  (16) .  

Ex t r a  moul t s  7% 
(16) - 

Adult  S p i d e r s  

Adul t  day  0  t o  +10 4-48 6.44 0.200 
weight  gain(mg) (1.380,15) (1-342.9) 

S p i d e r s  p roduc ing  7% 22% 0.762 
f a l s e  egg-sacs  (14) (9) 

Adul t  m o r t a l i t y  0 s  ( 0% 1,000 
w i t h i n  20 d a y s  ( 16) (15) 

Days t o  first 18. 0  14.0 c a -  1.000 
f a l w  egg-sac  ( 0 .  657,2) ( 0 . 0 0 ~ 1 )  

1 Trea t a e n t  A was first f e d  f ema le  Q. oelaDQansfsr u n t i l  
m a t u r i t y .  1Preatment B u a s  f e d  l a r g e  2. u n t i l  
ma tu r i t y .  After m a t u r i t y ,  both t r e a t m e n t s  were f e d  l a r g e  2. 
aQl&& 



r- r 
76 

selected d i d  not improve the performance  o f  the adult . 
s p i d e r s .  



DISCUSSIOI 
. - 3  

1, D e t e c t i o n  o f  Se l e c t i v e  P r e d a t i o n  
< 

a) C r i t i q u e  of t h e  E x p e r i m e n t a l  Des ign 
P 

Though s e l e c t i v e  p r e d a t i o n  i s  commonly e s t i m a t e d  b y  

compar ing  t h e  d e n s i t i e s  of e a c h  k i n d  of p r e y  i n  a n  
/ --' 

e n v i r o n m e n t  w i t h  t h e  number o f  preJ t a k e n  by p r e d a t i o n  

" w i t h i n  t h a t  e n v i r o n ~ e n t ,  Rappor t  and  T u r n e r  (1970) r i g h t l y  

po ineed  o u t  a s e r i o u s  f l a w  i n  t h i s  method - d i f f e r e n t  k i n d s  

of p r e y  are n o t  e q u a l  a l t e r n a t i v e s  t o  p r e d a t o r s .  I n  o t h e r  

words, p r e y  v a r y  i n  s u c h  f e a t u r e s  a s  a v a i l a b i l i t y ,  

c a t c h a b i l i t y  a n d  p r e f e r a b l e n e s s .  

Bappor t  and T u r n e r ' s  method o f  d e t e c t i n g  ' p r e f e r e n c e '  

was t o  remove t h e  c o m p l i c a t i n g  a s p e c t s  of c a t c h a b i l i t y  and 

a v a i l a b i l i t y  by p r e s e n t i n g  a  g r o u p  o f  p r e d a t o r s  w i t h  many 

k i n d s  of p rey  a n d  compar ing  t h e i r  f e e d i n g  ra tes  w i t h  g r o u p s  

of p r e d a t o r s  f e d  o n l y  s i n g l e  k i n d s  o f  prey .  Whatever 

s e l e c t i v e  t e n d e n c i e s  were l e f t ,  w i t h  r e g a r d  t o  p r e d a t o r s  

f e e d i n g  on some p r e y  more f r e g u e a t l y  t h a n  what u a s  e x p e c t e d ,  

were lumped under  t h e  term ' p r e f e r e n c e g  

When a  p o l y p h a g o u s  p r e d a t o r  is r e s t r i a t e d  t o  f e e d i n g  on 

a  s i n g l e  k ind  of p rey ,  its d e g r e e  of s e l e c t i o n  is reduced  t~ 
C 

t u o  c h o i c e s :  $0 eat o r  n o t  t o  eat. Under. t h e s e  

c i rcu ; s t ances ,  t h e  p r e d a t o r  r i l l  t e n d  t o  t a k e  a, many p r e y  

as it c a n  w i t h i n  t h e  time and  mechanisms a v a i l a b l e  t o  i t  t o  



s e a r c h ,  s t a l k ,  a t t a c k ,  subdue. i n g e s t ,  s t o r e  a n d  d i g e s t  t h e  

p r e y  a s  well as t o  e l i m i n a t e  t h e  resuiting wastes. The k i n d  

and e x t e n t ,  o f  t h e s e  l i m i t a t i o n s  a r e  h o t  e s s e n t i a l  t o  t h e ,  

p r e s e n t  work b e c a u s e  t h e  same l i m i t a t i o n s ' e x i s t  i n  b o t h  t h e  

o n e  and  two g r e y  sys tems.  The o n l y  d i f f e r e n c e  is t h a t ,  i n  

t h e  two p r e y  s y s t e m s ,  t h e  pced;tor h a s  more cho ices :  not .  t o  . 

eat, t o  eat o n l y  P r e y  I, t o  eat  o n l y  P,rey 2, a n d  t o  e a t  b o t h  

P r e y  1 a n d  P r e y  2 i n  e q u a l  o r h n e q u a l  p r o p o r t i o n s .  

GeneraJ ly ,  the method used i n  t h i s  s t u d y  t o  t e s t  f o r  

s e l e c t i v e  p r e d a t i o n  was s a t i s f a c t o r y .  It a l l o w e d  l o n g  tetm 

f a m i l i a r i t y  o f  t h d  p r e d a t o r s  w i t h  t h e  d i f f e r e n t  p rey ,  more 

t h a n  a d e q u a t e  ti- f o r  p r e y  c a p t u r e  and i n g e s t i o n ,  r e a d y  
0 

a c c e s s  by t h e  p r e d a t o r s  t g  t h e  prey ,  l i m i t e d  d i s r u p t i o n  by 
/ 

t h e  e x p e r i m e n t e r ,  a a c c l i m e z a t i o n  @ t o  t h e  l a b o r a t o r y  

c o n d i t i o n s ,  a n d  f e e d i n g  d u r i n g  a p e r i o d  when t h e  p h y s i o l o g y  

of t h e  p r e d a t o r s  changed  w i t h  age and moul t ing  c o n d i t i o n .  It 

also r e q u i r e d  few r e p u c a t e s  to  d e m o n s t r a t e  s t r o n g  s e l e c t i o n  

e v e n  though  s t r o n g  s e l e c t i o n  b i a s e d  t h e  r e s u l t s  t o w a r d s  t h e  

l e s s - s e l e c t e d  p r e y  a s  the d e n s i t y  of t h e  more-se lec tek  p r e y  

was r e d u c e d  b y  f e e d i n g .  
I 

# 

The method u a s  e n s a t i s f a c t o r y  i n  t h a t  t h e  r e l a t i v e  
J 

d i s c r i m i n a t i o n  c o e f f i c i e n t  sometimes e x c e e d e d .  t h e  

theoretical .a%imam of 2.0, the t t )o  p r o b a b i l i t i e s  u i t h i x i  ope 

s e l e c t i v e  p r e d a t i o n  e x p e r i m e n t  were n o t  a l w a y s  t h e  same, and  

t h e  u s e  of s i n g l e  prey t r e a t m e n f s  d i d  n o t  c o m p l e t e l y  r o l e  
L 

L, a 





. c 

t h e  p o s s i b i l i t y  t h a t  c e r t a i n  prey a r e  t d t a l l y  unca tchable -  

Hoverer, t h e  method is n o t  comple t e ly  s a t i s f a c t o r *  i n  

b o r d e r l i n e  cases where t h e  prey may be c a t c h a b l e  t o  on ly  ,a 

c e r t a i n  p e r c e n t a g e  o . t h e  p reda to t s .  , S i m i l a r  problems c o u l d .  

arise if t h e  p r e y  were +Lightly obnoxious i n  taste. 

r h e  procedure  used Could improved by i n c r e a s i n g  

r e p l i c a $ i o n ,  by changing  t h e  s o h r c e  of va%r so  t h a t  it was - 

k .v - 
a c c e s s i k l e  b u t  d i d  n o t  c o n t r i b u t e  t o  p rey  mortality (e.g-, 

drowning o f -  x. ' and e scape  of small 2. lPlitQr i n t o  
t 

t h e  sponges ) ,  and by us ing  l a r g e r  c a g e s  w i t h  a p h y s i c a l  

complex i ty  approaching.  t h e  n a t u r a l  h a b i t a t .  The  u se  of 

a r t i f i c i a l  leaf l i t ter  ( H a r t i n  1969) mdy Y e  u s e f u l  i n  

b r i n g i n g  l a b o r a t o r  y s y s t e m s  c l o s e r  t o  n a t u r a l  s i t a a ' t i o n s .  
b 

b )  s e l e c t i v e  P r e d a t i o n  i n  

The r e s u l t s  i n d i c a t e d  t h a t  2, are c a p a b l e  of 

select i r e  p r e d a t i o n  under  l a b o r a t o r y  c o n d i t i o n s -  O f  14 , \  
s e l e c t i v e .  p r d d a t i o n  experiment$,  s i x  shoved s t f o n g  

s e l e c t i o n ,  two showed moderate s e l e c t i o n ,  three showed weak 

s e l e c t i o n ,  and  t h r e e  shoved weak o r  no  selection.^ 
n ' 

/. - 
1 

1 In  t h i s  study, e x p e r i m e n t s  wi th  r e l a t i v e  d i s c r i m i n a t i o n  
s 

c o e f f i c i e n t s  less t h a n  0.5 were classified essentially a s  
shoving  ne s e l e c t i ~ n ,  -is result r i l l  n o t  n i c e o w r i l y  be 
the case in o t k r  e x p . i ~ n t s . *  ~t ~ h o u l d  b e  p ~ i d l e  t o  
o b t a i n  t r u e  i n s t a n c e s  of k l e 6 t i o n  wi th  r e l a t i v e ,  
c o e f f i c i e n t s  less t h a n  0.5, T h a t  is, veak s e l e c t i o n  but with 
high  p r o b a b i l i t i e s  t h a t  thd s i n g l e  'and t v o  p r e l  tzeqtmmt 
f e e d i n g  rates are d i f f e r e n t -  



> 
S p i d e r s  a r e  o f t e n  a s s u m e d  t o  b e  p o l p p h a g o y s  p r e d a t o r s  

d t h a t  f e e d  u p o n  a l l  s u i t a b l y  s i z e d  a n i m a l s  t h a t  c h a n c e  t h e i r  

way ( S a v o r y  1 9 2 8 ) .  However,  t h i s  work s h o w s  t h a t  t h e y  may be 

s o m e w h a t  s e l e c t i v e  i p  w h a t  t h e y  ea t .  B r i s t o u e  ( 1 9 4 1 )  s t a t e d  

t h a t  s p i d e r s  were s e l e c t i v e ,  a t  l e a s t  t o  t h e  e x t e n t  of  

$ e j e c t i n g  ' d i s t a s t e f u l '  o r g a n i s m s .  However,  a s  Bris towe's  

e x p e r i m e n t s  l a c k e d  c o n t r o l s  a n d  were i n a d e q u a t e l y  J I 

r e p i i c a t e d ,  h i s  c o n c l u s i o n s  a r e  q u e s t i o n a b l e .  T u r n b u l l  

k196O) o b s e r v e d  t h a t  a  w e b - b u i l d i n g  s p i d e r  s o n e t i a e s  
-4 

a c c e p t e d  a n d  sometimes r e j e c t e d  c e r t a i n  p r e y .  He s p e c u l a t e d  

t h a t  t h i s  n i g h t  be d u e  t o  a  l e a r n e d  s e l e c t i d n  p r o c e s s ,  b u t  

was u n a b l e  t o  s u p p o r t  t h i s  i d e a .  

T h o m p s o n '  ( 1 9 5 1 )  s u g g e s t e d  t h a t  most p r e d a t o r s  a r e  more 
,-. 

s p e c i f i c  i n  t h e i r  f e e d i n g  h a b i t s  t h a n  i s  r e a l i z e d .  H e  seems 

t o  h a v e  m e a n t  t h a t  few p r e d a t o r s  f e e d  r a n d o m l y ,  t a k i n g  p r e y  ' 

i n d i s c r i m i n a t e l y  o n  a n  o p p o r t u n i s t i c  b a s i s .  Bu t  f o o d  

d i s c r i a i n a t i o n  b y  a p r e d a t o r  d o e s  n o t  n e c e s s a r i l y  mean t h a t  

t h e  p r e d a t o r  is  a  s p e c i a l i s t .  S p e c i a l i z a t i o n  i m p l i e s  i n n a t e  

or  g e n e t i c a l l y  f i x e d  f e e d i n g  b e h a v i o r s .  It is  l i k e l y  t h a t  

s p i d e r s ,  as o t h e r  p o l y ~ h a g o u s  p r e d a t o r s ,  w h i l e  e x p l o i t i n g  

v e r y  m a n y ' k i n d s  o f  p r e y  a re  st i l l  c a p a b l e  o f  d i s c r i m i n a t i n g  

b e t w e e n  them. T h i s  m y  D e  e s p e c i a l l y  t r u e  when r e s o u r c e s  a r e  

a b u n d a n t  (Cody 1 9 7 4 ) -  

Some of t h e  p r e y  p a i r s  u s e d  i n  t h e s e  e x p e r i m e n t s  were 

c h o s e n  so  t h a t ,  o n  a h  p p t i o a  i n t u i t i v e  b a s i s ,  n o  s e l e c t i o n  



was e x p e c t e d  (e. J. 8 m a l e  a n d  f e m a l e  Q. .aglaesaster).  O t h e r  

. p a i r %  were c h o s e n  so  t h a t  a h i g h  d e g r e e  o f  s e l e c t i o n  r a s  , 

1 
e x p e c t e d  ( e . g i ,  g. & L _ a n o a a s t e g  a n d  larg*t.  &a); S t i l l  

o t h e r  p a i r s  were c h o s e n  w i t h  n o  g priu e x p e c t a t i o n s  ( e - g . ,  

0. w i a t u s  a n d  smal l  2. p o l i t o z )  . - i 

T h e  g p r i o r 4  e x p e c t a t i o n s  were i a r g e l y  s u b s t a n t i a t e d .  

No d i s c r i m i n a t i o n  

c o u l d  b e  s h o w n  e v e n  t h o u g h  e s  were i d e r a b l y  l a r g e r  

' and t h e r e f o r e  p e r h a p s  fi 

- d i s c r i m i n a t i o n  d i d  o c c u  r e y  (i.e., Q. 

~ J a n o q a s t e r ,  s m a l l  g. - 
l a r g e  x. m o l i t o r ) .  T h i s  

rnolrtgr were' k n o r n  t o  a - 
t h e  s p i d e r s  c o u l d  h a n d l e .  

I n  t h e  e x p e r i m e n t s  

was f o u n d  t h a t  8.  

e x p e r i r e n t a l  p r e y  a n d  t h a t  t h e r e  was v e r y  weak o r  no  

s e l e c t i o n  b e t w e e n  Q.,,fasclafns a n d  small  2. N - Q ~ .  

T h o u g h  n o t  a l l  o f  t h e  c o n b i n a t i o n s  o f  p r e y  p a i r s  kere 

t e s t e d ,  t h e r e  was a h i e r a r c h y  o f  s e l e c t i o n  s i m i l a r  t o  t h a t  I 
f o u n d  i n  s e a s t a r s  by l a n d e n b e r g e r  ( 1 9 6 8 ) .  By c o n b i n i o / b  the 

/ 

result% o f  s u b a d n i t s  a w  a d u l t s ,  
1- 

Small x. L a r g e  g. 



S i i l a r i l y ,  f o r  f e m a l e .  2. ~ n c o n a e r i  it was: 

I t  i s  p o s s i b l e  t h a t  h i e r a r c h i e s  may b e  u s e f u l  t o  

p r e b c t  s e l e c t i o n  i n  u n t e s t e d  p r e y  c o m b i n a t i o n s ,  F o r  
\ 

e x a m p l e ,  i f  P r e y  1 is s e l e c t e d  o v e r  P r e y  2 a n d  P r e y  1 i s  

e q u a l l y  s e l e c t e d  when p a i r ' e d  w i t h  P r e y  3 ,  P.rey 3 ray b e  
C 

s e l e c t e d  o v e r  P r e y  2- 

I f  p o l y p h a g o u s  ~ r e d a t o r s ,  l i k e  2'. qanc?si, a r e  shown I 

t o  b e  more s e l e c t i v e  t h a n  i s  commonly b e l i e v e d ,  t h e r e  a re  a 

number  o f  h y p o t h e s e s  t h a t  c a n  b e  p r e d i c t e d .  F o r  e x a m p l e ,  i n  

t w o  e c o s y s t e m s  w i t h  t h e  s a n e  s p e c i e s  d i v e r s i t y ,  t h e  o n e  t h a t  

i s  o l d e r ,  a n d  t h e r e f o r e  h a s  had  more time t o  e s t a b l i s h  

s t a b l e  i n t e r s p e c l f , i c  r e l a t l o n s h l p s ,  s h o u l d  h a v e  t h e  
\ 

following c h a r a c t e r i s t i c s :  I-, 

( a )  s i m p l e r  f o o d  webs ( i -e . ,  l e ss  v a r i e t y  i n  k i n d s  o f  f o o ' d s  

, e a t e n ) ,  

n b r e  e f f i c i e n t  t r a q s f e r  o f  f o o d  e n e r g y  b e t w e e n  t r o p h i c  
I 

l e v e l s  (i. e., i n c r e a s e d  c h a n c e s  f o r  s p e c i a l i z e d  
i 

d i g e s t i v e  s y s t e m s  a n d '  e n z y a e s ) ,  

more p r e y  w i t h  h i g h l y  e l a b o r a t e  d e f e n s i v e  m e c h a n i s m s  
\ 

p's 
", 

( i - e . .  s p e c i f i c  p r e y  d e f e n s e s  e v o f v e  a g a i  t s p e c i f i c  \ 

I 

k i n d s  of p r e d a t o r s ) ,  a n d  

more p r e d a t o r s  w i t h  h i g h l y  e l a b o r a t e  o f f e n s i v e  

n e c h a n i s a s  (i-e., s p e c i f i c  p r e d a t i o n  w e a p o n r y  a n d  



t ac t ics  ar ise  f o r ~ s p e c i f i c  k i n d s  o f  my). 
A n o t h e r  e x a m p l e  i s  more ~ r a c t i c a l .  I f  s e l e c t i v e  p r e d a t i o n  is  

common h n d e r  f i e l d  c o n d l t i m s ,  t h e r e  i s  a n  i n c r e a s e d  
- b 

p o t e n t l a 1  f o r  c o n t r o l l i n g  p e s t  s p e c i e s  w i t h  p r e d a t o r s .  

2. T r a n s i e n t  N a t u r e  of t h e  s e l e c t i v e  P r e d a t i o n  P r o c e s s  

I n  t h e  s e c t i o n  a b o v e ,  t h e  h i e r a r c h i k s  o-f' s e l e c t i o n  v e r e  
' ' - 9  

t a k e n  a s  b e i n g  f b e d .  B u t  i t  i s  n o t  t h a t  s i m p l e .  S e l e c t i o n  

seem t o  b e  a t r a n s i e n t  p h e n o m e n o n  a n d  may c h a n g e  f o r  many 

r e a s o n s  ( R a p p o r t  1 9 7 2 )  . 
~ h o u g h  t n e  sex a n d  a g e  o f  t h e  s p i d e r s  a n d  t h e i r  p r e -  

- f e e d i n g ,  a i d  n o t  seem t o  make a  d i f f e r e n c e  i n  th'eir s e l e c t i v e  
X 

t e n d e n c i e s , t .  t h e  p h y s i c a l  c o m p l e x i t y  o f  t h e  c a g e s  d i d .  When 

a f e u  l e a v e s  ,were a d d e d  t o  t h e  c a g e s ,  t h e  d e g r e e  of 
? 

selection b e t w e e n  Q. w a a o q a s i  a n d  s m a l l  T. 

c h a n g e d .  T h i s  may h k v e  b e e n  t h e  r e s u l t  o f  a n u m b e r  o f  

f a c t o r s  s u c h  a s  c h a p g e s  i n  t h e  e s c a p e  r e a c t i o n s  o f  t h e  p r e y ,  
* 

i n c r e a s e d  s h e l t e r  f o r  t h e  p r e y  a n d / o r  p r e d a t o r s ,  a n d  c h a n g e s  
& 

- 
i n  t n e  e f f i c i e n c y  o f  p r e y  c a p t u r e .  Thus, v i t h  c h a n g i n g  

environmental c o n d i t i o n s  ( b o t h  a b i o t i c  a n d  b i o t i c ) ,  t h e  

d e g r e e  o f  s e l e c t i o n  o r  e v e n  t h e  s e l e c t e d  p r e y  may c h a n g e .  

