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I . SUMMARY

W e  h a v e  s t u d i e d  s h o r e b i r d  d i s t r i b u t i o n ,  h a b i t a t  r e l a -
t i o n s h i p s , t r o p h i c  d e p e n d e n c i e s  a n d  b e h a v i o r  a t  s e v e r a l
B e a u f o r t  c o a s t  s i t e s  s i n c e  1 9 7 5 . O u r  o b j e c t i v e  i s  t o  a s s e s s
t h e  d e g r e e  a n d  n a t u r e  o f  d e p e n d e n c e  o f  s h o r e b i r d  s p e c i e s  o n
a r c t i c  h a b i t a t s  w h i c h  a r e  p o t e n t i a l l y  s u s c e p t i b l e  t o
p e r t u r b a t i o n  f r o m  o f f s h o r e  o i l  d e v e l o p m e n t  a c t i v i t i e s . W i t h
o t h e r  r e s e a r c h e r s  w e  h a v e  i d e n t i f i e d  s e v e r a l  s e n s i t i v e  s i t e s
a l o n g  t h e  B e a u f o r t  c o a s t  w h e r e  s h o r e b i r d  u s e  o f  c o a s t a l
h a b i t a t s  i s  v e r y  h i g h . W e  h a v e  r a n k e d  t y p e s  o f  c o a s t a l
h a b i t a t s  o n  t h e  b a s i s  o f  b i r d  u s e  a n d  p o s s i b l e  e f f e c t s  o f  o i l
d e v e l o p m e n t . W e  h a v e  c a t e g o r i z e d  t h e  c o m m o n  s h o r e b i r d
s p e c i e s  i n  t e r m s  o f  r e l a t i v e  s e n s i t i v i t y  t o  h a b i t a t
d i s t u r b a n c e s  a s s o c i a t e d  w i t h  o i l  d e v e l o p m e n t  a n d  h a v e  d e f i n e d
s e a s o n a l  h a b i t a t  u s e  p a t t e r n s  o f  a l l  s p e c i e s  t o  d e t e r m i n e
s e n s i t i v e  p e r i o d s  w i t h i n  t h e  y e a r .

D u r i n g  J u n e  a n d  e a r l y  J u l y  s h o r e b i r d  a c t i v i t y  i s
c e n t e r e d  o n  t h e  t u n d r a  w h e r e  s h o r e b i r d s  n e s t . I n  J u l y  a n d
A u g u s t  a  m a j o r  s h i f t  i n  h a b i t a t  u s e  o c c u r s ,  b e g i n n i n g  w i t h
p o s t - b r e e d i n g  a d u l t s  a n d  a u g m e n t e d  i n c r e a s i n g l y  b y  f l e d g e d
j u v e n i l e s  m o v i n g  t o  s h o r e l i n e s  t o  f o r a g e  i n  l i t t o r a l  h a b i t a t s
p r i o r  t o  s o u t h w a r d  m i g r a t i o n . S p e c i e s  v a r y  i n  t i m i n g  a n d
m a g n i t u d e  o f  t h i s  h a b i t a t  s h i f t ,  b u t  t h e  p h e n o m e n o n  i s
w i d e s p r e a d  a’cross s p e c i e s , w i t h  m a n y  s p e c i e s  r e a c h i n g
l i t t o r a l  z o n e  d e n s i t i e s  f a r  i n  e x c e s s  o f  t h o s e  o n  t u n d r a
d u r i n g  e a r l y  s u m m e r . W i t h i n  t h e  l i t t o r a l  z o n e ,  s p e c i e s
d i f f e r  a l s o  i n  t h e i r  r e l a t i v e  u s e  o f  d i f f e r e n t  t y p e s  o f
l i t t o r a l  h a b i t a t . O n  a  f i n e r  s c a l e ,  s p e c i e s  e x h i b i t  m i c r o -
h a b i t a t  f o r a g i n g  p r e f e r e n c e s  w i t h i n  l i t t o r a l  h a b i t a t s . Al 1
t h e s e  d i f f e r e n c e s  a f f e c t  t h e  l i k e l i h o o d  t h a t  oil d e v e l o p m e n t
a c t i v i t i e s  o r  o i l  s p i l l  a c c i d e n t s  w i l l  a f f e c t  s p e c i e s  p o p u -
l a t i o n s . S p e c i f i c  r e s u l t s  a r e  d e t a i l e d  b e l o w .

L i t t o r a l  z o n e  m o v e m e n t s  o f  m o s t  s h o r e b i r d  s p e c i e s  a t
B a r r o w  r e p r e s e n t  m o r e  t h a n  j u s t  l o c a l  b r e e d i n g  b i r d s . A n n u a l
v a r i a t i o n  i n  p o s t - b r e e d i n g  d e n s i t i e s  o f  m o s t  s p e c i e s  i s
c o r r e l a t e d  w i t h  annual v a r i a t i o n  i n  t e m p e r a t u r e s  d u r i n g  t h e
p o s t – b r e e d i n g  p e r i o d  b u t  not w i t h  v a r i a t i o n  i n  t e m p e r a t u r e s
d u r i n g  t h e  n e s t i n g  p e r i o d . B i r d s  w h i c h  s h a r e  p o s t - b r e e d i n g
h a b i t a t s  f l u c t u a t e  s i m i l a r l y  i n  p o s t – b r e e d i n g  d e n s i t i e s .
A n n u a l  v a r i a t i o n  i n  p o s t - b r e e d i n g  l i t t o r a l  z o n e  d e n s i t i e s  i s
p r o b a b l y  d e t e r m i n e d  b y  c o n d i t i o n s  w i t h i n  t h e  l i t t o r a l  z o n e ;
d e v e l o p m e n t  p e r t u r b a t i o n s  w i l l  a f f e c t  g r o u p s  o f  s p e c i e s
s i m i l a r l y .

M e a s u r e d  d e n s i t i e s  o f  m i g r a t i n g  b i r d s  a r e  v e r y  s e n s i t i v e
t o  v a r i a t i o n  i n  t u r n o v e r  r a t e s  o f  i n d i v i d u a l s  a t  a  c e n s u s
s i t e . T u r n o v e r  r a t e s  o f  R e d  Phalaropes  a t  B a r r o w  i n  1 9 7 6
w e r e  r a p i d , s u g g e s t i n g  t h a t  l a r g e  p o p u l a t i o n s  o f  b i r d s  m i g h t
b e  a f f e c t e d  b y  a  local o i l  s p i l l .

T h e  c o m m o n  B a r r o w  s h o r e b i r d s  c a n  b e  c l a s s e d  i n  f o u r
g r o u p s  o n  t h e  b a s i s  o f  s e a s o n a l  p a t t e r n s  o f  t u n d r a  v s .
l i t t o r a l  z o n e  h a b i t a t  u s e . S p e c i e s  s u c h  a s  R e d  Phalarope a n d
R u d d y  T u r n s t o n e  a r e  h e a v i l y  d e p e n d e n t  o n  t h e  l i t t o r a l  z o n e
w h i l e  G o l d e n  P l o v e r s  a r e  a l m o s t  r e s t r i c t e d  t o  t u n d r a
h a b i t a t s ; o t h e r  s p e c i e s  s h o w  i n t e r m e d i a t e  p a t t e r n s .
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B a s e d  o n  s i x  m e a s u r e d  h a b i t a t  v a r i a b l e s  o u r  l i t t o r a l
t r a n s e c t s  c a n  b e  s e p a r a t e d  i n  p r i n c i p a l  c o m p o n e n t  h a b i t a t
s p a c e  i n t o  g r o u p s  c o r r e s p o n d i n g  t o  g r a v e l  b e a c h e s ,  l i t t o r a l
f l a t s  a n d  s l o u g h  e d g e s . B i r d s  r e s p o n d  t o  t h e s e  d i f f e r e n c e s
i n  h a b i t a t  t y p e ,  w i t h  g r o u p s  o f  s p e c i e s  o c c u r r i n g  i n  t h e  s a m e
t r a n s e c t  g r o u p s  i n  e a c h  y e a r . S p e c i e s  d e n s i t y  d i s t r i b u t i o n s
i n  h a b i t a t  s p a c e  a r e  o f t e n  q u i t e  d i s t i n c t i v e ,  b u t  d i f f e r e n t
s p e c i e s  s o m e t i m e s  s h o w  s i m i l a r  s h i f t s  i n  h a b i t a t  u s e  b e t w e e n
y e a r s ,  p r o b a b l y  i n  r e s p o n s e  t o  c h a n g e s  in e n v i r o n m e n t a l
c o n d i t i o n s . G r o u p s  o f  s p e c i e s  e m e r g e  w i t h  s i m i l a r  h a b i t a t
p r e f e r e n c e s  w i t h i n  t h e  l i t t o r a l  z o n e  a n d  w i t h  s i m i l a r  m i c r o -
h a b i t a t  p r e f e r e n c e s  w i t h i n  h a b i t a t s . T h e s e  g r o u p s  o f  s p e c i e s
m a y  b e  a f f e c t e d  s i m i l a r l y  b y  p a r t i c u l a r  e n v i r o n m e n t a l  d i s -
t u r b a n c e s .

T y p e s  o f  a v a i l a b l e  l i t t o r a l  h a b i t a t s  w e r e  c o m p a r a b l e  a t
B a r r o w  a n d  P r u d h o e  B a y  b u t  B a r r o w  h a s  l a r g e r  a r e a s  o f  g r a v e l
s p i t  s h o r e l i n e s ,  w h i c h  a t t r a c t  h i g h  d e n s i t i e s  o f  phalaropes.
A t  F i s h  C r e e k  D e l t a  i n  H a r r i s o n  B a y  t h i s  h a b i t a t  i s  a b s e n t ,
b u t  mudflat a n d  saltmarsh  h a b i t a t s ,  h e a v i l y  u s e d  b y  o t h e r
s p e c i e s , a r e  m o r e  e x t e n s i v e  t h a n  a t  B a r r o w  a n d  P r u d h o e  B a y .
R e d  Phalaropes a r e  m u c h  m o r e  c o m m o n  t h a n  N o r t h e r n  Phalaropes
i n  m i g r a t i o n  a t  B a r r o w , b u t  t h e y  a r e  l e s s  c o m m o n  i n  H a r r i s o n
B a y  p r o b a b l y  a s  a  r e s u l t  o f  a  l o n g i t u d i n a l  g r a d i e n t  i n
r e l a t i v e  a b u n d a n c e  a s  w e l l  a s  a  g r a d i e n t  i n  h a b i t a t
p r e f e r e n c e  o f  t h e  t w o  s p e c i e s .

S h o r e b i r d  c o n c e n t r a t i o n  a r e a s  o c c u r  i n  a r e a s  o f  g r a v e l
s p i t s  a n d  b a r r i e r  i s l a n d s  ( I c y  C a p e ,  P e a r d  B a y ,  P o i n t  B a r r o w ,
P l o v e r  I s l a n d s , J o n e s  I s l a n d s )  a n d  i n  a r e a s  w i t h  e x t e n s i v e
l i t t o r a l  f l a t s , saltmarshes a n d  s l o u g h  e d g e s  ( I c y  C a p e ,
B a r r o w ,  F i s h  C r e e k  D e l t a ,  Coleville  Delta, C a p e  Ha~kett).

S p e c i e s  d i f f e r  a l s o  i n  f a t  a c c u m u l a t i o n  s c h e d u l e s  p r i o r
t o  s o u t h w a r d  m i g r a t i o n . F a t  l e v e l s  o f  R e d  Phalaropes a n d
Dunlin b o t h  i n c r e a s e  d u r i n g  A u g u s t . F a t  l e v e l s  o f  R u d d y
T u r n s t o n e s  a n d  Sanderlings  p r i o r  t o  d e p a r t u r e  a r e  e v e n  h i g h e r
t h a n  i n  t h e  l a t t e r  s p e c i e s . Semipalmated S a n d p i p e r  j u v e n i l e s
d e p a r t  m u c h  e a r l i e r ,  w i t h  l e s s  f a t .

L i t t o r a l  z o n e  d i e t s  o f  m o s t  s h o r e b i r d  s p e c i e s  c o r r e s p o n d
t o  t h e  h a b i t a t s  i n  w h i c h  t h e y  f o r a g e  r a t h e r  t h a n  t o  s t r o n g
s p e c i e s  d i f f e r e n c e s  i n  d i e t  p r e f e r e n c e ;  d i e t s  o f  m a n y  species
o v e r l a p  b r o a d l y  w h i l e  f o r a g i n g  i n  t h e  s a m e  h a b i t a t  t y p e .  O n
l i t t o r a l  f l a t s , i n  saltmarshes a n d  a l o n g  t h e  e d g e s  o f  s l o u g h s
a n d  l a g o o n s , s h o r e b i r d s  p r e y  m a i n l y  o n  c h i r o n o m i d  f l y  l a r v a e ,
w i t h  a d u l t  c h i r o n o m i d  f l i e s  a n d  oligochaetes t a k e n  d u r i n g
s o m e  p e r i o d s . A l o n g  m a r i n e  s h o r e s  t h e  p r e y  b a s e  f o r  m a n y
s p e c i e s  i s  t h e  m i x  o f  m a r i n e  z o o p l a n k t o n  a n d  u n d e r – i c e
a m p h i p o d s  w h i c h  i s  h i g h l y  v a r i a b l e  i n  d e n s i t y  a n d  s p e c i e s
c o m p o s i t i o n  b e t w e e n  y e a r s  a n d  w i t h i n  o n e  s e a s o n . D i e t s  o f
s h o r e b i r d s  h a v e  a  s t r o n g  s e a s o n a l  c o m p o n e n t  a s  s p e c i e s  s h i f t
f r o m  t u n d r a  t o  l i t t o r a l  h a b i t a t s  a n d  a s  p r e y  a v a i l a b i l i t y
w i t h i n  h a b i t a t s  c h a n g e s .

J u v e n i l e  R e d  Phalaropes  f o r a g i n g  a l o n g  t h e  s h o r e s  o f
B a r r o w  S p i t  a l t e r e d  t h e i r  d i e t s  a n d  t h e i r  f o r a g i n g  b e h a v i o r
i n  r e l a t i o n  t o  o n s h o r e  w i n d  d i r e c t i o n ,  a p p a r e n t l y  i n  r e s p o n s e
t o  c h a n g e s  i n  r e l a t i v e  a b u n d a n c e  o f  m a r i n e  zooplankton a n d
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u n d e r - i c e  a m p h i p o d s . T h i s  r e s p o n s e  s u g g e s t s  t h a t  s p i t s  a n d
i s l a n d s  m a y  b e  f a v o r e d  f o r a g i n g  a r e a s  b e c a u s e  t h e y  p r e s e n t
m o r e  o p t i o n s  w i t h  r e s p e c t  t o  o n s h o r e  -  o f f s h o r e  w i n d s  w h e n
c o m p a r e d  w i t h  m a i n l a n d  s h o r e s .

A t  P r u d h o e  B a y , t h e  d u s t  s h a d o w  p r o d u c e d  o n  t u n d r a
b e s i d e  g r a v e l  roads r e d u c e d  d e n s i t i e s  o f  n e s t i n g  s h o r e b i r d s
a n d  p a s s e r i n e . A  t u n d r a  a r e a  w h e r e  n a t u r a l  d r a i n a g e  h a s
b e e n  a l t e r e d  b y  c o n s t r u c t i o n  s h o w e d  a  r e d u c t i o n  i n  s h o r e b i r d
b r e e d i n g  d e n s i t i e s  b u t  a n  i n c r e a s e  i n  d e n s i t i e s  o f  l a t e
s u m m e r  m i g r a n t s . A n  a r t i f i c i a l  g r a v e l  p i e r  a t  P r u d h o e  B a y
w a s  u s e d  l e s s  t h a n  a d j a c e n t  m a i n l a n d  s h o r e s  b y  p a s s e r i n e  a n d
s e v e r a l  s p e c i e s  o f  s h o r e b i r d s ,  b u t  d e n s i t i e s  o f  N o r t h e r n
P h a l a r o p e s  w e r e  e x t r e m e l y  h i g h . A r t i f i c i a l  p i e r s  a n d  i s l a n d s
w i l l  p r o b a b l y  a t t r a c t  z o o p l a n k t o n  f o r a g e r s  t o  a r e a s  w h e r e  o i l
s p i l l s  m a y  b e  m o r e  l i k e l y .

I n  c h o i c e  e x p e r i m e n t s ,  j u v e n i l e  R e d  Phalaropes m a d e  n o
i n i t i a l  d i s t i n c t i o n  b e t w e e n  f o r a g i n g  o n  clear w a t e r  o r  o n
w a t e r  c o n t a i n i n g  a n  o i l  f i l m . H o w e v e r ,  o n  s u b s e q u e n t  c h o i c e s
t h e y  a v o i d e d  f o r a g i n g  o n  o i l e d  s u r f a c e s ;  t h e y  a l s o  f o r a g e d
l o n g e r  o n  c l e a r  s u r f a c e s . I n  a  r e l a t e d  a q u a r i u m  e x p e r i m e n t ,
phalaropes i n c r e a s e d  t i m e  s p e n t  i n  e s c a p e  b e h a v i o r  i n
r e s p o n s e  t o  t h i n  o i l  f i l m s  o n  w a t e r . I f  t h e i r  f a t e  i s  n o t
s e a l e d  b y  i n i t i a l  c o n t a c t  w i t h  o i l  o n  w a t e r ,  phalaropes m a y
l e a r n  t o  a v o i d  i t  q u i c k l y  e n o u g h  t o  r e d u c e  m o r t a l i t y  r a t e s .



I I . INTRODUCTION

A l o n g  t h e  B e a u f o r t  a n d  Chukchi  c o a s t s  o f  a r c t i c  A l a s k a
t u n d r a  h a b i t a t s  m e r g e  w i t h  saltmarsh, s l o u g h s  a n d  a r c t i c
b e a c h e s . I n  t h e s e  h a b i t a t s  s h o r e b i r d s  ( C h a r a d r i i f o r m e s :
Charadrii;  s a n d p i p e r s ,  plovers a n d  t h e i r  close r e l a t i v e s )  o f
m a n y  s p e c i e s  a r e  p r e s e n t  t h r o u g h o u t  s u m m e r  m o n t h s . I n  c o n -
t r a s t  t o  a r e a s  f a r t h e r  s o u t h , s h o r e b i r d s  c o m p r i s e  a  m a j o r
s e g m e n t  o f  t h e  avifauna o f  t h e  c o a s t  o f  a r c t i c  A l a s k a
( B a i l e y ,  1 9 4 8 ; G a b r i e l s o n  a n d  L i n c o l n ,  1 9 5 9 ;  Pitelka, 1 9 7 4 ) .
T h e  t w e n t y – s e v e n  s p e c i e s  l i s t e d  i n  T a b l e  1  o c c u r  r e g u l a r l y  i n
t h e  a r c t i c  d u r i n g  s u m m e r  m o n t h s ,  m i g r a t i n g  t o  s p e n d  t h e i r
w i n t e r s  i n  t e m p e r a t e  a n d  t r o p i c a l  r e g i o n s  o f  b o t h  n o r t h e r n
a n d  s o u t h e r n  h e m i s p h e r e s . A s  a  g r o u p  t h e y  a r e  a n  i n t e r n a -
t i o n a l  r e s o u r c e , w i t h  i n d i v i d u a l  s p e c i e s  d e p e n d e n t  i n  v a r y i n g
d e g r e e s  o n  s u m m e r  c o n d i t i o n s  a l o n g  t h e  A l a s k a n  a r c t i c  c o a s t .

P r i o r  t o  1 9 7 5  m o s t  o f  t h e  d e t a i l e d  s t u d i e s  o f  s h o r e b i r d
e c o l o g y  i n  a r c t i c  A l a s k a  h a d  b e e n  d o n e  n e a r  B a r r o w  w h e r e
r e s e a r c h e r s  c o n c e n t r a t e d  o n  c o n d i t i o n s  a n d  a c t i v i t i e s  o n  t h e
t u n d r a  p r i m a r i l y  d u r i n g  t h e  s h o r t  a r c t i c  b r e e d i n g  s e a s o n
( H o l m e s ,  1 9 6 6 a ,  1966b,  1 9 7 0 ,  1 9 7 1 ;  H o l m e s  a n d  Pitelka, 1 9 6 8 ;

M a c L e a n ,  1 9 6 9 ,  1 9 7 4 ;  N o r t o n ,  1 9 7 2 ,  1 9 7 3 ;  Pitelka 1 9 5 9 ,  1 9 7 4 ;
Pitelka e t  a l . ,  1 9 7 4 ) . I t  h a d  b e e n  n o t e d  a t  B a r r o w  a n d
e l s e w h e r e  i n  t h e  a r c t i c  t h a t  d e n s i t i e s  o f  s e v e r a l  s p e c i e s  o f
s h o r e b i r d s  i n c r e a s e d  n e a r  t h e  s h o r e l i n e  a s  s u m m e r  p r o g r e s s e d
r e s u l t i n g  i n  a  n e t  i n c r e a s e  i n  u s e  o f  l i t t o r a l  h a b i t a t s
( H o l m e s ,  1 9 6 6 a ;  B e n g t s o n ,  1 9 7 0 ) . T h i s  m o v e m e n t  b e g i n s  w i t h
n o n – b r e e d e r s  a n d  i s  a u g m e n t e d  p r o g r e s s i v e l y  b y  a  s h o r e w a r d
m o v e m e n t  o f  l o c a l  a n d  a l s o  inland b i r d s ,  e s p e c i a l l y  a f t e r  t h e
y o u n g  h a v e  f l e d g e d . H o w e v e r ,  t h e  i m p o r t a n c e  o f  t h i s  h a b i t a t
s h i f t  i n  t h e  b r e e d i n g  c y c l e  o f  a r c t i c  s h o r e b i r d s  h a d  n o t  b e e n
a d e q u a t e l y  e v a l u a t e d .

S i n c e  1 9 7 5  w e  h a v e  a t t e m p t e d  t o  p r o v i d e  d e t a i l e d  a n d
q u a n t i t a t i v e  i n f o r m a t i o n  n e c e s s a r y  t o  a s s e s s  t h e  d e p e n d e n c e
o f  s h o r e b i r d s  a n d  o t h e r  s p e c i e s  o n  l i t t o r a l  h a b i t a t s  a l o n g
t h e  A l a s k a n  a r c t i c  c o a s t . D e v e l o p m e n t  o f  p e t r o l e u m  r e s o u r c e s
a l o n g  t h e  o u t e r  c o n t i n e n t a l  s h e l f  w i l l  p r o d u c e  s o m e  u n k n o w n
d e g r e e  o f  d i s t u r b a n c e  t o  t h e s e  h a b i t a t s . T o  t h e  e x t e n t  t h a t
s h o r e b i r d s  a n d  o t h e r  b i r d s  d e p e n d  u p o n  s h o r e l i n e  a n d  near-
s h o r e  h a b i t a t s  a n y  d i s t u r b a n c e s  m a y  a f f e c t  t h e i r  p o p u l a t i o n s .
O u r  a p p r o a c h  t o  e v a l u a t i n g  t h e  s i g n i f i c a n c e  o f  t h e  l i t t o r a l
z o n e  t o  s h o r e b i r d s  h a s  b e e n  to g a t h e r  a n d  a n a l y z e  b a s i c
e c o l o g i c a l  d a t a  d e a l i n g  w i t h  s e a s o n a l  o c c u r r e n c e  o f  shore–
b i r d s  i n  d i f f e r e n t  h a b i t a t s ; t r o p h i c  r e l a t i o n s h i p s  o f  shore–
b i r d s  f e e d i n g  i n  l i t t o r a l  h a b i t a t s ; a n d  v a r i a b i l i t y  i n  t h e s e
a s p e c t s  b o t h  o v e r  t i m e  a n d  o v e r  s p a c e . T h e s e  e f f o r t s  h a v e
b e e n  s u p p l e m e n t e d  w i t h  b e h a v i o r a l  d a t a ,  e x p e r i m e n t a l  w o r k  a n d
o b s e r v a t i o n s  o f  b i r d  u s e  i n  h a b i t a t s  a l r e a d y  s u b j e c t e d  t o
d e v e l o p m e n t  a l t e r a t i o n s . O u r  o b j e c t i v e s  a r e  t o  d e f i n e  t h e
s e a s o n a l  r e l a t i o n s h i p s  b e t w e e n  e a c h  c o m m o n  s p e c i e s  a n d  t h e
h a b i t a t s  a v a i l a b l e ; t o  i d e n t i f y  t h e  s p e c i e s  a n d  h a b i t a t s  m o s t
s e n s i t i v e  t o  d i s t u r b a n c e  a s  w e l l  a s  t h e  r e g i o n s  a l o n g  t h e
B e a u f o r t  c o a s t  t h a t  s h o u l d  b e  c o n s i d e r e d  m o s t  i m p o r t a n t  t o
s h o r e b i r d  p o p u l a t i o n s ; to p r e d i c t  t h e  p r o b a b l e  i m p a c t  o f



T a b l e  1 . S h o r e b i r d  s p e c i e s  o c c u r r i n g  r e g u l a r l y  a l o n g  t h e
B e a u f o r t  a n d  Chukchi  c o a s t s  o f  A l a s k a  ( f r o m  C o n n o r s
e t  a l . , 1 9 7 9 ) .——

R e g u l a r  B r e e d e r s

Semipalmated  P l o v e r , C h a r a d r i u s  semipalmatus

A m e r i c a n  G o l d e n  P l o v e r ,  Pluvialis d o m i n i c a

B l a c k – b e l l i e d  P l o v e r ,  Pluvialis squatarola

R u d d y  T u r n s t o n e , A r e n a r i a  i n t e r p r e s

B l a c k  T u r n s t o n e , A r e n a r i a  malanocephala

C o m m o n  S n i p e , C a p e l l a  gallinago

Whirnbrel,  N u m e n i u s  p h a e o p u s

R e d  K n o t ,  Calidris c a n u t u s

P e c t o r a l  S a n d p i p e r ,  Calidris  melanotos—
White-rumped  S a n d p i p e r ,  Calidris fuscicollis

B a i r d ’ s  S a n d p i p e r ,  Calidris  bairdii

Dunlin, Calidris alpina

S e m i p a l m a t e d  S a n d p i p e r ,  Calidris  pusilla—
W e s t e r n  S a n d p i p e r ,  Calidris m a u r i

S t i l t  S a n d p i p e r , Micropalama himantopus

B u f f - b r e a s t e d  S a n d p i p e r ,  T r y n g i t e s  subruficollis

L o n g – b i l l e d  Dowitcher, L i m n o d r o m u s  scolopaceus——
B a r – t a i l e d  G o d w i t ,  L i m o s a  lapponica— —  — _ _
R e d  Phalarope, Phalaropus fulicarius

N o r t h e r n  Phalarope, L o b i p e s  lobatus—— —.— — — _ _

—— — ———
A d d i t i o n a l  M i g r a n t s

Killdeer, C h a r a d r i u s  v o c i f e r u s

S h a r p – t a i l e d  S a n d p i p e r ,  Calidris  a c u m i n a t a

L e a s t  S a n d p i p e r ,  Calidris minutilla

R u f o u s - n e c k e d  S a n d p i p e rf  Calidris ruficollis

C u r l e w  S a n d p i p e r , C a l i d r i s  f e r r u g i n e a

Sanderling, Calidris  a l b a

H u d s o n i a n  G o d w i t ,  L i m o s a  h a e m a s t i c a
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p o t e n t i a l  d i s t u r b a n c e s  a n d  t o  s u g g e s t  a l t e r n a t i v e s  o r  g u i d e -
l i n e s  t h a t  w i l l  b e  u s e f u l  i n  m a n a g i n g  t h e  d e v e l o p m e n t  o f  t h e
B e a u f o r t  c o a s t .

A n n u a l  r e p o r t s  p r e s e n t i n g  r e s u l t s  o f  t h e s e  s t u d i e s  h a v e
b e e n  p u b l i s h e d  b y  O C S E A P  e a c h  y e a r  ( C o n n o r s  a n d  Risebrough,
1 9 7 6 ;  1 9 7 7 ;  1 9 7 8 ;  1 9 7 9 ;  1980). I n  t h i s  f i n a l  r e p o r t  d e a l i n g
w i t h  t h e  Beaufort c o a s t  w e  w i l l  a t t e m p t  t o  s u m m a r i z e  a n d
s y n t h e s i z e  r e s u l t s  p r e s e n t e d  i n  t h o s e  r e p o r t s  a n d  to p r e s e n t
t h e  r e s u l t s  o f  f u r t h e r  a n a l y s e s  p e r f o r m e d  o n  t h e  m u l t i – y e a r
d a t a  s e t . In t h e  i n t e r e s t  o f  b r e v i t y  a n d  c l a r i t y ,  w e  w i l l
n o t  p r e s e n t  a l l  d e t a i l s  o f  s u b j e c t s  d i s c u s s e d  p r e v i o u s l y  b u t
w i l l  r e p e a t  a n y  i n f o r m a t i o n  n e c e s s a r y  t o  u n d e r s t a n d i n g  t o p i c s
d i s c u s s e d  i n  t h i s  r e p o r t .



