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INTRODUCT ION 

Human a c t i v i t i e s  v a r y  g r e a t l y  i n  t h e i r  impac t  on 

w i l d l i f e .  U n f o r t u n a t e  s p e c i e s  s u f f e r  e x t i n c t i o n ,  w h i l e  

o p p o r t u n i s t s  expand  t h e i r  d i s t r i b u t i o n s  and  numbers.  

Most w i l d l i f e  s p e c i e s ,  however ,  l i e  be tween  t h e s e  

e x t r e m e s , ,  i n f l u e n c e d  i n  ways t h a t  a r e  p o o r l y  u n d e r s t o o d .  

N e s t i n g  a c t i v i t i e s  p r o v i d e  a  f o c a l  p o i n t  f o r  i n v e s t i g a t -  

i n g  t h e  e f f e c t  of human a c t i v i t y  on b i r d s ;  t h e y  r e p r e -  

s e n t  a  t i m e  o f  g r e a t  v u l n e r a b i l i t y  f o r  b r e e d i n g  b i r d s  

and  a r e  t h e  u l t i m a t e  s o u r c e  o f  r e c r u i t m e n t  i n t o  t h e  

p o p u l a t i o n .  T h i s  v u l n e r a b i l i t y  o f  n e s t i n g  a c t i v i t y  t o  

human d i s t u r b a n c e  i s  p a r t i c u l a r l y  g r e a t  f o r  r a p t o r s ,  

wh ich  have  l o n g  b r e e d i n g  s e a s o n s ,  r e a d i l y  d e t e c t a b l e  

n e s t s ,  a n d  e l i c i t  human r e a c t i o n s  r a n g i n g  f rom p e r s e c u -  

t i o n  t o  w o r s h i p .  

T h i s  t h e s i s  examines  t h e  r e l a t i o n s h i p  between n e s t -  

i n g  Golden E a g l e s  ( A q u i l a  c h r y s a e t o s )  and  human d i s t u r -  

b a n c e  i n  San  Diego County ,  C a l i f o r n i a ,  by comparing p a s t  

and  p r e s e n t  c o n d i t i o n s  o f  a r e a s  t h a t  have been  d e s e r t e d  

w i t h  t h o s e  t h a t  have remained  a c t i v e .  Many a u t h o r s  have  

s p e c u l a t e d  a b o u t  how human d i s t u r b a n c e  a f f e c t s  r a p t o r  

p o p u l a t i o n s ,  b u t  no s t u d y  h a s  examined n e s t i n g  c o n d i -  

t i o n s  b e f o r e  and  a f t e r  abandonment .  



T h i s  s t u d y  w a s  made p o s s i b l e  b y  % h e  w e a l t h  o f  d a t a  

c o l l e c t e d  on Golden E a g l e s  i n  S a n  Diego  County  p r i o r  t o  

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

1 9 5 0 ' s .  Notes  a n d  r e c o l l e c t i o n s  o f  n a t u r a l i s t s  showed 

t h a t  compar i sons  c o u l d  b e  made be tween  h i s t o r i c a l  and  

c u r r e n t  c o n d i t i o n s  a t  Golden E a g l e  n e s t  a r e a s ,  and  t h a t  

s h i f t s  i n  t h e  p o p u l a t i o n  c o u l d  b e  r e l a t e d  t o  t h e  g r o w t h  
I 

and  deve lopment  o f  t h e  human p o p u l a t i o n  i n  t h e  s t u d y  

a r e a .  

The o b j e c t i v e  o f  t h i s  s t u d y  w a s  t o  d e f i n e  t h e  r e l a -  

t i o n s h i p  be tween  n e s t  abandonment a n d  a se t  of  p o s t u -  

l a t e d  d i s t u r b a n c e  v a r i a b l e s .  T h e s e  i n c l u d e d :  d i s t a n c e  

t o  d i s t u r b a n c e ,  i n t e n s i t y  o f  d i s t u r b a n c e ,  a n d  t y p e  o f  

d i s t u r b a n c e .  H i s t o r i c a l  d a t a  a l l o w e d  c o m p a r i s o n  be tween  

t h e  p r e -  and  pos t -abandonment  c o n d i t i o n s  a t  abandoned  

n e s t  a r e a s ,  and  be tween  t h e  change  a t  abandoned  areas 

and t h a t  a t  a r e a s  t h a t  have  r e m a i n e d  a c t i v e .  

E x t e n s i v e  d e s c r i p t i o n s  o f  Golden  E a g l e  n a t u r a l  h i s -  

t o r y  are g i v e n  by Brown and  Arnadon ( 1 9 6 8 ) ,  Brown . ( 1 9 7 6 ) ,  

H a l l e r  ( 1 9 8 2 ) ,  and  Newton ( 1 9 7 9 ) .  The s p e c i e s  i s  a n  

o p p o r t u n i s t i c  f o r a g e r ,  t a k i n g  a c o m b i n a t i o n  o f  medium- 

s i z e d  v e r t e b r a t e  p r e y  and  c a r r i o n  ( O l e n d o r f f  1 9 7 6 ) .  

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



p l a i n s ,  g r a s s l a n d s ,  o r  low a n d  o p e n  s h r u b l a n d s .  The 

Golden  E a g l e  h a s  t h e  w i d e s t  d i s t r i b u t i o n  o f  t h e  s e v e n  

s p e c i e s  i n  i t s  g e n u s ,  o r  i n  a l l i e d  g e n e r a  ( 3 6  s p e c i e s ) .  

Brown ( 1 9 7 6 )  s u g g e s t s  t h a t  t h e  w o r l d w i d e  p o p u l a t i o n  o f  

Golden E a g l e s  i s  a b o u t  5 0 0 , 0 0 0 .  O l e n d o r f f  e t  a l .  ( 1 9 8 1 )  

e s t i m a t e d  ( f r o m  w i n t e r i n g  p o p u l a t i o n  n u m b e r s )  t h a t  

a p p r o x i m a t e l y  6 5 , 0 0 0  G o l d e n  E a g l e s  i n h a b i t  N o r t h  
, 

America .  Overa l l  a b u n d a n c e  a n d  w i d e  r a n g e ,  h o w e v e r ,  

h a v e  n o t  p r o t e c t e d  t h e  G o l d e n  E a g l e  f r o m  l o c a l  e x t i r p a -  

t i o n  i n  t h e  e a s t e r n  U n i t e d  S t a t e s  ( S p o f f o r d  1 9 7 1 ) ,  

B r i t a i n  (Brown 1 9 7 6 ) ,  a n d  E u r o p e  ( H a l l e r  1 9 8 2 ) .  

G o l d e n  E a g l e s  i n  N o r t h  A m e r i c a  t a k e  a w i d e  v a r i e t y  

o f  p r e y  ( O l e n d o r f f  1 9 7 6 ) .  The d i e t  o f  G o l d e n  E a g l e s  i n  

C a l i f o r n i a  i s  d o m i n a t e d  b y  l a g o m o r p h s  ( L e p u s  c a l i f o r n i -  

c u s ,  S y l v i l a g u s  a u d u b o n i ,  a n d  S .  b a c h m a n i i )  a n d  t h e  - - 

C a l i f o r n i a  g r o u n d  s q u i r r e l  ( S p e r m o p h i l u s  b e e c h e y i )  

( C a r n i e  1 9 5 4 ,  H u n s i c k e r  1 9 7 2 ,  Bloom a n d  Hawks 1 9 8 2 ) .  

Golden  E a g l e s  a p p e a r  t o  m a i n t a i n  s t a b l e  d e n s i t i e s  

o f  b r e e d i n g  p a i r s  a n d  o f t e n  show s imi la r  d e n s i t i e s  u n d e r  

a  v a r i e t y  o f  c o n d i t i o n s  ( T a b l e  1 ) .  

Golden  E a g l e s  i n  S a n  Diego  C o u n t y  b e g i n  c o u r t s h i p  

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

i n d i c a t e  t h a t  mos t  e a g l e s  i n  S a n  D i e g o  C o u n t y  l a y  e g g s  

b e t w e e n  t h e  f i r s t  a n d  t h i r d  weeks  o f  F e b r u a r y  ( L .  K i f f  

p e r s .  cornrn.). I n c u b a t i o n  a p p e a r s  t o  b e  c l o s e  t o  t h e  



T a b l e  1. P u b l i s h e d  estimates o f  p o p u l a t i o n  d e n s i t i e s  o f  
b r e e d i n g  G o l d e n  E a g l e s .  

A v e r a g e  Area 
S t u d y  Area p e r  P a i r  (km ) S o u r c e  

C a l i f o r n i a  

C o l o r a d o  

I d a h o  

Montana  

S c o t l a n d  

S w i t z e r l a n d  

U t a h  

U t a h  

Yukon,  C a n a d a  

Dixon ( 1 9 3 7 )  

A r n o l d  ( 1954  ) 

U.S. D e p t .  I n t e r .  ( 1 9 7 9 )  

R e y n o l d s  ( 1969 ) 

Brown a n d  W a t s o n  ( 1 9 6 3 )  

Hal ler  ( 1 9 8 2  ) 

Camenz ind  ( 1 9 6 9 )  

Edwards  ( 1969  ) 

N e l s o n  ( 1979  ) 



e s t i m a t e s  o f  O l e n d o r f f  ( 4 2  d a y s ;  p e r s .  cornrn.). F l e d g i n g  

o c c u r s  n i n e  t o  t e n  weeks a f t e r  h a t c h i n g ,  p a r e n t a l  care 

c o n t i n u e s  i n t o  Augus t .  Fami ly  g r o u p s  r e m a i n  t o g e t h e r  

i n t o  November. 

Golden E a g l e s  d e f e n d  n e s t  a r e a s  f rom c o n s p e c i f i c s  

and  a p p e a r  t o  d e f e n d  p a r t  o f  t h e i r  home r a n g e  (Hal le r  

1982,  Harmata 1 9 8 4 ) ,  b u t  t h e r e  c a n  b e  s u b s t a n t i a l  o v e r -  

l a p  be tween  t h e  home r a n g e s  o f  a d j a c e n t  p a i r s  (Brown a n d  

Watson 1 9 6 3 ) .  Golden  E a g l e s  i n  San  Diego County  have  

been  o b s e r v e d  making u n d u l a t i n g  f l i g h t s  t o w a r d  c o n s p e c i -  

f i c  i n t r u d e r s  n e a r  n e s t s ;  i n  one  c a s e  g r a s p i n g  t a l o n s  

w i t h  t h e  i n t r u d e r  a n d  f o r c i n g  it t o  t h e  g round .  

S t u d i e s  on Human D i s t u r b a n c e  
and  R a p t o r s  

S t u d i e s  on human d i s t u r b a n c e  and  r a p t o r s  c a n  b e  

g rouped  i n t o  t h r e e  c a t e g o r i e s :  (1)  d e s c r i p t i v e  s t u d i e s ,  

i n c l u d i n g  r e p o r t s  o r  case h i s t o r i e s  on p a t t e r n s  o f  d i s -  

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

d i s t u r b a n c e ,  ( 2 )  c o m p a r a t i v e  s t u d i e s ,  i n  wh ich  d i s t u r -  

b a n c e  f a c t o r s  w e r e  t r e a t e d  as i n d e p e n d e n t  v a r i a b l e s  f o r  

compar i son  a g a i n s t  d e p e n d e n t  v a r i a b l e s ,  s u c h  a s  b r e e d i n g  

s u c c e s s  o r  b e h a v i o r a l  r e s p o n s e ,  and  ( 3 )  m a n i p u l a t i v e  

s t u d i e s ,  i n  wh ich  r e s e a r c h e r s  c r e a t e d  s p e c i f i c  t y p e s  o f  

d i s t u r b a n c e ,  and  m o n i t o r e d  d e p e n d e n t  v a r i a b l e s .  



D e s c r i p t i v e  s t u d i e s .  D e s c r i p t i v e  r e s e a r c h  on human 

d i s t u r b a n c e  t o  r a p t o r s  h a s  been dominated by work on 

w i n t e r i n g  Bald E a g l e s  ( H a l i a e e t u s  l e u c o c e p h a l u s ) .  Typi-  

c a l l y ,  t h i s  r e s e a r c h  c o r r e l a t e d  e a g l e  b e h a v i o r  w i t h  some 

t y p e  of human d i s t u r b a n c e .  C o f f e y  ( 1 9 7 7 )  s u g g e s t e d  t h a t  

Bald Eag les  cou ld  a d j u s t  t o  less t h a n  f i v e  p e r s o n s  n e a r  

p e r c h e s ;  g r e a t e r  number of p e r s o n s  would cause  t h e  
6 

e a g l e s  t o  l e a v e  t h e  a r e a .  D e t r i c h  ( 1 9 8 0 )  and W a l t e r  and 

G a r r e t t  ( 1 9 8 1 )  found t h a t  o b s e r v e r s  were t h e  most common 

cause  of e a g l e s  l e a v i n g  p e r c h e s .  A d u l t s  u s u a l l y  f l u s h e d  

a t  g r e a t e r  d i s t a n c e s  t h a n  immatures (Edwards 1969,  S h e a  

1973, S t a l m a s t e r  and Newrnan 1978,  D e t r i c h  1980,  Goldberg  

1980, F i s h e r  e t  a l . ,  1981,  LaBonde 1981,  Harmata 1 9 8 4 ) .  

T y p i c a l  d i s t a n c e s  from human i n t r u d e r  t o  f l u s h i n g  e a g l e s  

was n e a r  200 m i n  n e a r l y  a l l  t h e  s t u d i e s .  F i s h e r  e t  a l .  

( 1 9 8 1 ) ,  however, found t h a t  imrnatures f l u s h e d  more o f t e n  

t h a n  a d u l t s  p r e s e n t e d  w i t h  t h e  same d i s t u r b a n c e  ( l o w  

f l y i n g  a i r p l a n e s  ) . 
V e h i c l e s  t r a v e l i n g  nea rby  r o a d s  d i d  no t  n e c e s s a r i l y  

d i s t u r b  p e r c h i n g  b i r d s  (S teenhof  1976,  Beck 1 9 8 0 ) .  

G r i f f i n  ( 1 9 7 8 ) ,  LaBonde ( 1 9 8 1 ) ,  and L i s h  ( 1 9 7 5 )  fdund 

t h a t  Bald e a g l e s  t ended  t o  f l u s h  i f  v e h i c l e s  s t o p p e d ,  

e s p e c i a l l y  i f  t h e  occupan t s  g o t  o u t  of t h e  v e h i c l e s .  

A l t  ( 1 9 8 0 )  found t h a t  i n d i v i d u a l s  o r  b o a t s  l i n g e r i n g  



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

t h e y  p a s s e d  w i t h o u t  s t o p p i n g .  

McWhorter ( 1 9 8 1 )  r e p o r t e d  few Osprey  ( P a n d i o n  

h a l i a e t u s )  b r e e d i n g - f a i l u r e s  r e s u l t i n g  f rom b o a t  t r a f f i c  

n e a r  n e s t  l o c a t i o n s .  S h e  n o t e d  t h a t  Ospreys  q u i c k l y  

a d j u s t e d  t o  d i s t u r b a n c e ,  b u t  o n l y  i f  i t  was r e g u l a r  i n  

n a t u r e  and  l o c a t i o n .  I n  c o n t r a s t ,  Cape V u l t u r e s  (Gyps 

c o p r o t h e r k s )  a r e  e x t r e m e l y  s u s c e p t i b l e  t o  b r e e d i n g  f a i l -  

u r e s  i f  n e s t s  a r e  v i s i t e d  even  once  d u r i n g  e a r l y  i n c u b a -  

t i o n  ( J .  Dobbs, p e r s .  comrn.). F u r t h e r m o r e ,  v u l t u r e s  

r e o c c u p y  n e s t s  t h a t  w e r e  v i s i t e d  ( o n l y  once  d u r i n g  t h e  

b r e e d i n g  s e a s o n )  a t  a  l ower  r a t e  t h a n  n e s t s  t h a t  w e r e  

n o t  v i s i t e d .  S t a h l d e c k e r  ( 1 9 7 5 )  r e p o r t e d  t h a t  a  n u c l e a r  

d e t o n a t i o n  i n  Co lo rado  c a u s e d  t h e  abandonment of  two 

R e d - t a i l e d  Hawk ( B u t e o  j a m a i c e n s i s )  n e s t s  w i t h  e g g s ,  b u t  

d i d  l i t t l e  t o  12 o t h e r  n e s t s  w i t h i n  a  r a d i u s  of  16 km 

a r o u n d  t h e  e x p l o s i o n .  Nelson  ( 1 9 8 2 )  encouraged  Golden 

E a g l e s  t o  n e s t  on p o w e r - l i n e  p y l o n s ,  showing t h a t  t h e y  

a r e  c a p a b l e  of  h a b i t u a t i n g  t o  man-made s t r u c t u r e s  and  

a r e  t o l e r a n t  of some forms  o f  human d i s t u r b a n c e .  

Thompson e t  a l .  ( 1 9 8 2 )  s p e c u l a t e d  t h a t  c o n v e r s i o n  

of G r e a t  B a s i n  s c r u b l a n d s  t o  c r e s t e d  w h e a t - g r a s s  would 

s u b s t a n t i a l l y  lower  t h e  b r e e d i n g  s u c c e s s  of  Golden 

E a g l e s  by  l o w e r i n g  t h e  abundance of  b l a c k - t a i l e d  j a c k -  

r a b b i t s  (Lepus  c a l i f o r n i u s ) .  



C o m p a r a t i v e  s t u d i e s .  Many s t u d i e s  have  compared 

p r o d u c t i v i t y  among n e s t s  g rouped  by  o v e r a l l  l e v e l s  of  

d i s t u r b a n c e .  Ma th i sen  ( 1 9 6 8 )  and F r e n c h  ( 1 9 7 2 )  r a n k e d  

Ba ld  E a g l e  n e s t  l o c a t i o n s  i n t o  h i g h ,  m o d e r a t e ,  and  low 

c a t e g o r i e s  o f  s u r r o u n d i n g  d i s t u r b a n c e ,  compar ing  produc-  

t i v i t y  be tween  t h e  c a t e g o r i e s .  Juenemann ( 1 9 7 3 )  modi- 

f i e d  t h i s  s y t e m  by  g i v i n g  e a c h  n e s t  a  n u m e r i c a l  
I 

d i s t u r b a n c e - s c o r e  b a s e d  on t h e  s e v e r i t y  and  p r o x i m i t y  

r a n k i n g s  o f  a s e t  of  8 d i s t u r b a n c e  v a r i a b l e s .  McEwan 

and  H i r t h  ( 1 9 7 9 )  u sed  a  s y s t e m  s i m i l a r  t o  Juenemann ' s ,  

b u t  r a n k e d  d i s t u r b a n c e  v a r i a b l e s  w i t h i n  c o n c e n t r i c  zones  

a round  B a l d  E a g l e  n e s t s  ( r a t h e r  t h a n  a s s i g n i n g  p r o x i m i t y  

s c o r e s ) .  T j e r n b e r g  ( 1 9 8 3 )  u s e d  t h r e e  r a n k s  of  o v e r a l l  

d i s t u r b a n c e  a r o u n d  Golden E a g l e  n e s t s  i n  Sweden. None 

of  t h e s e  t e c h n i q u e s  y i e l d e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  

p r o d u c t i v i t y  among d i s t u r b a n c e  c a t e g o r i e s .  Wi ley  ( 1 9 7 5 )  

f o u n d  t h a t  R e d - t a i l e d  Hawks n e s t i n g  w i t h i n  0 .25 m i  ( 0 . 4  

km) of  r o a d s  had  s i g n i f i c a n t l y  l o w e r  b r e e d i n g  s u c c e s s  

t h a n  p a i r s  n e s t i n g  g r e a t e r  t h a n  0 .25  m i  f rom r o a d s .  ' H e  

a t t r i b u t e d  t h e  d i f f e r e n c e  t o  h a b i t a t  change  and  human 

p r e d a t i o n  on t h e  young. Juenemann ( 1 9 7 3 )  found  an 

i n c r e a s e  i n  number of f l e d g l i n g s  w i t h  d e c r e a s e  i n  d i s -  

t u r b a n c e  when he  r e g r o u p e d  h i s  d a t a  i n t o  q u a r t i l e s .  

However, t h e r e  i s  no b i o l o g i c a l  r e a s o n  f o r  t h e  - a 

p o s t e r i o r i  g r o u p i n g  d a t a  i n  t h i s  f a s h i o n .  