1 Even t h o u g h  t h e s e  v e r e  n e g a t i v e  r e s u l t s ,  t h e y  d o  n o t  r u l e  
o u t  t h e  p o s s i ~ i l i t y  t h a t  f a c t o r s  s u c h  a s  a g e ,  s e x  a n d  p r e -  
f e e d i n g  may a f f e c t  f o o d  s e l e c t i o n  u n d e r  d i f f e r e n t  
c i r c u n s t a n c e s  w i t h  d i f f e r e n t  2 r e d a t o r s .  

0 



I 
Different d i e t s  f e d  t o  l a r v a l  f l i e s  h a v e  b e e n  shown t o  

a f f e c t  t a s t e  r e s p o n s e s  of a d u l t  f l i e s  ( D e t h i e r  a n d    old rich 
* 

1 9 7 1 ) .  A l s o ,  c h a n g e s  i n  s e l e c t i v e  p r e d a t i o n  h a v e  b e e n  shown 

t o  o c c u r  v i t h  d i f f e r e n c e s ,  i n  t h e  number  o f  p r e y  c h o i c e s  

available ( L a n d e n b e r g e r  l 9 6 8 ) ,  g e o g r a p h i c a l  l o c a t  i o n  ( D i x  

1 9 6 8 ) ,  r e l a t i v e  f o o d  f r e q u e n c i e s  ( t l u r d o c h  1 9 6 9 ,  n a n l y  et a l .  

1972)  a n d  h u n g e r  (see r e f e r e n c e s  i n  I n  t r o d u c t i o n )  .' % 

T h o u g h  h u n g e r  1s u s u a l l y  t h o u g h t  o f  i n  te'rms o f  e n e r g y  

a n d  c a r b o h y d r a t e s ,  i t  i s  p o s s i b l e  t h a t  t h e r e  a r e  s e v e r a l  

k i n d s  of h u n g e r  (e, g., h u n g e r  f o r  p r o t e i n - r i c h  f o o d s ,  h u n g e r  

f o r  s p e c i f i c  a m i n o  a c i d s ,  a n d  h u n g e r  f o r  c e r t a i n  v i t a m i n s ) .  

I f  t h i s  i s  t r u e ,  i t  i s  p o s s i b l e  t h a t  t h e  h u n g e r  r e s u l t s  f r o m  

c e r t a i n  p h y s i o l o g i c a l  n e e d s  t h a t  a r e  i n  t u r n  r e l a t e d  t o  some 

a s p e c t  o f  g r o w t h  a n d / o r  r e b p r o d u c t i o n .  T h i s  i s  t h e n  a  

p o s s i b l e  m e c h ~ n i s n  f o r  i n d u c i n g  c h a n g e s  i n  p a t t e r n s  of f o o d  

s e l k t i o n .  P o r  e x a m p l e ,  B o s s  a n d  B r a s  (1,975) h a v e  shown t h a t  

r a t s  se lect  d i f f e r e n t  r a t i o s  o f  c a r b o h y d r a t e s  o r  p r o t e i n  a t  

d i f f e r e n t  a g e s  a n d F $ h a t  t h e s e  s e l e c t i o n s  a f f e c t  t h e  

l o n g e v i t y  of t h e  rats. ncYeill ( 1 9 7 1 )  n o t e d  t h a t  a  n i r i d  bug 

f e d  o n  t h e  l e a v e s  o f  its h o s t  p l a n t  d u r i n g  its e a r l y  s t a g e s ,  

b u t  t h e n  f e d  o n  t h e  f l o w e r  h e a d s  when t h e  b u g  r e a c h e d  

m a t u r i t y .  However ,  i t  i s  n o t  c l e a r  f r o m  HcNeil18s p a p e r  i f  

th'is s h i f t  o f  f e e d i n g  o c c u r r e d  o n l y  when t h e  f lower h e a d s  

f o r m e d  a n d  t h u s  b e c a m e  a v a i l a b l e  t o  t h e  b u g s  ( i - e - ,  t h e  

p r o b l e m  o'f a v a i l a b i l i t y  v s -  p r e f e r e n c e )  . Also, R o d g e r s  a n d  

Q a d r i  ( 1977)  h a v e  d e m o n s t r a t e d  t h a t  t h e  c a l o r i f i c  v a l u e s  of 



a q u a t i c  i n o e r t e ~ r a t e s  v a r y  s i g n i f i c a n t l y  f r o m  s e a s o n  t o  

s e a s o n  a n d  d o u s e  (1972)  h a s  shown  t h a t  t h e  f o o d  v a l u e  o f  a 
4 

d i e t  may c h a n g e  u i t h  t e m p e r a t u r e ,  ~ h ' i s  m e a n s  t h a t  t h e  c o s t -  

r e v e n u e  balance n a g  n o t  be s t a t i c ,  e v e n  w i t h  . o n e  k i n d  o f  

p r e d a t o r  a n d  o n e  k i n d  o f  p r e y -  

3. a e n e f i t  C r i t e r i a  

I n  o r d e r  t o  d e t e c t  w h e t h e r  t h e  s e l e c t i v e  p r e d a t i o n  

p r o c e s s  r e s u l t e d  i n  a n y  p o s i t i v e  u t i l i t y  ( e  , b e n e f i t )  t o  

t h e  s p i d e r s ,  t w e l v e  m e a s u r a b l e  c r i t e r i a  were s e l e c t e d  t h a t '  
\ 

i n t u i t i v e l y  weFe e x p e c t e d  t o  be  c l o s e l y  a s s o c i a t e d  w i t h  

a c h r e v e m e n t  o f  m a t u r a t i o n  a n d  r e p r o d u c t i o n  of  1- q-A. 

T h e s e  b e n e f i t  c r i t e r i a  were m o n i t o r e d  o v e r  a n  e x t e n d e d  

p e r i o d  o f  time f o r  m o s t  of t h e  s p i d e r s  u s e d  i n  t h e  . s e l e c t i v e  
/- 

p r e d a t i o n  e x p e r i m e n t s  ( e  , u p  t o  7 0  d a y s  f o r  s p i d e r s  t h a t  

* were i n  t h e  s u b a d u l t  s t a g e  a n d ,  f o r  t h o s e  t h a t  m a t u r e d ,  

a n o t h e r  2 0  d a y s  w h i l e  t h e y  mere a d u l t s ) .  F o r  e x a m p l e ,  f o r  

close t o  t h r e e  m o n t h s  some s i d e r s  were o n l y  f e d '  f e m a l e  
* f' P 1 

aela~wPster, c t h e r s  o n l y  smal l  T. n o l i t o r ,  a n d  s t i l l  o t h e r s  

b o t h  female 2. a n d  smal l  2 ,  p o l i Q & .  
43 . 

O f  t h e  12  b e n e f i t  c r i t e r i a  u s e d ,  f o u r  d i d  n o t  shun a n y  
1 

s t a t ~ s t i c a l  d i f f e r e n c e s  b e t w e e n  a n y  o f  t h e  f e e d i n g  ' 



t r e a t m e n t s - 1  811 f o u r  o f  t h e s e  were m e a s u r e d  a s  p e r c e n t a g e s .  

A s  s t a t i s t i c a l  m e t h o d s  f o r  d e f e c t i n g  d i f  f e r e n c g s  b e t w e e n  D 

 percentage.^ w i t h  few r e p l ~ c a t e s  a r e  n o t  s e n s i t i v e , l  i t  was 

. c o n c l u d e d  t h a t  t h e s e  ' c r i t e r i a  r a y  s t i l l  b e  a p p r o p r i a t e  f o r  

m e a s u r i n g  benef lts, b u t  n o t  f o r  t h e s e  e x p e r i m e n t s .  

O f  t h d  r e m a i n i n g  e i g h t  c r i t e r i a  t h a t  s h o w e d  s t a t i s t i c a l  
r 

d i f f e r e n c e s  o n l y  f o u r  ( i -e . ,  s u b a d u l t  t o  a d u l t  w e i g h t  g a i n ,  

s u b a d u l t  t o  a d u l t  r a t e  o f  w e i g h t  g a i n ,  d a y s  for n a t u r a t i o n ,  

a n d  a d u l t  v e i g h t  g a i n  b e t w e e n  m o u l t i n g  a n d  10 d a y s  l a t e r ) ,  

were s i g n i f i c a n t l y  d i f f e r e n t  more t h a n  o n c e . 2  

O f  t h e s e  e i g h t  c r i t e r i a ,  t w o  were r e l a t e d  t o  m a t u r a t i o n  

( i . ,  p e r c e n t a g e  of s u b a d u l t s  t h a t  m a t u r e d  w i t h i n  7 0  d a y s ,  
- -  - 

a n d  d a y s  f o r  m a t u r a t i o n ) ,  f o u r  were r e l a t e d  t o  w e i g h t  a n d  

s i z e  g a i n  ( i .e . ,  s u b a d u l t  t o  a d u l t  v e i g n t  g a i n ,  s u b a d u l t  t o  

a d u l t  r a t e  o f  w e i g h t  g a i n ,  a d u l t  w e i g h t  g a i n  b e t w e e n  

m o u l t i n g  a n d  10 d a y s  l a t e r ,  a n d  i n c r e a s e  o f  c e p h a l o t h o r a x  

s i z e ) ,  a n d  t u o  were r ~ l a t e d  t o  i n c r e a s i n g  t h e  p o t e n t i a l  

number of o f f s p r i n g  (i .e.,  t i n e  t o  p r o d u c e  f i r s t  f a l s e  e g g -  

s a c  a n d  w e i g h t  o f  f i r s t  f a l s e  e g g - s a c ) .  

1 
1 For s u b a d u l t s ,  t h e s e  were t h e  p e r c e n t a g e s  o f  s p i d e r s  t h a t  
m a t u r e d  w i t h ' n  7 0  d a y s  a n d  t h a t  p r o d u c e d  e x t r a  e x u v i a -  F o r  - were t h e  p e r c e n t a g e s  o f  s p i d e r s  t h a t  p r o d u c e d  
false e g g - s a  s a n d  t h a t  d i e d  u i t b i n  20 days of r e a c h i n g  
m a t u r i t y .  
1 Only  o n e  c r i t e r i o n  m e a s u r e d  a s  a  p e r c e n t a g e  was  
s t a t r s t i c a l l y  s i g n i f i c a n t  ( e  p e r c e n t a g e  o f  s u b a d u l  t 
m o r t a l i t y  w i t h i n  70 d a y d  

T a b l e s  IV a n d  VI. i 



I n  t n e  e x p e r i m e n t  u h e r e  a m o r e - s e l e c t e d  p r e y  was fed 
- 

d u r i n g  t h e  s u b a d u l t  s t a g e  a n d  a  l e s s - s e l e c t e d  p r e y  i n  t h e  

a d u l t  s t a g e ,  t h e r e  w a s  n o  e v i d e n c e  .of a c a r r v - o v e r . o f  

b e n e f i t s  . f r o m  t h e  s u b a d u l t  t o  a d u l t  S t a g e S . .  T h i s  s u p p o r t s  

t h e  i d e a  t h a t  o e n e f i t s  o b t a b e d  i n  the s u b a d u l t  a n d  a d u l t  
1: * r 

s t a g e s  c a n  b e  t r e a t e d  i n d e p e n d e n t l y .  F o r  e x a m p l e ,  b e n e f i t s  

m e a s u r e d  in t h e  s u b a d u l t  s t a g e s  v e r e  n o t  d e r i v e d  f r o m  t h e  

(unknown)  p r e y  t h a t  were c a p t u r e d  i n  t h e  p r e v i o u s  s t a d i a .  

H a v l n g  s h o w n  t h a t  p .  v q n c o u v a  a r e  c a p a b l e  o f  m a k i n g  

s e l e c t i o n s  b e t w e e n  t w o  k i n d s  o f  p r e y ,  a n d  h a v i n g  c o m m e n t e d  

or. t n e  b e n e l l t .  c r i t e r i a  u s e d ,  t h e  q u e s t i o n  now a r i s e s  - tlDo 

t h e  a t t r i ~ u t e s  t h a t  were m e a s u r e d  r e a l l y  b e n e f i t  t h e  

* 
 spider^?^ Hy a n s u e r ,  w i t h  s o m e  r e s e r v a t i o n s ,  i s  "Yestg. 

A 1 1  o f  t n e  c r i t e r i a  m e a s u r e m e n t s  v e r e  d i r e c t l y  o r  , 

i n d i r e c t l y  r e l a t e d  t o  i n c r e a s i n g  t h e  s p i d e r s '  c h a n c e s  o f  

s u r v i v i n g  t o  m a t u r i t y  a n d  r e p r o d u c i n g  s u c c e s s f u l l y .  T h e  

a b i l i t y  t o  r e a c h  m a t u r i t y  i s  a n  o b v i o u s  a d v a n t a g e ,  b u t  t h e  

a d v a n t a g e s  o f  t h e  c r i t e r i a  c o n q e c t e d  u i t h  w e i g h t - s i z e  g a i n  

a n d  i n c r e a s i n g  t h e  p o t e n t i a l  n u a b e r  o f  o f f s p r i n g  are l e s s  

o b v i o u s .  A 1 1  o f  t h e  c r i t e r i a  c o n n e c t e d  w i t h  i n c r e a s i n g  t h e  

w e i g h t  a n d  s i z e  g a i n s  a r e  m u t u a l l y  r e l a t e d .  T h a t  is, i n  

l y c o s i d  s p i d e r s ,  w e i g n t s  ha -ve  b e e n  d i r e c t l y  a n d  p o s i t i v e l y  
, 

+rre la  t e d  w i t  t c a r a p a c e  s i z e  ( H a g s t r u m  1971) a n d  c a r a p a c e  

s i z e  s i n i l a r r l y  h a s  been  c o r r e l a t e d  w i t h  t h e  n u m b e r s  o f  e g g s  

~ r o d u c e d  ( P e t e r s o n  1950).  f l i n i m i z i n g  time t o  p r o d u c e  t h e  



f irst  e g g - s a c  i s  r e g a r d e d  a s  a n  a d v a n t a g e  b e c a u s e  l y c o s i d  

s p i d e r s  t e n d  t o  p r o d u c e  more  t h a n  o n e  e g g - s a c  a n d  i f  a  

s p i d e r  c a n  p r o k u c e  a s e c o n d  e g g - s a c ,  i t s  t o t a l  e g g  

p r s d u c t i o n  is i n c r e a s e d .  ' F i r s a l l y ,  t h e  s i z e  o f  t h e  f a l s e  e g g -  

s a c s  a r e  s u m e d  t o  be c o r r e l a t e d  w i t h  the n u n b e r  o r  a t  .y . 
l e a s t  t h e  w e i g h t  o f  t h e  e g g s  t h a t  v o u l d  h a v e  b e e n  p r o d u c e d  

i f  t h e y  h a d  b e e n  f e r t i l i z e d .  I n  a l l  o f  t h e s e  cases  i t  i s  

a s s u m e d  t h a t  more e g g s  u i l l  i n c r e a s e  t h e  - l i k e l i h o o d  of more 

o f f s p r i n g  a n d  h e l p  e n s u r e  t h e  c o n t i n u a t i o n  o f  t h e  species. 

,' 

waereas S l o b o d k i n  / 1 9 6 ~ )  h a s  a d v o c a t e d  t h a t  t h e  b e s t  

c r i t e r i o n  t o  j u d g e  e v o l u t i o n a r y  f i t n e s s  is l o n g  term 

s u r v i v a l  o f  t h e  s p e c i e s ,  t h e  a d v a n t a g e s  o r  b e n e f i t s  t h a t  

were m e a s u r e d  i n  t h i s  s t u d y  were a l l  s h o r t  term f a c t o r s  
\ 

d i r e c t l y  or i n d i r e c t l y  r e l a t e d  t o  e i t h e r  - m a x i m i z i n g  t h e  

l o n g e v i t y  o f  t h e  i n d i v i d u a l  s p i d e r s  ( t a k e n  a s  s a m p l e s  o f  
- 

p o p u l a t i o n )  o r  m a x i m i z r n g  p o t e n t i a l  number  of  o f f  s p r i n g .  

T h e s e  f a c t o r s  h a v e  t h e  f o l l o u i n g  p r o b l e m s :  

e x c e s s i v e  n u m e r i c a l  i n c r e a s e s  i n  t h e  p r e d a t o r  

p o p u l a t i o n  may l e a d  t o  s e v e r e  c o m p e t & i o n  a n d  

o v e r e x p l o i t a t i o n  o f  t h e  p r e y ;  

a d u l t  s u r v i v a l  p a s t  r e p r o d u c t i v e  r e q u i r e m e n t ' s  may l e d  

t o  c a n n i ~ a l i s a ;  

a n  e x k e s s i v e  i n c r e a s e  i n  p h y s i c a l  s i z e  may i n c r e a s e  

r a t e s  o f  p r e d a t i o n  a n d  p a r a s i t i s m ;  , a n d  

a n  e x c e s s i v e  s h o r t e n i n g  o f  t h e  l i f e  s p a n  may r e s u l t  i n  

losses o f  p o t e n t i a l  f o o d  s u p p l i e s  a n d  p r o b l e m s  i n  
J 
/' 



s y n c h r o n i z i n g  t h e  time o f  m a t u r n t i o n  o f  b o t h  sexes.  

P 

F a c t o r s  (a)  a n d  ( D )  a r e  p o t e n t i a l  p r o b l e m s  f o r  b o t h  e n e r g y  

m a x i m i z e r s  a n d  time m i n i m i z e r s .  F a c t o r  (c) i s  a p r o b l e m  o f  

e n e r g y  m a x i a i z e r s  a n d  ( d )  o f  time m i n i n i z & r s .  ' 

I n -  t h e  w o r d s  o f  Cody ( 1 9 7 4 )  : T. , .  o p t i m a l  a n d  m a x i n a l  

r e p r o d u c t i v e  e f f o r t  a r e  l i k e l y  t o  d f f f e r ,  a n d  o v e r a l l  - _ CI 
f i t n e s s  is  m a x i m i z e d  b y  a  reproductive e f f o r t  t h a t  i s  l e s s .  

- t h a n  a l l  o u t " .  A l s o  w h a t  i s  o p t i m a l  v a r i e s  w . . . w i t h  r e s p e c t  

t o  t h e  g i v e n  c o n s t r a i n t s  o f  h r s t o r y   and a v a r i e t y  o f  

s i m u l t a n e o u s  s e l e c t i v e  f  o r c e s J q  ( e o d p  1 9 7 4 ) .  As i t  was . 

a s s u m e d  that t h e  s p i d e r  p o p a l a t i o n ,  f r o m  w h i c h  t h e  

i n d i v i d u a l  ~ r e d a t o r s  were t a k e n ,  h a d  n o t  f u l l y  e x p l o i t e d  

t h e u  n a t u r a l  h a b i t a t ,  a n d  a s  v e r y  l o n g  term s t u d i e s  (i.e., 

o v e r  many g e n e r a t i o n s )  were n o t  p o s s i b l e  i n  o r d e r  t o  

d e t e r m i n e  optimal s i z e s  a n d  m a t u r a t i o n  times, i t  w a s  

c o n c l u d e d  t h a t  t h e  k i n d s  of  c r i t e r i a  u s e d  i n  t h e s e  

e x p e r i m e n t s  were t h e  D e s t  a v a i l a b l e  f o r  m e a s u r i n g  s u r v i v a l  

a n d  r e p r o d u c t i v e  s u c c e s s .  1 
r 

4 ,  B e l a t l o n s h i p  B e t w e e n  S e l e c t i o n  a n d  B e n e f i t  i n  

l a r d o s q  l ancouvecJ  

T h e  s i n g l e  p r e y  e x p e r i m e n t s  c o u l d  h a v e  l e d  t o  t h e  

f o l l o w i n g  p o s s i b l e  o u t c o m e s :  

( a )  t h e  s p i d e r s  t h a t  y e r e  f e d  t h e  more-se-4 p r e y  



e x h i b i t e d  a g w s  e x p r e s s i o n  o f  t h e  b e n e f i t  C r i t e r i a  

t h a n  t h o s e  f e d  t h e  l e s s - s e l e c t e d  p r e y ;  

( b )  t h e  s p i d e r s  t h a t  were f e d  t h e  less-se-4 p r e y  

e x h i b i t e d  a g E a t e r  e x p r e s s i o n  o f  t h e  b e n e f i t  c r i t e r i a  '. 
t h a n  t h o s e  f e d  t h e  y o r e - s e l e c t e d  p r e y ;  o r  \ 

'25 

(c l  t h e r e  was n o  r e l a t i o n s h i p  b e t w e e n  t h e  s e l e c t e d  p r e y  a n d  

t h e  b e n e f i t  , c r i t e r i a .  u 

T h e  r e s u l t s  s h o u e d  t h a t  o u t c o m e  ( a )  was s l i g h t l y  . 

f a v o r e d  -when a l l  e x p e r i m e n t s ,  r a n g i n g  f r o m  s t r o n g  s e l e c t i o n  

t o  weak o r  n o  s e l e c t i o n ,  v e r e  c o n s i d e r e d  e ,  13% o f  ' 54  
8 

tes ts  were s t a t i s t i c a l l y  s i g n i f i c a n t )  b u t  was  n o d e r a t e . l y  

f a v o r e d  w h e ~  o n l y  ' s t r o n g  to  m o d e r a t e  s e l e c t i o n s  were 

c o n s i d e r e d  (i.e., 25% o f  2 8  t e s t s ) .  P r e y  c o m b i n a t i o n s  t h a t  

g a v e  o n l y  w e a k  s e l e c t i o n s  ( i - e . ,  male a n d  f e m a l e  Q. 

w g ~ a s t g ,  Q. f a s c _ u s  a n d  s m a l l  T. ~ u t o ~ )  p r o d u c e d  n o  

b e n e f i t  c r i t e r i a  t h a t  were d e t e c t i b l y  d i f f e r e n t  ( e ,  OX o f  

26 t e s t s ) .  O u t c o m e  (b)  mas n o t  s u p p o r t e d  b y  a n y  tAsts ( i-e. ,  

0% of 5 4  tests). T h u s ,  t h e s e  r e s u l t s  c a n f o r m  t d  t h e  i d e a  

t h a t  b e n e f a t s ,  a t  l eas t  when t h e y  v e r e  d e t e c t e d ,  arose from 

t h e  p r o c e s s  o f  f e e d i n g  o n  t h e ,  m o r e - s e l e c t e d  p r e y .  
d 

V 
t --\ -. 