I I I . METHODS

S t u d y  A r e a s
O u r  p r i n c i p l e  a p p r o a c h  t o  the s t u d y  o f  s h o r e b i r d  h a b i t a t

u s e  i n  t h e  l i t t o r a l  z o n e  r e q u i r e d  i n i t i a l l y  a  d e f i n i t i o n  o f
t h e  l i t t o r a l  z o n e  a p p r o p r i a t e  f o r  t h e  B e a u f o r t  C o a s t . D e f i n -
i t i o n s  f o r  s h o r e l i n e s  i n  m o r e  s o u t h e r l y  r e g i o n s  h a v e  b e e n
established  ( s e e  Ricketts e t  al., 1 9 6 8 )  but t h e  A l a s k a n
B e a u f o r t  C o a s t  p r e s e n t s  s o m e  s p e c i a l  p r o b l e m s .

——
T h e  m e a n

t i d a l  r a n g e  a t  B a r r o w  i s  o n l y  2 9  c e n t i m e t e r s ;  h o w e v e r ,  d u r i n g
p e r i o d s  o f  o p e n  w a t e r , s t o r m s  m a y  p r o d u c e  t i d e s  o f  1  m e t e r  o r
m o r e  a b o v e  n o r m a l , i n u n d a t i n g  l a r g e  a r e a s  o f  l o w  l y i n g
c o a s t a l  h a b i t a t s . V e g e t a t i o n ,  p a t t e r n s  o f  b i r d  u s e  a n d
s u s c e p t i b i l i t y  t o  p e t r o l e u m  p o l l u t i o n  c a r r i e d  b y  s t o r m  w a t e r s
d i f f e r  m a r k e d l y  w i t h i n  t h i s  z o n e  c o m p a r e d  t o  t u n d r a  j u s t
b e y o n d  i t . For t h e s e  r e a s o n s , w e  c o n s i d e r e d  t h e  a r c t i c
l i t t o r a l  z o n e  a s  e x t e n d i n g  f r o m  t h e  l o w e s t  t i d e  l e v e l  u p  t o
t h e  l i m i t s  o f  t h e  a r e a  l i k e l y  t o  b e  f l o o d e d  b y  s t o r m s  a t
l e a s t  o n c e  e v e r y  f e w  y e a r s . T h e  i m p r e c i s i o n  o f  t h i s  o p e r a -
t i o n a l  d e f i n i t i o n  r e s u l t s  f r o m  o u r  i n a b i l i t y  t o  e s t a b l i s h  t h e
a r e a  f r e q u e n c y  c o n t o u r s  n e c e s s a r y  f o r  a  m o r e  p r e c i s e  d e f i n -
i t i o n . I n  p r a c t i c e  t h i s  l i t t o r a l  z o n e  c a n  r e a d i l y  b e  r e c o g -
n i z e d  b y  t h e  b r a c k i s h  w a t e r  i n  f l o o d  p o o l s ,  b y  t h e  p r e s e n c e
o f  s a l t  t o l e r a n t  v e g e t a t i o n , a n d  b y  t h e  d i s t r i b u t i o n  o f  s t o r m
d r i f t  m a t e r i a l .

W e  e s t a b l i s h e d  p e r m a n e n t  mark~d transects a t  o u r  t h r e e
p r i n c i p a l  s t u d y  s i t e s : B a r r o w  ( 7 1 17’N, 1 5 6  46’W) w h e r e  w e
censused  t r a n s e c t s  f o r  f o u r  c o n s e c u t i v e  s u m m e r s  f r o m  1 9 7 5
t h r o u g h  1 9 7 8 ;  Prudhoe B a y ,  ( 7 0 °  15’N, 1 4 8 °  20’w) w h e r e  w e
c e n s u s e d &ransects  d~ring t h e  s u m m e r  o f  1 9 7 8 ;  a n d  F i s h  C r e e k
D e l t a  ( 7 0 25’N, 1 5 1 2 2 ’ W )  i n  H a r r i s o n  B a y  w h e r e  w e  w o r k e d
d u r i n g  1 9 8 0  ( F i g u r e  1 ) . A t  B a r r o w ,  o u r  m a i n  s t u d y  s i t e ,  w e
e s t a b l i s h e d  t r a n s e c t s  i n  a  w i d e  v a r i e t y  o f  l i t t o r a l  a n d  n e a r
l i t t o r a l  h a b i t a t s  ( T a b l e  2  a n d  F i g u r e  2 ) . T h e s e  i n c l u d e d
g r a v e l  s p i t  b e a c h e s  v a r y i n g  i n  w a v e  e x p o s u r e ,  g r a v e l  m a i n l a n d
b e a c h , t u n d r a – b a c k e d  b e a c h ,  o c e a n  e s t u a r y ,  o p e n  l a g o o n
e s t u a r y ,  c l o s e d  b r a c k i s h  l a g o o n  a n d  a  v a r i e t y  o f  mudflat a n d
s a l t  m a r s h  h a b i t a t s  v a r y i n g  i n  a m o u n t  o f  w a t e r  c o v e r ,  s a l i n -
i t y  o f  p o o l s , t y p e  a n d  d e n s i t y  o f  v e g e t a t i o n ,  s u b s t r a t e  g r a i n
s i z e  a n d  p r o x i m i t y  t o  o c e a n ,  l a g o o n  o r  s l o u g h s . O n  t h e  b a s i s
o f  h a b i t a t  m e a s u r e m e n t s  a n d b i r d  u s e  w e  h a v e  g r o u p e d  t r a n -
s e c t s  i n t o  t h r e e  m a i n  c a t e g o r i e s ,  d e s i g n a t e d  a s  g r a v e l
b e a c h e s  ( G ) ,  l a g o o n  a n d  s l o u g h  e d g e s  ( E ) ,  a n d  l i t t o r a l  f l a t s
(F) . h!e e s t a b l i s h e d  a  s i m i l a r  s y s t e m s  o f  t r a n s e c t s  a t
Prudhoe B a y  d e s i g n e d  p r i m a r i l y  t o  t e s t  t h e  e f f e c t s  o f  h a b i t a t
d i s t u r b a n c e s  b y  s a m p l i n g  d i s t u r b e d  a n d  u n d i s t u r b e d  h a b i t a t s ,
a n d  i n  F i s h  C r e e k  D e l t a  t o  m e a s u r e  s h o r e b i r d  d e n s i t i e s  o n  t h e
e x t e n s i v e  l i t t o r a l  f l a t s  a n d  s l o u g h  e d g e s  o f  t h a t  a r e a .

We s u p p l e m e n t e d  o u r  r e g u l a r  t r a n s e c t  c e n s u s  i n f o r m a t i o n
w i t h  o b s e r v a t i o n s  a n d  d e n s i t y  m e a s u r e m e n t s  m a d e  i n  b r i e f
v i s i t s  t o  s e v e r a l  o t h e r  s i t e s : I c y  C a p e ,  W a i n w r i g h t ,  a n d
P e a r d  B a y  w e s t  o f  B a r r o w ; L o n e l y ,  n e a r  P i t t  P o i n t ,  Oliktok,
e a s t  o f  t h e  Colville R i v e r , a n d  a  s i t e  w e s t  o f  H a r r i s o n  B a y
n e a r  C a p e  Halkett, a l l  a l o n g  t h e  B e a u f o r t  C o a s t  ( F i g u r e  1 ) .
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T a b l e  2 . L i t t o r a l  z o n e  t r a n s e c t s  s t u d i e d  a t  B a r r o w  1 9 7 5 - 1 9 7 8 .

T r a n s e c t Y e a r s L e n g t h  ( m ) W i d t h  ( m ) H a b i t a t
C o d e Cerisused

BAP
BBD
BBS
BBV
BCB
BCN
BCS
B DM
B DC
BPP
BPS
BRW
BTW
BWS
BBP
BGF
BNL
BNT
BVL1
BVL2
BCM
BM E
BMW
BNB
BNE
B VE

3
3
4
1
3
3
4
3
1
3
3
3
3
4
4
4
4
3
2
2
2
3
3
4
4
2

1 0 0 0
2900
1000
1000
1000
1000
1 0 0 0
1 0 0 0
1 0 0 0

1 0 0 0

1 0 0 0

1 0 0 0

1 0 0 0

1 0 0 0

300
500
500
500
500
500

1 0 0 0
500
500

1000
500
500

50
50
50
50
50
50
50
50
50
50
50
50
50
50

100
100
1 0 0
100

50
1 0 0

50
50
50
50
50
50

G
G
G
G
G
G
G
G
G
G
G
G
G
G
F
F
F
F
F
F
E
E
E
E
E
E

—
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Figure 2 . Locat ion  o f  t ransec t s  at B a r r o w .
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A i r p l a n e  f l i g h t s  b e t w e e n  t h e s e  s i t e s  a n d  o u r  p r i n c i p a l  s t u d y
s i t e s  g a v e  u s  m o r e  e x t e n s i v e  b u t  l e s s  d e t a i l e d  i n f o r m a t i o n  o n
the d i s t r i b u t i o n  a n d  a v a i l a b i l i t y  o f  h a b i t a t s  a n d  o n  c o n c e n -
t r a t i o n  a r e a s  o f  s h o r e b i r d s  a l o n g  t h e  c o a s t .

T r a n s e c t  c e n s u s i n g
P e r m a n e n t  t r a n s e c t s  w e r e  m a r k e d  w i t h  s t a k e s  a t  5 0  m e t e r

i n t e r v a l s . I n  r e l a t i v e l y  u n i f o r m  h a b i t a t s  s u c h  a s  mudflat,
saltmarsh o r  t u n d r a , t r a n s e c t s  w e r e  s t r a i g h t  a n d  1 0 0  m e t e r s
i n  w i d t h  w i t h  5 0  m e t e r  s t a k e s  r u n n i n g  a l o n g  t h e  c e n t e r  l i n e
o f  a  d o u b l e  r o w  o f  5 0  x  5 0  m e t e r  s q u a r e  p l o t s . At B a r r o w
t r a n s e c t  d i s t a n c e s  v a r i e d  f r o m  3 0 0  m e t e r s  t o  1 0 0 0  m e t e r s
( T a b l e  2 ) . S h o r e l i n e  t r a n s e c t s ,  s u c h  a s  a l o n g  l a g o o n  e d g e s
o r  o c e a n  b e a c h e s ,  c o n s i s t e d  o f  a  s i n g l e  r o w  o f  5 0  m e t e r  x  5 0
m e t e r  s q u a r e  p l o t s  f o l l o w i n g  t h e  s h o r e l i n e . T h e s e  t r a n s e c t s
varied f r o m  500 m e t e r s  t o  2900 m e t e r s .

W e  c e n s u s e d  t r a n s e c t s  o n c e  e v e r y  f i v e  d a y s  a n d  h a v e
a v e r a g e d  d a t a  f r o m  a l l  y e a r s  p e r t a i n i n g  t o  f i v e  d a y  p e r i o d s
t h r o u g h o u t  t h e  s u m m e r . B a r r o w  s t u d y  s e a s o n s  d i f f e r e d  i n
d i f f e r e n t  y e a r s :  1 6  J u n e  -  3  S e p t e m b e r  1 9 7 5 ,  6  J u n e  -  1 8
S e p t e m b e r  1976, 1 6  July -  1 8  S e p t e m b e r  1 9 7 7 ,  a n d  1 1  July -  2 9
A u g u s t  1 9 7 8 . We c e n s u s e d  i n  a l l  f o u r  y e a r s  d u r i n g  t h e  n i n e
p e r i o d s  o f  h e a v i e s t  l i t t o r a l  z o n e  a c t i v i t y  f o r  m o s t  s h o r e b i r d
s p e c i e s , 1 9  J u l y  t h r o u g h  2 9  A u g u s t . I n  d i s c u s s i o n s  o f
i n t e r - y e a r  v a r i a b i l i t y ,  o n l y  t h e s e  9  p e r i o d s  a r e  c o n s i d e r e d ,
b u t  f o r  f u l l  s e a s o n  d a t a , a v e r a g e  d e n s i t i e s  a r e  c o m p u t e d
b a s e d  o n  t h e  a p p r o p r i a t e  n u m b e r  o f  d e n s i t y  e s t i m a t e s . T h e
n u m b e r  o f  t r a n s e c t s  c e n s u s e d  i n  d i f f e r e n t  y e a r s  a l s o  v a r i e d ,
p r i m a r i l y  a s  a  r e s u l t  o f  l o g i s t i c  c o n s i d e r a t i o n s . N u m b e r  o f
>-ears  e a c h  t r a n s e c t  w a s  c e n s u s e d  i s  g i v e n  i n  T a b l e  2 . Our
c e n s u s  o b j e c t i v e  w a s  t o  d e t e r m i n e  a n  i n s t a n t a n e o u s  d e n s i t y  o n
e a c h  5 0  m e t e r  b y  5 0  m e t e r  p l o t  b y  l o c a t i n g ,  i d e n t i f y i n g  a n d
c o u n t i n g  e a c h  i n d i v i d u a l . S o m e  f a c t o r s  a f f e c t i n g  c e n s u s i n g
al-e d i s c u s s e d  i n  Results.

A t  P r u d h o e  B a y  w e  c e n s u s e d  t r a n s e c t s  c o n t i n u o u s l y  i n  5
day i n t e r v a l s  f r o m  1  J u n e  t o  1 0  S e p t e m b e r , 1 9 7 8 . T r a n s e c t
l o c a t i o n s  a n d  s i z e s  a r e  s h o w n  i n  F i g u r e  3  a n d  T a b l e  3 .  A t
F i s h  C r e e k  Delta i n  H a r r i s o n  B a y  o u r  c e n s u s e s  r a n  f r o m  2 6
.?uIY to 2 9  A u g u s t , 1 9 8 0 . A l l  t r a n s e c t s  a t  t h a t  s i t e  w e r e
1000 m  l o n g  b y  1 0 0  m  w i d e  ( F i g u r e  4 ) .



T a b l e  3 . T r a n s e c t s  s t u d i e d  at Prudhoe B a y  i n  1 9 7 8 .

T r a n s e c t L e n g t h ( m )  W i d t h ( m ) T r a n s e c t  L e n g t h ( m )  W i d t h ( m )
C o d e C o d e

PAB 1000

PBB 500

PBS 5 0 0

PDW 1000

PEB 1 0 0 0

PED 400

PF1 7 0 0

PF 2 8 0 0

PG 1 5 0 0

PG 2 500

PG 3 5 0 0

PG 4 500

PG I 1 0 0 0

P I S 500

PMF 300

PN O 150

P o s 150

50 PPI

100 PP2

1 0 0 PP3

50 PP4

1 0 0 PPB

50 PPM

100 P Pu

100 Ps 1

1 0 0 Ps 2

100 PRB

1 0 0 PSB

100 PSR

50 P s s

100 Pw 1

100 Pw 2

100 Pw 3

100 Pw 4

250

250

2 5 0

250

500

1 0 0 0

3 5 0

500

500

400

1000

500

1 0 0 0

1000

1 0 0 0

1 0 0 0

1 0 0 0

50

50

50

50

100

50

50

50

50

100

100

100

100

50

50

50

so
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H a b i t a t  c h a r a c t e r i z a t i o n
W e  p r e s e n t  g e n e r a l  d e s c r i p t i o n s  o f  t h e  s h o r e b i r d  h a b i -

t a t s  s t u d i e d  i n  R e s u l t s  b e l o w . T o  c h a r a c t e r i z e  o u r  t r a n s e c t
h a b i t a t s  q u a n t i t a t i v e l y  f o r  f u r t h e r  a n a l y s i s  w e  d e s c r i b e d  t h e
l i t t o r a l  z o n e  t r a n s e c t s  b y  m e a s u r i n g  s i x  v a r i a b l e s  f o r  e a c h
5 0  m e t e r  p l o t :

1 . D i s t a n c e  f r o m  s h o r e  ( D S H O R E ) : d i s t a n c e  f r o m  c e n t e r
o f  5 0  m e t e r  p l o t  t o  n e a r e s t  m a j o r  s h o r e l i n e  ( e . g .
o c e a n , l a g o o n ,  r i v e r ) .

2 . W i d t h  o f  n o r m a l  f l o o d  z o n e  (NORFLZ): d i s t a n c e  f r o m
m e a n  w a t e r  l e v e l  t o  h i g h e s t  l e v e l  i n u n d a t e d  d u r i n g
m o s t  y e a r s . D e t e r m i n e d  b y  r e c e n t  d r i f t  m a t e r i a l  a n d
b y  v e g e t a t i o n .

3 . W i d t h  o f  m a x i m u m  f l o o d  z o n e  (MAXFLZ): d i s t a n c e  f r o m
m e a n  w a t e r  l e v e l  t o  h i g h e s t  w a t e r  l e v e l  a s  i n d i c a t e d  ,
b y  f a r t h e s t  i n l a n d  d r i f t w o o d  l i n e .

4 . W a t e r  c o v e r  (WATCOV): p e r c e n t  o f  p l o t  c o v e r e d  b y
w a t e r .

5 . S u b s t r a t e  (SUBSTR): p a r t i c l e  s i z e  g r a d i e n t  c l a s s i -
f i e d  a s  m u d  ( 1 ) ,  f i n e  s a n d  ( 2 ) ,  c o a r s e  s a n d  ( 3 ) ,
f i n e  g r a v e l  ( 4 ) ,  c o a r s e  g r a v e l  ( 5 ) .

6 . V e g e t a t i o n  c o v e r  (VEGCOV): p e r c e n t  o f  e x p o s e d  a r e a
c o v e r e d  b y  p l a n t s .

T h e s e  s i x  c o m p o n e n t s  w e r e  u s e d  i n  p r i n c i p a l  c o m p o n e n t
a n a l y s e s  ( M o r r i s o n , 1 9 7 6 )  a n d  a s  o u r  r e s u l t s  w i l l  s h o w  t h e y
w e r e  s u f f i c i e n t  t o  i d e n t i f y  t h e  p r i n c i p a l  d i s t i n c t i o n s  b e -
t w e e n  g r o u p s  o f  l i t t o r a l  h a b i t a t s . ‘de also r e c o r d e d  t h r e e
a d d i t i o n a l  c a t e g o r i c a l  v a r i a b l e s  f o r  e a c h  p l o t : m a j o r  l a n d
f o r m ,  h a b i t a t  f o r m  a n d  m a j o r  p l a n t  t a x a  o n  t h e  p l o t  ( C o n n o r s
a n d  Risebrough, 1979]. W e  e v a l u a t e d  t h e s e  i n  o u r  s u b j e c t i v e
c l a s s i f i c a t i o n s  o f  l i t t o r a l  h a b i t a t s  i n t o  t h r e e  b a s i c  t y p e s ;
t h e  r e s u l t s  a g r e e d  w i t h  t h e  q u a n t i t a t i v e  a n a l y s e s  b a s e d  o n
t h e  f i r s t  s i x  v a r i a b l e s  ( s e e  R e s u l t s ) . T h e s e  c a t e g o r i c a l
v a r i a b l e s  a l s o  c o n t r i b u t e  t o  a  u s e f u l  d e s c r i p t i o n  o f  h a b i -
t a t s ,  c o n v e y i n g  a  mqre e a s i l y  c o m m u n i c a t e d  p i c t u r e  o f  t h e
h a b i t a t s  t h a n  i s  p o s s i b l e  w i t h  t h e  q u a n t i t a t i v e  a n a l y s i s .

H a b i t a t  d e s c r i p t i o n s  w e r e  p e r f o r m e d  d u r i n g  A u g u s t  t o
r e p r e s e n t  t h e  c o n d i t i o n s  e x p e r i e n c e d  b y  s h o r e b i r d s  d u r i n g  t h e
p e r i o d  o f  h e a v i e s t  u s e  e a c h  y e a r . O n l y  o n e  v a r i a b l e ,  p e r c e n t
w a t e r  c o v e r ,  i s  s e n s i t i v e  t o  t h e  d a t e  o f  m e a s u r e m e n t ;  a l l
o t h e r  v a r i a b l e s  remain f a i r l y  c o n s t a n t  t h r o u g h o u t  t h e  s u m m e r .

F o r a g i n g m i c r o h a b i t a t  m e a s u r e m e n t s
D u r i n g  l a t e  s u m m e r  o f  1 9 7 6  a t  B a r r o w ,  w e  r e c o r d e d  s i x

v a r i a b l e s  d e s c r i b i n g  m i c r o h a b i t a t  i n  t h e  i m m e d i a t e  v i c i n i t y
o f  p o i n t s  w h e r e  s h o r e b i r d s  f o r a g e d  i n  t h e  l i t t o r a l  z o n e . T h e
v a r i a b l e s  w e r e : d i s t a n c e  f r o m  f o r a g i n g  p o i n t  t o  w a t e r  l i n e ,
d e p t h  o f  w a t e r  a t  f o r a g i n g  p o i n t ,  g r a i n  s i z e  a t  f o r a g i n g
p o i n t ,  d i s t a n c e  t o  n e a r e s t  a l g a e  f r o m  f o r a g i n g  p o i n t ,  d i s -
t a n c e  to n e a r e s t  v a s c u l a r  p l a n t  f r o m  f o r a g i n g  p o i n t  a n d  d e p t h
o f  p e n e t r a t i o n  o f  t h e  b i r d ’ s  b i l l  i n t o  t h e  s u b s t r a t e .  W e
m e a s u r e d  a  t o t a l  o f  1 2 1 0  f o r a g i n g  p o i n t s  o n  9  c o m m o n  s h o r e -
b i r d  s p e c i e s  ( C o n n o r s  a n d  Risebrough,  1 9 7 7 ) . We u s e d  f a c t o r
a n a l y s i s  { W a l l a c e  a n d  Bader, 1 9 6 7 )  t o  e x t r a c t  c o o r d i n a t e s



w h i c h  c o m b i n e d  t h e  m e a s u r e d  v a r i a b l e s  t o  r e p r e s e n t  t h e  m a j o r
e n v i r o n m e n t a l  g r a d i e n t s  w h i c h  d e s c r i b e  t h e  d i f f e r e n c e s  i n
s p e c i e s  f o r a g i n g  m i c r o h a b i t a t s . T h e  s p a c e  d e f i n e d  b y  t h e s e
n e w  c o o r d i n a t e s  c a n  b e  t h o u g h t  o f  a s  m i c r o h a b i t a t  s p a c e  w i t h
d i f f e r e n t  a r e a 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  m i c r o h a b i t a t .
T h e  l o c a t i o n s  of,each s p e c i e s ’  f o r a g i n g  p o i n t s  w i t h i n  t h i s
m i c r o h a b i t a t  s p a c e  t h e n  d e f i n e  t h e  d i f f e r e n c e s  i n  f o r a g i n g
p r e f e r e n c e s  a m o n g  t h e  s p e c i e s .

Trophic s t u d i e s
W e  c o l l e c t e d  1 3 6  i n d i v i d u a l s  o f  1 3  s p e c i e s  o v e r  t h e

y e a r s  1 9 7 5  - 1 9 7 8  a t  B a r r o w  a n d  a  f e w  n e a r b y  s i t e s  ( T a b l e
1 3 ) . A l l  w e r e  c o l l e c t e d  b y  s h o t g u n  w i t h  i m m e d i a t e  i n j e c t i o n
o f  a  formalin s o l u t i o n  i n t o  t h e  s t o m a c h  a n d  e s o p h a g u s  t o
p r e s e r v e  i n g e s t e d  p r e y  i t e m s . T h e s e  o r g a n s  w e r e  s u b s e q u e n t l y
r e m o v e d  i n  the l a b o r a t o r y  w h e r e  p r e y  i t e m s  w e r e  i d e n t i f i e d
a n d  c o u n t e d . We a l s o  r e c o r d e d  t h e  f a t  c o n d i t i o n  o f  e a c h  b i r d
u s i n g  a  s c a l e  w h i c h  c o m b i n e s  t h e  O C S E A P  s e a b i r d  f a t  c o d e  w i t h
a  t r a d i t i o n a l  m u s e u m  f a t  d e s c r i p t i o n  a s  f o l l o w s : C o d e  1 ,  n o
f a t ; C o d e  2 ,  l i t t l e  f a t ;  C o d e  3 ,  m o d e r a t e  f a t ;  C o d e  4 ,  h e a v y
f a t ;  C o d e  5 , e x c e s s i v e  f a t . P r e y  i d e n t i f i e d  i n  b i r d  s t o m a c h s
w e r e  c o m p a r e d  w i t h  d e n s i t i e s  a n d  d i s t r i b u t i o n s  o f  p r e y
s a m p l e d  i n  t h e  f o r a g i n g  s u b s t r a t e  ( w i t h  c o r e s  a n d  s i e v e s )  o r
i n  s h a l l o w  w a t e r  u s i n g  a f l o a t i n g  p l a n k t o n  n e t . T h e  r e c t a n -
g u l a r  n e t  ( 3 0  c m  w i d e  b y  1 4  c m  h i g h  a t  o p e n i n g )  w a s  t o w e d
p a r a l l e l  t o  s h o r e  a l o n g  b e a c h e s  t o  s a m p l e  z o o p l a n k t o n  a v a i l -
a b l e  t o  f o r a g i n g  phalaropes ( C o n n o r s  a n d  Risebrough,  1977).

Phalarope o i l  f i l m  e x p e r i m e n t s
T o  t e s t  t h e  r e s p o n s e s  o f  phalaropes t o  t h i n  o i l  f i l m s  o n

w a t e r ,  w e  f i r s t  c o n s t r u c t e d  a  c y l i n d r i c a l  p e n  o f  h a r d w a r e
c l o t h  ( 1 . 9  c m  m e s h ) ,  1 . 5  m  d i a m e t e r , 1 . 4  m  h e i g h t ,  w r a p p e d
w i t h  b l a c k  p l a s t i c  t o  a  h e i g h t  o f  . 6  m  t o  i s o l a t e  b i r d s  f r o m
v i s u a l  d i s t r a c t i o n s . W i t h i n  t h i s  p e n , w e  p l a c e d  a  c o n t i n u o u s
r i n g  o f  8  i d e n t i c a l  s h a l l o w  g a l v a n i z e d  m e t a l  p a n s ,  e a c h  4 0  c m
i n n e r  d i a m e t e r ,  9  c m  d e p t h . A c e n t r a l  p l y w o o d  d i s c  o r  t a b l e
( 8 0  c m  i n  d i a m e t e r )  r e s t e d  o n  a l l  8  p a n s ,  b u t  l e f t  m o s t  o f
e a c h  p a n  u n c o v e r e d . A  b i r d  s t a n d i n g  o n  t h e  c e n t e r  t a b l e  h a d
a  c h o i c e  o f  e n t e r i n g  a n y  o f  t h e  p a n s  w h i c h  f o r m e d  a  symmetri–
cal r i n g  a r o u n d  t h e  c i r c u m f e r e n c e  o f  t h e  t a b l e . D u r i n g  t h e
e x p e r i m e n t s ,  a l l  p a n s  c o n t a i n e d  s e a w a t e r  t o  a  d e p t h  o f  7  c m ,
a n d  e q u a l  d e n s i t i e s  o f  l i v e  b r i n e  s h r i m p ,  A r t e m i a
f r a n c i s c a n a r ( 1 . 3  m l  d r a i n e d  b r i n e  s h r i m p  p e r  p a n ,  e q u a l  t o
a p p r o x i m a t e l y  1 5 0  p r e y  i t e m s ) .

J u v e n i l e  R e d  Phalaropes w e r e  a c c l i m a t e d  t o  t h e  e x p e r i -
m e n t a l  s e t u p  f o r  2  t o  3  h o u r s  w i t h  w a t e r  c o n t a i n i n g  p r e y ,  b u t
n o  o i l . T h i s  a c c l i m a t i o n  p e r i o d  w a s  n e c e s s a r y  b e c a u s e  t h e
i n i t i a l  r e s p o n s e  o f  w i l d  b i r d s  i n t r o d u c e d  t o  t h e  c a g e  o f t e n
e n t a i l e d  f l u t t e r i n g  e s c a p e  a t t e m p t s  w h i c h  r e s u l t e d  i n  t h e
b i r d s  f a l l i n g  i n t o  p a n s . W e  w i s h e d  t o  o b s e r v e  c h o i c e s  b y  t h e
b i r d s ,  n o t  a c c i d e n t s .