R e s e a r c h e r s  o f t e n  compared p r o d u c t i v i t y  a n d  n e s t i n g  

l o c a t i o n  w i t h  l a n d - u s e  p a t t e r n s .  Newton and  Moss ( 1 9 8 1 )  

found  v e r y  l i t t l e  e v i d e n c e  t h a t  B r i t i s h  l a n d - u s e  p a t -  

t e r n s  i n  1, 3 ,  and  5 km c o n c e n t r i c  c ircles  a r o u n d  n e s t  

s i tes  a f f e c t e d  Red K i t e  ( M i l v u s  m i l v u s )  b r e e d i n g  

s u c c e s s .  They d i d  o b s e r v e  s i g n i f i c a n t l y  more f o r e s t r y  

a c t i v i t y  w i t h i n  1 km of  n e s t s  t h a t  w e r e  abandoned w i t h -  

o u t  l a y i i g  compared t o  t h o s e  w i t h i n  1 km o f  n e s t s  i n  

wh ich  e g g s  w e r e  l a y e d .  G a r g e t t  ( 1 9 7 9 )  f o u n d  t h a t  T r i b a l  

T r u s t  Lands i n  Zimbabwe had  B l a c k  E a g l e  ( A q u i l a  v e r -  

r e a u x i )  d e n s i t i e s  t h a t  w e r e  o n e  t h i r d  t h o s e  i n  t h e  

a d j o i n i n g  Matopos P a r k .  Average  f l e d g i n g  s u c c e s s  on t h e  

T r i b a l  T r u s t  Lands was 20  p e r c e n t  l o w e r  t h a n  i n  t h e  

p a r k .  D e c r e a s e d  p r e y  abundance  i n  t h e  T r i b a l  T r u s t  

Lands was s u g g e s t e d  a s  a p r o b a b l e  c a u s e  f o r  l o w e r  d e n s i -  

t i e s  o f  e a g l e s .  Howard and  S a t h e r - B l a i r  ( u n p u b l i s h e d )  

found  t h a t  p r o d u c t i v i t y  o f  Golden  E a g l e  p a i r s  w a s  l o w e r  

i n  a g r i c u l t u r a l  areas t h a n  i n  n a t u r a l  s h r u b l a n d s ,  e v e n  

though  t h e  d e n s i t i e s  o f  n e s t i n g  p a i r s  w e r e  s i m i l a r  i n  

t h e  two v e g e t a t i o n  t y p e s .  G a u l s h i n  e t  a l .  ( 1 9 8 3 )  found  

t h a t  Rough-legged Buzza rds  ( B u t e o  l a g o p u s )  w e r e  more 

numerous i n  s emi -u rban  a r e a s  t h a n  i n  n a t u r a l  t u n d r a  i n  

R u s s i a .  They s u g g e s t e d  t h a t  h i g h e r  v o l e  p o p u l a t i o n s  i n  

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

d i s t u r b a n c e s .  F i n a l l y ,  V i n c e n t y  ( 1 9 7 4 )  found  t h a t  more 



r a p t o r s  n e s t e d  i n  r i p a r i a n  woodlands  t h a n  i n  a g r i c u l -  

t u r a l ,  u r b a n ,  o r  r e s i d e n t i a l  areas a l o n g  t h e  American 

River n e a r  S a c r a m e n t o ,  C a l i f o r n i a .  However, t h i s  d i s -  

t r i b u t i o n  p r i m a r i l y  r e s u l t e d  f r o m  n e s t  h a b i t a t  r e q u i r e -  

ments  r a t h e r  t h a n  human d i s t u r b a n c e .  These  c o m p a r a t i v e  

s t u d i e s  show t h a t  l a n d - u s e  p a t t e r n s  a f f e c t  p r o d u c t i v i t y  

o r  p o p u l a t i o n  d e n s i t i e s  o f  r a p t o r s ,  b u t  do  n o t  r e v e a l  

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

S t a l m a s t e r  ( 1 9 7 6 )  r e l a t e d  B a l d  E a g l e  o c c u r r e n c e  t o  

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

Washington.  H e  f ound  t h a t  e a g l e s  t e n d e d  t o  f r e q u e n t  

r i v e r  a r e a s  w i t h  low t o  modera t e  human a c t i v i t y ,  and  

seldom used  u n i t s  w i t h  h i g h  a c t i v i t y .  R u s s e l l  ( 1 9 8 0 )  

n o t e d  t h a t  l a r g e  f l u s h i n g  d i s t a n c e s  w e r e  more f r e q u e n t  

i n  s t r e t c h e s  of  t h e  Suak  R i v e r  ( W a s h i n g t o n )  w i t h  low 

h u m a n - a c t i v i t y .  H e r  s t u d y  s u g g e s t s  t h a t  B a l d  E a g l e s  

h a b i t u a t e  t o  d i s t u r b a n c e  i n  a r e a s  w i t h  h i g h  human- 

a c t i v i t y .  Young ( 1 9 8 0 )  compared n e s t i n g  b e h a v i o r  

between Ba ld  E a g l e  p a i r s  i n  h i g h  d i s t u r b a n c e  a r e a s  w i t h  

t h o s e  i n  low d i s t u r b a n c e  a r e a s  on t h e  San  Juan  I s l a n d s ,  

Washington .  H e  o b s e r v e d  lower  n e s t  a t t e n d a n c e  i n  t h e  

h i g h  d i s t u r b a n c e  a r e a ,  b u t  found  no d i f f e r e n c e  i n  b r e e d -  

i n g  s u c c e s s .  



~ a n i p u l a t i v e  s t u d i e s .  Most manipulat!ive s t u d i e s  

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

Ba ld  E a g l e s .  Methods c o n s i s t e d  of  d u p l i c a t i n g  a d i s t u r -  

bance  a c t i v i t y  w h i l e  m o n i t o r i n g  t h e  b e h a v i o r  o f  t h e  

e a g l e s .  

S t a l m a s t e r  ( 1 9 7 6 ) ,  F r a s e r  ( 1 9 8 1 ) ,  and  Harmata 

( 1 9 8 4 )  e x p e r i m e n t a l l y  d i s t u r b e d  Ba ld  E a g l e s  by  w a l k i n g  
, 

toward  them. S t a l m a s t e r  o b s e r v e d  t h a t  a d u l t s  f l u s h e d  a t  

g r e a t e r  d i s t a n c e s  t h a n  immatu res ,  and  t h a t  f l u s h e d  

e a g l e s  t y p i c a l l y  r ema ined  n e a r  t h e i r  o r i g i n a l  p e r c h .  

F r a s e r  ( 1 9 8 1 ) ,  work ing  w i t h  n e s t i n g  e a g l e s ,  r e p o r t e d  

t h a t  f l u s h i n g  d i s t a n c e  i n c r e a s e d  w i t h  h a b i t u a t i o n  b u t  

d e c r e a s e d  a s  t h e  b r e e d i n g  s e a s o n  p r o g r e s s e d .  Harmata 

( 1 9 8 4 )  found  t h a t  banded  e a g l e s  were less  t o l e r a n t  of  

r e s e a r c h e r s  and  t h e i r  v e h i c l e s  a f t e r  b a n d i n g ,  and 

f l u s h e d  a t  g r e a t e r  d i s t a n c e s .  A l t  ( 1 9 8 0 )  app roached  

n e s t s  b y  b o a t ,  n o t i n g  t h a t  t h e  a n g l e  of  a p p r o a c h  

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

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

G r i e r  ( 1 9 6 9 )  d i v i d e d  a  group  o f  Ba ld  E a g l e  n e s t s  

i n t o  two s a m p l e s ,  c l i m b e d  i n t o  t h e  n e s t s  o f  one sample  

( a f t e r  t h e  young had h a t c h e d ) ,  and t h e n  compared t h e  

f l e d g i n g  s u c c e s s  o f  t h e  two g roups .  He found  no s i g n i f -  

i c a n t  d i f f e r e n c e  i n  t h e  b r e e d i n g  s u c c e s s  be tween  t h e  two 

g r o u p s .  P l a t t  (1977), E l l i s  ( 1 9 8 1 ) ,  and White  e t  a l .  



( 1 9 8 1 )  examined  n e s t i n g  b e h a v i o r  and  s u c c e s s  i n  r e s p o n s e  

t o  d i s t u r b a n c e s  o t h e r  t h a n  human p r e s e n c e .  Whi te  and  

Thurow ( 1 9 8 5 )  f o u n d  few n e s t  f a i l u r e s  t h a t  c o u l d  b e  

a t t r i b u t e d  t o  t h e  e x p e r i m e n t a l  d i s t u r b a n c e s  ( d i s c h a r g e  

of f i r e a r m s ,  e n g i n e  n o i s e ,  and  a p p r o a c h  of  n e s t s  on f o o t  

and b y  v e h i c l e s ) .  E l l i s  ( 1 9 8 1 )  f o u n d  v e r y  l i t t l e  r e a c -  

t i o n  t o  n o i s e s  s i m u l a t i n g  s o n i c  booms, and  found  no 

s i g n i f i c $ n t  d i f f e r e n c e  be tween  n e s t  r e o c c u p a n c y  f r e q u e n -  

c i e s  f o r  e x p e r i m e n t a l l y  d i s t u r b e d  and  u n d i s t u r b e d  

r a p t o r s .  P l a t t  ( 1 9 7 7 )  o b s e r v e d  t h a t  G y r f a l c o n  n e s t s  

d i s t u r b e d  b y  h e l i c o p t e r  f l i g h t s  ( 5 1  f l i g h t s  c o n d u c t e d  

o v e r  2 2  n e s t s )  had  t h e  same p r o d u c t i v i t y  r a t e  a s  u n d i s -  

t u r b e d  n e s t s .  D i s t u r b e d  n e s t s ,  however ,  had  a  s i g n i f i -  

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



METHODS 

S t u d y  Area 

The s t u d y  a r e a  c o v e r e d  t h e  w e s t e r n  h a l f  o f  S a n  

Diego County ,  f rom a p p r o x i m a t e l y  32"  3 0 '  t o  33" 3 0 '  

n o r t h  l a t i t u d e  and  f rom 116" 3 0 '  t o  117"  4 5 '  w e s t  l o n g i -  

t u d e  ( F i g u r e  1 ) .  T h i s  a r e a  c o r r e s p o n d s  t o  t h e  o r g a n i z a -  , 

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

d i s t r i b u t i o n  o f  Golden E a g l e s  i n  t h e  r e g i o n .  Golden 

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

r a n g e s  o f  C a l i f o r n i a ,  and  i n t o  B a j a  C a l i f o r n i a  and  t h e  

Sonoran  Desert ( F i g u r e  2 ) . 
San  Diego County  c o n t a i n s  f o u r  d i s t i n c t  g e o g r a p h i c  

r e g i o n s  ( P r y d e  1984 ) : c o a s t a l  terraces ,  f o o t h i l l s  

( c i s m o n t a n e ) ,  m o u n t a i n s ,  and  d e s e r t s  ( F i g u r e  3 ) .  Zones 

of t r a n s i t i o n  and  i n t e r d i g i t a t i o n  a r e  t y p i c a l l y  b r o a d  

between t h e  c o a s t a l  t e r r a c e s ,  f o o t h i l l s ,  and  m o u n t a i n s .  

The i n t e r f a c e  be tween  t h e  moun ta ins  a n d  d e s e r t s  i s  w e l l  

d e f i n e d  and  o c c u r s  a l o n g  a  nar row e s c a r p m e n t .  The 

t r a n s i t i o n  f rom m o u n t a i n s  t o  d e s e r t  o c c u r s  w i t h i n . 9 5  km 

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

Approximate p r o p o r t i o n s  o f  e a c h  r e g i o n  i n  t h e  s t u d y  a r e a  

were:  15 p e r c e n t  c o a s t a l  t e r r a c e ,  73 p e r c e n t  f o o t h i l l ,  

7  p e r c e n t  moun ta in ,  a n d  5 p e r c e n t  d e s e r t .  



N 
it' 

0 4 8  
miles 

A c t i v e  p a i r s  

0 Abandoned a r e a s  

F i g .  1. The c o n f i g u r a t i o n  o f  t h e  Golden E a g l e  s t u d y  
a r e a  i n  S a n  Diego County ,  C a l i f o r n i a .  G r i d  l i n e s  r e p r e -  
s e n t  t h e  15  ( b o l d  l i n e )  and  7.5  m i n u t e  q u a d r a n g l e s  u s e d  
i n  p o p u l a t i o n  a n a l y s e s .  



Act ive  p a i r s  

0 Abandoned a r e a s  

F i g .  1. The c o n f i g u r a t i o n  of t h e  Golden E a g l e  s t u d y  
a r e a  i n  San Diego County, C a l i f o r n i a .  G r i d  l i n e s  r e p r e -  
sent t h e  15 ( b o l d  l i n e )  and 7 . 5  minute  q u a d r a n g l e s  used 
i n  p o p u l a t i o n  a n a l y s e s .  



ARIZONA 

F i g .  2 .  The l o c a t i o n  o f  t h e  Golden Eagle study a r e a  i n  
C a l i f o r n i a .  



Fig. 3 .  G e o g r a p h i c  r e g i o n s  o f  t h e  Golden  E a g l e  s t u d y  
a r e a  i n  San  Diego Coun ty .  



v e g e t a t i o n  i n  t h e  s t u d y  area i s  domina ted  b y  s h r u b -  

l a n d s  ( 6 2 . 1  p e r c e n t  o f  t h e  t o t a l  a r e a  and  75.2 p e r c e n t  

of t h e  v e g e t a t e d  a r e a ) ,  w i t h  s m a l l  p r o p o r t i o n s  o f  g r a s s -  

l a n d s  ( 1 0 . 8  p e r c e n t ,  13 .6  p e r c e n t )  and  woodlands  ( 8 . 9  

p e r c e n t ,  11.2 p e r c e n t )  ( F i g u r e  4 ) .  Dominant a n d  r e p r e -  

s e n t a t i v e  p l a n t  s p e c i e s  o f  t h e s e  v e g e t a t i o n  t y p e s  are 

l i s t e d  i n  T a b l e  2  ( T h o r n e  1 9 7 6 ) .  C o n i f e r o u s ,  o a k ,  and  

r i p a r i a n ' w o o d l a n d s  p r o v i d e  t ree  n e s t  s i t e s  f o r  Golden  

E a g l e s  i n  t h e  s t u d y  area. C o n i f e r o u s  woodlands  are 

r e s t r i c t e d  t o  t h e  m o u n t a i n s ,  oak  woodlands are w i d e l y  

d i s t r i b u t e d  from t h e  moun ta ins  t o  t h e  c o a s t ,  a n d  r i p a r -  

i a n  woodlands o c c u r  p r i m a r i l y  i n  t h e  m a j o r  canyons .  

The r e m p e r a t e  c l i m a t e  o f  San  Diego County  i s  t y p i -  

f i e d  b y  w e t  w i n t e r s  a n d  w a r m ,  d r y  summers. Average  

p r e c i p i t a t i o n  r a n g e s  f rom 22 t o  30 c m  i n  t h e  c o a s t a l  

a r e a s ,  30 t o  50 c m  i n  t h e  f o o t h i l l s ,  40 t o  122 c m  i n  

t h e  m o u n t a i n s ,  and  8  t o  15 c m  i n  t h e  d e s e r t s  ( P r y d e  

The human p o p u l a t i o n  o f  S a n  Diego County  was 

a p p r o x i m a t e l y  1 , 8 6 2 , 0 0 0  i n  1980 ( P r y d e  1 9 8 4 ) .  Most o f  

t h e  p o p u l a t i o n  l i v e s  i n  o r  n e a r  t h e  u r b a n i z e d  w e s t e r n  

p o r t i o n  o f  t h e  s t u d y  a r e a ,  a l o n g  t h e  c o a s t  f rom t h e  

Mexican b o r d e r  t o  t h e  C i t y  o f  Oceans ide  ( p o p u l a t i o n  

7 5 , 0 0 0 ) ,  and  a l o n g  t h e  deve lopment  c o r r i d o r  t h a t  e x t e n d s  
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Fig. 4 .  Veg9tetion t ypes  o c c s r r i n g  in the Golden Eagle  
study area in the westo:n half of S a n  3iego County, 
California. A d e p t ~ d  f ' rox OtezSauer ( 19-73 ) . 



T a b l e  2 .  Dominant and  r e p r e s e n t a t i v e  p l a n t  s p e c i e s  o f  
v e g e t a t i o n  t y p e s  i n  t h e  Golden E a g l e  s t u d y  a r e a ,  w e s t e r n  
S a n  Diego County .  

V e g e t a t i o n  Type 
Dominant and  R e p r e s e n t a t i v e  

S p e c i e s  a n d  Genera  

G r a s s l a n d  

Open S h r u b l a n d s  

I s l a n d  'sage S c r u b  

Avena, B r a s s i c a ,  Bromus, Erodium, 
and  F e s t u c a  

A r t e m i s i a  c a l i f o r n i c a ,  D i p l a c u s  
s p p . ,  Eriogonum - f a s c i c u l a t u m ,  

-- 

Haplopappus s p p . ,  L o t u s  s c o p a r i u s ,  
Lup inus  s p p . ,  and  Malosma l a u r i n a  

C r e o s o t e  Bush S c r u b  Ambrosia dumosa, A t r i p l e x  s p p . ,  
E n c e l i a  f a r i n o s a ,  L a r r e a  
d i v a r i c a t a ,  and  O p u n t i a  s p p .  

Chamise C h a p a r r a l  

Dense S h r u b l a n d s  

Mixed C h a p a r r a l  

Woodlands 

Oak Woodlands 

Adenostoma f a s c i c u l a t u m  

Adenostoma f a s c i c u l a t u m ,  
A r c t o s t a p h y l o s  s p p . ,  Ceano thus  
s p p .  , Q u e r c u s  s p p . ,  Rhamnus s p p . ,  
and  Rhus s p p .  

Q u e r c u s  a g r i f o l i a ,  Q .  k e l l o g g i i ,  - 
a n d  Q.  e n g e l m a n n i i  - 

R i p a r i a n  Woodlands P l a t a n u s  r acemosa ,  P o p u l u s  
f r e m o n t i i ,  Q u e r c u s  a g r i f o l i a ,  and  
S a l i x  s p p .  

C o n i f e r o u s  F o r e s t  P i n u s  p o n d e r o s a ,  P s e u d o t s u g a ,  
Macroca rpa ,  and Q u e r c u s  k e l l o g g i i  



f rom S a n  Diego t o  E s c o n d i d o  ( p o p u l a t i o n  8 5 , 0 0 0 )  i n  t h e  

f o o t h i l l s  ( F i g u r e  5 ) .  

Sample U n i t s  w i t h i n  
t h e  S t u d v  Area 

Golden E a g l e s  occupy home r a n g e s ,  w i t h i n  wh ich  

t h e r e  are t y p i c a l l y  one  o r  more n e s t  a r e a s  a n d  s e v e r a l  

n e s t  s i t e s .  The t e r m i n o l o g y  u s e d  i n  t h i s  s t u d y  f o l l o w s  

Newton ( f 9 7 9 ) :  ( 1 )  t h e  n e s t  s i t e  i s  t h e  a c t u a l  n e s t  

s u b s t r a t e  and  s t r u c t u r e ;  ( 2 )  t h e  n e s t  area i s  t h e  i m m e -  

d i a t e  v i c i n i t y  o f  t h e  n e s t  s i t e ,  e . g . ,  t h e  n e s t  c l i f f  o r  

s t a n d  o f  trees ( i n  t h e  c a s e  o f  Golden  E a g l e s ,  a n e s t  

a r e a  u s u a l l y  c o n t a i n s  s e v e r a l  n e s t  s i t e s ) ;  and  ( 3 )  t h e  

home r a n g e  i s  t h e  a r e a  o v e r  which  t h e  b i r d s  f o r a g e .  

The movements of  e a g l e s  d e f i n e  t h e i r  home r a n g e ,  

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

p o p u l a t i o n s .  B r e e d i n g  p a i r s  are t h e  most s a t i s f a c t o r y  

sample  u n i t  when m e a s u r i n g  p o p u l a t i o n  d i s t r i b u t i o n  and  

c h a n g e ,  b u t  i t  i s  more m e a n i n g f u l  a n d ,  i n  most c a s e s ,  

more c o n v e n i e n t  t o  a n a l y z e  d i s t u r b a n c e  by  n e s t  areas .  

These  a n a l y s e s  can  b e  c o m p l i c a t e d  b y  t h e  f a c t  t h a t  some 

p a i r s  have  s e v e r a l  n e s t  a r e a s .  However,  i n  n e a r l y  a l l  

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

c o n t a i n e d  more n e s t  s i t e s  t h a n  o t h e r  n e s t  a r e a s ,  a n d  

c o u l d  b e  u s e d  as a  r e f e r e n c e  p o i n t  f o r  t h e  pair. U n l e s s  



L i m i t  o f  u r b a n i z a t i o n  1980 

@ Abandoned a r e a s  

F i g .  5 .  D i s t r i b u t i o n  o f  t h e  human p o p u l a t i o n  i n  t h e  
Golden E a g l e  s t u d y  a r e a  i n  w e s t e r n  San  Diego  Coun ty .  
Adapted  f rom P r y d e  ( 1 9 8 2 ) .  



o the rw i se  s t a t e d ,  t h e  p r e s e n t  and p a s t  l o c a t i o n s  of 

e a g l e  p a i r s  were d e f i n e d  by p r imary  n e s t  a r e a s .  

H i s t o r i c a l  Data 

H i s t o r i c a l  d a t a  on Golden Eag le  n e s t  l o c a t i o n s  w e r e  

ob t a ined  from n o t e s ,  r e c o r d s ,  and r e c o l l e c t i o n s  of egg 

c o l l e c t o r s ,  p r i m a r i l y  from t h o s e  a c t i v e  i n  t h e  f i r s t  40 

y e a r s  of t h i s  c e n t u r y .  Egg c o l l e c t o r s  v i s i t e d  o r  found 
I 

n e a r l y  a l l  n e s t  a r e a s  of  Golden Eag les  w i t h i n  t h e  s t u d y  

a r e a ,  t a k i n g  over  400 c l u t c h e s  of  eggs from t h e  l a t e  

1800 ' s  t o  t h e  1950 ' s  ( L .  K i f f ,  p e r s .  comm.). Th i s  

i n fo rma t ion  p rov ide s  a  r e l i a b l e ,  a l though  somewhat 

punc tua t ed ,  h i s t o r y  of t h e  b r eed ing  a c t i v i t y  of Golden 

Eag les  i n  t h e  s t u d y  a r e a  p r i o r  t o  t h e  p o p u l a t i o n  d e c l i n e  

a f t e r  1950. 

Dixon 's  (1937)  paper  on t h e  b reed ing  Golden Eagle  

p o p u l a t i o n  nea r  Escondido,  C a l i f o r n i a ,  p rov ided  a  f o c a l  

p o i n t  f o r  t h e  c o l l e c t i o n  of h i s t o r i c a l  d a t a .  Using h i s  

paper  and an unpubl ished map of Golden Eagle  home ranges  

n e a r  ~ s c o n d i d o  ( g i v e n  t o  Ray Qu igg l ey  by Dixon i n  1 9 4 0 ) ,  

I was a b l e  t o  e s t i m a t e  t h e  number of e a g l e  p a i r s  and 

t h e i r  approximate  l o c a t i o n s  i n  t h e  no r the rn  h a l f  of t h e  

s t u d y  a r e a  du r ing  t h e  p e r i o d  1900 t o  1937. Data from 

o t h e r  c o l l e c t o r s  were used t o  make s i m i l a r  e s t i m a t e s  f o r  

a r e a s  o u t s i d e  t h a t  of t h e  Dixon s t u d y .  



P r e c i s e  l o c a t i o n s  o f  h i s t o r i c a l  n e s t  s i tes  were 

p o i n t e d  o u t  i n  t h e  f i e l d  o r  w e r e  p l o t t e d  on maps t h r o u g h  

t h e . v e r b a 1  a n d  w r i t t e n  d e s c r i p t i o n s  o f  o o l o g i s t s ,  p r o -  

f e s s i o n a l  a n d  a m a t e u r  o r n i t h o l o g i s t s .  Ra lph  Dixon 

p r o v i d e d  p h o t o g r a p h s  o f  14 n e s t  a r e a s  a c t i v e  p r i o r  t o  

1955.  

Recent  Data 

F i e l d  work began  i n  J a n u a r y  1977 a n d  c o n t i n u e d  

t h r o u g h  t h e  b r e e d i n g  s e a s o n  o f  1981 .  A c t i v e  n e s t  areas 

i n  t h e  s t u d y  area w e r e  c e n s u s e d  i n  1977 a n d  1 9 7 8  u s i n g  a  

c o m b i n a t i o n  o f  r o a d ,  f o o t ,  and  h e l i c o p t e r  s u r v e y s  ( h e l i -  

c o p t e r  s u r v s y s  weye c o n d u c t e d  on  U.S. F o r e s t  S e r v i c e  

l a n d s  o n l y ) .  Once l o c a t e d ,  e a g l e  p a i r s  w e r e  o b s e r v e d  

u n t i l  t h e  n e s t  areas w e r e  f o u n d .  These  a c t i v e  n e s t  

a r e a s  w e r e  c h e c k e d  t h r e e  t i m e s  d u r i n g  e a c h  b r e e d i n g  

s e a s o n :  (1)  d u r i n g  m a t i n g  and  n e s t  c o n s t r u c t i o n ,  

( 2 )  d u r i n g  i n c u b a t i o n ,  and  ( 3 )  d u r i n g  b r o o d i n g  o r  a t  

f l e d g i n g .  Nests i n  some a r e a s  c o u l d  n o t  b e  checked  d u r -  

i n g  t h e  f l e d g i n g .  H i s t o r i c a l  n e s t  a r e a s  w e r e  checked  

t w i c e  d u r i n g  e a c h  b r e e d i n g  s e a s o n  f rom 1978 t o  1981: 

once  d u r i n g  J a n u a r y  and  o n c e  d u r i n g  F e b r u a r y ,  March, o r  

A p r i l .  