A p o s s i b l e  c o n s e q u e n c e  of d i s c o v e r i n g  t h a t  i n c r e a s e d  
b 

b e n d  i ts-  are  a s s o c i a t e d  w i t h h r - b q 6  d e g r e e  o f  s e l e c t i o n  is a ' 

'4 C e 
s i m p l i f i e d  m e t h o d  . o f  t e n d e n c i e s  i n  

p r e d a t o r s .  T h a t  is, t h a t ,  when f e d  
A 

a l o n e ,  g i v e s  t h e  a p r e d a t o r ,  o n e  may be - 



a b l e  t o  p r e d i c t  w h i c h  of t w o  or  m o r e  p r e y  w i l l  be s e l e c t e d  

f o r m o s t f r e p u e n t l y .  T h i ~ m i . ~ b b e u . s e f u l ' a s a ' f a s t  ,. , . , . ' 

s c r e e n i n g  d e v i c e  f 0 r ; p a l e c t i n g  ., . p o t e n t i a l l y  u s e • ’  u l  ~ r e d a  t o r s  

f o r  ~ ~ o l o g i c a l  c o n t r o l  y o t k .  

 here w a s  a s e c o n d  set o f  p o s s i b l e  o u t c o m e s  f r o m  t h e  
- .  

s e l e c t i v e  p r e d a t i o n  e x p e r i m e n t s .  T h a t  is, t h e  s p i d e r s  t h a t  

f e d  o n  t h e  no-lem$ p r e y  d i d  ( a )  '&ttgrg t h a n ,  ( b )  * - 
v o r 8  t h a n ,  o r  (c) a s  well as t h o s e  f e d  b o t h  p r e y .  The: ' - 
resu l t s  i n d i c a t e d  t h a t  i n  9 7 %  of 6 2  tests, (c) h e l d  t r u e .  It 

was c o n c l u d e d  t h a t  t h e r e  was n o  major d i f f e r e n c e  b e t v e e n  

s p i d e r s  f e d  t h e  m o r e - s e l e c t e d  p r e y  a n d  t h o s e  f e d  b o t h  p r e y  

b e c a u s e  i n  t h e  t w o  F r e y  s y s t e m s  t h e  s p i d e r s  h a d  a c c e s s  t o  
h 

a n d  f e d  more e x t e n s i v e l y  o n  t h e  p r e y - t h a t  p r o v i d e d  t h e  most 

u t i l i t y ,  I n  o t h e r  v o r d s ,  e v e n  i f  t h e  s p i d e r s  h a d  two p r e y  t o  

c h o o s e  f r o m ,  t h e y  f e d  m o s t l y  o n ,  s a y ,  P r e y  1 a n d  s o  t h e  

b e n e f i t s  d e r i v e d  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  t h o s e ,  

s p i d e r s  fed o n l y  P r e y  1. 

.I- T h e r e  u e r e  two e x c e p t i o n s  t o  t h e  ' above  c o n c l u s i o n .  I n  

o n e  case, o u t c o m e  (a)  was s u p p o r t e d  when s p i d e r s  f e d  s m a l l  

r. molifig matured s o o n e r  t h a n  t h o s e  f e d  b o t h  s m a l l  a n d  
1 

l a r g e  x, n o l w ,  T h e  b e s t  e x p l a n a t i o n  f o r  t h i s  i s  tW i n  
1 

the t w o  p r e y  s y s t e r  t h e  l a r g e  2. -of i d t e r f e r e d  i some LA 
v a y  w i t h  t h e  n o r m a l  f e e d i n g  p r o c e s s  o f  E. v a n c o w .  I n  t h e  . 
s e c o n d  case, 0 u t c o . e  ( b )  w a s  f a v o r e d .  I n  t h i s  s i t u a t i o n ,  

d C 

a d u l t  s p i d e r s  f e d  b o t h  Q, f n s r ; i a t u  a n d  sma l l  g. 



\ g a i n e d  more u e i g b t  t h a b  t h ' o s e  f e d  o n l y  2. fasciat9s. . 
However,  t h i s  r i g h t  e x p e c t e d  b e c a u s e  t h e r e  was l i t t l e  or  

n o  s e l e c t i o n  b ~ t w e e n  k t se two p r e y  s p e c i e s  a n d  b e c a u s e  

n e i t h e r  p r e y  s p e c i e s ,  when tested w i t h  o t h e r  were 
&€ 

h i g h l y  f a v  >ed.  T h e s e  e x c e p t i o n s  may a l s o  b e  t h e  r e s u l t  o f  

random e v e n t i f .  
i 

5. t l e c h a n i s a s  B e h i n d  t h e  S e l e c t i v e  P r e d a t i o n  P r o c e s s  - 
1 ' 

S o  . far ,  I h a v e  t r i e d  t o  a v o i d  s u g g e s t i n g  why the 

, s p i d e r s '  s e l e c t e d  t h e  pr,ey t h a t  t h e y  d i d .  .I u a s  e s p e c i a l l y  

c o n c e r n e d  a a o u t  s u g g e s t i n g  t h a t  t h e  s p i d e r s  s e l e c i e d  c e r t a i n  . . 
w 

p r e y  b e c a u s e  t h e y  ' p r e f e r r e d '  t h e s e  p r e y .  

? h e r e  a r e  f i v e  m a j o r  c a t e g o r i e s  o f  r e a s o n s  why 

p r e d a t o r s  -may d i s c r i m i n a t e  b e t w e e n .  d i f f e r e n t  k i n d s  o f  p r e y  

when t h e y  a r e  g i v e n  a l t e r n a t i v e s  f r o m  w h i c h  t o  select. They  

a r e :  

(a )  d i f f e r e n c e s  i n  t h e  a v a i l a b i l i t y  o f  t h e  p r e y ,  . 

(b)  d i f f e r e n c e s  i n  t h e  c a t c h a b i l i t y  o f  t h e  p r e y ,  
- 

(c) d i f f e r e n c e s  i n  t h e  e n e r g y  a n d / o r  n u t r i e n t  c o n t e n t  o f  

t h e  p r e y ,  * 
( d )  d i f f e r e n c e s  i n  t h e  p a l a t a b i l i t y  a n d / o r  d i g e s t a b i l i t y  of 

t h e  p r e y ,  a n d  

(e) i n n a t e  a n d / o r  l e a r n e d  p r e f e r e n c e s  o f  t h e  p r e d a t o r .  

> 
I n  t h e s e  e x p e r i m g n t s ,  t h e  v a r i a b l e s  o f  a v a i l a b i l i t y  

(i-e.,  c o e x i s t e n c e  o f  p r e d a t o r s  a n d  p r e y  i n  t i ~ e  a n d  s p a c e ,  



d i f f e r e n c e s  i n  d e n s i t y ,  a n d  d i s t r i b a t i o n  o f  p r e y )  u e r e  

e l i m i n a t e d  by  t h e  u s e  o f  t h e  o n e  a n d  two p r e y  t r e a t n e n t s  a n d  

by t h e  s e l e c t i o n  of s u i t a b l e  p r e y  . d e n s i t i e s .  T h u s ,  

a v a i l a b i l i t y  [ i .e . ,  c a t e g o r y  (a) ] was n o t  a r e a s o n  why s o n e  

p r e y  v e r e  s e l e c t e d  o v e r  o t h e r s ,  

T h e  o n e  a n d  ' t w o  p r e y  t r e a t m e n t  m e t h o d  d o e s  r e m o v e  most 

o f  t h e  v a r i a ~ i l i  t y  d u e  t o  d i f f e r e n c e s  i n  p r e y  c a t c h a b i l i t y  

, c a t e g o r y  (b)  1. However ,  i t  is p o s s i b l e  t h a t  t h e  
1 

n  why a p r e d a t o r  s e l e c t e d  c e r t a i n  p z e y  v a s  t h a t  t h e y  

v e r e  easier t o  c a p t u r e  - i n  terms of less e n e r g y  e x p e n d i t u r e  

o r  l e s s  r i s k  o f  ~ h y s i c a l  i d j u r y .  L a r g e  g. U & o g  l a r v a e  

p r o b a b l y  u e r e  n o t  s e l e c t e d  b e c a u s e  t h e y  a p p r o a c h e d  t h e  

maximum size t h a t  t h e  s p i d e r s  c o u l d  h a n d l e ,  a n d  t h e y  

v i o l e n t l y  t w i s t e d  f r c m  s i d e -  t o - s i d e  when t h e y  .were a t t a c k e d .  

F o r  p. v a a c o u v a ,  f e e d i n g  o n  l a r g e  2. p a i t o r  is an e n e r g y  

c o n s u a i n g  a n d  ' r i s k y '  b u s i n e s s .  
I 
I, 

C a t e g o r y  (c) i n c l u d e s  t h e  p o s s l ~ i l i t y  t h a t  p r e d a t o r s  , 

a '\ 
s e l e c t e d  p r e y  t h a t  h a v e  t h e  g r e a t e s t  a m o u n t s  o f  e n e r g y  

a n d / o r  n u t r i e n t s .  C e r t a i p l y  l a r g e  p r e y  c o n t a i ' n  m o r e  g r o s s  

n u t r i t i o n a l  u n i t s  t h a n  sma l l  p r e y .  Also t h e r e  may be 

\ qualitative d i f f e r e n c e s  i n  t h e  n u t r i t i o n a l  v a l u e s   of^ 

d i f f e r e n t  k i n d s  o f  p r e y ,  P o r  e x a m p l e ,  a p r e y  may be  h i g h l y  

f a v o r e d  b e c a u s e  it c o n t a i n s  e s s e n t i a l  m i n e r a l s ,  a m i n o  a c i d s  

o r  v i t a m i n s .  

A n o t h e r  p o s s i b i l i t y  i s  t h a t  s e l e c t i o n  o c c u r r e d  d u e  t o  a 



c o m ~ i n a t i o n  of ease o f  c a p t u r e  a n d  t h e  a m o u n t  of " e n e r g y  

a v a i l a b l e  [ i -e . ,  a c o m b i n a t i o n  o f  c a t e g o r i e s  ( b )  a n d  (c) 1, 

W h e t q e r  a p r e d a t o r  i s  a n  e n e r g y  m a x i m i z e r  o r  a t i n e  

m i n i m i z e r ,  t h e  best f e e d i n g  s t r a t e g y  i s  t o  u t i l i z e  t h e  

g r e a t e s t  p o s s i b l e  a m o u n t  of e n e r g y  f r o n  e a c h  p r e y  c a p t u r e d - .  

T h a t  is, maximum u t i l i t y  r e s u l t s  f r o n  t h e  g r e a t e s t  Qet 

e n e r g y  g a i n .  Thus ,  t h e  m o s t - s e l e c t e d  p r e y  may n o t  b e  t h e  o n e  

t h a t  y i e l d s  t h e  g r e a t e s t  a m o u n t  of f o o d  o r  i s  e a s i e s t  t o  

c a p t u r e ,  b u t  is t h e  o n e  t h a t  r e s u l t s  i n  t h e  g r e a t e s t  

p o s i t i v e  u t r i i t y  ( i - e . ,  a f t e r  c o s t s  a re  d e d u c t e d  from 

r e v e n u e s ) .  

/ 

C a t e g o r y  ( d ) ,  t h a t  is, p a l a t a b i l i t y ,  t r i e s  t o  e f p l a i n  

s e l e c t i v e  p r e d a t i o n  i n  terms o f  t h e  t a k i n g  m o r e  

p r e y  t h a t . t a s t e  " g o a d w  a n d  l e s s  p r e y  t h a t  t a s t e  "badw. 

P a l a t i b i l i t y  may h a v e  p l a y e d  a r o l e  i n  t h e  e x p e r i m e n t s  t h a t  

u s e d  t h e  b r i g h t l y  c o l o r e d  Q- f a s c i a t u s ,  G e l p e r i n  (1968)  

o b s e r v e d  t h a t  m a n t i d s  may a v o i d  Q. f 4 S C i g t u s  a f t e r  a t t a c k i n g  

o n e ,  a n d  J a c k s o n  ( 1 9 7 7 )  o b s e r v e d  t h a t  j u m p i n g  s p i d e r s  

r e j e c t e d  them,  T h u s ,  i t  is p o s s i b l e  Q. -E were n o t  
w \ 

> r e a d i l y  e a t e n  by  2.  1 s - b e c a u s e  of t h e i r  t a s t e .  

However ,  t h i s  p o s s i b i l i t y  is s l i g h t  f o r  t h e  f o l l o w i n g  

r e a s o n s  : 4 

( 1 )  Q. f a s c i a t y ~  was r e a d i l y  a c c e p t e d  b y  1. 1- when 

i t  was- s u p p l i e d  a l o n e ,  a n d  t h e  s p i d e r s  s u c c e s s f u l l y  

m a t u r e d ;  

( 2 )  when Q. was p r e s e n t e d  w i t h  2. ( w h i c h  



h a s  no r e c o ' r d  o f  b e i n g  o b n o x i o u s  - to  a r t h r o p o d  

p r e d a t o r s ) ,  g. ~ ~ o u v e r ~ h o w e d  n o  s e l e c t i v e  C 
t e n d e n c i e s  t h a t  were s t a t i s t i c a l l y  s i g n i f i c a n t ;  

t h e  most p r o b a b l e  a c t i v e  c o m p o n e n t s  t h a t  r e p e l  

p r e d a t o r s  ( i .  e., c a r d i a c  g l y c o s i d e s )  , a r e  n o t  p r e s e n t  

i n  Q. f a ~ G a t y s  r e a r e d  o n  s u n f l o w e r  s e e d s  ( D u f f e y  a n d  

S c u d d e r  1 9 7 4 )  ; a n d  

Q. f s s c i a t u s  h a s  b e e n  o b s e r v e d  b e i n g  e a t e n  b y  o t h e r  . 

a r t h r o p o d  p r e d a t o r s  i n c l u d i n g  s p i d e r s  ( A n d r e  1934, 

S a u e r  a n d  P e i r  1 9 7 2 ) .  

A s  m e n t i o n e d  i n  t h e  i n t r o d u c t i o n  a n d  a s  d i s c u s s e d  

be low,  f o o d s  t h a t  a r e  h i g h l y  p a l a t a b l e  a n d / o r  d i g e s t a b l e  may 

o r  may n o t  be  h i g h l y  s e l e c t e d .  Also, t h o u g h  it is u s u a l l y  

a s s u m e d  t h a t  f o o d s  t h a t  a r e  h i g h l y  p a l a t a b l e  s h o u l d  b e  

h i g h l y  nutritious, t h i s  may n o t  a l w a y s  b e  so-  

C a t e g o r y  (e) is c o n c e r n e d  w i t h  t h e  i n n a t e  a n d / o r  

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

select c e r t a i n  k i n d s  of p r e y  o v e r  o t h e r s  - t h a t  is, 

p r e f e r e n c e .  T h e  p o s s i b l e  k i n d s  o f  a t t r i b u t e s  t h a t  c o u l d  b e  

u s e d  b y  t h e  p r e d a t o r  t o  d e t e c t  preferred k i n d s  o f  p r e y  

i n c l u d e  s u c h  t h i n g s  a s  s i z e ,  f o r m ,  c o l o r ,  o d o r  a n d  tas te .  I f  

p r e f e r e n c e  f o r  c e r t a i n  p r e y  i s  b a s e d  o n  t a s t e ,  some 

r e c o g n i t i o n  c h a r a c t e r  o f  t h e  p r e y  p r o b a b l y  w i l l  b e  

a s s o c i a t e d  u i t h  h i g h l y  p a l a t a b l e  f o o d s .  T h e r e  a r e  p o s s i b l e  
\ 

e x c e p t i o n s  h o w e v e r .  An e x a m p l e  o f  a  h i g h l y  p r e f e r r e d  f o o d  



t h a t  i s  n o t  h i g h l y  p a l a t a b l e  mag b e  o n e  a s s o c i a t e d  w i t h  a  ' 

p r e f e r e n c e  f o r  a v e r y  i m p o r t a n t  m i n e r a l ,  s u c h  a s  i r o n  i n  

humans ,  t h a t  t a s t e s  "badtw b u t  i s  t a k e n  b e c a u s e  i t  is n e e d e d  

f o r  m a i n t a i n i n g  a  good  s t a t e  o f  h e a l t h ,  However ,  a s  w i t h  

p a l a t a b i l i t y ,  s t r o n g  p r e f e r e n c e s  may o r  may n o t  b e  

a s s o c i a t e d  w i t h  h i g h l y  n u t r i t i o u s  f o o d .  

I f  p a l a t a b i l i t y  a n d  p r e f e r e n c e  are  a s s o c i a t e d  w i t h  h i g h  

q u a l i t y  p r e y ,  t h e i r  e f f e c t s  c a n n o t  b e  s e p a r a t e d ,  b y  t h e  

e x p e r i m e n t s  u s e d  h e r e ,  f r o m  t h o s e  c o n f e r r e d  b y  c a t e g o r i e s  

( b )  a n d  (c) . However ,  i f  p a l a t a b i l i t y  a n d  p r e f e r e n c e  a r e  

a s s o c i a t e d  w i t h  low q u a l i t y  p r e y ,  o n e  w o u l d  e x p e c t  t b a t  t h e  t 

n 
p r e y  ( i -e . ,  t h e  o n e  more p a l a t a b l e  o r  more 

p r e f & e d )  w o u l d  y i e l d  f e w e r  b e n e f i t s  t h a n  t h e  l e s s - s e l e c t e d  

p r e y .  I t  is a l s o  p o s s i b l e  t h a t  p a l a t a b i l i t y  a n d  p r e f e r e n c e  
p- 

d o  n o t  p l a y  more t h a n  a m i n o r  r o l e  i n  s e l e c t i o n  o f  p r e y ,  - 

T h e s e  f a c t o r s  may b e  c o n p l e t e l y d e r s h a d o w e d  b y  o t h e r  

f e a t u r e s  of t h e  s e l e c t i v e  p r e d a t i o q  p r o c e s s .  
3-3%- 

O n e  o r  more o f  c a t e g o r i e s  ( b )  t r o u g h  ( e )  c o u l d  h a v e  

c a u s e d  t h e  s t r o n g  s e l e c t i o n s  o b s e r v e d .  I n  cases o f  n o  

s e l e c t i o n ,  e i t h e r  a l l  c o n t r i b u t i n g  f a c t o r s  were e q u a l  o r  t h e  

f a c t o r s  t h a t  i n f l u e n c e d  t h e  p r e d a t o r  t o  select, s a y ,  P r e y  1 

were e f f e c t i v e l y  c a n c e l l e d  b y  e q u a l l y  i m p o r t a n t  f a c t o r s  t h a t  

i n f l u e n c e d  t h e  p r e d a t o r  t o  select, say, P r e y  2 ,  

- 
Though  i t  i s  n o t  p o s s i b l e ,  w i t h  t h e s e  e x p e r i m e n t s ,  t o  

i n d i c a t e  e x a c t l y  why t h e  s p i d e r s  c h o s e  t h e  p r e y  t h a t  t h e y  
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d i d ,  t h e  r e s u l t s  d o  show t h a t  t h e  t e s t  p r e y  v a r i e d  i n  terms 
r .  

o f  tne d e g r e e  of u t i l i t y  t h a t  t h e y  c o n f e r r e d  t o  t h e  s p i d e r s ,  

a n d  t h a t  t h e  s p i d e r s  were a b l e  t o  d e t e c t  t h e s e  d i f f e r e n c e s  

a n d  u s e  t h e  i n f o r m a t i o n  o b t a i n e d  t o  p r o v i d e  t h e m s e l v e s  w i t h  

b e n e i i t s .  T h a t  is, t h e  s e l e c t i o n s  made by t h e  s p i d e r s  t e n d e d  

t~ D e  t h e  o p t i m a l  o n e s  f o r  m a x i m i z i n g  i n d i v i d u a l  f i t n e s s  

w i t h  r e s p e c t  t o  s u r v i v a l  a n d  r e p r o d u c t i o n .  ~ h u s ,  1 

. h y p o t h e s i z e  t h a t  t h e  u l t i m a t e  r e a s o n  t h a t  c e r t a i n  s e l e c t i o n s  
0 

were made was t o  m a x i m i z e  f i t n e s s .  