F o r  c h o i c e  e x p e r i m e n t s ,  w e  placed a  t h i n  f i l m  o f  o i l  o n
4  p a n s  a l t e r n a t i n g  w i t h  4  c l e a r  p a n s  a r o u n d  t h e  c i r c u m f e r e n c e
o f  t h e  t a b l e . A l l  p a n s  c o n t a i n e d  e q u a l  a m o u n t s  o f  w a t e r  a n d
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p r e y . O i l e d  p a n s  c o n t a i n e d  1 0  m l  o f  a 1:1 m i x t u r e  o f  P r u d h o e
c r u d e  o i l  a n d  d i e s e l  f u e l  ( J P R – 5 ) . T h i s  f o r m e d  a n  i r r e g u l a r
s u r f a c e  f i l m  o f  s m a l l  p a t c h e s  a n d  s p o t s  o f  a  m e d i u m  b r o w n
s e m i t r a n s p a r e n t  f i l m ,  c o v e r i n g  a p p r o x i m a t e l y  6 0 %  o f  t h e
s u r f a c e . T o  o u r  e y e s , t h e  o i l e d  and c l e a r  p a n s  a p p e a r e d
d i s t i n c t l y  d i f f e r e n t . M o v i n g  p r e y  c o u l d  b e  r e a d i l y  s e e n  i n
b o t h  c l e a r  a n d  o i l e d  p a n s , b u t  t h e y  w e r e  m o r e  v i s i b l e  i n
c l e a r  p a n s .

T o  i n i t i a t e  a n  e x p e r i m e n t , t h e  b i r d  w a s  p l a c e d  u n d e r  a
s m a l l  b o x  i n  t h e  c e n t e r  o f  t h e  t a b l e . T h e  b o x  w a s  h o i s t e d
s m o o t h l y  t o  t h e  t o p  o f  t h e  c a g e  b y  r e m o t e  c o n t r o l ,  r e l e a s i n g
t h e  b i r d  i n  t h e  c e n t e r  o f  t h e  table t o  c h o o s e  a  f o r a g i n g  p a n .
T w o  o b s e r v e r s  s a t  i n s i d e  a  n e a r b y  l a b o r a t o r y  a b o v e  t h e  c a g e ,
r e c o r d i n g  m o v e m e n t s ,  b e h a v i o r , a n d  s e q u e n c e  a n d  d u r a t i o n  o f
c h o i c e s  f o r  a  t r i a l  p e r i o d  o f  1 5  m i n u t e s  p e r  b i r d . The
b e h a v i o r  o f  m o s t  b i r d s ,  e n t a i l i n g  a  p e r i o d  o f  i n s p e c t i o n  o f
s e v e r a l  p a n s  f r o m  t h e  t a b l e  e d g e  b e f o r e  e n t e r i n g  a n y  p a n ,
l e a d s  u s  t o  c o n c l u d e  t h a t  t h e  b i r d s  w e r e  i n  s o m e  w a y  c h o o s i n g
f o r a g i n g  p a n s  b a s e d  o n  t h e  r e s u l t s  o f  t h a t  i n i t i a l  i n s p e c -
t i o n . T h e  i n s p e c t i o n  p e r i o d  o f t e n  l a s t e d  s e v e r a l  m i n u t e s  a n d
i n c l u d e d  v i s u a l  i n s p e c t i o n  o f  m a n y  o r  a l l  p a n s . C h o i c e s  w e r e
s c o r e d  w h e n  a  b i r d  e n t e r e d  a  p a n  d i r e c t l y  f r o m  t h e  t a b l e ,  a n d
d u r a t i o n  o f  f o r a g i n g  p e r i o d s  w a s  t i m e d  u n t i l  t h e  b i r d  l e f t
t h e  p a n . U n t i l  t h e  e n d  o f  t h e  1 5  m i n u t e  t r i a l  p e r i o d ,  s u b -
s e q u e n t  e n t r i e s  w e r e  s c o r e d  a s  s e q u e n t i a l  c h o i c e s .

I n  a  s e c o n d  e x p e r i m e n t ,  phalaropes p r e v i o u s l y  a c c l i m a t e d
t o  s w i m m i n g  a n d  f o r a g i n g  i n  a  1 5  g a l l o n  g l a s s  a q u a r i u m  ( r e c -
t a n g u l a r ,  3 0  c m  x  6 0  c m  x  8  c m  d e p t h  o f  s e a w a t e r )  w e r e  p l a c e d
s i n g l y  i n  t h e  a q u a r i u m  c o n t a i n i n g  . 9  m l  o f  d r a i n e d  b r i n e
s h r i m p  ( a p p r o x i m a t e l y  1 0 0  p r e y ) . B e h a v i o r  o f  e a c h  b i r d  w a s
t i m e d  f o r  6 0  s e c o n d s  i n  t h e  a b s e n c e  o f  o i l  a n d  i n  t h e
p r e s e n c e  o f  v e r y  t h i n  f i l m s  ( 1 . 1 m  a n d  2.8 m) o f  t h e  1:1
m i x t u r e  o f  c r u d e  oil a n d  d i e s e l  f u e l .
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I V . RESULTS AND DISCUSSION

T h e  c e n s u s  d a t a  a n d  h a b i t a t  d e s c r i p t i o n s  c a n  b e  c o m b i n e d
a n d  a n a l y z e d  t o  f o c u s  o n  s e v e r a l  s e p a r a t e  q u e s t i o n s  r e l e v a n t
t o  s h o r e b i r d  l i t t o r a l  z o n e  e c o l o g y . I n  t h i s  s e c t i o n  w e
a d d r e s s  t h e s e  t o p i c s  s e q u e n t i a l l y ,  p r e s e n t i n g  i n i t i a l  r e s u l t s
a n d  a n a l y s e s  a n d  ’ d i s c u s s i n g  o u r  i n t e r p r e t a t i o n s  a n d  c o n c l u -
s i o n s  r e g a r d i n g  e a c h  t o p i c . W e  b e g i n  w i t h  s o m e  c a u t i o n a r y
a n d  e x p l a n a t o r y  r e m a r k s  r e g a r d i n g  o u r  m e t h o d o l o g y ,  f o l l o w e d
b y  b r i e f  d e s c r i p t i o n s  o f  t h e  p r i n c i p a l  t y p e s  o f  h a b i t a t s  o f
i n t e r e s t  a l o n g  t h e  B e a u f o r t  c o a s t . W e  p r e s e n t  a n  o v e r v i e w  o f
t h e  seasonality o f  h a b i t a t  u s e  b y  a r c t i c  s h o r e b i r d s ,  a n d  t h e n
d i s c u s s  a n n u a l  v a r i a t i o n  i n  s h o r e b i r d  n u m b e r s ,  h a b i t a t  d i f -
f e r e n c e s  a n d  s h o r e b i r d  h a b i t a t  u s e  p a t t e r n s ,  g e o g r a p h i c
v a r i a t i o n ,  s h o r e b i r d  d i e t s ,  f a t  a c c u m u l a t i o n  s c h e d u l e s ,
e f f e c t s  o f  h a b i t a t  d i s t u r b a n c e s  o n  s h o r e b i r d  d e n s i t i e s ,  a n d
r e s p o n s e s  o f  p h a l a r o p e s  t o  s p i l l e d  o i l . F r o m  t h e s e  r e s u l t s
w e  i d e n t i f y  s e n s i t i v e  a r e a s ,  h a b i t a t s ,  s p e c i e s  a n d  t i m e s  w i t h
r e s p e c t  t o  p e t r o l e u m  d e v e l o p m e n t . F i n a l l y ,  w e  p r e s e n t
a c c o u n t s  o f  s p e c i e s  d i s t r i b u t i o n  a n d  l i t t o r a l  z o n e  e c o l o g y  i n
A p p e n d i x .

FACTORS AFFECTING CENSUS RESULTS

H a b i t a t  d e n s i t y  a v e r a g i n g
I n  d e a l i n g  w i t h  l a r g e  n u m b e r s  o f  t r a n s e c t s  i n  a  v a r i e t y

o f  h a b i t a t s , a  d e c i s i o n  m u s t  b e  m a d e  c o n c e r n i n g  t h e  h i e r a r c h y
o f  a v e r a g i n g  s t e p s  i n  c o m b i n i n g  h a b i t a t s  t o  d e t e r m i n e  a  f i n a l
o v e r a l l  d e n s i t y . I n  o u r  c a l c u l a t i o n s  t h e  b a s i c  d a t a  w e r e
d e n s i t i e s  i n  b i r d s  p e r  h e c t a r e  f o r  e a c h  s p e c i e s  o n  e a c h
t r a n s e c t  t r e a t e d  s e p a r a t e l y . O n  t h e  b a s i s  o f  o u r  h a b i t a t
a n a l y s i s  w e  c l a s s i f i e d  a l l  l i t t o r a l  t r a n s e c t s  i n t o  t h r e e
h a b i t a t  g r o u p s ,  d i s c u s s e d  b e l o w . A t  s t e p  t w o  w e  c a l c u l a t e d
t h e  a v e r a g e  d e n s i t y  f o r  e a c h  h a b i t a t  t y p e  a s  t h e  mean of t h e
d e n s i t i e s  f o r  e a c h  t r a n s e c t  w i t h i n  t h a t  h a b i t a t  g r o u p .  W e
t h e n  c a l c u l a t e d  a n  o v e r a l l  a v e r a g e  d e n s i t y  a s  t h e  m e a n  o f  t h e
t h r e e  h a b i t a t  t y p e  d e n s i t i e s . F i n a l l y  w e  a v e r a g e d  t h e s e
d e n s i t i e s  f o r  a l l  y e a r s  c e n s u s e d  ( u s u a l l y  f o u r  y e a r s )  t o
a c h i e v e  o u r  f i n a l  m e a n  d e n s i t y  f o r  e a c h  c e n s u s  p e r i o d .

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

T h e  s e c o n d  a l t e r n a t i v e , c o m p u t i n g  t h e  h a b i t a t  d e n s i t i e s
s e p a r a t e l y  b y  d i v i d i n g  t o t a l  b i r d s  o n  t r a n s e c t s  o f  o n e  h a b i -
t a t  t y p e  b y  t o t a l  a r e a  o f  t r a n s e c t s  o f  t h a t  h a b i t a t  t y p e ,  i s
m o r e  g e n e r a l  f o r  a  s t u d y  f o c u s i n g  o n  h a b i t a t  d e n s i t i e s  b u t  it
i s  s e n s i t i v e  t o  v a r i a t i o n  i n  t h e  s i z e s  o f  i n d i v i d u a l  t r a n -
s e c t s . I f  a l l  t r a n s e c t s  a r e  o f  i d e n t i c a l  s i z e ,  b o t h  t h i s
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m e t h o d  a n d  t h e  m e t h o d  w e  c h o s e  a c h i e v e  i d e n t i c a l  r e s u l t s .
H o w e v e r ,  c o m p a r e d  t o  t h e  f i r s t  a l t e r n a t i v e ,  t h e s e  t w o  p r o -
c e d u r e s  a r e  s e n s i t i v e  t o  t h e  c h o i c e  o f  h a b i t a t  d i v i s i o n s .
F o r  e x a m p l e ,  w e  m i g h t  h a v e  c o n s i d e r e d  o n l y  t w o  h a b i t a t  t y p e s
r a t h e r  t h a n  t h r e e , c o m b i n i n g  t r a n s e c t s  o n  l i t t o r a l  f l a t s  a n d
l a g o o n  e d g e s . T~e e f f e c t  o n  t h e  f i n a l  c a l c u l a t e d  a v e r a g e
d e n s i t y  f o r  s p e c i e s  w i t h  s t r o n g  h a b i t a t  p r e f e r e n c e s  c o u l d  b e
s i g n i f i c a n t . F o r  s p e c i e s  w h i c h  f o r a g e  o n l y  o n  g r a v e l  t r a n -
s e c t s ,  t h e  f i n a l  a v e r a g e  d e n s i t y  w o u l d  b e  i n c r e a s e d  5 0 %
r e l a t i v e  t o  t h e  d e n s i t y  c a l c u l a t e d  w i t h  t h r e e  h a b i t a t  t y p e s .
F o r  s p e c i e s  w h i c h  f o r a g e  o n l y  i n  l i t t o r a l  f l a t  o r  l a g o o n  e d g e
h a b i t a t s ,  o r  i n  e q u a l  d e n s i t i e s  i n  b o t h ,  t h e  f i n a l  c a l c u l a t e d
a v e r a g e  d e n s i t y  w o u l d  b e  r e d u c e d  2 5 %  f r o m  t h o s e  c a l c u l a t e d
w i t h  t h r e e  h a b i t a t  t y p e s . A t  t h e  o t h e r  e x t r e m e ,  s p e c i e s  w i t h
e q u a l  d e n s i t i e s  i n  a l l  t h r e e  h a b i t a t  t y p e s  w o u l d  h a v e  f i n a l
a v e r a g e  d e n s i t i e s  i d e n t i c a l  b y  b o t h  m e t h o d s . A s  s h o w n  b e l o w ,
t h e  a c t u a l  h a b i t a t  u s e  p a t t e r n s  o f  m o s t  s p e c i e s  o c c u r  b e t w e e n
t h e s e  e x t r e m e s ;  F i g u r e s 2 1  a n d  2 2  a l l o w  a n  e s t i m a t e  o f  t h e
e f f e c t  j u s t  d e s c r i b e d . W e  c h o s e  o u r  h a b i t a t  d e n s i t y
a v e r a g i n g  m e t h o d  t o  g i v e  u s  r e s u l t s  w h i c h  r e l a t e  c l o s e l y  t o
h a b i t a t  d i f f e r e n c e s  i n  t h e  l i t t o r a l  z o n e  b u t  w h i c h  c o n s i d e r
a l l  t r a n s e c t s  a s  e q u a l  e s t i m a t e s  o f  t h e  d e n s i t y  a t  a  p a r t i -
c u l a r  s i t e  i r r e s p e c t i v e  o f  t r a n s e c t  s i z e .

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

c e n s u s e s  a t  a n y  s i t e  a r e  d e t e r m i n e d  b y  t w o  f a c t o r s ,  t h e  t o t a l
n u m b e r s  o f  b i r d s  p a s s i n g  t h r o u g h  t h e  s i t e  a n d  t h e  a m o u n t  o f
t i m e  e a c h  i n d i v i d u a l  b i r d  s t a y s  a t  t h e  s i t e . T h i s  s e c o n d
f a c t o r  i s  r e l a t i v e l y  u n i m p o r t a n t  w h e n  c e n s u s i n g  s t a b l e  popu–
lations, f o r  e x a m p l e  t e r r i t o r i a l  b r e e d i n g  b i r d s  o f  m a n y
s p e c i e s ,  b e c a u s e  i n d i v i d u a l s  r e m a i n  a t  t h e  s i t e  f o r  a  l o n g
t i m e ; t h e  n u m b e r  c e n s u s e d  a t  o n e  t i m e  i s  a  g o o d  e s t i m a t e  o f
t h e  t o t a l  n u m b e r  o f  i n d i v i d u a l s  p r e s e n t  t h r o u g h o u t  t h e
b r e e d i n g  s e a s o n . W h e n  m i g r a t i o n a l  m o v e m e n t s  a r e  s t u d i e d ,
h o w e v e r ,  t u r n o v e r  r a t e  becones a n  i m p o r t a n t  f a c t o r  i n  inter–
p r e t i n g  m e a s u r e d  d e n s i t i e s . A t  a  s i t e  w h e r e  b i r d s  a r e  c o n -
t i n u a l l y  p a s s i n g  t h r o u g h ,  c h a n g e s  i n  t u r n o v e r  r a t e  c a n
g r e a t l y  a f f e c t  m e a s u r e d  d e n s i t i e s  e v e n  t h o u g h  t h e  n u m b e r  o f
i n d i v i d u a l s  p a s s i n g  t h e  a r e a  r e m a i n s  t h e  s a m e . T o  i l l u s t r a t e
t h i s  a f f e c t ,  l e t  u s  a s s u m e  a  t o t a l  o f  1 0 0  b i r d s  o f  a  s p e c i e s
a r e  m o v i n g  t h r o u g h  o u r  c e n s u s  a r e a . We w i l l  c e n s u s  e v e r y  d a y
f r o m  l o n g  b e f o r e  t o  l o n g  a f t e r  t h e  b i r d s  p a s s  t h r o u g h .
A s s u m e  f u r t h e r  t h a t  t h e  a r r i v a l  o f  t h e  1 0 0  b i r d s  i s  r e g u l a r ,
w i t h  1 0  n e w  b i r d s  a r r i v i n g  o n  e a c h  d a y  f o r  1 0  s u b s e q u e n t
d a y s . T a b l e  4  s h o w s  t h e  e f f e c t  o n  p e a k  n u m b e r  o r  d e n s i t y  a n d
c u m u l a t i v e  n u m b e r  o r  d e n s i t y  t o  b e  p r o d u c e d  b y  v a r y i n g  t h e
l e n g t h  o f  t i m e  e a c h  i n d i v i d u a l  s t a y s . A  t e n - f o l d  i n c r e a s e  i n
l e n g t h  o f  s t a y  w i l l  p r o d u c e  a  t e n - f o l d  i n c r e a s e  i n  p e a k
d e n s i t i e s  a n d  i n  c u m u l a t i v e  d e n s i t i e s  w i t h  n o  c h a n g e  i n  t h e
n u m b e r  o f  b i r d s  p a s s i n g  t h r o u g h . C l e a r l y ,  i n  t h e  a b s e n c e  o f
i n f o r m a t i o n  o n  t u r n o v e r  r a t e s ,  d e n s i t y  m e a s u r e m e n t s  o f  m i -
g r a t i n g  b i r d s  c a n n o t  g i v e  r e l i a b l e  p o p u l a t i o n  e s t i m a t e s .
T h i s  p r o b l e m  i s  c e n t r a l  t o  t h e  q u e s t i o n  o f  e s t i m a t i n g  popu-
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T a b l e  4 . E f f e c t s  o f  t u r n o v e r  r a t e  o n  p e a k  n u m b e r s  a n d  c u m u -
l a t i v e  n u m b e r s  r e c o r d e d . A s s u m e  d a i l y  censusing a t  s t u d y
s i t e  w h e r e  1 0  m i g r a n t  b i r d s  a r r i v e  e a c h  d a y  f o r  1 0  c o n s e c u -
t i v e  d a y s :

L e n g t h  o f  s t a y , P e a k  n u m b e r s C u m u l a t i v e  n u m b e r
e a c h  i n d i v i d u a l c e n s u s e d c e n s u s e d

1  d a y 10 1 0 0

2  d a y s 20 2 0 0
1 0  d a y s 1 0 0 1 0 0 0
2 0  d a y s 100 2 0 0 0

lation e f f e c t s  o f  e n v i r o n m e n t a l  d i s t u r b a n c e s . F o r  e x a m p l e ,
o u r  m e a s u r e d  d e n s i t i e s  o f  m i g r a t i n g  R e d  Phalaropes a t  B a r r o w
p e r m i t  u s  t o  e s t i m a t e  m i n i m u m  n u m b e r s  o f  b i r d s  p o t e n t i a l l y
a f f e c t e d  b y  a n  oil s p i l l ,  b u t  w i t h o u t  s o m e  e s t i m a t e  o f  t u r n -
o v e r  r a t e  t h e y  d o  n o t  p r o v i d e  e s t i m a t e s  o f  a c t u a l  p o p u l a t i o n s
a f f e c t e d .

T h e  s i m p l e  e x a m p l e  a b o v e  i s  artifical, c h o s e n  f o r  d e m o n -
s t r a t i v e  p u r p o s e s . F o r  m o s t  s p e c i e s  i n  m i g r a t i o n ,  a r r i v a l ,
d e p a r t u r e  a n d  i n t e r v a l  d a t e s  a r e  p r o b a b l y  m o d a l l y  d i s t r i b u t e d
r a t h e r  t h a n  r e g u l a r l y  d i s t r i b u t e d  b u t  e n v i r o n m e n t a l  f a c t o r s
s u c h  a s  s t o r m s  o r  c h a n g e s  i n  f o o d  s u p p l i e s  m a y  i n c r e a s e  t h e
d e g r e e  o f  s y n c h r o n y , e s p e c i a l l y  i n  s o u t h w a r d  d e p a r t u r e  d a t e .
A s  a  r e s u l t , t u r n o v e r  r a t e s  f o r  d i f f e r e n t  i n d i v i d u a l s  m a y
d i f f e r  d e p e n d i n g  o n  d a t e  o f  a r r i v a l . V a r i a t i o n  o f  t u r n o v e r
r a t e  w a s  i n  f a c t  s u g g e s t e d  i n  a n  e x p e r i m e n t  w e  p e r f o r m e d  o n
R e d  Phalaropes  i n  1 9 7 6  ( C o n n o r s  a n d  Risebrough, 1 9 7 7 ) .
F o r t y - s e v e n  j u v e n i l e  phalaropes w e r e  t r a p p e d  a n d  r e l e a s e d  i n
s i x  g r o u p s  o n  d i f f e r e n t  d a t e s  f r o m  8  t o  2 3  A u g u s t  1 9 7 6 . E a c h
g r o u p  w a s  marked w i t h  p a i n t  i n  a  d i f f e r e n t  c o l o r  p a t t e r n  f o r
e a s y  r e c o g n i t i o n  i n  t h e  f i e l d . S u b s e q u e n t l y  w e  s e a r c h e d  f o r
m a r k e d  i n d i v i d u a l s  t h r o u g h o u t  t h e  e n t i r e  B a r r o w  s p i t  a r e a  o n
11 d i f f e r e n t  t i m e s  b e t w e e n  11 a n d  2 5  A u g u s t . W e  r e s i g h t e d
e i g h t  i n d i v i d u a l s , a l l  i n  t h e  e a r l y  p a r t  o f  t h e  e x p e r i m e n t .
T h e  p a t t e r n  of r e s i g h t i n g s  i n  r e l a t i o n  t o  t h e  p r o p o r t i o n  o f
t o t a l  b i r d s  marked s u g g e s t e d  t h a t  f r o m  11 A u g u s t  t h r o u g h  a t
l e a s t  1 5  A u g u s t  m o s t  b i r d s  r e m a i n e d  i n  t h e  a r e a  f o r  a t  l e a s t
f o u r  d a y s . A f t e r  1 5  A u g u s tr  h o w e v e r ,  w e  h a d  n o  r e s i g h t i n g s ,
i m p l y i n g  a  much q u i c k e r  t u r n o v e r  r a t e  i n  phalaropes i n  t h e
B a r r o w  s p i t  a r e a . A  m u c h  m o r e  e x t e n s i v e  r e f i g h t i n g  e f f o r t
w o u l d  h a v e  b e e n  n e c e s s a r y  t o  c l o s e l y  d e t e r m i n e  t u r n o v e r  r a t e s
d u r i n g  t h e s e  d i f f e r e n t  p e r i o d s . H o w e v e r r o u r  t e n t a t i v e
i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  i s  c o n s i s t e n t  w i t h  t h e  over–
a l l  c e n s u s  r e s u l t s  w h i c h  s h o w  a  s t e a d i l y  i n c r e a s i n g  p o p u l a -
t i o n  o f  R e d  Phalaropes  f r o m  A u g u s t  5 t h  t h r o u g h  A u g u s t  1 5 t h
a n d  a  f l u c t u a t i n g  p o p u l a t i o n  a f t e r  A u g u s t  1 5 t h ,  a p p a r e n t l y  a s
g r o u p s  o f  b i r d s  l e f t  a n d  n e w  b i r d s  c o n t i n u e d  t o  a r r i v e . T h e
i m p o r t a n c e  o f  t h i s  h i g h  t u r n o v e r  r a t e  i n  m o s t  o f  A u g u s t  a n d
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e a r l y  S e p t e m b e r  to a s s e s s m e n t  o f  o i l – r e l a t e d  i m p a c t s  i s
c l e a r . A  l o c a l  h a b i t a t  d i s t u r b a n c e  s u c h  a s  a n  o i l  s p i l l ,
w h i c h  m i g h t  r e m a i n  i n  a  l o c a l  a r e a  f o r  1  m o n t h  o r  m o r e ,  h a s
t h e  p o t e n t i a l  t o  a f f e c t  s e v e r a l  t i m e s  a s  m a n y  phalaropes a s
a r e  p r e s e n t  a t  a n y  o n e  t i m e  o n  t h e  a r e a . W a v e  a f t e r  w a v e  o f
m i g r a t i n g  R e d  Phalaropes f r o m  u n d i s t u r b e d  a r e a s  m i g h t  b e
a f f e c t e d  a s  t h e y  p a s s  t h r o u g h  t h e  d i s t u r b e d  a r e a .

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

t r a n s e c t s ,  ~e r e p o r t  h e r e  t h e  r e s u l t s  p r i m a r i l y  f o r  s h o r e -
b i r d s  a n d  p a s s e r i n e  a n d  s e c o n d a r i l y  f o r  g u l l s  a n d  t e r n s .
O u r  r e a s o n  f o r  o m i t t i n g  m a n y  o t h e r  s p e c i e s ,  i n  p a r t i c u l a r  t h e
l o o n s  a n d  w a t e r f o w l ,  r e l a t e s  t o  o u r  c h o i c e  o f  t r a n s e c t  a n d
c e n s u s  m e t h o d . T h e  s i z e  a n d  t y p e  o f  t r a n s e c t  w a s  c h o s e n
s p e c i f i c a l l y  t o  a l l o w  i d e n t i f i c a t i o n  o f  a l l  s h o r e b i r d s  o n
e a c h  p l o t . T h i s  r e q u i r e d  c e n s u s i n g  a t  a  s c a l e  a n d  d i s t a n c e
w h i c h  i s  i n a p p r o p r i a t e  f o r  m a n y  l a r g e r  s p e c i e s  w h i c h  r e a c t  t o
a n  o b s e r v e r  a t  g r e a t e r  d i s t a n c e s . T h u s  o u r  d a t a  o n  d e n s i t i e s
o f  w a t e r f o w l  c e n s u s e d  i n  t h i s  m a n n e r  w o u l d  b e  m i s l e a d i n g .
S i m i l a r l y  a  m e t h o d  o f  c h o i c e  f o r  m e a s u r i n g  d e n s i t i e s  o f
Y e l l o w - b i l l e d  L o o n s , f o r  e x a m p l e ,  m i g h t  r e q u i r e  a e r i a l
s u r v e y s  w h i c h  w o u l d  b e  o f  l i t t l e  o r  n o  u s e  f o r  m e a s u r i n g
s h o r e b i r d  d e n s i t i e s .