Golden E a g l e  D i s t r i b u t i o n  
and  Abundance 

U n d i s t u r b e d  p o p u l a t i o n s  o f  Golden E a g l e s  are s t a b l e  

i n  t o t a l  number a n d  d i s t r i b u t i o n  o f  p a i r e d  a d u l t s  (Brown 

and Watson 1963,  Newton 1 9 7 9 ,  Haller 1 9 8 2 ) .  However, 

e a g l e  p a i r s  somet imes  d o  n o t  b r e e d  ( a l t h o u g h  t h e y  occupy 

a  home r a n g e  w i t h  s u i t a b l e  n e s t  a r e a s ) .  Thus ,  t h e  num- 

b e r  of  b r e e d i n g  p a i r s  i n  any  g i v e n  y e a r  may o n l y  be  a 

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

My a n a l y s e s  were d e s i g n e d  t o  a c c o u n t  f o r  t h e s e  no rma l  

f l u c t u a t i o n s  and  t o  t e s t  long- t e rm c h a n g e s  i n  t h e  

abundance and o c c u r r e n c e  o f  r e s i d e n t  p a i r s .  The d i s t r i -  

- b u t i o n  of n e s t  a r e a s  was compared t o  a  s e t  o f  e n v i r o n -  

m e n t a l  v a r i a b l e s  i n  o r d e r  t o  make s u r e  t h a t  p o p u l a t L o n  

changes  were n o t  t h e  r e s u l t  of  e n v i r o n m e n t a l  c h a n g e  and  

t o  c o l l e c t  background i n f o r m a t i o n  on n e s t  h a b i t a t  

s e l e c t i o n .  

The h y p o t h e s i s  t h a t  t h e  c u r r e n t  p o p u l a t i o n  h a s  a  

random s p a t i a l  d i s t r i b u t i o n  o v e r  t h e  s t u d y  a r e a  w a s  

t e s t e d  by d i v i d i n g  t h e  s t u d y  a r e a  i n t o  5 0  r e c t a n g u l a r  

q u a d r a t s  ( 7 . 5  m i n u t e s  i n  a r e a ,  b a s e d  on USGS t o p o g r a p h i c  

maps)  and by  compar ing  t h e  o b s e r v e d  d i s t r i b u t i o n  o f  

e a g l e  p a i r s  among t h e s e  q u a d r a t s  t o  t h e  e x p e c t e d  P o i s s o n  

d i s t r i b u t i o n  u s i n g  a G - t e s t  f o r  goodness  o f  f i t .  The 

l o c a t i o n s  of  e a g l e  p a i r s  w e r e  mapped ( s c a l e  1 : 1 2 8 , 0 0 0 )  



by t h e i r  p r i m a r y  n e s t  area ( o r  most  f r e q u e n t l y  u s e d  n e s t  

l o c a t i o n  i f  t h e  p a i r  d i d  n o t  have  a p r i m a r y  l o c a t i o n ) .  

Mapping was done f o r  b o t h  c u r r e n t  and  h i s t o r i c a l  p o p u l a -  

t i o n s  ( F i g u r e  5 ) .  P o p u l a t i o n  d e n s i t y  was e s t i m a t e d  w i t h  

t h e  mean number and  s t a n d a r d  e r r o r  of e a g l e  p a i r s  p e r  

q u a d r a t .  

The h y p o t h e s i s  t h a t  n e s t i n g  e a g l e s  w e r e  nonrandomly 

a s s o c i a t e d  w i t h  v e g e t a t i o n  t y p e s  was t e s t e d  by  compar ing  

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

an e x p e c t e d  d i s t r i b u t i o n  b a s e d  on t h e  p r o p o r t i o n s  o f  

e a c h  t y p e  i n  t h e  s t u d y  area.  The s i m i l a r  h y p o t h e s i s  

t h a t  n e s t i n g  p a i r s  w e r e  nonramdomly a s s o c i a t e d  w i t h  f i r e  

f r e q u e n c y  c a t e g o r i e s  was t e s t e d  i n  t h e  same manner .  

V e g e t a t i o n  c a t e g o r i e s  were d e t e r m i n e d  f rom t h e  map p r e -  

s e n t e d  by  Oberbauer  (1979), and f i r e  f r e q u e n c y  d a t a  w e r e  

t a k e n  f rom f i r e  maps p r e p a r e d  by  Krausmann ( 1 9 8 1 ) .  The 

p r o p o r t i o n s  of  v e g e t a t i o n  and f i r e  c a t e g o r i e s  w i t h i n  t h e  

s t u d y  a r e a  were  measured u s i n g  a p o l a r  p l a n i m e t e r .  

The h y p o t h e s i s  t h a t  t h e  l o c a t i o n  o f  n e s t i n g  p a i r s  

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

compar ing  t h e  t o p o g r a p h i c  h e t e r o g e n e i t y  of  n e s t  areas t o  

t h a t  o f  a s e t  of randomly chosen  a r e a s .  Data  on s l o p e  

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

s t a n d a r d  t e c h n i q u e s  d o  n o t  e x i s t  f o r  t h e  measure  o f  

t o p o g r a p h i c  h e t e r o g e n e i t y .  A s  a r e s u l t ,  I e s t a b l i s h e d  



an i n d e x  of t o p o g r a p h i c  h e t e r o g e n e i t $  by  c o u n t i n g  t h e  

number o f  t o p o g r a p h i c  c o n t o u r  l i n e s  i n t e r s e c t i n g  two 

p e r p e n d i c u l a r  (N-S and E-W) l i n e s  ( e a c h  1.60 k m  l o n g )  

drawn t h r o u g h  township  and r a n g e  s e c t i o n s  ( s c a l e  

1 :128 ,000)  i n  t h e  s t u d y  a r e a .  The number of c o n t o u r  

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

h e t e r o g e n e i t y .  Of t h e  3,150 s e c t i o n s  i n  t h e  s t u d y  a r e a ,  

74 were chosen a t  random ( a p p r o x i m a t e l y  2.3 p e r c e n t  of 

t h e  t o t a l )  t o  compare w i t h  t h e  s e c t i o n s  c o n t a i n i n g  n e s t  

a r e a s .  

The h y p o t h e s i s  t h a t  t h e  d i s t r i b u t i o n  of n e s t i n g  

p a i r s  had changed from 1928 t o  1978 was t e s t e d  by com- 

p a r i n g  t h e  d i s t r i b u t i o n s  of  t h e  two t i m e  p e r i o d s  away 

from a  f i x e d  l i n e  ( t h e  c o a s t l i n e  of t h e  s t u d y  a r e a ) .  

The d i s t a n c e s  between n e s t i n g  p a i r s  and t h e  c o a s t l i n e  

were measured f o r  1928 and 1978 d i s t r i b u t i o n s  and t h e n  

compared w i t h  a  Kolmogorov-Smirnov t e s t  f o r  con t ingency .  

The h y p o t h e s i s  t h a t  n e s t i n g  p a i r s  had moved away from 

f o c i  of human a c t i v i t y  was t e s t e d  i n  t h e  same way, , 

e x c e p t  t h a t  t h e  measured d i s t a n c e  was from t h e  n e s t i n g  

p a i r s  t o  t h e  c l o s e s t  f o c a l  p o i n t  of human a c t i v i t y .  

F o c i  of  human a c t i v i t y  were d e f i n e d  a s  t h e  c e n t e r s  of 

p o p u l a t i o n  c l u s t e r s  w i t h  more t h a n  10,000 p e r s o n s .  The 

p o p u l a t i o n  d a t a  were t a k e n  from t h e  Comprehensive 



P l a n n i n g  O r g a n i z a t i o n  (CPO) r e p o r t  od t h e  S a n  Diego  

Region ( S a n  Diego 1 9 7 7 ) .  

S e l e c t i o n  o f  Sample  U n i t s  
f o r  D i s t u r b a n c e  A n a 1 v s . e ~  

A s  s t a t e d  e a r l i e r ,  n e s t i n g  areas t y p i c a l l y  c o n t a i n  

s e v e r a l  n e s t s ,  w i t h  t h e  d i s t a n c e  be tween  n e s t s  v a r y i n g  

from 3 meters t o  2 km. Nests i n  c l o s e  p r o x i m i t y  create 

p r o b l e m s , o f  l a c k  o f  s ample  i n d e p e n d e n c e  i f  e a c h  n e s t  i s  

t r e a t e d  as a s i n g l e  s ample  u n i t .  F u r t h e r m o r e ,  t h e  t o t a l  

sample  becomes w e i g h t e d  towards  p a i r s  t h a t  b u i l d  t h e  

most n e s t s ,  and  f a i l s  t o  t r e a t  t h e  n e s t  s e l e c t i o n  behav-  

i o r  o f  a l l  p a i r s  e q u a l l y .  A t  t h e  o t h e r  e x t r e m e ,  a  sam- 

p l e  u n i t  l a r g e  enough t o  encompass a l l  n e s t s  o f  a g i v e n  

p a i r  become d i f f i c u l t  t o  measu re ,  i n c l u d e s  areas t h a t  

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

r e p r e s e n t a t i o n  o f  n e s t i n g  h a b i t a t .  I n  o r d e r  t o  a v o i d  

problems of  d u p l i c a t i o n ,  a l l  n e s t s  on t h e  same c l i f f  

w e r e  t r e a t e d  a s  a  s i n g l e  sample  u n i t .  Nests a l o n g  

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

g r o u p s  when t h e  d i s t a n c e  between n e s t s  w a s  g r e a t e r  t h a n  

100  m .  T h i s  s ample  u n i t  i s  c o n s t i t u t e d  t h e  " n e s t  a r e a "  

f o r  s t a t i s t i c a l  p u r p o s e s .  

When o n l y  one  n e s t  was found  i n  a n e s t  a r e a ,  i t  w a s  

u s e d  a s  t h e  p o i n t  f rom which a l l  measurements  w e r e  

t a k e n .  When a p r i m a r y  n e s t  c o u l d  b e  i d e n t i f i e d ,  i t  w a s  



p o i n t  of measurement. F i n a l l y .  when no n e s t  

ÿ sider red a s  a pr imary  n e s t .  measurements were 

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

, ev idence  o t  n e s t s  w e r e  found i n  the m a j o r i t y  

,ned a r e a s .  I t  was t h e r e f o r e  assumed t h a t  t h e  

a t i o n  i d e n t i f i e d  by egg c o l l e c t o r s  was t h e  p r i -  

te a t  e a c h  abandoned a r e a ,  and a l l  measurements 

aken from t h i s  p o i n t .  

f o r  Nest Area and 
31e P a i r  L o c a t i o n s  

Nest a r e a s  and p a i r  l o c a t i o n s  have been coded i n  

; t e x t  f o r  c o n c i s e n e s s  and t o  keep t h e  s p e c i f i c  loca -  

o n s  c o n f i d e n t i a l .  Nest a r e a s  a r e  numbered irom I t o  

4 ;  a c t i v e  p a i r s  ( =  A )  are coded from A1 t o  A39, and 

abandoned a r e a s  ( =  H )  a r e  coded from H 1  t o  H I 6  A key 

o i  n e s t  area and p a i r  l o c a t i o n s  i s  a v a i l a b l e  on r e q u e s t  

from t h e  a u t h o r  o r  from t h e  Western i o u n d a t i o n  of 

V e r t e b r a t e  Zoology, S u i t e  1 4 0 0  . I 0 0  Glendon Ave.,  Los 

Angeles ,  CA 9 0 0 2 4 .  

C l a s s i f i c a t i o n  and D e f i n i -  
t i o n  of Sample Groups 

Nest a r e a s  1 o c a t e d  duc ing  f i e l d  s t u d i e s  were clas- 

s i f i e d  i n t o  two groups:  a c t i v e  and abandoned. Areas 

n o t  r e a s o n a b l y  c l a s s i f i e d  i n t o  e i t h e r  group Were n o t  

used  i n  t h e  a n a l y s e s .  Ac t ive  n e s t  a r e a s  met one o f  two 



c r i t e r i a :  (1) t h e  area had  been  t h e  s i t e  o f  a b r e e d i n g  

a t t e m p t  d u r i n g  t h e  f i e l d  s t u d y  p e r i o d  (1977  t o  1 9 8 1 ) ,  o r  

( 2 ) , t h e  area c o n t a i n e d  a  n e s t  b u i l t  up o r  m a i n t a i n e d  

d u r i n g  t h e  s t u d y  p e r i o d .  

N e s t  areas p l a c e d  i n  t h e  abandoned g roup  had 

h i s t o r i c a l  r e c o r d s  o f  u s e ,  b u t  were unoccup ied  and  

u n a t t e n d e d  d u r i n g  t h e  s t u d y  p e r i o d .  Most of  t h e s e  areas 

had  been  unoccup ied  f o r  v a r y i n g  p e r i o d s  p r i o r  t o  t h e  

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

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

r e g a r d l e s s  o f  t h e  number o f  abandoned n e s t  s i t e s .  

The a c t i v e  g roup  was used  t o  r e p r e s e n t  c u r r e n t  

( 1 9 7 8 )  c o n d i t i o n s  o f  Golden E a g l e  n e s t i n g  areas. The 

abandoned g roup  w a s  u sed  t o  r e p r e s e n t  t h e  c u r r e n t  cond i -  

t i o n s  a t  abandoned n e s t  a r e a s .  These  two g r o u p s  are 

r e f e r r e d  t o  a s  t h e  " a c t i v e  1978" sample  a n d  t h e  "aban-  

doned  1978" s a m p l e ,  r e s p e c t i v e l y .  H i s t o r i c a l  r e c o r d s  

w e r e  u sed  t o  r e c o n s t r u c t  c o n d i t i o n s  a r o u n d  n e s t  a r e a s  

p r i o r  t o  1928 .  These  r e c o r d s  showed t h a t  n e a r l y  a l l  

a c t i v e  and  abandoned n e s t  a r e a s  w e r e  a c t i v e  i n  1928.  

These  r e c o r d s  w e r e  u sed  t o  c r e a t e  two a d d i t i o n a l  sample  

g r o u p s :  one  r e p r e s e n t e d  c o n d i t i o n s  a t  abandoned n e s t  

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

1928 and  t h e  o t h e r  r e p r e s e n t e d  c o n d i t i o n s  a t  a c t i v e  n e s t  

a r e a s  a s  t h e y  a p p e a r e d  i n  1928.  These two g r o u p s  a r e  



r e f e r r e d  t o  as t h e  "abandoned  1928"  sample  and  t h e  

" a c t i v e  1928" s a m p l e ,  r e s p e c t i v e l y ,  and  as t h e  " h i s t o r i -  

c a l "  sample  c o l l e c t i v e l y .  

The f o u r  g r o u p s  a l l o w e d  a compar i son  o f  t h e  c o n d i -  

t i o n s  of  a c t i v e  areas w i t h  c o n d i t i o n s  a t  a r e a s  t h a t  have 

b e e n  abandoned ( a c t i v e  1978 v e r s u s  abandoned 1 9 7 8 ) .  The 

h i s t o r i c a l  g r o u p s  a l l o w e d  c o m p a r i s o n  o f  t h e  magn i tude  o f  

change  a t  abandoned a r e a s  w i t h  t h e  magn i tude  o f  change  

o f  a c t i v e  a r e a s ,  a s  w e l l  as a compar i son  o f  t h e  i n i t i a l  

c o n d i t i o n s  a t  a r e a s  t h a t  became abandoned w i t h  t h o s e  

t h a t  r ema ined  a c t i v e .  

Measures  o f  H a b i t a t  Change 

H a b i t a t  v a r i a b l e s  w e r e  measu red  i n  c o n c e n t r i c  c i r -  

c l e s  c e n t e r e d  on t h e  p r i m a r y  n e s t .  The g e o m e t r i c  s h a p e s  

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

v a r i a b l e  and  d i f f i c u l t  t o  d e t e r m i n e ,  b u t  a c i r c l e  cen-  

t e r e d  on t h e  n e s t  l o c a t i o n  h a s  t h e  l o w e s t  a  p r i o r i  - 

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

R a d i i  w e r e  chosen  t o  d e l i m i t  a r e a s  t h a t  r a n g e d  from 

a b o u t  one  f i f t h  t o  a b o u t  e q u a l  t o  t h e  t y p i c a l  home r a n g e  

o f  Golden E a g l e s  i n  t h e  s t u d y  a r e a  (Dixon  1 9 3 7 ) ,  2 .5  km, 

3 .75  km, and 5 . 0  km a r o u n d  p r i m a r y  n e s t s .  V e g e t a t i o n  

and  l a n d  u s e  w i t h i n  t h e s e  c i r c l e s  w e r e  mapped f rom 

a e r i a l  p h o t o g r a p h s  t a k e n  i n  1928 and  1978.  Because  o f  



t h e  p o o r  q u a l i t y  o f  t h e  1928 a e r i a l  p h o t o g r a p h s ,  s t a n -  

d a r d  v e g e t a t i o n  t y p e s  ( T h o r n e  1 9 7 6 )  c o u l d  n o t  b e  mapped. 

V e g e t a t i o n  t y p e s  w e r e  g r o u p e d  i n t o  c a t e g o r i e s  r e p r e s e n t -  

i n g  d i f f e r e n t  t y p e s  o f  f o r a g i n g  areas f o r  Golden  E a g l e s :  

(1)  g r a s s l a n d s ,  i n c l u d i n g  o v e r g r a z e d  o r  h i g h l y  d i s t u r b e d  

s h r u b l a n d s ;  ( 2 )  open s h r u b l a n d s ,  i n c l u d i n g  i n l a n d  a n d  

c o a s t a l  s a g e  s c r u b ,  c r e o s o t e  b u s h  s c r u b ,  and  s p a r s e  

chamise  c h a p a r r a l ;  ( 3 )  d e n s e  s h r u b l a n d s ,  s u c h  a s  mixed 

c h a p a r r a l  and  d e n s e  chamise  c h a p a r r a l ;  ( 4 )  wood lands ,  

i n c l u d i n g  o a k ,  r i p a r i a n ,  and  c o n i f e r o u s  woodlands  a n d  

f o r e s t s ;  ( 5 )  row c r o p s ;  ( 6 )  o r c h a r d s ;  ( 7 )  r u r a l  h o u s i n g ,  

i n c l u d i n g  fa rm s t r u c t u r e s  and  h o u s i n g  a t  d e n s i t i e s  o f  

one o r  f e w e r  s t r u c t u r e s  p e r  a c r e ;  ( 8 )  s u b u r b a n  h o u s i n g ,  

w i t h  more t h a n  one  h o u s e  p e r  a c r e ,  and  commerc i a l  a n d / o r  

i n d u s t r i a l  a r e a s ;  ( 9 )  b o d i e s  o f  w a t e r ,  i n c l u d i n g  l a k e s ,  

b a y s ,  marshes  and  e s t u a r i e s .  Measures  were made w i t h  a  

p o l a r  p l a n i m e t e r  on l i n e  d r a w i n g s  made on USGS t o p o -  

g r a p h i c  maps. Drawings w e r e  made u s i n g  an  o v e r h e a d  

p r o j e c t i o n  of  a e r i a l  p h o t o g r a p h s  c a s t  o n t o  t h e  t o p o -  

g r a p h i c  maps. 

F i r e  H i s t o r v  a t  N e s t  A r e a s  

F i r e  f r e q u e n c y  w i t h i n  0 . 8  km o f  n e s t  a r e a s  was m e a -  

s u r e d  f o r  t h e  p e r i o d  o f  1920 t o  1980 .  The raw d a t a  on  

f i r e s  i n  San  Diego w e r e  massed i n t o  t e n - y e a r  b l o c k s  a n d  



t h e  number o f  d e c a d e s  when a  f i r e  o c c u r r e d  w i t h i n  0 . 8  km 

of  e a c h  n e s t  a r e a  was d e t e r m i n e d .  The d i s t r i b u t i o n  o f  

a c t i v e  n e s t s  among t h e s e  f i r e - f r e q u e n c y  c a t e g o r i e s  was 

t h e n  compared t o  t h e  d i s t r i b u t i o n  o f  t h e  abandoned 

n e s t s .  The d i s t r i b u t i o n  o f  a c t i v e  n e s t s  w a s  a l s o  com- 

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

o f  t h e  f i r e - f r e q u e n c y  t y p e s  w i t h i n  t h e  s t u d y  area.  

H a b i t a t  Chanae Near 
d 

Nest  A r e a s  

Two v a r i a b l e s  w e r e  u sed  t o  measure  h a b i t a t  a l te ra-  

t i o n  a t  n e s t  a r e a s :  a l t e r a t i o n  above  n e s t  a r e a s  and  

a l t e r a t i o n  below n e s t  a r e a s .  A l t e r a t i o n  was d e f i n e d  as 

any  area t h a t  had been  c o n v e r t e d  from e x i s t i n g  v e g e t a -  

t i o n  ( n a t i v e  o r  d i s t u r b e d )  i n t o  a n y  s t a g e  o f  d e v e l o p -  

ment :  b r u s h i n g ,  g r a d i n g ,  f a r m i n g ,  min ing ,  l a n d s c a p i n g ,  

r o a d s ,  and  s t r u c t u r e s .  I n c l u d e d  i n  t h i s  d e f i n i t i o n  w e r e  

a r e a s  t h a t  had been  p e r m a n e n t l y  d i s t u r b e d  b y  g r a d i n g  o r  

by  t h e  c o m p l e t e  and  permanent  r emova l  o f  v e g e t a t i o n  w i t h  

s u b s e q u e n t  c o n s t r u c t i o n .  Measurements of  t h e s e  v a r i -  

a b l e s  w e r e  made w i t h i n  0 .8  and  1 . 6  km r a d i i  o f  n e s t  

a r e a s .  