I n  t h i s  h y p o t h e s i s ,  I d o  n o t  s u p p o s e  t h a t  a  s p i d e r  

makes a c o n s c i o u s  d e c i s i o n ,  e v e r y  time i t  e n c o u n t e r s  a  

c e r t a i n  p r e y ,  a b o u t  w h e t h e r  t h a t  p r e y  w i l l  p r o v i d e  i t  w i t h  

more b e n e f i t s  t h a n  s o m e  a l t e r n a t i v e  p r e y .  The c h o i c e  a t  a n y  

o n e  time may be made f o r  more i m m e d i a t e  r e a s o n s  s u c h  a s  
C 

a v a i l a b i l i t y ,  c a t c h a b i l i t y ,  o r  p a l a t a b i l i t y  a n d  t h e  many 

s u b c o m p o n e n t s  t h a t  c o m p r i s e .  t h e s e  f a c t o r s -  

N e i t h e r  d o  1 s u p p o s e  t h a t  e v e r y  s e l e c t i o n  a p r e d a t o r  

makes  i s  n e c e s s a r i l y  a n  o p t i m a l  s e l e c t i o n .  Young (1945)  

s h o v e d  t h a t  r a t s ,  w h i l e  c a p a b l e  of s w i t c h i n g  f r o m  s u g a r  t o  

c a s e i n ,  d i d  n o t  do s o  when d e p r i v e d  o f  p r o t e i n -  G e l p e r i n  a n d  

D e t h i e r  (1967)  d e m o n s t r a t e d  i n  t h e  l a b o r a t o r y  t h a t  a  s p e c i e s  - 
o f  b low f l y  s e l e c t e d  c e r t a i n  s u g a r s  t h a t  were d e l e t e r i o u s  t o  

it, G i l l  and  Wolf ( 1 9 7 5 )  f o u n d  t h a t  s u n b i r d s  t e n d e d  t o  f e e d  

on o p e n  r a t h e r  t h a n  c l o s e d  f l o w e r s  e v e n  t h o u g h  t h e  l a t t e r  
r' 

p o t e n t i a l l y  p r o v i d e d  more  b e n e f i t s .  T h e s e  d i s c r e p a n c i e s  a a y  
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a r i s e  b e c a u s e  n a t u r a l  s e l e c t i o n  is n o t  a n  . i n s t a n t a n e o u s  

p r o c e s s .  S e v e r a l  or e v e n  h u n d r e d s  of g e n e r a t i o a s  may be  
) 

r e q u i r e d  fo r  a . p , o p u l a t i o n  t o  r e s p o n d  g e n e t i c a l l y  t o  a n  

e n v i r o n m e n t a l  c h a n g e .  l e u ,  a d v a n t a g e o u s ,  t r a i t s  a r e  s l o w  t o  

b e c o n e  e s t a b l i s h e d  a n d  o l d ,  now d i s a d v a n t a g e o u s ,  t r a i t s  &re  

s l o u . t o  be  removed .  T h u s ,  a new s u p e r i o r  f o o d  f o r  w h i c h  a 

p r e d a t o r  h a s  n o t  e v o l v e d  se lect i  we m e c h a n i s m s  s a y  r e m a i n  

u n e x p l o i t e d ,  a n d  a c u r r e n t l y  h e l d  i n n a t e  ' t a s t e '  may l e a d  a  

p r e d a t o r  t o  t a k e  a d i s a d v a n t a g e o u s  f o o d .  n a n ' s  r e l u c t a n c e  t o  

u s e  new n u t r i t i o u s  f o o d s  s u c h  a s  a l g a l  c u l t u r e s  may be a d  

e x a m p l e  of a ' t a s t e 8  t h a t  h a s  n o t  e v o l v e d ,  a n d  o u r  i n n a t e  

' t a s t e '  f o r  s w e e t n e s s ,  w h i c h  o n c e  l e d  o u r  a n c e s t o r s  t o  

select f r u i t s  t h a t  s u p p l i e d  e n e r g y  a n d  v i t a m i n s ,  may now 

l e a d  u s  t o  o v e r u s e  o f  r e f i n e d  s u g a r s .  A l s o ,  j u s t  b e c a u s e  a 

s u p e r i o r  f o o d  e x i s t s ,  it d o e s  n o t  n e c e s s a r i l y  mean t h a t  t h e  . I 
3 

f o o d  w i l l  be s e l e c t e d .  I f  n o  i n d i v i d u a l  e a t s  i t ,  its 
P 

s u p e r i o r  c h a r a c t e r i s t i c s  u i l l  r e m a i n  u n r e c o g n i z e d  a n d  n o  

s e l e c t i v e  a d v a n t a g e  c a n  o c c u r ,  F u r t h e r ,  e v e n  i f  t h e  t r a i t  t o  

u s e  t h e  f o o d  d o e s  a r i s e  i n  some i n d i v i d u a l s ,  b u t  t h e  

p o p u k a t i o n  a s  a u h o l e  is n o t  n u t r i t i o n a l l y  l i m i t e d ,  the f o o d  

w i l l  c o n f e r  n o  o r  l i t t l e  a d v a n t a g e  a n d  t h e  t e n d e n c y  t o  u s e  

it u i l l  h a v e  l i t t l e  c h a n c e  o f  i n c r e a s i n g .  

T h u s ,  s o m e  f e e d e r s  i n  a  p o p u l a t i o n  may 'err '  i n  t h e i r  

s e l e c t i o n s  o f  c e r t a i n  f o o d s  o r  ' e rr '  a t  c e r t a i n  times or  

u n d e r  c e r t a i n  c i r c u m s t a n c e s .  However,  t h e  m a j o r i t y  o f  t h e  

s e l e c t i o n s  w i l l  be a s s o c i a t e d  w i t h  f o o d s  t h a t  e x p e r i e n c e  h a s  



shown  t o  p r o v i d e  h i g h  u t i l i t y  t o  t h e  f e e d e r s  i n  te;ms o f  

t h e i r  f i t n e s s  f o r  t h e i r  e n v i r o n m e n t .  I f  t h e y  c o n s t a n t l y  

' e r r e d ' ,  t h e y  w o u l d  l o se  o u t  i n  t h e  c o m p e t i t i v e  s t r u g g l e  f o r  ' 

s u r v i v a l .  

The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  t e n d  t o  a g r e e  w i t h  

t h i s  h j p o t h e s i s .  T h e y  c l e a r l y  show t h a t  g. t r q g w &  d o e s  

d i s c r i m i n a t e  b e t u e e n  some k i n d s  of p r e y .  O f  t h e  p r e y  

p r e s e n t e d ,  s oae  were s e l e c t e d  s i g n i f i c a n t l y  m o r e  f r e q u e n t l y  

t h a n  t h e i r  a l t e r n a t i v e s .  * U s u a l l y  n o  p r e y  was s e l e c t e d  t o  t h e  

t o t a l  e x c l u s i o n  o f  t h e  a l t e r n a t i v e  p r e y ,  i n d i c a t i n g  t h a t  

b o t h  o f  t h e  a l t e r n a t i v e s  were a t  l e a s t  s a m p l e d .  I n  o n l y  o n e  

case1 was a n y  k i n d  o f  p r e y  n o t  f e d  u p o n  b e c a u s e  i t  was 

b 
u n a v a i l a b l e ,  u n c a p t u r a b l e ,  o r '  b e c a u s e  t h e  s p i d e r s  were 

I 1 i g n o r a n t H  o f  i t s  q u a l i t i e s . ,    he r e s u l t  ? show t h a t  when 
*\ 

t h e  s p i d e r s  d i s c r i m i n a t e d  b e t w e e n  t i o  p r e y ,  t h e  p r e y  

sel  c t e d  m o r e  f r e q u e n t l y  p r o v i d e d  g r e a t e r  b e n e f i t s  t h a n  t h e  t --. \ 

o n e  s e l e c t e d  l e s s  f r e q u e n t l y .  When n o  d i s c r i m i n a t i o n  b e t w e e n  

9 p r e y  p a i r s  c o u l d  b e  d e m o n s t r a t e d ,  t h e  ~ e n e f i t s  a c c r u i n g  f r o m  

e a c h  o f  t h e  two p r e y  were a b o u t  equal. 

H a v i n g  s t a t e d  t h a t  s e l e c t i o n  i s  b a s e d  o n  f i t n e s s , .  t h e  

n e x t   robl lea is t o  e x p l a i n  h o u  t h i s  s e l e c t i o n  m i g h t  b e  - 
1 J 

i m p l e m e n t e d  oy  t h e  s p i d e r s .  F i r s t  o f  a l l ,  t h e  s p i d e r s  m u s t  

1 E x c e p t i o n :  Z x p e r i n e n t  1 when a d u l t  male s p i d e r s  d i d  n o t  
e a t  o n  l a r g e  2. -tor when b o t h  t h e  l a r v a e  a n d  Q. 
g g J a n o ~ a s t e &  were a v a i l a b l e .  



b e  a b l e  t o  d e t e c t  v h a t  k i n d s  of n u t r i e n t s  ( i - e , ,  p r e y )  a re  

a v a i l a b l e ,  T h o u g h  i t  i s  p o s s i b l e  t h a t  t h i s  c o u l d  b e  d o n e  a t  

a d i s t a n c e  ( i - e . ,  w i t h .  v i s u a l  a n d  o d o r o u s  c l u e s ) ,  i t  i s  mare 

p r o b a b l e  t h a t  t h e  s p i d e r  u s e s  m o r e  d i r e c t  c o n t a c t  ( i - e - ,  

c l u e s  g a i n e d  b y  taste a n d  i n g e s t i o n ) .  T h e  l a t t e r  i m p l i e s  

t h a t  t h e  s p i d e r s  w i l l  t e n d  t o  s a m p l e  a l l  a v a i l a b l e  a n d  

c a t c h a b l e  p r e y .  A p a r t .  of t h i s  d d e c t i c n  p r o c e s s  i s  t h e  

q u e s t i o n  o f  w h e t h e r  t h e  s p i d e r s  u s e  p a l a t a b i l i t y  o r  some 

o t h e r  nechan . i s rn  t o  d i s c o v e r  t h e  n u t r i t i o u s  

f o o d s .  T h o u g h  ;I h a v  s t a t e d  t h a t  p a l a t a b i l i t y  

n e e d  n o t  b e  f a v o r e d  f o o d s ,  t a s t e  i s  

 rooa ably t h e  e a s i e s t  way f o r  d i s c o v e r i n g  w h i c h  p r e y  a r e  

v a l u a ~ l e  as  f o o d ,  O f  c o u r s 3  the r e l a t i o n s h i p  b e t w e e n  w h a t  is 

p a l a t a b l e  a n d  w h a t  i s  n u t r i t i o u s  m u s t  h a v e  e v o l v e d  t h r o u g h  

t h e  p r o c e s s  o f  n a t u r a l  s e l e c t i o n ,  I f  p a l a t a b i l i t y  is a o t  t h e  

m e c h a n i s m ,  t h e  n e x t  p r o b a b l e  m e a n s  i s  t h e  u s e  o f  c h e m i c a l  

r e c e p t o r s  t h a t  a r e  a s s o c i a t e d  w i t h  t h e  d i g e s t i v e  t r ac t  a n d  
# 

a r e  s t i m u l a t e d  b y  s u c h  t h i n g s  a s  c a r b o h y d r a t e s ,  p r o t e i n s ,  

f a t s ,  a m i n o  a c i d s  o r  m i n e r a l s ,  

T h e  n e x t  p a r t  o f  the  p r o b l e m  c o n c e r n s  how t h e  s p i d e r  

u s e s  t h e  i n f o r m a t i o n  a b o u t  n u t r i t i o n  t o  select  i t s  p r e y ,  T h e  

s i m p l e s t  e x p l a n a t i o n  is t h a t  t h e  s p i d e r s ,  t h r o u g h  n a t u r a l  

s e l e c t i o n ,  p o s s e s s  i n n a t e  b e h a v i o r s  t h a t  c a u s e  t h e m  t o  e a t  

c e r t a i n  p r e y  t h a t  commonly  i n h a b i t  t h e i r  e n v i r o n m e a - t  a n d  

t h a t  p o s s e s s  c e r t a i n  r e c o g n i z a b l e  c h a r a c t e r i s t i c s  ( i - e - ,  

a l o r ,  s i ze ,  form, t e x t u r e ,  a n d / o r  c h e m i c a l m a t  t r i b u t e s ) .  
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T h u s  wh& a p r e y  i s  e n c o u n t e r e d ,  t h e  p r e d a t o r  i n s t i n c t i v e l y  

k n o v s  i t s  q u a l i t i e s .  T h i s  m o d e l  m i n i m i z e s  t h e  e r r o r s  o f  

a t t a c k i n g  d a n g e r o u s ,  t o x i c ,  o r  n u t r i t i o n a l l y  i n f e r i o r  p r e y  

a n d  w o u l d  res t r ic t  ,; b u t  n o t  e l i m i n a t e ,  e x p l o i t a t i o n  o f  new 

, a n d  p o s s i b l y  s u p e r i o r  p r e y .  A l s o  t h e  q u a l i t i e s  o f  s e v e r a l  

h u n d r e d ,  p e r h a p s  t h o u s a n d s ,  o f  p o t e n t i a l  p r e y  t y p e s  w o u l d  ' 

h a v e  t o  b e  g e n e t i c a l l y  c o d e d  a n d  a v a i l a b l e  f o r  u s e .  

A s e c o n d  m o d e l  a s s u n e s  t h a t  e a c h  p r e d a t o r  l e a r n s ,  by 

s a m p l i n g ,  t h e  s u a l i t i e s  o f  e a c h  p r e y  t y p e  t h a t  i t  

e n c o u n t e r s .  T h i s  m o d e l  a s s u n e s  s o m e  r i s k  i n v o l v e d  w i t h  

s a m p l i n g  d a n g e r o u s ,  t o x i c ,  o r  n u t r i t i v a l l y  i n f e r i o r  p r e y ,  

b u t  a l l o v s  e x p l o i t a t i o n  of new k i n d s  o f  p r e y  a n d  l i t t l e  

expenditure f o r  g e n e t i c a l l y  c o d e d  i n f o r m a t i o n .  

\ I t  is v e r y  u n l i k e l y  t h a t  a n y  o f  t h e  p r e y  t y p e s  u s e d  i n  

t h e s e  e x p e r i m e n t s  are e n c o u n t e r e d  b y  2. v a n c o u v e a  i n  

n a t u r e .  1 I t  is t h e r e f o r e  u n l i k e l y  t h a t  t h e  s p i d e r s  h a d  a n y  q 

p r i o r i  o r  i n n a t e  k n o w l e d g e  o f  t h e  q u a l i t i e s  o f  t h e  

e x p e r i m e n t a l  p r e y .  T h u s  i t  i s  t h e  s e c o n d  m o d e l  t h a t  was 
'2' 

- 
t e s t e d .  T h a t  IS, t h e r e  is a l e a r n i n g  p r o c e s s  t h a t  is 

a s s o c i a t e d  w i t h  t h e  t r i a l  a n d  e r ror  s a m p l i n g  o f  the v a r i o u s  
? 

-- 

1 A t t e m p t s  Here made d i s c o v e r  t h e  n a t u r a l  p r e y ,  b u t  of 
t h e  5 0 0 +  s p i d e r s  c o l l e c  % d  i n  t h e  f i e l d ,  o n l y  t h r e e  h a d  f o o d  
i n  t h e i r  c h e l i c e r a e  - a c o l l e m b o l a ,  a l e p i d o p t e r o u s  l a r v a ,  . 
a n d  a n o t h e r  l y c o s i d  s p i d e r .  A f t e r  t h i s  s t u d y  was well u n d e r  .' 
way, i t  was f o u n d  t h a t  & h e r  l y c o s i d  s p i d e r s  f e e d  h e a v i l y  o n  
D i p t e r a ,  B e m i p t e r a  a n d  o t h e r  A r a n e a e  ( E d g a r  1 9 6 9 ,  1 9 7 0 a ,  
1 9 7 0 b ;  H a l l a n d e r  1 9 7 0 )  , * 



p o t e n t i a l  p r e p  (=•’. H o l l i n g  1965) , 

\ 

6. Why E a t  Hore T h a n  One  K i n d  o f  P r e y ?  

In a l l  cases,  e x c e p t  w h e r e  Q. &~o~~sg u a s  p a i r e d  

w i t h  l a r g e  g, = . i t o r ,  t h e  p r e d a t o r s  i n  t h e  two p r e y  

t r e a t m e n t s  a t e  a t  l eas t  some  o f  t h e  less  f a v o r e d  p r e y .  T h e  

q u e s t i o n  t h e n  arises - why s h o u l d  t h e  p r e d a t o r s  e a t  a n y  

a l t e r n a t i v e  p r e y  when a  f a v o r e d  p r e y  was a v a i l a b l e ?  T h e  

s e v e n  pos s io l e  r e a s o n s  a r e  d i s c u s s e d  b e l o v .  

One  r e a s o n  is t h a t  t h e  d e n s i t y  o f  t h e  f a v o r e d  p r e y  was 

r e d u c e d  a s  t h e  p r e d a t o r  f e d .  T h i s  m e a n t  t h a t  a s  t h e  p r e d a t o r  

f e d  o n  t h e  f a v o r e d  p r e y ,  t h e r e  were f e v e r  c o n t a c t s  ~ e t w e e n  

t h e  p r e d a t o r  a n d  t h e  f a v o r e d  p r e y  a n d  r e l a t i v e l y  m o r e  

c o n t a c t s  b e t u e e n  t h e  p r e d a t o r  a n d  t h e  l e s s - f  a v o r e d  p r e y .  

T h i s  i n  e f f e c t  r e d u c e d  t h e  c a t c h a b i l i t y  o f  t h e  f a v o r e d  p r e y  

a n d  so  t h e  l e s s - f a v o r e d  p r e y  u a s  e a t e n .  

A s e c o n d  r e a s o n  i s  r e l a t e d  t o  t h e  s p i d e r ' s  

u n f a m i l i a r i t y  w i t h  t h e  p r e y .  I n  o r d e r  t o  d e ' t e r m i n e  w h i c h  of 

two o r  m o r e  p r e y  k i n d s  is s u p e r i o r ,  a p r e d a t o r  may f i r s t  

h a v e  t o  s a m p l e  t h e  r a n g e  o f  w h a t  i s  a v a i l a b l e .  D u r i n g  t h i s  

s a m p l i n g  p e r i o d ,  t h e  p r e d a t o r  w i l l  t r y  p r e y  t h a t  i t  may 

reject i n  t h e  f u t u r e ,  To f u l l y  assess t h e  qn ' l i t y  o f  a p r e y ,  

a p r e d a t o r  m a s t  dt o n l y  t a s t e  i t ,  b u t  a l s o  $as i n  t a n d  

p r o b a b l y  d i g e s t  a t  l e a s t  some of it. Also, t h e  memory 

f u n c t i o n  a s s o c i a t e d  w i t h  t h i s  p r a c t i s e  may l a s t  f o r  o n l y  a 



f e w  d a y s  a n d  so  s a m p l i n g  may h a v e  t o  b e  r e p e a t e d  o n  a  

r e g u l a r ,  b a s i s .  