HABITAT DESCRIPTIONS
O u r  h a b i t a t  a n a l y s e s  b a s e d  o n  s i x  m e a s u r e d  v a r i a b l e s

p r e s e n t  o b j e c t i v e  r e a s o n s  f o r  g r o u p i n g  o u r  t r a n s e c t s  i n
s e v e r a l  h a b i t a t  t y p e s . A  g e n e r a l  d e s c r i p t i o n  of e a c h  o f
t h e s e  h a b i t a t s  f o l l o w s .
G r a v e l  b e a c h

M o s t  s h o r e l i n e s  o f  a r c t i c  s p i t s  a n d  b a r r i e r  i s l a n d s
c o n s i s t  o f  g r a v e l  b e a c h e s . T h e s e  a r e  i c e – s c o u r e d  a n d  s u b j e c t
t o  g r a v e l  m o v e m e n t  d u r i n g  o p e n  w a t e r  s t o r m s . T h e r e  a r e  n o
b e n t h i c  i n f a u n a  o f  a n y  m a j o r  i m p o r t a n c e  t o  s h o r e b i r d s . U p p e r
l e v e l s  o f  t h e s e  b e a c h e s  are s p a r s e l y  v e g e t a t e d  w i t h  s a l t
t o l e r a n t  p l a n t s  s u c h  a s  H o n c k e n y a  peploides  a n d  Elymus
arenarius. G r a v e l  b e a c h e s  may b= b a c k e d  b y  h i g h  r i d g e s  o f
d e p o s i t e d  b e a c h  g r a v e l  or b y  t u n d r a  s h o r e s ,  e s p e c i a l l y  w h e r e
g r a v e l  b e a c h e s  o c c u r  a l o n g  t h e  m a i n l a n d .
L i t t o r a l  f l a t s  a n d  saltm’lrsh

T h e s e  h a b i t a t s  a r e  qrouped t o g e t h e r  b e c a u s e  i n  m o s t
c a s e s  t h e y  v a r y  o n l y  i n  t h e  d e g r e e  o f  v e g e t a t i v e  c o v e r . T h e y
a r e  u s u a l l y  v e r y  f l a t ,  s l i g h t l y  a b o v e  m e a n  s e a  l e v e l  a n d
p r o t e c t e d  f r o m  w a v e  a c t i o n . T h e y  a r e  m a i n t a i n e d  b y  p e r i o d i c
f l o o d i n g  w i t h  s a l t  w a t e r  d u r i n g  h i g h  s t o r m  t i d e s . S u b s t r a t e s
s o m e t i m e s  c o n s i s t  o f  g r a v e l  b u t  u s u a l l y  t h i s  i s  m i x e d  w i t h  o r
r e p l a c e d  b y  f i n e r  g r a i n  s i z e s . T h e s e  h a b i t a t s  a r e  s t a b l e  a n d
h a r b o r  p o p u l a t i o n s  o f  benthic i n v e r t e b r a t e s . Common and
c h a r a c t e r i s t i c  p l a n t s  i n  t h e s e  h a b i t a t s  i n c l u d e : Puccinellia
phryqanodes,  Ca~ex subspathacea,  Carex ursina, a n d  i n  less
f r e q u e n t l y  f l o o d e d  a r e a s ,  Stellarla humifusa, Cochlearia
o f f i c i n a l i s  a n d  D u p o n t i a  fischeri.
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S l o u g h  a n d  s m a l l  l a g o o n  e d g e s
T h i s  c a t e g o r y  i n c l u d e s  t h e  b o r d e r s  a n d  frinqes o f  a l l

b r a c k i s h  a n d  estuarine  a r e a s  b u t  e x c l u d e s  t h e  la~ge o p e n
w a t e r  l a g o o n s  s u c h  a s  Elson L a g o o n . S l o u g h s  m a y  v a r y  f r o m
s m a l l  s t r e a m s  e n t e r i n g  t h e  o c e a n  t o  l a g o o n s  o f  o n e  k i l o m e t e r
o r  m o r e  i n  d i a m e t e r  w i t h  o p e n i n g s  t o  s a l t  w a t e r  a t  least
d u r i n g  s t o r m  c o n d i t i o n s . B o r d e r s  o f  s l o u g h s  a n d  l a g o o n s  v a r y
w i d e l y ,  f r o m  g r a v e l  s h o r e s , e s p e c i a l l y  n e a r  t h e  m o u t h s  o f
l a g o o n s ,  t o  t u n d r a  b a n k s ,  s o m e t i m e s  w i t h  a  n a r r o w  m u d  m a r g i n ,
a n d  t o  b r o a d  a r e a s  o f  mudflat  a n d  e v e n  saltmarsh. T h u s  t h i s
c a t e g o r y  a n d  t h e  p r e v i o u s  o n e  m e r g e  i n  m a n y  i n s t a n c e s  a n d
b i r d  u s e  i n  t h e s e  c a s e s  i s  s i m i l a r .
M a i n l a n d  s h o r e s

B e a c h e s  a l o n g  t h e  m a i n l a n d  m a y  b e  e x p o s e d  o r  p a r t i a l l y
p r o t e c t e d  b y  b a r r i e r  i s l a n d s . B e a c h  t y p e s  v a r y  f r o m  g r a v e l
t o  f i n e  s a n d  a n d  m a y  b e  b r o a d  a n d  f l a t  o r  n a r r o w  b a c k e d  b y  a
t u n d r a  c l i f f . N a r r o w  t u n d r a  b a c k e d  b e a c h e s  h a v e  l o w e r  d e n s i -
t i e s  o f  b i r d  u s e  t h a n  a n y  o f  t h e  o t h e r  l i t t o r a l  h a b i t a t s
d e s c r i b e d . A t  B a r r o w  w e  h a d  o n l y  o n e  t r a n s e c t  i n  t h i s  h a b i -
t a t  w h i c h  w a s  a b a n d o n e d  a f t e r  two y e a r s  f o r  l o g i s t i c s
r e a s o n s . O u r  o b s e r v a t i o n s  o f  h a b i t a t s  o f  t h i s  k i n d  a t  o t h e r
s i t e s  i n  t h e  B e a u f o r t  a n d  n o r t h e r n  Chukchi c o r r o b o r a t e  o u r
c o n c l u s i o n  t h a t  i t  i s  t h e  l e a s t  u s e d  o f  a l l  l i t t o r a l  z o n e
h a b i t a t s  b y  a r c t i c  s h o r e b i r d s . M a i n l a n d  b e a c h e s  d o  s u p p o r t
m o d e r a t e  d e n s i t i e s  o f  s h o r e b i r d s  i n  s o m e  a r e a s  h o w e v e r ,
e s p e c i a l l y  i f  t h e y  a r e  n e a r  s l o u g h s ,  l a g o o n s  o r  g r a v e l  s p i t s .
T u n d r a

T h e  f i n a l  g e n e r a l  c a t e g o r y  c o n s i d e r e d  i n  o u r  s t u d i e s
c o n s i s t s  o f  a l l  n o n - l i t t o r a l  h a b i t a t s ,  c l a s s e d  a s  t u n d r a .
T h i s  v a r i e s  f r o m  w e l l - d r a i n e d  u p l a n d s  t o  v e r y  w e t  l o w l a n d s .
W e  d i s t i n g u i s h  l o w l a n d  c o a s t a l  t u n d r a  f r o m  l i t t o r a l  h a b i t a t s
s u c h  a s  saltmarshes o n  t h e  basis o f  s a l t w a t e r  i n f l u e n c e .
L i t t o r a l  h a b i t a t s  a r e  a t  l e a s t  o c c a s i o n a l l y  i n u n d a t e d  b y
s a l t w a t e r  a n d  a l w a y s  d i f f e r  f r o m t u n d r a  h a b i t a t s  i n  t h e
a b s e n c e  o f  t u n d r a  v e g e t a t i o n  o r  t h e  p r e s e n c e  o f  s a l t  t o l e r a n t
p l a n t s .

.

SEASONALITY OF HABITAT USE: AN OVERVIEW
T h e  t r a n s e c t  c e n s u s  d a t a  y i e l d  a  phenology  o f  h a b i t a t

u s e . F i g u r e  6  s h o w s  t h e  g e n e r a l  p a t t e r n  o f  s h o r e b i r d
seasonality  a t  B a r r o w , c o n t r a s t i n g  d e n s i t i e s  m e a s u r e d  o n
t u n d r a  a n d  l i t t o r a l  t r a n s e c t s . T u n d r a  d a t a  i n  t h i s  a n d
s u b s e q u e n t  s e c t i o n s  a r e  d r a w n  f r o m  M y e r s  a n d  Pitelka ( 1 9 8 0 )
a n d  C o n n o r s  e t  a l . ( 1 9 7 9 ) . D u r i n g  t h e  n e s t i n g  p e r i o d  i n  J u n e
a n d  J u l y ,  ac=v~y c e n t e r s  o n  t h e  t u n d r a . W h e n  b i r d s
i n i t i a l l y  a r r i v e  i n  l a t e  M a y  a n d  e a r l y  J u n e ,  m o s t  s h o r e l i n e
a r e a s  a r e  f r o z e n  a n d  i n a c c e s s i b l e . A s  s n o w  m e l t  p r o g r e s s e s
d u r i n g  t h i s  p e r i o d ,  b i r d s  e s t a b l i s h  t e r r i t o r i e s  o n  n e w l y
e x p o s e d  t u n d r a . E g g s  a r e  i n c u b a t e d  d u r i n g  J u n e  a n d  e a r l y
J u l y  w i t h  h a t c h i n g  i n  l a t e  J u n e  t h r o u g h  m i d - J u l y . T h e  m a i n
p r e y  b a s e  f o r  s h o r e b i r d s  d u r i n g  t h i s  i n t e r v a l  c o n s i s t s  o f
f r e s h w a t e r  z o o p l a n k t o n  a n d  i n s e c t  l a r v a e  a n d  a d u l t s  ( H o l m e s
a n d  Pitelka, 1 9 6 8 ) . F o r  s e v e r a l  s p e c i e s  ( R e d  Phalarope,
P e c t o r a l  S a n d p i p e r )  t h e  n e s t i n g  p a r t i c i p a t i o n  b y  o n e  s e x  e n d s
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Seasona l  hab i ta t  use , t u n d r a  ( s o l i d  l i n e )  v s .  l i t t o r a l  ( d a s h e d
line) . (A)  a l l  shoreb i rds  combined  (B)  a l l  shoreb i rds  except
Red Phalaropes.
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b e f o r e  y o u n g  a r e  f l e d g e d . T h e s e  r e l e a s e d  a d u l t s ,  t o g e t h e r
w i t h  o t h e r  n o n - b r e e d i n g  o r  f a i l e d - b r e e d i n g  a d u l t s ,  o c c u r
i n c r e a s i n g l y  o n  mudflats,  l a g o o n  e d g e s  a n d  o c e a n  s h o r e l i n e s
a s  meltoff  i n  t h e s e  a r e a s  p r o c e e d s . A s  j u v e n i l e s  f l e d g e  i n
l a t e  J u l y  a n d  A u g u s t , l a r g e  n u m b e r s  o f  r e m a i n i n g  a d u l t s  a n d
y o u n g  o c c u r  a l o n g  s h o r e l i n e s , s h i f t i n g  t o  a  d i e t  o f  oligo-
c h a e t e s  a n d  i n s e c t  l a r v a e  o n  mudflats, a n d  a  w i d e  v a r i e t y  o f
m a r i n e  z o o p l a n k t o n  a l o n g  t h e  s h o r e . B y  m i d - A u g u s t  t h e  l i t -
t o r a l  z o n e  h a s  b e c o m e  a  m a j o r  f o r a g i n g  a r e a  f o r  m a n y  s p e c i e s .
B i r d s  o f  d i f f e r e n t  s p e c i e s  a n d  d i f f e r e n t  a g e  o r  s e x  c l a s s e s
d e p a r t  B a r r o w  t o  b e g i n  t h e i r  s o u t h w a r d  m i g r a t i o n  a t  d i f f e r e n t
t i m e s  t h r o u g h o u t  t h e  s u m m e r  b u t  b y  m i d - S e p t e m b e r  f e w  b i r d s
r e m a i n .

T h e  m a r k e d  s h i f t  i n  h a b i t a t  u s e  f r o m  t u n d r a  t o  l i t t o r a l
u s e  a s  t h e  s e a s o n  p r o g r e s s e s ,  d i s p l a y e d  i n  F i g u r e  6 ,  i s  a
c o m p o s i t e  o f  m a n y  i n d i v i d u a l  s p e c i e s  p a t t e r n s . S p e c i e s
d i f f e r  i n  t h e  t i m i n g  o f  p o p u l a t i o n  m o v e m e n t s  a s  well a s  t h e
r e l a t i v e  m a g n i t u d e  o f  u s e  o f  d i f f e r e n t  h a b i t a t s . A s  F i g u r e
6 B  i n d i c a t e s , t h e  s h i f t  t o  l i t t o r a l  h a b i t a t s  i n  l a t e  s u m m e r
i s  m o s t  p r o n o u n c e d  f o r  R e d  Phalaropes b u t  i s  a l s o  a  f e a t u r e
o f  t h e  h a b i t a t  u s e  p a t t e r n s  o f  m o s t  o t h e r  s p e c i e s . I n  t h e
A p p e n d i x  w e  d i s c u s s  t h e  s e a s o n a l  h a b i t a t  u s e  p a t t e r n s  a n d  t h e
o v e r a l l  seasonality o f  l i t t o r a l  z o n e  u s e  f o r  e a c h  o f  t h e
c o m m o n  s p e c i e s  i n d i v i d u a l l y .

ANNUAL VARIATION IN SHOREBIRD DENSITIES
A r c t i c  e c o s y s t e m s  a r e  c o m m o n l y  c h a r a c t e r i z e d  a s  s u b j e c t

t o  e x t r e m e l y  h i g h  v a r i a t i o n  i n  e n v i r o n m e n t a l  a n d  b i o l o g i c a l
c o m p o n e n t s  b u t  t h e  d a t a  t o  e x a m i n e  a n n u a l  v a r i a t i o n  a r e
s c a r c e . I n  t h i s  s t u d y  w e  h a v e  m a i n t a i n e d  a  s c h e d u l e  o f
f r e q u e n t  a n d  r e g u l a r  c e n s u s e s  o n  f i x e d  l i t t o r a l  z o n e  t r a n -
s e c t s  a t  B a r r o w  f o r  a t  l e a s t  t h e  p o s t – b r e e d i n g  s e a s o n  i n  f o u r
c o n s e c u t i v e  y e a r s , 1 9 7 5 - 1 9 7 8 . S h o r e b i r d  d e n s i t i e s  r e c o r d e d
b y  t h e  s a m e  m e t h o d o l o g y  o n  s i m i l a r  t u n d r a  t r a n s e c t s  a r e
a v a i l a b l e  f r o m  Myers a n d  Pitelka ( 1 9 8 0 )  f o r  f i v e  y e a r s
( 1 9 7 5 - 1 9 7 9 )  a t  B a r r o w , a n d  t h r e e  y e a r s  ( 1 9 7 7 - 1 9 7 9 )  i n l a n d  a t

A t k a s o o k  ( 1 0 0  k m  s o u t h  o f  B a r r o w ) . T h e s e  d a t a ,  t o g e t h e r  w i t h
d a i l y  m e t e o r o l o g i c a l  r e c o r d s  f r o m  B a r r o w ,  p r o v i d e  a  u n i q u e
o p p o r t u n i t y  t o  e x a m i n e  p a t t e r n s  o f  a n n u a l  v a r i a t i o n  i n  n u m -
b e r s  o f  s h o r e b i r d s  u s i n g  t h e  l i t t o r a l  z o n e  a t  o n e  s i t e  o n  t h e
a r c t i c  c o a s t . T h i s  c o m b i n e d  d a t a  s e t  c o n s i s t s  o f  a p p r o x i -
m a t e l y  t h r e e  t h o u s a n d  s e p a r a t e  t r a n s e c t  c e n s u s e s  o v e r  t h e
f i v e  y e a r  p e r i o d .

T o  c o n c e n t r a t e  o n  a n n u a l  v a r i a t i o n  w e  w i l l  c o n s i d e r
l i t t o r a l  z o n e  d e n s i t i e s  o n l y  d u r i n g  t h e  l a t e  s u m m e r  p e r i o d  o f
h e a v y  u s e , c e n s u s e d  c o n s i s t e n t l y  i n  a l l  f o u r  y e a r s  o f  t h e
s t u d y . O u r  a p p r o a c h  i n v o l v e s  t h e  u s e  o f  P e a r s o n  c o r r e l a t i o n
a n a l y s i s  t o  l o o k  f o r  r e l a t i o n s h i p s  a m o n g  g r o u p s  o f  s p e c i e s  i n
d i f f e r e n t  p e r i o d s  a t  d i f f e r e n t  l o c a t i o n s  a n d  w i t h
e n v i r o n m e n t a l  v a r i a b l e s . W e  w i s h  t o  c o n s i d e r  t h e  q u e s t i o n  o f
w h e t h e r  t h e  l a t e  s u m m e r  s h o r e l i n e  m o v e m e n t  a m o n g  s h o r e b i r d s
r e p r e s e n t s  j u s t  t h e  l o c a l  b i r d s  s h i f t i n g  h a b i t a t s  o r  i s
i n s t e a d  a  w i d e s p r e a d  p h e n o m e n o n  d r a w i n g  b i r d s  f r o m  f a r t h e r
a w a y .
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C o m p a r i s o n s  a m o n g s t u d y s i t e s
T a b l e  5  g i v e s  m e a n  d e n s i t i e s  a n d  c o e f f i c i e n t s  o f

v a r i a t i o n  o f  b r e e d i n g  p a i r s  o n  t u n d r a  a n d  o f  p o s t – b r e e d i n g
m i g r a n t s  i n  t h e  l i t t o r a l  z o n e  f o r  e i g h t  c o m m o n  s h o r e b i r d s  a t
B a r r o w . B o t h  d a t a  s e t s  a r e  f o r  t h e  s a m e  f o u r  y e a r s
1 9 7 5 - 1 9 7 8 . T h e  a m o u n t  o f  a n n u a l  v a r i a b i l i t y  b y  s p e c i e s  i s
w e a k l y  c o r r e l a t e d  b e t w e e n  t h e s e  t w o  h a b i t a t  p e r i o d s . S p e c i e s
w h i c h  v a r y  w i d e l y  i n  b r e e d i n g  d e n s i t i e s  t e n d  t o  v a r y  w i d e l y
i n  p o s t – b r e e d i n g  s h o r e l i n e  d e n s i t i e s  a l s o . F u r t h e r m o r e  t h e
m a g n i t u d e  o f  v a r i a t i o n  i s  c o m p a r a b l e  i n  b o t h  h a b i t a t  p e r i d s .
T h r e e  s p e c i e s  s h o w e d  w i d e r  v a r i a t i o n  i n  b r e e d i n g  d e n s i t i e s
a n d  f i v e  s p e c i e s  s h o w e d  w i d e r  v a r i a t i o n  i n  p o s t – b r e e d i n g
d e n s i t i e s . T h i s  d o e s  n o t  n e c e s s a r i l y  i m p l y  a  c l o s e
r e l a t i o n s h i p  b e t w e e n  s h o r e l i n e  d e n s i t i e s  a n d  l o c a l  b r e e d i n g
d e n s i t i e s  b u t  m a y  r a t h e r  i n d i c a t e  c o n s i s t e n t  s p e c i e s
d i f f e r e n c e s  i n  p o p u l a t i o n  d y n a m i c s  o v e r  w i d e r  g e o g r a p h i c
a r e a s .

A n o t h e r  i n d i c a t i o n  o f  s p e c i e s  d i f f e r e n c e s  i n  p o p u l a t i o n
d y n a m i c s  i s  g i v e n  b y  o u r  c o r r e l a t i o n  a n a l y s e s  o f  t h e  r e l a t i v e
a b u n d a n c e s  o f  d i f f e r e n t  s p e c i e s  b e t w e e n  y e a r s  a t  e a c h  o f  o u r
s i t e s . W e  f i n d  t h a t  b r e e d i n g  d e n s i t i e s  a r e  c o r r e l a t e d
b e t w e e n  y e a r s  a t  Atkasook a n d  at B a r r o w  a n d  p o s t - b r e e d i n g
l i t t o r a l  d e n s i t i e s  a r e  c o r r e l a t e d  b e t w e e n  y e a r s  a t  B a r r o w .
T h e  m e d i a n  d a t e s  o f  p o s t - b r e e d i n g  m o v e m e n t s  i n  t h e  l i t t o r a l
z o n e  a r e  a l s o  c o r r e l a t e d  b e t w e e n  y e a r s . T h e s e  c o r r e l a t i o n s
a r e  n o t  s u r p r i s i n g  h o w e v e r  s i n c e  t h e y  i n d i c a t e  n o t h i n g  m o r e
t h a n  t h a t  s o m e  s p e c i e s  a r e  c o n s i s t e n t l y  m o r e  c o m m o n  t h a n
o t h e r  s p e c i e s .

T h e  d e g r e e  o f  a n n u a l  v a r i a t i o n  w i t h i n  a  s i n g l e  s p e c i e s
i s  s h o w n  i n  F i g u r e s  7  a n d  8 A  f o r  Semipalmated S a n d p i p e r
d e n s i t i e s  o n  e a r l y  s u m m e r t u n d r a  t r a n s e c t s  a n d  o n  l a t e  s u m m e r
l i t t o r a l  t r a n s e c t s . I n  t h r e e  o u t  o f  f o u r  y e a r s  t h e  p e a k
d e n s i t y  r e c o r d e d  o n  t h e  t u n d r a  o c c u r r e d  i n  e a r l y J u l y  a s  a n
e a r l y  m o v e m e n t  o f  p o s t - b r e e d i n g  a d u l t s . O n  l i t t o r a l
t r a n s e c t s  t h e  p e a k  d e n s i t i e s  o c c u r r e d  i n  e a c h  y e a r  n e a r  t h e
e n d  o f  J u l y  a s  l a r g e  n u m b e r s  o f  premigratory j u v e n i l e s
f o r a g e d  o n  mudflats, i n  saltmarshes a n d  o n  t h e  e d g e s  o f
l a g o o n s .

T o  i n v e s t i g a t e  t h e  c a u s e s  o f  t h i s  a n n u a l  v a r i a t i o n  w e
l o o k e d  f o r  p a t t e r n s  i n  c o r r e l a t i o n s  b e t w e e n  d e n s i t y
m e a s u r e m e n t s  a t  d i f f e r e n t  s i t e s . A n n u a l  v a r i a t i o n  i n
p o s t - b r e e d i n g  d e n s i t i e s  i n  t h e  l i t t o r a l  z o n e  w a s  n o t
c o r r e l a t e d  w i t h  v a r i a t i o n  i n  b r e e d i n g  d e n s i t i e s  a t  e i t h e r  t h e
l o c a l  B a r r o w  t u n d r a  s i t e  o r  a t  A t k a s o o k . T h i s  c o r r e l a t i o n
m i g h t  n o t  b e  e x p e c t e d  e v e n  i f  t h e  p o s t – b r e e d i n g  m o v e m e n t
c o n s i s t e d  p r i m a r i l y  o f  l o c a l  b i r d s  b e c a u s e  b r e e d i n g  d e n s i t i e s
d o  n o t  t e l l  u s  a l l  w e  n e e d  t o  k n o w  a b o u t  p r o d u c t i v i t y  i n  e a c h
y e a r ;  s i n c e  t h e  p o s t - b r e e d i n g  l i t t o r a l  z o n e  m o v e m e n t  i s
c o m p o s e d  p r i m a r i l y  o f  j u v e n i l e s  o f  m o s t  s p e c i e s ,  a n n u a l
v a r i a t i o n  i n  p r o d u c t i v i t y  m i g h t  o v e r r i d e  a n n u a l  v a r i a t i o n  i n
b r e e d i n g  d e n s i t y  a m o n g  l o c a l  b i r d s . H o w e v e r ,  c o u p l e d  w i t h
o u r  o b s e r v a t i o n s  o f  s h o r e l i n e  m o v e m e n t s  o f  s p e c i e s  w h i c h  a r e
p a r t i c u l a r l y  c o m m o n  a t  B a r r o w  o r  a t  o t h e r  s i t e s  a l o n g  t h e
c o a s t ,  w e  c o n c l u d e  t h a t  a n n u a l  v a r i a t i o n  i n  p o s t - b r e e d i n g
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Figure 7. Annual variation in Semipalmated  Sandp iper
dens i t i e s  on  tundra  t ransec t s ,  1976-1979 .
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breed ing  s eason

m i g r a n t  d e n s i t i e s  a t  B a r r o w  r e f l e c t s  m o r e  t h a n  j u s t  l o c a l
b r e e d i n g  d e n s i t y  f l u c t u a t i o n s . B i r d s  f o r a g i n g  i n  t h e
l i t t o r a l  z o n e  a t  o n e  s i t e  m a y  b e  d r a w n  f r o m  b r e e d i n g  a r e a s
d i s t a n t  f r o m  t h a t  s i t e .

C o r r e l a t i o n s  w’ith t e m p e r a t u r e  v a r i a t i o n
\Je l o o k e d  f o r  r e l a t i o n s h i p s  betwe~n s h o r e b i r d  d e n s i t i e s

a n d  t e m p e r a t u r e  i n  t h e  f o l l o w i n g  m a n n e r : ‘ w e  c a l c u l a t e d  t h e
c u m u l a t i v e  t e m p e r a t u r e  d e v i a t i o n  -  t h e  c u m u l a t i v e  a m o u n t  t h e
t e m p e r a t u r e  d i f f e r s  a b o v e  o r  b e l o w  t h e  m e a n  t e m p e r a t u r e  f o r
e a c h  d a t e  –  f o r  s e v e r a l  p e r i o d s  o f  o r n i t h o l o g i c a l
s i g n i f i c a n c e . T h i s  c a l c u l a t i o n  s e p a r a t e s  y e a r s  o f  w a r m e r
t h a n  a v e r a g e  t e m p e r a t u r e  f r o m  y e a r s  o f  c o l d e r  than a v e r a g e
t e m p e r a t u r e  f o r  e a c h  p e r i o d . T e s t i n g  a  l a r g e  n u m b e r  o f
s p e c i e s  a g a i n s t  s e v e r a l  t e m p e r a t u r e  p e r i o d s  i s  l i k e l y  t o
p r o d u c e  a t  l e a s t  a  f e w  a p p a r e n t l y  s i g n i f i c a n t  c o r r e l a t i o n s .
I n  e v a l u a t i n g  t h i s  m a t r i x  o f  c o r r e l a t i o n s  w e  l o o k e d  f o r
p a t t e r n s  o f  c o r r e l a t i o n s  e x h i b i t e d  b y  m a n y  s p e c i e s  w i t h
t e m p e r a t u r e  d u r i n g  a  p a r t i c u l a r  c a l e n d a r  p e r i o d . Our
o b j e c t i v e  c r i t e r i a  f o r  t h i s  t e s t  r e q u i r e d  f i r s t  a  s i g n i f i c a n t
s i g n  t e s t  o v e r  a l l  s p e c i e s  i n  o n e  t e m p e r a t u r e  p e r i o d  ( a l m o s t
a l l  s p e c i e s  w i t h  c o r r e l a t i o n  c o e f f i c i e n t s  o f  t h e  s a m e  s i g n )
a n d  a g r e e m e n t  i n  s i m i l a r  b u t  o v e r l a p p i n g  c a l e n d a r  p e r i o d s ,
t h a t  i s , a n  i n s e n s i t i v i t y  t o  t h e  e x a c t  c u t o f f  d a t e  c h o s e n  f o r
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T a b l e  5 . M e a n  d e n s i t i e s  o f  c o m m o n  B a r r o w  s h o r e b i r d s .

T u n d r a L i t t o r a l
B r e e d i n g  d~nsity Post–breed~ng

D e n s i t y C . V . * D e n s i t y C.v.

G o l d e n  P l o v e r . 1 1 3 6 . 0 2 74

R u d d y  T u r n s t o n e . 0 5 42 . 2 0 41

Semipalmated  S a n d p i p e r  . 3 3 38 1 . 0 1 88

P e c t o r a l  S a n d p i p e r ● 3 3 106 . 19 93

B a i r d ’ s  S a n d p i p e r . 09 31 . 1 3 2 9

Dunlin . 3 8 17 . 8 9 53

L o n g - b i l l e d  D o w i t c h e r . 0 2 8 2 . 2 7 9 7

R e d  Phalarope . 2 1 61 5 . 4 8 77

1
F o u r - y e a r  m e a n  o f  b r e e d i n g  a d u l t s  ( M y e r s  a n d  Pitelka, 1980).

2C.V. = c o e f f i c i e n t  o f  v a r i a t i o n  o v e r  f o u r  y e a r s .

3
F o u r – y e a r  m e a n  o f  m e a n  d e n s i t i e s  o n  l i t t o r a l  t r a n s e c t s  during
p e r i o d  1 6  J u l y  –  2 9  A u g u s t .

.

T a b l e  6 . S h o r e b i r d  d e n s i t i e s  a n d  t e m p e r a t u r e  t r e n d s  a t  B a r r o w :
p a t t e r n s  a c r o s s  s p e c i e s .

H i g h e r T u n d r a L i t t o r a l P o s t - B r e e d i n g
T e m p e r a t u r e s B r e e d i n g P o s t - B r e e d i n g Movement

D u r i n g D e n s i t i e s D e n s i t i e s M e d i a n  D a t e

Pre-breeding —— - . - -
B r e e d i n g - - - - - -
P o s t - b r e e d i n g - - H i g h e r E a r l i e r
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o u r  p e r i o d s ; a n d  s e c o n d ,  s o m e  i n d i v i d u a l  s p e c i e s  c o r r e l a t i o n s
w h i c h  a r e  s i g n i f i c a n t  a t  ~<.05, w i t h  a g r e e m e n t  i n  s i m i l a r
p e r i o d s . T a b l e  6  s h o w s  t h e  o n l y  o b s e r v e d  p a t t e r n s  o f
c o r r e l a t i o n s  b e t w e e n  d e n s i t i e s  a n d  t e m p e r a t u r e . W e  f o u n d  n o
g e n e r a l  c o r r e l a t i o n  b e t w e e n  e a r l y  s u m m e r  t e m p e r a t u r e s ,  w h i c h
m a y  d e t e r m i n e  t h e  p a t t e r n  o f  s n o w  m e l t ,  a n d  s h o r e b i r d
d e n s i t i e s  during’any  p e r i o d . H o w e v e r ,  t h e  m a g n i t u d e  a n d
t i m i n g  o f  p o s t – b r e e d i n g  s h o r e l i n e  m o v e m e n t s  a r e  c o r r e l a t e d
w i t h  p o s t - b r e e d i n g  t e m p e r a t u r e s ; i n  y e a r s  o f  w a r m e r  t h a n
a v e r a g e  l a t e  s u m m e r t e m p e r a t u r e s  l i t t o r a l  z o n e  d e n s i t i e s  a r e
h i g h e r  a n d  m i g r a t i o n  p e a k s  a r e  e a r l i e r . I t  i s  s u r p r i s i n g
t h a t  p o s t – b r e e d i n g  m i g r a n t  d e n s i t i e s  a r e  i n f l u e n c e d  m o r e  b y
l a t e  s u m m e r  t e m p e r a t u r e s  t h a n  b y  l o c a l  b r e e d i n g  s e a s o n
t e m p e r a t u r e s ,  a n d  t h i s  s u g g e s t s  t h a t  b i r d s  r e s p o n d  t o
c o n d i t i o n s  w i t h i n  t h e  l i t t o r a l  z o n e  d u r i n g  l a t e  s u m m e r . T h e
n u m b e r s  o f  b i r d s  a v a i l a b l e  t o  u s e  t h e  l i t t o r a l  z o n e  m u s t
a l r e a d y  b e  d e t e r m i n e d  b e f o r e  t h i s  p e r i o d  ( b y  b r e e d i n g
d e n s i t i e s  a n d  p r o d u c t i v i t y ) ,  b u t  t h e  n u m b e r s  w h i c h  a c t u a l l y
m o v e  t o  t h e  l i t t o r a l  z o n e , t h e  g e o g r a p h i c  d i s t r i b u t i o n  o f
b i r d s  a l o n g  t h e  c o a s t  w i t h i n  t h e  l i t t o r a l  z o n e ,  o r  t h e
t u r n o v e r  r a t e s  o f  i n d i v i d u a l s  m i g r a t i n g  w i t h i n  t h e  l i t t o r a l
z o n e  m i g h t  b e  i n v o l v e d  i n  t h i s  e f f e c t . T h e  s i g n i f i c a n c e  o f
c h a n g e s  i n  t u r n o v e r  r a t e  o n  p o p u l a t i o n  e s t i m a t e s  w a s
d i s c u s s e d  e a r l i e r .