A e r i a l  p h o t o g r a p h s  showed t h a t  a l t e r a t i o n  o f  vege-  

t a t i o n  and  t o p o g r a p h y  was p r a c t i c a l l y  n o n e x i s t e n t  a r o u n d  

n e s t  a r e a s  i n  1 9 2 8 .  A s  a  r e s u l t ,  t h e  a l t e r a t i o n  v a r i -  

a b l e s  w e r e  measured f o r  1 9 7 8  c o n d i t i o n s ,  b u t  n o t  f o r  t h e  



h i s t o r i c a l  c o n d i t i o n s .  I n  a d d i t i o n ,  t h e r e  was i n s u f f i -  

c i e n t  a l t e r a t i o n  w i t h i n  0 . 8  km o f  n e s t  a r e a s  i n  e i t h e r  

g roup  t o  j u s t i f y  t h e  u s e  of  t h i s  s m a l l e r  r a d i u s  o f  

measurement .  

Measures  of  Human A c t i v i t y  

Two t y p e s  o f  measurements  w e r e  made of  human a c t i v -  

i t y  a r o u n d  n e s t  a r e a s :  (1 )  a i s t a n c e  t o  t h e  c l o s e s t  

s o u r c e s  d f  human a c t i v i t y ;  and ( 2 )  t h e  magn i tude  o f  

human a c t i v i t y  w i t h i n  g i v e n  r a d i i  o f  n e s t  a r e a s .  Data  

f o r  t h e s e  measurements  w e r e  t a k e n  f rom a e r i a l  pho to -  

g r a p h s  (1928  a n d  1 9 7 8 ) ,  t o p o g r a p h i c  maps,  and  t h e  1980 

c e n s u s  i n f o r m a t i o n .  

D i s t a n c e  measurements  were made t o  t h e  n e a r e s t  

(1)  s t r u c t u r e ,  ( 2 )  p a t h ,  ( 3 )  p a s s a b l e  r o a d ,  and  

( 4 )  ma jo r  r o a d .  A d e f a u l t  l i m i t  was s e t  on d i s t a n c e  i n  

o r d e r  t o  a v o i d  b i a s i n g  t h e  sample  g r o u p s  w i t h  c a s e s  

g r e a t e r  t h a n  3 0 0 0  m ( t h e  a v e r a g e  d i s t a n c e  be tween  e a g l e  

n e s t s ) ;  a l l  c a s e s  w i t h  d i s t a n c e s  o v e r  t h e  d e f a u l t  l i m i t  

w e r e  g i v e n  t h e  v a l u e  o f  3 0 0 0  m .  A s t r u c t u r e  was d e f i n e d  

a s  any  b u i l d i n g  o r  h a b i t a t i o n  o c c u p i e d  b y  humans. A 

p a t h  was c o n s i d e r e d  a s  a n y p a s s a g e  t h r o u g h  t h e  v e g e t a -  

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

was p a s s a b l e  t o  f o o t  t r a f f i c  b u t  n o t  by  s t a n d a r d  two- 

whee l  d r i v e  v e h i c l e s .  A p a s s a b l e  r o a d  was open t o  



two-wheel d r i v e  v e h i c l e s  b u t  was n o t  a  major  t h o r -  

o u g h f a r e .  Major r o a d s  w e r e  d e f i n e d  a s  s t a t e  highways,  

i n t e r s t a t e  f r eeways ,  and o t h e r  ma jo r  t h o r o u g h f a r e s  

( t r a f f i c  volume o v e r  2000 v e h i c l e s  p e r  d a y ,  a s  r e p o r t e d  

by t h e  C a l i f o r n i a  Department of T r a n s p o r t a t i o n ) .  These 

n e a r e s t  p o i n t s  of human a c t i v i t y  w e r e  l o c a t e d  on a e r i a l  

p h o t o s  and p l o t t e d  o n t o  t o p o g r a p h i c  maps from which d i s -  

t a n c e s  t o e n e s t  a r e a s  were measured.  

The magnitude of human a c t i v i t y  around n e s t  a r e a s  

was measured by d e t e r m i n i n g  t h e  number of s t r u c t u r e s ,  

number of  d w e l l i n g  u n i t s ,  and t h e  human p o p u l a t i o n  

w i t h i n  g i v e n  r a d i i  of n e s t  a r e a s .  S t r u c t u r e s  were 

coun ted  w i t h i n  183,  275, 367, 458 m of n e s t  a r e a s .  . 

S e p a r a t e  c o u n t s  were made f o r  s t r u c t u r e s  a t  e l e v a t i o n s  

above and below n e s t s .  T h i s  c r e a t e d  a  t o t a l  of  e i g h t  

measurements a t  e a c h  n e s t  a r e a .  Dwell ing u n i t s  ( t h e  

s t a n d a r d  name f o r  s i n g l e - f a m i l y  l i v i n g  u n i t s )  were 

coun ted  w i t h i n  1 . 6  km of n e s t  a r e a s .  Human p o p u l a t i o n s  

were e s t i m a t e d  w i t h i n  4 .8  and 8 .0  km r a d i i  of  n e s t  

a r e a s .  

S t a t i s t i c a l  Analyses  

Frequency d a t a  were a n a l y z e d  w i t h  Chi - square  con- 

t i n g e n c y  t e s t  comparisons o r  G - t e s t  ( g r e a t e r  t h a n  two by 

two c o m p a r i s o n s ) .  Mensura t ive  d a t a  s e t s  w i t h  d i s c r e t e  



o r  non-normal d i s t r i b u t i o n s  were ana l$zed  w i t h  a 

Kolmolgorov-Smirnov t e s t .  

S t e p - w i s e  d i s c r i m i n a n t  a n a l y s i s  a n d  c l u s t e r  a n a l y -  

s i s  w e r e  u sed  t o  examine t h e  r e l a t i o n s h i p  among t h e  f o u r  

sample  g r o u p s  and  among t h e  139 sample  u n i t s ,  as w e l l  as 

t o  estimate t h e  a b i l i t y  of s p e c i f i c  v a r i a b l e s  t o  s e p a r -  

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

t h e  d a t a  s e t .  A random number set  ( w i t h  t h e  same mean 
# 

and  v a r i a n c e  a s  t h e  combined g r o u p s  f o r  e a c h  v a r i a b l e )  

was u s e d  t o  t e s t  t h e  s t r e n g t h  o f  t h e  s t e p w i s e  d i s c r i m i -  

n a n t  f u n c t i o n .  

M u l t i p l e  compar i sons  o f  t h e  same d a t a  se t  make it 

u n r e a s o n a b l e  t o  choose  an  a l p h a  l e v e l  o f  0 . 0 5 ,  b e c a u s e  

t h i s  p r o b a b i l i t y  f o r  a  t y p e  one e r r o r  would  a l l o w  a t  

least  one  o f  t h e  36 s t a t i s t i c a l  t e s t s  t o  r e jec t  a  

h y p o t h e s i s  b a s e d  on chance  r a t h e r  t h a n  r ea l  d i f f e r e n c e  

between t h e  abandoned and a c t i v e  g r o u p s .  T h e r e f o r e ,  

a l p h a  l e v e l  f o r  a l l  t e s t s  w a s  s e t  a t  0 . 0 2 5 .  

Human d i s t u r b a n c e  v a r i a b l e s  may h a v e  c o n t i n u e d  t o  

i n c r e a s e  a t  n e s t  a r e a s  a f t e r  abandonment .  T h e s e  changes  

a f t e r  abandonment ,  which  c a n n o t  b e  e s t i m a t e d ,  migh t  have  

createdobserveddifferences between a c t i v e  a n d  abandoned 

groups  n o t  p r e s e n t  ( o r  a t  l e a s t  s i g n i f i c a n t )  when n e s t  

abandonments o c c u r r e d .  D i f f e r e n c e s  be tween  a c t i v e  a n d  



abandoned a r e a s  may t h e r e f o r e  be  g r e a t e r  t h a n  t h e  

t h r e s h o l d  l e v e l  of d i s t u r b a n c e  t h a t  c a u s e s  abandonment. 

E s t i m a t i o n  of P o p u l a t i o n  
P a r a m e t e r s  

The number of  young f l e d g e d  p e r  p a i r  p e r  y e a r  was 

r e c o r d e d  f o r  n e s t s  v i s i t e d  from 1978 t h r o u g h  1981. Mor- 

t a l i t i e s  w e r e  r ecorded  o n l y  when c a r c a s s e s  were found o r  

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

were r e c o r d e d  when o b v i o u s ,  b u t  no e a g l e s  i n  t h e  a d u l t  

p o p u l a t i o n  were banded. These d a t a  were combined w i t h  

i n f o r m a t i o n  t aken  from t h e  l i t e r a t u r e  t o  e s t i m a t e  t h e  

a v e r a g e  f l e d g e  among p a i r s  p e r  y e a r  and t h e  a v e r a g e  

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

m o r t a l i t y  r a t e s .  The n u l l  h y p o t h e s i s  i n  t h i s  segment of 

t h e  s t u d y  was t h a t  m o r t a l i t y  and n a t a l i t y  i n  t h e  s t u d y  

p o p u l a t i o n  were s i m i l a r  t o  r a t e s  i n  h e a l t h y  p o p u l a t i o n s  

of Golden Eagles  i n  o t h e r  p a r t s  of North America. 



RESULTS 

The Golden  E a g l e  P o p u l a t i o n  

T h i r t y - e i g h t  Golden  E a g l e  p a i r s  o c c u p i e d  home 

r a n g e s  i n  t h e  s t u d y  area d u r i n g  t h e  p e r i o d  1977 t h r o u g h  

1981 ( F i g u r e  5 ) .  One o t h e r  p a i r  d i s a p p e a r e d  b e f o r e  t h e  

b r e e d i n g  s e a s o n  o f  1 9 8 1 ,  b u t  w a s  s t i l l  c o u n t e d  i n  t h e  

p o p u l a t i o r i  est imate f o r  1980.  Two o t h e r  p a i r s  w e r e  

o c c a s i o n a l l y  o b s e r v e d  i n  a r e a s  where  no b r e e d i n g  t o o k  

p l a c e .  These  b i r d s  w e r e  n o t  c o n s i d e r e d  b r e e d i n g  p a i r s ,  

and  t h e  q u a d r a t s  i n  wh ich  t h e y  o c c u r r e d  w e r e  n o t  u sed  i n  

' b r e e d i n g  d e n s i t y  measu remen t s .  

The n e s t i n g  o f  p a i r  A39 e s c a p e d  d e t e c t i o n  u n t i l '  . 

1983 ( J o h n  O a k l e y  p e r s .  comm.). T h i s  p a i r  p r o b a b l y  b r e d  

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

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

( o r  less  t h a n  t h r e e  y e a r s  b e f o r e )  t h e  s t u d y ,  even  though 

t h e y  c e a s e d  b r e e d i n g  b y  1981.  P a i r  A29 d i d  n o t  b r e e d  

d u r i n g  t h e  f o u r  y e a r s  o f  t h e  s t u d y ,  p a i r  A16 c e a s e d  

b r e e d i n g  i n  1980 ,  b u t  b o t h  p a i r s  r e m a i n e d  w i t h i n  t h e s e  

a r e a s  i n t o  1984 .  P a i r  A9 c e a s e d  b r e e d i n g  i n  1978 and  

d i s a p p e a r e d  f rom t h e  home r a n g e  b y  t h e  e n d  o f  t h e  s t u d y .  

Only 35 of  t h e  50 sample  q u a d r a t s  had  s u f f i c i e n t  

o b s e r v a t i o n s  t o  b e  u s e d  i n  t h e  1978 p o p u l a t i o n  d e n s i t y  



est imate.  F o u r  p a i r s  a n d  o n e  a b a n d o n e d  home r a n g e  w h i c h  

o c c u r r e d  o u t s i d e  t h e s e  q u a d r a t s  were e x c l u d e d  f r o m  t h e  

d e n s i t y  a n a l y s i s .  The mean d e n s i t y  o f  e a g l e  p a i r s  among 

t h e  35 q u a d r a t s  was  1 . 0 0  t 0 . 1 2  s .e.  T h e s e  n u m b e r s  

t r a n s l a t e  i n t o  a d e n s i t y  o f  o n e  p a i r  p e r  142 t o  1 8 1  km 2  

2  o r  0 . 5 5  t o  0 .70  p a i r s  p e r  100  km . 
T h e r e  are h i s t o r i c a l  r e c o r d s  f o r  p a i r s  a t  o r  n e a r  

t h e  l o c a t i o n s  o f  30 o f  t h e  39 ac t i ve  p a i r s .  I n  a d d i -  

t i o n ,  t h e r e  are h i s t o r i c a l  r e c o r d s  f o r  1 6  p a i r s  a t  l o c a -  

t i o n s  no l o n g e r  o c c u p i e d  b y  b r e e d i n g  p a i r s .  T h u s ,  t h e  

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

t o  1928 was 4 6 .  The n i n e  a c t i v e  p a i r s  w i t h  no  h i s t o r i -  

c a l  r e c o r d s  w e r e  i n a c c e s s i b l e  t o  e g g  c o l l e c t o r s  a n d  

p r o b a b l y  w e n t  u n d e t e c t e d ,  s u g g e s t i n g  t h a t  t h e r e  may h a v e  

b e e n  as many as 55 p a i r s  i n  t h e  s t u d y  area i n  1 9 2 8 .  The 

q u a d r a t s  c o n t a i n i n g  t h e  p a i r s  w i t h o u t r e c o r d s  f o r  1 9 2 8  

were n o t  u s e d .  The 32 q u a d r a t s  w i t h  c o m p l e t e  h i s t o r i c a l  

r e c o r d s  h a d  a s a m p l e  mean o f  1 . 4 1  t 0 . 2 0  s . e .  p a i r s  p e r  

q u a d r a t .  T h i s  p r o d u c e s  d e n s i t y  o f  o n e  p a i r  p e r  8 8  t o  

2 2  150 km o r  0 . 7 5  t o  1 . 0 0  p a i r s  p e r  100  km . 
I f  t h e  t h r e e  q u a d r a t s  w i t h  undocumented  h i s t o r i c a l  

p a i r s  a r e  u s e d  ( n  = 3 5 ) ,  t h e n  t h e  mean becomes 1 . 4  t 

0 . 1 7  s . e .  p a i r s  p e r  q u a d r a t ,  a p p r o x i m a t e l y  t h e  same 

d e n s i t y .  T w e n t y - t h r e e  o f  t h e  q u a d r a t s  showed no  c h a n g e  

i n  number o f  e a g l e  p a i r s  f r o m  1 9 2 8  t o  1 9 7 8 ,  s e v e n  



q u a d r a t s  l o s t  one p a i r ,  and  f o u r  l o s t  two p a i r  e a c h  ( o n e  

h i s t o r i c a l  p a i r  o c c u r r e d  o u t s i d e  t h e  s ample  q u a d r a t s ) .  

T h i s  change  t r a n s l a t e s  i n t o  a  l o s s  of  one  p a i r  p e r  329 

2  km of  t h e  s t u d y  area. 

P o p u l a t i o n  D i s p e r s i o n  
and  D i s t r i b u t i o n  

The 1978 d i s p e r s i o n  of  35 n e s t i n g  p a i r s  among t h e  

q u a d r a t s  was 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 e  d i s -  

t r i b u t i o n  p r e d i c t e d  by chance  a l o n e  ( G - t e s t  f o r  goodness  

o f  f i t ,  d . f .  = 3 ;  c a l c u l a t e d  = 2 . 5 6 ,  c r i t i c a l  = 9 . 6 1 ,  

P  r 0 . 0 5 ) .  T h e r e  w a s  no e v i d e n c e  o f  a c l u s t e r e d  o r  

r e g u l a r  d i s t r i b u t i o n .  I f  t h e  15 l o s t  p a i r s  a r e  added t o  

t h e  1978 p o p u l a t i o n  t o  e s t i m a t e  1928 p o p u l a t i o n ,  t h e  

d i s p e r s i o n  o f  t h e  l a t t e r  p o p u l a t i o n  a l s o  i s  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  f rom random ( G - t e s t  f o r  goodness  of  

f i t ,  d . f .  = 3 ;  c a l c u l a t e d  v a l u e  = 2 . 5 7 ,  c r i t i c a l  v a l u e  = 

7 . 6 1 ,  P  r 0 . 0 5 ) .  

The median d i s t a n c e  of a c t i v e  p a i r s  t o  t h e  P a c i f i c  

Coas t  was 29 km, w i t h  a  r a n g e  of 3 t o  5 1  km. I n  1928 

t h e  median d i s t a n c e  f rom t h e  c o a s t  w a s  26 km, w i t h  a  

r a n g e  of  0 .8  t o  5 1  km. The re  was no s i g n i f i c a n t  change 

from 1928 t o  1978 i n  t h e  d i s t r i b u t i o n  of  e a g l e  p a i r s  

r e l a t i v e  t o  t h e  c o a s t  (Kolmogorov-Smirnov c o n t i n g e n c y  

t e s t ,  n  = 3 0 ,  m = 4 6 ,  P  > 0 . 0 5 ) .  



B r e e d i n g  P a i r s  L o s t  
f rom t h e  S t u d y  A r e a  

S i x t e e n  n e s t i n g  p a i r s  a c t i v e  i n  1928 had  d i s -  

a p p e a r e d  by  1978.  I n  e i g h t  c a s e s  (H2, H4, H5, H6, H7, 

H9, H 1 4 ,  H16) p a i r s  w e r e  a b s e n t  f rom b o t h  t h e  n e s t  a r e a s  

a n d  t h e  h i s t o r i c a l  home r a n g e s  as d e f i n e d  by Dixon 

( 1 9 3 7 ) .  I n  two o t h e r  c a s e s  (HI5 and  H17) p a i r s  d i s -  

a p p e a r e d  from n e s t  a r e a s  and  t h e  s u r r o u n d i n g  a r e a s  t h a t  

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

c a s e s ,  however ,  a  p o r t i o n  of  t h e  h i s t o r i c a l  home r a n g e  

as e s t i m a t e d  b y  Dixon ( 1 9 3 7 )  and  n e s t  a r e a s  h a d  been  

i n c o r p o r a t e d  i n t o  t h e  home r a n g e  o f  a d j o i n i n g  p a i r s  

( H I  + A2, H3 + A8, H l O  + A10, H13 + A 3 0 ) .  Two p a i r s  

( H I 1  and  H12) a p p e a r e d  t o  have been  l o s t ' f r o m  t h e  b r e e d -  

i n g  p o p u l a t i o n ,  b u t  p a i r e d  i n d i v i d u a l s  s t i l l  a p p e a r e d  

o c c a s i o n a l l y  n e a r  t h e  h i s t o r i c a l  n e s t  a r e a s .  P a i r  H12 

may have  b r e d  d u r i n g  t h e  s t u d y  p e r i o d ,  b u t  d i d  n o t  u s e  

any  o f  t h e i r  t r a d i t i o n a l  n e s t  a r e a s .  

P a i r  A9 d i s a p p e a r e d  d u r i n g  1980 and  no p a i r  was 

p r e s e n t  i n  t h i s  home r a n g e  a f t e r  t h a t  t i m e .  I t  was 

assumed t h a t  t h i s  p a i r  was l o s t  f rom t h e  p o p u l a t i o n .  

H i s t o r y  of  P o p u l a t i o n  Change 

The n o t e s  and  r e c o l l e c t i o n s  o f  e g g  c o l l e c t o r s  

s u g g e s t  t h a t  f o u r  p a i r s  o f  Golden E a g l e s  were  l o s t  

b e f o r e  1950 ,  two between 1950 a n d  1960,  s e v e n  be tween  



1960 and  1 9 7 0 ,  a n d  one p a i r  be tween  1970 and  1978 

( F i g u r e  6 ) .  T h e r e  w a s  no  way t o  d e t e r m i n e  t h e  decade  

d u r i n g  wh ich  t h e  two o t h e r  p a i r s  d i s a p p e a r e d .  One p a i r  

s t o p p e d  b r e e d i n g  be tween  1970 and  1978 ,  b u t  remained  

w i t h i n  t h e i r  home r a n g e  t h r o u g h o u t  t h e  s t u d y .  

The d a t e s  a n d  s e q u e n c e  o f  abandonment a r e  rela-  

t i v e l y  u n c e r t a i n  f o r  t h e  y e a r s  1928 t o  1950 .  By t h e  

t i m e  o f  D i x o n ' s  ( 1 9 3 7 )  s t u d y ,  deve lopment  had a l r e a d y  

begun t o  e n c r o a c h  upon two p a i r s  on t h e  c o a s t  ( H 4  and  

H5) and  o n e  p a i r  i n  t h e  f o o t h i l l s  ( H 1 4 ) .  These  p a i r s  

and  a  f o u r t h  p a i r  n o r t h  o f  Escond ido  ( H 3 ) ,  may have been  

l o s t  p r i o r  t o  1950 .  Dur ing  t h e  1 9 5 0 ' s  a t  l e a s t  two 

p a i r s  w e r e  l o s t  f rom t h e  f o o t h i l l s :  p a i r  H2 i n  t h e  

n o r t h  a n d  p a i r  H16 i n  t h e  s o u t h .  B y  t h e  e n d  o f  t h e  

1 9 5 0 ' s  s i x  p a i r s  had  b e e n  l o s t  f rom t h e  p o p u l a t i o n :  two 

a l o n g  t h e  c o a s t ,  two i n  t h e  n o r t h e r n  f o o t h i l l s  and two 

i n  t h e  s o u t h e r n  f o o t h i l l s .  

I n  1960 t h e  w e s t e r n  edge  o f  t h e  e a g l e  p o p u l a t i o n  

c o n s i s t e d  o f  t w e l v e  p a i r s :  s i x  r i n g i n g  m e t r o p o l i t a n  San 

Diego (H11,  H13, H15, A27, A29, and  A 3 0 ) ,  and  s i x  a l o n g  

t h e  w e s t e r n  edge  o f  t h e  f o o t h i l l s  ( H I ,  H6, H10, A l ,  A2, 

A16) .  Gaps i n  t h e  p o p u l a t i o n  had begun t o  a p p e a r  a round  

O c e a n s i d e ,  E s c o n d i d o ,  a n d  E l  Ca jon  ( F i g u r e  6 ) .  Th ree  

p a i r s  w e r e  l o s t  f rom t h e  c o a s t  be tween1960  and 1970: 

H I ,  H6, and  H10. T h r e e  p a i r s  a round  San  Diego ( H l l ,  



@ A c t i v e  a r e a s  

0 Abandoned areas 

S c a l e  1 : 1 2 0 , 0 0 0  

F i g .  6 .  D i s t r i b u t i o n a l  c h a n g e s  i n  t h e  G o l d e n  E a g l e  
p o p u l a t i o n  o f  w e s t e r n  S a n  D i e g o  C o u n t y  f r o m  1 9 3 0  t o  
1 9 8 0 .  



H13, and  H15) c e a s e d  b r e e d i n g  a c t i v i t y ,  w i t h  p a i r s  H13 

and  H15 a b a n d o n i n g  t h e i r  t e r r i t o r i e s  p r i o r  t o  1970 .  

P a i r  A 2 9  l o s t  most  o f  i t s  n e s t i n g  areas b u t  c o n t i n u e d  t o  

b r e e d ,  w h i l e  p a i r s  A27 and A30 r e m a i n e d  u n d i s t u r b e d .  