A t h i r d  r e a s o n  is t h a t  t h e  p r e y  a r e  e a t e n  i n  a  r a t i o  

t h a t  i s  o p t i m a l  w i t h  r e s p e c t  t o  e n e r g e t i c s .  U n g e r  c e r t a i n  

c o n b t i o n s ,  i t  may be more e n e r . g y  e f f i c i e n t  f o r  a p r e d a t o r  

t o  a c t i v e l y  g o  a n d  s e a r c h  f o r  c e r t a i n  k i n d s  o f  p r e y ,  w h i l e  

u n d e r  o t h e r  c o n d i t i o n s  i t  may be more e f f i c i e n t  f o r  t h e  

p r e d a t o r  t o  s i t  a n d  w a i t  f o r  t h e  v a r i o u s  p r e y  t o  come t o  i t .  

* ? l h e  f o r c n e r  w i l l  l e a d  t o  a c t i v e  s e l e c t i o n ,  w h i l e  t h e  l a t t e r  

w i l l  l e a d  t o  p r e y  t a k e n  i n  p r o p o r t i o n  t o  t h o s e  p r e y  t h a t  

a p p r o a c h  t h e  p r e d a t o r -  

A f o u r t h  r e a s o n  i s  r e l a t e d  t o  n u t r i t i o n .  A c e r t a i n  

m l x t u r e ' o f  two p r e y  may p r o v i d e ,  a b e t t e r  d i e t  t h a n  e i t h e r  
1 

p r e y  a l o n e .  T h a t  is, t h e  p r e y  c o m p l e m e n t  o n e  a n o t h e r  

n u t r i t i o n a l l y .  i 
\ 

A f i l t h  r e a s o n ,  I n  o p p o s ~ t i o n  t o  t h e  f i r s t  r e a s o n ,  i s  

t h a t  t h e r e  was a n  e x c e s s  o f  f o o d -  T h i s  n a y  b e  b e s t  

i l l a t r a t e d  w i t h  a n  a n t h r o p o c e n t r i c  e x a m p l e .  G i v e n  t h e  

c h o i c e  b e t w e e n  s t e a k  a n d  h a m b u r g e r ,  I =uch p r e f e r  s t e a k .  B u t  

I eat  h a a b u r g e r  a u c h  m o r e  f r e q u e n t l y  b e c a u s e  o f  t h e  g r e a t e r  

c o s t  o f  s t e a k .  I se lec t  h a a b u r g e r ,  b u t  p r e f e r  s t e a k .  

However ,  I o c c a s i o n a l l y  p u r c h a s e  s t e a k  e v e n  t h o u g h  I a n  

' aware  t h a t  i t  y i e l d s  l e ss  n u t r i t i o n a l  u n i t s  p e r  d o l l a r  t h a n  

h a n o u r g e r .  This is d o n e  o n l y  when I h a v e  a smal l  s u r p l u s  o f  

i n c o m e  a n d  c a n  a f f o r d  t o  p a y  e x t r a  f o r  t h e  p a l a t a b i l i t y -  



S i r ~ i l a r l y ,  wnen a  p r e d a t o r  h a s  a n  e x c e s s  o f  f o o d  i t  may 

o c c a s i o n a l l y  se lec t  a  more  p a l a t a b l e  prey e v e n  i f  it y i e l d s  
< 

a  smaller n e t  e n e r g y  g a i n .  

A s 4 x t h  p o s s i b i l i t y  i s  t h a t  monophagy may c a u s e  

a o n o t o n y .  I f  t h e r e  i s  a n  e x c e s s  of f o o d  a v a i l a b l e ,  a 
. , 

p r e d a t o r  may s a m p l e  a n o t h e r  p r e y  j u s t  b e c a u s e  it i s  

d i f f e r e n t ,  n o t  n e c e s s a r i l y  be t t e r . ,  -An e x a m p l e  o f  t h i s  i n  

I h u m a n s  i s  f o u n d  i n  a  o n c e  p o p u l a r  s o n g  - "Once y o u ' v e  b e e n  . 

& a t i n g  s t e a k  a l o n g  t i m i ,  b e a n s ,  b e a n s ,  b e a n s ,  t a s t e  f i n e " .  

A s e v e n t h  p o s s i b i l i t y  i s  t h a t  p r e d a t o r s  h a v e  some 

i n n a t e  m e c h a n i s m  t o  a l l o u  s o m e  h i g h l y  f a v o r e d .  p r e y  t o  

e s c a p e .  P o s s i b l y ,  t h i s  w o u l d  allow t h e  p r e y  t o  r e p r o d u c e  a n d  'L, 

'. I 

p r o v i d e  m o r e  p r e y  t o  t h e  p r e d a t o r  or  t h e  p r e d a t o r ' s  

Of t h e s e  s e v e n  p o s s i b i l i t i e s ,  I s u g g e s t  t h a t  t h e  f i r s t  

o n e  t e n d e d  t o  be i m p o r t a n t  o n l y  d u r i n g  t h e  f i r s t  f e w  ' d a y s  o f  
\ 

t h e  20  d a y  f e e d i n g  t e s t s ,  D u r i n g  t h e  b e g i n n i n g  o f  t h e s e  

p e r i o d s  of time, t h e  s p i d e r s  were v e r y  h u n g r y  b e c a u s e  t h e y  

h a d  r e c e n t l y  m o u l t e d  a n d  s o  f e d  o n  a l l  a v a i l a b l e  p r e y .  A s  

t h e  s p i d e r s  f e d ,  t h e i r  h u n g e r  d e c r e a s e d  a n d  t h e  number  of 

l e s s - f a v o r e d  p r e y  t h a t  were e a t e n  a l s o  d e c r e a s e d .  Though  t h e  

e f e c t s  o f  t h e  s e c o n d  f a c t o r  ( i-e.,  t h e  n e e d  t o  s a m p l e  t h e  
1 

v a r i o u s  p o s s i b l e  p r e y )  c a n n o t  b e  d i s t i n g u i s h e d  f r o m  t h e  

e f f e c t s  o f  r e a s o n s  f i v e ,  s i x ,  a n d  s e v e n ,  i t  p r o b a b l y  p l a y e d  

a role t h r o u g h o u t  t h e  s e l e c t i o n  e x p e r i m e n t s .  T h e  t h i r d  a n d  



f o u d h  r e a s o n s  (i. e., e n e r g y  a n d  ' n u t r i t i o n )  a r e  p r o b a b l y  t h e  

m o s t  i m p o r t a n t  f a c t o r s  b e c a u s e  o f  t h e  r e l a t i o n s h i p  b e t w e e n  
X Q  

s e l e c t i o n  a n d  i n c r e a s e d  b e n e f i t s .  R e a s o n s  f i v e ,  s i x  a n d  

s e v e n  a r e  p o s s i b l e  b u t ,  i n  my o p i n i o n ,  i m p r o b a b l e .  

7. f i r d g ~ ~  v a n c o s v e z i  a s  a n  M a x i m i z e r  

, 
, /  On S c h o e n e r g s  ( 1 9 7 1 )  c o n t i n u l i b  o f  e n e r g y  m a x i m i z e r s  a n d  ,x k -, -? 

time m i a i m i z e r s ;  I p l a c e  g. v a n c o u v g a  t o w a r d s  t h e  s i d e  of 

t h e  e n e r g y  m a x i m i z e r s  b e c a u s e  r e l a t i v e l y  m o r e  o f  t h e  b e n e f i t  

c r i t e r i a  t h a t  were s t a t i s t i c a l l y  s i g n i f i c a n t  s i d e d  w i t h  

i n c r e a s i n g  b i o m a s s ,  r a t h e r  t h a n  r e d u c i n g  time l i m i t a t i o n s .  

The  b i o l o g y  o f  t h i s  s p i d e r  a l s o  c o n f o r m s  t o  t h i s  

c o n c l u s i o n  - a n  a n i m a l  t h a t  m a x i m i z e s  i t s  e n e r g 7  i n t a k e  i n  a 

f i x e d  p e r i o d  o f  time. T h e  s p i d e r  h a t c h e s  f r o m  t h e  e g g  a b d u t  

t h e  m i d d l e  o f  J u n e  a n d  i s  c a r r i e d  a r o u n d  o n  i t s  m o t h e r ' s  

b a c k  f o r  a f e w  d a y s  u n t i l  i t  c a n  f e n d  f o r  i t s e l f .  Prom t h e n  

u r i t l l  a b o u t  O c t o b e r  i t  n a s  t o  a c c u m u l a t e  e n o u g h  e n e r g y  t o  

s u p p l y  it t h r o u g h  t h e  w i n t e r .  T h e n ,  w i t h i n  a  matter o f  a  f e u  

w e e k s  d u r i n g  l a t e  A p r i l  o r  e a r l y  Hay, t h e  s p i d e r s  m a t u r e ,  C 
mate a d d  p r o d u c e  t h e  n e x t  g e n e r a t i o n  o f  young.  T h e  f a c t o r s  

', \ 

o f  p a r e n t a l  care ,  a c o n s t a n t  time o f  m a f u r a t i o n  ( r e g u l a t e d  

by t h e  s e a s o n s ) ,  a n d  t h e  p r o b a b i l i t y  o f  a c o r r e l a t i o n  
, 

b e t w e e n  s i z e  o r  ~ o d y  u e i g h t  a n d  t h e  number  o f  e g g s  p r o d u c e d  

( P e t e r s e n  1 9 5 0 ) ,  a l l  p , o i n t  t o w a r d s  e n e r g y  m a x i ' m i z a t i o n .  
9 

However ,  t h e r e  a r e  t w o  f a c t o r s  t h a t  s i d e  t o w a r d s  time 
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m i n i m i z a t i o n .  T h e s e  a r e :  1) a h i g h  p e r c e n t a g e  of t h e  a d u l t  

females s u r v i v e  a f t e r  p r o d u c i n g  t h e  f i r s t  e g g - s a c  a n d  2 )  t h e  

t e n d e n c y  f o r  t h e  p r o d u c t i o n  o f  a s e c o n d  egg - sac ,  . 
Hav ing  t h u s  c l a s s i f i e d  g. p a n c o u v e r i  a s  m a i n l y  a n  

* 
e n e r g y  m a x i m i z e r ,  1 must p o i n t  o u t  o n e  t h i n g .  T h a t  is, i f  

/ 

t h e  e n e r g y  i n t a k e  becomes  e x c e s s i v e  i t  may l e a d  t o  o b e s i t y  
\ 

a n d  d i m i n i s h e d  f i t n e s s .  P e r h a p s  e n e r g y  m a x i m i z e r s  v o u l d  b e  

ketter d e f i n e d  a s  t h o s e  o r g a n i s m s  t h a t  max imize  e n e r g y  g a i n  

p e r  u n i t  t i n e  y~ t p  a Ptiaal amoun t -  N o r m a l l y ,  most 

p r e d a t o r s  p r o b a b l y  d o  n o t  f i n d  e n o u g h  p r e y  f o r  t h e  o p t i m a l  

l i m i t  t o  be  r e a c h e d ,  much less e x c e e d e d .  

0 s 

I n  c o n t r a s t  t o  g. m o u e r i ,  Caevpm t r i a n u w g  

t e n d s  t o  b e  time m i n i m i z i n g .  s p i d e r .  T u r n b u l l  (1962) -  f o u n d  
0 

* t h a t  b y  i n c r e a s i n g  f e e d i n g  ra tes ,  t h e  s p i d e r ' s  d e v e l o p m e n t a l  

p e r i o d  c o u l d  be r e d u c e d  f r o m  a b o u t  300 t o  70 d a y s .  , T h e r e  

were n o  d i f f e r e n c e s  b e t w e e n  t h e  number  o f  e g g s  p r o d u c e d  by - 
t h e  s p i d e r s  f e d  t h e  m i n i m a l  o r  maximal  rates a n d  t h e  t o t a l  

f o o d  consumed  p e r  l i f e - t i m e  was n e a r l y  c o n s t a n t  a t  a l l  

f e e d i n g  rates. &. t s i w a r i s  is, however ,  a b i t  o f  a n  

e n e r g y  a a x i m i z e r  b e c a u s e  t h o u g h  t h e  number o f  e g g s  p r o d u c e d  

is c o n s t a n t ,  t h e  w e i g h t  p e r  e g g  is  i n c r e a s e d  . w i t h  i n c r e a s e d  

f o o d  i n t a k e .  The  d i f f e r e n c e s  i n  s i z e  a r e  d u e  t o  i n c r e a s e s  i n  

t h e  a m o u n t  o f  y o l k ,  a n d  t h i s  p r e s u m a b l y  i n c r e a s e s  t h e  

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

P r o b a b l y  most  a n i m a l s  w i l l  b e  f o u n d  t o  c o m b i n e  b o t h  . 



e n e r g j  maximizing and time minimizing s t r a t e g i e s .  
.c 



T h e  f o l l o w i n g  i s  a summary  of t h e  c o n c l u s i o n s  d e r i v e d  

from t h i s  work: 

1, - P, - u v e r i ,  a  p o l y p h a g o u s  i n v e r t e b r a t e  p r e d a t o r ,  i s  
-\ 

c a p a b l e  of s e l e c t i v e   reda at ion. 
- 

( a )  Yhen t b e  f a c t o r s  r e l a t e d  t o  a v a i l a b i l i t y  a n d ,  t o  a 

lesser e x t e n t ,  c a t c h a b i l i t y  v e r e  r e m o v e d ,  2. 

s h o w e d  a  r a n g e  o f  t l i s c r i n i n a t i o n  from Z 

h i g h  s e l e c t i o n  t o  n o  s e l e c t i o n .  

( b )  A h i e r a r c h y  o f  s e l e c t i o n  d i d  o c c u r  v i t h  4. 

gee~sster b e i n g  n o s  t - s e l e c t e d  a c d  l a r g e  T. 

a o w g  b e i n g  l e a s t - s e l e c t e d  . T h i s  h i e r a r c h y  was 

s t ab le  u n d e r  c e r t a i n  c o n d i t i o n s  b u t  s a y  c h a n g e  

when c o n d i t i o n s  a re  a l t e r e d *  

(i) T h e  k i n d  o f  s e l e c t i o n  d i d  n o t  c h a n g e  w i t h  t h e  

s e x  or  a g e  o f  t h e  s p i d e r s .  N e i t h e r  d i d  i t  

c h a n g e  by p r e - f e e d i n g  t h e  s p i d e r s  v i t h  - 
c e r t a i n  p r e y .  

(ii) S e l e c t i o n  d i d  c h a n g e  v i t h  c h a n g e s  i n  t h e  

r- 
p h y s i c a l  c o m p l e x i t y  o f  t h e  test  e n v i r o n m e n t s .  

2. T h e  tes t  p r e y  v a r i e d  i n  t h e i r  d e g r e e  of u t i l i t y  t o  g. 

r g n c ~ u v e r / .  T h e  s p i d e r s  v e r e  a b l e  t o  d e t e c t  and u s e  - 
t h i s  i n f o r m a t i o n  t o  i n c r e a s e  t h e i r  s u r v i v a l  r a t e  a n d  

p o t e n t i a l  n u m b e r  o f  o f f  s p r i n g .  c 

( a )  P r e y  c o m b i n a t i o n s  t ha t  l e d  t o  m o d e r a t e  t o  s t r o n g  

s e l e c t i o n  p r o d u c e d  most o f  t h e  b e n e f i t  c r i t e r i a  



t h a t  were s t a t i s t i c a l l y  s u p e r i o r ,  
6 

(b)  P r e y  c o n b i n a  t i c n s  t h a t  l e d  t o  weak  s e l e c t i o n  

p r o d u c e d  no o b s e r v a b l e  d i f f e r e n c e s  i n  t h e  b e n e f i t s  

t h a t  c o u l d  h a v e  a c c r u e d  t o  t h e  s p i d e r s ,  

(c)  T h e  s p i d e r s  t h a t  were f e d  t h e  l e s s - s e l e c t e d  p r e y  

e x h i b i t e d  n o  b e n e f i t s  t h a t  were s u p e r i o r  t o  t h o s e  

s p i & r s  f e d  t h e  m o r e - s e l e c t e d  p r e y .  

( d )  S p i d e r s  f e d  t h e  m o r e - s e l e c t e d  p r e y  t e n d e d  t o  d o  

j u s t  a s  well a s  t h o s e  f e d  b o t h  p r e y .  

( e )  It  is h y p o t h e s i z e d  t h a t  t h e  u l t i n a t e  c a u s e  o f  t h i s  

s e l e c t i v e  p r e d a t i o n  p r o c e s s  is a s s o c i a t e d  w i t h  

m a x i m i z i n g  f i t n e s s .  

( f )  I t  is h y p o t h e s i z e d  t h a t  i n  t h i s  s e l e c t i v e  

p r e d a t i o n  p r o c e s s  t h e  p r e d a t o r  s a m p l e s  t h e  

a v a i l a b l e  p r e y ,  d e t e r m i n e s  t h e i r  a t t r i b u t e s ,  

reaembers t h e s e  a t t r i b u t e s ,  a n d  t h e n  selects  p r e y  

t h a t  p o s s e s s  c e r t a i n  a t t r i b u t e s ,  A t t r i b u t e s  

s e l e c t e d  seem t o  b e  r e l a t e d  t o  p r e y  

c h a r a c t e r i s t i c s  t h a t  c o n f e r  b e n e f i t  t o  t h e  

p r e d a t o r .  

( g )  g. =QUA t e n d s  t o  be m o r e  of  a n  e n e r g y  . 

m a x i m i z e r  t h a n  a time a i n i m i z e r .  
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APPEHDIX I, S p e c i f i c  I n f c r n a t i o n  o n  t h e  V a r i o u s  P r e d a t o r  a n d  

P r e y  ~ l a s s e y  

T h i s  a p p e n d i x  p r e s e n t s  some s p e c i f i c  i n f o r m a t i o n  a b o u t  

t h e  m e a s u r e m e n t s ,  w e i g h t s  a n d  b e h a v i o r  o f  t h e  v a r i o u s  k i n d s  

o f  p r e d a t o r s  a n d  p r e y  u s e d  i n  t h e  e x p e r i m e n t s .  

T a b l e  8-1 g i v e s  c e p h a l o t h o r a x  w i d t h s ,  l i v e  w e i g h t s ,  a n d  

d r y  u e i g h t s  of t h e  e x u v i a e  o f  t h e  v a r i o u s  p r e d a t o r  t y p e s .  

Data v e r e  d e r i v e d  f r o m  p r e p e n u l t i m a t e  s p i d e r s  c o l l e c t e d  i n  

t h e  f i e l d  a n d  r a i s e d  t o  m a t u r i t y  o n  Q. geJ&&oqaster. A 1 1  t h e  

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

o f  t h e  same male t y p e s ,  However  b e c a u s e  t h e  means  were so  

close, n o n e  o f  t h e s e  m e a s u r e m e n t s ,  w h e t h e r  u s e d  a l o n e  o r  

t o g e t h e r ,  were a s  u s e f u l  a s  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  

f o r  s e p a r a t i n g  t h e  s e x e s .  , 

Tables A - I 1  a n d  A - I 1 1  s u m m a r i z e  t h e  p h y s i c a l  d i m e n s i o n s  

a n d  t h e  mean w e i g h t s  o f  the test p r e y .  V e r y  l i t t l e  o v e r l a p  

o c c u r r e d  b e t w e e n  a n y  t w o  p r e y  t y q e s  of t h e  same s p e c i e s .  

I n f r e q u e n t l y ,  l a r g e  2. w i t o r  h a d  a i e v  smaller l a r v a e  

mixed i n  w i t h  t h e m  b e c a u s e  o f  i n c o m p l e t e  s e p a r a t i o n .  T h e  

s t a n d a r d  errors of  t h e  d r y  w e i g h t s  o f  test p r e y  v e r e  v e r y  

l o w  D e c a u s e  a o r e  t h a n  o n e  i n d i v i d u a l  was u s e d  p e r  s a m p l e .  

T h e  s n a l l e s t  t o  l a r g e s t  p r e y ,  b a s e d  o n  s i z e  a n d  w e i g h t ,  

rere: Q. +ale p .  .elrPoaaste& < female . P - . ,  

< small 2. 1PLifPI: < l a r g e  f. w. ($he 
l a r g e  r. w e i g h e d  n e a r l y  a s  much a s  t h e  s u b a d u l t  



s p i d e r s . )  

T a b l e  A - I V  s h o w s  t h e  u s u a l  r e s t i n g  p l a c e s  o f  p r e d a t o r s  

a n d  p r e y  a t  t h e i r  n o r m a l  d e n s i t i e s  i n  t h e  p l a s t i c  c a g e s .  