S p e c i e s  c o m p a r i s o n s
C o m p a r i s o n s  o f  a n n u a l  v a r i a t i o n  a m o n g  s p e c i e s  a l s o

s u g g e s t  t h a t  c o n d i t i o n s  i n  t h e  l a t e  s u m m e r  l i t t o r a l  z o n e
a f f e c t  t h e  d e n s i t i e s  o f  m i g r a n t  b i r d s . F i g u r e  8  s h o w s  a n n u a l
v a r i a t i o n  i n  l i t t o r a l  p o s t - b r e e d i n g  d e n s i t i e s  f o r  t w o
e c o l o g i c a l l y  s i m i l a r  s p e c i e s , S e m i p a l m a t e d  a n d  W e s t e r n
S a n d p i p e r s . T h e  c o r r e s p o n d e n c e  o f  t h e s e  t w o  s e t s  o f  d a t a  i s
r e m a r k a b l e  i n  m a g n i t u d e ,  s h a p e  a n d  t i m i n g  i n  s p i t e  o f  h u g e
a n n u a l  f l u c t u a t i o n s . I t  a l s o  s u g g e s t s  t h a t  t h e s e
f l u c t u a t i o n s  a r e  n o t  r a n d o m ; t h e r e  m u s t  b e  s o m e  e n v i r o n m e n t a l
v a r i a t i o n  a f f e c t i n g  b o t h  s p e c i e s  s i m i l a r l y . W e  c a n  c o m p a r e  ‘
v a r i a t i o n  i n  t h e  t w o  s p e c i e s  g r a p h i c a l l y  b y  e x p r e s s i n g  e a c h
y e a r ’ s  c u m u l a t i v e  d e n s i t y  a s  a  p e r c e n t  o f  t h e  f o u r  y e a r
t o t a l , F i g u r e  9 . S i m i l a r l y ,  F i g u r e  1 0  d i s p l a y s  a  h i g h
c o r r e s p o n d e n c e  o f  v a r i a t i o n  i n  d e n s i t i e s  o f  P e c t o r a l
S a n d p i p e r  a n d  Dunlin w i t h  Semipalmated  S a n d p i p e r . T h e s e
t h r e e  s p e c i e s , w i t h  W e s t e r n  S a n d p i p e r ,  f o r m  a  g r o u p  o f
s p e c i e s  w h o s e  n u m b e r s  f l u c t u a t e  s i m i l a r l y  f r o m  y e a r  t o  y e a r .
R e d  Phalaropes a n d  R u d d y  T u r n s t o n e s  c o m p r i s e  a n o t h e r  g r o u p
w i t h  n u m b e r s  d i s p l a y i n g  a  d i f f e r e n t  p a t t e r n  o f  a n n u a l
v a r i a t i o n . W e  c o n c l u d e  t h a t  t h e s e  g r o u p s  o f  s p e c i e s  r e s p o n d
s i m i l a r l y  t o  a n n u a l  v a r i a t i o n  i n  s o m e  u n d e t e r m i n e d
e n v i r o n m e n t a l  f a c t o r s .

W e  w i s h  t o  t e s t  w h e t h e r  t h e s e  s p e c i e s  w h i c h  f l u c t u a t e
s i m i l a r l y  y e a r  t o  y e a r  a r e  a s s o c i a t e d  t h r o u g h  s o m e  a s p e c t  o f
t h e i r  e c o l o g y  d u r i n g  t h e  b r e e d i n g  o r  p o s t – b r e e d i n g  s e a s o n s ,
s i n c e  t h i s  m i g h t  p r o v i d e  a  c l u e  t o  t h e  e n v i r o n m e n t a l
m e c h a n i s m  w h i c h  r e l a t e s  t o  t h e s e  f l u c t u a t i o n s . W e  c l a s s i f y
a l l  c o m m o n  B a r r o w  s h o r e b i r d s  b y  b r e e d i n g  h a b i t a t  o n  t h e  b a s i s
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o f  h a b i t a t  s t u d i e s  b y  M y e r s  a n d  Pitelka ( 1 9 8 0 )  a n d  a g a i n  b y
p o s t - b r e e d i n g  h a b i t a t  o n  t h e  b a s i s  o f  o u r  r e s u l t s  d i s c u s s e d
b e l o w  ( T a b l e  7 ) . I f  w e  c o n s i d e r  all p a i r s  o f  s p e c i e s  w h i c h
s h o w  c o r r e l a t i o n s  i n  a n n u a l  v a r i a t i o n  i n  p o s t - b r e e d i n g
n u m b e r s  ( T a b l e  8 ) , w e  f i n d  t h a t  s p e c i e s  w h i c h  f l u c t u a t e
s i m i l a r l y  i n  t h e ,  l i t t o r a l  z o n e  d o  n o t  i n  g e n e r a l  s h a r e  t h e
s a m e  b r e e d i n g  h a b i t a t s  (p=. 1 4 ) . T h e y  d o  h o w e v e r  o c c u r
t o g e t h e r  i n  t h e  s a m e  p o s t - b r e e d i n g  h a b i t a t s  (p<.005). T h i s
i m p l i e s  a  c o n n e c t i o n  o f  s o m e  s o r t  t h r o u g h  c o n d i t i o n s  i n  t h e
l i t t o r a l  z o n e  d u r i n g  t h e  p o s t - b r e e d i n g  p e r i o d . We h a v e  a l s o
s h o w n  a  r e l a t i o n s h i p  b e t w e e n  p o s t - b r e e d i n g  d e n s i t y  a n d
t e m p e r a t u r e  d u r i n g  t h e  p o s t – b r e e d i n g  p e r i o d  w h i c h  b o l s t e r s
t h i s  c o n c l u s i o n .

W h a t  s o r t  o f  a f f e c t  c a n  t h i s  b e ? S i n c e  i t  o c c u r s  a f t e r
t h e  b i r d s  h a v e  l e f t  t h e  t u n d r a , i t  i s  u n l i k e l y  t o  b e  m e d i a t e d
t h r o u g h  c h a n g e s  i n  b r e e d i n g  p r o d u c t i v i t y ,  b u t  p o s t – f l e d g i n g
s u r v i v a l  o n c e  b i r d s  r e a c h  t h e  l i t t o r a l  z o n e  m a y  b e  i n v o l v e d .
D i f f e r e n c e s  i n  w e a t h e r  s t r e s s  o r  i n  f o r a g i n g  p r o f i t a b i l i t y ,
t h r o u g h  v a r i a b l e  p r e y  c o n d i t i o n s ,  s t o r m  w a t e r  l e v e l s  o r  o t h e r
h a b i t a t  c h a n g e s  d u r i n g  o r  b e f o r e  t h i s  p e r i o d  m a y  b e
r e s p o n s i b l e . T h e s e  m i g h t  a f f e c t  t h e  s u r v i v a l  o f  i n d i v i d u a l s ,
t h e  g e o g r a p h i c  m o v e m e n t s  o f  b i r d s  o v e r  l o c a l  o r  l a r g e  a r e a s ,
o r  t h e  l e n g t h  o f  t i m e  i n d i v i d u a l s  r e m a i n  i n  o n e  a r e a  d u r i n g
m i g r a t i o n . E n v i r o n m e n t a l  p e r t u r b a t i o n s  i n  t h e s e  l i t t o r a l
h a b i t a t s ,  s u c h  a s  m i g h t  a c c o m p a n y  o i l  d e v e l o p m e n t ,  w i l l  b e
e x p e c t e d  t o  p r o d u c e  d e n s i t y  f l u c t u a t i o n s  i n  s p e c i e s  g r o u p s  o f
m i g r a n t  s h o r e b i r d s , n o t  j u s t  i n d i v i d u a l  s p e c i e s .
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T a b l e  7 . S e a s o n a l  h a b i t a t  g r o u p s  o f  c o m m o n  B a r r o w  s h o r e b i r d s .

B r e e d i n g H a b i t a t  G r o u p s

L o w l a n d  T u n d r a U p l a n d  T u n d r a.

P e c t o r a l  S a n d p i p e r G o l d e n  P l o v e r
R e d  Phalarope R u d d y  T u r n s t o n e
N o r t h e r n  Phalarope Semipalmated  S a n d p i p e r

W e s t e r n  S a n d p i p e r
B a i r d ’ s  S a n d p i p e r
Dunlin

P o s t – B r e e d i n g  H a b i t a t  G r o u p s

G r a v e l  B e a c h e s L i t t o r a l  F l a t s ,
L a g o o n  E d g e s

R u d d y  T u r n s t o n e
Sanderling
R e d  Phalarope

G o l d e n  P l o v e r
S e m i p a l m a t e d  S a n d p i p e r
W e s t e r n  S a n d p i p e r
B a i r d ’ s  S a n d p i p e r
P e c t o r a l  S a n d p i p e r
Dunlin
L o n g – B i l l e d  Dowitcher
N o r t h e r n  Phalarope

T a b l e  8 . S p e c i e s -  p a i r  c o r r e l a t i o n s  o f  a n n u a l  v a r i a t i o n  i n
p o s t - b r e e d i n g  d e n s i t i e s .

B r e e d i n g P o s t - B r e e d i n g

W i t h i n  H a b i t a t
G r o u p s 6 18

B e t w e e n  H a b i t a t
G r o u p s 12 2

X 2 -  T e s t P = .14 P < . 0 0 5— —
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HABITAT STUDIES
W e  a p p r o a c h e d  t h e  i m p o r t a n t  q u e s t i o n s  o f  s h o r e b i r d

h a b i t a t  u s e  o n  f o u r  d i f f e r e n t  h a b i t a t  l e v e l s . F i r s t ,  t h e
b r o a d  d i v i s i o n  o f  t u n d r a  v s .  l i t t o r a l  h a b i t a t s  d e t e r m i n e s
s o m e  l i m i t s  t o  e x p o s u r e  o f  e a c h  s p e c i e s  t o  d e v e l o p m e n t s
c o n c e n t r a t e d  o f f s h o r e  o r  o n s h o r e . Second  , w e  f o c u s e d  o n
a c t i v i t i e s  i n  t h e  l i t t o r a l  z o n e  a n d  g r o u p e d  l i t t o r a l
t r a n s e c t s  i n t o  t h r e e  g e n e r a l  h a b i t a t  c a t e g o r i e s .  W e
e v a l u a t e d  t h e  r e l a t i v e  u s e  o f  t h e s e  t h r e e  h a b i t a t  g r o u p s  f o r
e a c h  s p e c i e s , s i n c e  d e v e l o p m e n t  e f f e c t s  w i t h i n  d i f f e r e n t
l i t t o r a l  h a b i t a t s  w i l l  v a r y  b y  s p e c i e s . T h i r d ,  u s i n g  6
v a r i a b l e  d e s c r i p t i o n s  o f  e a c h  50 m e t e r  b y  5 0  m e t e r  p l o t ,  w e
e x a m i n e d  t h e  r e s p o n s e s  o f  s p e c i e s  t o  t h e s e  m o r e  d e t a i l e d
d e s c r i p t i o n s  o f  l i t t o r a l  z o n e  h a b i t a t s  a n d  w e r e  a b l e  t o
r e l a t e  i n  t h e  s a m e  h a b i t a t  s p a c e  t r a n s e c t s  a t  g e o g r a p h i c a l l y
d i f f e r e n t  s i t e s . F i n a l l y ,  w e  e x a m i n e d  t h e  f o r a g i n g  h a b i t a t
p r e f e r e n c e s  o n  a  m i c r o h a b i t a t  s c a l e  f o r  s e v e r a l  s p e c i e s .

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

m a j o r  h a b i t a t  c l a s s e s  d u r i n g  b r e e d i n g  a a n d  p o s t - b r e e d i n g
p e r i o d s . R e d  Phalaropes ( F i g u r e  11 A,B) n e s t  o n  t h e  t u n d r a
b u t  m o v e  t o  s h o r e l i n e s  a s  b r e e d i n g  a c t i v i t i e s  f i n i s h  i n
s u c c e s s i v e  w a v e s  o f  a d u l t  f e m a l e s , a d u l t  m a l e s ,  a n d  f i n a l l y
j u v e n i l e s . P e a k  d e n s i t i e s  i n  l i t t o r a l  h a b i t a t s  a r e  m a n y
t i m e s  h i g h e r  t h a n  o n  t h e  t u n d r a . O t h e r  s p e c i e s  s u c h  a s
A m e r i c a n  G o l d e n  P l o v e r , ( F i g u r e  1 2 A )  a r e  a l m o s t  r e s t r i c t e d  t o
t u n d r a  h a b i t a t s  t h r o u g h o u t  t h e  s e a s o n . T h i s  d i f f e r e n c e  i n
h a b i t a t  s e l e c t i o n  s h o u l d  h a v e  a  m a r k e d  e f f e c t  o n  t h e  r e l a t i v e
s u s c e p t i b i l i t y  o f  t h e s e  t w o  s p e c i e s  t o  p o t e n t i a l  e f f e c t s  o f
o f f s h o r e  o i l  d e v e l o p m e n t . Phalaropes m a y  b e  e x t r e m e l y
s e n s i t i v e  t o  o i l  s p i l l s  w h i c h  w o u l d  h a v e  a l m o s t  n o  e f f e c t  o n
G o l d e n  P l o v e r  p o p u l a t i o n s . O t h e r  s p e c i e s  s h o w  i n t e r m e d i a t e
p a t t e r n s . Dunlins ( F i g u r e  12B) s h i f t  f r o m  t u n d r a  t o  l i t t o r a l
h a b i t a t s  i n  l a t e  s u m m e r ,  b u t  n o t  t o  t h e  s a m e  e x t e n t  a s
Phalaropes. A d u l t s  r e m a i n  a t  B a r r o w  t h r o u g h o u t  A u g u s t  a n d
e a r l y  S e p t e m b e r  a n d  b o t h  j u v e n i l e s  a n d  a d u l t s  o c c u r  o n  t u n d r a
a s  w e l l  a s  l i t t o r a l  h a b i t a t s . Semipalmated S a n d p i p e r s
( F i g u r e  3 5 )  s h o w  a  f o u r t h  p a t t e r n  u t i l i z i n g  s o m e  l i t t o r a l

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

W e  h a v e  c l a s s i f i e d  t h e  c o m m o n  B a r r o w  s h o r e b i r d s  i n t o
f o u r  c a t e g o r i e s  b a s e d  o n  s e a s o n a l  d i f f e r e n c e s  i n  t h e  r e l a t i v e
u s e  o f  t h e s e  t w o  h a b i t a t  c l a s s e s  ( T a b l e  9 ) . T h e s e  a r e
g e n e r a l  p a t t e r n s  w h i c h  t e n d  t o  g l o s s  o v e r  d i s t i n c t i o n s
b e t w e e n  s p e c i e s  w i t h i n  g r o u p s  b u t  t h e y  i n d i c a t e  s o m e  o f  t h e
m a j o r  d i f f e r e n c e s  i n  s e a s o n a l  h a b i t a t  u s e  p a t t e r n s  w h i c h
r e s u l t  i n  d i f f e r e n c e s  i n  s p e c i e s  s u s c e p t i b i l i t y  t o  o i l
d e v e l o p m e n t . A s  a n o t h e r  s t e p  i n  t h i s  p r o c e s s  w e  h a v e
c a l c u l a t e d  t h e  r e l a t i v e  l i t t o r a l  z o n e  u s e r  t a k i n g  i n t o
a c c o u n t  t h e  d i f f e r e n c e s  i n  areal e x t e n t  o f  t h e s e  h a b i t a t s  i n
t h e  B a r r o w  v i c i n i t y  f o r  e a c h  o f  t h e  s p e c i e s  ( F i g u r e  1 3 ;
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Figure 11. Red  Pha larope  dens i t i e s  on  (A)  tundra  t ransec t s ,  (B)  l i t t ora l
t r a n s e c t s . S h o r t  d a s h  l i n e ,  a d u l t  f e m a l e s ;  s o l i d  l i n e ,  a d u l t
m a l e s ;  l o n g  d a s h  l i n e ,  j u v e n i l e s .  N o t e  d i f f e r e n c e  i n  s c a l e s .
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Figure 12. Densities of  (A) American Golden Plover and (B) Dunlin on tundra
t r a n s e c t s  ( d a s h e d  l i n e )  a n d  l i t t o r a l  t r a n s e c t s  ( s o l i d  l i n e ) .
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T a b l e  9 . S e a s o n a l  h a b i t a t  u s e  p a t t e r n s  o f  c o m m o n  B a r r o w
s h o r e b i r d s . ( T  =  T u n d r a ;  L  =  L i t t o r a l ) .

Post- Post-
b r e e d i n g f l e d g i n g

C a t e g o r y  B r e e d i n g A d u l t J u v e n i l e

I T T T G o l d e n  P l o v e r ,
P e c t o r a l  S a n d p i p e r

I I T T+L T +L Dunlin, L o n g - b i l l e d
D o w i t c h e r

I I I T+L T+L T+L W e s t e r n ,
Semipalmated,
B a i r d ’ s  S a n d p i p e r s

Iv T T+L L R e d  Phalarope,
R u d d y  Turnstone,
Sanderling

T a b l e  1 0 . P r i n c i p a l  c o m p o n e n t  c o r r e l a t i o n s  f o r  t h e  h a b i t a t
v a r i a b l e s . C o r r e l a t i o n  c o e f f i c i e n t s  a n d  p e r  c e n t  of

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

VARIABLE

DSHORE

NORFLZ

MAXFLZ

WATCOV

SUBSTR

VEGCOV

TOTAL VARIANCE

Pc I

. 91

. 7 9

. 7 5

- . 7 6

- . 6 6

. 6 7

5 8 . 1

PC 11

- . 2 0

- . 0 7

- . 4 9

. 3 2

- . 7 0

. 5 9

7 8 . 8

.
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R e l a t i v e  u s e  o f  l i t t o r a l  h a b i t a t s  b y  s h o r e b i r d  s p e c i e s  i n
the Barrow area. (A)  inc ludes  spec i e s  f rom ca t egor i e s  I  and
I I ,  T a b l e  9 ;  ( B )  c o r r e s p o n d s  t o  c a t e g o r y  I I I ,  ( C )  t o
ca tegory  IV.

C o n n o r s  e t  a l . ,  1 9 7 9 ) . T h e s e  p a t t e r n s  i n  r e l a t i v e  l i t t o r a l——
z o n e  u s e  a g r e e  w i t h  t h e  f o u r  c a t e g o r i e s  o f  h a b i t a t  u s e
p a t t e r n s  l i s t e d  i n  T a b l e  9 . .

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

v a r i a b l e s  a s s i g n e d  t o  e a c h  5 0  m e t e r  b y  5 0  m e t e r  s q u a r e  p l o t
o n  e a c h  t r a n s e c t  p r o d u c e d  r e s u l t s  s h o w n  i n  T a b l e  1 0 . T h e
c o r r e l a t i o n s  i n d i c a t e  t h a t  t h e  f i r s t  p r i n c i p a l  c o m p o n e n t
( P C  1) s h o u l d  b e  i n t e r p r e t e d  a s  s e p a r a t i n g  g r a v e l  b e a c h e s  a n d
l a g o o n  a n d  s l o u g h  e d g e s  f r o m  mudflats  a n d  saltmarshes. P C  I I
f u r t h e r  s e p a r a t e s  g r a v e l  b e a c h e s  f r o m  l a g o o n  a n d  s l o u g h
e d g e s . T h i s  p r o d u c e s  g r o u p i n g s  i n  a  n e w l y  f o r m e d  h a b i t a t
s p a c e  w h i c h  c o r r e s p o n d  t o  t h e  t h r e e  c a t e g o r i e s  -  g r a v e l
b e a c h ,  s l o u g h  e d g e  a n d  l i t t o r a l  f l a t  -  i n t o  w h i c h  w e  h a v e
s u b j e c t i v e l y  g r o u p e d  o u r  t r a n s e c t s  ( F i g u r e  1 4 ) . A l t h o u g h
o v e r a l l  a g r e e m e n t  b e t w e e n  t h e  t w o  g r o u p i n g  s y s t e m s  i s  h i g h ,  a
f e w  t r a n s e c t s  a p p e a r  m i s p l a c e d . I n  p a r t i c u l a r ,  t h e  t r a n s e c t
B M W ,  d e n o t e d  b y  a n  a s t e r i s k  i n  F i g u r e  1 4 ,  i s  c l a s s e d  a s  a
l a g o o n  e d g e  t r a n s e c t  i n  o u r  a n a l y s e s  b e c a u s e  o f  i t s  l o c a t i o n
o n  t h e  s h o r e  o f  M i d d l e  S a l t  L a g o o n ,  a n  a l m o s t  c l o s e d  l a g o o n
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h a b i t a t  s p a c e . G r a v e l  b e a c h e s  ( o c t a g o n s ) ,  l i t t o r a l  f l a t s
(diamonds), and  s l ough  edges  ( squares ) . Aster i sk  denotes
transect BMW. See  t ex t .
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o f  1 . 3  k i l o m e t e r  d i a m e t e r  a t  B a r r o w  ( F i g u r e  2 ) . I n  s p i t e  o f
t h i s  t o p o g r a p h i c  f e a t u r e , h o w e v e r ,  t h e  h a b i t a t  d e s c r i p t i o n
v a r i a b l e s  d o  n o t  d i s t i n g u i s h  i t  f r o m  a  g r a v e l  b e a c h  b e c a u s e
i t  i s  l o c a t e d  n e a r  t h e  m o u t h  o f  t h e  l a g o o n  c l o s e  t o  t h e  i n n e r
e d g e  o f  t h e  w i d e  g r a v e l  b e a c h  r i d g e . I n  f a c t ,  a s  w i l l  b e
n o t e d  b e l o w ,  s e v e r a l  s p e c i e s  r e s p o n d e d  to t h i s  t r a n s e c t  a n d
t o  t h e  o t h e r  m i d d l e  s a l t  l a g o o n  t r a n s e c t  (MSE) i n  a  m a n n e r
i n d i c a t i n g  i n t e r m e d i a c y  b e t w e e n  g r a v e l  b e a c h e s  a n d  l a g o o n
e d g e s . T h u s  t h e s e  t r a n s e c t s  s h o w  c h a r a c t e r i s t i c s  o f  b o t h
l a g o o n  a n d  m a r i n e  b e a c h e s  i n  p h y s i c a l  d e s c r i p t i o n  a s  w e l l  a s
i n  b i r d  u s e .

T h e  p r i n c i p a l  a d v a n t a g e s  o f  t h i s  h a b i t a t  c l a s s i f i c a t i o n
p r o c e d u r e  a r e  t h a t  i t  a l l o w s  u s  t o  q u a n t i f y  a s p e c t s  o f
h a b i t a t  d e s c r i p t i o n s  w h i c h  o t h e r w i s e  r e m a i n  t o o  s u b j e c t i v e
f o r  f u r t h e r  a n a l y s i s  a n d  t h a t  t h e  p r o c e d u r e  c a n  b e  e a s i l y
a p p l i e d  b y  f i e l d  w o r k e r s  a t  o t h e r  a r c t i c  s i t e s . A s s i g n i n g
v a r i a b l e s  d o e s  n o t  r e q u i r e  e x t e n s i v e  t r a i n i n g . Multivariate
t e c h n i q u e s  c a n  t h e n  p l a c e  n e w l y  d e s c r i b e d  t r a n s e c t s  i n
h a b i t a t  s p a c e  w i t h  k n o w n  t r a n s e c t s  f o r  w h i c h  b i r d  d e n s i t y
d a t a  a r e  a v a i l a b l e . T h i s  p e r m i t s  c o m p a r i s o n  o f  a r e a s  s t u d i e d
b y  d i f f e r e n t  r e s e a r c h e r s  a n d  m a y  a l l o w  p r e d i c t i o n  o f  e x p e c t e d
b i r d  d e n s i t i e s  b a s e d  o n l y  o n  h a b i t a t  d e s c r i p t i o n s  a n d
g e o g r a p h i c  l o c a l i t y .

T h e  e s s e n t i a l  q u e s t i o n  c o n c e r n i n g  t h e s e  a n a l y s e s  i s :  d o
b i r d s  r e s p o n d  t o  t h e  d i f f e r e n c e s  i n  h a b i t a t s  w h i c h  w e  h a v e
d e s c r i b e d ? T h e y  d o ,  a s  i s  s h o w n  b y  t h e  n e x t  t w o  s e t s  o f
a n a l y s e s . U s i n g  a s  o u r  d a t a  b a s e  t h e  p r e s e n c e  o r  a b s e n c e  o f
e a c h  o f  t h e  t h i r t y - o n e  m o s t  c o m m o n  s p e c i e s  o n  o u r  t r a n s e c t s
( T a b l e  1 1 ) ,  w e  u s e d  a  p r i n c i p a l  c o o r d i n a t e  a n a l y s i s  (Gower,
1 9 6 6 )  t o  s e p a r a t e  t r a n s e c t s  i n  e a c h  o f  t h e  f o u r  y e a r s  o n  t h e
b a s i s  o f  w h i c h  s p e c i e s  o c c u r r e d  o n  t h e m  ( F i g u r e  1 5 ) .  I n
i n t e r p r e t i n g  t h e s e  f i g u r e s , c h a n g e s  i n  t h e  p o s i t i o n  o f
t r a n s e c t s  b e t w e e n  y e a r s  i s  i r r e l e v a n t . C o n c e n t r a t i n g  o n  t h e
r e l a t i v e  p o s i t i o n s  o f  t r a n s e c t s  w i t h i n  e a c h  y e a r ,  w e  f i n d
t h a t  i n  e a c h  y e a r  g r a v e l  b e a c h  t r a n s e c t s  c l u s t e r  q u i t e
s e p a r a t e l y  f r o m  o t h e r  t r a n s e c t s . T h e  d i s t i n c t i o n  b e t w e e n
l i t t o r a l  f l a t  a n d  s l o u g h  e d g e  t r a n s e c t s  i s  l e s s  c l e a r ,
h o w e v e r ,  s u g g e s t i n g  t h a t  m a n y  o f  t h e  s a m e  s p e c i e s  u t i l i z e
b o t h  g r o u p s  o f  h a b i t a t s . A s  m e n t i o n e d  a b o v e ,  t h e  l a g o o n
t r a n s e c t  B M W  ( 1 9 7 6 ,  1 9 7 7 , 1 9 7 8 )  i s  c l a s s i f i e d  o n  t h e  b a s i s  o f
s p e c i e s  o c c u r r e n c e  a s  s o m e w h a t  i n t e r m e d i a t e  b e t w e e n  g r a v e l
m a r i n e  s h o r e s  a n d  o t h e r  l a g o o n  e d g e s . T h e  d e t a i l s  o f
a r r a n g e m e n t s  w i t h i n  g r o u p s  a l s o  s u g g e s t  o t h e r  d i s t i n c t i o n s
m a d e  b y  t h e  b i r d s . G r a v e l  b e a c h  t r a n s e c t s  a l o n g  t h e  m a i n l a n d
s h o r e  a l w a y s  c l u s t e r  s o m e w h a t  d i f f e r e n t l y  t h a n  t h e  g r a v e l
s h o r e s  a l o n g  B a r r o w  S p i t  (13CS i n  1 9 7 5 ;  BCS, B C N ,  B B D  i n  1 9 7 6
a n d  1 9 7 7 ;  B C S ,  B C N ,  B B D ,  B B V  i n  1 9 7 8 ) . T h e s e  a n a l y s e s  s h o w
c l e a r l y  t h a t  s p e c i e s  o c c u r r e n c e  v a r i e s  a m o n g  h a b i t a t s  a n d
t h a t  g r o u p s  o f  s p e c i e s  a p p a r e n t l y  r e s p o n d  t o  h a b i t a t
d i f f e r e n c e s  w h i c h  a r e  c o r r e l a t e d  w i t h  t h e  v a r i a b l e s  w e  h a v e
m e a s u r e d . I t  a l s o  s u g g e s t s  t h a t  o n  t h e  b a s i s  o f  s p e c i e s
o c c u r r e n c e  a l o n e , t h e  s i m i l a r i t i e s  b e t w e e n  l i t t o r a l  f l a t s  a n d
l a g o o n  a n d  s l o u g h  e d g e s  a r e  g r e a t e r  t h a n  b e t w e e n  t h e s e
h a b i t a t  c l a s s e s  a n d  g r a v e l  b e a c h e s .
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T a b l e  1 1 . C o m m o n  b i r d  s p e c i e s  o n  l i t t o r a l  t r a n s e c t s  d u r i n g
f o u r  p o s t – b r e e d i n g  s e a s o n s  a t  B a r r o w ,  A l a s k a .