P a i r s  H9 a n d  H17 w e r e  l o s t  i n  t h e  f o o t h i l l s :  H9 i n  t h e  

n o r t h e r n  a g r i c u l t u r a l  a r e a s  and  H17 a t  t h e  e a s t e r n  e d g e  

of  a  d e v e l o p i n g  v a l l e y  i n  Poway. Thus ,  i t  a p p e a r s  t h a t  

s e v e n  p a i r s  w e r e  l o s t  f o r  t h e  s t u d y  a r e a  f rom 1960 t o  

1970. 

By 1970 e a g l e  p a i r s  had d i s a p p e a r e d  f rom a l l  

c o a s t a l  home r a n g e s  e x c e p t  A 1  and  A2 ( b o t h  on t h e  m i l i -  

t a r y  r e s e r v a t i o n  a n d  A16) .  Most home r a n g e s  a d j o i n i n g  

deve loped  l a n d s  h a d  been  abandoned ,  b u t  A3, A16, and  A29 

c o n t i n u e d  t o  h o l d  t e r r i t o r i e s  and b r e e d  i n t o  t h e  1 9 7 0 ' s .  

Abandonment o c c u r r e d  w i t h o u t  p a t t e r n  i n  t h e  n o r t h e r n  

f o o t h i l l s ,  however ,  w i t h  home r a n g e  l o s s e s  s c a t t e r e d  

t h r o u g h o u t  t h e  p o p u l a t i o n .  P a i r s  H2, H3, H9, and  H17 

d i s a p p e a r e d ,  b u t  t h e  a d j o i n i n g  home r a n g e s  r ema ined  

o c c u p i e d .  P a i r s  H7 and  H12 had d e v e l o p e d  i r r e g u l a r  

p a t t e r n s  o f  b r e e d i n g ,  even  though  t h e y  w e r e  f a r  eas t  o f  

deve loped  a r e a s .  

The D i s t a n c e  of N e s t i n g  P a i r s  
t o  F o c i  of  Human A c t i v i t v  

E i g h t  f o c i  o f  human a c t i v i t y  were r e c o g n i z e d  

( F i g u r e  5 ) .  T h e  median d i s t a n c e  f rom a c t i v e  p a i r s  



( 1 9 8 0 )  t o  t h e s e  f o c i  w a s  13 .0  km, w i t h  a  r a n g e  o f  3 .5  t o  

30 km. The median d i s t a n c e  between e a g l e  p a i r s  a n d  f o c i  

o f  human a c t i v i t y  i n  1928 w a s  12 .8  km, w i t h  a r a n g e  o f  

1 . 4  t o  30 km. A Kolmogorov-Smirnov c o n t i n g e n c y  t e s t  

showed no  s i g n i f i c a n t  d i f f e r e n c e  between t h e  d i s t r i b u -  

t i o n  of  t h e  1978 and  1928 p o p u l a t i o n s  i n  d i s t a n c e  f rom 

f o c i  of  human a c t i v i t y  ( n  = 2 8 ,  m = 39;  P > 0 . 0 5 ) .  

N e s t  Areas R e l a t i v e  t o  
V e g e t a t i o n  Types 

From 1977 t o  1981  n e s t i n g  p a i r s  o c c u r r e d  i n  . g r a s s -  

l a n d  ( n  = 1 ) ;  open s h r u b l a n d s  ( n  = 1 8 )  i n c l u d i n g  s a g e  

a n d  d e s e r t  s c r u b  ( n  = 4 ) ,  and  chamise  c h a p a r r a l  ( n  = 

1 4 ) ;  d e n s e  s h r u b l a n d s  (mixed  c h a p a r r a l )  ( n  = 1 8 ) ;  a n d  

woodlands  ( n  = 2 )  i n c l u d i n g  r i p a r i a n  woodlands  ( n  = 1) 

and  c o n i f e r o u s  f o r e s t  ( n  = 1 ) .  The d i s t r i b u t i o n s  of  

a c t i v e  p a i r s  among t h e  v e g e t a t i o n  t y p e s  w a s  s i g n i f i -  

c a n t l y  d i f f e r e n t  f rom random ( G - t e s t  f o r  goodness  o f  

f i t ,  d . f .  = 7 ;  c a l c u l a t e d  v a l u e  = 2 4 . 0 ,  c r i t i c a l  v a l u e  = 

1 4 . 1 ,  P < 0 . 0 5 ) .  I n c o n s i s t e n c i e s  o c c u r r e d  i n  t h e  h i g h  

number o f  p a i r s  n e s t i n g  i n  mixed c h a p a r r a l  a n d  t h e  pau-  

c i t y  of  p a i r s  o c c u r r i n g  i n  g r a s s l a n d  and  a g r i c u l t u r a l  

a r e a s .  

The d i s t r i b u t i o n  of  abandoned a r e a s  f o l l o w e d  a  p a t -  

t e r n  s i m i l a r  t o  t h a t  of  t h e  a c t i v e  p a i r s .  Abandoned 

n e s t  a r e a s  o c c u r r e d  i n  g r a s s l a n d  ( n  = 1 ) ;  open  



s h r u b l a n d s  ( n  = 2 1 )  i n c l u d i n g  s a g e  an& d e s e r t  s c r u b  

( n  = 5 ) ,  a n d  chamise  c h a p a r r a l  ( n  = 1 6 ) ;  d e n s e  s h r u b -  

l a n d s  ( m i x e d  c h a p a r r a l )  ( n  = 1 2 ) ;  and  woodlands ( n  = 2 )  

i n c l u d i n g  r i p a r i a n  woodlands  ( n  = 1) and  oak  woodlands 

( n  = 1 ) .  T h e r e  w e r e  f e w e r  n e s t s  i n  t h e  g r a s s l a n d s  and  

a g r i c u l t u r a l  a r e a s  and  more i n  chamise  and  mixed c h a p a r -  

r a l s  t h a n  would b e  e x p e c t e d  b y  t h e  p r o p o r t i o n s  o f  vege-  

t a t i o n  t y p e s  ( G - t e s t  f o r  goodness  o f  f i t ,  d . f .  = 7 ;  

c a l c u l a t e d  v a l u e  = 1 5 . 5 ,  c r i t i c a l  v a l u e  = 1 4 . 1 ,  P < 

0 . 0 5 ) .  

M u l t i v a r i a t e  a n a l y s e s  showed no  r e l a t i o n s h i p  

be tween  a r e a s  o f  v e g e t a t i o n  t y p e  and  t h e  number o f  p a i r s  

w i t h i n  1 5  m i n u t e  q u a d r a n g l e s  ( T a b l e  3 ) .  

N e s t  A r e a s  R e l a t i v e  
t o  F i r e  F r e a u e n c v  

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

c a t e g o r i e s  was 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  would b e  

e x p e c t e d  f r o m  a  random a s s o r t m e n t  o f  n e s t s  among t h e  

p r o p o r t i o n s  o f  e a c h  f i r e  c a t e g o r y  ( G - t e s t  f o r  goodness  

o f  f i t ,  d . f .  = 3 ;  c a l c u l a t e d  v a l u e  o f  1 8 . 3 0 ,  c r i t i c a l  

v a l u e  o f  7 . 6 1 ,  P < 0 . 0 5 ,  T a b l e  4 ) .  Nest a r e a s  w i t h  f i r e  

f r e q u e n c i e s  g r e a t e r  t h a n  one  w e r e  more common t h a n  

e x p e c t e d ,  w h i l e  n e s t  a r e a s  w i t h  f i r e  f r e q u e n c i e s  o f  z e r o  

w e r e  less  common t h a n  e x p e c t e d .  



T a b l e  3 .  The p r o p o r t i o n s  of v e g e t a t i o n  and l a n d - u s e  a r e a s  of t h e  Golden 
E a g l e  s t u d y  a r e a  i n  w e s t e r n  San Diego County by 1 5  m i n u t e  q u a d r a n g l e s .  

San Diego 
County Open Dense Eagles  

Quadrang le  Subur- Agr i -  Grass-  Shrub- Shrub-  Wood- p e r  
Number ban c u l t u r e  l a n d  l a n d  l a n d  l a n d  Quad. 

4 

8 

9  

1 0  

1 3  

14 

1 5  

1 6  

1 9 i  

2 1 i  

T o t a l  

"Complete d a t a  u n a v a i l a b l e  f o r  t h e  q u a d r a n g l e .  

T ~ u a n d r a n ~ l e  20 was d i v i d e d  between q u a d r a n g l e s  1 9  and 2 1  s o  t h a t  t h e  
r e s u l t i n g  a r e a s  would e q u a l  t h e  o t h e r  11 quads .  



Table  4 .  The f r e q u e n c y  o f  f i r e s  a t  n e s t  areas i n  
w e s t e r n  S a n  Diego  C o u n t y  f r o m  1920  t o  1980  a n d  o v e r  t h e  
e n t i r e  s t u d y  area. No area b u r n e d  i n  more  t h a n  t h r e e  o f  
t h e  s i x  d e c a d e s .  

F i r e  F r e q u e n c y  N e s t  A r e a s  P r o p o r t i o n  i n  
c a t e g o r i e s *  A c t i v e  Abandoned S t u d y  A r e a  

*Number of decades i n  w h i c h  t h e  area b u r n e d  b e t w e e n  
1920  a n d  1980  (Krausmann 1 9 8 1 ) .  



Nest Areas R e l a t i v e  t o  
~ o ~ o g r a p h i c  H e t e r o g e n e i t y  

The f r e q u e n c y  d i s t r i b u t i o n  o f  s e c t i o n s  w i t h  n e s t  

a r e a s  ( a c t i v e  a n d  abandoned)  v a r i e d  s i g n i f i c a n t l y  f rom 

t h e  d i s t r i b u t i o n  t h a t  would b e  e x p e c t e d  f rom t h e  

f r e q u e n c i e s  o f  randomly  s e l e c t e d  s e c t i o n s  (Kolmogorov- 

Smirnov t e s t ;  n  = 7 4 ,  P < 0 . 0 1 ) .  I n  a d d i t i o n ,  t h e  f r e -  

quency d i s t r i b u t i o n  o f  abandoned n e s t  a r e a s  ( n  = 3 5 )  was 

s i g n i f  i c&t ly  d i f f e r e n t  t h a n  t h e  f r e q u e n c y  d i s t r i b u t i o n  

o f  a c t i v e  n e s t  a r e a s  (Kolmogorov-Smirnov t e s t ,  P < 0 .01 ,  

n  = 3 5 ) ,  w i t h  t h e  abandoned a r e a s  o c c u r r i n g  more f r e -  

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

( T a b l e  5 ) -  

relations hi^ be tween  N e s t  
A r e a s ,  Topography and  V e g e t a t i o n  

V e g e t a t i o n  t y p e  w a s  r e c o r d e d  w i t h  t h e  i n d e x  of  

t o p o g r a p h i c  h e t e r o g e n e i t y  i n  360 t o w n s h i p  a n d  r a n g e  sec- 

t i o n s  ( T a b l e  6 ) .  The 74 s e c t i o n s  w i t h  n e s t  a r e a s  showed 

a s i m i l a r  p a t t e r n  of  h i g h e r  i n d i c e s  i n  mixed and  chamise  

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

t y p e s .  The n e s t  a r e a  s e c t i o n s ,  however ,  had  a  h i g h e r  

i n d e x  of  t o p o g r a p h i c  h e t e r o g e n e i t y  t h a n  t h e  randomly 

s e l e c t e d  s e c t i o n s  when b o t h  g roups  w e r e  s t r a t i f i e d  by  

v e g e t a t i o n  t y p e .  Mixed c h a p a r r a l  and chamise  c h a p a r r a l  

w e r e  t h e  o n l y  v e g e t a t i o n  s t r a t a  w i t h  s u f f i c i e n t  sample  



T a b l e  5 .  F r e q u e n c i e s  o f  t o p o g r a p h i c  i ndex*  i n  t o w n s h i p  
and  r a n g e  s e c t i o n s  w i t h  Golden E a g l e  n e s t  areas and  
s e c t i o n s  chosen  a t  random i n  w e s t e r n  S a n  Diego County .  

N e s t  A r e a  F r e q u e n c i e s  
T o p o g r a p h i c  Random 
I n d e x  V a l u e  A c t i v e  Abandoned Combined Sample  

T o t a l  

*Topograph ic  i n d e x  was b a s e d  on t h e  number o f  con- 
t o u r  l i n e s  i n t e r s e c t i n g  two p e r p e n d i c u l a r  l i n e s  (1.6'km 
l o n g )  drawn t h r o u g h  e a c h  t o w n s h i p  and  r a n g e  s e c t i o n .  

i ~ e d i a n  v a l u e  o f  t h e  s a m p l e  g r o u p .  



Table  6 .  Topographic index* r e l a t i v e  t o  v e g e t a t i o n  t y p e s  i n  w e s t e r n  San 
Diego County. 

Number of S e c t i o n s  p e r  V e g e t a t i o n  Type 

Topographic I n l a n d  Chamise Mixed 
Index G r a s s l a n d s  A g r i c u l t u r e  Sage Scrub  C h a p a r r a l  C h a p a r r a l  

0  
1 
2 
3  
4  
5  
6 
7  
8  
9  

10 
11 
12 
13 
14 
15 
16 
1 7  
18 
19 
2 0  
2 1 

T o t a l  

*Topographic index  was based on t h e  number of c o n t o u r  l i n e s  i n t e r s e c t -  
i n g  two p e r p e n d i c u l a r  l i n e s  ( 1 . 6  km l o n g )  drawn t h r o u g h  e a c h  township  and 
range  s e c t i o n .  

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



s i z e s  t o  compare t h e  t o p o g r a p h i c  i n d e x  of  s e c t i o n s  w i t h  

n e s t s  t o  t h e  s e c t i o n s  s e l e c t e d  a t  random from t h a t  vege-  

t a t i o n  t y p e .  The d i s t r i b u t i o n  o f  s e c t i o n s  w i t h  n e s t s  

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

t h e  d i s t r i b u t i o n  o f  s e c t i o n s  chosen  a t  random w i t h i n  t h e  

mixed c h a p a r r a l  v e g e t a t i o n  t y p e  (Kolmolgorov-Smirnov 

c o n t i n g e n c y  t e s t ;  m = 3 0 ,  n  = 4 5 ,  P < 0 .025)  b u t  n o t  

w i t h i n  t h e  chamise  c h a p a r r a l  (same t e s t ,  m = 3 0 ,  n  = 4 5 ,  

P > 0 . 0 5 ) .  

N e s t  Areas and  
H a b i t a t  Change 

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

s i t e s  f o r  Golden E a g l e s  i n  San  Diego County ,  a l t h o u g h  

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

c o a s t a l  t e r r a c e  a n d  i n  t h e  t rees  a l o n g  t h e  s t e e p  canyons  

o f  t h e  f o o t h i l l s  a n d  moun ta ins .  The n e s t  c l i f f s  i n  t h e  

s t u d y  a r e  t y p i c a l l y  t a l l e r  t h a n  15 m b u t  se ldom e x c e e d  

150 m .  

One hundred  and  e l e v e n  n e s t  a r e a s  w e r e  examined:  39 

were c l a s s i f i e d  as n a t i v e ;  35 abandoned;  1 3  c o u l d  n o t  b e  

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

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

abandoned g roup ;  and  17 a r e a s  c o u l d  n o t  be  u sed  b e c a u s e  

t h e r e  w e r e  n o t  enough d a t a  f o r  an  e x a c t  l o c a t i o n .  N e s t  

s i t e s  o c c u r r e d  i n  t rees  ( 1 8 . 9  p e r c e n t ) ,  s e d i m e n t a r y  



c l i f f s  ( 8 . 0  p e r c e n t ) ,  a n d  g r a n i t i c  c l i f f s  ( 7 3 . 1  p e r -  

c e n t )  . 

V e u e t a t i o n  

V e g e t a t i o n  was mapped a t  9  a b a n d o n e d  areas a n d  8  

a c t i v e  areas ,  b o t h  f o r  1928  a n d  1 9 7 8 .  The  areas o f  d i f -  

f e r e n t  v e g e t a t i o n  t y p e s  a r o u n d  a b a n d o n e d  n e s t s  w e r e  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  f r o m  t h o s e  a r o u n d  a c t i v e  n e s t  

areas for" a n y  o f  t h e  e i g h t  v e g e t a t i o n  t y p e s  (Mann- 

W h i t n e y  U t e s t ,  P > 0 . 0 5 ) .  F u r t h e r m o r e ,  o n l y  two  cate-  

g o r i e s ,  r u r a l  a n d  s u b u r b a n ,  showed 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  1 9 2 8  a n d  t h e  1978  s a m p l e s  a r o u n d  

a b a n d o n e d  n e s t  areas (Mann-Whitney U t e s t ,  0 . 0 2 5  > P > 

0 . 0 1  f o r  t h e  r u r a l  c o m p a r i s o n ,  a n d  0 . 0 1  > P > 0 . 0 0 1  f o r  

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

H a b i t a t  A l t e r a t i o n  Above 
a n d  Below N e s t  A r e a s  

H a b i t a t  a l t e r a t i o n  a b o v e  a b a n d o n e d  n e s t  areas w a s  

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  f r o m  t h a t  a b o v e  ac t ive  areas 

( T a b l e  7 ) .  T h i r t y - t h r e e  ( 8 5  p e r c e n t )  o f  t h e  a c t i v e  

g r o u p  a n d  29 ( 8 3  p e r c e n t )  o f  t h e  a b a n d o n e d  g r o u p  h a d  

less t h a n  4 1  h a  a l t e r e d  a b o v e  n e s t  areas a n d  w i t h l n  1 . 6  

km. O n l y  o n e  n e s t  area f r o m  each g r o u p  h a d  more  t h a n  

202 h a  o f  a l t e r a t i o n  a b o v e  n e s t  a reas .  



H a b i t a t  a l t e r a t i o n  below n e s t  a r e a s  w a s  s i g n i f i -  

c a n t l y  d i f f e r e n t  be tween  a c t i v e  a r e a s  a n d  abandoned  

a r e a s  ( T a b l e  7 ) .  The median s c o r e  o f  t h e  act ive areas 

was z e r o  m of  a l t e r a t i o n ,  w h i l e  t h e  median o f  abandoned  

a r e a s  was 3 1  h a .  Twen ty -e igh t  ( 7 2  p e r c e n t )  o f  t h e  

a c t i v e  a r e a s  had less  t h a n  3 1  h a  o f  a l t e r e d  h a b i t a t .  

Only  17 ( 4 9  p e r c e n t )  o f  t h e  abandoned a r e a s  had  less 

t h a n  3 1  h a  o f  a l t e r a t i o n  be low n e s t  a r e a s .  The p r i m a r y  

d i f f e r e n c e  be tween  t h e  two g r o u p s  w a s  t h e  h i g h  number o f  

a c t i v e  a r e a s  w i t h  no a l t e r a t i o n ,  a l t h o u g h  a l t e r a t i o n  a t  

two a c t i v e  areas exceeded  t h a t  a t  n e a r l y  a l l  abandoned  

a r e a s .  

P r o x i m i t y  o f  D i s t u r b a n c e  

The d i s t r i b u t i o n  o f  d i s t a n c e s  f rom n e s t  area t o  

c l o s e s t  s t r u c t u r e  i n  t h e  abandoned g r o u p  w a s  s im i l a r  t o  

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

d i f f e r e n c e  be tween  t h e  two d i s t r i b u t i o n s  c o u l d  b e  p r e -  

d i c t e d  by  chance  a l o n e .  The same s i t u a t i o n  w a s  t r u e  i n  

1928;  t h e  d i f f e r e n c e  c o u l d  b e  a t t r i b u t e d  t o  c h a n c e  

a l o n e .  Bo th  g r o u p s ,  however ,  showed s i g n i f i c a n t  s h i f t s  

i n  d i s t r i b u t i o n  o f  d i s t a n c e  f rom 1928 t o  1 9 7 8 ,  w i t h  

s t r u c t u r e s  c l o s e r  t o  n e s t  a r e a s  i n  1978 t h a n  i n  1928 

( T a b l e  8 ) .  E l even  ( 3 1  p e r c e n t )  of  t h e  abandoned  areas 

and  s i x  ( 1 5  p e r c e n t )  of  t h e  a c t i v e  a r e a s  showed no 



T a b l e  7 .  H a b i t a t  a l t e r a t i o n  w i t h i n  1 . 6  km o f  Golden 
E a g l e  n e s t  a r e a s  i n  w e s t e r n  San  Diego Coun ty .  

H a b i t a t  A l t e r a t i o n  i n  H e c t a r e s  

A c t i v e  Abandoned S t a t i s t i c a l  
N e s t  Areas  N e s t  Areas S i g n i f i c a n c e *  

Above Nests 

Median 0 0 P>0.05 

Range , 0 t o  103 0 t o  685 
I 

Below Nests 

Median 0 23 0.05>P>0.025 

Range 0 t o  213 0 t o  460 

*Kolmolgorov-Smirnov c o n t i n g e n c y  t e s t .  



T a b l e  8 .  The d i s t a n c e  ( m )  f rom Golden E a g l e  n e s t  a r e a s  
t o  s o u r c e s  o f  d i s t u r b a n c e  i n  w e s t e r n  San  Diego County .  

Sample 
Group 

S t a t i s t i c a l  
Median Range S i g n i f i c a n c e *  

S t r u c t u r e s  

1 9 7 8  A c t i v e  9 1 5  5  t o  > 3 0 0 0  
0 . 0 5 > P > 0 . 0 2 5  

1 9 7 8  Abandoned 5 5 0  9 0  t o  > 3 0 0 0  
P ( 0 . 0 2 5  

1 9 2 8  Abandoned 1 0 3 5  2 4 0  t o  > 3 0 0 0  
0 . 0 5 > P > 0 . 0 2 5  

1 9 2 8  A c t i v e  1 3 1 0  1 5 0  t o  > 3 0 0 0  

P a t h s  

1 9 7 8  A c t i v e  24 5  0  t o  7 9 0  
0 . 0 5 > P > 0 . 0 2 5  

1 9 7 8  Abandoned 1 2 5  0  t o  5 5 0  
P ( 0 . 0 2 5  

1 9 2 8  Abandoned 3 6 5  6 0  t o  8 2 0  
P > 0 . 0 5  

1 9 2 8  A c t i v e  3 0 5  6 0  t o  1 5 2 0  

P a s s a b l e  Road 

1 9 7 8  A c t i v e  4 2 5  0  t o  1 8 3 0  
O.O5>P> 0 . 0 2 5  

1 9 7 8  Abandoned 245  0  t o  6 8 0  
PC 0 . 0 2 5  

1 9 2 8  Abandoned 4 9 0  60  t o  2 7 5 0  
P C 0 . 0 2 5  

1 9 2 8  A c t i v e  7 0 0  6 0  t o  2130  

"Based o n  Kolmogorov-Smirnov c o n t i n g e n c y  t e s t .  