These p o s i t i o n s  a re  a  m e a s u r e  o f  t h e  a c c e s s i b i l i t y  o f  t h e  

a n i m a l s  t o  t n e  v a r i o u s  p a r t s  o f  t h e  c a g e s .  I n  g e n e r a l ,  

t h o u g h  t h e  d i s t r i b u t i o n  p a t t e r n s  o f  t h e  v a r i o u s  p r e y  types 

v a r i e d ,  t h e  s p i d e r s  h a d  a c c e s s  t o  a l l  p a r t s  o f  t h e  c a g e s  

a n d ,  h e n c e ,  access t o  a l l  t y p e s  o f  p r e y .  

E x c e p t  f o r  t h e  p r e d a t o r ,  t h e  r e s t i n g  p o s i t i o n s  w pr: i 
'l 

o b t a i n e d  f r o m  e x ~ e r i m e n t s  w i t %  o n l y  o n e  k i n d  o f  a n i m a l  

p r e s e n t .  The p r e d a t o r  r e s u l t s  came f r o m  a n  e x p e r i m e n t  i n  

whlch f i v e  l a r g e  g. n g l i t o r  were a l s o  p r e s e n t .  The  e x a c t  

number o f  r n d i v i d u a l  p r e y  o b s e r v e d  was n o t  known b e c a u s e  

some p r e y  were o b s e r v e d  f o r  more t h a n  o n e  d a y ,  T h e  us.ual 

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

O f t e n  t h e  v e r t i c a l  p l a s t i c  s u r f a c e s  were a c c e s s i b l e  t o  t h e  

s p i d e r s  o n l y  a f t e r  o n e  t o  t u o  d a y s  o f  o c c u p a n c y ,  by w h i c h  

time some d r a g - l i n e  s i l k  h a d  b e e n  d e p o s i t e d .  Q. fasc;ram 

a n d  Q, ~ J a n o q w  h a d  access t o  a l l  s u r f a c e s  w i t h i n  t h e  

c a g e s  b u t  2. rrqlrts was r e s t r i c t e d  t o  t h e  f l o o r s ,  The f l i e s  

c o l l e c t e d  m i n l y  o n  t h e  s i d e s  o f  t h e  c a g e s .  T h e ' b u g s  

a g g r e g a t e d  o n  t h e  c e i l i n g s .  hough t h e  x. QQ- o f t e n  

c r a w l e d  u n d e r  o r  i n t o  t h e  s p o $ e s  ( t h a t  s u p p l i e d  water t o  

t h e  a n i m a l s ) ,  m o s t  were sti  f 1 a c c e s s i b l e  t o  t h e  s p i d e r s  a s  

p o t e n t i a l  p r e y  a s  o n l y  t h e i r  h e a d  r e g i o n s ' u e r e  c o v e r e d .  



S i m i l a r  o b s e r v a t i o n s  were o b t a i n e d  i n  t h e  wooden c a g e s  

e x c e p t  t h a t  U i t o r  h a d  a c c e s s  t o  t h e  s i d e s  a n d  t h e  

s c r e e n  back .  A l s o  2- v ~ g c o u v e r j , ,  r e s t e d  more o f t e n  on t h e  
I. 

s c r e e n  o a c k  t h a n  o n  t h e  f l o o r -  

G e n e r a l l y ,  P- ~ g g c o u v g g i  would k i l l  o n e  p r e y  a n d  f e e d  

upon i t  u n t i l  c o m p l e t i o n ,  X o u e v e r ,  when i t  w a s  v e r y  h u n g r y  

it o f t e n  f e d  on more t h a n  o n e  p r e y  a t  a  t i n e  (see Hardman 

1 9 7 2 ) .  A l s o ,  when f e e d i n g  o n  u t o r ,  a  s p i Q e r  would  

o f t e n  s t o p  f e e d i n g ,  d r o p  t h e  p a r t i a l l y  e a t e n  l a r v a ,  a n d  

r e t u r n  l a t e r  t o  r e s u m e  f e e d i n g ,  The  l a t t e r  phenomenon was 

n o t  o b s e r v e d  when t h e  s p i d e r s  were f e d  o n  Q. & a g e  o r  

T h e  p r e y  s p e  i e s  t h a t  s h o v e d  t h e  g r e a t e s t  s t r u g g l e  when f \ 

c a p t u r e d  mas g. m o l i t o r .  Yhen b y  a s p , i d e r ,  a l a r v a  

u s u a l l y  t w i s t e d  v i o l e n t l y  f r o m  s i d e  t o  s i d e .  T h i s  s o m e t i m e s  

r e s u l t e d  in t h e  l a c d a  b e i n g  re1 a s e d  by t h e  s p i d e r .  7 0 

.. T a b l e  A-V g i v e s  t h e  n o n - p r e d a t o r  (i.e,, s t a r v a t i o n -  t ~ r  

d r o w n i n g )  m o r t a l i t y  o f  Q, U o c r a s t e r  o n e ,  two, a n d  t h r e e  
I ' 

d a y s  a f t e r  f l i e s  were i n i t i a l l y  p l a c e d  i n  t h e  c a g e s -  - , t h i s  

e x p e r i m e n t  f l i e s  were t h e  o n l y  a n i m a l s  i n  t h e  c a g e s  a n d  were 

r e n e w e d  ( i - e . ,  t o t a l l y  ree times a n d  r e p l e n i s h e d  

( 1 .  o n l y  d e a d  f l i e s  times e a c h  week. I n  

t h e  c o l u m n  l a b e l e d  "1m, t h e  0.23 r e f e r s  t o  t h e  mean number  

o f  male f l i es  t h a t  were d e a d  o n e  d a y  a f t e r  t h e y  were 

-- r e n e w e d .  The d e a d  f l i e s  were t h e n  r e p l e n i s h e d .  I n  t h e  n e x t  



c o l u m n ,  1.57 is t h e  mean n u m b e r  o f  11 s t h a t  were d e a d  two t2i 
d a y s  a • ’  ter r e n e w a l  b u t  o n e  d a y  a f t e r  b e i n g  r e p l e n i s h e d .  

S i m i l a r l y ,  t h e  n e a n  of 2.77 refers t o  t h e  m o r t a l i t y  t h r e e  

d a y s  a f t e r  r e n e w a l ,  b u t  i n c l u d e s  t v o  r e p l e n i s h m e n t  d a y s  - 
( e ,  d a y s  1 a n d  21.. T h e  g r o u p e d  m e a n s  a re  mean r e s u l t s  f o r  

t h e  s a n e  c a g e s  1  a n d  2 d a y s  a f t e r  i n i t i a l  r e w v a l  a n d  1 ,  2 

a n d  3 d a y s  a f t e r  i n i t i a l  r e n e u a l ,  r e s p e c t i v e l y .  I n  g e n e r a l ,  

t h e  r e s u l t s  i n d i c a t e d  t h a t  m o r t a l i t y  r o s e  c o n s i d e r a b l y  a f t e r  

t w o  d a y s .  T h u s ,  f o r  m o s t  e x p e r i m e n t s 1  d e a l i n g  w i t h  s e l e c t i v e  

p r e d a t i o n ,  p r e y  were r e n e w e d  e v e r y  t u o  d a y s  a n d  t h e  a t t e m p t  

t o  u s e  w e e k l y  s c h e d u l e s  u a s  a b a n d o n e d .  

T h e  s t a t i s t i c a l  tests ( s e e  b o t t o m  o f  T a b l e  A-V)  c o m p a r e  

the n o n - p r e d a t o r  m o r t a l i t y  r a t e s  f o u n d  i n  Q. i n  

t h e  o n e  d a y  r e n e w a l - o n e  d a y  r e p l e n i s h m e n t  c y c l e  t h a t  was 
e 

d o n e  f o r  most s e l e c t i v e  s e d a t i o n  e x p e r i m e n t s .  T h e  tests 

i n d i c a t e  s i g n i f  ica n t  m o r t a l i t y  d i f  f e d e n c e s  b e t w e e n  t h e  males 

a n d  females, b u t  n o  d i f f e r e n c e s  w i t h i n  t h e  same s e x .  T h a t  

is,  a b o u t  twice a s  many males d i e d  a s  f e m a l e s  b u t  t h e r e  was 

n o  c h a n g e  in m o r t a l i t y  when t h e  two k i n d s  of f l i e s  were 

p l a c e d  t o g e t h e r .  

T a b l e  A - V I  g i v e s  t h e  n o n - p r e d a t o r  ( i - e . ,  s t a r v a t i o n -  

d r o w n i n g - c a n n i b a l i s n )  m o r t a l i t y  o f  Q. f q s c i a t u ~  a n d  t h e  two 

s i z e s  o f  z. g a i t o x .  T h e  d e n s i t i e s  o f  t h e  p r e y  were t h e  same 

1 E x c e p t i o n s  were E x ~ e r i m e n t s  8 a n d  9 i n  T a b l e  V .  



a s  i n  t h e  s e l e c t i v e  p r e d a t i o n  e x p e r i m e n t s  w i t h  t h e  s p i d e r s ,  

I n  Q. m i a t u s ,  n o r t a l i t y  was l o w ;  i n  g, xu&oo, m o d e r a t e ,  

The m o r t a l i t y  o f  l a r g e  2. g o l i t o r  i n c r e a s e d  w i t h  time, a s  

o c c u r r e d  i n  & ~ L q ~ g g a S f e r .  However,  m o r t a l i t y  i n  Q. 

g a s c i a f ~  a n d  small z. iaa m a i n l y  o c c u r r e d  d u r i n g  t h e  

f i r s t  d a y  a n d  d i d  n o t  i n c r e a s e  on t h e  f o l l o w i n g  day.  

T a b l e  A - V X I  r i n d i c a t e s  t h a t  when s m a l l  a n d  l a r g e  2. 

B O ~ Q ~  were p l a c e d  w i t h  l i v e  g. ~ l a n o g a s t e g  t h e r e  w a s  no  - 
i n c r e a s e  in m o r t a l i t y  o v e r  t h e  c o n t r o l s '  ( P  > 0.9 f o r  s m a l l  

T. moIi,tgL; a n d  >0,  5 f o r  l a r g e  x. g p l i t o r ) .  T h i s ,  c o u p l e d  - 
w i t h  d i r e c t  o b s e r v a t i o n s ,  i n d i c a t e d  t h a t  n e i t h e r  s m a l l  o r  

l a r g e  g. am k i l l  1, u o a a s t g g .  Though i t  was 

o b s e r v e d  t h a t  g. p a i t o r  l a r v a  s o m e t i m e s  f e d  o n  d e a d  f l i e s ,  

t h e  n u m b e r s  o f  d e a d  f l i e s  i n  t h e  c a g e s  w i t h  3. r p o J i t o r  were 

n o t  s i g n i f i c a n t l y  less t h a n  t h e  c o n t r o l s  (P>O. 1 ) .  However,  

t h e r e  was  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  e s t i m a t e d  

n u m b e ~  o f  d e a d  f l i e s  e a t e n  by t h e  small  a n d  l a r g e  3. q o l i t o ~  

- t h e  small l a r v a e  a t e  more  (P>0 .01*) ,  

T a b l e  A-VIII g i v e s  t h e  f e e d i n g  r a t e s  o f  l a r g e  z. 
\ 

moJ&g& o n  c o l d - k i l l e d  Q, Pelg - n o c r a s t s ,  Notice t h a t  t h e  

d e n s i t y  o f  b o t h  t h e  b e e t l e  l a r v a e  a n d  t h e  d e a d  f l i e s  were 

much h i g h e r  t h a n  w h a t  o c c u r r e d  i n  t h e  s e l e c t i v e  p r e d a t i o n  . 
e x p e r i m e n t s  ( 1 ,  1 0  v s ,  5 l a r v a e  p e r  c a g e  a n d  1 0  v s ,  a b o u t  

2 d e a d  f l i es  p e r  c a g e )  . T h u s ,  t h e  f e e d i n g  r a t e  o f  0. 465 d&d 

f l i e s  p e r  l a r v a  p e r  d a y  is much h i g h e r  t h a n  w h a t  o c c u r r e d  i n  



t h e w i e c t i v e  p r e d a t i o n  e x p e r i a e n t s ,  I 

'\ 

*. T a b l e  A - I X  g i v e s  t h e  f e e d i n g  rates  o f  b o t h  s m a l l  a n d  

l a r g e  2 .  ~ o l i t o r  o n  r e j e c t a m e n t a  of Q. m e ~ a n d ~ w .  A g a i n ,  
\ 

n o t e  t h a t  t h e  d e n s i t i e s  o f  b o t h  t h e  l a r v a e  a n d  r e j e c t a m e n t a  

were h i g h e r  t h a n  t h e  u s u a l  c i r c u m s t a n c e s  f o u n d  i n  t h e  

s e l e c t i v e  p r e d a t i o n  e x p e r i m e n t s .  T h e  r a tes  w o r k  o u t  to  b e  

0.090 r e j e c t a m e n t a  p e r  l a r v a  p e r  d a y  f o r  l a r g e  x, m m  
a n d  0 , 0 1 5  r e j e c t a n e n t a  p e r  l a r v a  p e r  d a y ' f o r  &gall g. 

2 .  T h e s e  f e e d i n g  rptes a re  v e r y  d i f f e r e n t  

T a b l e  A - X  lists t h e  e s c a p e  r a t e s  ( p l u s  c o u n t i n g  errors) i. 

o f  t h e  v a r i o u s  p r e y  t y p e s .  T h e  e s c a p e  r a t e s  were c a l c u l a t e d  

i n  t n e  same m a n n e r  a s  t h e  n u m b e r  o f  p r e y  e a t e n  p e r  s p i d e r  

p e r  d a y ,  e x c e p t  o f  c o u r s e ,  t h a t  t h e r e  were n o  s p i d e r s  a n d  no 

r e j e c t a n e n t a .  T h e r e  were n o  e s c a p e s  of  l a r e  x. ~ u g .  

Some, 2 ,92%,  o f  t h e  s m a l l - 2 .  e o l i t o q  were l o s t  when t h e y  
s 

b u r r o w e d  i n t o  t h e  s p o n g e s ,  E s c a p e  of 2- g & a n o u a s t =  was 

less t h a n  0 .2% when t h e  d e n s i t y  was 10 f l i e s  p e r  c a g e  b u t  

c l i m b e d  t o  t w o  a n d  a h a l f  t i r e s  t h a t  v a l u e  when t h e r e  were 
". 

20 f l i e s  p e r  c a g e  ( e  1 0  males p l u s  10  f e m a l e s ) ,  T h e  

e s c a p e  r a t e  of Q. g c ~ ~ ~ h t u s  uas t h e  h i g h e s t  a t  8.54%. T h i s  

was d u e  t o  t n e i r  a b i l i t y  t o  move t h r o u g h  t h e  small  c r a c k s  

t h a t  r e s u l t e d  f r o m  t h e  i n p e r f e c t  f i t  o f  t h e  l i d s  a n d  b a s e s  
,- 

of t o e  p l a s t i c  c a g e s .  The R e s u l t s  s e c t i o n  c o m m e n t s  on how 

t h e s e  errors were t a k e n  i n t o  a c c o u n t  when t h e  f e e d i n g  r a tes  



of the p r e d a t o r s  were c a l c u l a t e d .  



T a b l e  A - I .  The mean c e p h a l o t h o r a x  w i d t h s ,  l i v e  w e i g h t s ,  a n d  
d r y  w e i g h t s  o f  e x u v i a e  of  m a l e  a n d  f e m a l e  9, -9-i 
(SE ,N)  9. 

C e p h a l o t h o r a x  1 - 7 9  2.05 2- 36 
w i d t h  (ma) 

f 
(0 .004,170)  ( 0 , 0 0 4 , 1 7 0 )  . (0 -007 ,23)  

L i v e  w e i g h t  a t  .... 15. 58 21.44 
m o u l t i n g  (rag) (0 .324,80)  (1.018,39) 

Dry w e i g h t  r' 0. 2 8  0. 56 
o f  e x u v i a  (mg) (0.0 1 0 , 4 4 )  ( 0 . 0 1 5 , 2 9 )  

------------- F e m a l e  s p i d e r s  -------------- 
A n t e p e n u l t i m a t e  S u b a d u l t  A d u l t  

C e p h a l o t h o r a x  1 - 8 1  2.06 2.51 
w i d t h  ( m m )  (0 .004,140)  (0 .005,140)  (0 ,006 ,93)  

q L i v e  w e i g h t '  a t  .... 16.61 3 1 - 1 1  
m o u l t i n g  (mg) (0 -  26 2 ,177)  (0 .513 ,99)  

Dry w e i g h t  
o f  e x u v i a  (mg) 



Table A - 1 1 .  The mean ( m m )  length, w i d t h  and  height of test 
prey  (SE). N = 30 i n d i v i d u a i s  of e a c h  p r e y  type. 

Length  1.85 2.64 2.73 5.59 10.08 
(0- 126) (0.0 10) (0.011) (0.187) (0.302) 

Width 0.88 0.78 0.87 0.85 1.62 
(0-061) (0.003) (0.004) (0,010) (0.013) - 

H e i g h t  0. 51 0.94 1-02 - 0.71 1.32 
(0,043) (0,003) (0.003) (0,010) (0.016) 



T a b l e  A-111. Hean w e i g h t s  (mg) of test p r e y  ( S E ) .  

Dry 0 . 2 3 8  0 . 2 5 3  0 .3  54  1 . 0 0 8  6. 3 5 0  
U e i g h t s *  ( 0 . 0 0 0 2 )  ( 0 .  0004)  ( 0 . 0 0 0 3 )  ( 0 . 0 0 2 4 )  ( 0 . 0 1 0 0 )  

i 3 3 x 1 O J  [ 2 9 x 1 0 0 1  [ 2 7 x l 0 0 ]  [ 1 2 x 2 0  J [ 1 3 x 2 0 1  

1 Yet w e i g h t s  were b a s e d  on 30  i n d i v i d u a l  w e i g h t s .  

2 Dry w e i g h t s  were b a s e d  on a number o f  s a d p l e s  of more t h a n  
o n e  r n d i v i d u a l .  This is  e x p r e s s e d  a s  [number of s a m p l e s  x 
number of  i n d i v i d u a l s  p e r  s a m p l e ] .  



F e m a l e  Do 0-.O 30.4 7.8 37 .1  24.6  6 0 1  >3002 
m o u a S t e r  

S m a l l  9 - 2  5.6 85 .1  0.0 0.0 1 4 1  > S O 2  
T. rno l i&g - 

1 R e s t i n g  p o s i t i o n s  e x p r e s s e d  as p e r c e n t a g e s  o f  t o t a l  a m o u n t  
o f  o ~ s e r v a t i o n s .  Ccde f o r  r e s t i n g  p o s i t i o n s :  1 = u n d e r  o r  
w i t h i n  s p o n g e ,  L = o n  s u r f a c e  of s p o n g e ,  3 = o n  c a g e  f l o o r  
( e x c l u d i n g  s p o n g e ) ,  4  = on c a g e  waJls, 5 = o n  c a g e  c e i l i n g .  

2 O b s e r v  t i o n s  were t a k e n  o v e r  n o r e  t h a n  o n e  d a y  a n d  more  
t h a n  o n  92 o n  e a c h  a n i m a l .  



T a b l e  A-V. Y o n - p r e d a t o r  m o r t a l i t y  o f  Q. -, 
R e s u l t s  are  e x p r e s s e d  a s  mean number o f  d e a d  f l i e s  o b s e r v e d  
p e r  c a g e  p e r  d a y  ( 9 5 %  c o n f i d e n c e  limits), T r a n s f o r m a t i o n  = 
s q u a r e  r o o t  ( X  + 0.5) .  

Male 0 .23  1.57 2 - 7 7  0.75 0.98 b 

(1  0) (0.015- (1.225- (1,946- (0. 516-  (0.729- 
0.253)- 2.085) 3.714) 1.003) 1.250) 

P e  a a l  e 0.03 0.65 3. 17 0- 31 0. 59 
(10)  (0.0- (0.4 17- (2.. 566-. (0 .193-  (0.417- 

3 
0.067) 0.918) 3.834) 0 .473)  0.783) 

nale ( w i t h  0.14 2.18 3. 89 0. 99  1 .31 
f e m a l e )  (0,008- (1.687- (1.740- (0.707- (0.990- 
(10+10)  0.286) 2.732) 5.317) 1 - 2 9  2)  1.652) 

Fema le  0.07 1 - 0 3  2 -  26 0.49 0.78 
( w i t h  ma le )  (0.009- (0.721- (2.192- (0.335- (0.565- 
(1  0+10)  0 .133)  1.374) 4.517) " 0.662) 1.012) 

-- - C 

~ u a b e F o f  5 4 5 4  18 4 0 8  126  
o b s e r v a t i o n -  
d a y s  ? 