COMMON NAME .

Y e l l o w - b i l l e d  L o o n

A r c t i c  L o o n

Red-throated  L o o n

B l a c k  B r a n t

Pintail

O l d s q u a w

Steller’s E i d e r

K i n g  E i d e r

S e m i p a l m a t e d  P l o v e r

G o l d e n  P l o v e r

R u d d y  T u r n s t o n e

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

B a i r d ’ s  S a n d p i p e r

Dunlin

S e m i p a l m a t e d  S a n d p i p e r

W e s t e r n  S a n d p i p e r

Sanderling

L o n g - b i l l e d  D o w i t c h e r

R e d  Phalarope

N o r t h e r n  Phalarope

P o m a r i n e  J a e g e r

P a r a s i t i c  J a e g e r

L o n g – t a i l e d  J a e g e r

G l a u c o u s  G u l l

B l a c k - l e g g e d  K i t t i w a k e

Sabine’s G u l l

A r c t i c  T e r n

B l a c k  G u i l l e m o t

Snowy Owl

L a p l a n d  L o n g s p u r

S n o w  B u n t i n g

SCIENTIFIC NAME

G a v i a  a d a m s i i

G a v i a  a r c t i c a

G a v i a  stellata

B r a n t a  bernicla

A n a s  a c u t a

Clangula hyemalis

P~ stelleri

S o m a t e r i a  spectabilis

Charadrius  semipalmatus

Pluvialis dominica

A r e n a r i a  i n t e r p r e s

Calidris melanotos

Calidris  b a i r d i i

Calidris alpina

Calidris  pusilla

Calidris m a u r i

Calidris  a l b a

L i m n o d r o m u s  scolopaceus

Phalaropus  fulicarius

L o b i p e s  lobatus

S t e r c o r a r i u s  p o m a r i n u s

S t e r c o r a r i u s  p a r a s i t i c u s

Stercorarius  lonqicaudus

L a r u s  hyperboreus

R i s s a  tridactyla

Xema sabini

S t e r n a  paradisaea

Cepphus grylle

Nyctea s c a n d i a c a

Calcarius lapponicus

Plectrophenax nivalis

SPECIES CODE

YB LO

ARLO

RTLO

BLBR

PINT

OLDS

S T E I

KIEI

SEPL

GOPL

RUTU

PESA

BASA

DUF$L

SESA

WESA

SAND

LBDO

REPH

NOPH

POJA

PA JA

LTJA

GLGU

BLKI

SAGU

ARTE

BLGU

SNOW

LALO

SNBU

.



V BC N

V

0
9D

0

4 ❑ BVL

‘VEA A
o BNE

BCS@

I ~BNL BBS@

❑ BBP
❑ BGF

a
BWS

. Bws
(33 ❑ BGF

1300P
BOM

o ~cBu  BTW f3ME A
BBS

❑ ~N~ BVL

o – * Q& *OB”  0  ‘ M w BNT

BPP BRW ❑ & A
BCM

~ BCN

BCS@ ~
BBO *BNB

I 9°75
il

1976

BCN
BCS
o

a ❑ BNT

/

BTW
f!3

BBO
0 A

BNE

BOM @BRW  ~ ‘AP BME

o A~B BVE$ ~BNL

@ BBS F3GF BFIP
.Y!J

BPS~p  @Bc B
BvL

BWS O () BMw

o-
EJP

BVL

BBP

A
BN E

&
BME

BNT
•~BNB

BMW
o

0 BCN Bcs
E BNL

BGFU @ @) BOC
Q BBV

@
BAP

BCB

BTW
BPP @

o * @’ws

63
8BS @ BPS

BRw

i)
1977 19~8

Figure 15. Ord inat ion  o f  t ransec t s  accord ing  to  b i rds  spec i e s  occurrence . Grave l  beach  t ransec t s
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W e  c a n  a l s o  o r d i n a t e  a l l  o f  t h e  s p e c i e s  a c c o r d i n g  t o
w h i c h  t r a n s e c t s  t h e y  o c c u r  o n  d u r i n g  e a c h  y e a r  ( F i g u r e  16].
T h e s e  p l o t s  a r e  m o r e  o b s c u r e  b u t  g r o u p s  o f  s p e c i e s  s h o w i n g
s i m i l a r  h a b i t a t  u s e  c a n  b e  d i s t i n g u i s h e d  a n d  t h e s e  t e n d  t o  b e
c o n s i s t e n t  f r o m  y e a r  t o  y e a r . A m o n g  s h o r e b i r d s ,  R e d
Phalarope  a n d  R u d d y  T u r n s t o n e  o c c u r t o g e t h e r  i n  e a c h  o f  f o u r
y e a r s  a n d  t h e s e  a r e  j o i n e d  b y  Sanderling in  1975 a n d  1 9 7 6 .
T h e  t w o  p a s s e r i n e st L a p l a n d  L o n g s p u r  a n d  S n o w  B u n t i n g ,  s h o w
v e r y  c l o s e  c o r r e s p o n d e n c e  i n  t h e  t h r e e  y e a r s  t h e y  w e r e
c e n s u s e d . A  c l u s t e r  o f  s a n d p i p e r s  (Semipalmated,  W e s t e r n ,
P e c t o r a l ,  B a i r d ’ s  a n d  Dunlin) u s u a l l y  o c c u r  close t o g e t h e r .
A m o n g  o t h e r  g r o u p s ,  t h e  j a e g e r s  s h o w  a  s i m i l a r  h a b i t a t
d i s t r i b u t i o n  i n  m o s t  y e a r s ,  a s  d o  t h e  l o o n s .

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

c o m p o n e n t  a n a l y s i s  ( F i g u r e  1 4 )  w e  c a n  a s s i g n  v a l u e s  t o  cells
o f  t h a t  s p a c e  r e p r e s e n t i n g  t h e  r e l a t i v e  d e n s i t y  o f  u s e  b y
e a c h  s p e c i e s  f o r  h a b i t a t  r e p r e s e n t e d  b y  t h a t  c e l l  i n  h a b i t a t
s p a c e . W e  d i s p l a y  t h e  r e s u l t s  f o r  a  f e w  s p e c i e s  i n  F i g u r e
17. T h i s  g i v e s  a  d e t a i l e d  l o o k  a t  t h e  d i f f e r e n c e s  i n
d i s t r i b u t i o n  o f  u s e  w i t h i n  h a b i t a t  s p a c e  f o r  e a c h  s p e c i e s .
T h e  r e l a t i v e  h e i g h t s  o f  p e a k s  i n d i c a t e  t h e  r e l a t i v e  u s e  o f
d i f f e r e n t  a r e a s  o f  h a b i t a t  s p a c e . Z e r o  h e i g h t  c a n  i n d i c a t e
t o t a l  a b s e n c e  o f  t h e  s p e c i e s  f r o m  a  c e l l  i n  h a b i t a t  s p a c e ,  o r
l a c k  o f  a  t r a n s e c t  s a m p l i n g  t h a t  c e l l . R e g i o n s  c h a r a c t e r i z e d
b y  g r a v e l  b e a c h e s  ( G ) ,  l i t t o r a l  f l a t s  ( F ) ,  o r  s l o u g h  e d g e s
( E )  a r e  i n d i c a t e d . Semipalmated a n d  h7estern S a n d p i p e r s ,  t w o
e c o l o g i c a l l y  s i m i l a r  a n d  c l o s e l y  r e l a t e d  s p e c i e s ,  d i s p l a y
s i m i l a r  g e n e r a l  p a t t e r n s  d i f f e r i n g  i n  t h e  r e l a t i v e  h e i g h t  o f
j u s t  a  f e w  p e a k s . B o t h  s p e c i e s  o c c u r i n  v e r y  l o w  d e n s i t i e s
o n  g r a v e l  b e a c h e s  a n d  m u c h  h i g h e r  d e n s i t i e s  o n  l i t t o r a l  f l a t s
a n d  s l o u g h  e d g e s . R e d  Phalaropes  s h o w  a  m a r k e d l y  d i f f e r e n t
p a t t e r n ,  o c c u r r i n g  i n  h i g h  d e n s i t i e s  o n  g r a v e l  b e a c h
t r a n s e c t s . Dunlins s h o w  a n  i n t e r m e d i a t e  p a t t e r n .

T h e  n e x t  s e r i e s  o f  p l o t s  d e m o n s t r a t e s  a n n u a l  v a r i a t i o n
i n  p a t t e r n s  f o r  t h r e e  s p e c i e s  ( F i g u r e s  1 8 ,  1 9 ,  2 0 ) . I n  t h i s
c a s e  t h e  d e n s i t i e s  a r e  e x p r e s s e d  a s  d e v i a t i o n s  f r o m  t h e  m e a n
d e n s i t y ;  a r e a s  o f lower t h a n  a v e r a g e  u s e  o c c u r  a s  d e p r e s s i o n s
i n  t h e  p l a i n  o f  h a b i t a t  s p a c e . T h e  m a n y  d e t a i l s  o f  t h e s e
p l o t s  a r e  n o t  c r i t i c a l  t o  o u r  d i s c u s s i o n  b u t  a  f e w  p o i n t s  a r e
i m p o r t a n t . I n  g e n e r a l ,  w e  c a n  s a y  t h a t  t h e r e  i s  v a r i a t i o n
f r o m  y e a r  t o  y e a r  w i t h i n  a  u s u a l l y  c o n s i s t e n t  s p e c i e s
p a t t e r n . I n  a l l  f o u r  y e a r s  R e d  Phalaropes  ( F i g u r e  1 8 )  s h o w  a
d i s t r i b u t i o n  o f  h a b i t a t  u s e  m a r k e d l y  d i f f e r e n t  f r o m  t h e  o t h e r
t w o  s p e c i e s  d i s p l a y e d . H o w e v e r ,  v a r i a t i o n  f r o m  y e a r  t o  y e a r
w i t h i n  a  s p e c i e s  c a n  b e  l a r g e . F o r  b o t h  Semipalmated
S a n d p i p e r  a n d  Dunlin ( F i g u r e s  1 9  a n d  2 0 ) ,  1 9 7 7  a p p e a r e d  t o  b e
a n  u n u s u a l  y e a r  i n  t e r m s  o f  h a b i t a t  u s e . B o t h  s p e c i e s  s h o w e d
p a t t e r n s  i n  t h a t  y e a r  w h i c h  a r e  d i s t i n c t  f r o m  t h e  o t h e r  3
y e a r s . H o w e v e r ,  t h e  p a t t e r n s  f o r  t h e s e  t w o  s p e c i e s  i n  1 9 7 7
a r e  r e m a r k a b l y  s i m i l a r . Dunlins i n  1 9 7 7  o c c u r r e d  i n  h a b i t a t s
m o r e  s i m i l a r  t o  t h o s e  u s e d  b y  Semipalmated  S a n d p i p e r s  i n  1 9 7 7
t h a n  t o  t h o s e  u s e d  b y  Dunlins i n  o t h e r  y e a r s . T h i s  s u g g e s t s
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1

A SEhflPALMATED  SANDPIPER B WESTERN SANDPIPER

c RED PHALAROPE D DUNLIN

Figure 17. L i t t o r a l  z o n e  h a b i t a t  u s e  p a t t e r n s  o f  4  s p e c i e s . P lane
represents  pr inc ipa l  component  hab i ta t  space  o f  F igure  14 .
G r a v e l  b e a c h  ( G ) ,  l i t t o r a l  f l a t  ( F ) ,  s l o u g h  e d g e  ( E ) .
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Figure  18. Annual  v a r i a t i o n  in l i t t o r a l  h a b i t a t  u s e .
P lane  r epresentspr inc ipa l  component  hab i ta t  space  o f  F igure  14.

Peaks aboveand  be low p lane  r epresent  cumula t ive  b i rd  d ins i t i e s  above  o r
be low mean  dens i t i e s  over  all hab i ta t  space .
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Figure 19. Annual  var ia t i on  in  l i t t ora l  hab i ta t  use . See Figure 18.
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See F igure  18.
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t h a t  v a r i a b i l i t y  i n  s p e c i e s  h a b i t a t  u s e  p a t t e r n s  f r o m  y e a r  to
y e a r  o c c u r s  i n  r e s p o n s e  to e n v i r o n m e n t a l  c o n d i t i o n s ,  s u c h  a s
w a t e r  l e v e l s  or a v a i l a b i l i t y  o f  p r e y  s p e c i e s  o f  d i f f e r e n t
t y p e s . I f  b o t h  s p e c i e s  h a v e  s i m i l a r  p r e y  i t e m s  ( d i s c u s s e d
b e l o w )  a n d  p r e y  c o n d i t i o n s  v a r y  d r a s t i c a l l y  f r o m  y e a r  t o
y e a r ,  b o t h  s p e c i e s  c a n  b e  e x p e c t e d  t o  a l t e r  t h e i r  h a b i t a t
s e l e c t i v i t y  o r  f o r a g i n g  b e h a v i o r . In t h e  e v e n t  o f  a n  oil
s p i l l  g r e a t l y  a l t e r i n g  f o r a g i n g  conditions~ s e v e r a l  s p e c i e s
m i g h t  s h i f t  t h e i r  h a b i t a t  u s e  p a t t e r n s  t o  t a k e  a d v a n t a g e  o f
a l t e r n a t e  f o o d  s o u r c e s . T h i s  a p p a r e n t  f l e x i b i l i t y  o f  s p e c i e s
w i t h  r e s p e c t  t o  h a b i t a t  p r e f e r e n c e s  m a y  b o d e  w e l l  i n  t h e
e v e n t  o f  e n v i r o n m e n t a l  p e r t u r b a t i o n s ?  b u t  i t  m a y  a l s o
i n d i c a t e  a  s e n s i t i v i t y  o f  s p e c i e s  t o  c h a n g e s  i n  t r o p h i c
c o n d i t i o n s  u n d e r  t h e  i n f l u e n c e  o f  n a t u r a l  f l u c t u a t i o n s .

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

1 2 1 0  i n d i v i d u a l s  o f  n i n e  s p e c i e s  o f  Barrow s h o r e b i r d s  w e r e
p r e s e n t e d  i n  C o n n o r s  a n d  Risebrough  ( 1 9 7 7 ) . T o  b r i e f l y
s u m m a r i z e  t h e s e  r e s u l t s ,  f a c t o r  a n a l y s i s  o f  t h e  s i x
m i c r o h a b i t a t  v a r i a b l e s  ( s e e  M e t h o d s )  s e p a r a t e d  s p e c i e s  along
m i c r o h a b i t a t  g r a d i e n t s . T a b l e  1 2  p r e s e n t s  o r d e r e d  l i s t s  o f
s p e c i e s  o n  e a c h  o f  t h e  f i r s t  t w o  f a c t o r s  r u n n i n g  f r o m
p o s i t i v e  t o  n e g a t i v e  s c o r e s . T h e  l i n e s  t o  t h e  l e f t  o f  e a c h
r a n k i n g  s h o w  g r o u p s  o f  s p e c i e s  d e f i n e d  a l o n g  e a c h  g r a d i e n t
u s i n g  a  Tukey B  a p o s t e r i o r i  m u l t i p l e  c o m p a r i s o n  t e s t : e a c h
l i n e  b r a c k e t s  a  s e t  o f  s p e c i e s  w h o s e  m e a n  v a l u e s  a 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  a t  t h e  . 0 5  l e v e l . F a c t o r  1  i s
c o r r e l a t e d  m o s t  c l o s e l y  w i t h  d i s t a n c e  t o  w a t e r ’ s  e d g e  a n d
w a t e r  d e p t h . L o n g - b i l l e d  D o w i t c h e r  a n d  R e d  P h a l a r o p e  f o r a g e
i n  s i g n i f i c a n t l y  d e e p e r  w a t e r  t h a n  a n y  o f  t h e  o t h e r  s p e c i e s .
F a c t o r  2  s h o w s  a  p o s i t i v e  c o r r e l a t i o n  w i t h  g r a i n  s i z e  a n d  a
n e g a t i v e  c o r r e l a t i o n  w i t h  b i l l  p e n e t r a b i l i t y  i n d i c a t i n g  t h a t
Sanderlings, R u d d y  T u r n s t o n e s  a n d  R e d  Phalaropes f o r a g e  i n
h a b i t a t s  w i t h  l a r g e  g r a i n s i z e  a n d  low b i l l  p e n e t r a b i l i t y ,
c o m p a r e d  t o  t h e  o t h e r  g r o u p s  o f  s p e c i e s  s h o w n . T h e s e  s p e c i e s
g r o u p i n g s !  e s p e c i a l l y  a l o n g  F a c t o r  2~ a g r e e  w i t h  g r o u p i n g s  o f
s p e c i e s  b y  h a b i t a t  p r e f e r e n c e  o n  t h e  b r o a d e r  s c a l e s  d i s c u s s e d
a b o v e . T h e  s i g n i f i c a n c e  o f  t h i s  m i c r o h a b i t a t  a n a l y s i s  f o r
a s s e s s i n g  s p e c i e s  s u s c e p t i b i l i t i e s  t o  o i l - r e l a t e d  d a m a g e  l i e s
i n  t h e  p r o b a b i l i t y  t h a t  a  s p e c i e s ’  p r e f e r r e d  m i c r o h a b i t a t
will b e  a f f e c t e d  b y  o i l  s p i l l a g e , e i t h e r  d i r e c t l y  t h r o u g h  t h e
p r e s e n c e  o f  o i l  o r  i n d i r e c t l y  t h r o u g h  d e t r i m e n t a l  e f f e c t s  o n
t h e  f o o d  c h a i n . W e  a s s u m e  t h a t  p r e f e r r e d  m i c r o h a b i t a t s  b e l o w
t h e  w a t e r  l i n e  a r e  m o r e  s u s c e p t i b l e  t h a n  t h o s e  a b o v e ,  a t  l e a s t
t o  d a m a g e  f r o m  o i l  s p i l l s  t r a n s p o r t e d  o n  t h e  w a t e r . T h e
o i l ’ s  d i s t r i b u t i o n  w i l l  b e  c o n t r o l l e d  b y  w a t e r  t r a n s p o r t  a n d
t h u s  w i l l  s p r e a d  o n l y  a s  f a r  a s  w a t e r  c a r r i e s  i t . S e c o n d ,  w e
a s s u m e  t h a t  i n c r e a s i n g  g r a i n  s i z e  i n d i c a t e s  i n c r e a s e d
e x p o s u r e  t o  w a v e  a c t i o n . T h i s  m e a n s  t h a t  s i t e s  c h a r a c t e r i z e d
b y  l a r g e  g r a i n  s i z e  a r e  m o r e  l i k e l y  t o  b e  i m p a c t e d  b e c a u s e  o f
t h e  i n c r e a s e d  r a t e  o f  w a t e r  t r a n s p o r t  i n  t h e s e  a r e a s .
H o w e v e r ,  t h e  d u r a t i o n  o f  i m p a c t  m a y  b e  l e s s  t h a n  i n  a r e a s  o f
s m a l l e r  g r a i n  s i z e  o n c e  t h e  l a t t e r  a r e  h i t ,  f o r  t h e  s a m e
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T a b l e  1 2 . S h o r e b i r d  r a n k i n g s  a l o n g  m i c r o h a b i t a t  g r a d i e n t s .
L i n e s  b r a c k e t  g r o u p s  w i t h  s i m i l a r  f a c t o r  s c o r e s .

Factor I F a c t o r  I I

I
L o n g - b i l l e d  D o w i t c h e r I Sanderling
R e d  Phalarope

I
R u d d y  T u r n s t o n e

lPectoral S a n d p i p e r R e d  P h a l a r o p e
Dunlin

I
Dunlin

W e s t e r n  S a n d p i p e r I
S e m i p a l m a t e d  S a n d p i p e r

B a i r d ’ s  S a n d p i p e r W e s t e r n  S a n d p i p e r
Sanderling B a i r d ’ s  S a n d p i p e r
R u d d y  T u r n s t o n e I P e c t o r a l  S a n d p i p e r
S e m i p a l m a t e d  S a n d p i p e r L o n g - b i l l e d  D o w i t c h e r

r e a s o n ;  oil will b e  m o r e  l i k e l y  t o  b e  c a r r i e d  a w a y  i n  large
g r a i n  s i z e ,  h i g h  e n e r g y  e n v i r o n m e n t s . G i v e n  t h e s e
q u a l i t a t i v e  a s s u m p t i o n s ,  w e  a r g u e  t h a t  s p e c i e s  u s i n g
m i c r o h a b i t a t s  f a l l i n g  h i g h  a l o n g  F a c t o r  1  a n d  h i g h  a l o n g
F a c t o r  2  a r e  t h o s e  w h i c h  w i l l  b e  m o s t  f r e q u e n t l y  e x p o s e d  t o
o i l  d a m a g e . R e d  Phalaropes, Sanderlings  a n d  R u d d y  T u r n s t o n e s
s t a n d  o u t  i n  t h i s  r e s p e c t . T h e i r  f o r a g i n g  s t y l e  a n d  h a b i t a t
c h o i c e  e x p o s e t h e m  t o  c o n d i t i o n s  w h e r e  t h e y  a r e  l i k e l y  t o  b e
c o n t a m i n a t e d  w i t h  o i l .

H o w e v e r ,  t h e  d e c r e a s e d  r a t e  o f  t r a n s p o r t ,  w h i c h  m a y  b e
i n v e r s e l y  c o r r e l a t e d  w i t h  F a c t o r  2 ,  m u s t  a l s o  b e  t a k e n  i n t o
a c c o u n t ,  p a r t i c u l a r l y  i n  l i g h t  o f  o u r  e v i d e n c e  o n  trophic
d e p e n d e n c i e s . B i r d s  f o r a g i n g  i n  p r o t e c t e d  a r e a s  ( u s u a l l y
small g r a i n  s i z e )  t e n d  t o  r e l y  o n  benthic i n f a u n a ,  e s p e c i a l l y
i n s e c t  l a r v a e  w h i c h  c o m p l e t e  t h e i r  l i f e  c y c l e  i n  t h e s e
h a b i t a t s . B i r d s  f o r a g i n g  i n  a r e a s  c h a r a c t e r i z e d  b y  large
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g r a i n  s i z e  t y p i c a l l y  f e e d  o n  w a v e  w a s h e d  z o o p l a n k t o n  e i t h e r
i n  t h e  w a t e r  c o l u m n  o r  a l o n g  t h e  w a t e r  l i n e . L o n g - t e r m
e f f e c t s  o f  oil s p i l l s  m a y  t h e r e f o r e  b e  m o r e  p r o n o u n c e d  i n
p r o t e c t e d  a r e a s  s i n c e  b i r d s  a r e  u s i n g  a  r e s o u r c e  o r i g i n a t i n g
i n  s i t u . P l a n k t o n  f e e d e r s  i n  c o n t r a s t  u t i l i z e  a  r e s o u r c e
~ich m a y  b e  r e p l e n i s h e d  f r o m  o u t s i d e  t h e  l o c a l  a r e a . S u c h
q u e s t i o n s  o f  b i r d  s u s c e p t i b i l i t y  t h r o u g h  s e c o n d a r y  trophic
a n d  h a b i t a t  e f f e c t s  a r e  c o m p l e x  a n d  c a n n o t  b e  a n s w e r e d
w i t h o u t  k n o w l e d g e  o f  t h e  e f f e c t s  o f  oil o n  d i f f e r e n t  f o o d
s o u r c e s  a n d  t h e  r e c o v e r y  r a t e s  w i t h i n  d i f f e r e n t  e n v i r o n m e n t s .

R e l a t i v e  h a b i t a t  u s e  w i t h i n  t h e  l i t t o r a l  z o n e
O n  t h e  b a s i s  o f  t h e  h a b i t a t  a n a l y s e s  d i s c u s s e d  a b o v e  w e

c l a s s i f i e d  a l l  B a r r o w  t r a n s e c t s  i n t o  o n e  o f  t h r e e  g r o u p s
r e p r e s e n t i n g  g r a v e l  b e a c h e s , l i t t o r a l  f l a t s ,  a n d  l a g o o n  e d g e s
( T a b l e  2 ) . We c a l c u l a t e d  d e n s i t i e s  w i t h i n  e a c h  h a b i t a t  g r o u p

o f  t r a n s e c t s  f o r  e a c h  p e r i o d  o f  e a c h  y e a r  f o r  e a c h  s p e c i e s .
T h i s  p e r m i t s  u s  t o  a s s e s s  r e l a t i v e  d e n s i t y  w i t h i n  t h e  t h r e e
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h a b i t a t  t y p e s  f o r  d i f f e r e n t  s p e c i e s  a v e r a g e d  o v e r  f o u r  y e a r s
o f  s t u d y  ( F i g u r e s  2 1  a n d  2 2 ) . T h e  r e s u l t s ,  e x p r e s s e d  a s  a
p r o p o r t i o n  o f  t h e  t o t a l  d e n s i t y  s u m m e d  o v e r  t h r e e  h a b i t a t s ,
s h o w  s e v e r a l  d i s t i n c t  p a t t e r n s  o f  r e l a t i v e  h a b i t a t  u s e .
F i g u r e  2 1 A  s h o w s  t h e  r e s u l t s  f o r  g r o u p s  o f  s p e c i e s .
C o n s i d e r i n g  a l l  s h o r e b i r d s  c o m b i n e d , a l l  t h r e e  h a b i t a t s  w e r e
h e a v i l y  u s e d  b u t  d e n s i t i e s  w e r e  l o w e s t  i n  gravel h a b i t a t s .
I t  i s  r e l e v a n t  h o w e v e r  t h a t  i n  t h e  B a r r o w  a r e a  g r a v e l  b e a c h e s
r e p r e s e n t  t h e  l a r g e s t  c o m p o n e n t  o f  l i t t o r a l  h a b i t a t  a v a i l a b l e
t o  b i r d s . T h e  s o l i d  l i n e  r e p r e s e n t s  a  f o u r  y e a r  a v e r a g e ;  t h e
d o t t e d  l i n e  i n d i c a t e s  a n  a v e r a g e  f o r  t h e  y e a r s  1 9 7 5 ,  1976,
a n d  1 9 7 8 . I n  1 9 7 7 ,  d e n s i t i e s  o f  R e d  Phalaropes,  N o r t h e r n
Phalaropes a n d  A r c t i c  T e r n s  w e r e  e x t r e m e l y  h i g h  o n  o n e  l a g o o n
e d g e  t r a n s e c t  (MWE) f o r  a  b r i e f  p e r i o d  in A u g u s t . D e n s i t i e s
o f  a  s m a l l  calanoid c o p e p o d  w e r e  a l s o  h i g h  a t  t h a t  t i m e  a n d
p r o b a b l y  a t t r a c t e d  t h e s e  p l a n k t o n  f o r a g e r s  f r o m  o t h e r
h a b i t a t s ,  m o r e  s o  t h a n  i n  t h e  o t h e r  t h r e e  y e a r s . T h e  h a b i t a t
u s e  p a t t e r n  f o r  t h e s e  t h r e e  s p e c i e s  w a s  t h e r e f o r e
s i g n i f i c a n t l y  d i f f e r e n t  i n  1 9 7 7  t h a n  i n  t h e  o t h e r  3  y e a r s .
W e  a r e  u n a b l e  t o  s a y  w h e t h e r  t h e  3  o r  t h e  4  y e a r  a v e r a g e  i s  a
b e t t e r  r e p r e s e n t a t i o n  o f  a  l o n g  t e r m  m e a n  i n  r e l a t i v e  h a b i t a t
u s e  a n d  t h e r e f o r e  r e p o r t  t h e m  b o t h . P a s s e r i n e ,  i n  t h i s  c a s e
o n l y  t w o  c o m m o n  speciesl L a p l a n d  L o n g s p u r  a n d  S n o w  B u n t i n g ,
s h o w  a  s i g n i f i c a n t l y  d i f f e r e n t  pattern~ w i t h  e x t r e m e l y  low
d e n s i t i e s  o n  g r a v e l  b e a c h e s  a n d  h i g h e s t  d e n s i t i e s  o n  l i t t o r a l
f l a t s . T h e  t h r e e  c o m m o n  s p e c i e s  o f  g u l l s  p l u s  a r c t i c  t e r n s
o c c u r r e d  i n  a l l  t h r e e  h a b i t a t s  b u t  a t  h i g h e s t  d e n s i t i e s  a l o n g
g r a v e l  b e a c h e s  i n  a l l  y e a r s  e x c e p t  1 9 7 7 .