T a b l e  8 .  C o n t i n u e d .  i 

S amp l e  
Group 

S t a t i s t i c a l  
Median Range S i g n i f i c a n c e  

Major  Roads 

1 9 7 8  A c t i v e  1 4 6 0  30  t o  > 3 0 0 0  
P > 0 . 0 5  

1 9 7 8  Abandoned 730  0  t o  > 3 0 0 0  
P t 0 . 0 2 5  

1 9 2 8  Abandoned > 3 0 0 0  1 8 0  t o  > 3 0 0 0  
I P t 0 . 0 2 5  

1 9 2 8  A c t i v e  > 3 0 0 0  > 3 0 0 0  



change  i n  t h e  d i s t a n c e  t o  n e a r e s t  s t r u c t u r e .  E i g h t  ( 2 3  

p e r c e n t )  o f  t h e  abandoned  a r e a s  and  t h r e e  ( 1 7  p e r c e n t )  

of t h e  a c t i v e  a r e a s  had no s t r u c t u r e s  w i t h  t h e  d e f a u l t  

d i s t a n c e  (3000  m )  i n  1928 .  These  f i g u r e s  d r o p p e d  t o  one  

( 3  p e r c e n t )  and t h r e e  ( 8  p e r c e n t ) ,  r e s p e c t i v e l y ,  i n  

1978.  

d o u s e s  w e r e  t h e  most  commonly r e c o r d e d  s t r u c t u r e s  

( 7 9  p e r c e n t  o f  a l l  s ample  u n i t s ) ;  o t h e r  t y p e s  o f  s t r u c -  

t u r e s  i n c l u d e d  p u b l i c  f a c i l i t i e s  s u c h  a s  p a r k  a n d  m i l i -  

t a r y  b u i l d i n g s  (11 p e r c e n t  of  t o t a l ) ;  c a p i t a l  f a c i l i t i e s  

(dams,  pumping s t a t i o n s ,  9 p e r c e n t  of t o t a l ) ;  a n d  one  

commerc ia l  s t r u c t u r e  ( s t o r e ,  1 p e r c e n t ) .  Active and 

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

of n e a r e s t  s t r u c t u r e .  N e a r l y  a l l  ( 9 1  p e r c e n t )  o f  t h e  

h i s t o r i a l  a r e a s  had  a  house  a s  t h e  c l o s e s t  s t r u c t u r e ;  

c a p i t a l  f a c i l i t i e s  w e r e  t h e  o n l y  o t h e r  t y p e  o f  s t r u c -  

t u r e s  w i t h  9  p e r c e n t  o f  t h e  t o t a l .  

P a t h s  were d i s t r i b u t e d  s i g n i f i c a n t l y  f a r t h e r  f rom 

a c t i v e  n e s t  a r e a s  t h a n  t h e y  w e r e  f rom abandoned n e s t  

a r e a s .  The re  was a  s i g n i f i c a n t  s h i f t  i n  t h e  d i s t r i b u -  

t i o n  of  b o t h  t h e  a c t i v e  g roup  a n d  t h e  abandoned  g r o u p  

between 1928 and 1978;  i n  b o t h  c a s e s ,  p a t h s  w e r e  s i g n i f -  

i c a n t l y  c l o s e r  t o  n e s t  a r e a s  i n  1978 t h a n  t h e y  had  been  

i n  1928.  I n  1928 t h e  d i s t r i b u t i o n s  of p a t h s  i n  t h e  



a c t i v e  g roup  was 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  f rom t h e  

abandoned g roup .  

Twenty-s ix  ( 6 7  p e r c e n t )  of  t h e  a c t i v e  g roup  and 3 3  

( 9 4  p e r c e n t )  of t h e  abandoned g roup  were w i t h i n  3 0 5  m o f  

p a t h s  i n  1978 .  I n  1928 t h e s e  f i g u r e s  w e r e  16 ( 5 3  p e r -  

c e n t )  f o r  t h e  a c t i v e  group  and  15 ( 4 3  p e r c e n t )  f o r  t h e  

abandoned g roup .  

P a s s a b l e  r o a d s  w e r e  d i s t r i b u t e d  s i g n i f i c a n t l y  
' 

f a r t h e r  f rom t h e  a c t i v e  n e s t s  t h a n  t h e y  w e r e  f rom aban-  

doned a r e a s  i n  1978 .  P a s s a b l e  r o a d s  w e r e  s i g n i f i c a n t l y  

c l o s e r  t o  b o t h  g r o u p s  i n  1978 t h a n  t h e y  had  been  i n  

1928.  I n  1928 ,  t h e  d i s t r i b u t i o n s  o f  t h e  two g r o u p s  w e r e  

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  i n  t h e i r  d i s t a n c e  t o  p a s s -  

a b l e  r o a d s  ( T a b l e  8 ) .  

Major  r o a d s  w e r e  s i g n i f i c a n t l y  f a r t ' h e r  away from 

a c t i v e  a r e a s  t h a n  t h e y  were from abandoned a r e a s .  Major  

r o a d s  w e r e  s i g n i f i c a n t l y  c l o s e r  t o  b o t h  g r o u p s  i n  1978 

t h a n  t h e y  had  been  i n  1928.  No tes ts  w e r e  r u n  on t h e  

d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  o f  t h e  two g r o u p s  i n  1928 

b e c a u s e  a l l  c a s e s  i n  b o t h  g roups  were beyond t h e  d e f a u l t  

l e v e l  o f  3 0 0 0  m ( T a b l e  8 ) .  

E l e v a t i o n  of  N e s t  Areas  
R e l a t i v e  t o  D i s t u r b a n c e  

E l e v a t i o n  o f  n e s t  a r e a s  above s o u r c e s  o f  human d i s -  

t u r b a n c e  was 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  f o r  a c t i v e  and 



abandoned  a r e a s  ( T a b l e  9 ) .  The c o m b i n a t i o n  o f  d i s t a n c e  

a n d  t h e  a n g l e  be tween  n e s t s  a n d  d i s t u r b a n c e  a l s o  showed 

no  s i g n i f i c a n t  d i f f e r e n c e  f o r  a c t i v e  and  abandoned n e s t  

areas. 

D i s t u r b a n c e  I n t e n s i t y  

Only  6 a c t i v e  a r e a s  and  11 abandoned a r e a s  had  any  

s t r u c t u r e s  w i t h i n  t h e  455 m.  The median number o f  

s t r u c t u r e s  f o r  t h e  6  a c t i v e  a r e a s  was 1; t h e  median f o r  

t h e  11 abandoned a r e a s  w a s  1 . 5 .  Only  2  abandoned  areas 

a n d  1 a c t i v e  a r e a  had  a n y  s t r u c t u r e s  above  them c l o s e r  

t h a n  455 m .  

A c t i v e  a r e a s ,  as a g r o u p ,  had s i g n i f i c a n t l y  f e w e r  

d w e l l i n g  u n i t s  w i t h i n  1 .6  km t h a n  abandoned n e s t  a r e a s  

( T a b l e  1 0 ) .  T h e r e  w e r e  s i g n i f i c a n t l y  more d w e l l i n g  

u n i t s  a r o u n d  b o t h  a c t i v e  and  abandoned areas i n  1978 

t h a n  t h e r e  had been  i n  1928 .  I n i t i a l l y  ( 1 9 2 8 ) ,  t h e r e  

was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  numbers o f  

d w e l l i n g  u n i t s  a r o u n d  members o f  t h e  two g r o u p s .  

Human p o p u l a t i o n  d a t a  w e r e  o n l y  a v a i l a b l e  f o r  t h e  

more d e n s e l y  p o p u l a t e d  areas o f  t h e  c o u n t y .  These  

i n c l u d e d  o n l y  1 7  a c t i v e  a n d  13  abandoned areas i n  t h e  

w e s t e r n  h a l f  o f  t h e  s t u d y  area. 

The abandoned g r o u p  had  s i g n i f i c a n t l y  h i g h e r  number 

o f  p e r s o n s  l i v i n g  w i t h i n  a  4 .8  km r a d i u s  o f  n e s t  a r e a s  



T a b l e  9 .  R e s u l t s  o f  Mann-Whitney U-tests compar ing  
d i s t a n c e s  t o  d i s t u r b a n c e  ( m )  and  e l e v a t i o n  above  
d i s t u r b a n c e  ( m )  f o r  a c t i v e  and  abandoned  areas i n  1978.* 

S o u r c e  o f  D i s t a n c e  x 
D i s t u r b a n c e  D i s t a n c e  E l e v a t i o n  ~ r c t a n g e n t  

S t r u c t u r e s  

P a t h s  
f 

P a s s a b l e  Roads 

Major  Roads 

*P < 0 . 0 5  are marked by "t"; P > 0 . 0 5  by  "-". 



T a b l e  1 0 .  D i s t u r b a n c e  i n t e n s i t y  a r o u n d  G o l d e n  E a g l e  n e s t  areas i n  
w e s t e r n  S a n  D i e g o  C o u n t y .  

D i s t u r b a n c e  
M e a s u r e  

Nest Areas 
S t a t i s t i c a l  

Active Abandoned S i g n i f i c a n c e *  

D w e l l i n g  U n i t s  

Median  
I 

Range 

Human P o p u l a t i o n  
w i t h i n  4 . 8  km 

Median  2 , 0 0 0  8 , 0 0 0  P ( 0 . 0 2 5  

Range 1 0 0  t o  3 2 , 0 0 0  600 t o  4 6 , 5 0 0  

Human P o p u l a t i o n  
w i t h i n  8 . 0  km 

Median 2 3 , 0 0 0  4 1 , 0 0 0  P > 0 . 0 5  

Range 1 0 0  t o  6 1 , 0 0 0  1 5 , 0 0 0  t o  1 2 , 7 0 0  

*Kolmolgorov-Smirnov  c o n t i n g e n c y  t e s t .  



t h a n  t h e  a c t i v e  g roup .  The change  ( f r o m  1928 t o  1 9 7 8 )  

i n  t h e  number o f  p e r s o n s  l i v i n g  w i t h i n  4 . 8  km o f  aban-  

doned a r e a s  was a l s o  s i g n i f i c a n t ,  as w a s  t h e  change  

a round  t h e  a c t i v e  g roup  ( T a b l e  1 0 ) .  

The re  w a s  no s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  two 

g roups  i n  t h e  number of  p e r s o n s  l i v i n g  w i t h i n  a  8 .0  km 

r a d i u s  o f ,  n e s t  a r e a s ,  a l t h o u g h  t h e  human p o p u l a t i o n  

a round  a r e a s  i n  b o t h  g roups  changed  s i g n i f i c a n t l y  

between 1928 and  1978.  

Changes i n  N e s t  S i t e  L o c a t i o n s  
w i t h - i n  Home Ranaes  

I n  1978 15 p a i r s  u sed  t h e  same p r i m a r y  n e s t  a r e a  

t h a t  t h e i r  p r e d e c e s s o r s  u s e d  i n  1928 ,  w h i l e  11 p a i r s  

showed some change  i n  n e s t  a r e a .  F o r  1 3  p a i r s  d a t a  w e r e  

i n s u f f i c i e n t  t o  d e t e r m i n e  i f  c h a n g e  had  o c c u r r e d .  E i g h t  

of  t h e  p a i r s  t h a t  d i s a p p e a r e d  be tween  1928 and  1978 

showed change  i n  n e s t  a r e a s  p r i o r  t o  l e a v i n g  t h e  p o p u l a -  

t i o n ;  f o r  e i g h t  a r e a s  r e c o r d s  w e r e  i n s u f f i c i e n t  t o  

d e t e r m i n e  i f  change  had o c c u r r e d .  

Change i n  t h e  n e s t  a r e a s  w a s  e v i d e n t  i n  two ways: 

(1)  s h i f t  i n  t h e  l o c a t i o n  o f  t h e  p r i m a r y  n e s t  a r e a  o r  

( 2 )  n e s t  a r e a  abandonment.  S e v e n  a c t i v e  p a i r s  abandoned 

a l l  o r  p a r t  o f  t h e i r  n e s t  a r e a s .  The mos t  ex t r eme  c a s e s  

i n v o l v e d  p a i r s  A 1 6  and A29, wh ich  abandoned  a l l  n e s t  

a r e a s .  P a i r s  A 8  and  A17 abandoned  a l l  e x c e p t  t h e i r  



p r i m a r y  n e s t  a r e a .  The r e m a i n i n g  t h r k e  p a i r s  abandoned 

a t  l e a s t  one n e s t  a r e a  e a c h ,  b u t  r e t a i n e d  more t h a n  one 

n e s t  a r e a .  

S i x  p a i r s  showed a  c o m b i n a t i o n  of  n e s t  abandonment 

and  a s h i f t  i n  t h e  l o c a t i o n  o f  t h e  p r i m a r y  n e s t  l o c a -  

t i o n .  P a i r  A10 i n c o r p o r a t e d  t h e  home r a n g e  of  H l O ,  and  

t h e  p r i m a r y  n e s t  a r e a  was r e l o c a t e d  on t h e  e d g e  of  t h e  

two home r a n g e s .  P a i r  A3 moved i t s  p r i m a r y  n e s t  l o c a -  

t i o n  from t h e  s o u t h  t o  t h e  n o r t h  s i d e  of a  b r o a d  r i v e r  

v a l l e y ,  e s t a b l i s h i n g  t h e  new a r e a  on a  c l i f f  t h a t  had  

b e e n  p r e v i o u s l y  u s e d  b y  n e s t i n g  p e r e g r i n e  f a l c o n s  ( F a l c o  

p e r e g r i n u s ) .  P a i r  A4 a l s o  t o o k  o v e r  t h e  n e s t  c l i f f  o f  a 

p a i r  o f  P e r e g r i n e  F a l c o n s ;  b u t  i t s  f o r m e r  p r i m a r y - n e s t  

a r e a  i s  unknown. The b e s t  documented case o f  movement 

of  t h e  p r i m a r y  n e s t  a r e a  o c c u r r e d  w i t h  p a i r  A13, wh ich  

moved t w i c e  d u r i n g  t h e  s t u d y  p e r i o d  a s  deve lopmen t  con-  

sumed i t s  n e s t  a r e a s .  T h i s  p a i r  moved i t s  n e s t  a r e a  

1100 m a c r o s s  a  wide v a l l e y  o n t o  t h e  l a r g e s t  moun ta in  i n  

t h e  v i c i n i t y .  L a t e r ,  t h i s  p a i r  s h i f t e d  t h e  n e s t  a r e a  

153 m upward i n  e l e v a t i o n  and  1120 m i n  d i s t a n c e .  . P a i r  

A9 moved a p p r o x i m a t e l y  795 m up a  canyon,  g a i n i n g  122 m 

i n  e l e v a t i o n ,  t o  a  new p r i m a r y  n e s t  a r e a .  

Four p a i r s  a p p e a r e d  t o  have  s h i f t e d  t h e i r  p r i m a r y  

n e s t  a r e a  p r i o r  t o  t h e  c o m p l e t e  abandonment o f  t h e  home 

r a n g e .  The c l i f f  where p a i r  A5 n e s t e d  was q u a r r i e d  i n  



t h e  1 9 3 0 1 s ,  f o r c i n g  t h e  p a i r  t o  s h i f t '  t h e i r  p r i m a r y  n e s t  

l o c a t i o n  t o  a d j a c e n t  t rees .  P a i r  H4 a p p e a r e d  t o  have 

moved e a s t w a r d  a l o n g  t h e  c l i f f s  of  a r i v e r  canyon a s  the 

c i t y  o f  O c e a n s i d e  d e v e l o p e d .  P a i r  H6 abandoned i t s  p r i -  

mary n e s t  a r e a  on t h e  c o a s t ,  and  e i t h e r  d i d  n o t  r e e s t a b -  

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

p e r i o d  b e f o r e  abandon ing  t h e  home r a n g e .  Dixon ( 1 9 3 7 )  

d e s c r i b e d  p a i r  H7 a s  h a v i n g  many n e s t  l o c a t i o n s ;  how- 

e v e r ,  b y  1970 t h e  p a i r  r e s i d e n t  on t h i s  home r a n g e  had 

o n l y  one  n e s t  a r e a .  P a i r  H I 1  had  f o u r  documented n e s t  

l o c a t i o n s ,  b u t  o n l y  n e s t e d  i n  one  a r e a  i n  t h e  l a s t  

d e c a d e  o f  home r a n g e  occupancy .  

P o p u l a t i o n  P a r a m e t e r s  
i n  t h e  S t u d y  Area 

N a t a l i t y .  F l e d g i n g  r a t e  and  b r e e d i n g  s u c c e s s  w e r e  

r e c o r d e d  f o r  113 n e s t i n g  a t t e m p t s  f rom 1971  t o  1981 

( T a b l e  11). The m a j o r i t y  o f  r e c o r d s  w e r e  c o l l e c t e d  i n  

1977 ( 1 2 ) ,  1978  ( 2 5 ) ,  1979 ( 2 3 ) ,  1980 ( 2 1 ) ,  and  1981 

( 1 9 ) .  F l e d g i n g  r a t e  a v e r a g e d  1 .02  4 0 . 0 7  s . e .  young p e r  

n e s t i n g  a t t e m p t  o v e r  a l l  y e a r s  and  a l l  a r e a s .  F l e d g i n g  

r a t e  a t  s u c c c e s s f u l  a r e a s  was 1 .40  + 0 .05  s . e .  

N e s t i n g  a t t e m p t s  w i t h  one  f l e d g e d  young accoun ted  

f o r  41  p e r c e n t  ( 5 0 )  of  a l l  r e c o r d s ,  w h i l e  n e s t i n g  

a t t e m p t s  w i t h  two f l e d g e d  young a c c o u n t e d  f o r  27 p e r c e n t  

( 3 3 )  of a l l  r e c o r d s .  O f  t h e  n e s t s  i n i t i a t e d ,  31  p e r c e n t  



Table  11. Mean number of  young f l e d g e d  by Golden E a g l e  
p a i r s  i n  w e s t e r n  San Diego County. 

Sample 
Groups 

Mean Number o f  95% Conf idence  
Young/Pair /Year I n t e r v a l  

O v e r a l l  

By y e a r :  

1970 to"1976 

1977 

1978 

1979 

1980' 

1981 

By home r a n g e  ( p a i r )  

> 5  y e a r s  of  d a t a  

4 y e a r s  of d a t a  

3 y e a r s  of  d a t a  



( 3 0 )  f a i l e d .  T h i s  estimate o f  f a i l u g e  r a t e  i s  undoubt -  

e d l y  low.  T h e r e  were n i n e  c a s e s  o f  p a i r s  n o t  b r e e d i n g  

d u r i n g  one  o f  t h e  f o u r  y e a r s  o f  o b s e r v a t i o n .  

The p r o d u c t i v i t y  o f  i n d i v i d u a l  home r a n g e s  v a r i e d  

f rom 0.25 t o  1 .75  young p e r  y e a r  o v e r  t h e  f o u r  y e a r s  o f  

t h e  s t u d y .  The mean p r o d u c t i v i t y  p e r  home r a n g e  was 

1 .02 + 0.,15 s .e .  young p e r  y e a r  f o r  n e s t s  w i t h  3 o r  more 

y e a r s  o f  d a t a .  I t  s h o u l d  b e  n o t e d  t h a t  60 p e r c e n t  o f  

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

The r e m a i n i n g  r e c o r d s  were i n t e r r u p t e d  by a y e a r  w i t h  no  

d a t a .  Years w i t h  no d a t a  were o m i t t e d  f r o m  t h e  

a n a l y s i s .  

M o r t a l i t y .  Twelve c a s e s  o f  j u v e n i l e  m o r t a l i t y  w e r e  

r e p o r t e d  i n  t h e  s t u d y  a r e a  f rom 1975 t o  1981 ,  and  o n e  

. a d d i t i o n a l  b i r d  banded i n  t h e  s t u d y  a r e a  d i e d  i n  U tah  

t h r e e  y e a r s  a f t e r  f l e d g i n g  ( P e t e r  Bloom p e r s .  comm.). 

A l l  12 o f  t h e s e  b i r d s  were immature ,  w i t h  11 of  them 

f a i l i n g  t o  s u r v i v e  one y e a r .  M o r t a l i t y  r e s u l t e d  f rom: 

s h o o t i n g  a t  t h e  n e s t  a r e a  ( 3  c a s e s ) ,  s h o o t i n g  i n  o t h e r  

a r e a s  ( 2 ) ,  c o l l i s i o n  w i t h  an  a u t o m o b i l e  ( I ) ,  f u n g a l  

i n f e c t i o n  ( I ) ,  s t a r v a t i o n  ( I ) ,  and  unknown ( 6 ) .  

M o r t a l i t y  of  b r e e d i n g  a d u l t s  was n o t  o b s e r v e d ,  b u t  

a  change  i n  b r e e d i n g  f ema les  was o b s e r v e d  f o r  p a i r  A5. 

The new A5 f e m a l e  was r e c o g n i z e d  b y  h e r  immature  



plumage. The c a r c a s s  of  an a d u l t  eacjle was found below 

A 3  i n  1982 ( John  Oakley p e r s .  comrn.); t h i s  b i r d  may have 

been a member of t h e  p a i r .  Two a d u l t  e a g l e s  w e r e  p re -  

s e n t  du r ing  t h e  subsequen t  b reed ing  s ea son ,  s o  i t  

appea r s  t h a t  t h e  dead e a g l e  had been r e p l a c e d .  

James B .  Dixon t o l d  Hunsicker  (1972)  t h a t  i n d i v i d -  

u a l  female Golden Eag les  occupied t h e  same b r eed ing  a r e a  

f o r  15 t o  25 y e a r s .  Dixon (1937)  c o l l e c t e d  t h e  eggs  of 

one female f o r  over  28 y e a r s .  He d e r i v e d  t h e s e  e s t i -  

mates by h i s  e x t r a o r d i n a r y  a b i l i t y  t o  d i f f e r e n t i a t e  

females  by t h e  p a t t e r n s  of t h e i r  egg c o l o r a t i o n .  



DISCUSS I O N  

The Golden E a a l e  P o ~ u l a t i o n  

The n e s t i n g  Golden Eag le  p o p u l a t i o n  i n  t h e  s t u d y  

a r e a  d e c r e a s e d  by a p p r o x i m a t e l y  one t h i r d  from 1928 t o  

1978. Q u a d r a t s  w i t h  o n l y  one  p a i r  i n  1928 t ended  t o  
I 

r e t a i n  a  p a i r  i n  1978; q u a d r a t s  w i t h  two o r  more p a i r s  

t ended  t o  l o s e  a  p a i r  o v e r  t h e  same p e r i o d .  