- -- -- - 
STATISTICAL T E S T  (U  v a l u e s )  2 -- -------- ........................ ---- ....................... ---------------------------------------------------------- 

1 
!ale 1 Male 

1 
Fema le  1 304** Fema le  

I 
!!ale ( w i t h  1 186 309** Male ( w i t h  
P e  ma1 e) 1 Fema le )  

1 
Fema le  1 271** 226.5  286** F e m a l e  
( w i t h  ma le )  1 ( w i t h  male)  

1 - --- A 

1 F l i e s  H e r e  ' r e w u e d '  e v e r y  two o r  t h r e e  d a y s ,  a s  
i n d i c a t e d ,  a n d  ' r e p l e n i s h e d '  o n c e  e a c h  day.  
2 The s t a t i s t i c a l  tes t  u a s  t h e  p n o n p a r a m e t r i c  
s i m u l t a n e o u s  test ~ r o c e d u r e  and  was u s e d  o n  t h e  d a t a  f o r  
d a y s  1+2 .  Numoer o f  t r e a t m e n t E  = 4 ,  number of means p e r  
t r e a t m e n t  = 18, eember o f  o b s e r v a t i o n - d a y s  p e r  mean = 6. 
P<O.Ol*+ d o t e :  F o r  P = 0.01, t h e  c r i t i c a l  v a l u e  of U = 
260.4; f o r  P = 0.05,  U = 243.2. 



o b s e r v e d  p e r  c a g e  p e r  day  (95% c o n f i d e n c e  l i m i t s ) [ - n u m b e r  of 
o b s e r v a t i o n - d a y s  1. T r a n s f  o r n a t i o n  = s q u a r e  root ( X  + 0 . 5 )  . 

Large m o l i t o r  0 . 4 0  0 . 4 5  0-  4 2  
( 5 )  ( 0 . 1 9 9 - 0 . 6 0 4 )  ( 0 . 1 8 3 - 0 . 6 9 6 )  ( 0 . 2 7 2 - 0 . 5 7 4 )  

C14J E W' C 28 I 

1 P r e y  were l r e n e u e d '  e v e r y  tuo d a y s  a n d  ' r e p l e n i s h e d '  o n c e  
e a c h  d a y .  



T a b l e  A - V I I .  F e e d i n g  r a t e s  of  3. k o l i t o r  l a r v a e  on d e a d  
f e m a l e  k .  a g n o u w .  R e s u l t s  a r e  e x p r e s s e d  a s  mean 
number s  o b s e r v e d  p e r  c a g e  p e r  d a y  (SE). 

Small 4  8  8-  42 0.'94 0.38 - 
(0.268) (0.196) (0. 106)  

L a r g e  7 2 8.13 1.11 0, 3 2  
(0. 248)  (0 .173)  (0.110) 

None 12  0  8 - 3 3  1.65 -- - - 
( C o n t r o l )  (0. 189)  (0 .190)  

STATISTICAL TESTS 

Number L i v e  - S e a l 1  
Tom, vs. C o n t r o l  2 9 0 7 - 5  >0.9 

Number L i v e  - L a r g e  
Tom. v s -  C o n t r o l  4547  0. S<P<O-9 

Number Dead - S m a l l  
T.m. vs. C o n t r o l  3 3  15.5 O.l<P<O. 2<P 

Number Dead - L a r g e  
T-m.  v s .  C o n t r o l  4767.5 OI2<P<O. 4 

E s t i m a t e d  Number 
E a t e n  - S m a l l  T o m .  - 
vs -  L a r g e  T.m. 1544  O.Ol<P<O. 02* 



Table  
( f r o z e  
mean n  

A - V I I I -  F e e d i n g  r a t e  of l a r g e  x, rnqhitor on dead 
n )  f e u a  l e  4. & aa s . R e s u l t s  a r e  e x p r e s s e d  a s  
u m k r  o b s e r v e d  E c a g e y e r  day (SE) . 

Large 

1 rum be^ e a t e n  per  10 l a r v a e - p e r  day, - 



T a b l e  A - I X ,  F e e d i n g  r a t e s  of 2. r n o l i t ~ r  on  Q, gg .Janosnste~  
r e j e c t a .  R e s u l t s  a r e  e x p r e s s e d  a s  mean number p e r  c a g e  per  
d a y  (SE) , 

TI g a i t o r  Number I n i t i a l  d e n s i t y  dN) 
( 1  O/ca g e l  of obs-- ( 5  g, m&oqasts r e j e c t a -  

d a y s  menta p e r  cage) 
Number Number 
re j e c t a -  e a t e n  
menta ( R )  ( N - R )  1 ------------------------------------------------------------ -------------------------------------------------------- 

Large  4 8 4 , 1 0 ( 0 . 1 1 2 )  0 .90  ( 0 .  112)  2 

S m a l l  4 8 4 . 8 5 ( 0 . 0 5 1 )  0 . 1 5  ( 0 , 0 5 1 )  2 

-- --7- --- 
1 Number e a t e n  per  10 l a r v a e  per d a y .  



T a b l e  A - X .  E s c a p e  r a t e s  of p r e y  from p l a s t i c  c a g e s .  R e s u l t s  
a s  p e r c e n t a g e s  o f  t h e  t o t a l  number of p r e y  

Large 
T. . o l i & x  

Female 8, 10 
melaa~!amsx 
Both male 1 0 + 1 0  2 1 6 0  0.51% 
female 
L WggPqBsteE 

S m a l l  
L u m  

1 E s c a p e  rate  = ( I n i t i a l  D e n s i t y )  - (Number of Live + Number 
of D e a d ) .  The e s c a p e  r a t e s  i n c l u d e  c o u n t i n g  e r r o r s  and 
errors d u e  t o  s m a l l  x, burroui ,ng i n t o  s p o n g e s .  



\ 

1 2 8  

APPENDIX 11, ~ e t a i l s  o f  t h e S e l e c t i v e  P r e d a t i o n  E x p e r i m e n t s  

T h e  d e t a i l e d  r e s u l t s  o f  t h e  1 4  s e l e c t i v e  p r e d a t i o n  

* e x p e r i m e n t s  a r e  g i v e n  i n  T a b l e  A - X I .  A s h o r t e n e d  v e r s i o n  

a p p e a r s  i n  T a b l e  I. T h e  l a y o u t  o f  T a b l e  I a n d  T a b l e  8-11 i s  

t h e  s a n e  e x c e p t  t h a t  t h e  f o u r  f e e d i n g  r a t e s  a n d  t h e  t w o  

p r o b a b i l i t i e s  t h a t  a r e  d e r i v e d  f r o m  t h e  t h r e e  t r e a t m e n t s  a r e  

g i v e n  i n  t h e  e x p a n d e d  t a b l e .  P o r  e x a m p l e ,  i n  E x p e r i m e n t  2 a .  

t h e r e  were t h r e e  t r e a t m e n t s  o f  s u b a d u l t  f e m a l e  s p i d e r s .  One 

g r o u p  o f  8  was f e d  o n l y  f e m a l e  &. Jaelaemm a n d  t h e s e  

g a v e  a g r a n d  mean f e e d i n g  rate of 2.31 f l i e s  p e r  s p i d e r  p e r  

d a y  ( i . e . ,  u , ) .  A n o t h e r  g r o u p  o f  1 2  s p i d e r s  was f e d  o n l y  Q. 

Lasciafuu a n d  g a v e  a  f e e d i n g  r a t e  o f  3 .55 b u g s  p e r  s p i d e r  

p e r  d a y  ( i ,  uX) . The  t h i r d  g r o u p  was f e d  b o t h  f e m a l e  g. 

m e l a n ~ q a s t e r  a n d  0_. f i i s c i a t u s  t o g e t h e r .  They  g a v e  two 

f e e d i n g  ra tes ;  2.62 f l i e s  p e r  d a y  (u* ,  ) a n d  0 . 1 9  b u g s  p e r  
> 

d a y  ( u * ~  ) T h e  ' x 2 '  is t h e r e  a s  a r e m i n d e r  t h a t  t h e  m e a n s  

t h a t  made up t h e  g r a n d  means  i n  t h e  t w o  p r e y  t r e a t m e n t  were 

e a c h  m u l t i p l i e d  by two  (see E q u a t i o n s  2 a n d  3 i n  Hate r ia l s  

s e c t i o n )  b e f o r e  t h e y  were u s e d  t o  c a l c u l a t e  t h e  Hann-Whitney 

s t a t i s t i c  ' U r n ,  I n  t h i s  case, t h e  p r o b a b i l i t y  t h a t  t h e  mean 

f e e d i n g  r a t e s  o f  2.31 a n d  (2.62 x 2)  a r e  e q u a l ,  i s  less t h a n  

t? 
0. 002. ' Ihe r e l a t i v e  d i s c r i m i n a t i o n  c o e f f i c i e n t  was 

c a l c u l a t e d  b y  t h e  E q u a t i o n s  4 to  6  g i v e n  i n  t h e  ! l a t e r i a l s  

a n d  H e t h o d s  s e c t i o n ,  F o r  e x a m p l e ,  i n  E x p e r i m e n t  2a:  



c x  = u*, x 2 = 0.19 x 2 = O . l l  
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APPEHDIX 111, De ta i l s  of t h e  U t i l i t y  o f  t h e  P r e y  t o  t h e  

P r e d a t o r s  -i 

T a b l e s  A - X I 1  t o  A - X V I I  s u m m a r i z e  t h e  b e n e f i t  c r i t e r i a  

- t h a t  were m e a s u r s d  i n  the s e l e c t i v e  p r e d a t i o n  e x ~ e r i m e n t s .  
- 

A 1 1  t a b l e s ,  e x c e p t  T a b l e  A - X V I ,  refer t o  female s p i d e r s ,  

Results are e x p r e s s e d  a s  m e a n s  ( S E ,  N )  p e r  s p i d e r  o r  a s  

p e r c e n t a g e s  ( b l )  o f  a l l  s p i d e r s .  

I n  t h e s e  t a b l e s  c o l u m n  ' A '  refers t o  t h e  b e n e f i t  

c r i te r ia  t h a t  were associa ted w i t h  t h e  s p i d e r s  t h a t  a t e  t h e  

m o r e - s e l e c t e d  p r e y ;  c o l u m n  'B9, b o t h  p r e y ;  a n d  c o l u m n  'C', 

t h e  l e s s - s e l e c t e d  p r e y .  T h e  h y p o t h e s e s  t e s t e d  i n  t h e  

' P r o b a b i l i t y '  c o l u m n s  are: 1) t h e  u t i l i t y  o f  f e e d i n g  o n  t h e  

m o r e - s e l e c t e d  p r e y  e q u a l s  t h e  u t i l i t y  o f  f e e d i n g  on b o t h  

p r e y  (i.e., A = B) a n d  2 )  t h e  u t i l i t y  o f  f e e d i n g  on t h e  
* 

m o r e - s e l e c t e d  p r e y  e q u a l s  t h e  u t i l i t y  o f  f e e d i n g  on t h e  
A 

l e s s s e l e c t e d  p r e y  (i-e.,  A = C) . The r o w s  o f  t h e  t ab les  a r e  
d 

a r r a n g e d  from t o p  t o  b o t t o m  by i n c r e a s i n g  p r o b a b i l i t i e s  of 

the -  l a s t  co lumn.  B e c a u s e  t h e  maximum l i m i t  f o r  o b s e r v a t i o n s  

was 85 d a y s ,  a  few s p i d e r s  u h i c h  n a t u r e d  l a t e  (i-e.,  a f t e r  

65 d a y s )  were n o t  o b s e r v e d  f o r  a l l  2 0  d a y s  a f t e r  r e a c h i n g  

m a t u r i t y .  T h i s  g i v e s  a f e u  i n c o n s i s t e n c i e s  i n  t h e  

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

S i g n i f i c a n t  d i f f e r e n c e s  ( e . ,  2)  f o r  c o l u m n  "A = Bn 

o c c u r  i n  o n l y  T a b l e s  A - X U 1  and A - X V I I .  s i g n i f i c a n t  

d i f f e r e n c e s  ( e . ,  7) f o r  c o l u m  "A = Cn o c c u r  i n  T a b l e s  A-  



111, A - X I 1 1  a n d  A - X V .  N o t i c e  t h a t  i n   able-A-XI11 most of 
* 

t h e  s p i d e r s  d i e d  when t h e y  were f e d  o n l y  l a r g e  x. plsllm, /' 
-- 

This g r e a t l y  r e d u c e d  t h e  number of s t a t i s t i c a l  tests t h a t  f' 
c o u l d  be made. 



Table  A-XII. B e n e f i t  c r i t e r i a  f o r  f e m a l e  2. nhes;qpveri i n  
o n e  a n d  two  p r e y  s y s t e m s  u s i n g  female 4. w m  a n d  Q. 
a s c i a t u s .  D a t a  f r o m  E x p e r i m e n t s  2 a  a n d  2b. 

Days t o  first 13.0 11.8 19.5 0.784 0.004 
f a l s e  e g g - s a c  (0.58,3) (3.12,5) (0.50,4) * * 
A d u l t  d a y  0 t o  + 10 11.45 14.03 5.81 0.559 0.038 
w e i g h t  g a i n  (mg) (1.947,4) (2.674,9) (0.854,4) * 
Dry  w e i g h t  (mg) 4.93 3.18 1.04 0,429 0.044 
f a l s e  e g g - s a c s  (0.746,3) (1-  488,s) (0.871.4) * 

S p i d e r s  p r o d u c i n g  S O X  56% 67% 1.000 0.266 
f a l s e  e g g - s a c s  (4) (9)  ( 6  

Days f o r  43- 3 38-8  31.5 0.567 0.301 
m a t u r a t i o n  (7.87.4) (3-74,9) (6.79,4) 

S u b a d u l t  t o  a d u l t  
?55 

16.44 10.68 0,358 0,353 
w e i g h t  g a i n  (mg) (2.  02,4) (1.657,9) (0,900.4) 

S n b a d u l t  t o  a d u l t  0.33 0.44 0.44 0,172 0.562 
r a t e  o f  w e i g h t  (0.060,4) (0.038,9) (0. 165,4) 
g a i n  ( W / d a ~ )  * 
S u b a d u l t  t o  a d u l t  0.36 0.45 0.32 0,404 0,780 
s i z e  i n c r e a s e  (ma) (0.005,4) (0. OO2,g) (0.002,4) 

H o r t a l i t y  b e f o r e  38% 10% 23% 0.415 0.819 
m a t u r i t y  o r  (8) (1 0) (13) 
70 d a y s  

n a t u r a t i o n  50% 90% 3 b  0.695 1,000 
w i t h i n  7 0  d a y s  (8) (10)  (13) 

A d u l t  m o r t a l i t y  0% 0% 0% 1.000 1,000 
w i t h i n  20 d a y s  (4) (9) (6 )  



T a b l e  
a n d  t 
fro. 

A - X I  B e n e f i t  c r i t e r i a  f o r  female g. ~ ~ P u v e r i  i n  o n e  
wo p r e y  s y s t e m s  u s i n g  s m a l l  a n d  l a r g e  2. u m .  D a t a  
E x p e r i m e n t s  3a a n d  3b. 1 

I o r t a l i  t y  b e f o r e  0% 0% 7 5% 1.000 <0.001 
m a t u r i t y  o r  (12) (14) (12) ** 
70 d a y s  

\ 
M a t u r a t i o n -  33% \-. 43% 8% 0.928 0.320 
w i t h i n  70 d a y s  (12) (14) (12) 

Adul t  m o r t a l i t y  0% 0% 100% 1.000 0,400 
w i t h i n  20 d a y s  (4) ( 5 )  (1) 

17% 21% 0% E x t r a  m o u l t s  1,000 0.621 
(12) (14) (1 2) 

S u b a d u l t  t o  a d u l t  10.26 12.10 0.80 0.487 .... 
u e i g n t  g a i n  (ng )  (0.4Og.U) (2.006,6) (0.000,l) 

S u b a d u l t  t o  a d u l t  0. 34 0.35 0.24 0.890 ..-. 
4 s i z e  i n c r e a s e ( m m )  (0,010.4) (0,013,6) (O.OOO,l) 

Days f o r  28. 8 48. 0 58.0 0.040 .... 
m a t u r a t i o n  (6.03, 4) (5.01, 6) (0.00, 1) * 
S u b a d u l t  t o  a d u l t  0.40 0.26 0.01 0.058 -... 
r a t e  of u e i g h t  (0.076,4) (0. 025,6) (0.000,l) 
g a i n  (mg/day) 

Days t o  f i r s t  15. 0 16.5 -... 0.312 -,,. 
f a l s e  e g g - s a c  (1.00,2) (0.50.2) 

Adul t  d a y  0 t o  +10 11.43 12.33 .... 0.672 .-., 
v e i g h t  g a i n  (ng )  (1.393,4) (1.367,6) 

Dry w e i g h t  (ng )  1.54 2.14 .... 0.800 ,... 
f a l s e  e g g - s a c s  (0.804,2) (1.908,2) 

S p i d e r s  p r o d u c i n g  50% 4 0% . .. . 1.000- ..., 
f a l s e  e g g - s a c s  (4) (5 , - - 
1 The o n l y  s p i d e r  t h a t  m a t u r e d  o n  l a r g e  2, d i e d  i n  
m o u l t i n g .  Thus, p r o b a b i l i t i e s  f o r  some A = C tests and 
c o m p a r i s o n  d a t a  f o r  a d u l t s  a r e  m i s s i n g .  



T a b l e  A 
a n d  two 
m o J i t o ~  - 

-XIV. B e n e f i t  c r i te r ia  f o r  f e m a l e  2, m ~ Y v e r i  i n  o n e  
p r e y  s y s t e m s  u s i n g  f e m a l e  4. g d a n o a a s a g  and  smal l  g. 

,. D a t a  from E x p e r i m e n t s  5a a n d  >b. rV' 
t 

, S u b a d u l t  t o  a d u l t  17.16 15.63 10.26 0,249 0.002 
w e i g h t  g a i n  (mg) (1.084.9) (0.674,9) (0,409,4) ** 
A d u l t  day 0 t o  + 10 20.06 
w e i g h t  g a i n  (mg) (1.962.9) 

S u b a d u l t  t o  a d u l t  0.68 
r a t e  o f  w e i g h t  (0. 070,9) 
g a i n  (.g/day) 

Dry w e i g h t  ( n g )  3 -  11 
f a l s e  e g g - s a c s  (0-299,9) 

t l a t u r a t i o n  75% 
w i t h i n  70 d a y s  (12) 

S p i d e r s  p r o d u c i n g  100% 
f a l s e  e g g - s a c s  (9) 

Days  t o  f i r s t  12.8 
f a l s e  e g g - s a c  (1. 04,9) 

S u b a d u l t  t o  a d u l t  0.38 0.41 0, 34 0.368 0.473 
s i z e  i a c r e a s e ( a m )  (0.001,9) (0.001,9) (0.001,4) 

Days  f o r  27.0 34.3 28.8 0,125 0.762 
m a t u r a t i o n  (2-71, 9) (3.63, 9) (6.03, 4) 

E x t r a  a o u l + t s  8% 14% 17% 1.000 1,000 
(12) (14) (12) 

t l o r t a l i t y  before 8% 0% 0% 1.000 1.000 
m a t u r i t y  o r  ( 12) (14) 
70 d a y s  

(12)  \ 

A d u l t  m o r t a l i t y  0% 0% OX , 1.000 1.000 
w i t h i n  20 d a y s  (9) (8)  (4)  



T a b l e  
a n d  t 
Data 

A-XV. B e n e f i t  c r i te r ia  f o r  female 2. 1-d i n  o n e  
u o  p r e y  s y s t e o s  u s i n g  f e m a l e  a n d  male Q. = J a m .  
from E x p e r i m e n t  8.1 

B e n e f i t  --------- T r e a t m e n t  ---------- P r o b a b i l i t y  
A B . C 

F e m a l e  B o t h  Male A=B A=C 
P r e y  

S u b a d u l t  t o  a d u l t  10.37 12-18 . 13.05 0.30'6 0.094 
w e i g h t  g a i n  (mg) (1.001,6) (1,304,7) (1-033.8) 

S u b a d u l t  t o  a d u l t  0.32 0.32 0.38 0,968 0.318 
r a t e  o f  w e i g h t  (0-060.6) (0,045,7) (0.026.8) 
g a i n  ( m  g /day )  

\ 
S u b a d u l t  t o  a d u l t  0. 40 0.38 0. 42 0.716 0.408 
s i z e  i n c r e a s e ( m m )  (0.001.6) (0-001,s) '-"(0.001,8) 

D a y s  f o r  35.2 39.1 34. 1 0.425 0,789 
m a t u r a t i o n  (3. 75,6) (3-07,7) (1.77,8) 

H a t u r a t i o n  86% 78% 88% 1,000 1.000 
w i t h i n  70 d a y s  (7) (9) (9) 

H o r t a l i t y  b e • ’  ore 0% 0% 0% 1,000 1,000 
m a t u r i t y  or  (7 (9) 
70 d a y s  

( 9 )  

E x t r a  m o u l t s  0% 0% 0% 1,000 1.000 
(7) ( 9 )  (9) / 

1 Spiders were n o t  r a i s e d  p a s t  m a t u r i t y ,  s o  n o  a d u l t  b e n e f i t s  
were m e a s u r e d .  # 



T a b l e  A - X V I .  B e n e f i t  c r i t e r i a , f o r  a a l e  2 .  v q g c o u r a  i n  o n e  . 
and  two p r e y  s y s t e m s  using female and . a l e  &. xlaeow. 
D a t a  from E r p e r i m e n t  9.1 

., 

S u b a d u l t  to a d u l t  0 .34 0 . 3 3  0 .32  0 .777 0 .224  
s i z e  i n c r e a s e ( a m ) '  ( 0 .001 .8 )  (0.002.73 (0 .001 .11 )  

P 

Days for  25. 2  2 6 . 7  2 6 . 3  0.626 0 .757  
m a t u r a t i o n  (-1.82.9) (2 .49 .7 )  (2 .73 .1  2) 

S u b a d u l t  to  a d u l t  0 . 3 3  0 .29  0 .31  0 .618 0 .806  
r a t e  o f  w e i g h t  (0 .060 .9 )  (0 .036 ,7 )  ( 0 . 0 5 2 , 1 2 )  
g a i n  ( m u d a y )  

S u b a d u l t  t % a d u l t  7. 66 
w e i g h t  g a i n  (ng)  (0 .864 ,9 )  

H a t u r a t i o n  100% 4 
w i t h i n  70 d a y s  

b 
( 9 )  

M o r t a l i t y  b e f o r e  @% 
m a t u r i t y  or ( 9 )  
70  d a y s  $ 

ers n o t  r a i s e d  p a s t  m a t u r i t y ,  so n o  q d n l t  benefits were 



Tab1  
an  d  
Da ta  

e A - X V I I .  B e n e f i t  c r i t e r i a  f o r  f e m a l e  E. v u p m  i n  o n e  
two p r e y  s y s t e m s  u s i n g  Q. -atus and small 3. ( 

f r o m  E x p e r i m e n t s  10a a n d  lob. 