W i t h i n  t h e  s h o r e b i r d s ,  s e v e r a l  d i s t i n c t  p a t t e r n s  o f
r e l a t i v e  h a b i t a t  u s e  w e r e  e v i d e n t . W e  h a v e  s e p a r a t e d  t h e m
i n t o  f i v e  g r o u p s ,  a l l  s i g n i f i c a n t l y  d i f f e r e n t l y  b y  a
c h i - s q u a r e  t e s t . G r o u p  B  i n c l u d e s  t h e  s a m e  t h r e e  s p e c i e s ,
Sanderling,  R u d d y  T u r n s t o n e  a n d  R e d  Phalarope, w h i c h
c o n s t i t u t e  a  s p e c i e s  g r o u p  f o r m e d  o n  t h e  b a s i s  o f  tundra v s .
l i t t o r a l  z o n e  h a b i t a t  u s e  ( s e e  a b o v e  d i s c u s s i o n ) . Thejse
s p e c i e s  o c c u r  a l m o s t  e n t i r e l y  i n  t h e  l i t t o r a l  z o n e  i n  l a t e
s u m m e r  w h e r e  t h e y  f o r a g e  p r i n c i p a l l y  a l o n g  g r a v e l  b e a c h e s  o n
m a r i n e  z o o p l a n k t o n . G r o u p  C ,  B a i r d ’ s  S a n d p i p e r  a n d  Dunlin,
o c c u r  i n  a l l  t h r e e  h a b i t a t s  b u t  d e n s i t i e s  i n  n o n - g r a v e l
h a b i t a t s  a r e  c o n s i d e r a b l y  h i g h e r . T h e  o t h e r  s e v e n  s h o r e b i r d s
a n d  t w o  p a s s e r i n e  o c c u r  i n  m u c h  l o w e r  d e n s i t i e s  a l o n g  g r a v e l
s h o r e s  a n d  a r e  g r o u p e d  h e r e  s o m e w h a t  a r b i t r a r i l y  a c c o r d i n g  t o
t h e i r  r e l a t i v e  u s e  o f  l i t t o r a l  f l a t s  a n d  l a g o o n  e d g e s . A  f e w
o f  t h e s e  s p e c i e s  r e q u i r e  f u r t h e r  c o m m e n t . I n  G r o u p  D ,
S e m i p a l m a t e d  a n d  W e s t e r n  S a n d p i p e r s  d i s p l a y  a l m o s t  i d e n t i c a l
r e l a t i v e  h a b i t a t  u s e  p a t t e r n s . T h e s e  t w o  s p e c i e s  h a v e  b e e n
d i s c u s s e d  a b o v e  a s  d e m o n s t r a t i n g  r e m a r k a b l y  s i m i l a r  a n n u a l
f l u c t u a t i o n s  i n  n u m b e r s . T h i s  s i m i l a r i t y  o f  h a b i t a t  p a t t e r n
i s  a n o t h e r  i n d i c a t i o n  o f  h o w  e c o l o g i c a l l y  s i m i l a r  t h e s e  t w o
r e l a t e d  s p e c i e s  a r e  a n d  i s  c o n s i s t e n t  w i t h  o u r  s u g g e s t i o n
t h a t  a n n u a l  v a r i a b i l i t y  i n  p o s t - b r e e d i n g  n u m b e r s  i s
d e t e r m i n e d  i n  s o m e  w a y  b y  c o n d i t i o n s  i n  p o s t - b r e e d i n g
l i t t o r a l  h a b i t a t s .
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Figure 21. R e l a t i v e  u s e  o f  l i t t o r a l  h a b i t a t s : grave l  b each  (G) ,
l i t t o r a l  f l a t  ( F ) ,  s l o u g h  e d g e  ( E ) .
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T h e  a p p a r e n t  h e a v y  a s s o c i a t i o n  o f  N o r t h e r n  Phalaropes
( F i g u r e  2 2 ,  G r o u p  E )  w i t h  l a g o o n  a n d  s l o u g h  e d g e s  m a y  b e
s o m e w h a t  m i s l e a d i n g . N o r t h e r n  Phalarope d e n s i t i e s  a r e  q u i t e
l o w  a t  B a r r o w  i n  m o s t  y e a r s  b u t  s e v e r a l  f l o c k s  h a v e  b e e n
r e c o r d e d  w h i l e  f o r a g i n g  o n  s m a l l  calanoid copepods  i n  M i d d l e
S a l t  L a g o o n . I n ,  f a c t ,  m o s t  o f  t h e  N o r t h e r n  Phalaropes
r e c o r d e d  i n  f o u r  y e a r s  o f  c e n s u s i n g  a t  B a r r o w  c o n s i s t e d  o f  a
s i n g l e  flock d u r i n g  o n e  c e n s u s  o f  t r a n s e c t  M S E . A t  s i t e s  to
t h e  e a s t  s u c h  a s  Prudhoe B a y ,  w h e r e  N o r t h e r n  Phalaropes a r e
m u c h  m o r e  c o m m o n , t h e y  f o r a g e  also a l o n g  g r a v e l  b e a c h e s  i n  a
m a n n e r  s i m i l a r  t o  m o s t  R e d  Phalarope f o r a g i n g  a t  B a r r o w . T h e
r e s u l t s  s h o w n  h e r e  s u g g e s t  h o w e v e r  t h a t  g i v e n  t h e  s a m e  s e t  o f
a v a i l a b l e  h a b i t a t s  a n d  f o o d  s o u r c e s ,  t h e  c h o i c e s  o f  N o r t h e r n
Phalaropes d i f f e r  f r o m  t h o s e  o f  R e d  Phalaropes.

A l t h o u g h  w e  p r e s e n t  t h e  r e l a t i v e  h a b i t a t  u s e  p a t t e r n s  i n
s e v e r a l  g r o u p s ,  w e  c a u t i o n  t h a t  d i f f e r e n c e s  i n  t h e s e  d a t a
s e t s  m a y  b e  s i g n i f i c a n t l y  d i f f e r e n t  s t a t i s t i c a l l y  b u t  n o t
b i o l o g i c a l l y . T h e  l a r g e  sample s i z e s  f o r  m o s t  s p e c i e s  m a k e
t h e  c h i - s q u a r e  t e s t  q u i t e  s e n s i t i v e  t o  d i f f e r e n c e s  i n
r e l a t i v e  u s e  o f  d i f f e r e n t  h a b i t a t s . I n  v i e w  o f  s h i f t s  i n  t h e
u s e  l e v e l s  o f  d i f f e r e n t  t r a n s e c t s  f r o m  w e e k  t o  w e e k  o r  y e a r
t o  y e a r ,  h o w e v e r , a n d  k e e p i n g  i n  m i n d  t h e  o r d i n a t i o n  a n a l y s e s
d i s c u s s e d  a b o v e ,  w e  a r e  n o t  c e r t a i n  t h a t  t h e  d i f f e r e n c e s
s h o w n  h e r e  i n  r e l a t i v e  u s e  o f  l i t t o r a l  f l a t s  a n d  s l o u g h  e d g e s
a r e  a s  i m p o r t a n t  a s  m a y  a p p e a r . We t h e r e f o r e  r e t a i n  t h e
p o s s i b i l i t y  t h a t  G r o u p s  D, E  a n d  F  m i g h t  b e t t e r  b e  p r e s e n t e d
a s  o n e  g r o u p  c h a r a c t e r i z e d  b y  h i g h  u s e  o f  n o n - g r a v e l  h a b i t a t s
r e l a t i v e  t o  g r a v e l  b e a c h e s . F i n a l l y ,  w e  n o t e  t h e  c l o s e
s i m i l a r i t y  i n  h a b i t a t  u s e  p a t t e r n  b e t w e e n  t h e  p a s s e r i n e
s p e c i e s  a n d  s e v e r a l  s h o r e b i r d  s p e c i e s ,  i n d i c a t i n g  t h a t  s o m e
p a s s e r i n e  a n d  s h o r e b i r d s  might b e  a f f e c t e d  i n  s i m i l a r  w a y s
b y  c h a n g e s  i n  l i t t o r a l  h a b i t a t s  a r i s i n g  f r o m  o i l  d e v e l o p m e n t .

GEOGRAPHIC VARIATION IN SHOREBIRD LITTORAL ZONE USE
R e s u l t s  p r e s e n t e d  a b o v e  r e f l e c t  t h e  l o c a l  d i s t r i b u t i o n

o f  s h o r e b i r d s  a n d  h a b i t a t  n e a r  B a r r o w . In g e n e r a l  t h e
c o n c l u s i o n s  f r o m  t h e s e  s i t e – s p e c i f i c  s t u d i e s  a p p l y  q u i t e  w e l l
t o  a  l a r g e  r e g i o n  o f  t h e  n o r t h e r n  Chukchi a n d  B e a u f o r t  c o a s t s
o f  A l a s k a . H o w e v e r ,  t w o  s e t s  o f  f a c t o r s  a f f e c t  t h e
a p p l i c a b i l i t y  o f  s p e c i f i c  r e s u l t s  t o  o t h e r  s i t e s . F i r s t ,  t h e
h a b i t a t  u s e  i n f o r m a t i o n  r e f l e c t s  t o  s o m e  e x t e n t  t h e
a v a i l a b i l i t y  o f  h a b i t a t s  i n  t h e  l o c a l  B a r r o w  a r e a . F r o m  I c y
C a p e  w e s t  o f  Barrow to Prudhoe B a y  e a s t  o f  B a r r o w  ( F i g u r e  1 )
t h e r e  i s  n o  c l e a r  g e o g r a p h i c  cline i n  l i t t o r a l  z o n e  h a b i t a t
t y p e s ,  b u t  l o c a l  s i t e s  v a r y  d e p e n d i n g  o n  s u c h  f a c t o r s  a s
p r e s e n c e  o r  a b s e n c e  o f  s p i t s  a n d  b a r r i e r  i s l a n d s ,  e l e v a t i o n
o f  t u n d r a  a d j a c e n t  t o  t h e  s h o r e ,  a n d  e x t e n t  o f  l o c a l  r i v e r
d e l t a s . A  s e c o n d  s e t  o f  f a c t o r s , t h e  c h a n g i n g  d i s t r i b u t i o n
o f  i n d i v i d u a l  s p e c i e s , f o l l o w s  a  p r i m a r i l y  l o n g i t u d i n a l
g r a d i e n t  a l o n g  t h e  c o a s t .
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Figure 23. Locations of transects in principal component littoral habitat
space. Barrow transects (circles), Prudhoe Bay (X’s), Fish
Creek Delta (squares). Letters indicate habitat types: gravel
beach (G), littoral flat (F), slough edge (E).

H a b i t a t  a v a i l a b i l i t y

Figure 23 shows the placement of’our littoral zone
transects at Barrow, Prudhoe Bay and Harrison Bay (Fish Creek
Delta) study sites in a habitat space defined by the first
two principal components. This analysis is similar to that
discussed for Barrow transects alone (Figure 14) but with
measured distances replaced by their logarithms. This change
was made because the pool of all transects from three sites
has a much wider range of distance measurements. As in the
Barrow analysis, gravel beach transects are represented by
low values on both axes, while littoral flats score high on
PC I and lagoon edges score high on PC II. Both Barrow and
Prudhoe Bay transects represent a similar range of littoral
zone habitat types with the principal difference being the
much higher frequency of gravel beach transects at Barrow.
At Fish Creek Delta, however, located between the other two
sites (Figure 1), all transects are in one class of habitat
space (saltmarsh and mudflat) with positions more extreme
than any recorded from the other two sites. This difference
relates primarily to the more extensive areas of littoral
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flats at Fish Creek Delta compared to the other two sites.
Saltmarsh occurs farther from the shoreline at Fsh Creek
Delta. These transects are characterized by wider flood
zones, lower slopes, more vegetation and muddier substrates
than transects censused at Barrow and Prudhoe Bay. Shorebird
use of mudflat apd saltmarsh habitats was very similar at all
three sites, but the overall pattern of shorebird use varied
among the sites because of the different mix of habitats
available.

Species distributions
The relative abundance of different shorebird species at

the three principal study sites varied partly in response to
the changes in local habitat mix. Thus, for example, Ruddy
Turnstones, Sanderlings and Red Phalaropes were almost absent
from Fish Creek Delta in 1980 but this arises primarily from
the absence of gravel shorelines which these species
preferentially frequent during migration. However,
longitudinal gradients in species distribution also affected
local densities. The major changes in species abundance in
littoral habitats over the regions studied affect four
species. Western Sandpipers at Barrow are near the eastern
limit of their breeding range. Densities of Western
Sandpipers at Harrison Bay were an order of magnitude less
than densities of Semipalmated Sandpipers, and they did not
occur at Prudhoe Bay. Stilt Sandpipers occur in very small
numbers at Barrow as a late summer migrant but are common
during this period at Prudhoe Bay where they forage on
littoral flats and slough edges.

Finally, the two Phalarope species vary in relative
abundance. At Barrow, the ratio of Red Phalaropes to
Northern Phalaropes on our transects over four years was
approximately 30:1. At Prudhoe Bayr the ratio is almost
reversed, with nearly all phalaropes along shoreline
transects being Northerns in 1978. At Hersc~al Island at the
western edge of the western edge of the Canadian Beaufort
coast, Vermeer and Anweiler (1975) reported a ratio of about
40:1 favoring Northerns. On the Jones Islands just west of
Prudhoe Bay, Johnson (1978) recorded 4:1 Red:Northern
Phalaropes. At Harrison Bay, Red Phalaropes were almost
absent but Northern Phalaropes were common on the littoral
flats. This last difference may arise primarily from a
difference in habitat selection by the two species which may
also account for some of the difference between densities at
Jones Islands and Prudhoe Bay. Red Phalaropes are most
common along beaches on spits and barrier islands while
Northern Phalaropes occur more frequently in sloughs and
lagoons. The differential distribution of these two species
in our study is apparently a result of the two factors of
geography and habitat selection. This difference in
Phalarope occurrence during the post-breeding period at
Harrison Bay and at Barrow is demonstrated by Figures 24A and
39 A, B.
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Figures 24B and 25A, B show the density comparisons for
three other common species: Dunlin, Semipalmated Sandpiper
and Lapland Longspur. Harrison Bay densities were comparable
to somewhat greater than the four year average of Barrow
densities. These species are all common on littoral flats at
both sites; however, at Harrison Bay the relative and
absolute amount of this class of habitat is much greater than
at Barrow, so our figures represent a much larger number of
birds in the littoral zone at Harrison Bay. Timing of the
post-breeding peak of these species varies also, but in an
inconsistent pattern, with Lapland Longspurs peaking much
earlier at Harrison Bay and Semipalmated Sandpipers peaking
later. However, since these are based on only one year’s
data compared to four years at Barrow, they may represent a
poor estimate of average timing of these movements.

Shorebird concentration areas
Areas considered sensitive because of high levels of use

by birds of many species were identified in the Interim
Synthesis Report: Beaufort/Chukchi  (Weller et al., 1978).
These include many of the areas where shorebfid~ensities  are
high during late summer in the littoral zone. These regions
correspond primarily to areas with gravel spits and barrier
islands where densities of the gravel beach shorebirds are
highest; and areas with extensive littoral mudflats,
saltmarshes and slough edges, from Icy Cape in the Chukchi
sea to Prudhoe Bay in the Beaufort sea. They include Icy
Cape, Peard Bay, Point Barrow, the Plover Islands, Fish Creek
Delta, Colville Delta and the Jones Islands (Figure 1).
Smaller areas with heavily used shorebird littoral habitats
occur at several other points along this coast and some
rather extensive regions of coastline have not been
adequately surveyed during the appropriate season.

SHOREBIRD DIETS AND FAT ACCUMULATION

Overlap in shorebird diets
Detailed lists of food items found in shorebird stomachs

and of species composition and density of plankton samples
have been reported in Connors and Risebrough  (1976, 1977,
1978 and 1979). In this final report we summarize the major
points arising from those collections but do not repeat the
detailed data. Table 13 lists the numbers of each bird
species collected at Barrow and a few nearby sites. These
collections do not permit a definitive listing of average
diets because of small sample sizes and because the diets of
most species depend closely on the availability of prey
species at the site sampled. The central conclusion of our
shorebird diet studies is that the diets of most species
correspond to the habitats in which they forage rather than
to strong species differences in diet preference within
habitats. The diets of many species overlap broadly while
foraging in the same habitat type. In earlier reports, we
cited numerous examples of shorebirds of two, three or four
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Figure 24. (A) Littoral zone densities of Red Phalarope (dashed line) and
Northern Phalarope (solid line) at Fish Creek Delta.
(B) Comparison of littoral zone densities of Dunlin at Fish
Creek Delta, 1980 (solid line) and Barrow 1975-1978 (dashed line).
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(solid line) and Barrow, 1975-1978 (dashed line).
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species foraging on very similar prey while together at one
site. However, at other sites in different habitats or at
different times within the same habitat the diets of all
these species vary. There are of course exceptions;
individual species do exhibit differences in foraging methods
and some distinctions are imposed by species morphology. But
in general the main differences in diet correspond to
differences in habitat use. These can be summarized as
follows: shorebirds foraging on littoral flats, in
saltmarshes and along the shores of small lagoons and sloughs
foraged principally on chironomid larvae in the substrate but
in several areas small oligochaetes were also taken. Early
in the post-breeding season (late July) adult chironomids are
present and are taken by many species. Along gravel beaches
on marine shores most species foraged on a wide variety of
marine zooplankton and amphipods associated with the
substrate or the under surface of ice. The actual species
taken varied widely over time and place both within a season
and between seasons, but the differences in prey between
species at one time and place were relatively slight. This
similarity of diet along arctic shores extends from Red
Phalaropes who forage while swimming in shallow water along
gravel beaches to Ruddy Turnstones, Sanderlings,  Dunlin and
occasionally a few other species which forage by walking at
the water’s edge. Phalaropes take zooplankton directly from
the water column, while other shorebirds take the same prey
species either washed up on the gravel or in the extremely
shallow water right at the water’s edge. All these species
show a tendency to select larger sizes of zooplankton
compared to sizes available in plankton tows (Connors and
Risebrough, 1977), and the species favored included amphipods
of the genera Apherusa and Onisimus, euphausiids
(Thysanoessa), copepods (Calanus) and decapod zoea. We
believe, however, that these apparent diet preferences vary
widely depending on the availability of species within the
zooplankton community.

Table 14 lists the groups of shorebird species which we
believe have overlapping diets within habitat classes. This
Table, when used in conjunction with Figures 21 and 22
summarizing relative littoral zone habitat use, will convey a
good idea of the expected diet of each species in the Barrow
area. The species listed as zooplankton predators may select
some prey species preferentially; this distinction would
require large sample sizes to identify; our samples only show
considerable overlap. Among the group of species listed as
foraging on chironomid larvae, species may differ in
microhabitats or depths at which prey are taken, in prey size
or prey species. Nevertheless, this is a very uniform prey
base compared to tidal flat communities in temperate regions;
the stomach samples indicated broad overlap.

Two other species which occur commonly on littoral flats
and along lagoon and slough edges are passerine. Although
they forage in the same habitat as many shorebird species our
very limited collections suggest that they feed on the seeds
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Table 13. Numbers of specimens from Barrow area examined for
studies of diet and fat condition, 1975-1978.

Red Phalarope’ 2 Red Phalarope 76
Semipalmated Sandpiper 8 Northern Phalarope 3
Western Sandpiper 1 Sabine’s Gull 2
Baird’s Sandpiper 2 Arctic Tern 2
Dunlin 16 Lapland Longspur 2
Sanderling 12 Snow Bunting 2
Long–billed Dowitcher 2

Table 14. Groups of species with overlapping diets in littoral
habitats.

Habitat Diet Species

B
Marine shores,
gravel beaches

S m a l l  l a g o o n s

Mudflats,
saltmarsh, lagoon
and slough edges

Marine zooplankton,
including copepods,
euphasuiids, decapod
zoea

Amphipods

Copepods

Adult chironomid
flies

Chironomid larvae

Oligochaetes

Seeds

Ruddy Turnstone, Dunlin,
Sanderling, Red Phalarope,
Northern Phalarope,  Arctic
Tern, Sabine’s Gull

Red Phalaroper Baird’s
Sandpiper

Red Phqlarope,  Northern
Phalarope

Ruddy Turnstone, Dunlin,
Western Sandpiperr Red

Phalarope

Ruddy Turnstone,
Semipalmated Sandpiper,
Western Sandpiper, Dunlin,
Long-billed Dowltcher,  Red
Phalaroper Lapland Longspur

Ruddy Turnstone, Dunlin

Lapland Longspur, Snow
Bunting



of plants found in these areas but possibly also on
chironomid larvae. At the other extreme of habitat and size
the diets of Sabine’s gulls and Arctic Terns overlap with
gravel beach zooplankton foraging shorebirds, although these
species also take fish.

There is a strong seasonal component to shorebird diets
in the arctic. Many species take adult chironomid flies
during July on the tundra, and birds of 4 species collected
in late July in littoral habitats, including Red Phalaropes,
contained adult flies. By mid-August these are no longer
available, and these same bird species have shifted to other
prey. Thus the diets of shorebirds change as species change
foraging habitats and also as prey availability within
habitats changes.

Red Phalarope diets and foraging behavior
The diets of shorebirds foraging on littoral flats are

probably fairly consistent from year to year although little
is known of the life cycles and ecology of the species of
chironomid flies whose larvae develop in these littoral
areas. In contrast, diets of birds foraging along the marine
shorelines vary more widely from year to year because of
annual variation and even within-season variation in relative
abundance of different zooplankton species. Our Red
Phalarope data provide the clearest example of this
variation. In 1976, densities of marine zooplankton were
strikingly lower than densities in 1975. Mean densities of
the three prey species taken most commonly by shorebirds in
1975 were reduced by approximately 25 times. Diets of Red
Phalaropes showed corresponding differences between the two
summers, with copepods scarcer and amphipods more common in
1976 (Connors and Risebrough, 1977).

This change in diet reflected an observed difference in
foraging behavior. In 1975, juvenile Red Phalaropes foraging
along the shores of Barrow spit were most abundant in the
shallow water zone O to 2 meters out from shore. Day to day
distribution along the shores of Barrow spit and Plover spit
varied considerably however. Using our census data of Red
Phalarope distribution along shorelines which face in four
different directions (Figure 2), we plotted the percent of
birds present on each shore on seven days with wind speeds
above 8 knots, against the deviation of wind direction from a
full onshore wind (Figure 26A). The very restricted scatter
of these data indicate that phalaropes rarely foraged on
beaches with onshore winds (angles less than 90 degrees) if
alternative shores were available. We repeated this analysis
with strikingly different results for seven windy days in
1976 (Figure 26B). Clearly Red Phalaropes were responding
differently in relation to wind direction in the two years.
We suggest the following interpretation, related directly to
the change in zooplankton conditions between the two seasons.
In 1975 Phalaropes  foraged on dense zooplankton in shallow
water within 2 meters of shore almost exclusively. In this
situation the protected shore probably provides increased



r
oo i:o io io i'p

C)

00 0

—
In
LL
0

1-
22

~
ftc
w
Q

,

0
c1

—.- - . .

Q

c)

o

0

0
n

u

(3

o

Q
o

(-J@
u

ONSHORE OFFSHORE
WIND DIRECTION

Figure 26. Distribution of
direction. (A)

foraging Red Phalaropes in relation to wind
1975. (B) 1976. See text.



67

B foraging efficiency, possibly by improved surf and ice
conditions and decreased turbidity and possibly through
enhanced zooplankton density. In 1976, however, with
drastically lower densities of the same zooplankton, Red
Phalaropes also foraged on under-ice amphipods which became
available on windy days when pieces of ice piled up on the
windward shore. The absence of any wind related pattern in
Figure 26B results from phalaropes utilizing multiple food
sources with different responses to wind conditions.

Under conditions of either high or low zooplankton
density our proposed explanation of Phalarope distribution in
relation to wind direction suggests also an explanation of
the large concentrations of phalaropes near spits and barrier
islands. The complex shoreline topography of these sites
provides a greater variety of foraging conditions with
respect to wind direction than does a simple mainland shore.
There is always a protected shore and a windward shore,
permitting phalaropes to select the best foraging conditions,
determined by the interacting factors of wind, water, ice
conditions, and zooplankton densities.

Effect of oil spills on shorebird prey species
We discussed earlier the potential differences in oil

spill effects on different microhabitats. These differences
also apply to different prey communities. Spilled oil
offshore might be expected to reach open water gravel
shoreline areas first, where the possibility of toxicity to
zooplankton communities or under-ice amphipods might reduce
the densities of these food species. Littoral flats and
slough edges might be affected by oil only if it occurs with
storm flooding. However, oil spilled on beaches might be
removed soonerl by subsequent wave action~ than oil
transported to protected littoral flats. In addition,
zooplankton densities influenced strongly by water movements
and phytoplankton  activity might recover relatively soon
after the initial phase of an oil spill. In contrast, oil
spilled on muddy sediments within protected littoral areas
might continue to affect chironomid life cycles and
populations within the substrate. Assessing these
differences will require studies of the sensitivity of
various prey species to oil contamination and the recovery
rates of prey populations in different habitats.
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Premigratory fat deposition by shorebirds
We recorded fat conditions for all collected birds by

assigning the OCS fat code to each specimen (Code 1 = no kat;
Code 2 = little fat; Code 3 = moderate fat; Code 4 = very
fat; Code 5 = excessive fat). Only two species showed any
change in fat condition with date after August lst. Both
species showed an increase_in fat levels during this period
(Red Phalarope mean score x = 2.6, Spea~man correlation
coefficient rs = . 40, p<.01 and Dunlin x = 2.5, r = .41,
p<.os) . This suggests strongly that the long per~od in which
these species forage in arctic habitats is important for the
deposition of fat prior to southward migration. Arrival of
these species at the latitude of California occurs in middle
October or later in most years, considerably delayed compared
to Sanderlings and Ruddy Turnstones. These latter species
apparently a~cumulate higher fat reseryes during August
(Sanderling x = 3.8, Ruddy Turnstones x = 3.3) and migrate
southward more rapidly. Juvenile Semipalmated Sandpipers
leave the arctic much earlier, in late July and ea~ly August,
but with lower fat levels than these two species (x = 2.6).
Semipalmated Sandpipers may migrate more slowly, replenishing
fat supplies more frequently during migration. Johnson
(1978) also found an increase in fat level of Red Phalaropes
during August at Simpson Lagoon. His data suggest a dif-
ference in the fat deposition schedule of the two phalarope
species: Northern Phalaropes had consistently higher fat
levels throughout this period. Three Northern Phalarope
juveniles we collected at Barrow over two years on 8 and 9
August had significantly higher fat levels than 20 Red
Phalarope juveniles taken over four years 8 - 12 August
(Mann-Whitney test, p<.01). We do not know what differences
in foraging ecology or metabolism account for this surprising
ability of Northern Phalaropes to accumulate fat more quickly
than Red Phalaropes.

Unlike juvenile phalaropes, adult females and adult
males, freed from nesting duties in late June and late July
respectively, begin their southward migrations without a long
post-breeding foraging period in the arctic. If juveniles
require the long foraging period to build up energy reserves
necessary for migration, have adults already achieved similar
fat levels when they leave the tundra and depart southward?
We compared fat levels in 14 adult male Phalaropes collected
along shorelines from 15 July - 3 August, 1975 - 1978 with 20
juveniles taken 8 - 12 August, 1975 - 1978. The adult fat
levels were significantly higher (p<.02, Mann-Whitney test).
We believe this also indicates that juveniles require the
late summer shoreline foraging period to build fat reserves
necessary for southward migration.

DEVELOPMENT EFFECTS ON SHOREBIRDS

Effects of habitat changes on bird densities
In Table 15 we list the kinds of habitat alterations

potentially associated with OCS development which might
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affect shorebirds. We addressed the first two listed
factors, including several kinds of habitat changes as well
as the effects of noise and activity disturbance, with sets
of transects primarily at Prudhoe Bay and to a lesser extent
at Barrow in 1978. We compared bird densities between tran-
sects of similarhabitat differing in degree of habitat
disturbance. The effects of a variety of habitat changes
already accomplished at Prudhoe Bay were reported in Connors
and Risebrough (1979). In this final report we present the
comparisons indicating the greatest effects of habitat change
on shorebird numbers.

Habitat removal. Habitat can be affected in varying
degrees. At the crudest level, it is simply removed. Total
loss due to gravel roads or construction pads for onshore
facilities can be quantified in the Prudhoe Bay area. Our
rough 1978 estimates of this tundra habitat loss within a 14
km x 26 km rectangle encompassing much of the oilfield
amounted to about 10 sq km. This is only about 3% of the
enclosed tundra, which sounds unimportant, but it implies a
total loss of about 1000-2000 pairs of nesting shorebirds
from this area, along with waterfowl and other species.