There  were no c o r r e l a t i o n s  between t h e  number of 

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

o r  t h e  number of  p a i r s  l o s t  and  t h e  a c r e a g e  of developed 

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

t h a t  f o r a g i n g  a r e a  has  b e e n  r e d u c e d ,  n o r  t h e  h y p o t h e s i s  

t h a t  p a i r s  may have been l o s t  because  t h e i r  f o r a g i n g  

. a r e a s  w e r e  consumed by development .  I t  d o e s ,  however, 

show t h a t  p a i r s  may d i s a p p e a r  from a  r e g i o n  even when 

t h e r e  a p p e a r s  t o  be enough f o r a g i n g  h a b i t a t  t o  s u p p o r t  

them. Q u a d r a n g l e  1 4  i s  a  s t r o n g  example of  t h i s  p o i n t ;  

t h r e e  of t h e  o r i g i n a l  s i x  p a i r s  have d i s a p p e a r e d ,  b u t  

n a t i v e  v e g e t a t i o n  has  been r e p l a c e d  on o n l y  abou t  one 

f i f t h  of t h e  quadrang le .  Over 65 p e r c e n t  of t h e  remain- 

i n g  a r e a  a p p e a r s  t o  be s u i t a b l e  f o r a g i n g  h a b i t a t  ( T a b l e  

3 ) .  



The d i s t r i b u t i o n  o f  p a i r s  among q u a d r a t s  remained 

random i n  1978 a s  i t  had i n  1928; i t  a p p e a r s  t h a t  t h e  

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

a c r o s s  t h e  s t u d y  a r e a .  N e s t  l o c a t i o n s  were more c l o s e l y  

a s s o c i a t e d  w i t h  t o p o g r a p h i c  h e t e r o g e n e i t y  t h a n  w i t h  p a r -  

t i c u l a r  v e g e t a t i o n  t y p e s ,  which c o r r e l a t e s  w i t h  t h e  h i g h  

f requency  of n e s t  l o c a t i o n  on g r a n i t e  c l i f f s ,  a  common 

f e a t u r e  of  t h e  rugged San Diego f o o t h i l l s .  Dixon ( 1 9 3 7 )  

s u g g e s t e d  t h a t  e a g l e s  used  r i d g e  u p d r a f t s  f o r  s o a r i n g  

f l i g h t ,  s o  t h a t  freedom from d i s t u r b a n c e  may n o t  be t h e  

o n l y  b e n e f i t  of h i g h  t o p o g r a p h i c  r e l i e f .  However, s i n c e  

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

f o r a g i n g  by e a g l e s  t h e r e  s h o u l d  be  a  l i m i t  t o  t h e  d e g r e e  

of  t o p o g r a p h i c  h e t e r o g e n e i t y  i n  t h e  home r a n g e  of  Golden 

E a g l e s .  Approximately 85 p e r c e n t  of a l l  n e s t  a r e a s  

over looked ( o r  were on t h e  o p p o s i t e  s i d e  of t h e  r i d g e  

from) l a r g e  v a l l e y s  o r  a r e a s  of r e l a t i v e l y  low topogra -  

p h i c  h e t e r o g e n e i t y  and open v e g e t a t i o n .  

Disappearance of 
Breeding P a i r s  

Evidence of t h e  b r e e d i n g  p o p u l a t i o n  of Golden 

Eagles  i n  1928 s u g g e s t s  t h a t  p a i r s  were s c a t t e r e d  

throughout  t h e  s t u d y  a r e a  and were a b s e n t  o n l y  from t h e  

a r e a s  of San Diego, Escondido,  E l  Cajon,  and Oceans ide .  

Most home range  a r e a s  i n  t h e  i n t e r i o r  of  t h e  e a g l e  



p o p u l a t i o n  have r ema ined  i n  u s e  w i t h  no d i s c e r n i b l e  p a t -  

t e r n  o f  abandonment.  Home r a n g e s  a d j o i n i n g  d e v e l o p e d  

s e c t i o n s  of  t h e  s t u d y  a r e a  w e r e  abandoned more o f t e n  

t h a n  i n t e r i o r  a r e a s .  However, t h e r e  w a s  no d i s t i n c t  

r e l a t i o n s h i p  be tween  t h e  p r o x i m i t y  of n e s t s  t o  d e v e l o p -  

ment and  t h e i r  p r o b a b i l i t y  o r  y e a r  of abandonment.  

T h e < p o p u l a t i o n  d o e s  n o t  a d j u s t  i t s  o v e r a l l  d i s p e r -  

s i o n  i n  compensa t ion  f o r  d i s t u r b a n c e  s u f f e r e d  b y  s p e c i -  

f i c  p a i r s  ( i . e . ,  p a i r s  u n a f f e c t e d  by d i s t u r b a n c e  d o  n o t  

s h i f t  t h e i r  home r a n g e s  u n l e s s  n e i g h b o r i n g ,  d i s t u r b e d  

p a i r s  a c t u a l l y  d i s a p p e a r  f rom d i s t u r b e d  a reas ) .  P a i r s  

t h a t  l o s e  some o f  t h e i r  n e s t  a r e a s  have l i t t l e  o p p o r t u -  

n i t y  t o  r e p l a c e  them by  moving i n t o  t h e , h o m e  r a n g e s  o f  

a d j o i n i n g  p a i r s .  P a i r s  whose home r a n g e s  a r e  compressed  

by  deve lopment  e v e n t u a l l y  s t o p  n e s t i n g  o r  l e a v e  t h e  home 

r a n g e  a r e a s ,  b u t  a d j o i n i n g  p a i r s  t y p i c a l l y  d i d  n o t  

change  t h e i r  n e s t i n g  p a t t e r n s  u n l e s s  t h e y  w e r e  a l s o  

u n d e r  some form o f  d i s t u r b a n c e .  Eag le  p a i r s  a p p e a r  t o  

make a d j u s t m e n t s  w i t h i n  t h e i r  home r a n g e s  t o  compensa t e  

f o r  human d i s t u r b a n c e s  and  l a n d  development  whenever  

p o s s i b l e .  

A d i f f e r e n c e  i n  t h e  amount o f  deve loped  l a n d  a r o u n d  

n e s t  a r e a s  was o b s e r v e d  be tween  t h e  a c t i v e  and  abandoned 

g r o u p s .  N e v e r t h e l e s s ,  i t  was n o t  p o s s i b l e  t o  e q u a t e  

t h i s  c o n v e r s i o n  of  h a b i t a t  w i t h  changes  i n  v e g e t a t i o n  



s i g n i f i c a n t  w i t h  r e s p e c t  t o  f o r a g i n g .  I n  most cases t h e  

p o r t i o n  o f  a  home r a n g e  a r e a  l o s t  t o  deve lopment  had 

i n i . t i a l l y  b e e n  a d i s t u r b e d  o r  r u r a l  a r e a .  These areas 

may have  l o s t  t h e i r  v a l u e  a s  f o r a g i n g  h a b i t a t  b e f o r e  t h e  

n e s t  a r e a s  w e r e  abandoned.  

The a c t u a l  i n c r e a s e  i n  s u b u r b a n  a c r e a g e  from 1928 

t o  1978 y a s  s i g n i f i c a n t l y  g r e a t e r  a r o u n d  abandoned a r e a s  

t h a n  a r o u n d  a c t i v e  a r e a s .  However, t h e  accompanying 

d e c r e a s e  i n  v e g e t a t i o n  was e v e n l y  d i s t r i b u t e d  t h r o u g h  

a l l  t y p e s .  Thus ,  t h e  l o s s  o f  a  n e s t i n g  a r e a  c o u l d  n o t  

b e  a t t r i b u t e d  t o  t h e  l o s s  o f  a  s p e c i f i e d  amount of  any  

v e g e t a t i o n  t y p e  w i t h i n  2.5 km of  n e s t s .  F u r t h e r m o r e ,  

t h e  l o s s  of  s u i t a b l e  f o r a g e  a r e a  a r o u n d  a c t i v e  a r e a s  was 

e q u a l  t o ,  o r  i n  some c a s e s  g r e a t e r  t h a n ,  t h e  l o s s  a round  

abandoned a r e a s .  

The c o n c e n t r i c  c i r c l e  t e c h n i q u e  u s e d  i n  a n a l y s e s  o f  

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

t h e  home r a n g e .  C o n c u r r e n t  w i t h  t h i s  v e g e t a t i o n  a n a l y -  

s is  p r o b l e m ,  t h e r e  i s  no way t o  measure  v a r i a t i o n  i n  t h e  

i n t e n s i t y  o f  u s e  a c r o s s  a  h i s t o r i c a l  home r a n g e .  .A 

c i r c l e  migh t  b e  t h e  b e s t  n a i v e  p r e d i c t o r  o f  home r a n g e ,  

b u t  it i s  o b v i o u s l y  i n s u f f i c i e n t  t o  e s t i m a t e  a r e a  of  

u s e ,  i n t e n s i t y  o f  u s e ,  o r  t h e  change  i n  t h e s e  two v a r i -  

a b l e s  o v e r  t i m e .  C o n c e n t r i c  c i r c l e  a n a l y s e s  a p p e a r  t o  

be b e s t  a t  showing  t h e  i n c r e a s e  and  p r o x i m i t y  



d i s t u r b a n c e  a r o u n d  n e s t  a r e a s ,  r a t h e $  t h a n  t h e  l o s s  o f  

f o r a g i n g  area. 

Human D i s t u r b a n c e  
V a r i a b l e s  a t  N e s t  A r e a s  

Many p o t e n t i a l l y  s i g n i f i c a n t  measurements  c a n  b e  

t a k e n  a r o u n d  abandoned  n e s t  a r e a s .  The s e l e c t i o n  o f  

s p e c i f i c , v a r i a b l e s  i s  t y p i c a l l y  b a s e d  on  p r i o r  o b s e r v a -  

t i o n  o r  h y p o t h e s e s  ( N e l s o n  1 9 7 9 ) .  The m a j o r i t y  of  t h e  

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

i n d i c a t o r s  of  d i s t u r b a n c e ,  r a t h e r  t h a n  a c t u a l  d i s t u r -  

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

p r o v e  s i g n i f i c a n t  showed o n l y  t h a t  t h e y  w e r e  n o t  good 

i n d i c a t o r s ,  and  u o e s  n o t  d i smi s s  t h e i r  a s s o c i a t e d  d i s -  

t u r b a n c e s  as p o s s i b l e  c a u s e s  o f  home r a n g e  o r  n e s t  a r e a  

abandonment .  Two r e c u r r i n g  s o u r c e s  o f  v a r i a t i o n  con-  

founded  t h e  a n a l y s e s  o f  t h e s e  v a r i a b l e s :  (1)  t h e  

v a r i a b l e  r e l a t i o n s h i p  be tween  t h e  a c t u a l  ( a l t h o u g h  

u n d e f i n e d )  c a u s a l  f a c t o r  a n d  t h e  measured  i n d i c a t o r ,  

s u c h  as t h e  d i s t a n c e  t o  r o a d s  v e r s u s  t h e  a c t u a l  amount 

o f  d i s t u r b a n c e  c r e a t e d  b y  t h e  r o a d ,  a n d  ( 2 )  t h e  v a r i a -  

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

d i s t u r b a n c e .  

The v a r i a b l e s  l i s t e d  be low are i n  r a n k  f rom b e s t  t o  

w o r s t  i n  d i s c r i m i n a t i o n  o f  a c t i v e  and  abandoned  a r e a s ,  

b a s e d  on:  (1 )  t h e i r  a b i l i t y  t o  s e p a r a t e  t h e  two g r o u p s ,  



showing s i g n i f i c a n t  change  a t  abandoned  a r e a s ,  b u t  no 

change  a t  a c t i v e  areas, and ( 2 )  t h e  number o f  a r e a s  i n  

t h e  a c t i v e  g r o u p s  t h a t  w e r e  beyond t h e  median s c o r e  o f  

t h e  abandoned g r o u p  i n  t h e  s e v e r i t y  o f  t h e  d i s t u r b a n c e  

v a r i a b l e .  The f i r s t  c r i t e r i o n  measu red  t h e  a b i l i t y  o f  

t h e  v a r i a b l e  t o  d e f i n e  abandoned a r e a s ,  t h e  s e c o n d  t h e  

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

a r e a s .  

Dwe l l ing  U n i t s  Near 
Nest Areas  

Dwel l ing  u n i t  c o u n t  w a s  t h e  o n l y  v a r i a b l e  t h a t  

showed a s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  a c t i v e  a n d  

abandoned g r o u p s  and  a  s i g n i f i c a n t  c h a n g e  a t  abandoned  

a r e a s  f rom 1 9 2 8  t o  1978 ,  y e t  r ema ined  r e l a t i v e l y  

unchanged a t  a c t i v e  a r e a s  o v e r  t h e  same p e r i o d .  Never- 

t h e l e s s ,  e i g h t  a c t i v e  a r e a s  had l a r g e r  numbers o f  d w e l l -  

i n g  u n i t s  t h a n  t h e  median s c o r e  o f  t h e  abandoned  areas. 

The m a j o r  d i f f e r e n c e s  between t h e s e  two g r o u p s  was t h e  

l a r g e r  number o f  a c t i v e  a r e a s  w i t h  no d w e l l i n g  u n i t s  

w i t h i n  a  r a d i u s  o f  1 .6  km, and t h e  o p p o s i n g l y  l a r g e  num- 

b e r  o f  abandoned a r e a s  w i t h  50 o r  more d w e l l i n g  u n i t s  

w i t h i n  t h e  same r a d i u s .  D i s t r i b u t i o n s  of  t h e  two g r o u p s  

between t h e s e  e x t r e m e s  were s imi la r .  

I t  i s  i m p o s s i b l e  t o  d e f i n e  t h e  d i r e c t  e f f e c t  of  

d w e l l i n g  u n i t s  on abandonment of  n e s t  a r e a s .  I t  i s ,  



however ,  p o s s i b l e  t o  c o n c l u d e  t h a t  t h e  p r o x i m i t y  o f  

d w e l l i n g  u n i t s  d i d  n o t  c a u s e  abandonment;  t h e  median 

number of  d w e l l i n g  u n i t s  w i t h i n  455 m o f  n e s t  a r e a s  i n  

b o t h  abandoned and  a c t i v e  g roups  was z e r o .  I t  c o u l d  b e  

s u g g e s t e d  t h a t  d w e l l i n g  u n i t s  a r e  a measure  o f  h a b i t a t  

a l t e r a t i o n ;  however ,  t h e  median number o f  u n i t s  w i t h i n  

1 .6  km of abandoned n e s t  a r e a s  w a s  4 2 ;  most  d w e l l i n g  

u n i t s  c l u s t e r e d  t o g e t h e r ,  and  c o v e r e d  o n l y  a s m a l l  

p o r t i o n  of t h e  a r e a .  

Al though Golden E a g l e s  might  b e  d i s t u r b e d  by  t h e  

s i g h t s  o r  sounds  f rom t h e s e  d w e l l i n g  u n i t s ,  t h e  number 

of  d w e l l i n g  u n i t s  p r o b a b l y  i n d i c a t e s  e x t e n t  o f  human 

a c t i v i t y  and  i n t e r f e r e n c e  n e a r  n e s t  a r e a s .  T h e r e  a r e  a t  

l eas t  f o u r  a l t e r n a t i v e  h y p o t h e s e s  o f  how i n c r e a s e d  num- 

b e r s  of  d w e l l i n g  u n i t s  c o u l d  b e  d e t r i m e n t a l  t o  n e s t i n g  

p a i r s :  (1) i n c r e a s e d  p r o b a b i l i t y  t h a t  t h e  n e s t  l o c a t i o n  

w i l l  b e  found  and  d i s t u r b e d ,  ( 2 )  i n c r e a s e  i n  t h e  proxim- 

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

n e s t  s i t es ,  i n c r e a s i n g  t h e  p o t e n t i a l  f o r  i n t e r f e r e n c e ,  

( 3 )  i n c r e a s e d  number o f  p e r s o n - h o u r s  i n  t h e  home r a n g e  

a n d  v i c i n i t y  o f  t h e  n e s t  a r e a s ,  d i s r u p t i n g  home r a n g e  

a c t i v i t i e s ,  i n c l u d i n g  f o r a g i n g ,  and  ( 4 )  i n c r e a s e  i n  

a s s o c i a t e d  annoyances ,  s u c h  a s  n o i s e  and  r e f l e c t e d  

l i g h t .  The p r i m a r y  a s s u m p t i o n  o f  t h e s e  h y p o t h e s e s  i s  

t h a t  n e s t  abandonment and  p a i r  l o s s  c o u l d  r e s u l t  f rom 



human d i s t u r b a n c e  w i t h o u t  t h e  n e c e s s i t y  of  o t h e r  changes 

i n  home r a n g e  a r e a .  Work on Cape V u l t u r e s  ( J .  Dobbs 

p e r s .  comrn.) s u p p o r t s  t h i s  a s sumpt ion ,  a l t h o u g h  it  i s  

obvious  Golden E a g l e s  show more t e n a c i t y  i n  remaining a t  

n e s t  a r e a s .  

Human P o p u l a t i o n s  w i t h i n  4 . 8  
and 8 . Q  Ki lomete r  R a d i i  

Human p o p u l a t i o n  d e n s i t y  i s  a n o t h e r  e s t i m a t e  of t h e  

p o t e n t i a l  f o r  human a c t i v i t y  n e a r  n e s t s .  The v a r i a b l e  

measur ing  number of  p e r s o n s  w i t h i n  4 .8  km had r e s u l t s  

s i m i l a r  t o  t h e  d w e l l i n g  u n i t s  v a r i a b l e ;  i t  s e p a r a t e d  

abandoned a r e a s  from a c t i v e  a r e a s ,  showed a  change a t  

abandoned a r e a s  from 1928 t o  1978,  y e t  r emain ing  con- 

s t a n t  a t  a c t i v e  a r e a s  o v e r  t h e  same p e r i o d .  The sample 

number o f  n e s t  a r e a s  was r e s t r i c t e d  t o  n e s t s  i n  t h e  

s o u t h w e s t e r n  t h i r d  of t h e  s t u d y  a r e a  and d i d  n o t  examine 

n e s t  a r e a s  where t h e  d i f f e r e n c e  between a c t i v e  and aban- 

doned g roups  might  have been more s u b t l e .  Given t h i s  

c o n s t r a i n t ,  t h e  v a r i a b l e  a t  a  4.8 km r a d i u s  s t r o n g l y  

s e p a r a t e s  t h e  abandoned from t h e  a c t i v e  a r e a s ,  w h i l e  t h e  

human p o p u l a t i o n  w i t h i n  t h e  8 .0  km r a d i u s  showed no 

s e p a r a t i o n  of  t h e  two g r o u p s .  I n  some c a s e s  t h e  human 

p o p u l a t i o n  w i t h i n  4 . 8  km t r a n s l a t e d  d i r e c t l y  i n t o  a  l o s s  

of  n a t i v e  a r e a s  o r  v e g e t a t i o n .  More o f t e n ,  however, t h e  

p o p u l a t i o n  around an abandoned n e s t  a r e a  c o u l d  n o t  be  



e q u a t e d  w i t h  v e g e t a t i o n  o r  f o r a g e  area l o s s ,  s u g g e s t i n g  

t h a t  t h e  v a r i a b l e  i s  a  measure  o f  t h e  p o t e n t i a l  f o r  

human a c t i v i t y ,  o p e r a t i n g  as a s o u r c e  o f  human d i s t u r -  

b a n c e ,  r a t h e r  t h a n  a n  a c t u a l  c a u s e  o f  n e s t  abandonment .  

D i s t a n c e  V a r i a b l e s  

A l l  f o u r  of  t h e  d i s t a n c e  v a r i a b l e s  showed a s i g n i f -  

i c a n t  change  a t  abandoned areas f rom 1928 t o  1978 ,  b u t  

none showed a s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  aban-  

doned g roup  and  t h e  a c t i v e  g r o u p .  S t r u c t u r e  and  p a t h  

v a r i a b l e s  r ema ined  r e l a t i v e l y  c o n s t a n t  a t  a c t i v e  areas 

w h i l e  c h a n g i n g  a t  abandoned areas;  p a s s a b l e  r o a d  and  

m a j o r  r o a d  v a r i a b l e s  changed  as much a t  a c t i v e  a r e a s  a s  

t h e y  had a t  abandoned a r e a s .  

The i n t e r r e l a t e d  p a t t e r n  o f  deve lopmen t  and  m a j o r  

r o a d  c o n s t r u c t i o n  makes i t  n e a r l y  i m p o s s i b l e  t o  s e p a r a t e  

t h e  i m p o r t a n c e  of  access b y  t h e  m a j o r  r o a d s  f rom f a c t o r s  

s u c h  a s  l a n d  deve lopment  and  human p o p u l a t i o n  g rowth  i n  

t h e  r e g i o n s  a r o u n d  abandoned n e s t  a r e a s .  

The p r o x i m i t y  o f  s t r u c t u r e s  changed  s i g n i f i c a n t l y  

a t  abandoned a r e a s  f rom 1928 t o  1978 .  The most  s i g n i f i -  

c a n t  change o c c u r r e d  i n  t h e  number o f  s t r u c t u r e s  b u i l t  

c l o s e r  t h a n  610 m b u t  f u r t h e r  t h a n  305 m away f rom n e s t s  

which w e r e  abandoned .  I f  t h e  p r o x i m i t y  o f  s t r u c t u r e s  

c a u s e s  n e s t  a r e a  abandonment ,  t h e  e f f e c t  o c c u r s  b e f o r e  



t h e  d i s t a n c e  be tween  s t r u c t u r e s  a n d  n b s t s  c l o s e s  t o  less 

t h a n  305 m.  N e v e r t h e l e s s ,  17 o f  t h e  abandoned  areas had 

no s t r u c t u r e s  w i t h i n  610 m ,  and  1 3  o f  t h e  a c t i v e  a r e a s  

had s t r u c t u r e s  w i t h i n  610 m.  P r o x i m i t y  o f  s t r u c t u r e s  i s  

n o t  a  s t r o n g  p r e d i c t o r  o f  n e s t  abandonment .  

P a t h s  o c c u r r e d  n e a r  a l l  abandoned and  a c t i v e  a r e a s .  

They m a y , c o n t r i b u t e  i n  a p a s s i v e  way t o  n e s t  d i s t u r -  

b a n c e ,  b u t  c a n n o t  b e  u s e d  t o  gauge i n t e n s i t y  o r  e f f e c t  

o f  t h e  d i s t u r b a n c e .  

A l t e r a t i o n  Below N e s t  Areas 

The a l t e r e d  a c r e a g e  below n e s t  a r e a s  ( w i t h i n  1 . 6  

km) w a s  s i g n i f i c a n t l y  d i f f e r e n t  be tween  t h e  a c t i v e  and  

abandoned g r o u p s .  The a c t i v e  g roup  had  a  h i g h e r  f r e -  

quency o f  a r e a s  w i t h  no  a l t e r a t i o n  t h a n  t h e  abandoned 

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

have much b i o l o g i c a l  i m p o r t a n c e .  Abandoned a r e a s  had a  

median v a l u e  of  4 1  h a  o f  a l t e r e d  a r e a  below n e s t s ,  which 

t r a n s l a t e s  i n t o  a b o u t  5 p e r c e n t  o f  t h e  area s u r v e y e d .  