A d u l t  d a y  0 t o  +10 5.81 9.76 8.00 0.025 0-102 
w e i g h t  ga in (mg)  (0.845,4) (0.987,7) (0.784,6) * 
Days for 31- 5 34- 0 43.8 0-763 0.214 
m a t u r a t i o n  (6.79,4) (4.72,7) (5.91,6) 

H a t u s a t i o n  31% 73% 
w i t h i n  70 d a y s  (13) (11) 

S u b a d u l t  t o  a d u l t  0- 44 0.40 
r a t e  o f  w e i g h t  (0.165,U) (0, 023,7) 
g a i n  ( m g / d a ~ )  

Days t o  f i r s t  16.3 1U.O 
f a l s e  e g g - s a c  (l.93,4) (1. 16,3) 

S u b a d u l t  t o  a d u l t  10.68 12-42 
w e i g h t  g a i n  (mg) (0.900,4) (1. 112,7) 

o E x t r a  m o u l t s  3 1 % 27% 
(13) (11) 

Dry w e i g h t  (mg) 1.06 1.94 
f a l s e  e g g - s a c s  (0.398.4) (l.003,3) 

S u b a d u l t  t o  a d u l t  0.32 0.37 
s i z e  i n c r e a s e  (mm) (0. 002,4) (0.002,7) 

f l o r t a l i t y  b e f o r e  23% 9% 
m a t u r i t y  o r  (13) (11) . 
70 d a y s  

S p i d e r s  p r o d u c i n g  67% 43% 
1. 

false e g g - s a c s  (6) (7) 

A d u l t  m o r t a l i t y  0% 0% 0% 1.000 1.000 
u i  h i n  20 d a y s  t .  ( 6 )  

(3) (6 



1 4 4  ' 
7 

A p p e n d i x  I V ,  G u i d e  t o  t h e  I m p o r t a n t  T e r m s  Used i n  t h e  T e x t  

A v a i l a b i l i t y  ( o f  p r e y  t o  p r e d a t o r s )  - i n c l u d e s  f a c t o r s  

r e l a t e d  t o  c o e x i s t e n c e  i n  t i n e  a n d  s p a c e ,  d e n s i t y  

a n d  d i s t r i b u t i o n  o f  b o t h  p r e y  a n d  p r e d a t o r s .  

B e n e f i t  - p o s i t i v e  r e s u l t  o f  the u t i l i t y  f u n c t i o n ,  e - g . ,  

g a i n  i n  u s a b l e  e n e r g y ,  time a n d / o r  n u t r i e n t s .  

C a t c h a b i l i t y  - t h e  a s p e c t s  o f  m o r p h o l o g y  a n d  b e h a v i o r  t h a t  
b 

a r e  i n v o l v e d  when a  p r e d a t o r  s t a l k s ,  c a p t u r e s  a n d  

c o n s u m e s  a  p r e y .  

C o s t s -  - o u t l a y  (e. g., e n e r g y ,  time, n u t r i e n t s )  u s e d  by a 

f e e d e r  t o  o b t a i n  i t s  f o o d .  

D e n s j t y  - number  o f  o r g a n i s m s  Ger u n i t  area or  u n i t  v o l u m e -  ' 

F a l s e  e g g - s a c s  - i n f e r t i l e  e g g  s a c s  p r o d u c e d  b y  s p i d e r s  t h a t  

h a d  n o t  n a t e d ;  f a l s e - e g g  s a c s  were i n c o m p l e t e l y  

f o r m e d  o r  a b n o r m a l l y  s h a p e d  a n d  t h e  e g g s  f o r m e d  a  

a a s s  of y o l k  r a t h e r  t h a n  s e p a r a t e  s p h e r e s .  

F i t n e s s  - t h e  d e g r e e  t o  w h i c h  a n  o r g a n i s m  is s u c c e s s f u l  i n  

terms of i ts s u r v i v a l  m a t u r a t i o n ,  r e p r o d u c t i o n  a n d  

d i s p e r s a l ;  a b i l i t y  t o  t r a n s m i t  i t s  g e n e t i c  

m a t e r i a l  t o  t h e  n e x t  g e n e r a t i o n .  

F i t n e s s  s t r a t e g y  - how a n  o r g a n i s m  a p p o r t i o n s  i t s  r e s o u r c e s  

s u c h  a s  time a n d  e n e r g y  b e t w e e n  s u r v i v a l ,  

m a t u r a t i o n ,  r e p r o d u c t i o n  a n d  d i s p e r s a l .  

F u n c t i o n a l  r e s p o n s e  - r e d a t i o n s h i p  b e t w e e n  t h e  d e n s i t y  of a 

p r e y  a n d  t h e  number  t h a t  are  k i l l e d  b y  a p r e d a t o r ;  



u s u a l l y  t h e  a r o u n t  o f  p r e d a t i o n  i n c r e a s e s  w i t h  

i n c r e a s e s  i n  F r e y  d e n s i t y  u n t i l  a p l a t e a u  i s  

r e a i h e d  w h e r e  p r e d a t i o n  rate r e m a i n i n g  c o n s t a n t  

e v e n  i f  p r e y  d e n s i t y  i n c r e a s e s  f u r t h e r .  

Hunger - a p h y s i o l o g i c a l  d r i v e  ( i - e . ,  ' d e s i r e '  o r  ' n e e d ' )  
-. 

f o d o o a  t h a t  n o r m a l l y  i n c r e a s e s  w i t h  time s i n c e  
1 

tde l a s t  .seal. 

L o s s  - ' n e g a t i v e  r e s u l t  o f  t h e  u t i l i t y  f u n c t i o n ,  e -g . ,  
\ 

d e c r e h s e  i n  u s a b l e  e n e r g y ,  time a n d / o r  n u t r i e n t s ,  

n o n o p h a g y  - f e e d i n g  cn  o n l y  o n e  s p e c i e s  o r  k i n d  o f  f o o d ,  

N o n - s t a n d a r d  f l i e s  - a d u l t  8 ,  -t t h a t  were f r o m  

c u l t u r e s  more  t h a n  21 d a y s  o l d .  

N u m e r i c a l  r e s p o n s e  - r e l a t i o n s h i p  b e t w e e n  c h a n g e s  i n  t h e  

1 d e n s i t y  o f  p r e y  a n d  t h e  c h a n g e s  i n  t h e  s u r v i v a l ,  

r e p r o d w t i o n  a n d  m i g r a t i o n  p a t t e r n s  o f  t h e i r  

p r e d a t o r s ,  

N u t r i t i o n  - r e l a t i v e  v a l u e  o f  a f o o d  t o  s u d f a i n  s u r v i v a l  a n d  
\ 

p r o m o t e  g r o w t h .  
\ 

O b s e r v a t i o n - d a y  - a se t  of o b s e r v a t i o n s  made o n  t h e  a n i m a l s  

i n  o n e  e x p e r i m e n t a l  cage; o b s e r v a t i o n s  made o v e r  a 

series o f  d a y s  were o f t e n  made o n  t h e  s a m e  

a n i m a l s ,  t h u s  o b s e r v a t i o n - d a y s  were n o t  

i n d e p e n d e n t  a n d  c a n n o t  b e  c o m p a r e d  s t a t i s t i c a l l y .  

O l i g o p h a g y  - f e e d i n g  o n  o n l y  a few s p e c i e s  o r  k i n d s  o f  f o o d .  

P a l a t a b i l i t y  - e x t e n t  t o  w h i c h  a f o o d  item is a g r e e a b l e  t o  a 

f e e d e r ,  i n  t e r n s  of i t s  t a s t e ,  o d o r  and t e x t u r e .  



Po lyphagy  - f e e d i n g  o n  many s p e c i e s  o r  k i n d s  o f  food. 

P r e d a t o r  - a n  a n i m a l  t h a t  k i l l s  a n d  e a t s  o t h e r  a n i m a l s  

(i.e., i ts p r e y ) .  

P r e - f e e d i n g  - t h e  f e e d i n g  of a n  organ is^ o n  a c e r t a i n  d i e t  . 
b e f o r e  i t  i s  f e d  =not$= d i e t .  

~ r & e r e n c e  - i n n a t e  o r  l e a r i e d  a t t r i b u t e s  o f  a n  a n i m a l  t h a t  

p r e d i s p o s e  it t o  expand  r e l a t i v e l y  more time and 

e n e r g y  t o  l o c a t e  a n d  i n g e s t  c e r t a i n  f o o d  items. , 

P r e y  - a n  a n i m a l  t h a t  is k i l l e d  a n d  e a t e n  by a n o t h e r  a n i m a l  \ 

( i - e . ,  a  p r e d a t o r ) ,  

R e j e c t a m e n t a  ( s i n g u l a r  = r e j e c t a m e n t u r n )  - a g g r e g a t i o n  o f  

unconsumed r e m a i n s  of  p r e y  f e d  upon b y  a s p i d e r -  

Renewal d a y s  - a l l  p r e y  r e p l a c e d  w i t h  f r e s h  p r e y ;  s p o n g e s  

a l s o  r e - v e t t e d .  

R e p l e n i s h m e n t  d a y s  - d e a d  and  e a t e n  p r e y  removed and o n l y  

enough  f r e s h  p r e y  a d d e d  t o  restore t h e  p r e y  

d e n s i t i e s  t o  t h e  i n i t i a l  l e v e l s .  

Revenue - i ncome  (e .g , ,  e n e r g y ,  thme, n u t r i e n t s )  t o  a  f e e d e r  

f rom its food .  
/ 

S e l e c t i v e  f e e d i n g  - f e e d i n g  i n  a  non-random manner;  f e e d i n g  

on  c e r t a i n  items, when more t h a n  o n e  k i n d  i s  

a v a i l a b l e ,  more f r e q u e n t l y  t h a n  would b e  e x p e c t e d  

f r o a  t h e  r e l a t i v e  a b u n d a n c e  o f 8 e a c h  k i n d  of food.  

S t a n d a r d  f l i e s  - a d u l t  Q. t h a t  emerged  f r o m  

c u l t u r e s  t h a t  v e r e  1 4  t o  21 d a y s  o l d ;  i -e . ,  t h e  

a d u l t s  h a d  emerged  f rom t h e i r  p u p a l  cases less 

\ 
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t h a n  7 d a y s  p r e v i o u s l y ,  

S t r a t e g y  - how a n  o r g a n i s m  a p p o r t i o n s  its r e s o u r c e s  t o w a r d s  

some  g o a l ;  see ' f i t n e s s  s t r a t e g y o ,  

3 S u b a d u l t  s p i d e r s  - i m m a t u r e  s p i d e r s  t h a t  were judged  (by  

s i z e )  t o  be i n  t h e  p r e p e n u l t i m a t e  s t a g e  a n d  t h a t  

m o u l t e d  w i t h i n  a two  week p e r i o d  d u r i n g  wh ich  t h e y  

were f e d  Q. p-; t h e s e  s p i d e r s  were 

assumed t o  be o n e  m o u l t  away f rom b e i n g  a d u l t s ,  

i .e , ,  i n  t h e  p e n u l t i m a t e  s t a g e .  

U t i l i t y  f u n c t i o n  - t h e  d i f f e r e n c e  be tween  r e v e n u e s  a n d  

c o s t s ;  p o s i t i v e  u t i l i t y  r e s u l t s  i n  b e n e f i t s ,  

n e g a t i v e  u t i l i t y  r e s u l t s  i n  l o s s e s .  



APPENDIX V, L i s t  of Non-Standard A b b r e v i a t i o n s  
.d 

* - s t a t i s t i c a l  p r o b a b i l i t i e s  be tween  0.05 and  0.01, 

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

** - s t a t i s t i c a l  p r o b a b i l i t i e s  less t h a n  0.01, h i g h l y  

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

app rox .  - a p p r o x i m a t e  ( l y )  

ca .  ( ~ &  - a b o u t ,  a p p r o x i m a t e l y  

cf, ( c o n f s )  c o m p r e  

c ,  - amount  o f  s e l e c t i o n  f o r  P r e y  1 

- r e l a t i v e  d i s c r i m i n a t i o n  c o e f f i c i e n t  = 1.1 

D. m, - a d u l t ,  v e s t i g i a l - w i n g e d  f r u i t  f l i e s ,  

g g i p o c i a s t e g  t l e ig .  of t h e  F a m i l y  Drosop  

d i s c r i m .  coef f ic. - r e l a t i v e  d i s c r i m i n a t i o n  c o e f f i c i e n t  - 
Dl - d e n s i t y  of P r e y  1 

df  - d e g r e e s  of f r e e d o r  

Dp - n u n b e r  o f  P r e y  1  d e a d  

e ~ g .  ( s i e m p I 1  w) - f o r  example  

e t  . a l e  (t& Uj) - and  o t h e r s  

Ep, - estimate of number of P rey  1  e a t e n  

'. etc. (& cetgEa) - a n d  so  f o r t h  
b - 

"\ 

L- P - f e a a l e  
i 

i, e, (u e) - t h a t  is; t h a t  is  t o  s a y  

Ip ,  - i a i t i a l  d e n s i t y  of P r e y  1  

Lp, - number of P r e y  1  a l i v e  



N - number o f  o b s e r v a t i o n s  

obs.-day - number of o b s e r v a t i o n - d a y s  

0. f -  - n y n p h a i  a i l k v e e d  bugs ,  fg;iw ( D a l l a s )  

of  t h e  Fami ly  L y g a e i d a e  

P p r o b a b i l i t y  = 

\ 
- Prey  1 - p o p u l a t i o n  o f  one  k i n d  of p r e y  

Prob. - p r o b a b i l i t y  

S E  - s t a n d a r d  e r r o r  o f  t h e  mean 

T.m. - .be t t le  l a r v a e  o r  m e a l u o r s s ,  . 
L, of  

t h e  F a m i l y  T e n e b r i o n i d a e ;  two  s i z e s ,  " l a r g e n  and 

n ,  - f e e d i n g  r a t e  on Prey 1 w i t h  o n l y  P rey  1 p r e s e w  

n*, - f e e d i n g  r a t e  on  P r e y  1 with P r e y  1 a n d  a n o t h e r  p r e y  



APPENDIX V I ,  C u r r i c u l u m  V i t a e  

PA IE:  

HOLHBEBG, R o b e r t  George  

BORN: 

25 ,December 1946, Canada 

EDUCATION: 

P r i m a r y  s c h o o l s :  H y a s ,  S t u r g i s ,  a n d  Yorkton ,  S a s k a t c h e u a n ,  

1952-1960- ' ' 

Secondary  s c n o o l :  S t u r g i s  Compos i t e  High S c h o o l ,  S t u r g i s ,  

Saska tchewan .  1960-1964- 

B, A, r e c e i v e d  1967, U n i v e r s i t y  o f  Saska tchewan ,  S a s k a t o o n ,  

S a s k a t c h e w a n -  H a j o r  i n  B io logy  w i t h  e m p h a s i s  on 

i n v e r t e b r a t e  z o o l o g y ,  1964-1967. 

Honours  d e g r e e  i n  B io logy  r e c e i v e d  1970- U n i v e r s i t y  o f  
r 

S a s k a t c h e u a n ,  S a s k a t o o n ,  Saskatcheuan-1967-1968-  
I 

H. SC: r e c e i v e d  197 1. U n i v e r s i t y  o f  S a s k a t c h e u a n ,  S a s k a t o o n ,  

S a s k a t c h e u a n -  T h e s i s  t o p i c :  nTh& o d o r i f e r o u s  g l a n d s  

o f  sow P a l p a t o r e s  P h a l a n g i d a  ( O p i l i o n e s )  

( A r a ~ h n i d a ) ~ ,  S u p e r v i s o r :  Dr. T,H-3, Gilmour ,  1968- 

1970-  

S i n c e  1971, PhoD- program a t  t h e  Depar tmen t  of B i o l o g i c a l  

S c i e n c e s ,  Simon P r a s e r  U n i r e r s i t y ,  T h e s i s  t o p i c :  

aselectire p r e d a t i o n  i n  a p o l y p h a g o a s  i n v e r t e b r a t e  

p r e d a t o r ,  (Arachnids, Araneae)  a. . . 
1 



S e n i o r  s u p e r v i s o r :  D r .  A .I.. T u r n b u l l ,  

AUABDS, SCHOLARSHIPS: 

Government  of S a s k a t c h e w a n  U n i v e r s i t y  E n t r a n c e  S c h o l a r s h i p ,  

1964 .  

T e a c h i n g  A s s i s t a n t s h i p  Award f tom t h e  U n i v e r s i t y  o f  

S a s k a t c h e w a n ,  1969. 

T e a c h i n g  A s s i s t a n t s h i p  Unit S c h o l a r s h i p  f rom t h e  U n i v e r s i t y  

o f  S a s k a t c h e u a b ,  1970. 

S i m a  P r a s e r  U n i v e r s i t y  G r a d u a t e  S c h o l a r s h i p ,  1972, 

G r a d u a t e  S t u d e n t  S t i p e n d  f r o m  Simon P r a s e r  U n i v e r s i t y ,  1973. 

TEACHING EXPERIENCE: 

1) D e p a r t m e n t  o f  B i o l o g y ,  U n i v e r s i t y  'of S a s k a t c h e w a n ,  

S a s k a t o o n ,  S a s k a t c h e w a n :  

L a b o r a t o r y  D e n c n s t r a t o r  i n  B i o l o g i c a l  S c i e n c e s  100- 

S u p e r v i s o r :  D r .  P. T u r r e l ,  1965-1966, 

~ e a c h i n g  A s s i s t a n t  i n  B i o l o g y  203, S u p e r v i s o r :  Dr .  

4,8- 5 -  G i l m o a r ,  1968-1969. 

T e a c h i n g  A s s i s t a n t  i n  c h a r g e  of t h e  B i o l o g y  203  

l a b o r a t o r y -  S u p e r v i s o r :  D r ,  T o  Em J w  Gi lmo~r ,  1969- 

1970 ,  

L a b o r a t o r y  I n s t r u c t o r  f o r  a 6  week Summer S c h o o l  

s e s s i o n  of B i o l o g y  203, S u p e r v i s o r :  D r .  T.B. J- 
\ 

Gi lmour -  1970, . . 



2) D e p a r t n e n t  of B i o l o g i c a l  S c i e n c e s ,  Simon P r a s e r  

U n i v e r s i t y ,  Burnaby ,  B r i t i s h  Columbia:  
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