Road effects. Construction has other effects which also
diminish usable habitat. A considerable dust shadow
accompanies gravel construction, with vegetation coated to
varying degrees with dust at distances measuring tens or
hundreds of meters from all roads. This affects bird
density.

A summertime prevailing wind direction from the north-
east produces a more extensive dust shadow on the southwest
side of roads at Prudhoe Bay. In Figure 27A we compare the
seasonal changes in total shorebird density on the dust
shadow transects, PG1 and PG2 (see Figure 28), with control
transects, PG3 and PG4. Densities on the dusted tundra were
significantly lower by a sign test (p<.01), especially during
the breeding season. Comparing the inner and outer pairs of
transects separately, densities are lower on PG1 than PG3
(p<.01) and lower on PG2 than PG4 (p<.OS). The cross com-
parison of PG2 and PG3, transects with similar dust effects
(Table 16) was not significant (p>.05). A similar effect is
evident for passerine (Lapland Longspur and Snow Bunting;
Figure 27B).

Before we interpret these differences in shorebird
densities as the results of dust deposition on the tundra, we
must establish that other habitat differences are unlikely to
have produced the differences. The four transects were
chosen in early June in a level area of superficially uniform
tundra with respect to topography, vegetation, and surface
water area and distribution. More detailed measurements of
habitat parameters made during the summer indicate that this
initial assessment was substantially accurate. Some
distinguishable differences do exist, however (Table 16).
Water cover decreased on all transects during June and be-
tween June and August, as expected. Average water cover in
June on the four transects fell in a narrow range, with the



Table 15. Potential effects of oil development on arctic
shorebirds.

,

1. Habitat changes
a. Loss of habitat
b. Change in quality of habitat
c. Construction of new habitat

2. Activity disturbance
3. Changes in prey resource
4. Direct oil spill effects

Table 16. Characteristics of dust shadow and control transects.

Dust Control
PG 1 PG 2 PG 3 PG 4 n

June yater
cover 18 25 25 21 6

Augus~ water
cover 4.4 13.0 7.0 5.9 20

:11.4 f12. o f7.1 +4.1

Plant3
cover 74+11 77+4 82+6 86+4 20

,
Relative4dis-
turbance 60~10 15~5 2525 Ofo 20

1
means of 6 census period estimates

2
per cent of surface area. +

Means of 20 plots _ standard
deviation

3
per cent of non-water area. +

Means of 20 plots _ standard
deviation

4
scale of O to 100, means of 20 plots + s.d.
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Figure 27. Comparison of bird densities on Prudhoe Bay dust shadow transects
(dashed line) and on control transects (solid line).
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disparity increasing toward the end of the month. By August
several plots had become dry or nearly so, and the relative
range of average transect values had increased further. A
Mann–Whitney test comparing the disturbed transects (PG1 and
PG2) with undisturbed transects (PG3 and PG4) distinguishes
between August water conditions on PG1 vs PG3 (p<.002) but
not between PG2 and PG4 or between the combined PG1 and PG2
compared to PG3 and PG4. Thus , some differences do exist in
August, but these differences are smaller in June.
Furthermore, elimination of the driest 120 plots from
transect PG1, which leaves a half transect indistinguishable
in water content from PG3, still provides a comparison of
bird densities which is significantly lower on the disturbed
transect. Finally some of the habitat difference may, in
fact, derive from the disturbance: the heavier deposition of
dust on PG1 compared to PG3 may have reduced the surface
water content of that transect, and may be responsible for
the slightly lower per cent plant cover on the dust shadow
transects (Table 16).

The upwind transects are, of course, not completely dust
free. The full effect of dust on bird densities may there-
fore be greater than that shown in Figure 27. A possible
additional effect, that of noise and activity disturbance
associated with the road, is difficult to measure in the
presence of the dust effect. We think there is such an
effect, but that it is smaller than the dust effect.

The net result of these road effects is to increase the
effective disturbance zone associated with the road. Instead
of losing only the 30 m wide strip which is covered by
gravel, the total loss of nesting habitat may be equivalent
to a 60 m to 200 m wide strip. This change will multiply our
total habitat loss by a factor of several times. In other
words, the estimate of 1000-2000 pairs of shorebirds lost in
the Prudhoe Bay oilfield increases to 3000 to 6000 pairs.

Drainage changes. Tundra construction frequently af-
fects drainage patterns, either by increasing or diminishing
local drainage, and these changes, by altering water levels
and areas, can greatly influence habitat use by shorebirds
and waterfowl. We show one example of an altered drainage
effect in Figure 29A, comparing densities on pairs of
transects differing principally in the effect of a road with
an inadequate culvert system on drainage. The dotted line
traces density of shorebirds on transects which remain
flooded during early summer, but which drain considerably by
late August. The area has been essentially eliminated as
nesting habitat for shorebirds, but is very attractive to
late summer migrants.

Human activity. We’ve also looked for effects of
activity disturbance by people and machines along shorelines
in late summer at Barrow, comparing densities on 7 shoreline
transects, 3 with high disturbance (BBV, BBD, BDC) and four
with low disturbance (BCS, BCN, BAP, BBS), scattered along 19
km of Chukchi coast. In general, most bird species occurred
in higher densities along undisturbed shorelines, but the
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differences were not significant for any species. Two
species were more common on the disturbed transects, however.
Ruddy Turnstones and Glaucous Gulls are both preferential
garbage foragers, occurring in higher densities on the tran-
sects where garbage was more frequent.

The extent of any deleterious effects of noise and
activity disturbance will vary with the species involved and
with their activities in the disturbed area. Colonies of
nesting waterfowl will be very sensitive to disturbance
during the breeding season. Our gravel shoreline transect
comparisons indicate that the sensitivity of late summer
migrant shorebirds and gulls is rather low, but that turn-
stone and gull populations might be locally enhanced if
shoreline garbage becomes widespread.

Artificial causeways. Prudhoe Bay also offers a preview
of what we might expect from the construction of artificial
gravel shorelines -- drilling islands and causeways in
shallow water -- in the form of the ARCO west dock, a gravel
pier over 2 km long extending into the bay and used for
unloading barges, and the shorter east dock. Our transects
along these artificial spits indicate that zooplankton
foraging birds -- phalaropes, gulls, terns and some other
shorebirds -- will use these shorelines in preference to the
adjacent natural mainland shores. In fact, densities of
phalaropes (mainly Northern) were an order of magnitude
higher along the artificial spits in August (Figure 29B).
Shorebirds which are less dependent upon zooplankton during
this period (especially Dunlins) were more common on the
muddier mainland shores (Figure 30A). Lapland Longspurs and
Snow Buntings, foraging on seeds and insects, were almost
confined to the mainland shores (Figure 30B).

This result for zooplankton-foraging birds is just what
we predicted based on the high density use of natural spits
and barrier islands in 1975-1977 along the Beaufort-Chukchi
coasts (Connors and Risebrough, 1978). Since the prey base
i’s mainly marine zooplankton and under-ice amphipods, species
more strongly associated k’ith the water than with the parti-
cular shoreline substrate, the artificial spit apparently
functions similarly to its natural counterpart. lie don’t
know why spits and islands were more attractive than mainland
shores during these 3 years, and a different result in 1978
calls this conclusion into question (Connors and Risebrough,
1979). We suspect that local current effects may be involved
in producing occasional blooms of zooplankton along these
shorelines. Extremely high densities of euphausiids,
copepods, and chaetognaths occurred along Barrow Spit during
the 4 years of this study, and a short but intense bloom of
copepods along the ARCO dock in August 1978 attracted large
numbers of phalaropes, gulls, and fish.

We have suggested above an additional hypothesis to
explain apparently heavier use of spits and islands by
phalaropes. The flexible foraging behavior of phalaropes in
relation to wind direction and zooplankton densities indi-
cates that spits and islands, with exposed and protected



c'z
aC')

B
U

D
2\H

V
V

76

—
m

i

,

. . ..—

B

Figure 30. Comparison of bird
shorelines (dashed

densities on
line) and on

Prudhoe Bay artificial pier
mainland shores (solid line).

/



77

shores in all wind conditions, offer more foraging options
than do mainland shores.

Our Prudhoe Bay results suggest that artificial gravel
piers and drilling platforms will be more heavily used than
natural mainland shores by several species of shorebirds,
gulls and terns,. which on the surface sounds like an argument
in their favor. However, the net effect will be one of
attracting birds to precisely those habitats where oil spills
will be most likely to occur, that is, where construction,
barge traffic, and drilling activities will be most intense.

Responses of juvenile Red Phalaropes to thin oil films
The results of our foraging experiments and choice

experiments to determine the effects of thin oil films on
phalarope behavior were presented in full in Connors and
Risebrough (1980). The results are of sufficient importance
that we will repeat the main points in this report.

The initial results of the choice experiment are pre-
sented in Figure 31, comparing the number of choices made for
clean pans and for oiled pans as a function of the sequence
number of the choice. Of 12 birds making choices, all 12
made a first choice, 6 of them for oiled pans and 6 of them
for clear pans. Only 10 of them made a second choice, 8 made
third choices, and so forth, with only one bird making a
twelfth choice. There is no suggestion of any discrimination
in that first choice; birds were as likely to choose oiled as
clear pans. But on subsequent choices, behavior changed.
After the second round of choices, birds were able to make a
distinction and were opting for clear pans rather than oiled.
Of the last 33 choices, only 2 were for oiled pans. The
birds seem to have learned something of the effects of the
oil very quickly. They apparently can make the distinction
and do learn to avoid the oil.

Figure 32A addresses a possible alternative explanation
for these results: that any birds entering the oil on the
first or second choice might be so damaged by the oil that
they failed to make any subsequent choices, and that all
later choices were made by birds who chose clear pans consis-
tently. This explanation does not apply. Figure 32A is a
comparison of the total number of choices made by all 12
individuals split up into two groups depending on whether
they chose oil or clear on the first choice. It demonstrates
that birds choosing oil initially did continue to make sub-
sequent choices; most of these choices were for clear pans.

The duration of foraging periods also differed between
oiled and clear pans, as indicated in Figure 32B. The fre-
quency histograms contrast markedly. A Mann-Whitney compari-
son of the duration of foraging periods on oiled vs. clear
was significant (p<.01). The median duration on clear pans
was 33 seconds, compared with a median time of only 5 seconds
on oiled pans, an indication that once the birds get on the
oil, they quickly respond to something and on average get out
early.
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Figure 31. Comparison of phalarope choices for oiled versus clear surfaces.

The aquarium experiments support this conclusion.
Phalarope behavior was recorded as foraging, resting, and
escape behavior. This latter category includes swimming hard
against the side of the aquarium, swimming rapidly from one
side of the aquarium to the other, and occasionally attempt-
ing to fly. The percent of time spent by phalaropes in these
escape behaviors varied widely, but increased strongly with
increasing oil film thickness (Figure 33). In the presence
of even these extremely thin oil films, the birds quickly
sensed the difference and responded by trying to avoid the
oil.

What is the relevance of these results to OCSEAP?
Admittedly these experiments present artificial situations
and small sample sizes. Nevertheless, the statistical tests
take into account the samll sample sizes and judge the re-
sults significant. Naive juvenile Red Phalaropes apparently
do not distinguish between oiled and clear surfaces for
foraging before they have any experience with the oil.
However, upon contact they have a fairly consistent and very
quick response to try to get away from the oil, and subse-
quently they can and do distinguish between clear and oiled
surfaces, and they avoid the oiled surfaces. This suggests
that phalaropes may reduce the impact of an oil spill by
behavioral adjustments after a brief learning period, but
some questions remain.

/
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Figure 33. Escape response of Red Phalaropes  in the presence of thin oil
films.

For one thing, the bird can only avoid the oil if it has
some alternative. In a very large, widespread, thick spill,
the birds may not “have nearby alternate choices of clean
water. We have not tested whether they will fly long dis-
tances along the coast to avoid an extensive continuous
spill. ‘We suspect, however, that they will try to avoid
small slicks if they have a clean nearby alternative, as
might be the case in a small or patchy, broken-up oil slick.

The other critical question which remains is whether a
bird after contact with oil for 5 seconds can be saved by
subsequent behavior. Is that already too late? Within our
experiment, we cleaned most of the birds after oil contact.
Five seconds on one of the small pans was enough time to pick
up a considerable amount of oil. On three of the individuals
who had been in very briefly we did not do any cleaning. We
merely returned them to their wire holding cage, outside at
Barrow. They had plenty of food but may well have been under
other stresses due to captivity. In each case these birds
had, within a matter of a few hours, reworked all their
plumage and had changed wet, sticky smears on their
underparts to a dry and very uniform huffy color on all the
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plumage. The feathers were in good fluffy condition so the
birds were probably able to control their temperature while
out of the water. In experiments within the next few days
these birds appeared able to swim reasonably well, so they
had their plumage back in apparently functional shape,
although the huffy color betrayed the lingering presence of
oil residue on the feathers.

Whether a bird in the wild after this kind of brief
exposure to a thin film could regain a healthy condition will
depend on a wide variety of factors. Survival will depend on
the type and thickness of the oil film, degree of contact,
stress due to environmental factors - weather and foraging
conditions - and the physiological state of the bird. We are
presently unable to assess this. However, our guess now is
that in many circumstances, phalaropes with this brief ex-
posure (5 seconds or less to a thin film) would have a good
chance of recovery and survival.
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v. CONCLUSIONS

Many of the detailed conclusions of our studies have
been presented in the preceding section. We summarize here
our rankings of relative sensitivity to oil development for
speciesf habitats, areas, and seasons.

Relative sensitivity of shorebird species
We have classified the common Beaufort coast shorebirds

with respect to each species’ relative sensitivity to lit-
toral zone disturbances associated with oil development
(Table 17). The principal disturbance being considered in
this assessment is of course the threat of oil spills along
the coast. The factors employed in making the assessment
included primarily habitat use patterns of the various
species. We gave primary weight to the relative use of tun–
dra vs. littoral habitats, determined for each species by our
transect work, but modified this with information on the
choice of littoral habitat (gravel beaches, littoral flats or
lagoon edges), the choice of foraging microhabitat within
littoral habitats, and individual species foraging methods
and behavior, to arrive at the final categorization. This
assessment does not take into account, however, the possible
duration of effects of an oil spill in different kinds of
habitats as discussed above. The species with high sensiti-
vity, Red and Northern Phalaropes, Sanderlings and Ruddy
Turnstones, spend almost all of their time in late summer
foraging in littoral habitats and usually in relatively
exposed areas which would be the first hit by an oil spill.
If however, oil is deposited on littoral flats and within
lagoons and sloughs where it might affect prey densities and
habitat conditions for several seasons, other species classed
as moderately sensitive would also be strongly affected.

Relative sensitivity of habitats
Since the most effective method of managing bird popu-

lations is frequently a habitat management approach, we will
summarize our results in terms of the littoral habitats we
have studied. Table 18 summarizes this sensitivity ranking
for six general descriptions of Beaufort coast littoral
habitats. These categories emphasize the habitat features
which correspond to major differences in bird use in terms of
species composition and densities of shorebirds. The ranking
also takes into account relative amounts of each habitat
along the Beaufort coast.

Sensitive coastal areas
Results of mapping the Beaufort coast regions of highest

bird use have been published in the Interim Synthesis Report:
Beaufort/Chukchi (Weller et ~., 1978) with information added
for the Harrison Bay area~n the Synthesis Report for Lease
Sale #71. For shorebirds, the sensitive areas correspond to
the main concentration areas at spits and barrier islands -
Peard Bay, Pt. Barrow, Plover Islands, Jones Islands, and
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Table 17: Relative sensitivity of common shorebirds to
littoral zone disturbances.

HIGH MODERATE LOW

Red Phalarope Semipalmated Sandpiper American Golden
Plover

Northern Phalarope Western Sandpiper Pectoral
Sandpiper

Sanderling Baird’s Sandpiper

Ruddy Turnstone . Dunlin

Long-billed Dowitcher

Table 18: Relative sensitivity of Beaufort littoral habitats.
(Listed in order of decreasing sensitivity)

1. Littoral flats and saltmarsh

2. Sloughs and small lagoons (water surface and shorelines)

1. with broad muddy margins

2. with narrow margins

3. Spits and barrier islands

4. Mainland shorelines with broad beaches

5. Mainland shorelines with narrow beaches
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perhaps other less studied barrier islands - and regions of
extensive littoral flats or sloughs and lagoons - Fish Creek
Delta, Colville Delta, and other sites less extensive or less
studied (perhaps Pitt Point and Cape Halkett areas; see
Figure 1). These are the main areas where highest total
numbers of shorebirds are likely, but heavily used habitat
areas are present along many other regions of the Beaufort
coast. In these cases habitat protection will be most pro-
fitable.

Sensitive seasons
Shorebirds are present along the Beaufort coast from the

end of May to late September. During June most birds are
confined to tundra habitats, but densities in littoral areas
are high from mid-July through early September. This is the
period during which habitat disturbances will have the
greatest impact on shorebird numbers. Most habitat
disturbances will last through many seasons regardless of the
time of initiation. Nevertheless, the winter period, when
shorebirds are absent, corresponds to the frozen period, when
habitats are less sensitive to alteration: we recommend that
development take place during winter months whenever pos-
sible.
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VI. APPENDIX

SEASONALITY OF LITTORAL ZONE USE - COMMON SPECIES

1. Semipalmated  Plover (Charadrius  semipalmatus).
Figure 34A. Densities of this species are probably very low
throughout the Alaskan arctic. They nest in sparsely vege-
tated gravel areas, conditions which occur frequently near
gravel beaches. Most of the individuals recorded on our
transects had nests nearby. An oil spill along the Beaufort
coast washing into gravel areas along the edge of lagoons and
sloughs or behind beaches might affect a large percentage,
but few individuals, of the small population of this species.

2. American Golden Plover (Pluvialis dominica). Figure
12A. Of all common Barrow shorebirds, this species is the
most nearly restricted to tundra habitats. Figure 12A shows
the four-year mean density in littoral zone transects
compared to densities on tundra transects over five years
(Myers and Pitelka, 1980). Littoral zone use is almost
insignificant even after all littoral habitats are ice-free.
This pattern in Golden Plovers suggests they would not be
readily affected by developments along the shoreline or by
accidents involving spilled oil. Our observations at other
sites along the Beaufort coast corroborate this habitat use
pattern. However, along the southern Chukchi coast near
Kotzebue, Golden Plovers show a very different habitat dis-
tribution. In August the extensive salt marsh and flooded
tundra areas of this region support large numbers of juvenile
Golden Plovers. This may be a response to differences in the
availability of habitats in the Beaufort compared to the
southern Chukchi or to differences in the availability of
prey within these habitats in the two areas; or it may relate
to differences in the behavior of the two subspecies, P. Q.
dominica, the Barrow breeding race and P. d. fulva, th~ race
which becomes more common in the southe~n ~hukchi (Connors,
in prep). At any rate our Barrow data suggest that along the
Alaskan Beaufort coast the Golden Plover is relatively
insensitive to disturbance by offshore oil development.

3. Black-bellied Plover (Pluvialis squatarola). A
regular breeder inland and east of Barrow, this plover shifts
to littoral habitats during migration more than does its
congener, but numbers seen on our transects have been low at
all Beaufort sites.

4. Ruddy Turnstone (Arenaria interpret). Figure 34B.
Common breeder and migrant. Adult Turnstones breed on the
tundra at Barrow in low densities (approximately .024 pairs
per hectare; Myers and Pitelka, 1980) but shift to littoral
habitats as nesting duties are finished. Adults depart
Barrow in early August but juveniles remain in the littoral
zone throughout August; densities here are much higher than
on the tundra. This shift in late summer habitat agrees with
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Figure 34. Mean shorebird densities at Barrow 1975-1978. (A) Semipalmated
Plover. (B) Ruddy Turnstone. Adults (solid line) and juveniles
(dashed line).
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a report by Nettleship (1973) for an area in the Canadian
arctic where fledged juveniles began foraging on the shores
of a large cold lake.

5. Semipalmated Sandpiper (Calidrus pusilla). Figures
7, 8A, 25A, 35A,’ 35B. This species is a common breeder along
the Beaufort coast. Adults nest on tundra but often forage
on stream margins or mudflats adjacent to the nesting areas.
Adults are therefore fairly common in littoral habitats
throughout the early part of the season, in contrast to most
of the Barrow sandpipers. As juveniles fledge in late July
however, we observe a sudden and striking movement of this
species into littoral areas (Figure 35B). This juvenile peak
occurred at Barrow in all four years (Figure 8A) as well as
at Fish Creek Delta (Figure 25A), Prudhoe Bay, Icy Cape and
Wainwright. It is very short lived but may be important to
juveniles for accumulation of fat reserves prior to southward
migration.

6. Western Sandpiper (Calidrus mauri). Figure 8B, 36A.
This species is an uncommon breeder at Barrow and becomes
more rare eastward along the Beaufort coast. It is a fairly
common migrant at Barrow however, with a seasonal habitat use
pattern quite similar to that of Semipalmated Sandpiper.
Adults occur on tundra and in littoral areas in early summer
with a peak in late June or early July of most years followed
by a juvenile littoral zone movement slightly later than, and
of less magnitude than, Semipalmated  Sandpiper.

7. Baird’s Sandpiper (Calidris bairdii). Figure 36B.
Seasonal habitat use by this species contrasts with most of
the other Calidris sandpipers. Baird’s Sandpipers nest
frequently near lagoon edges, in tundra near brackish pools
and on or near gravel beaches. One nest on Barrow spit was
located in drift material 5 meters from ttie edge of Elson
Lagoon on the gravel beach. The young hatched out several
hundred meters from the nearest small patch of tundra vege-
tation. We located another brood near Nuwuk Lake on Point
Barrow. These downy young, approximately one week old, were
foraging directly on live zooplankton in the shallow water of
a brackish flood pool. This species also nests commonly on
coastal tundra in non-littoral areas. Departure of Baird’s
Sandpipers occurs earlier in August than that of most other
Sandpipers, and densities of juveniles prior to departure
remain low, indicating no movement of birds from distant
areas through the Barrow area. The densities of individuals
on littoral transects compare to a mean breeding density of
.06 pairs per hectare at Barrow (Myers and Pitelka, 1980).

8. Sanderling (Calidris alba). Figure 37A. This
species occurs in small numbers as adults at Barrow in earlv
June, primarily in littoral areas near lagoons. In August -

and early September it is fairly common on gravel shores of
Barrow Spit but much less common along mainland shores and
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Figure 35. Mean Semipalmated Sandpiper densities at Barrow, 1975-1978.

(A) Tundra (dashed line) vs. littoral (solid line). (B) Littoral
transects: adults (solid line) vs. juveniles (dashed line).
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Mean shorebird densities at Barrow, 1975-1978. (A) Western
Sandpiper, littoral habitats. Adults (solid line) vs. juveniles
(dashed line). (B) Baird’s Sandpiper, tundra (dashed line) vs.
littoral (solid line).
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almost absent from other littoral habitats. Essentially all
late summer Sanderlings at Barrow are juveniles, foraging on
marine zooplankton along the water’s edge and accumulating
heavy fat reserves prior to migration.

9. Pectoral Sandpiper (Calidris melanotos). Figure
37B. This species remains common on tundra in late summer,
with limited-movement to the littoral zone, primarily in
muddy habitats near wet tundra or in salt marshes. Flocks
occur irregularly in these areas as first post-breeding males
and later females and juveniles begin southward migration.

10. White-rumped  Sandpiper (Calidris fuscicollis). This
species nests uncommonly at Barrow and probably at other
sites along the Beaufort coast. We encountered only a few
individuals on littoral zone transects.

11. DunIin (Calidris alpi.na). Figures 12B, 24B, 38A.
This common and widespread arctic sandpiper occurs in
moderate to high densities on tundra throughout the summer
but forages commonly in littoral habitats in late summer. At
this time both adults and juveniles occur in tundra and
littoral habitats. Juveniles appear to be somewhat more
common in littoral areas, especially during late August, but
this distinction is not as clear as earlier observations had
indicated (Holmes, 1966a, b). We also suspect a distinction
between the types of habitat used by adult and juvenile
Dunlin within the littoral zone. Adults appear more likely
to forage in mudflat and brackish pool margin habitats,
whereas juveniles are more likely on gravel shores where they
forage on plankton.

12. Stilt Sandpiper (Micropalama  himantopos). A rare
migrant at Barrow, nesting near Prudhoe Bay and farther east,
where it is fairly common in littoral areas with shallow
brackish pools.

13. Buff-breasted Sandpiper (Tryngites subruficollis).
An irregular breeder at Barrow, more common eastward toward
Prudhoe Bay. Restricted to tundra during the breeding season
and occurring in migration on tundra near shorelines.

14. Long-billed Dowitcher (Limnodromus  scolopaceus).
Figure 38B. Juveniles of this species occur in high densi-
ties on tundra and in littoral areas (mudflatsr saltmarsh,
slough edges) at Barrow in mid to late August every year.
This is a sudden, heavy migrational movement of juveniles
beginning southward migration, probably from nesting areas
inland on the north slope.

15. Red Phalarope (Phalaropus  fulicarius). Figures
11A, llB, 24A, 39A. This common nestinq species at Barrow
and along the Beaufort coast becomes ab~ndant in littoral
areas during late summer migration. Several aspects of Red
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Figure 37. Mean shorebird densities at Barrow, 1975–1978. (A) Sanderling,
littoral habitats. (B) Pectoral Sandpiper, tundra (dashed line)
vs. littoral (solid line).
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Figure 38. Mean densities at Barrow 1975-1978. (A) Dunlin, littoral
transects. Adults (solid line) vs. juveniles (dashed line).
(B) Long-billed Dowitcher, littoral transects.



.1
V

HO1!HEbH bHr}±;obE
B

24

—
m

6
~
\
U3
n
lx
iii

A

*

r---=%=%-=-=’=

Figure 39. Mean shorebird densities at Barrow, 1975-1978. (A) Red Phala-
rope, tundra (dashed line) vs. littoral (solid line). (B) North-
ern Phalarope, littoral transects.
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Phalarope movements and foraging ecology have been discussed
within Results. Briefly, males and females nest on tundra in
June. After clutch completion, females flock and begin
migration, spending some time in ice-free littoral areas in
late June or early July. Adult males tend the young, moving
to some extent into littoral habitats in late July before
they migrate southward. In early and middle August a flood
of juveniles reaches the littoral zone, mainly along gravel
shorelines where they forage on marine zooplankton.
Densities in areas of gravel spits and barrier islands become
extremely high, where phalaropes will be highly susceptible
to damage from oil spills.

16. Northern Phalarope (Lobipes lobatus). Figure 24A,
39B. Uncommon but erratic at Barrow and increasingly common
eastward along the Beaufort coast. Ratios of Red ~o-Northern
Phalaropes vary at different sites along the Beaufort, as
discussed in Results. Northerns were much more common than
Reds along the coast at Prudhoe Bay in 1978.

17. Glaucous Gull (Larus hyperboreus). Figure 40A.
This largest and most common qull at Barrow occurred in
highest densities along two o; our transects because of
proximity to the Barrow dump; nevertheless this species
appears to be widespread along shorelines at all arctic
sites.

18. Sabine’s Gull (Xema sabini). Figure 40B. Fairly
common along the shores of Barrow Spit during August, usually
foraging on marine zooplankton with Arctic Terns and
phalaropes.

19. Black-legged Kittiwake (Rissa tridactyla). Figure
41A. This species occurs commonly along Barrow spit shore-
lines in August but is also present as a non-breeder along
shorelines beginning early June.

20. Arctic Tern (Sterna paradisaea). Figure 41B.
Sporadically present in very high numbers in the Barrow spit
area throughout August and early September. Large numbers of
terns forage and roost on several areas of gravel spits and
barrier islands in the Beaufort. They forage on small fish
and marine zooplankton and therefore occur at Barrow on the
same transects as phalaropes, Sabine’s Gulls and Sanderlings.

21. Lapland Longspur (Calcarius lapponicus). Figures
25A, 42. The most common tundra nestinq Passerine alona the
Beaufort coast. During the breeding se;s~n it is essen~ially
confined to tundra habitats but in August flocks of migrating
birds, predominately juveniles, occur in areas of saline
pools, lagoon edges, and saltmarsh flats. Their diet
probably overlaps somewhat with that of shorebirds in these
habitats but two juveniles collected at Barrow had been
feeding principally on seeds.
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Figure 40. Mean densities on littoral transects, Barrow, 1975–1978.
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Figure 41. Mean densities on littoral transects, Barrow, 1975-1978.
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Mean densities on littoral transects at Barrow, 1976-1978.
Adults (solid line) vs. juveniles (dashed line).

,

2 2 . Snow Bunting (Plectrophenax nivalis). Snow
Buntings are less widespread than Loncjspurs and individuals
nesting near the littoral zone frequently forage in these
habitats during the breeding season. In August there is a
similar movement of juveniles and some adults into saltmarsh
areas.
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