These d i s t u r b e d  a r e a s  t y p i c a l l y  d i d  n o t  o c c u r  w i t h i n  0 . 8  

km of t h e  abandoned a r e a s .  These  f i g u r e s  s u g g e s t  t h a t  

t h e  d i f f e r e n c e  be tween  t h e  g r o u p s ,  w h i l 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 ,  was b i o l o g i c a l l y  i n s i g n i f i c a n t .  The 

a l t e r a t i o n  of  a r e a s  a round  abandoned n e s t s  i s  p r o b a b l y  



i n d i c a t i v e  o f  a r ea -wide  deve lopmen t ,  b u t  does  n o t  a p p e a r  

t o  b e  a c a u s a l  f a c t o r  o p e r a t i n g  on  n e s t  p a i r s .  

O t h e r  V a r i a b l e s  

N e i t h e r  a l t e r a t i o n  above n e s t  a r e a s  n o r  t h e  number 

o f  s t r u c t u r e s  w i t h i n  455 m of  t h e  n e s t  a r e a s  showed any 

s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  a c t i v e  group  and  t h e  

abandoned  g roup .  The p r o x i m i t y  o f  d i s t u r b a n c e s  a r o u n d  

abandoned  n e s t  a r e a s  was t y p i c a l l y  f a r t h e r  t h a n  305 m 

away, a n d  i n  many c a s e s  d i s t u r b a n c e  was c l o s e r  t o  a c t i v e  

a r e a s  t h a n  abandoned a r e a s .  These  f a c t s  s t r o n g l y  sug-  

g e s t  t h a t  n e s t  abandonment may o c c u r  as a f u n c t i o n  o f  

r e l a t i v e l y  d i s t a n t  change  l o n g  b e f o r e  t h e  a c t u a l  n e s t  

a r e a  i s  e n c r o a c h e d  upon. N e s t  abandonment c a n  o c c u r  a s  

t h e  r e s u l t  o f  d i s t u r b a n c e  above n e s t  a r e a s ,  b u t  t h e  p a t -  

t e r n  s u g g e s t s  t h a t  t h e  n e s t  abandonment t y p i c a l l y  o c c u r s  

b e f o r e  deve lopment  i s  u n d e r t a k e n  on t h e  s t e e p  s l o p e s  and  

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

G e n e r a l  C o n c l u s i o n s  f o r  
D i s t u r b a n c e  F a c t o r s  

Two c o n c l u s i o n s  c a n  b e  drawn from t h e  human d i s t u r -  

bance  v a r i a b l e s  examined i n  t h i s  a n a l y s i s .  F i r s t ,  a l l  

f a c t o r s  show a g r e a t  d e a l  o f  v a r i a b i l i t y  i n  t h e i r  r e l a -  

t i o n  t o  e a g l e  n e s t i n g  a c t i v i t y .  Second ,  no s p e c i f i c  

f a c t o r  s t o o d  o u t  i n  s e p a r a t i n g  a c t i v e  and  abandoned 



areas, s u g g e s t i n g  a m u l t i c o l i n e a r i t y  among t h e  v a r i a b l e  

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

The d a t a  s u g g e s t  s e v e r a l  t r e n d s  i n  n e s t  abandonment 

which w e r e  n o t  a n t i c i p a t e d  b y  s t u d y  d e s i g n .  F i r s t ,  n e s t  

a r e a s  a p p e a r  t o  be abandoned b e f o r e  s t r u c t u r e s  come 

w i t h i n  455 m o r  r o a d s  w i t h i n  305 m.  S e c o n d ,  r e g i o n a l  

i n c r e a s e ?  i n  human d i s t u r b a n c e  seem t o  a f f e c t  abandon- 

ment t o  a g r e a t e r  e x t e n t  t h a n  c h a n g e s  n e a r  n e s t  a r e a s .  

These  r e g i o n a l  e f f e c t s  a p p e a r  t o  be a  f u n c t i o n  o f  human 

p r e s e n c e ,  r a t h e r  t h a n  h a b i t a t  d e s t r u c t i o n .  The most  

r e a s o n a b l e  s p e c u l a t i o n ,  t h e n ,  i s  t h a t  n e s t  abandonment 

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

- i n  s o m e t h i n g  less  e a s i l y  q u a n t i f i e d ,  p resunlab ly  p a t t e r n s  

o f  human a c t i v i t y .  

H a b i t u a t i o n  o f  N e s t i n a  Golden  
E a g l e s  t o  Human D i s t u r b a n c e  

V a r i a n c e  i n  t h e  human d i s t u r b a n c e  v a r i a b l e s  

r e s u l t e d  f rom a number o f  f a c t o r s .  N e v e r t h e l e s s ,  t h e  

wide  r a n g e  o f  r e s p o n s e  t o  human d i s t u r b a n c e  shown by t h e  

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

a t  a c t i v e  a n d  abandoned a r e a s ,  s u g g e s t s  t h a t  t h e r e  a r e  

d i f f e r e n t i a l  l e v e l s  o f  t o l e r a n c e  t o w a r d s  d i s t u r b a n c e  i n  

t h e  s t u d y  p o p u l a t i o n .  On t h e  a v e r a g e  a p p r o x i m a t e l y  30 

p e r c e n t  o f  t h e  a c t i v e  a r e a s  were beyond t h e  median l e v e l  

o f  abandoned g r o u p  on a n y  d i s t u r b a n c e  v a r i a b l e .  Over 



h a l f  of  t h e  a c t i v e  areas w e r e  beyond t h e  median o f  t h e  

abandoned g roup  i n  a t  least  two o f  t h e  v a r i a b l e s  ( i t  

s h o u l d  b e  n o t e d  t h a t  h a l f  o f  t h e  a c t i v e  areas t h a t  

exceeded  t h e  med ians  o f  t h e  abandoned g r o u p  i n  f i v e  o r  

more v a r i a b l e s  w e r e  abandoned b e f o r e  t h e  s t u d y  w a s  com- 

p l e t e d ) .  F u r t h e r m o r e ,  n e a r l y  a l l  a c t i v e  a r e a s  showed a n  

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

1928 t o  1978 .  

Two a l t e r n a t i v e  ( b u t  n o t  n e c e s s a r i l y  m u t u a l l y  

e x c l u s i v e )  h y p o t h e s e s  c a n  b e  g i v e n  a s  a n  e x p l a n a t i o n  o f  

d i f f e r e n c e s  i n  t o l e r a n c e  l e v e l s .  F i r s t ,  e a g l e s  may pos -  

sess l o c a l  t r a d i t i o n s  (Newton 1 9 7 9 ) ,  wh ich  f o r m  e a r l y  i n  

l i f e  and  c a u s e  a d u l t s  t o  s e e k  b r e e d i n g  a r e a s  s imi la r  t o  

t h e i r  n a t a l  areas ( p h i l o p a t r y ) .  Young r e a r e d  i n  a r e a s  

w i t h  h i g h e r  l e v e l s  of d i s t u r b a n c e  migh t  b e  less a d v e r s e  

t o  d i s t u r b a n c e  when s e l e c t i n g  n e s t i n g  a r e a s  as a d u l t s .  

A l t e r n a t i v e l y ,  i n d i v i d u a l  e a g l e s  c o u l d  be e x p o s e d  t o  

d i s t u r b a n c e  i n  a manner t h a t  e v e n t u a l l y  l o w e r s  t h e i r  

s e n s i t i v i t i e s  t o  c o n d i t i o n s  t h a t  would n o r m a l l y  a l t e r  

n e s t i n g  b e h a v i o r .  A l though  t h e  c o n c e p t  h a s  n o t  been  

r i g o r o u s l y  t e s t e d ,  t h e r e  are numerous a n e c d o t a l  examples  

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

(Edwards 1969;  L i s h  1975;  S t e e n h o f  1 9 7 6 ) .  A common p a t -  

t e r n  i n  t h e s e  a c c o u n t s  l i e s  i n  t h e  r e g u l a r i t y  o f  t h e  

s p e c i f i c  d i s t u r b a n c e .  



P o p u l a t i o n  Dynamics 

N a t a l i t y .  The f l e d g i n g  s u c c e s s  of t h e  s t u d y  popu- 

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

r e c o r d e d  f o r  o t h e r  Golden E a g l e  p o p u l a t i o n s  ( T a b l e  1 2 ) .  

V a r i a t i o n  i n  t h e  f l e d g i n g  s u c c e s s  among t h e  p a i r s  o f  t h e  

p o p u l a t i o n  w a s  r e l a t i v e l y  s m a l l ,  w i t h  t h e  g r e a t e s t  d e v i -  

a t i o n s  o c c p r r i n g  i n  p a i r s  whose b r e e d i n g  was d i s r u p t e d  

b y  human a c t i v i t i e s .  One p a i r  (A9)  abandoned t h e  home 

r a n g e  a f t e r  t h r e e  u n s u c c e s s f u l  b r e e d i n g  y e a r s ;  however ,  

t h e  l a c k  o f  b r e e d i n g  s u c c e s s  d i d  n o t  c a u s e  p a i r s  A16 o r  

A29 t o  abandon t h e i r  home r a n g e .  

I t  a p p e a r s  t h a t  t h e  c u r r e n t  p o p u l a t i o n  w a s  n o t  

. d e p r e s s e d  as a  r e s u l t  of  p o o r  f l e d g i n g  s u c c e s s  f rom 1 9 7 7  

t o  1981 .  H a l l e r  ( 1 9 8 2 )  o b s e r v e d  t h a t  f l e d g i n g  s u c c e s s  

i n c r e a s e d  i n  p o p u l a t i o n s  where p e r s e c u t i o n  lowered  t h e  

number o f  nonbreed ing  i n d i v i d u a l s ,  r e d u c i n g  t h e  l e v e l  o f  

i n t e r f e r e n c e  t h e s e  i n d i v i d u a l s  c a u s e d  b r e e d i n g  p a i r s .  

Thus ,  t h e  s m a l l  s i z e  of  t h e  n o n b r e e d i n g  p o p u l a t i o n  i n  my 

s t u d y  area may have f a v o r e d  t h e  h i g h  f e c u n d i t y  o f  b r e e d -  

i n g  p a i r s .  

M o r t a l i t y  r a t e s .  The s c a n t  m o r t a l i t y  d a t a  p r o -  

h i b i t s  any  e m p i r i c a l  e s t i m a t e  o f  t h e  f l e d g l i n g  s u r v i v a l ,  

a d u l t  s u r v i v a l ,  o r  t u r n o v e r  r a t e s  i n  n e s t i n g  a r e a s .  The 

s p e c u l a t i o n  t h a t  j u v e n i l e  m o r t a l i t y  o c c u r s  more 



T a b l e  1 2 .  O b s e r v e d  b r e e d i n g  s u c c e s s  ( p e r  p a i r  p e r  y e a r )  
o f  Go lden  E a g l e  p o p u l a t i o n s  i n  Eu rope  a n d  N o r t h  Amer ica .  

Young p e r  , P a i r  
L o c a t i o n  p e r  Year S o u r c e  

S c o t l a n d  

S c o t l a n d  

S c o t  l a n d  

S c o t l a n d  

S c o t  l a n d  

U t a h  

I d a h o  

S w i t z e r l a n d  

Sanderman ( 1 9 5 7 )  

Watson ( 1 9 5 7 )  

E v e r e t t  ( 1 9 7 1 )  

W i e r  ( i n  Brown 1 9 7 6 )  

W i e r  ( i n  Brown 1 9 7 6 )  

Murphy ( 1 9 7 5 )  

U.S. Dep t .  I n t e r .  ( 1 9 7 9 )  

Haller  ( 1 9 8 2 )  



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

r e a s o n a b l e  e x t e n s i o n  o f  t h e  l i m i t e d  m o r t a l i t y  d a t a  and  

t h e  c o n c l u s i o n s  o f  O l e n d o r f f  ( 1 9 7 6 )  a n d  S t e e n h o f  e t  a l .  

( 1 9 8 5 ) .  The r e l a t i v e  i m p o r t a n c e  o f  t h e s e  two t y p e s  o f  

m o r t a l i t y  i n  t h e  p o p u l a t i o n  dynamics  o f  Golden  E a g l e s  i n  

t h e  s t u d y  a r e a  r e m a i n s  u n c e r t a i n .  

A cqmpar i son  o f  n a t a l i t y  r a t e s  a n d  p o s t u l a t e d  mor- 

t a l i t y  r a t e s  s u g g e s t s  t h a t  a p o p u l a t i o n  w i t h  a s t a b l e  

number o f  b r e e d i n g  p a i r s  p r o b a b l y  d o e s  n o t  have  a 

r e c r u i t m e n t  p r o b a b i l i t y  below 0 .20  ( f r o m  f l e d g e  t o  f i r s t  

b r e e d i n g  y e a r ) ,  u n l e s s  f l e d g i n g  s u c c e s s  i s  v e r y  h i g h  o r  

l o n g e v i t y  u n u s u a l  ( T a b l e  1 3 ) .  C o n v e r s e l y ,  a r e c r u i t m e n t  

p r o b a b i l i t y  o v e r  0 .55  would r e q u i r e  e x t r e m e l y  low f l e d g -  

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

I n  a c t u a l i t y ,  t h i s  r e c r u i t m e n t  p r o b a b i l i t y  would  have  t o  

be  e x p r e s s e d  a s  t h e  c h a n c e  o f  a f l e d g l i n g  j o i n i n g  t h e  

b r e e d i n g  p o p u l a t i o n  o r  b e i n g  r e p l a c e d  b y  a n  i m m i g r a t i n g  

i n d i v i d u a l  i n  o r d e r  t o  a c c o u n t  f o r  movement o f  e a g l e s  i n  

and o u t  of  t h e  s t u d y  a r e a .  

I f  t h e  number o f  b r e e d i n g  p a i r s  r e m a i n s  c o n s t a n t ,  

p r o b a b i l i t y  o f  f l e d g l i n g  r e c r u i t m e n t  r a n g e s  f rom 0.2 t o  

0 . 5 5 ,  and  f l e d g i n g  s u c c e s s  r a n g e s  f rom 0 . 3  t o  0 . 4 ,  t h e n  

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

i n  t h e  s t u d y  p o p u l a t i o n  s h o u l d  l i e  be tween  4  t o  1 6  



T a b l e  1 3 .  Hypothesized number of  b r e e d i n g  y e a r s  i n  
Golden Eagles  r e l a t i v e  t o  f l e d g i n g  r a t e s  and t h e  proba-  
b i l i t y  of becoming a b r e e d i n g  a d u l t  i n  a  s t a b l e  popula-  
t i o n .  

P r o b a b i l i t y  P o t e n t i a l  F ledg ing  R a t e s  
of Becoming (young p e r  p a i r  p e r  y e a r )  
a  Breeding 

Adult  0.40 0 .60  0.70 0 .80  0 . 9 0  1 .00  

*Values a r e  i n  a v e r a g e  number of b r e e d i n g  y e a r s .  



y e a r s ,  w i t h  an  a v e r a g e  t u r n o v e r  r a t e  bf a p p r o x i m a t e l y  3 

t o  11 y e a r s  w i t h i n  s p e c i f i c  home r a n g e s .  

P o p u l a t i o n  Dynamics and  t h e  
Loss  of  B r e e d i n g  P a i r s  

Many a u t h o r s  have  shown t h a t  Golden E a g l e s  m a i n t a i n  

a r e l a t i v e l y  c o n s t a n t  number o f  b r e e d i n g  p a i r s  p e r  u n i t  

area f o r ' l o n g  p e r i o d s  o f  t i m e  (Brown and  Watson 1963 ,  

U . S .  Dept .  I n t e r .  1979 ,  H a l l e r  1 9 8 2 ) .  I f  t h i s  s t a b i l i t y  

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

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

v i v a l  i n  t h e  n o n b r e e d i n g  p o p u l a t i o n  h a s  t h e  g r e a t e s t  

p o t e n t i a l  o f  any  p o p u l a t i o n  p a r a m e t e r  t o  a b s o r b  e n v i r o n -  

m e n t a l  f l u c t u a t i o n .  The nonbreed ing  p o r t i o n  of  t h e  

p o p u l a t i o n  may t h e r e f o r e  b e  t h e  compensa t ion  f a c t o r  f o r  

e n v i r o n m e n t a l  change  when t h e  p o p u l a t i o n  l i e s  be low 

s a t u r a t i o n ,  and becomes t h e  p r i m a r y  c a u s e  o f  d e n s i t y -  

d e p e n d e n t  f e c u n d i t y  r a t e s  when p o p u l a t i o n  r ises above  

t h e  s a t u r a t i o n  p o i n t .  

The s t u d i e s  o f  Haller  ( 1 9 8 2 )  and S t e e n h o f  e t  a l .  

( 1 9 8 3 )  h a s  shown t h a t  t h i s  s y s t e m  c a n  b e  p e r t u r b e d  i n  a t  

l e a s t  two ways. F i r s t ,  t h e  s i z e  of  t h e  nonbreed ing  

p o p u l a t i o n  can  be  d e p r e s s e d  t h r o u g h  p e r s e c u t i o n ,  which  

can  i n c r e a s e  f l e d g i n g  s u c c e s s  b u t  may lower  r e c r u i t m e n t  

r a t e s  ( H a l l e r  1 9 8 2 ) .  Second ,  immatures  c a n  p r e m a t u r e l y  

j o i n  t h e  b r e e d i n g  p o p u l a t i o n  i f  t e r r i t o r i e s  a r e  l e f t  



u n o c c u p i e d  b e c a u s e  o f  human d i s t u r b a n c e  ( S t e e n h o f  e t  a l .  

1983 ) . I n  t h e  f i r s t  case, t h e r e  may b e  i n s u f f i c i e n t  

e a g l e s  i n  t h e  p o p u l a t i o n  t o  f i l l  v a c a n t  t e r r i t o r i e s ;  i n  

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

b r e e d i n g  a d u l t s  w i t h  a t o l e r a n c e  t o  human d i s t u r b a n c e  t o  

f i l l  a l l  t h e  t e r r i t o r i e s  o f  a g i v e n  a r e a ,  a l l o w i n g  i m m a -  

t u r e  e a g l e s  t h e  o p p o r t u n i t y  t o  n e s t  p r e m a t u r e l y .  

The s t u d y  p o p u l a t i o n  h a s  a  f l e d g e  r a te  n e a r  t h a t  o f  

Ha l l e r ' s  ( 1 9 8 2 )  p e r s e c u t e d  p o p u l a t i o n ,  a n d  1 6  unoccup ied  

t e r r i t o r i e s .  T h e r e  was o n l y  o n e  case o f  a n  immature 

e a g l e  b r e e d i n g  w i t h i n  t h e  s t u d y  area,  w e l l  below t h e  3 

p e r c e n t  l e v e l  r e p o r t e d  b y  S t e e n h o f  e t  a1  ( 1 9 8 3 ) .  These  

o b s e r v a t i o n s  would s u g g e s t  t h a t  t h e  n o n b r e e d i n g  popu la -  

t i o n  i s  be low t h e  s a t u r a t i o n  p o i n t  a n d  c a n n o t  f i l l  a l l  

t h e  t e r r i t o r i e s  t h a t  are v a c a t e d  b y  b r e e d i n g  e a g l e s .  

Hypo theses  on T e r r i t o r y  
M a i n t e n a n c e  and  Abandonment 

A s u b s t a n t i a l  Golden E a g l e  p o p u l a t i o n  h a s  e x i s t e d  

i n  San  Diego County  t h r o u g h o u t  t h e  p a s t  80-year  p e r i o d  

of  deve lopmen t  and  human p o p u l a t i o n  g rowth .  However, as 

d i s t u r b a n c e  h a s  i n c r e a s e d ,  p a i r s  have  a d j u s t e d  t h e i r  

n e s t i n g  l o c a t i o n s .  B r e e d i n g  c e a s e d  and  n e s t s  w e r e  aban-  

doned as r e g i o n a l  c o n d i t i o n s  e x c e e d e d  a  t h r e s h o l d  l e v e l ,  

t y p i c a l l y  b e f o r e  p r o x i m a l  f a c t o r s ,  s u c h  a s  r o a d s ,  a r e  

p r e s e n t .  P a i r s  have  r ema ined  i n  home r a n g e  a r e a s  



w i t h o u t  b r e e d i n g  o r  have  d i s a p p e a r e d  as d i s t u r b a n c e  

i n c r e a s e s .  N e s t  areas are t y p i c a l l y  t h e  f o c a l  p o i n t s  o f  

e a g l e  home r a n g e s ,  a n d  once  a b r e e d i n g  p a i r  h a s  d i s -  

a p p e a r e d  t h e i r  home r a n g e  t e n d s  t o  r e m a i n  u n o c c u p i e d  o r  

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

Because  e a g l e s  m a i n t a i n  s t a b l e  numbers o f  b r e e d i n g  

p a i r s  a n d  d o  n o t  n e c e s s a r i l y  b r e e d  e v e r y  y e a r ,  it may b e  

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

t o  r ema in  w i t h i n  t h e i r  home r a n g e ,  e v e n  i f  t h e i r  b r e e d -  

i n g  becomes i r r e g u l a r ,  r a t h e r  t h a n  f a c e  t h e  u n c e r t a i n t y  

o f  e s t a b l i s h i n g  a  new home r a n g e .  I n  f a c t ,  some p a i r s  

have r ema ined  i n  t h e  s t u d y  a r e a  a n d  have  e v e n  n e s t e d ,  

a l t h o u g h  d i s t u r b a n c e  i n  t h e i r  home r a n g e  e x c e e d e d  t h a t  

a t  some abandoned  a r e a s .  However, n o n b r e e d i n g  e a g l e s  

may n o t  f i l l  v a c a n c i e s  w i t h i n  t h e s e  d i s t u r b e d  home 

r a n g e s  b e c a u s e  t h e y  l a c k  t h e  t o l e r a n c e  t h a t  t h e  o r i g i n a l  

o c c u p a n t s  g r a d u a l l y  d e v e l o p e d  a s  d i s t u r b a n c e  i n c r e a s e d .  

F i n a l l y ,  i f  t h e  number o f  n o n b r e e d i n g  e a g l e s  i s  low a s  a 

r e s u l t  o f  d i r e c t  p e r s e c u t i o n ,  t h e n  t h e r e  may n o t  b e  

enough e a g l e s  t o  f i l l  a l l  t h e  v a c a n c i e s  a n d  areas o f  

modera t e  d i s t u r b a n c e  may go c o m p l e t e l y  u n o c c u p i e d  as 

n o n b r e e d e r s  s e l ec t  u n d i s t u r b e d  home r a n g e s .  
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